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This DATABOOK contains detailed information on 
CMOS microprocessors, microcomputers, memo­
ries, and peripherals currently available from GE 
Solid State, a division of GE Corporation. GE Solid 
State is a consolidation of the strengths of three 
broad-based semiconductor suppliers-GE Semi­
conductor, RCA Solid State and Intersil-that 
formerly operated as separate, independent organi­
zations. 

An Index to Products provides a complete listing of 
types. Following the Index to Products are several 
pages of general product information that include a 
Product Classification Chart that groups integrated 
circuits and systems according to product type and 
intended function; photographs showing available 
package options; a Product Overview that sum­
marizes the basic features of each category of 
products; and a description ofthe Enhanced Product. 
The DAT ABOOK then includes a general discussion 
of Operating and Handling Considerations for CMOS 
Integrated Circuits. 

Five separate data sections provide definitive ratings, 
electrical characteristics, and user information for 
the (1) 1800-Series Microprocessors and Micro­
computers, (2) 680S-Series Microprocessors and 
Microcomputers, (3) CMOS Peripherals, (4) CMOS 
Random-Access Memories (RAMs), and (5) CMOS 
Read-Only Memories (ROMs). Within each data 
section, data pages for individual integrated circuits 
and systems are grouped in alphanumerical se­
quence by type numbers. 

A section on CMOS LSI High-Reliability Devices 
provides a description of non-radiation-hardened 
CMOS LSI devices and radiation-hardened 
CMOS/SOS LSI RAMs with a list of devices available. 

The DATABOOK also contains Dimensional Outlines 
of all packages in which memory/microprocessor 
products are supplied and a listot Application Notes 
on memory/microprocessor products. 
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Information furnished by RCA is believed to be accurate and reliable. 
However, no responsibility is assumed by GE or its affiliates for its 
use; nor for any infringements of patents or other rights of third par­
ties which may result from its use. No license is granted by implication 
or otherwise under any patent rights of GE, RCA or Intersil. 

The device data shown for some types are Indicated as product pre­
view or advance information. Product preview data are intended for 
engineering evaluation of product under development. The type 
designations and data are subject to change or withdrawal, unless 
otherwise arranged. Advance infonnalion data are intended for gui­
dance purposes in evaluating new product for equipment design. 
Such data are shown for types currently being designed for inclusion 
in our standard line of commercially available products. No obliga­
tions are assumed for notice of change of these devices. For current 
information on the status of product preview or advance information 
data programs, please contact your local GE sales office. 

Copyright 1987 by GE Corporation 
(All rights reserved under Pan-American 
Copyright Convention) 

Trademark(s) ®Registered 
Marca(s) Registrada(s) 

Printed in USAl12-87 
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Guide to Products 

Index to Products 
Part Page File 
No. Description No. No. 

CDM5332 4Kx8 ROM 705 1366 
CDM5333 4Kx8ROM 705 1366 
CDM5364,A 8Kx8ROM 709 1467 
CDM5365 8Kx8 ROM 714 1466 
CDM6116A 2Kx8RAM 636 1472 

CDM6264 8Kx 8 RAM 642 1505 
CDM53128 16Kx8ROM 718 1454 
CDM53256 32Kx8 ROM 722 1453 
CDM62256 32x8RAM 648 1845 
CDP1802A,AC 8-Blt Microprocessor 17 1350 

CDP1802BC 8-Brt Microprocessor 39 1342 
CDPl804AC 8-Blt Microcomputer 60 1371 
CDPl805AC 8-Blt Microprocessor 85 1370 
CDP1806AC 8-Bit Microprocessor 85 1370 
CDP1822,C 256x4 RAM 654 1074 

CDP1823,C 128x8RAM 660 1198 
CDP1824,C 32x8RAM 666 1103 
CDP1826C 64x8RAM 671 1311 
CDPl831,C 512 x 8 ROM 726 1104 
CDPl832,C 512x8ROM 730 1145 

CDPl833,C,BC 1Kx8ROM 734 1135 
CDPl834,C 1Kx8ROM 739 1143 
CDPl835C 2Kx8 ROM 742 1267 
CDPl837C 4Kx8 ROM 747 1381 
CDPl851,C Programmable 1/0 Interface 363 1056 

CDPl852,C Byte-Wide 1/0 Port 375 1166 
CDPl853,C 1 of 8 Decoder 383 1189 
CDPl854A,AC Programmable UART 387 1193 
CDP1855,C 8-Blt Programmable MultiplylDlvlde Unit 404 1053 
CDP1871A,AC Keyboard Encoder, ASCI II Hex 417 1374 

CDP1872C High-Speed 8-Blt Input Port 425 1255 
CDP1874C High-Speed 8-Bit Input Port 425 1255 
CDP1875C High-Speed 8-Blt Output Port 425 1255 
CDP18n,C Programmable Interrupt Controller (PIC) 430 1319 
CDP1878,C Dual-Timer Counter 439 1341 

CDP1879,C-l Real-Time Clock 452 1360 
CDP1881,C 6-Blt Latch & Decoder Memory Interface 468 1367 
CDPl882,C 6-Bit Latch & Decoder Memory Interface 468 1367 
CDPl883,C 7-Blt Latch & Decoder Memory Interface 474 1507 
CDP6402,C Programmable UART 479 1328 

CDP65C51 Asynchronous Communications Interface Adapter 487 1470 
CDP85C51A Asynchronous Communications Interface Adapter 503 1928 
CDP68EM05C4 8-Blt Microcomputer Piggyback Emulator 351 1961 
CDP68EMOSD2 8-Bit Microcomputer Piggyback Emulator 355 1960 
CDP68HCOSC4 8-Blt Microcomputer 111 TSM-203A 

CDP68HCOSC8 8-Blt Microcomputer 111 TSM-203A 
CDP68HCOSD2 8-Blt Microcomputer 193 TSM-204A 
CDP68HCOSD2A 8-Bit Microcomputer 240 2100 
CDP68HC68A2 SPI AID Converter 521 1963 

. CDP68HC68Pl 8-Bit Single 1/0 Port 534 1858 

CDP68HC68Rl SPI RAM 128 Bytes 679 1544 
CDP68HC68R2 SPI RAM 256 Bytes 679 1544 
CDP68HC68Tl SPI Real-Time Clock 542 1547 
CDP6805E2,C 8-Blt Microprocessor 241 1363 
CDP6805E3,C 8-Bit Microprocessor 274 1503 

CDP6805F2,C 8-Blt Microcomputer 307 1369 
CDP6805G2,C 8-Blt Microcomputer 329 1364 
CDP6818 Real-Time Clock, MOTEL Bus 560 1375 
CDP6818A Real-Time Clock Plus RAM 579 2041 
CDP6823 Parallel Interface 598 1377 

CDP6853 Asynchronous Communications Interface Adapter 612 1487 
MWS5101 256 x RAM 686 1106 
MWS5101A 256 x 4 RAM 692 1207 
MWS5114 1Kx4RAM 698 1325 
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Guide to Products 

Product Classification Chart 

Page Page 
Part Number Description No. Part Number Description No. 

Microprocessors Mask-Programmable ROMs 

CDP1802A,AC 8-Bit 17 CDM5332 4Kx8 705 
CDP1802BC 8-Bit 39 CDM5333 4Kx8 705 
CDP1805AC 8-Bit with RAM and Counterl 85 CDM5364,A 8K x 8 709 

Timer CDM5365 8K x 8 714 
CDP1806AC 8-Bit with RAM and Counterl 85 CDM53128 16K x 8 718 • Timer CDM53256 32Kx8 722 
CDP6805E2,C 8-Bit with RAM 1/0, Counterl 241 CDP1831,C 512 x 8 726 

Timer CDP1832,C 512 x 8 730 
CDP6805E3,C 8-Bit with RAM, 110, Counterl 274 CDP1833,C,BC 1K x 8 734 

Timer CDP1834,C 1K x 8 739 
CDP1835C 2Kx8 742 

Microcomputers 
CDP1837C 4K x8 747 

CDP1804AC 8-Bit with RAM, ROM, Counterl 60 
Timer Peripherals 

CDP68HC05C4 8-Bit with RAM, ROM, 1/0, 111 CDP1851,C Programmable 1/0 Interface 363 
Counter/Timer CDP1852,C Byte-Wide 1/0 Port 375 

CDP68HC05C8 8-Bit with RAM, ROM, 1/0, 111 CDP1872C 8-Bit I nput Port 425 
Counter/Timer CDP1874C 8-Bit I nput Port 425 

CDP68HC05D2 8-Bit with RAM, ROM, 1/0, 193 CDP1875C 8-Bit Output Port 425 
Counter/Timer CDP68HC68P1 8-Bit Single 110 Port 534 

CDP68HC05D2A 8-Bit with RAM, ROM, 1/0 240 CDP6823 Parallel Interface 598 
Counter/Timer CDP1853,C 1 of 8 Decoder 383 

CDP6805F2,C 8-Bit with RAM, ROM, 1/0 307 CDP1881,C 6-Bit Latch & Decoder 468 
Counter/Timer CDP1882,C 8-Bit Latch & Decoder 468 

CDP6805G2,C 8-Bit with RAM, ROM, 1/0 329 CDP1883,C 7-Bit Latch & Decoder 474 
Counter/Timer CDP1854A,AC Programmable UART 387 

CDP6402,C Programmable UART 479 
Emulators CDP65C51 Asynchronous Communications 487 

CDP68EM05C4 8-Bit Microcomputer Piggyback 351 Interface Adapter 

CDP68EM05D2 8-Bit Microcomputer Piggyback 355 CDP65C51A Asynchronous Communications 503 
Interface Adapter 

CDP6853 Asynchronous Communications 612 
RAMs Interface Adapter, (ACIA), 
CDP1822,C 256x4 654 MOTEL Bus 
CDP1823,C 128 x 8 660 CDP1855,C 8-Blt Programmable Multiplyl 404 
CDP1824,C 32 x 8 666 Divide Unit (MDU) 
CDP1826C 64x8 671 CDP1871A,AC Keyboard Encoder, ASCII Hex 417 
CDM6116A 2K x8 636 CDP1878,C Dual Counter/Timer 439 
CDM6264 8K x8 642 CDP1879,C-1 Real-Time Clock 452 
CDM62256 32 x 8 722 CDP6818 Real-Time Clock with RAM, 560 
MWS5101 256 x 4 686 MOTEL Bus 
MWS5101A 256x4 692 CDP6818A Real-Time Clock Plus RAM 579 
MWS5114 1K x4 698 CDP68HC68T1 SPI Real-Time Clock 542 

CDP68HC68R1 SPI RAM 128-Bytes 679 CDP1877,C Programmable Interrupt 430 

CDP68HC68R2 SPI RAM 256-Bytes 679 Controller 
CDP68HC68A2 SPI 10-Bit AID Converter 521 
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Guide to Products _____________________________ _ 

Package and Ordering Information 
Packages 
RCA CMOS microprocessor and memory integrated circuits 
are available in one or more of the following package styles 
and are identified by the Suffix Letters indicated: dual-in­
line side-brazed ceramic, dual-in-line plastic, small-outline 

D Suffix 
Dual-In-Line Side-Brazed Ceramic Packages 

16-,18-,22-,24-,28-, and 40-lead versions 

M Suffix 
Small-Outline Plastic Package (SO) 

16-, 20-, and 28-lead versions 

Ordering Information 
The RCA family packages and electrical options are identi­
fied by suffix letters indicated in the following chart. When 
ordering a Memory/Microprocessor device, it is important 
that the appropriate suffix letter be affixed to the type 
number of the device. 

Package/Option 
Dual-In-Line Side-Brazed Ceramic 
Dual-In-Line Plastic 
Small-Outline Plastic (SOP) 
Plastic Chip-Carrier 
Chip (when applicable) 

Enhanced Product Screening 
i.e., Burn-In - optional for D, E 

Suffix Letter 
D 
E 
M 
Q 

H 

package types X 
Electrical Option 1, 2, 4 

For example, a CDP65C51-1 in a dual-in-line plastic pack­
age will be identified as the CDP65C51 E1. A CDP65C51 E1 
with enhartced product screening option will be identified 
as the CDP65C51E1X. 

plastic, plastic chip-carrier, and in chip form. The available 
package styles for any specific type are given in the techni­
cal data for that type. 

E Suffix 
Plastic Dual-In-Line Packages 

8-, 16-, 18-, 20-, 22-, 24-, 28-, and 40-lead versions 

a Suffix 
Plastic Chip-Carrier 

28- and 44-lead version 

CDP65C51 

92CS~36780R1 
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______________________________ Guide to Products 

Package and Ordering Information 
Instructions for Submitting 
Data for ROM Patterns 
Data Format Options 
Data for RCA ROMs or microcomputers should be submit­
ted In one of the following forms. 
1. Any industry-standard EPROM or ROM that IS pin and 

polarity compatible with industry-standard 27XXX-series 
EPROMs. 

2. IBM PC 5V.-lnch floppy diskette (data must be in Motor-
ola "S" format) 

3. GE worldwide electronic data transfer system 

Regardless of the media on which the data is submitted, the 
entire address range of the ROM being requested must be 
covered, even if a portion of it is not being used. This res­
triction also applies to microcomputers. For example, a 
CDP5332 requires 4k bytes of EPROM, a CDP68HC05C4, 
8K bytes. 

Procedure for Submitting Data 
A. By EPROM, ROM or floppy diskette: 

1. Complete the application ROM and microcomputer 
information sheet. (Contact the nearest GE Solid State 1 
Sales Office for appropriate forms). 

2. Submit the data as described above. 
3. Include a set of blank EPROMs that will cover the 

memory space of your ROM or microcomputer. These 
EPROMs will be returned to you. 

4 When the EPROMs have been returned, confirm that 
the code is correct, and respond to GE Solid State by 
completing the ROM verification form. (Included with 
return of EPROM.) 

5. NOTE-GE Solid State will add the latest self-check 
code in the memory areas of the Address map shown 
on the applicable data sheet on the COP6805-series 
and CDP68HC05-series microcomputers. On all devi­
ces except the CDP6805F2, GE Solid State will assign 
a three-character variant code to the device and will 
add the ASCII equivalent of it to the ROM area. On 
the G2, this code is entered In locations 1 FF2, 1 FF3 
and 1FF4; on the C4 in locations 1FFO, 1FF1, and 
1 FF2; and on the 02 in locations 1 FE6, 1 FFO, and 
1 FF1. GE Solid State also calculates a checksum byte 
of the enti re ROM area, that is, the user ROM, self­
check area, and the vector area. The checksum is the 
EXCLUIVE-OR of all the ROM bytes with hex FF. This 
byte IS put in location 07F5 on the F2, 1 FF5 on the G2, 
1 FF3 on the C4, and 1 FE7 on the 02. 

B. By electronic data transfer: 
Contact the nearest GE Solid State Sales Office for 
procedure. 

__________________________________________________________________ 7 
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Product Overview 
An all CMOS line of microprocessor, microcomputer, 
memory, and peripheral integrated circuits for use in a 
broad range of diverse Industrial, consumer, and military 
applications is available from GE Solid State. These devices 
offer the user all the advantages unique to CMOS technol­
ogy, Including: 

• Low power drain - makes CMOS integrated circuits a 
natu ral choice for battery-operated systems, battery 
backed-up systems, and systems in which heat dissipa­
tion is a prime consideration. 

• High noise immunity and wide operating temperature 
range (up 10 -55°C to +125°C)* - allows CMOS inte­
grated circuits to be used in the most demanding 
Industrial environments. 

• Wide operating voltage range - reduces the need for 
expensive regulated power supplies and there-by allows 
the design engineer greater freedom to concentrate on 
other aspects of system design. 

CDP1800 Series 

The RCA CDP1800 series offers a complete line of CMOS 
microprocessor, microcomputer and associated memory and 
peripheral devices. The heart of the series is the CDP1802A 
central processing unti (CPU). This unit, which features 
CMOS register-based architecture, offers 16 internal regis­
ters to facilitate data manipulation and to reduce the need 
for additional devices The need for external deVices is even 
further reduced by use of on-chip clock, DMA, and single 
phase operation. 

The CDP1804A microcomputer incorporates all the features 
of the CDP1802A augmented by additional hardware and 
increased performance capabilities. The additional on-chip 
hardware enhancements include 2-kilobytes of ROM, a 64-
byte RAM array, and an 8-bit presettable down-counter. 
Thirty-two additional software instructions add subroutine 
call and return capability, enhance data transfer manipula­
tion, control counter modes and interrupt arbitration and 
provide BCD arithmetic capability. 

Also available, are two other 8-bit microprocessors that are 
functional and performance enhancements of the 
CDP1802A. The CDP1805A features an on-board RAM and 
Counter/Timer. The CDP1806A has all the features of the 
CDP1805A, but contains no on-board RAM. 

The microprocessor and microcomputer devices use 
CMOS technology, designed on a single chip to maintain 
low power drain. They are intended for multi-system appli­
cations requiring general-purpose CPUs, large memory 
address space, and extensive external I/O for use with 
optimized peripherals. 

The RCA CDP1800-series memory/microprocessor product 
line offers the system designer exceptional flexibility In 

hardware/software tradeoffs In addition to microprocessor 
and microcomputers, this product line includes a hardware 
multiply/divide unit (MDU), a programmable I/O, keyboard 
interface circuits, latches and decoders, universal asynch­
ronous receiver-transmitters (UARTs), and a broad com­
plement of directly interfaceable random-access memories 
(RAMs) and read-only memories (ROMs). 

CDP6805 Series 

The RCA CDP6805family of CMOS microprocessors, micro­
computers, and peripherals are primarily intended for single-

'Maximum Rating 

chip system applications requiring limited space, minimum 
memory, on-board I/O, and minimum external I/O. The ser­
Ies offers pin-for-pin replacements for Motorola's MC146805, 
and MC68HC05 series of microprocessors, microcompu­
ters, and peripherals. This family of parts includes the 
CDP6805E2 and CDP6805E3 8-bit microprocessors; the 
CDP6805F2 8-bit microcomputer (1 K ROM); the CDP6805G2 
8-bit microcomputer (2K ROM); the CDP68HC05C4, 
CDP68HC05C8, and CDP68HC05D2 8-bit microcomputers 
featuring on-chip ROM, RAM, 16-bit timer, asynchronous 
serial communications interface (CDP68HC05C4, and 
CDP68HC05C8), synchronous senal peripheral interface, 
and 24 or 28 bidirectional I/O lines; the CDP68HC68T1 
Serial Real-Time Clock/ RAM; the CDP68HC68R1 and 
CDP68HC68R2 Serial Peripheral Interface (SPI) RAMs; the 
CDP68HC68A2 10-bit AID Converter; the CDP68HC68P1 
Serial 110 Port; the CDP6818 Real-Time Clock plus RAM; 
and the CDP6823 Parallel Interface I/O. Also available is the 
CDP6853 Asynchronous Communications Interface Adap­
ter which is a multiplexed-bus version of our CDP65C51 
UART. 

Additional types will be added as they become available. 

General-Purpose Memories 

In addition to the memories designed to interface directly 
with CDP1800-series microprocessors and microcomputers, 
a line of general-purpose memories IS also available. These 
memories include industry-standard ROMs that can be 
mask-programmed to meet customer application require­
ments. These ROMs feature: low-power CMOS technology 
with high-noise immunity and full-temperature-range char­
acteristics; space-efficient NAN D stack memory cells pro­
viding small chip size for cost effectiveness; and JEDEC 
standard Pin outs for interchangeability with industry­
standard NMO ROMs and EPROMs. 

The list of memories also includes fully static CMOS RAMs 
with densities up to 32K-bytes, low operating power, low 
standby current, and memory retention for 2-volt minimum 
standby battery voltage. 

Memory/Microprocessor Surface-Mounted Packages 

The RCA CMOS memory/microprocessor product line now 
includes standard CDP- and CDM-series chips in a new 
generation of IC miniaturized packages. 

Microprocessors, microcomputers, memories, and peri­
pherals are now offered in two versions of the surface­
mounted-package configuration as follows: 

• Small-outline package (SOP) 

• Plastic chip-carrier (PCC) 

The small-outline package (SOP) will be offered in 16-,20-, 
24- and 28-lead versions with 50-mil lead centers; the plastic 
chip-carrier (PCC) will be offered as 28- or 44-lead pack­
ages with 50-mil lead centers. 

Enhanced Product 

Most RCA memory/microprocessor parts are available with 
burn-in to enhance commercial reliability. This cost-effective 
approach is provided by the RCA Enhanced Product. 
Enhanced product is identified with the suffix "X", e.g., 
CDP1802ACEX. 

8 ______________________________________________________________ __ 



___________________________ Guide to Products 

LSI Circuits 

Burn-in Time" 

Temperature" 

Bias Voltage: 
CDP1800 "C" Product 
All Other 
CDP1800 "Non-C" 

Product 

160 Hours 

7V 
6V 

11 V 

PRODUCT IDENTIFICATION 
All enhanced product is identified by a suffix "x". 

Examples: 

Standard 
CDP1854ACE 
CDP6805G2E 

Enhanced 
CDP1854ACEX 
CDP6805G2EX 

'Or equivalent means equivalent time-temperaturelvoltage 
resulting in the same activation energy. 

Enhanced Product 

Product Flow 

STANDARD PRODUCT 

100% Burn-in 
160 hr 

@ 125°C or 
Equivalent" 

100% Parametric 
& Functional 

Tests @25°C 

ENHANCED 
PRODUCT 

• Production State 
or Process • Quality Assurance 

Step 

___________________________________________________________________ 9 
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Guide to Products 

Enhanced Product Application 

The need to achieve the enhanced reliability resulting from 
burn-in screening must be determined by careful analysis 
of system design and application. 

How many IC's are incorporated into the total system? 

How many devices on each board? 

Is the proper device being used for the application? 

What are the reliability goals? 

What failure rates are being experienced 
without screening? 

Cost-effectiveness of using enhanced CMOS can be deter­
mined by mutual analysis of the economic trade-offs made 
possible by the following features of the program: 

• Available in both plastic and frit-seal ceramic packages. 

• Offered on the indListry's broadest line of circuit functions. 

• 0.025% AQL cumulative. 
• Reduction in PC board reworking through fewer 

line rejects. 

• Lower warranty requirements through the elimination of 
infant mortality failures. 

• Reduced incoming inspection cost by reduction or com­
plete elimination of test procedures . 

• Reduction of system failures and related service ex­
penses and customer complaints. 

Enhanced Product Reliability Data 
FAILURE RATES IN PLASTIC DUAL-IN-LiNE PACKAGES 

Failure Rate (FITs)· 
Product Device Temp Voo Equivalent Standard Burn-In 
Category Family (OC) (V) Device Hrs. t No Burn-In (160 Hrs., 125°C)# 

Memory/J.tP 
C2L CDP1800 85 7 2.4 x 107 160 67 

(RAM/ROM, I/O, J.tP) 55 7 4.6 x 108 8.3 3.5 

CMOS I CDP1800, CDP6805 85 6 9.2 x 107 170 71 
(RAM/ROM, J.tCOMP/J.tP) 55 6 1.8 x 109 8.8 3.7 

CMOS II ROMs Only 85 6 5.6 x 107 70 29 
(64K, 128K, 256K) 55 6 1.1 x 109 3.6 1.5 

NOTES: • FITs are the number of failures in 10. device hours. The failure rate is estimated at 60% upper confidence level. To convert 
the above data from FITs to %/1000 hours, multiply by 10- 4 . 

t EqUivalent device hours are extrapolated from accelerated test temperatures to the maximum 85°C rating and nominal use 
condition of 55°C, using a 1.0eV activation energy. Actual test temperatures ranged between 125°C-175°C. 

#The difference in failure rate between standard and burned·in product is estimated from several sample studies. 
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Operating and Handling Considerations 
RCA CMOS Integrated Circuits 

This Note summarizes important operating recommenda­
tions and precautions which should be followed in the 
interest of maintaining the high standards of performance of 
solid-state devices. 

The design flexibility provided by these devices makes pos­
sible their use in a broad range of applications and under 
many different operating conditions. When incorporating these 
devices in equipment, therefore, designers should anticipate 
the rare possibility of device failure and make certain that 
no safety hazard would result from such an occurrence. 

Absolute Maximum Ratings 

The published ratings of GE, RCA, and Intersil Solid-State 
Devices are based on the Absolute-Maximum Rating Sys­
tem, which is defined by the following Industry Standard 
(JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of 
operating and environmental conditions applicable to 
any electron device of a specified type as defined by 
its published data, and should not be exceeded under 
the worst probable conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi­
bility for eqL';pment variations, environmental variations, 
and the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that initially 
and throughout life no absolute-maximum value for the 
intended service is exceeded with any device under the 
worst probable operating conditions with respect to supply 
voltage variation, equipment component variation, equip­
ment control adjustment, load variation, signal variation, 
environmental conditions, and variations in device charac­
teristics. 

It is recommended that equipment manufacturers consult 
GE Solid State whenever device applications involve unusual 
electrical, mechanical or environmental operating conditions. 

GENERAL CONSIDERATIONS 
In general, with any application where devices are operated 
at voltages which may be dangerous to personnel, suitable 
precautionary measures should be taken to prevent direct 
contact with these devices. 

The metal shells of some solid-state devices such as the TO-
5-style package often used for integrated circuits usually 
has the substrate or most negative supply voltage con­
nected to the case. Therefore, consideration should be 
given to the possibility of shock hazard if the shells are to 
operate at voltages appreciably above or below ground 
potential. 

Devices should not be connected into or disconnected from 
circuits with the power on because high transient voltages 
may cause permanent damage to the devices. 

In common with many electronic components, solid-state 
devices should be operated and tested in circuits which 
have reasonable values of current limiting resistance, or 
other forms of effective current overload proteciion. Failure 
to observe these precautions can cause excessive internal 
heating of the device and result in destruction and/or possi­
ble shattering of the enclosure. 

The small size of most solid-state products provides obvious 
advantages to the designers of electronic equipment. How­
ever, it should .be recognized that these compact devices 

usually provide only relatively small insulation area between 
adjacent leads and the device package. When these devices 
are used in moist or contaminated atmospheres, therefore, 
supplemental protection must be provided to prevent the 
development of electrical conductive paths across the rela­
tively small insulating surfaces. 

Thermal Considerations 

The maximum allowable power dissipation in a solid-state 
device is limited by the junction temperature. An important 
factor in assuring that the junction temperature remains 
below the specified maximum value is the ability of the 
associated thermal circuit to conduct heat away from the 
device. 

When a solid-state device is operated in free air, without a 
heat sink, the steady-state thermal circuit is defined by the 
junction-to-free-air thermal resistance given in the published 
data for the device. Thermal considerations require that a 
free flow of air around the device is always present and that 
the power dissipation be maintained below the level which 
would cause the junction temperature to rise above the max­
imum rating at the worst-case ambient temperature. 

Electrostatic Voltage Discharge Considerations 

Electrostatic voltage discharge of sufficient energy can 
damage any solid-state device. These electrical potentials 
can be significantly reduced during handling or testing by 
following industry-accepted practices such as those used 
by GE Solid State. These include: 

- properly grounded equipment, workstations, operators and 
handlers 

- the use of air ionizers 
• control of ambient humidity 
- device storage and transportation in a charge-dissipative 

medium such as "Eccosorb- LD26" or equivalent. 

Mounting 

Integrated circuits are normally supplied with tin-lead dipped 
leads to facilitate soldering into circuit boards. 

When integrated circuits are welded onto printed-circuit 
boards or equipment, the presence of moisture between the 
closely spaced terminals can result in conductive paths that 
may impair device performance in high-impedance applica­
tions. It is therefore recommended that conformal coatings 
or potting be provided as an added measure of protection 
against moisture penetration. 

In any method of mounting integrated circuits which involves 
bending or forming of the device leads, it is extremely 
important that the lead be supported and clamped between 
the bend and the package seal, and that bending be done 
with care to avoid damage to lead plating. In no case should 
the radius of the bend be less than the diameter of the lead, 
or in the case of rectangular leads, such as those used in 
RCA 14-lead and 16-lead flat-packages, less than the lead 
thickness. When solder-dipped leads are formed, they must 
be reflowed or redipped within 40 mils of the package body. 
It is also extremely important that the ends of the bent leads 
be straight to assure proper insertion through the holes in 
the printed-circuit board. 

Many GE/RCA/lntersil semiconductor products are availa­
ble in surface-mounted packages which enable the user to 
mount these devices directly on the surface of a circuit 
board. Unlike conventional dual-in-line (DIP) leaded pack­
ages which require through-holes for insertion, surface­
mounted packages are soldered to a series of pads on a 

-Trade Name: Emerson and Cumming, Inc. 
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circuit board using a variety of acceptable techniques such 
as vapor phase or infrared reflow. This series of pads, 
commonly called a footprint, matches the lead or contact 
outline of the package(s) being used. 

Recommended Lead-Forming Practices 

DIC Packages 
The leads on dual-in-line CERDIP or dual-in-line side-brazed 
packages are not intended to be bent or formed No further 
lead-forming is recommended. 

Flat Packages 
Flat packages including quad flat-packages are provided to 
users with the leads in a horizontal plane. 

Since users form leads into many configurations, these rela­
tively thin-leaded devices require a certain amount of care 
to avoid any handling which would affect the suitability of 
these leads. 

Taking guidance from MIL-STD 4544, the following IS recom­
mended when bending leads: 

a) the bend radius must exceed twice the lead thickness. 
b) Always start the bending 0.015 inches or more away 

from the device body to protect body-to-Iead adher­
ence, and body hermeticity. 

c) bend leads 85-degrees maximum to provide a strong 
fixed position condition. 

d) use roller-type die when forming gold-plated leads to 
minimize surface scouring. 

e) provide a minimum surface contact length of 2 times 
the lead width. 

f) leads should be cleaned of any bending tool lubri-
cants to enhance solderability. 

Cleaning After Mounting 

A wide variety of chemicals and solvents is available for 
fluxing, degreasing, and flux removal. Care must be exer­
cised in the selection of materials, such that from a reliability 
standpoint, there is no adverse effect on component life. A 
major contributor affecting device reliaiblity, is the chemical 
reaction of chloride with the aluminum metallization of the 
die. Eventually this etching process will result in electrical 
open circuits. The mechanism is defined as Electrolytic 
Metal Attack (EMA) and is accelerated in a mositure envir­
onment. Cleaning and fluxing compounds free of chloride 
will therefore maximize device life. Chloride is defined as 
the dissociated ion, which is soluble in water, as contrasted 
to the water insoluble organic chlorine of compounds such 
as perchloroethylene and trichloroethane. It is, of course, 
impractical to evaluate the long-term effect on semiconduc­
tor life of all chemicals which are marketed under a variety 
of brand names. 

The choice of fluxes for electronic applications should be 
restricted to rosin types, R, RMA and RA and water soluble 
organic acid, OA, formulations. Inorganic acid fluxes should 
not be used as they can attack the internal metallization of 
the semiconductor. As stated above, it is further recom­
mended, where applicable, that non-halide type fluxes be 
used for improved device reliability. Some examples of 
acceptable fluxes are: 

A. Rosin Types (RA) 
Alpha 711 
Alpha 809 foam flux 
Alpha 811 foam flux 
Alpha 815 foam flux 
Alpha TL33M halide free 

B. Water soluble organic aCid (OA) types, halide free 
Blackstone 1452 
Kenco 183 
Alpha 260HF and 265HF 

Since circuit boards can fall into several categories, such as 
single sided, double sided with plated-through holes and 
densely populated multilayer types, it must be stressed that 
the manufacturer's recommendation be considered when 
choosing the proper flux for the process being used. 

Flux cleaning and/or degreasing is necessary to assure that 
the final soldered assembly is free of contaminating soils. 
The choice of the cleaning system is relative to the soil 
being removed. Water-based cleaners are generally used to 
remove polar soils, such as roSin activators, organic aCid 
residues, and finger salts. Solvent cleaners are chosen for 
removal of organic (non-polar) contaminants, which Include 
rosins, oils, and greases. Cleaning methods can incorporate 
immersion (with or without ultrasonics), brushing, and 
spraying. The choice of cleaner should be based on affinity 
for the contaminant, ability to thoroughly wet the parts, and 
compatibility with components. It should also be safe to 
use. 

Solvent cleaners are generally divided into two classes: 
chlorinated and fluorinated. These can be used for cleaning 
rosin-activated (RA) fluxes. The chlorinated solvents are 
more aggressive and care must be taken to assure there is 
no damage to components or substrate. This type solvent 
should not be used with Silicone-encapsulated transistors 
as the solvent will tend to dissolve the plastic. The use of 
chlorinated solvents must be closely monitored because a 
breakdown to form acid components in the presence of 
moisture. The solvent should be checked regularly and dis­
carded when acid levels exceed manufacturer's guidelines. 
Fluorinated solvents are normally blends of trifluorotrichlo­
roethane with other solvents, such as: methanol, ethanol, 
isopropanol, acetone, methylene chloride, or chloroform. 
These solvents can be purchased under trade names as 
Freon TE, TE35, TP35, Frigen 113 TR-M, Haltron 113 MOM, 
and Flugene 113 MA. Fluorinated systems are milder acting 
and are used in vapor degreasing systems at the boiling 
point of the solvent mixture. 

The solvents may be used for a maximum of 4 hours at 
25° C or for a maximum of 1 hour at 50° C. 

Rosin fluxes can be removed by either solvent or aqueous 
cleaners. The water systems contain an additive that reacts 
with the rosin acids to convert the acids to a water-soluble 
biodegradable soap. Water-soluble organic-acid fluxes may 
require the use of a neutralizer to accelerate the solubility of 
the acid residues and neutralize any residues that may 
remain. Alcohols are acceptable solvents for rosin-based 
flux removal; but because of flammability concerns, the flu­
orinated alcohol blends are preferred. Examples of suitable 
alcohols are methanol, isopropanol, and special denatured 
ethyl alcohols, such as SDA1, SDA30, SDA34, and SDA44. 

If the completed assembly is to be encapsulated, the effect 
on the molded-plastic transistor must be studied from both 
a chemical and physical standpoint. 

Handling 

All CMOS gate inputs have a diode or resistor/diode gate 
protection network. All transmission gate inputs and all 
outputs have diode protection provided by inherent p-n 
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junction diodes. These diode networks at Input and output 
Interface protect CMOS devices from gate-oxide failure in 
handling environments where static discharge is not exces­
sive. In low-temperature, low-humidity environments, im­
proper handling may result in device damage. It is recom­
mended that ionizers be used in the handling and assembly 
areas to minimize damage from electrostatic discharge (ESD). 
See ICAN-6525, "Handling and Operating Considerations 
for MOS Integrated Circuits", for proper handling pr3-
edures. 

Operating 

Unused Inputs 

All unused input leads must be connected to either the low 
rail (Vss, VEE, or GND) or the high rail (Vee or Voo), which­
ever IS appropriate for the logic circuit involved. A floating 
input not only can result in faulty logic operation, but can 
cause the maximum-rated power dissipation to be exceeded 
and may result in damage to the device. Inputs to these 
types, which are mounted on printed-circuit boards that may 
temporarily become unterminated, should have a resistor to 
the high or low voltage supply rails A useful range of values 
for such resistors is from 10 kllohms to 1 megohm. Pins that 
are I/O must have a terminating resistor. 

Input Signals 

Signals shall not be applied to the inputs while the device 
power supply is off unless the input current is limited to a 
steady-state value of less than the absolute-maximum rat­
ing. Input currents of less than the maximum rating prevent 
device damage; however, proper operation may be impaired 
as a result of current flow through structural diode junctions. 

Output Short Circuits 

Shorting of outputs to the high or low supply rail can dam­
age many of the higher-output-current CMOS types, such 
as the CD4007, CD4041, CD4049, and CD4050. In general, 
these types can all be safely shorted for supplies up to 5 
volts, but will be damaged (depending on type) at higher 
power-supply voltages. For the CMOS HC/HCT/HCU types, 
outputs may be shorted to Vee (5 V ± 10%) for 1 second 
maximum and only one output at a time. For cases in which 
a short-circuit load, such as the base of a p-n-p or an n-p-n 
bipolar transistor, is directly driven, the device output char­
acteristics given in the published data should be consulted 
to determine the requirements for a safe operation below 
the device maximum-rated output power. 

For detailed CMOS IC operating and handling conSidera­
tions, refer to Application Note ICAN-6525 "Handling and 
Operating Considerations for MOS Integrated Circuits." 

CMOS Power-Supply Distribution and Decoupting 

Power distribution should be a prime consideration in all 

CMOS designs. Although DC power dissipation is very low, 
dynamic power (due to switching transients) can be high. 
High-voltage and/or low-temperature operation increase 
dynamic current transients. 

A low-impedance power source and supply-to-ground capac­
itance bypass will significantly reduce nOise generation 
on signal and power line to greatly enhance system 
reliability. 

Decoupling 

Higher speeds, faster edges and higher output-drive cur­
rents cause higher-frequency current transients to be 
imposed on ground and Vee rails of an IC. For LSI and high­
speed families, consideration of power-supply distribution 
and decoupling become important. Before decoupling can 
be utilized for noise reduction, there must first be a good 
power-supply distribution network. A good ground connec­
tion system and capacitive decoupling must be employed. 
For details refer to Application Note ICAN-7329, "Power­
Supply Distribution and Decoupling for CMOS High-Speed­
Logic ICs." 

SOLID-STATE CHIPS 

When supplied in individual die form, solid-state chips, 
unlike packaged devices, are normally fragile and small in 
physical size, and therefore, require special-handling as 
follows: 
1. Chips must be stored under proper conditions to ensure 

that they are not subjected to a moist and/or contami­
nated atmosphere that could alter their electrical, physi­
cal, or mechanical characteristics. After the shipping 
container is opened, the chip must be stored under the 
following conditions: 
A. Storage temperature, 40° C 
B. Relative humidity, 50% max. 
C. Clean, dust-free environment 

2. The user must exercise proper care when handling chips 
to prevent even the slightest physical damage to the chip. 

3. The procedures used to reduce the possibility of electro­
static discharge In packaged deVices also apply for solid­
state chips. 

4. During mounting and lead bonding of chips, the user 
must use proper assembly techniques to obtain proper 
electrical, thermal, and mechanical performance. 

5. After the chip has been mounted and bonded, any neces­
sary procedure must be followed by the user to ensure 
that these non-hermetic chips are not subjected to moist 
or contaminated atmospheres which might cause the 
development of electrical conductive paths across the 
relatively small insulating surfaces. In addition, proper 
consideration must be given to the protection of these 
devices from other harmful environments which could 
conceivably adversely affect thei r proper performance. 
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Comparison of RCA CMOS CDP1800·Series 
Microprocessors and Microcomputers 

Features 
CDP1802A 

CDP1802BC CDP1804AC 
CDP1802AC 

Memory 
64k 64k 64k 

Addressing (Bytes) 

On-Chip RAM (Bytes) - - 64k 

On-chip ROM (Bytes) - - 2k 

Max. Clock 
3.2 5 5 

Frequency (MHz) 

Instruction Time 
5/7.5 3.2/4.8 3.2/16 

Min.lMax. (j./s) 

Timer/Counter Bits - - 8 

Prescalers - - +32 

CDP1805AC 

64k 

64k 

-

5 

3.2/16 

8 

+32 

Bus Structure Non-multiplexed Address Lines 

Interrupts V V V V 
Latched I/O Lines Off-Chip 

Max. Operating Temp. 
-55 to +125°C 

Temp. Range (0G) 

Package 40 D, E 40 D, E 40 D, E 40 D, E 
No. of Pins 440 440 - 440 

Serial Interface O-Line 

CDP1806AC 

64k 

-

-

5 

3.2/16 

8 

+32 

V 

40 D, E 
440 
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CDP1802A, CDP1802AC 
CLOCK .0 Yoo 
WiTt ,. 1TIl 

ctm .. ........ 
0 · '"""'" .CI · HiT!IIIfilI'f 

CMOS 8-Bit Microprocessor 
Features: .co 0 ..... 

111m , ". 
IUS 1 • "" • Minimum instruction fetch-execute time of 5 IlS or 7.5 IlS at VDD = 5 V; 
IUS. · -, 
BUS • '0 ... 2.51ls or 3.75 IlS at VDD = 10 V 
IUS 4 " ... 
IUS 3 12 ... • Any combination of standard RAM and ROM up to 65,536 bytes 
IUS 2 " ." IUS I .. .. , • Operates with slow memOfles, up to 1 IlS access time at fCL = 4 MHz 
auso " Yee ,. .. 17 

.. , ... 
m 

• 8-bit parallel organization with bidirectional data bus and multiplexed 
addresS bus . , , . ... 

NO oo .... • 16 x 16 matrix of registers for use as multiple program counters, 
Yss 20 m data pointers, or data registers 

TOP .,I£W • On-chip DMA, mterrupt, and flag inputs 

TERMINAL ASSIGNMENT 
• Programmable smgle-bit output port 
• 91 easy-to-use instructions 

The RCA-CDP1802A LSI CMOS 8-blt register-oriented 
central-processing unit (CPU) is designed for use as a 
general-purpose computing or control element in a wide 
range of stored-program systems or products. 

The CDP1802A includes all of the circuits required for 
fetching, interpreting, and executing Instructions which 
have been stored in standard types of memories. ExtenSive 
input/output (1/0) control features are also provided to 
facilitate system design. 

The 1800 series architecture is designed with emphasis on 
the total microcomputer system as an integral entity so that 
systems having maximum flexibility and minimum cost can 
be realized. The 1800 series CPU also provides a syn­
chronous interface to memories and external controllers 
for 1/0 devices, and minimizes the cost of interface con­
trollers. Further, the 1/0 interface is capable of supporting 

I r 
MAO-7 

~ 
CDPI852 

INPUT PORT CS2 NO 

DATA CSt 

~: 
MRD 

CDPI802 
8-BIT CPU 

DATA CST iiiiR 

<== CDPI852 CS2 ~ I-- NI 

OUTPUT PORT -CLOCK I-- TPB TPA 

DATA 

II 
-BI' 

devices operating in polled, interrupt-driven, or direct 
memory-access modes. 

The CDP1802A and CDP1802AC are functionally identical. 
They differ in that the CDP1802A has a recommended 
operating voltage range of 4 to 10.5 volts, and the 
CDP1802AC a recommended operating voltage range of 4 
to 6.5 volts. 

These types are supplied in 40-lead dual-in-line side­
brazed ceramiC packages (D suffix). 40-lead dual-In-Iine 
plastic packages (E suffix) and 44-lead plastic chip-carrier 
(PCC) package (0 suffix). The CDP1802AC isalso available 
in chip form (H suffix). 

ADDRESS BUS 

\} \7 
MAO-7 MAO-4 

MirD MRD 
CDPI833 COPI824 
I K-ROM 32 BYTE RAM 

IiWii 

CEO CS 
TPA 

DATA DATA 

V II DATA BUS 

92CM- S4.SIRt 

Fig. 1 - Typical CDPlli02A small microprocessor system. 

File Number 1305 
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CDP1802A, CDP1802AC 
MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD). 

(All voltages referenced to VSS terminal) 
CDP1802A ....................................................................................................... -0.5to+11 V 
CDP1802AC .............................................................................................. , ••••••••• -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ....................................................................... -0.5 to VOO +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ......•..........•.....•...••...•...•........••...•...•..••..••.•••••••••••••••••. ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For TA=-40 to +60°C (PACKAGE TYPE E) ............................................................................. 500 mW 
For TA=+60 to +85°C (PACKAGE TYPE E) ......•.•..•....................•..••.......••. Derate Linearly at 12 mW/oC to 200 mW 
ForTA=-55to +1OO°C (PACKAGE TYPE D) ............................................................................ 500 mW 
For TA=+100 to +125°C (PACKAGE TYPE D) ............................................. Derate Linearly at 12 mWfOC to 200 mW 
ForTA = -40°C to +85°C (PACKAGE TYPE 0)' ......................................................................... 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA=FULL PACKAGE-TEMPERATURE RANGE ..................................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA)' 
PACKAGE TYPE D ......••....•.......................•...•............................•...••..•....•.... , .••••• -55 to +125·C 
PACKAGE TYPE E and 0 .....................................•.................................................. -40 to +65·C 

STORAGE TEMPERATURE RANGE (T stg) ......................................................................... -65 to +150·C . 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16±1/32 In (1.59±0 79 mm) from case for 10 s max .........••..•.•••..•..•..••..•.•••.•....•••••••••••••• +265·C 

• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G1 0 epoxy glass, or equivalent. 

OPERATING CONDITIONS at TA=-40°C to +85°C 
For maximum reliability operatinq conditions should be selected so that operation is always within the following ranges: 

CONDITIONS LIMITS 

CHARACTERISTIC VCC1 VOO COP1802A CDP1802AC UNITS 

(V) (V) Min. Max. Min. Max. 

DC Operating Voltage 
4 10.5 4 6.5 - -

Range 
V 

I nput Voltage Range - - VSS VOD VSS VDD 

Maximum Clock Input Rise 

or Fall Time, tr,tf 4to 10.5 4to 10.5 - 1 - 1 

5 5 5 - 5 -
Minimum Instruction Time2 5 10 4 - - - p.s 

10 10 2.5 - - -
5 5 - 400 - 400 KBytes 

Maximum DMA Transfer 
5 10 500 - per - -

Rate 
10 10 800 - second - -

Maximum Clock Input 5 5 DC 3.2 DC 3.2 

Frequency, fCl, load 5 10 DC 4 - - MHz 

Capacitance (CU=50 pF 10 10 DC 6.4 - -
1VCC must never exceed VDD. 
2Equals 2 ma'chlne cycles-one Fetch and one Execute operation for all instructions except Long Branch and Long Skip, which require 3 
machine cycles-one Fetch and two Execute operations 

LOAD CAPACITANCE (ell • ~pF 

Vccesv, VOO~/OV 

vcc~vDO"!5V 

~ ~ ~ ~ n ~ ~ ~ ~ ~ 
AMBIENT TEMPERATURE (TAJ _·C 

92CS-33866 

Fig. 2 - TYPical maximum clock frequency 
as a function of temperature. 

AMBIENT TEMPERATURE (TA)- ze-c 

,He 
25 50 75 100 125 ISO Ire zoo 

LOAD CAPACiTANCE (el)- pF 

Fig. 3 - Typical transition time VB. foad 
capacitance. 
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CDP1802A, CDP1802AC 
TERMINAL ASSIGNMENT 

0-

r 
.. 

z ::> ::> 

,~ 
- 0 0: 

I~ 
"' 

o I; I~ ~ 0: 

U 
U OJ 

9 u o ~ :I :I ... 
(f> " u z > )( 0 0 ~ 

6 5 4 3 2 1 44 43 42 41 

sco 

,,,,,.,,$ 
MWR 

MRO TPA 

BUS 7 TPB 

BUS 6 MA7 

BUS S 

NC 

BUS 4 

aus 3 

SUS 2 

BUS 1 

TOP 
---- -

U N 
U Z 

> 

CDP1S02A 

CDP1S02B 

V JEW 

" LE NO'1305 
., LE NO. 1342 

MA6 

NC 

MAS 

MA4 

MA3 

MA2 

MA1 

~ 
:0 

92C$-40947 

Plastic Chip-Carrier (PCC) Package 

DRAIN-TO-SOURCE VOLTAGE(VDS1-v 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

7 ;; 

Fig. 4· Minimum output high (source) current characteristics. 

4 " NOTES' 0 01 0 I I 10 
IOLE'''OO''ATM(OOOO) CLOCK INPUT FREQUENCY (fCt!-MHl 
BRANCH'" 3707"AT M (8107) 92CS-?9 549 
CL :50 pF 

Fig. 6 - TYPical power diSSipatIOn as a function of clock 
frequency for BRANCH instructIOn and IDLE instruction 

d 

~30~. 0_= 
~ 25 

~ 
B 20 

Z 
V) IS .. -:--­
g 
" 10 

~ 
;; 5 

AMBIENT TEM~ERATURE' -40 TO .S5'C 

-5V 

10 

DRAIN-lO-SOURCE VOLTAGE (Vos)-V 
92 cs- ~I 864 

Fig. 5 - Minimum output low (sink) current characteflstics. 

• I 
i 
;j 150 

i 
ii 125 
~ 

~ 100 
r 

5 75 
~ 
~ 50 
~ 
, 25 

~ 
SPEC 0 
VALUE 
AT 50 pf 

AMBIENT TEMPERATURE (TA,)-25°C 

b'pl'\L 

00 100 150 200 

6 LOAD CAPACITANCE (6CL)- pF NOTE ANY OUTPUT 

EXCEPT XTAL 

Fig 7 - TYPical change In propagation delay as a 
function of a change in load capacitance. 
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CDP1802A, CDP1802AC 
STATIC ELECTRICAL CHARACTERISTICS at T A =-40 to +850 C except as noted . 

CONDITIONS LIMITS 

VCC. 
CHARACTERISTIC VOUT VIN VDD CDP1802A CDP1802AC UNITS 

(V) (V) (V) Min. Typ.· Max. Min. Typ.· Max. 

Quiescent Device Current 100 - - 5 - 01 50 - 1 200 
/lA 

- 10 - 1 200 - - -
Output Low Drive (Sink) 

Current IOL 0.4 0,5 5 1.1 2.2 - 1.1 2.2 -
mA 

(Except XTAL) 05 0,10 10 22 4.4 - - - -
XTAL IOL 0.4 5 5 170 350 - 170 350 - /lA 

Output High Drive (Source) 

Current IOH 4.6 0,5 5 -027 -055 - -0.27 -0.55 -
mA 

lExceot XTACi 9.5 010 10 -055 -1.1 - - - -
XTAL IOH 4.6 0 5 -125 -250 - -125 -250 - /lA 

Output Voltage - 0,5 5 - 0 0.1 - 0 0.1 
Low-Level VOL - 0,10 10 - 0 0.1 - - -

Output Voltage - 0,5 5 49 5 - 4.9 5 -
High Level VOH - 0,10 10 9.9 10 - - - -

Input Low Voltage VIL 0.5,4.5 - 5 - - 1.5 - - 1.5 
0.5,4.5 - 5,10 - - 1 - - -

1,9 - 10 - - 3 - - - V 

Input High Voltage VIH 0.5,4.5 - 5 3.5 - - 3.5 - -
0.5,4.5 - 5,10 4 - - - - -

1,9 - 10 7 - - - - -
CLEAR Input Voltage VH - - 5 0.4 0.5 - 0.4 0.5 -

Schmitt Hysteresis - - 5,10 0.3 0.4 - - - -
- - 10 1.5 2 - - - -

Any 0,5 5 - ±10-4 ±1 - ±10-4 ±1 
Input Leakage Current liN 

Input 0,10 10 - ±10-4 ±1 - - -
/lA 

3-State Output Leakage 0,5 0,5 5 - ±10-4 ±1 - ±1o-4 ±1 
Current lOUT 0,10 0,10 10 - ±10-4 ±1 - - -

Operating Current, IDD1t. 
1=3.2 MHz - - 5 - 2 4 - 2 4 mA 

Minimum Data Retention 

Voltage VDR VOO=VOR - 2 2.4 - 2 2.4 V 

Data Retention Current lOR VOD-2.4 V - 0.05 - - 0.5 - /lA 
Input Capacitance CIN - 5 7.5 - 5 7.5 
Output Capacitance COUT - 10 15 10 15 

pF -
'Typical values are lor TA=25'C and nominal VDD .o.ldle "00" at M(OOOO), CL =50 pF. 
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CDP1802A, CDP1802AC 

ClOClC 

CONTROL AND 
TIMING lOGIC 

Fig 8 - CDP1B02A block diagram. 

BUS 

BUS 5 

Bun 
BUS 

N0}oX/O 
NI MMANDS 
NZ 

ADDRESS~~~H~I~BY~T~E~_L ______ ~L~OW~~~T~E~ ______ _L~H~I~8~Y~TE~_L ______ ~LOW~~8Y~TE~ ______ _L __ 

TPA -----1IL..-. ________ --In ....... ________ _ 
T~ _________________ ~r-1~ ________________ ~r_1L.... 

'--_ ..... r-
Fig. 9 - BasIc de timing waveforms, one instruction cycle. 
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CDP1802A, CDP1802AC 
SIGNAL DESCRIPTIONS 

BUS 0 to BUS 7 (Data Bus): 

a-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (I/O) Lines): 

Activated by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and 1/0 interface. These 
lines can be used to issue command codes or device 
selection codes to the I/O devices (independently or 
combined with the memory byte on the data bus when an 1/0 
instruction is being executed). The N bits are low at all times 
except when an 1/0 instruction is being executed. During 
this time their state is the same as the corresponding 
bits in the N register. 

The direction of data flow is defined in the 1/0 instruction by 
bit N3 (internally) and is indicated by the level of the MRD 
~al. 
fVfRD=VCC: Data from 1/0 to CPU and Memory 
liiil'm=VSS: Data from Memory to 1/0 

EF1 to EF4 (4 Flags): 

These inputs enable the 1/0 controllers to transfer status 
information to the processor. The levels can be tested by the 
conditional branch instructions. They can be used in con­
junction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by 1/0 
devices to "call the attention" of the processor, in which case 
the program must routinely test the status of these flag(s). 
The flag(s) are sampled at the beginning of every S1 cycle. 

INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 

These inputs are sampled by the CDP1a02A during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X IS set to 2; designator P is 
set to 1; interrupt enable is reset to 0 (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (S3). 

DMA Action: Finish executing current instruction; R(O) 
points to memory area for data transfer; data is loaded into or 
read out of memory; and increment R(O). 

Note: In the event of concurrent DMA and Interrupt requests, 
DMA-IN has priority followed by DMA-OUT and then 
Interrupt. 

SCO, SC1, (2 Stale Code Lines): 

These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid at 
TPA. H=VCC, L=VSS· 

Stete Type 
Stete Code Lines 

SC1 SCO 

SO (Fetch) L L 

S1 (Execute) L H 

S2 (OMA) H L 

S3 (Interrupt) H H 

TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is 
suppressed in I DLE when the CPU is in the load mode. 

MAO to MA7 (8 Memory Address Lines): 

I n each cycle, the higher-order byte of a 16-bit CPU memory 
address appears on the memory address lines MAO-? first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low­
order byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all a higher-or.der 
address bits would permit a memory system of 64K bytes. 

MWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle, after the 
address lines have stabilized. 

MRD (Read Level): 

A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory which may have a common data input and output 
bus. If a memory does not have a three-state high-impedance 
output, MRD is useful for driving memory/bus separator 
gates. It is also used to indicate the direction of data transfer 
during 'an I/O instruction. For additional information see 
Table I. 

Q: 

Single bit output from the CPU which can be set or reset 
under program control. During SEa or REO instruction 
execution, a is set or reset between the trailing edge of TPA 
and the leading edge of TPB. 

CLOCK: 

Input for externally generated single-phase clock. A typical 
clock frequency is 6.4 MHz at VCC= VDD=10 volts. The 
clock is counted down internally to a clock pulses per 
machine cycle. 

XTAL: 

Connection to be used with clock input terminal, for ~n 
external crystal, if the on-chip oscillator is utilized. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required attermlnals 
1 and 39. For additional information, see ICAN-6565. 

WAIT, CLEAR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table: 

CLEAR WAIT MODE 
L L LOAD 
L H RESET 
H L PAUSE 
H H RUN 

VDO, VSS, VCC (Power Levels): 

The internal voltage supply VDD is isolated from the 
Input/Output voltage supply VCC so that the processor may 
operate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. VCC must be less than or 
equal to VDO. All outputs swing from VSS to VCC. The 
recommended input voltage swing is VSS to VCC.' 
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CDP1802A, CDP1802AC 
ARCHITECTURE 

The CPU block diagram is shown in Fig. 8. The principal 
feature of this system is a register array (A) consisting of 
sixteen 16-bit scratch pad registers. Individual registers in 
the array (A) are designated (selected) by a 4-bit binary 
code from one of the 4-bit registers labeled N, P, and X. The 
contents of any register can be directed to anyone of the 
following three paths: 

1. the external memory (multiplexed, higher-order byte 
first, on to 8 memory address lines); 

2. the D register (either of the two bytes can be gated to 
D); 

3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register. 

The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 

With two exceptions, CPU instructions consist of two 8-
clock-pulse machine cycles. The first cycle is the fetch 
cycle, and the second-and third if necessary-are execute 
cycles. DUring the fetch cycle the four bits in the P 
designator select one of the 16 registers A(P) as the current 
program counter. The selected register A(P) contains the 
address of the memory location from which the instruction 
IS to be fetched. When the instruction is read out from the 
memory, the higher-order 4 bits of the instruction byte are 
loaded into the I register and the lower-order 4 bits into the 
N register. The content of the program counter is auto­
matically incremented by one so that A(P) is now"pointing" 
to the next byte in the memory. 

The X designator selects one of the 16 registers A(X) to 
"point" to the memory for an operand (or data) in certain 
ALU or I/O operations. 

The N designator can perform the following five functions 
depending on the type of instructIon fetched: 

1. designate one of the 16 registers inA to be acted upon 
during register operations; 

2. indicate to the I/O devices a command code or device­
selection code for peripherals; 

3. Indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, orthe specific operation 
required in a class of miscellaneous Instructions (70-73 
and 78-7B); 

4. indicate the value to be loaded Into Pte designate a new 
register to be used as the program counter A(P); 

5. indicate the value to be loaded into X to designate a new 
register to be used as data pointer A(X). 

The registers in A can be assigned by a programmer in three 
different ways: as program counters, as data pointers, or as 
scratch pad locations (data registers) to hold two bytes of 
data. 

Program Counters 

Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in A can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a "call" to a subroutine. When interrupts 
are being serviced, register A(l) is used as the program 
counter for the user's interrupt servicing routine. After 
reset, and during a DMA operation, A(O) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 

Data Polnterl 

The registers in A may be usad as data pointers to Indicate a 
location in memory. The register designated by X (I.e .• R(X» 
points to memory for the following Instructions (see Table 
I): 

1. ALU operations Fl-F5, F7, 74, 75, 77; 
2. output instructions 61 through 67; 
3. input instructions 69 through SF; 
4. certain miscellaneous instructions - 70-73, 7S. SO. FO. 

The register designated by N (i.e., R(N» pOints to memory 
for the "load D from memory" instructions ON and 4N and 
the "Store 0" instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pOinter for 
ALU instructions FS-FO, FF, 7C, 70, 7F. During these 
instruction executions, the operation is referred to as "data 
immediate". 

Another important use of A as a data pointer supports the 
built-in Oirect-Memory-Access (OMA) function. When a 
OMA-In or OMA-Out request is received, one machine 
cycle is "stolen". This operation occurs at the end of the 
execute machine cycle in the current instruction. Aegister 
A(O) is always used as the data pointer during the OMA 
operation. The data is read from (OMA-Out) or written into 
(DMA-In) the memory location pointed to by the R(O) 
register. At the end of the transfer, A(O) is incremented by 
one so that the processor is ready to act upon the next OMA 
byte transfer request. This feature in the lS00-series 
architecture saves a substantial amount of logic when fast 
exchanges of blocks of data are required, such as with 
magnetic discs or during CAT-display-refresh cycles. 

Oats Regllters 

When registers in R are used to store bytes of data, four 
instructions are provided which allow 0 to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
(together with loading by data immediate) program pOinter 
and data pointer designations are initialized. Also, this 
technique allows scratch pad registers in A to be used to hold 
general data. By employing increment or decrement instruc­
tions, such registers may be used as loop counters. 

The Q Flip Flop 

An internal flip flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch instructions. The output 
of Q is also available as a microprocessor output. 

Interrupt Servicing 

Aegister A(l) is always used as the program counter whenever 
interrupt servicing is initiated. When an interrupt request 
occurs and the Interrupt is allowed by the program (again, 
nothing takes place until the completion of the current 
instruction), the contents of the X and P registers are stored 
in the temporary registerT, and X and P aresetto new values; 
hex digit 2 in X and hex digit 1 in P. Interrupt Enable Is 
automatically de-activated to inhibit further interruptions. 
The user's interrupt routine is now in control; the contents of 
T may be saved by means of a single instruction (7S) In the 
memory location pOinted to by R(X). At the conclusion of the 
interrupt, the user's routine may restore the pra-interrupted 
value of X and P with a single instruction (70 or 71). The 
Interrupt-Enable flip flop can be activated to permit further 
interrupts or can be disabled to prevent them. 
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CPU Register Summary 

0 8 Bits Data Register (Accumulator) N 4 Bits Holds Low-Order Instr. Digit 
OF 1 Bit Data Flag (ALU Carry) I 4 Bits Holds High-Order Instr. Digit 
B 8 Bits Auxiliary Holding Register T 8 Bits Holds old X, P after Interrupt 
R 16 Bits 1 of 16 5cratchpad Registers (X is high nibble) 
P 4 Bits Designates which register is IE 1 Bit Interrupt Enable 

Program Counter Q 1 Bit Output Flip Flop 
X 4 Bits Designates which register is 

Data Pointer 

CDP1802 Control Modes 

The WAIT and CLEAR lines provide four control modes as 
listed in the following truth table: 

ctEAii WAIT MODE 
L L LOAD 
L H RESET 
H L PAU5E 
H H RUN 

The function of the modes are defined as follows: 

Load 

Holds the CPU in the IDLE execution state and allows an 1/0 
device to load the memory without the need for a "bootstrap" 
loader. It modifies the IDLE condition so that DMA-IN 
operation does not force execution of the next instruction. 

Reset 

Registers I, N, Q are reset, IE is set and O's (VS5) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in 51. The first machine cycle 
after termination of reset Is an initialization cycle which 
requires9 clock pulses. During this cycle the CPU remains in 
51 and registers X, P, and R(O) are reset. Interrupt and DMA 
servicing are suppressed during the initialization cycle. The 
next cycle is an 50, 51, or an 52 but never an 53. With the use 
of a 71 instruction followed by 00 at memory locations 0000 
and 0001, this feature may be used to reset IE, so as to 
preclude interrupts until ready for them. Powerup reset can 
be realized by connecting an RC network directly to the 
CLEAR pin, since it has a 5chmitt-triggered input, see Fig. 10. 

Vee 

RS 

CDPl802A 

92C$-33873 

The RC time constant 
should be greater than 
the oscillator start-up time 
(typically 20 ms). 

Fig. 10 - Reset diagram. 

Pause 

5tops the internal CPU timing generator on the first negative 
high-to-Iow transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 

Bun 

May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation on the first 
negative high-to-Iow transition of the input clock. When 
initiated from the Reset operation, the first machine cycle 
following Reset is always the initialization cycle. The initial­
ization cycle is then followed by a DMA (52) cycle or fetch 
(50) from location 0000 in memory. 

RUN-MODE STATE TRANSITIONS 

The CDP1802A CPU state transitions when in the RUN and 
RE5ET modes are shown in Fig. 11. Each machine cycle 
requires the same period of time, 8 clock pulses, except the 
initialization cycle, which requires 9 clock pulses. The 
execution of an instruction requires either two or three 
machine cycles, 50 followed by a single 51 cycle or two 51 
cycles. 52 is the response to a DMA request and 53 is the 
interrupt response. Table II shows the conditions on Data 
Bus and Memory-Address lines during all machine states. 

PRIORITY FORCE so, S1 
DMAIN 
OMAOUT 
INT 

92CS-33872 

Fig. 11 - State transition diagram. 
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INSTRUCTION SET 

The CPU instruction summary is given in Table I. Hexadecimal 
notation is used to refer to the 4-bit binary codes. 

In all registers bits are numbered from the least significant bit 
(LSB) to the most significant bit (MSB) starting with O. 

R(W): Register deSignated by W, where 
W=N orX, or P 

CDP1802A, CDP1802AC 

R(W).O: Lo_r-order byte of R(W) 
R(W).1: Higher-order byte of R(W) 

Operation Notation 
M(R(N)) - D; R(N) + 1 - R(N) 

This notation means: The memory byte pointed to by R(N) is 
loaded into D, and R(N) is incremented by 1. 

TABLE I - INSTRUCTION SUMMARY (See Notel following tabla, pp. 11 and 12) 

OP 
INSTRUCTION MNEMONIC CODE OPERATION 

MEMORY REFERENCE 
LOAD VIA N LDN ON M(R(N))-D; FOR N NOT 0 

LOAD ADVANCE LOA 4N M(R(N»-D; (RN)+1 -R(N) 

LOADVIAX LOX FO M(R(X))-D 

LOAD VIA X AND ADVANCE LDXA 72 M(R(X»-D; R(X)+1-R(X) 

LOAD IMMEDIATE LDI Fa M(R(P»-D; R(P)+1-R(P) 
STORE VIA N STR 5N D-M(R(N)) 

STORE VIA X AND STXD 73 D-M(R(X)); R(X)-1-R(X) 

DECREMENT 
REGISTER OPERATIONS 
INCREMENT REG N INC 1N R(N)+1-R(N) 

DECREMENT REG N 'DEC 2N R(N)-1-R(N) 

INCREMENT REG X IRX 60 R(X)+1-R(X) 

GET LOW REG N GLO aN R(N).D-D 

PUT LOW REG N PLO AN D-R(N).O 
GET HIGH REG N GHI 9N R(N).1-D 
PUT HIGH REG N PHI BN D-R(N).1 

LOGIC OPERATiONS; 
OR OR F1 M(R(X)) OR D-D 
OR IMMEDIATE ORI F9 M(R(P)) OR D-D; 

R(P)+1-R(P) 
EXCLUSIVE OR XOR F3 M(R(X)) XOR 0-0 
EXCLUSiVE OR IMMEDiATE XRI FB M(R(P)) XOR 0-0; 

R(P)+1-R(P) 
AND AND F2 M(R(X)) AND 0-0 
AND IMMEDIATE ANI FA M(R(P» AND 0-0; 

R(P)+1-R(P) 
SHIFT RIGHT SHR F6 SHIFT D RIGHT, LSB(D)-DF. 

O-MSB(D) 
SHiFT RIGHT WITH CARRY 

SHRC ~ 76§ SHIFT 0 RIGHT, LSB(D)-DF, 
DF-MSB(D) 

RING SHIFT RIGHT RSHR 
SHIFT LEFT SHL FE SHIFT D LEFT, MSB(D)-DF, 

D-LSB(D) 

SHIFT LEFT WITH CARRY SHLC 

~ 
7E§ SHIFT D LEFT, MSB(D)-DF, 

DF-LSB(D) 

RING SHIFT LEFT RSHL 
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TABLE I - INSTRUCTION SUMMARY (Cont'd) 

OP 
INSTRUCTION MNEMONIC CODE OPERATION 

ARITHMETIC OPERATIONS; 
ADD ADD F4 M(R(X)+D-DF, 0 
ADD IMMEDIATE ADI FC M(R(P))+D-DF,D; R(P)+1-R(P) 
ADD WITH CARRY ADC 74 M(R(X))+D+DF-DF, 0 
ADD WITH CARRY, IMMEDIATE ADCI 7C M(R(P))+D+DF-DF, 0 

R(P)+1-R(P) 
SUBTRACT 0 SO F5 M(R(X))-D-DF, 0 
SUBTRACT 0 IMMEDIATE SOl FD M(R(P))-D-DF, 0; 

R(P)+1-R(P) 
SUBTRACT 0 WITH BORROW SOB 75 M(R(X))-D-(NOT DF)-DF, 0 
SUBTRACT 0 WITH SDBI 70 M(R(P))-D-(NOT DF)-DF, 0; 

BORROW, IMMEDIATE R(P)+1-R(P) 
SUBTRACT MEMORY SM F7 D-M(R(X))-DF, 0 
SUBTRACT MEMORY IMMEDIATE SMI FF D-M(R(P))-DF, 0; 

R(P)+1-R(P) 
SUBTRACT MEMORY WITH BORROW 5MB 77 D-M(R(X))-(NOT DF)-DF, 0 
SUBTRACT MEMORY WITH 5MBI 7F D-M(R(P))-(NOT DF)-DF, 0 

BORROW, IMMEDIATE R(P)+1-R(P) 
BRANCH INSTRUCTIONS-SHORT BRANCH 
SHORT BRANCH BR 30 M(R(P))-R(P).O 
NO SHORT BRANCH (SEE SKP) NBR 38§ R(P)+1-R(P) 
SHORT BRANCH IF 0=0 BZ 32 IF 0=0, M(R(P))-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF 0 NOT 0 BNZ 3A IF 0 NOT 0, M(R(P))-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF OF=1 BDF 

l 
33§ IF DF=1, M(R(P))-R(P).O 

SHORT BRANCH IF POS OR ZERO BPZ ELSE R(P)+1-R(P) 
SHORT BRANCH IF EOUAL OR BGE 

GREATER 
SHORT BRANCH IF DF=O BNF 

i 
3B§ IF DF=O, M(R(P))-R(P).O 

SHORT BRANCH IF MINUS BM ELSE R(P)+1-R(P) 
SHORT BRANCH IF LESS BL 
SHORT BRANCH IF 0=1 BO 31 IF 0=1, M(R(P))-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF 0=0 BNO 39 IF 0=0, M(R(P))-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF1=1 B1 34 IF EF1=1, M(R(P))-R(P).O 

(EF1=VSS) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF1=0 BN1 3C IF EF1=O, M(R(P))-R(P).O . 

(EF1=VCC) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF2=1 B2 35 IF EF2=1, M(R(P))-R(P).O 

(EF2=VSS) ELSE R(P)+1-R(P) 
·SHORT BRANCH IF EF2=0 BN2 3D IF EF2=O, M(R(P))-R(P).O 

(ffi=vcc) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF3=1 B3 36 IF EF3=1, M(R(P))-R(P).O 

(EF3=VSS) ELSE R(P)+1-R(P) 

SHORT BRANCH IF EF3=O BN3 3E IF EF3=O, M(R(P))-R(P).O 

(EF3=VCC) ELSE R(P)+1-R(P) 
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TABLE I - INSTRUCTION SUMMARY (Conl'd) 

OP 
INSTRUCTION MNEMONIC CODE OPERATION 

BRANCH INSTRUCTIONS-SHORT BRANCH 

SHORT BRANCH IF EF4=1 B4 37 IF EF4=1, M(R(P))-R(P).O 

(EF4=VSS) ELSE R(P)+1-R(P) 

SHORT BRANCH IF EF4=0 BN4 3F IF EF4=O, M(R(P))-R(P).O 

( EF4=VCC) ELSE R(P)+1-R(P) 

BRANCH INSTRUCTIONS-LONG BRANCH 
LONG BRANCH LBR CO M(R(P»-R(P).1 

M(R(P)+1 )-R(P).O 
NO LONG BRANCH (SEE LSKP) NLBR ca§ R(P)+2-R(P) 
LONG BRANCH IF D=O LBZ C2 IF 0=0, M(R(P))-R(P).1 

M(R(P)+1 )-R(P).O 

ELSE R(P)+2-R(P) 
LONG BRANCH IF D NOT 0 LBNZ CA IF 0 NOT 0, M(R(P))-R(P).1 

M(R(P)+1 )-R(P).O 
ELSE R(P)+2-R(P) 

LONG BRANCH IF DF=1 LBOF C3 IF OF=1, M(R(P))-R(P).1 

M(R(P)+1 )-R(P).O 

ELSE R(P)+2-R(P) 
LONG BRANCH IF DF=O LBNF CB IF OF=O, M(R(P))-R(P).1 

M(R(P)+1 )-R(P).O 
ELSE R(P)+2-R(P) 

LONG BRANCH IF 0=1 LBO C1 IF 0=1, M(R(P))-R(P).1 

M(R(P)+1 )-R(R).O 

ELSE R(P)+2-R(P) 
LONG BRANCH IF 0=0 LBNO C9 IF 0=0, M(R(P))-R(P).1 

M(R(P)+1 )-R(P).O 
ELSE R(P)+2-R(P) 

SKIP INSTRUCTIONS 

SHORT SKIP (SEE NBR) SKP 3a§ R(P)+1-R(P) 
LONG SKIP (SEE NLBR) LSKP ca§ R(P)+2-R(P) 
LONG SKIP IF D=O LSZ CE IF 0=0, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF 0 NOT 0 LSNZ C6 IF D NOT 0, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF OF=1 LSDF CF IF OF=1, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF OF=O LSNF C7 IF OF=O, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF 0=1 LSO CO IF 0=1, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF 0=0 LSNO C5 IF 0=0, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF IE=1 LSIE CC IF IE=1, R(P)+2-R(P) 

ELSE CONTINUE 
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TABLE 1- INSTRUCTION SUMMARY (Conl'd) 

OP 
INSTRUCTION MNEMONIC CODE OPERATION 

CONTROL INSTRUCTIONS 

IDLE IDL ()()# WAIT FOR DMA OR INTERRUPT; 

M(R(O»-BUS 
NO OPERATION NOP C4 CONTINUE 
SETP SEP DN N-P 
SET X SEX EN N-X 
SETa SEa 7B 1-0 
RESET a REO 7A 0-0 
SAVE SAV 78 T-M(R(X» 

PUSH X,P TO STACK MARK 79 (X,P)-T; (X,P)-M(R(2» 

THEN P-X; R(2)-1-R(2) 
RETURN RET 70 M(R(X»-(X,P); R(X)+1-R(X) 

1-IE 

DISABLE DIS 71 M(R(X»-(X,P); R(X)+1-R(X) 

O-IE 

INPUT-OUTPUT BYTE TRANSFER 

OUTPUT 1 OUT1 61 M(R(X»-BUS;R(X)+1-R(X); N LlNES=1 

OUTPUT 2 OUT2 62 M(R(X»-BUS;R(X)+1-R(X); N LlNES=2 

OUTPUT 3 OUT3 63 M(R(X»-BUS;R(X)+1-R(X); N LlNES=3 

OUTPUT:4 OUT4 64 M(R(X»-BUS;R(X)+1-R(X); N LlNES=4 

OUTPUT 5 OUT5 65 M(R(X»-BUS;R(X)+1-R(X); N LlNES=5 

OUTPUT 6 OUT6 66 M(R(X»-BUS;R(X)+1-R(X); N LlNES=6 

OUTPUT 7 OUT7 67 M(R(X»-BUS;R(X)+1-R(X); N LlNES=7 

INPUT 1 INP 1 69 BUS-M(R(X»; BUS-D; N LlNES=1 

INPUT 2 INP 2 6A BUS-M(R(X»; BUS-D; N LlNES=2 

INPUT 3 INP3 6B BUS--M(R(X»; BUS-D; N LlNES=3 

INPUT 4 INP4 6C BUS-M(R(X»; BUS-D; N LlNES=4 

INPUT 5 INP5 6D BUS-M(R(X»; BUS-D; N LlNES=5 

INPUT 6 INP6 6E BUS-M(R(X»; BUS-D; N LlNES=6 

INPUT 7 INP7 6F BUS-M(R(X»; BUS-D; N LlNES=7 

Noles 

hHE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE DF AFTER 
AN ADD INSTRUCTION: 

DF=1 DENOTES A CARRY HAS OCCURRED 
DF=O DENOTES A CARRY HAS NOT OCCURRED 

AFTER A SUBTRACT INSTRUCTION 
DF=1 DENOTES NO BORROW D IS A TRUE POSITIVE NUMBER 
DF=O DENOTES A BORROW D IS TWO'S COMPLEMENT 
THE SYNTAX "-(NOT DF)" DENOTES THE SUBTRACTION OF THE BORROW 

§THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE MNEMONIC EACH MNEMONIC IS INDIVIDUALLY LISTED 

'AN IDLE INSTRUCTION INITIATES A REPEATING S1 CYCLE THE PROCESSOR WILL CONTINUE TO IDLE UNTIL AN I/O REQUEST 
(INTERRUPT, DMA-iN. OR 5MA-OUT) IS ACTIVATED WHEN THE REQUEST IS ACKNOWLEDGED, THE IDLE CYCLE IS TERMINATED 
AND THE I/O REQUEST IS SERVICED, AND THEN NORMAL OPERATION IS RI:SUMED 
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Note. for TABLE I 

1. Long-Branch, Long-Skip and No Op instructions are 
the only instructions that require three cycles to 
complete (1 fetch +2 execute). 

~ong-Branch !nstructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 

The long-branch instructions can: 
a) Branch unconditionally 
b) Test for 0=0 or O~O 
c) Test for OF=O or OF=l 
d) Test for 0=0 or 0=1 
e) effect an unconditional no branch 

If the tested condition is met, then branching takes 
place; the branching address bytes are loaded in the 
high- and low-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 

If the tested condition is not met, the branching 
address bytes are skipped over, and the next in­
struction in sequence is fetched and executed. This 
operation is taken for the case of unconditional no 
branch (NLBR). 

2. The short-branch Instructions are two bytes long. The 
first byte specifies the condition to be tested, and the 
second specifies the branching address. 

The short-branch instruction can: 
a) Branch unconditionally 
b) Test for 0=0 or O~O 
c) Test for OF=O or OF=l 
d) Test for 0=0 or 0=1 
e) Test the status (lor 0) of the four EF flags 
f) Effect an unconditional no branch 

If the tested conditIOn is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position of the current program 

CDP1802A, CDP1802AC 

counter. This effects a branch within the current 256-
byte page of the memory, i.e., the page which holds the 
branching address. If the tested condition is not met, 
the branching address byte is skipped over, and the 
next instruction in sequence is fetched and executed. 
This same action is taken in the case of unconditional 
no branch (NBR). 

3. The skip instructions are one byte long. There is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 

The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction in 
sequence is fetched and executed. This SKP instruction 
is Identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not 
conSidered part of the program 

The Long-Skip instructions take three cycles to 
complete (1 fetch +2 execute). 

They can: 
a) Skip unconditionally 
b) Test for 0=0 or O~O 
c) Test for OF=O or OF=l 
d) Test for 0=0 or 0=1 
e) Test for IE=l 

If the tested condition is met, then Long Skip takes 
place; the current program counter is incremented 
twice Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 

Execution IS continued by fetching the next instruction 
in sequence. 
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TPA 

TPB 

MEMORY 
ADDRESS 

I I I I 

r-----~-+-.~-+~~~--------~------~~ 
1 I~LH'~PHll 

MRD I~H'i)\, ts~. i : I, ~ 
~~~°tv~LE) I' r--' 

MWR I t PLH hi>HL\ r:71 tpLH II 

(MEMORY ~"" ______ ~ql __ tP_H_L-(~ __ -+ __ ~ ________ ~~ ____________ ~ __ +-__ ~ WRITE CYCLE) '~ I 1 I 
DATA FROM I T ~ 
CPU TO BUS '~LH" Y 

STATE 
CODES 

Q 

NO,NI,N2 ~ 
(IIO 
EXECUTION 
CYCLE) 

DATA FROM 
BUS TO CPU 

DMA 
REQUEST 

INTERRUPT 
REQUEST 

EFI-4 

I INTERRUPT 'SU IH 
I SAMPLED (SI, S2) I 
I \ I 
I FLAG LINES I ~ 

SAMPLED (IN SI) I I 

~'-----!--: -----
ANY NEGATIVE 
TRANSITION itd 

--------...... ~~...I....------------------------------------
NOTES 
I. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 

ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE 

2 ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE 
WAVEFORMS 

3 SHADED AREAS INDICATE "OON'T CARE II OR UNDEFINED STATE; 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD 

Fig. 12 - Tlmmg waveforms 

92CL-33869R2 
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CDP1802A, CDP1802AC 
OYNAMIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85°C CL=50 pF VOO±5% except as noted • . . . 

CHARACTERISTIC VCC VOO LIMITS 
UNITS 

{V) (V) TyP.- Max. 

Propagation Delay Times: 

5 5 200 300 
Clock to TPA, TPB tPLH, tPHL 5 10 150 250 

10 10 100 150 
5 5 600 850 

Clock-to-Memory High-Address Byte tPLH, tpHL 5 10 400 600 
10 10 300 400 

5 5 250 350 
Clock-to-Memory Low-Address Byte Valid tpLH, tpHL 5 10 150 250 

10 10 100 150 III 
5 5 200 300 

Clock to MRD tPHL 5 10 150 250 
10 10 100 150 

5 5 200 350 
Clock to MRD tpLH 5 10 150 290 

10 10 100 175 

5 5 200 300 
Clock to MWR tPLH, tPHL 5 10 150 250 

10 10 100 150 

5 5 300 450 
Clock to (CPU DATA to BUS) Valid tPLH, tPHL 5 10 250 350 

10 10 100 200 
ns 

5 5 300 450 
Clock to State Code tpLH, tPHL 5 10 250 350 

10 10 150 250 

5 5 250 400 
Clock to Q tpLH, tPHL 5 10 150 250 

10 10 100 150 

5 5 300 550 
Clock to N (0-2) tPLH, tpHL 5 10 200 350 

10 10 150 250 

Minimum Setup and Hold Times: 

5 5 -20 25 
Data Bus Input Setup tsu 5 10 0 50 

10 10 -10 40 
5 5 150 200 

Data Bus Input Hold tH- 5 10 100 125 
10 10 75 100 
5 5 0 30 

DMA Setup tsu 5 10 0 20 
10 10 0 10 
5 5 150 250 

DMA Hold tH- 5 10 100 200 
10 10 75 125 
5 5 -75 0 

Interrupt Setup tsu 5 10 -50 0 
10 10 -25 0 

"TYPical values are for TA=25°C and nominal VOO 

-Maximum limits of minimum characteristics are the values above which all deVices function 
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CDP1802A, CDP1-802AC 
DYNAMIC ELECTRICAL CHARACTERISTICS (Conl'd) 

CHARACTERISTIC 
VCC VDD LIMITS 

UNITS 
(V) (V) TYD.· Max. 

Minimum Setup and Hold Times' 
5 5 100 150 

Interrupt Hold tH- 5 10 75 100 , 
10 10 50 75 

5 5 10 50 
WAIT Setup tsu 5 10 -10 15 

10 10 0 25 

5 5 -30 20 
EF1-4 Selup tsu 5 10 -20 30 

10 10 -10 40 

5 5 150 200 ns 

EF1-4 Hold tH- 5 10 100 150 
10 10 75 100 

Minimum Pulse Width Times: 
5 5 150 300 

CLEAR Pulse Width tWL- 5 10 100 200 

10 10 75 150 

5 5 125 150 

CLOCK Pulse Width tWL 5 10 100 125 
10 10 60 75 

"Typical values are for TA=25°C and nominal VOO. 
-Maximum limits of minimum characteristics are the values above which all devices function. 

TIMING SPECIFICATIONS as a function of T(T=1lfCLOCK) al TA=-40 10 +85°C 

CHARACTERISTIC VCC VOO LIMITS 
UNITS 

(V) (V) Min. Typ." 
High-Order Memory-Address Byte 5 5 2T-550 2T-400 
Set Up to TPA _______ Time tsu 5 10 2T-350 2T-250 

10 10 2T-250 2T-200 
High-Order Memory-Address Byte 5 5 T/2-25 T/2-15 
Hold after TPA Time tH 5 10 T/2-35 T/2-25 

10 10 T/2-10 T/2+0 
Low-Order Memory-Address Byte 5 5 T-30 T+O 
Hold after WR Time tH 5 10 T-20 T+O 

10 10 T-10 T+O 
CPU Data to Bus Hold 5 5 T-200 T-150 

ns 

after WR Time tH 5 10 T-150 T-100 
10 10 T-100 T-50 

Required Memory Access Time 5 5 5T-375 5T-250 
Address to Data tACC 5 10 5T-250 5T-150 

10 10 5T-190 5T-100 
5 5 T/2-25 T/2-18 

Mlf[) to TPA ( "\ ) tsu 5 10 T/2-20 T/2-15 
10 10 T/2-15 T/2-10 

"Typical values are for TA=25° C and nominal Voo 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 
ALL ... ,"u'u"; STAl ES 

DATA MEMORY N 
STATE I MNEMONIC - -

~ NOTESG N OPERATION BUS ADDRESS MRD MWR 

S1 RESET n· I NQ,)t'P; 00 XXXX 1 1 0 A 

1-IE 
S1 INITIALIZE OOOo-R 00 XXXX 1 1 0 B 

NOT PROGRAMMER 
" .. "~,,,,,,,, "' 

SO FETCH 

~::~R~ 
MRP RP 0 1 0 C 

0 n IDL IDLE MRO RO 0 1 Q ...!M.. 
0 1-F LON MRN-D MRN RN 0 1 0 3 
1 O-F INC RN+1-RN FLOAT RN 1 1 0 1 

2 u-F DEC RN-1-RN FLOAT RN 1 1 0 1 

3 O-F SHORT TAKEN; 

BRANCH MRP-RP.O MRP RP 0 1 0 
NOT TAKEN; 

3 

RP+1-RP 

4 O-F LOA MRN RN 0 1 0 3 

RN+1-RN 

5 O-F STR D-MRN 0 RN 1 0 0 2 
S1 6 0 IRX RX+1-RX .MRX .BJ<. 0 ..1. ..Q ~ 

1 OUT1 1 

2 OUT2 2 

3 OUT3 3 

4 OUT4 MRX-BUS; MRX RX 0 1 4 6 

5 OUT5 RX+1-RX 5 
6 OUT6 6 

6 
7 OUT7 7 

9 INP1 DATA 1 

A INP2 FROM 2 

B INP3 I/O 3 

C INP4 BUS-MRX.D DEVICE RX 1 a 4 5 

0 INP5 5 
E INP6 6 

F INP7 7 

0 RET r..4RX .IX P\ MRX RX 0 1 0 3 
R ... · >R ... ; 1-IE 

1 DIS r..4RX .IX P\ MRX RX 0 1 0 3 
,a-IE 

7 2 LDXA MRX-D; MRX RX 0 1 0 3 
RX+1-RX 

3 STXI;l D-MRX; 0 RX 1 0 0 2 
RX-1-RX 

4 ADC MRX RX 0 1 0 3 
DF-DF,D. 
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CDP1802A, CDP1802AC 
TABLE II, CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 

ALL MACHINE STATES (CONT'D) 

DATA MEMORY 
STATE I N MNEMONIC OPERATION BUS ADDRESS MRD MWR 

5 SOB MRX-D- MRX RX 0 1 

DFN-DF,D 

6 SHRC LSB(D)-DF, FLOAT RX 1 1 

DF-MSB(D) 

7 5MB D-MRX- MRX RX 0 1 

DFN-DF 0 
S1 7 8 SAY T-MRX T RX 1 0 

9 MARK (X,P)-T, MR2, T R2 1 0 
P-X R2-1-R2 

A REO 0-0 FLOAT RP 1 1 
B SE~ 1-0 FLOAT RP 1 1 

C ADCI MRP+D+ MRP RP 0 1 

DF-DF,D, RP+1 
0 SDBI MRP-D- MRP RP 0 1 

DFN-DF,D, 

RP+1 

E SHLC MSB(D)-DF, FLOAT RP 1 1 

DF-LSB(D) 

F 5MBI D-MRP- MRP RP 0 1 
DFN-DF,D, 

RP+1 

8 O-F GLO RNO-D RN.O RN 1 1 
9 O-F GHI RN1-D RN 1 RN 1 1 
A O-F PLO D-RNO 0 RN 1 1 
B O-F PHI D-RN 1 0 RN 1 1 

S1#1 TAKEN MRP-B, MRP RP 0 1 

RP+1-RP 
#2 LONG TAKEN B-RP.1, M(RP+1) RP+1 0 1 

0-3, BRANCH MRP-RPO 
S1#1 8-B NOT TAKEN MRP RP 0 1 

RP+1-RP 

#2 C NOT TAKEN M(RP+1) RP+1 0 1 
RP+1-RP 

S1#1 5 TAKEN RP+1-RP MRP RP 0 1 

6 

#2 7 LONG TAKEN RP+1-RP M(RP+1) RP+1 0 1 

C SKIP 

S1#1 0 NOT TAKEN: MRP RP 0 1 

E NO OPERATION 

#2 F NOT TAKEN: MRP RP 0 1 

NO OPERATION 

S1#1 NO OPERATION MRP RP 0 1 

4 NOP 

#2 NO OPERATION MRP RP 0 1 

N 

LINES NOTESG 

0 3 

0 1 

0 3 

0 2 

0 2 

0 1 

0 1 

0 3 

0 3 

0 1 

0 3 

0 1 

0 1 

0 1 

0 1 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 
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CDP1802A, CDP1802AC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORV ADDRESS LINES DURING 

ALL MACHINE STATES (CONT'D) 

STATE I N MNEMONIC OPERATION 

~ Jl-F SEP N-P 
E .Q-F SEX N-X 

~ LDX MAX-D 
I OA MAX OA D-D 
2 AND MAX AND D-D 
3 XOA MAX XOA D-D 
4 ADD MAX+D-DF,D 
5 SD MRX-D-DF,D 
7 SM D-MAX-DF,D 

S1 6 SHA LSB 

n. """In 
F 8 LDI MAP-D, 

RP+1-RP 

9 ORI MAPOR D-D; 

AP+l-RP 
A ANI MAP AND D-D; 

RP+l-RP 

B XRI MRPXOR D-D, 

RP+1-RP 

C ADI MRP+D-DF,D, 

RP+l-RP 
D SDI MRP-D-DF,D; 

RP+l-RP 
F SMI D-MRP-DF,D, 

RP+l-RP 

E SHL """In _n_; 

O-LSB(D) 

DMA IN RII"· ""n· 
S2 

ROtl-RO 
DMAOUT MRO-BUS, 

.l!.Q±1::::BQ 

S3 INTERRUPT 

~ 
S1 LOAD IDLE 

(CLEAR, WAIT=O) 

NOTES: 
A. )E=1, TPA, TPB suppressed, state=S1. 
B BUS=O for entIre cycle. 
C. Next state always S1. 
D. Walt for DMA or INTEARUPT. 
E. Suppress TPA, walt for DMA 
F. IN REQUEST has priority over OUT REQUEST. 

DATA MEMORY -
BUS AnnA!'"!:!: MRD 

NN AN I 

NN RN 1 

MRX AX 0 

MAX AX 0 

FLOAT AX I 

MRP RP 0 

FLOAT RP I 

RO I 

1/0 DEVICE 

MRO RO 0 

FLOAT RN 1 

M(RO-1) RO-l 0 

G. Number refers to machIne cycle. See FIg 13 tIming waveforms for machone cycles 1 through 9. 

-MWR 

i 
I 

I 

I 

I 

I 

I 

0 

I 

I 

1 

N 
LINES NOTESQ 

0 1 

~. ....1 
0 ....3.. 

0 3 

0 I 

0 3 

0 I 

0 F,7 

0 F,8 

0 9 

0 E,3 
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0 , 3 4 5 b 0 , , 5 6 , , 3 4 5 • , 0 , 2 3 • • • , 0 1 2 3 • CLOCK 

TPA --.n n n n r-"L-

TPB n n n n 
MACHINE 
CYCLE CYCL~ " CYCLE I .. ' 11 CYCLE (n + 2f CYCLE In + 31 CYCLE In + 4. 

MA HIGH ADD I lOW ADDRESS IHI(>H ADDI l()WA()()HfSS IHIGH ADol LOW ADDRESS E'GH ADOI LOW ADDRESS ~IGHADOI LOW 

General timmg waveforms. 

INSTRUCTION ===2FE[!T:£cEH:315£Io'===:C==I,~,j~c~-u2:!"=='~"~' ==:C==J'I':!]Tc~HCJ]'so~, ==:::r==:::J']X]EC~U!!TrE :,!!s!I"==II2'E[jT:Ec[H J!'so![,= 
f.-MEMORY Rf AD (.YCl f - ----+- __ NON M£ MOllY (YLLf ------+-MEMORY READ CYCLE ------+---NON MEMORY CYCLE--+---~~~gRY 

MAO--"l ~ 

MWR (HIGHl --------------------------------------------

No.1 Non-memory-cyc/e timmg waveforms 

rNSTRUCTION FlH.H (~Ol 

~MfMORY fH All (VeLf +--fl.1I ~1{)HY ~\Hlll (V( U -~ M~MOAY READCYCLE-+--MEMORYWRITE CYCLE----+---~~~gRY 
MRIl --"lL _______ J I I ~ 

MWR ~r----------------------------,~r-----------l ~~~~URTy :III~~l~. ~~;;;~:fj .1III .. 1III ••••• '0~~~//.~~:/;~0(~:?;~%/;~~~~~21t.IIIII~~ • •••• 0~m~0~m~m~; 
ALlOWABLf~~' VAlI[)()l)lPUI ~. LVALIDOUTPUT 

CPU OUTPUT 
TO VAlli) l)fl1f1 OFF VALID DATA OFF 
MEMORY 

FETCH ISO) EXECUTE (511 FETCH ISO) 

No.2 Memory write-cycle timmg waveforms 

rNSTRUCT10N I FfH.H ISO) I IXI(UTI 1..,11 I FETCH (SOl I EXECUTE (511 I FETCH ISO) 

f.----MfMOHY H£ A,) CYCLIc ---+---- MI M()liY H~AIJ (Ylll --+--MEMORY READ CYCLE--T-MEMORY READ CYCLE---+--~~~gRY 

MRD -------, n n n ~ 

LMWR (HIGHI 

~C~~UR/ 2;::::;(';~~~0~l~~~~~~~'/,0~0~~~%~~q;4~F:::::'0;:x~~p~;~;;~;;~::~m~;. ·~2;~?~;:j~~::::;0~~;.~;:~%;~/~;;~;:~:;;;~~~%~:/;~~~t!!!~:::~?h~$;f.~0~~~0~'/,0~0~0~~~%~~;?J1]M?:::~~~r;0~0~~~~:r 
ALLO\\.\H' I IH fl,1(lflY A( {I..,.., L- VALID OUTPUT L VALID OUTPUT VALID OUTPUT lVALIDOUTPUT 

No.3 Memory read-cycle timing waveforms. 

INSTRUCTION ...L __ ---',""c.TC"'H'-""'SO"-, __ --'-___ --'-'''.:.:'-''C''-UT''''-...:;'',,''-' _-'-__ ---=,;::x::;'c::U"-T,'--":=-S,"-,_-'-___ --.:..;,,:.;T.:;cH"-,::;5O::.' __ .L1 E:;.:X:.:E::;CU::.;T",E--"'S,,,lI,--
f.-- MEMORY READ CYCLE -+- MEMORY RFAO CYCL~ -+---- MEMORY READ CYCLE --+---MEMQRY READ CYCLE---+--- ~~:gRY 

MHO I! n n n ~ 

MWR (HIGHI 

~C~~URTY~ffi'~ .. ,;/;;w~~#MW0J~~& 
ALLOWAS:E MEMORY ACCES; VALID ~TPUT • L VAUD OJTPUT L VALID OUTPUT 

No.4 Long-branch or long-skip-cycfe timing waveforms. 

_ Hlqll ,rnpl'd,,,,(!' ltd I,· 
92CL-29600 

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). 
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CLOCK 

TPA~ _________ ....JnL.. ________ _ 

TPB __________________ --Jr-lL.. __________________ ~~ 

MACH1NECYCLE~~ ________ ~C~Y~C~LE~o~ ____________ _L ________ ~C~Y~C~L~E~lo~'~1~1 __________ ~ __ __ 

INSTRUCTION ....JL__ ______ ....:F..:E.;.TC:;H~ISO:;I ______________ L__ ________ ..:E;:;X..:E:;CU:.T..:Ec.:l:;Sl.;.I __________ ~ __ _ 

MRD ~~ ____________________ ~ 

NO-N2 _____________________________ --' 

MWR 

DATABUS' 1I~IIIIIIIIIIIIIIIIIIIIIIIIIIII~t==3v~A~L~ID~D~A~T~A~F!R~O~M~I~NP~U~T~D~E~v~'c~E~~~~~~_I~11lll1l1l 

1"'1 *>--------RE~~M~yRcyLE------··+-1 *..------W~~~~~~LE _. 
'User generated signal 

92CS-29601 

No.5 Input-cycle tIming waveforms. 

CLOCK 

TPA 

TPB ________________________ --Jr-lL ________________________ ~~ 

MACHINE 
CYCLE 

CYCLE n CYCLE In .. 1) 

INSTRUCTION _~ __________ ;..FE:..T..:C::.H'-I:.:SO::' __________ _L ____________ ..::E"'X.::cEC::::U~T~E_I:::S'_'1) ________ -'-__ __ 

MRD~L.. ________ ....Jr__lL.. ________ ~r____ 

NO-N2 ______________________________ --' 

DATA BUS 

DATA STROBE' 

(MAD TPS NI 

. ~ 

ALLOWABLE MEMORY ACCESS 

I MEMORY 
1001_>----- READ CYCLE 
I 

'User generated signal 

~ "Don't Care" or mtprnal delays 

_ High Impeddnce state 

No.6 Output-cycle timing waveforms. 

N 1 - 7 

ALLOWABLE MEMORY ACCESS 
It .. 

~ 

VALID DATA FROM MEMORY ~for-"'----
VALID OUTPUT n~ ____ __ 

MEMORY· I 
READ CYCLE--------.I 

I 

92CS-29602 

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). Continued. 
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CLOCK 

TPA~~ ____________ ~r_1~ ______________ ~r_1~ ______________ ~r_1~ ____________ __ 

TPB~~~n~=n'---~~~ ~n ~!!rL_ ~~g~~NE CYCLE n CYCLE In + 1 ~ CYCLE In t 2) CYCLE In + 31 

INSTRUCTION FETCH (SOl EXECUTE (51) DMA (S2) FETCH ISOI 

DMA-IN' ~~A{1 u~A \/Wo/&M///&WA 
MRD -----, \ .. __________ j 

MWR ------------------------------------~(~--_-_--~T'--------------..,~ 

MEMORY 
OUTPUT 

t.. VALID OUTPUT VALID OUTPUT 

DATA BUS' ~ •••••••••••••••••••••• ~:::;V~A:gll!§D]D~A~TA~FllRl1D11!M[[I!j]NP~U[ET]DI'v~If!C'C ••••••••••• ~ 

92CS-29603 

No. 7 ~-cyc/e timmg waveforms. 

CLOCK 

TPA~~ ______________ ~r_1~ ______________ ~r_1~ ______________ ~ 

rp" ________________ ~r_1~ ________________ ~r_1~ ________________ ~r_1L ________ _ 

~~2~Nt y---------C~Y~C~L~'-,,---------,------~C~y7C~L'~I"~;~,~,-------,------~C~y~C~L7,7.I"~.~2~1--------Ir.c~y~C~L"~,"~>~3~1 

INS TRue T ION .1... ______ ....:.;F ':;.;T",C",H..;,' S:;:O",I ________ ...L.. ______ "" "'x '"C",U",'.:;,',;;' S",'",' ______ -' ________ ....:;.O"'M:.;A""';;;S2:.;.1 ________ ... 1 F_'_T",C_H "15,,,0;..1 __ 

MRD ---,I.. _____________ -.J , i '- __________ ..J 

e:zzz::; 
~-----------~ 

MWR 

MEMORY 
OUTPUT 

DATA' 

STROBE 
IS2 TPB) 

;"" ___ ..i 

?J2/0// ;;z?;2227J //Z/ZZ0?!Z:/?2Z0/2 274222VA7~blt •• E<?:::;::::;2{'/Z 
-t VALID OuT?UT VALID DATA FROM ~EMORY rl 

I I ~,----------
I MEMORY I I 

---00 .... 1..... READ WRITE OR -I.. RE~EDM~TRC~E -I-MEMORY 
READ CVCLf : NON MEMORY CYCLE : :READ CYCLE 

MEMORY 

92CM-29604RI 

No. 8 ~·cyc/e tlmmg waveforms. 

CLOCK 

TPA~~ ______________ ~r_1L ______________ ~rI~ ______________ ~rI~ ____________ __ 
TPB ~~~~~~~~!lg~~~~~~~rI~~~~~~~~r-1~~~~~~~~~~~~~~~rL-g~ ~~g~~NE CYCLE n CYCLE In + 1) CYCLE (n + 2) CYCLE (n + 31 

INSTRUCTION FETCH 1501 EXECUTE ,(511 INTERRUPT (53) FETCH (SO) 

MRD ---,L ________________ --' ' ... _________ j r 
MWR 

\ ___ ..1' 

INTERRUPT' V//////////$////////#/$////////////////////////~////////////$////////$$/$////$/$/$/////2-
(INTERNAl) IE ------------------------------------------------------""""1 __________________________ . 

·User generated s'gnal 

~ "Don't Care"' Of Internal delays _ Hlgtllmpedance state 

. No. 9 INTERRUPT-cycle timing waveforms. 92CM-2960~ 

Fig. 13 - Machine-cycle timing waveforms (propagation delays not shown). Continued. 
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CLOCK 40 Voo 
WAiT ,. xm 

CLEAR '" 1iiiATFi 
Q " DMA OUT 

SCI 3. ~ 
seo " MWR 

MRD 34 TPA 
BUS 7 " TPO 
BUS 6 . " BUS 5 10 " "A. 
BUS 4 " 30 "AS 
BUS :3 12 29 "A4 
BUS 2 " 20 "A3 
BUS I 14 27 "A2 
BUS a " ,. "AI 
Vee I. 2. "AO 

N2 17 24 m 
NI 10 23 m 
NO I. 22 m 

V55 20 21 m 
TOP VIEW 

92CS-<'7467RI 

TERMINAL ASSIGNMENT 

CDP1802BC 

CMOS 8-Bit Microprocessor 
Features: 
• Minimum instruction fetch-execute time of 3.2 /.IS 

(maximum clock frequency = 5 MHz) at Voo = 5 V 
• Any combination of standard RAM and ROM up to 65,536 bytes 
• Operates with slow memories, up to 775 ns access time at fCl = 5 MHz 
• B-bit parallel organization with bidirectional data bus and multiplexed 

address bus 
• 16 x 16 matrix of registers for use as multiple program counters, 

data pointers, or data registers 
• On-chip DMA, interrupt, and flag mputs 
• Programmable single-bit output port 
• 91 easy-to-use instructIOns 

The RCA-COP1802BC LSI CMOS 8-bit register-oriented 
central-processing unit (CPU) is designed for use as a 
general-purpose computing or control element in a wide 
range of stored-program systems or products. 

systems having maximum flexibility and minimum cost can 
be realized. The 1800 series CPU also provides a syn­
chronous interface to memories and external controllers 
for 1/0 devices, and minimizes the cost of interface con­
trollers. Further, the 1/0 interface IS capable of supporting 
deVices operating in polled, interrupt-driven, or direct 
memory-access modes. 

The COP1802BC includes all of the circuits required for 
fetching, interpreting, and executing instructions which 
have been stored in standard types of memories. Extensive 
input/output (1/0) control features are also provided to 
facilitate system design. 

The 1800 series architecture is designed with emphasis on 
the total microcomputer system as an integral entity so that 

II 
MAO-7 

==> CDP1852 

INPUT PORT CS2 NO 

DATA CS' fT MRo 
CDPI802 

8-BIT CPU 

J l 
DATA CSI MWR 

<== CDPI852 CS2 l- e-- NI 

OUTPUT PORT 

I-CLOCK - TPB TPA 

DATA 

II 

The COP1802BC has a recommended operating voltage 
range of 4 to 6.5 volts. These types are supplied in 40-lead 
dual-in-line side-brazed ceramic packages (0 suffix), 40-
lead dual-in-line plastic packages (E suffix), and 44-lead 
plastic chip-carrier (PCC) packages (0 suffix). 

ADDRESS BUS 

\J '0' 
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CEO cs 
TPA 

DATA DATA 

\/ II B- BIT DATA BUS 
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Fig 1 - TYPical CDP1802BC small microprocessor system. 

File Number 1342 

__________________________________ 39 



1800-8erles Microprocessors and Microcomputers 

CDP1802BC 
MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDD): 
(All voltages referenced to VSS terminal) 
CDPI802BC ..••..•.••.....•....•...••..•.•.•..•.•..•••...••..••.•....•........••...••...•••••••..••••••••.••••••••• --0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ••..•.•.•...••...•...••....•....•.•......•..•...•.•.•.•••.....••.•••••... -0.5 to VOD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .•..•.•.....••..••..•••...••.....•....•....•....•.••.•...•...••••••••••.•••.••••••• ·'±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For TA=-40 to +80°C (PACKAGE TYPE E) .•...•.•.••..•..........•...•..•..•.....•..........•.•••••.•••••.•••.•••••.•••• 500 mW 
For TA=+60 to +85°C (PACKAGE TYPE E) ................................................. Derate Linearly at 12 mWI"C to 200 mW 
For TA=-55 to +100°C (PACKAGE TYPE D) ............................................................................. 500 mW 
For TA=+I00to +125°C (PACKAGE TYPE D) .............................................. Derate Linearly at 12 mW/OCto 200 mW 

For T A = -40° C to +85° C (PACKAGE TYPE Q) ........................................................................... 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA=FULL PACKAGE-TEMPERATURE RANGE ..•...•...........•.....•••.•.••....•..•••.•...••..•••...•••••..•.••••• 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D ....•..•......•......•....•.......................•..•..................•.••••.....••••.•.•••• -55 to +125°C 
PACKAGE TYPE E and Q .......................................................................................... -40to+85°C 

STORAGE TEMPERATURE RANGE (T stg) .......................................................................... -85 to +150° C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116±1/32 in. (1.59±0 79 mm) from case for 10 s max. . ........................................................ +265°C 

• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick Gl 0 epoxy glass, or equivalent. 

OPERATING CONDITIONS at TA=-400 C to +850 C 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 

CONDITIONS LIMITS 

CHARACTERISTIC VCC1 VDD CDP1802BC UNITS 

(V) (V) Min. Max. 

DC Operating Voltage Range - - 4.0 6.5 
V 

Input Voltage Range - - VSS VDD 
Maximum Clock Input Rise or Fall Time, tr,tf 4t06.5 4to 6.5 - 1 
Minimum Instruction Time2 5 5 3.2 

IJS -
Maximum DMA Transfer Rate 5 5 - 667 KBytesls 
Maximum Clock Input Frequency, fCL 5 5 DC 5 MHz 
Load Capacitance (CLl=50 pF 

lVCC must never exceed VDD. 
2Equals 2 machine cycles-one Fetch and one Execute operation for all instructions except Long Branch and Long Skip, which require 3 
machine cycles-one Fetch and two Execute operations. 

~ 
~ 
2 i 2 

2 

~ 0 
25 35 4S ~ 6' 75 85 91S 105 115 12'5 

AMBIENT TEMPERATURE IT.I--C 
UCS-:!I4662 

Fig. 2 . Typical maximum clock frequency 

as a function of temperature. 

o AMBIENT TEMPERATUREITAI-2!5·C 

25 !SO 75 100 Its I~ 11!i 200 
LOAD CAPACITANCE (Cl.l-pF 

Fig. 3 - Typical transition time va. load 
capacitance. 
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Fig. 4 - Minimum output high (source) current characteristics. Fig. 5 - Mimmum output low (sink) current characteflstlCS. 
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CDP1802BC 
STATIC ELECTRICAL CHARACTERISTICS at T A=-40 10 +85° C. excepl aa noled. 

CHARACTERISTIC 

Quiescent Device Current 100 
Output Low Drive (Sink) Current IOL 

(Except XTAL) 

XTAL 

Output High Drive (Source) Current IOH 
(Except XTAL) 

XTAL 

Output Voltage Low-Level VOL 
Output Voltage High Level VOH 
Input Low Voltage VIL 
Input High Voltage VIH 
CLEAR Input Voltage VH 

Schmitt Hysteresis 

Input Leakage Current liN 

3-State Output Leakage Current lOUT 
Total Power Dissipation, 1=5 MHz6 

Minimum Data Retention Voltage VOR 
Data Retention Current lOR 
Input Capacitance CIN 
Output Capacitance COUT 

"Typical values are for TA=25°C and nommal VOO . 

.bldle "00" at M(OOOO), CL =50 pF 

VOUT 
(V) 

-
0.4 

0.4 

4.6 

4.6 

-
-

0.5,4.5 

0.5,4.5 

-
Any 
Input 

0,5 

468 468 468 

CONDITIONS 

VIN 
(V) 

-
0,5 

5 

0,5 

0 

0,5 

0,5 

-
-
-

0,5 

0,5 

VOO=VOR 
VOO-2.4V 

li 
~ 75 
z 
o 
~ 50 

125 .. 
SPEC 0 

LIMITS 

VCC. 
VDD CDP1802BC 
(V) Min. Typ." 

5 - 1 

5 1.1 2.2 

5 170 350 

5 -0.27 -0.55 

5 -125 -250 

5 - 0 

5 4.9 5 

5 - -
5 3.5 -
5 0.4 0.5 

5 - ±1o-4 

5 - ±10-4 

5 15 

- 2 

- 0.5 

- 5 
10 

50 100 150 200 

UNITS 
Max. 

200 pA 

- mA 

- pA 

- mA 

- pA 

0.1 

-
1.5 V 

-
-

±1 

±1 
pA 

30 mW 

2.4 V 
- pA 
7.5 

pF 
15 

NOTES 0 01 01 I 10 

i~k~c~O.q:3~~~'~C:(8107} CLOCk INPUT FREQUENCY Itc~- :::S-34686 

VALUE 
AT 50pF 6. LOAD CAPACITANCE (6 CL'-pF : NOTE ::8»~TMr. 

c L -50 pF 

Fig. 6 - Typical power dIssipation as a functIon of clock 
frequency for BRANCH instruction and IDLE Instruction. 

92CS-34667 

Fig. 7 - Typical change in propagation delay as a 
functIon of a change in load capacitance. 
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CDP1802BC 
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Fig. 8 - CDP1802BC block diagram. 

BUS3 

BUS 

BUS~ 

BUS6 

BUS 92CM-34668RI 

CLOCK 

AOMESS __ L-~H~I~~~T~E~-L ______ ~L~O~W~B~YT~E~ ______ -L __ H~I~8~Y~T~E __ ~ ______ ~L~O~W~B~Y~TE~ ______ -L __ 

TPA ~'---_________ ..JIl~ ________ _ 

TPB _________ ---IIlL. _________ .....J1L 

~_--,r-

~A------------c:::::~V~AL~'~D!IN~P~UT~DA~T~A~:::J~~ ________ V_AL~I~D_O~U_TP~U~T~D~A~TA~ ____ _Jr_ 
neM-55H2 

Fig. 9 - Basic de timing waveforms, one instruction cycle. 
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CDP1802BC 
SIGNAL DESCRIPTIONS 

BUS 0 to BUS 7 (Data Bus): 

8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 

NO to N2 (I/O) Lines): 

Activated by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and I/O interface. These 
lines can be used to issue command codes or device 
selection codes to the I/O devices (independently or 
combined with the memory byte on the data bus when an I/O 
instruction is being executed). The N bits are low at all times 
except when an I/O instruction is being executed. During this 
time their state is the same as the corresponding 
bits in the N register. 

The direction of data flow is defined in the I/O instruction by 
bit N3 (internally) and is indicated by the level of the MRD 

mOl. __ =VCC: Data from I/O to CPU and Memory 
MRD=VSS: Data from Memory to I/O 

ffi to EF4 (4 Flags): 

These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by the 
conditional branch instructions. They can be used in con­
junction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to "call the attention" of the processor, in which case 
the program must routinely test the status of these flag(s). 
The flag(s) are sampled at the beginning of every S1 cycle. 

INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 

These inputs are sampled by the CDP1802BC during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is set 
to 1; interrupt enable is reset to 0 (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (S3). 

DMA Action: Finish executing current instruction; R(O) 
points to memory area for data transfer; data is loaded into or 
read out of memory; and increment R(O). 

Note: In the event of concurrent DMA and Interrupt requests, 
DMA-IN has priority followed by DMA-OUT and then 
Interrupt. 

SCO, SC1, (2 State Code Lines): 

These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid at 
TPA. H=VCC, L=VSS· 

State Type 
State Code Lines 

SC1 SCO 
SO (Fetch) L L 
S1 (Execute) L H 
S2 (DMA) H L 
S3 (Interrupt) H H 

TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to "lterpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is 
suppressed in IDLE when the CPU is in the load mode. 

MAO to MA7 (8 Memory Address Lines): 

I n each cycle, the higher-order byte of a 16-bit CPU memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low­
order byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of 64K bytes. 

MWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle, after the 
address lines have stabilized. 

MRD (Read Level): 

A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory which may have a common data input and output 
bus. If a memory does not have a three-state high-impedance 
output, MR5 is useful for driving memory/bus separator 
gates. It is also used to indicate the direction of data transfer 
during an I/O instruction. For additional information see 
Table I. 

Q: 

Single bit output from the CPU which can be set or reset 
under program control. During SEa or REa instruction 
execution, a is set or reset between the trailing edge of TPA 
and the leading edge of TPB. 

CLOCK: 

Input for externally generated single-phase clock. A typical 
clock frequency is 5 MHz at VCC= VDD= 5 volts. The 
clock is counted down internally to 8 clock pulses per 
machine cycle. 

XTAL: 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. The 
crystal is connected between terminals 1 and 39 (CLOCK and 
XTAL) in parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required at terminals 
1 and 39. For additional information, see ICAN-6565. 

WAIT, CLEAR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table' 

CLEAR WAIT MODE 
L L LOAD 
L H RESET 
H L PAUSE 
H H RUN 

VDD, VSS, VCC (Power Levels): 

The internal voltage supply VDD is isolated from the 
Input/Output voltage supply VCC so that the processor may 
operate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. VCC must be less than or 
equal to VDD. All outputs swing from VSS to VCC. The 
recommended input voltage swing is VSS to Vcc. 
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CDP1802BC 
ARCHITECTURE 

The CPU block diagram is shown in Fig. 8. The principal 
feature of this system is a register array {R} consisting of 
sixteen 16-bit scratchpad registers. Individual registers in 
the array {R} are designated {selected} by a 4-bit binary 
code from one of the 4-bit registers labeled N, P, and X. The 
contents of any register can be directed to anyone of the 
following three paths: 

1. the external memory {multiplexed, higher-order byte 
first, on to 8 memory address lines}; 

2. the D register (either of the two bytes can be gated to 
D); 

3. the increment/decrement circuit where it is increased 
or decreased by one and stored back in the selected 
16-bit register. 

The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 

With two exceptions, CPU instructions consist of two 8-
clock-pulse machine cycles. The first cycle is the fetch 
cycle, and the second-and third if necessary-are execute 
cycles. During the fetch cycle the four bits in the P 
designatorselect one of the 16 registers R{P} as the current 
program counter. The selected register R{P} contains the 
address of the memory location from which the instruction 
is to be fetched. When the instruction is read out from the 
memory, the higher-order 4 bits of the instruction byte are 
loaded into the I register and the lower-order 4 bits into the 
N register. The content of the program counter is auto­
matically incremented by one so that R{P} is now "pointing" 
to the next byte in the memory. 

The X designator selects one of the 16 registers R{X} to 
"point" to the memory for an operand {or data} in certain 
ALU or 1/0 operations. 

The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. designate one of the 16 registers in R to be acted upon 
during register operations; 

2. indicate to the 1/0 devices a command code or device­
selection code for peripherals; 

3. indicate the specific operation to be executed dUring 
the ALU instructions, types of tests to be performed 
during the Branch instructions, orthe specific operation 
required in a class of miscellaneous instructions {70-73 
and 78-7B}; 

4. indicate the value to be loaded into Pto designate a new 
register to be used as the program counter R{P}; 

5. indicate the valueto be loaded into Xto designate a new 
register to be used as data pointer R{X}. 

The registers in' R can be assigned by a programmer in three 
different ways: as program counters, as data pointers, or as 
scratch pad locations {data registers} to hold two bytes of 
data. 

Program Counters 

Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers in R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a "call" to a subrouti ne. When interrupts 
are being serviced, register R{1} IS used as the program 
counter for the user's interrupt servicing routine. After 
reset, and during a DMA operation, R{O} is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 

Data Pointers 

The registers in R may be used as data pointers to indicatea 
location in memory. The register designated by X (i.e., R{X» 
points to memory for the following instructions (see Table 
I): 

1. ALU operations F1-F5, F7, 74, 75, 77; 
2. output instructions 61 through 67; 
3. input instructions 69 through 6F; 
4. certain miscellaneous instructions - 70-73,78,60, FO. 

The register designated by N (i.e., R{N» points to memory 
for the "load D from memory" instructions ON and 4N and 
the "Store D" instruction 5N. The register designated by P 
{i.e., the program counter} is used as the data pointer for 11 
ALU instructions F8-FD, FF, 7C, 7D, 7F. During these 
instruction executions, the operation is referred to as "data 
immediate". 

Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access {DMA} function. When a 
DMA-In or DMA-Out request is received, one machine 
cycle is "stolen". This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R{O} is always used as the data pointer during the DMA 
operation. The data is read from {DMA-Out} or written into 
{DMA-In} the memory location pointed to by the R{O} 
register. At the end of the transfer, R{O} is incremented by 
one 50 that the processor is ready to act upon the next DMA 
byte transfer request. This feature in the 1800-series 
architecture saves a substantial amount of logic when fast 
exchanges of blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh cycles. 

Data Registers 

When registers in R are used to store bytes of data, four 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register designated by N. By this mechanism 
{together with loading by data immediate} program pointer 
and data pointer designations are initialized. Also, this 
technique allows scratch pad registers in R to be used to hold 
general data. By employing increment or decrement instruc­
tions, such registers may be used as loop counters. 

The Q Flip Flop 

An internal flip flop, Q, can be set or reset by instruction and 
can besensed by conditional branch instructions. The output 
of Q is also available as a microprocessor output. 

Interrupt Servicing 

Register R{1} isalways used asthe program counter whenever 
interrupt servicing is initiated. When an interrupt request 
occurs and the interrupt is allowed by the program {again, 
nothing takes place until the completion of the current 
instruction}, the contents of the X and P registers are stored 
in the temporary registerT, and X and Pare setto new values; 
hex digit 2 in X and hex digit 1 in P. Interrupt Enable is 
automatically de-activated to inhibit further interruptions. 
The user's interrupt routine is now in control; the contents of 
T may be saved by means of a single instruction {78} in the 
memory location pointed to by R{X}. At the conclusion of the 
interrupt, the user's routine may restore the pre-interrupted 
value of X and P with a single instruction (70 or 71). The 
I nterrupt-Enable flip flop can be activated to permit further 
interrupts or can be disabled to prevent them. 
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CDP1802BC 
CPU Register Summary 

D 8 Bits Data Register (Accumulator) N 4 Bits Holds Low-Order Instr. Digit 
OF 1 Bit Data Flag (ALU Carry) I 4 Bits Holds High-Order I nstr. Digit 
B 8 Bits Auxiliary Holding Register T 8 Bits Holds old X, P after Interrupt 
R 16 Bits 1 of 16 Scratch pad Registers (X is high nibble) 
P 4 Bits Designates which register is IE 1 Bit Interrupt Enable 

Program Counter Q 1 Bit Output Flip Flop 
X 4 Bits Designates which register is 

Data Poi nter 

CDP1802 Control Modes 

The WAiT and Ci:EAR lines provide four control modes as 
listed in the following truth table: 

Ci:iAR WAIT MODE 
L L LOAD 
L H RESET 
H L PAUSE 
H H RUN 

The function of the modes are defined as follows: 

Load 

Holds the CPU in the IDLE execution state and allows an 1/0 
device to load the memory without the need for a "bootstrap" 
loader. It modifies the IDLE condition so that DMA-IN 
operation does not force execution of the next instruction. 

Reset 

Registers I, N, a are reset, IE is set and O's (V55) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in 51. The first machine cycle 
after termination of reset is an initialization cycle which 
requires 9 clock pulses. During this cycle the CPU remains in 
51 and registers X, P, and R(O) are reset. Interrupt and DMA 
servicing are suppressed during the initialization cycle. The 
next cycle is an 50, 51, or an 52 but never an 53. With the use 
of a 71 instruction followed by 00 at memory locations 0000 
and 0001, this feature may be used to reset IE, so as to 
preclude interrupts until ready for them. Powerup reset can 
be realized by connecting an RC network directly to the 
CLEAR pin, since it has a Schmitt-triggered input, see Fig. 10. 

VCC 

CDP18028C 

92CS-34669RI 

The RC tIme constant 
should be greater than 
the oscillator start-up time 
(typically 20 ms). 

Fig. 10 - Reset diagram. 

Pause 

Stops the internal CPU timing generator on the first negative 
high-to-Iow transition of the input clock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 

Run 

May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation on the first 
negative high-to-Iow transition of the input clock. When 
initiated from the Reset operation, the first machine cycle 
following Reset is always the initialization cycle. The initial­
ization cycle is then followed by a DMA (S2) cycle or fetch 
(SO) from location 0000 in memory. 

RUN-MODE STATE TRANSITIONS 

The CDP1802BC CPU state transitions when in the RUN and 
RESET modes are shown in Fig. 11. Each machine cycle 
requires the same period of time, 8 clock pulses, except the 
initialization cycle, which requires 9 clock pulses. The 
execution of an instruction requires either two or three 
machine cycles, 50 followed by a single Sl cycle or two Sl 
cycles. 52 is the response to a DMA request and S3 is the 
interrupt response. Table II shows the conditions on Data 
Bus and Memory-Address lines during all machine states. 

PRIORITY FORCE so, S1 
DMlIN 

~AOUT 92CS-338T2 

Fig. 11 - State transition dIagram. 
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INSTRUCTION SET 

The CPU instruction summary is given in Table I. Hexadecimal 
notation is used to refer to the 4-bit bi nary codes. 

In all registers bits are numbered from the least significant bit 
(LSB) to the most significant bit (MSB) starting with O. 

R(W): Register designated by W, where 
W=N orX, or P 

CDP1802BC 

R(W).O: Lower-order byte of R(W) 
R(W).1: Higher-order byte of R(W) 

Operation Notation 
M(R(N» - 0; R(N) + 1 - R(N) 

This notation means: The memory byte pointed to by R(N) is 
loaded into 0, and R(N) is incremented by 1. 

TABLE I -INSTRUCTION SUMMARY (See Notes following table, pp, 11 and 12) 

OP 
INSTRUCTION MNEMONIC CODE OPERATION 

MEMORY REFERENCE 

LOADVIAN LON ON M(R(N»-D; FOR N NOT 0 

LOAD ADVANCE LOA 4N M(R(N»-D; (RN)+1 -R(N) 

LOAD VIAX LOX FO M(R(X»-D 
LOAD VIA X AND ADVANCE LDXA 72 M(R(X»-D; R(X)+1-R(X) 

LOAD IMMEDIATE LDI Fa M(R(P»-D; R(P)+1-R(P) 

STORE VIA N STR 5N D-M(R(N» 

STORE VIA X AND STXD 73 D-M(R(X»; R(X)-1-R(X) 

DECREMENT 

REGISTER OPERATIONS 
INCREMENT REG N INC 1N R(N)+1-R(N) 

DECREMENT REG N DEC 2N R(N)-1-R(N) 

INCREMENT REG X IRX 60 R(X)+1-R(X) 

GET LOW REG N GLO aN R(N).O-D 

PUT LOW REG N PLO AN D-R(N).O 

GET HIGH REG N GHI 9N R(N).1-D 

PUT HIGH REG N PHI BN D-R(N).1 

LOGIC OPERATIONS 1 
OR OR F1 M(R(X» OR 0-0 

OR IMMEDIATE ORI F9 M(R(P» OR 0-0; 

R(P)+1-R(P) 

EXCLUSIVE OR XOR F3 M(R(X» XOR 0-0 

EXCLUSIVE OR IMMEDIATE XRI FB M(R(P» XOR 0-0; 
R(P)+1-R(P) 

AND AND F2 M(R(X» AND 0-0 

AND IMMEDIATE ANI FA M(R(P» AND 0-0; 

R(P)+1-R(P) 

SHIFT RIGHT SHR F6 SHIFT 0 RIGHT, LSB(D)-DF, 
O-MSB(D) 

SHIFT RIGHT WITH CARRY 
SHRC ~ 76§ SHIFT 0 RIGHT, LSB(D)-DF, 

DF-MSB(D) 

RING SHIFT RIGHT RSHR 

SHIFT LEFT SHL FE SHIFT 0 LEFT, MSB(D)-DF, 

O-LSB(D) 

SHIFT LEFT WITH CARRY SHLC 

t 
7E§ SHIFT 0 LEFT, MSB(D)-DF. 

DF-LSB(D) 

RING SHIFT LEFT RSHL 
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TABLE I - INSTRUCTION SUMMARY (Conl'd) 

OP 
INSTRUCTION MNEMONIC CODE OPERATION 

ARITHMETIC OPERATIONS; 
ADD ADD F4 M(R(X»+D-DF, 0 
ADD IMMEDIATE ADI FC M(R(P))+D-DF,D; R(P)+1-R(P) 
ADD WITH CARRY ADC 74 M(R(X))+D+DF-DF, 0 
ADD WITH CARRY, IMMEDIATE ADCI 7C M(R(P»+D+DF-DF, 0 

R(P)+1-R(P) 
SUBTRACT 0 SO F5 M(R(X»-D-DF. 0 
SUBTRACT 0 IMMEDIATE SOl FD M(R(P»-O-DF. 0; 

R(P)+1-R(P) 
SUBTRACT 0 WITH BORROW SOB 75 M(R(X»-D-(NOT DF)-DF. 0 
SUBTRACT 0 WITH SOB I 7D M(R(P))-D-(NOT DF)-DF. 0; 

BORROW. IMMEDIATE R(P)+1-R(P) 
SUBTRACT MEMORY SM F7 D-M(R(X))-DF. 0 
SUBTRACT MEMORY IMMEDIATE SMI FF D-M(R(P»-DF. 0; 

R(P)+1-R(P) 
SUBTRACT MEMORY WITH BORROW 5MB 77 D-M(R(X))-(NOT DF)-DF. 0 
SUBTRACT MEMORY WITH 5MBI 7F D-M(R(P»-(NOT DF)-DF. 0 

BORROW. IMMEDIATE R(P)+1-R(P) 
BRANCH INSTRUCTIONS-SHORT BRANCH 
SHORT BRANCH BR 30 M(R(P))-R(P).O 
NO SHO~T BRANCH (SEE SKP) NBR 3S§ R(P)+1-R(P) 
SHORT BRANCH IF 0=0 BZ 32 IF 0=0. M(R(P»-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF 0 NOT 0 BNZ 3A IF 0 NOT o. M(R(P»-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF DF=1 BDF 

t 
33§ IF DF=1. M(R(P»-R(P).O 

SHORT BRANCH IF POS OR ZERO BPZ ELSE R(P)+1-R(P) 
SHORT BRANCH IF EOUAL OR BGE 

GREATER 
SHORT BRANCH IF DF=O BNF 

~ 
3B§ IF DF=O. M(R(P»-R(P).O 

SHORT BRANCH IF MINUS BM ELSE R(P)+1-R(P) 
SHORT BRANCH IF LESS BL 
SHORT BRANCH IF 0=1 BO 31 IF 0=1. M(R(P»-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF 0=0 BNO 39 IF 0=0. M(R(P))-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF1=1 B1 34 IF EF1=1. M(R(P))-R(P).O 

(EF1=VSS) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF1=0 BN1 3C IF EF1=0. M(R(P))-R(P).O 

(EF1=VCC) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF2=1 B2 35 IF EF2=1. M(R(P))-R(P).O 

(EF2=VSS) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF2=0 BN2 3D IF EF2=0. M(R(P))-R(P).O 

(EF2=VCC) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF3=1 B3 36 IF EF3=1. M(R(P))-R(P).O 

(EF3=VSS) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF3=0 BN3 3E IF EF3=0. M(R(P))-R(P).O 

(EF3=VCC) ELSE R(P)+1-R(P) 
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TABLE I -INSTRUCTION SUMMARY (Conl'd) 

OP 
INSTRUCTION MNEMONIC CODE OPERATION 

BRANCH INSTRUCTIONS-SHORT BRANCH 

SHORT BRANCH IF EF4=1 B4 37 IF EF4=1, M(R(P»-R(P).O 

(EF4=VSS) ELSE R(P)+1-R(P) 

SHORT BRANCH IF EF4=0 BN4 3F IF EF4=0, M(R(P»-R(P).O 

(EF4=VCC) ELSE R(P)+1-R(P) 

BRANCH INSTRUCTIONS-LONG BRANCH 
LONG BRANCH LBR CO M(R(P»-R(P).1 

M(R(P)+1 )-R(P).O 

NO LONG BRANCH (SEE LSKP) NLBR CS§ R(P)+2-R(P) 
LONG BRANCH IF D=O LBZ C2 IF D=O, M(R(P»-R(P).1 

M(R(P)+1 )-R(P).O 

ELSE R(P)+2-R(P) 

LONG BRANCH IF D NOT 0 LBNZ CA IF D NOT 0, M(R(P»-R(P).1 
M(R(P)+1)-R(P).0 

ELSE R(P)+2-R(P) 
LONG BRANCH IF DF=1 LBDF C3 IF OF=1, M(R(P»-R(P).1 

M(R(P)+1 )-R(P).O 

ELSE R(P)+2-R(P) 

LONG BRANCH IF DF=O LBNF CB IF OF=O, M(R(P))-R(P).1 
M(R(P)+1)-R(P).0 

ELSE R(P)+2-R(P) 
LONG BRANCH IF 0=1 LBO C1 IF 0=1, M(R(P))-R(P).1 

M(R(P)+1)-R(R).0 

ELSE R(P)+2-R(P) 

LONG BRANCH IF 0=0 LBNO C9 IF 0=0, M(R(P))-R(P).1 

M(R(P)+1 )-R(P).O 
ELSE R(P)+2-R(P) 

SKIP INSTRUCTIONS 
SHORT SKIP (SEE NBR) SKP 3S§ R(P)+1-R(P) 

LONG SKIP (SEE NLBR) LSKP CS§ R(P)+2-R(P) 

LONG SKIP IF D=O LSZ CE IF 0=0, R(P)+2-R(P) 

ELSE CONTINUE 

LONG SKIP IF D NOT 0 LSNZ C6 IF 0 NOT 0, R(P)+2-R(P) 

ELSE CONTINUE 

LONG SKIP IF OF=1 LSDF CF IF OF=1, R(P)+2-R(P) 

ELSE CONTINUE 

LONG SKIP IF OF=O LSNF C7 IF OF=O, R(P)+2-R(P) 

ELSE CONTINUE 

LONG SKIP IF 0=1 LSO CO IF 0=1, R(P)+2-R(P) 

ELSE CONTINUE 

LONG SKIP IF 0=0 LSNO C5 IF 0=0, R(P)+2-R(P) 

ELSE CONTINUE 

LONG SKIP IF IE=1 LSIE CC IF IE=1, R(P)+2-R(P) 

ELSE CONTINUE 
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TABLE 1- INSTRUCTION SUMMARY (Confd) 

OP 
INSTRUCTION MNEMONIC CODE OPERATION 

CONTROL INSTRUCTIONS 
IDLE IDL 00# WAIT FOR DMA OR INTERRUPT; 

M(R(O))-BUS 
NO OPERATION NOP C4 CONTINUE 
SETP SEP DN N-P 
SET X SEX EN N-X 
SET 0 SE~ 7B 1-0 
RESET 0 REO 7A 0-0 
SAVE SAV 78 T-M(R(X)) 
PUSH X,P TO STACK MARK 79 (X,P)-T; (X,P)-M(R(2)) 

THEN P-X; R(2)-1-R(2) 
RETURN RET 70 M(R(X))-(X,P); R(X)+1-R(X) 

1-IE 
DISABLE DIS 71 M(R(X))-(X,P); R(X)+1-R(X) 

o-IE 
INPUT-OUTPUT BYTE TRANSFER 
OUTPUT 1 OUT1 61 M(R(X))-BUS;R(X)+1-R(X); N LINES-1 
OUTPUT 2 OUT2 62 M(R(X))-BUS;R(X)+1-R(X); N LINES=2 
OUTPUT 3 OUT3 63 M(R(X))-BUS;R(X)+1-R(X); N LINES=3 
OUTPUT 4 OUT4 64 M(R(X))-BUS;R(X)+1-R(X); N LINES=4 
OUTPUT 5 OUT5 65 M(R(X))-BUS;R(X)+1-R(X); N LlNES=5 

OUTPUT 6 OUT6 66 M(R(X))-BUS;R(X)+1-R(X); N LlNES=6 
OUTPUT 7 OUT 7 67 M(R(X))-BUS;R(X)+1-R(X); N LlNES=7 

INPUT 1 INP1 69 BUS-M(R(X)); BUS-D; N LINES=1 
INPUT 2 INP2 6A BUS-M(R(X)); BUS-D; N LlNES=2 

INPUT 3 INP3 6B BUS-·M(R(X)); BUS-D; N LlNES=3 

INPUT 4 INP4 6C BUS-M(R(X)); BUS-D; N LINES=4 
INPUT5 INP5 6D BUS-M(R(X)); BUS-D; N LlNES=5 

INPUT6 INP6 6E BUS-M(R(X)); BUS-O; N LINES=6 

INPUT 7 INP7 6F BUS-M(R(X)); BUS-D; N LlNES=7 

hHE ARITHMETIC OPERATIONS AND THE SHIFT INSTRUCTIONS ARE THE ONLY INSTRUCTIONS THAT CAN AL TERTHE OF. AFTER 
AN ADD INSTRUCTION: 

DF=1 DENOTES A CARRY HAS OCCURRED 
DF=O DENOTES A CARRY HAS NOT OCCURRED 

AFTER A SUBTRACT INSTRUCTION 
DF=1 DENOTES NO BORROW 0 IS A TRUE POSITIVE NUMBER 
DF=O DENOTES A BORROW. 0 IS TWO'S COMPLEMENT 
THE SYNTAX "-(NOT OF)" DENOTES THE SUBTRACTION OF THE BORROW 

§THIS INSTRUCTION IS ASSOCIATED WITH MORE THAN ONE MNEMONIC EACH MNEMONIC IS INDIVIDUALLY LISTED 

'AN IDLE INSTRUCTION INITIATES A REPEATING S1 CYCLE. THE PROCESSOR WILL CONTINUE TO IDLE UNTIL AN 1/0 REQUEST 
(INTERRUPT, DMA-iN. OR DMA-OUT) IS ACTIVATED. WHEN THE REQUEST IS ACKNOWLEDGED, THE IDLE CYCLE IS TERMINATED 
AND THE 1/0 REQUEST IS SERVICED, AND THEN NORMAL OPERATION IS RESUMED. 
Notes tor TABLE 1 

1. Long-Branch, Long-Skip and No Op instructions are 
the only instructions that require three cycles to 
complete (1 fetch +2 execute). 

Long-Branch instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 

The long-branch instructions can: 
a) Branch unconditionally 
b) Test for D=O or D¢O 
c) Test for OF=O or DF=1 
d) Test for 0=0 or 0=1 

e) effect an unconditional no branch 

If the tested condition is met, then branching takes 
place; the branching address bytes are loaded in the 
high- and low-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 

If the tested condition is not met, the branching 
address bytes are skipped over, and the next in­
struction in sequence is fetched and executed. This 
operation is taken for the case of unconditional no 
branch (NLBR). 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85° C, CL =50 pF, VOO±5%, except as noted. 

CHARACTERISTIC VCC VOO LIMITS 
UNITS 

(V) (V) Typ. • Max. 

Propagation Delay Times. 

Clock to TPA. TPB tPLH. tPHL 5 5 200 300 
Clock-to-Memory High-Address Byte tpLH. tPHL 5 5 475 525 

Clock-to-Memory Low-Address Byte Valid tpLH, tPHL 5 5 175 250 
Clock to MRD - tPLH. tpHL 5 5 175 275 
Clock to MWR tPLH. tPHL 5 5 175 225 
Clock to (CPU DATA to BUS) Valid tpLH. tPHL 5 5 250 375 
Clock to State Code tpLH. tPHL 5 5 250 400 
Clock to 0 tpLH. tPHL 5 5 200 300 
Clock to N (0-2) tPLH, tPHL 5 5 275 350 

Minimum Setup and Hold Times' ns 
Data Bus Input Setup tsu 5 5 -20 0 
Data Bus Input Hold tH- 5 5 125 150 
iJMA Setup tsu 5 5 0 30 
DMA Hold tH- 5 5 100 150 
Interrupt Setup tsu 5 5 -75 0 
Interrupt Hold tH- 5 5 75 125 
WATT Setup tsu 5 5 20 40 
EF1-4 Setup tsu 5 5 -30 0 
EF1-4 Hold tH- 5 5 100 150 

Minimum Pulse Width Times. 
CLEAR Pulse Width tWL- 5 5 100 150 
CLOCK Pulse Width tWL 5 5 90 100 

·TYPlcal values are for TA=25°C and nominal VDD 
-Maximum limits of minimum charactenstlcs are the values above which all deVices function 

Notes for TABLE I (Continued) 

2. The short-branch instructions are two bytes long. The 
first byte specifies the condition to be tested, and the 
second specifies the branching address. 

The short-branch instruction can 
a) Branch unconditionally 
b) Test for D=O or D#O 
c) Test for DF=O or DF=1 
d) Test for 0=0 or 0=1 
e) Test the status (1 or 0) of the four EF flags 
f) Effect an unconditional no branch 

If the tested condition is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position of the current program 
counter. This effects a branch within the current 256-
byte page of the memory, i.e., the page which holds the 
branching address. If the tested condition is not met, 
the branching address byte is skipped over, and the 
next instruction in sequence is fetched and executed. 
This same action is taken in the case of unconditional 
no branch (NBR). 

3. The skip instructions are one byte long. There is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 

The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction in 
sequence is fetched and executed. This SKP instruction 
IS identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not 
considered part of the program. 

The Long-Skip instructions take three cycles to 
complete (1 fetch +2 execute). 

They can: 
a) Skip unconditionally 
b) Test for D=O or D#O 
c) Test for DF=O or DF=1 
d) Test for 0=0 or 0=1 
e) Test for IE=1 

If the tested condition is met, then Long Skip takes 
place; the current program counter is incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 

Execution is continued by fetching the next instruction 
in sequence. 
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00 

I 
TPA I I I 1 

I I 1 I 

r-----~--~~~~~~_r--------~-------~ TPB 

MEMORY 
ADDRESS 

I I 
MRD t!rHL\ tsu I 

(MEMORY r.,. -I 
READ CYCLE) I 

I t~LH'~PHll 

MWR t ~t 
(MEMORY I I :~~ PHL 
WRITE CYCLEI ~ '-________ :----1' 

I I I 
DATA FROM ~f--__ ~II __ ~yr---+---i---------....!.I----------+--+---!-"\ 
CPU TOBUS L:LJ \ 

STATE 
CODES 

Q 

DMA 
REQUEST 

INTERRUPT 
REQUEST 

EF 1-4 

I 
I FLAG LINES 1 

SAMPLED (IN SII 

~~!----­
I'C--: ANY NEGATIVE 

TRANSITION 

-------~~r-~----------------------------------

NOTES· 
I THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 

ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE 

2 ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE 
WAVEFORMS 

3 SHADED AREAS INDICATE "DON'T CAREl! OR UNDEFINED STATE; 
MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD 

Fig. 12 - Timing waveforms. 

92CL-33869R2 
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TPA ____ ~r__\~ __________________ __ 

TPB 

MEMORY 
ADDRESS 

MRD 
( MEMORY) 

LOW ORDER 
ADDRESS BYTE 

\4----- I AAD ----~ 
RE~:~~LE) ________________________________ ~ 

(MEMORY 
WRITE CYCLE) 

DATA FROM 
CPU TO BUS 

DATA FROM 
BUS TO CPU 

Fig. 13 - Clock frequency dependent relative timing waveforms. 

TIMING SPECIFICATIONS as a function of T(T=1lfCLOCK) at TA=-40 to +85°C 

9ZCM-34922 

CHARACTERISTIC VCC VOO LIMITS 
(V) (V) Min. Typ." 

High-Order Memory-Address Byte 
5 5 2T-325 2T-275 

Set Up to TPA "\ Time tSM 
High-Order Memory-Address Byte 

5 5 TI2-25 T/2-15 
Hold after TPA Time tHAA 

Low-Order Memory-Address Byte 
5 5 T-30 T+O 

Hold after WR Time tHAW 
CPU Data to Bus Hold 

5 5 T-175 T-125 
after WR Time tHDW 

Low-Order Memory-Address Byte 
5 5 T/2+0 T/2+100 

Hold after TPB Time tHAB 
Ml"f[)Hold to TPB Time tHRB 5 5 T/2-25 T/2+0 
Required Memory Access Time 

5 5 5T-225 5T-175 
Address to Data t,..AO 

1iifIID"toTPA("\ ) tsu 5 5 T/2-20 T/2-15 

"TYPical values are for T .=25' C and nominal Voo 

UNITS 

ns 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 

ALL MACHINE STAT ES 
DATA MEMORY N 

STATE I N - MwR LINES NOTESG MNEMONIC OPERATION, BUS ADDRESS MRD 

51 RESET D-I,N,Q,X,P; 00 XXXX 1 1 0 A 

1-IE 
51 INITIALIZE OOOO-R 00 XXXX 1 1 0 B 

NOT PROGRAMMER 

ACCESSIBLE 

SO FETCH MRP-I,N; MRP RP 0 1 0 C 

RP+1-RP 

~ 0 10l IDLE MRO RO 0 1 0 03 

0 1-F LON MRN-O MRN RN 0 1 0 3 

1 D-F INC RN+1-RN FLOAT RN 1 1 0 1 

2 D-F DEC RN 1-RN FLOAT RN 1 1 0 1 

3 D-F SHORT TAKEN; 

BRANCH MRP-RP.O MRP RP 

NOT TAKEN; 

0 1 0 
3 

RP+1-RP 

4 O-F lOA MRN-O; MRN RN 0 1 0 3 

RN+1-RN 

5 D-F STR O-MRN 0 RN 1 0 0 2 

51 6 0 IRX RX+1-RX MRX RX 0 1 0 2 

1 OUT 1 1 

2 OUT2 2 

3 OUT 3 3 

4 OUT4 MRX-BUS; MRX RX 0 1 4 6 

5 OUT5 RX+1-RX 5 

6 OUT 6 6 

7 OUT7 7 
6 

9 INP1 DATA 1 

A INP2 FROM 2 

B INP3 I/O 3 

C INP4 BUS-MRX,O DEVICE RX 1 0 4 5 

0 INP5 5 
E INP6 6 

F INP7 7 

0 RET MRX-(X,P); MRX RX 0 1 0 3 

RX+1-RX; 1-IE 

1 DIS MRX-(X,P); MRX RX 0 1 0 3 

RX+1-RX; O-IE 

7 2 lOXA MRX-O; MRX RX 0 1 0 3 

RX+1-RX 

3 STXO O-MRX; 0 RX 1 0 0 2 

RX-1-RX 

4 AOC MRX+O+ MRX RX 0 1 0 3 

OF-OF 0 
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Sl 7 

8 

9 

A 

B 

Sl#l 

#2 

Sl#l 

#2 C 

Sl#l 

#2 

Sl#l 

#2 

Sl#l 

#2 

CDP1802BC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 

ALL MACHINE STATES (CONT'D) 

DATA MEMORY 

N MNEMONIC OPERATION BUS ADDRESS MRD Mwii 
5 SOB MRX-O- MRX AX 0 1 

OFN-OFO 

6 SHRC LSB(O)-OF; FLOAT AX 1 1 

OF-MSB(Dl 

7 5MB O-MAX- MAX AX 0 1 

OFN-OFO 
8 SAV T-MAX T RX 1 0 

9 MARK (X,P)-T, MA2; T A2 1 0 

P-X' A2 1-A2 

A REO 0-0 FLOAT AP 1 1 

B SE~ 1-0 FLOAT AP 1 1 

C AOCI MRP+O+ MAP RP 0 1 

OF-OF O' AP+1 
0 SOBI MRP-O- MRP AP 0 1 

OFN-OF,O; 

AP+1 

E SHLC MSB(O)-OF, FLOAT RP 1 1 

OF-LSB(O) 

F 5MBI O-MAP- MAP RP 0 1 

OFN-OF,O; 

AP+1 

o-F GLO AN.O-O RN.O AN 1 1 

o-F GHI RN1-0 RN1 AN 1 1 

O-F PLO O-AN.O 0 AN 1 1 
O-F PHI O-AN.1 0 AN 1 1 

TAKEN MAP-B; MAP AP 0 1 

RP+1-AP 

LONG TAKEN: B-RP 1; M(RP+1) RP+1 0 1 

0-3, BRANCH MRP-RP.O 

8-B NOT TAKEN: MRP RP 0 1 
RP+ -RP 

NOT TAKEN: M(RP+1) RP+1 0 1 

RP+1-RP 

5 TAKEN RP+1-AP MAP AP 0 1 

6 
7 LONG TAKEN AP+1-AP M(RP+1) RP+1 0 1 
C SKIP 

0 NOT TAKEN: MRP RP 0 1 

E NO OPERATION 

F NOT TAKEN' MRP RP 0 1 

NO OPERATION 

NO OPERATION MRP RP 0 1 

4 NOP 

NO OPERATION MRP RP 0 1 

N 
LINES NOTESG 

0 3 

0 1 

0 3 

0 2 

0 2 

0 1 

0 1 

0 3 

0 3 

0 1 

0 3 

0 1 

0 1 

0 1 

0 1 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 
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TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING 

ALL MACHINE STATES (CONT'D) 

DATA MEMORY 
STATE - --I N MNEMONIC OPERATION BUS ADDRESS MRD MWR 

0 O-F SEP N-P NN RN 1 1 
E D-F SEX N-X NN RN 1 ~ 

0 LOX MRX-D MRX RX 0 1 
1 OR MRX OR 0-0 

2 AND MRXAND 0-0 
3 XOR MRXXOR 0-0 MRX RX 0 1 
4 ADD MRX+D-DF,D 
5 SO MRX-D-DF,D 

7 SM D-MRX-DF,D 
S1 6 SHR LSB(D)-DF; FLOAT RX 1 1 

O-MSB(D) 
F 8 LDI MRP-D; 

RP+1-RP 
9 ORI MRPOR 0-0; 

RP+1-RP 
A ANI MRPAND 0-0; 

RP+1-RP 
B XRI MRPXOR 0-0; MRP RP 0 1 

RP+1-RP 
C ADI MRP+D-DF,D; 

RP+1-RP 
0 SOl MRP-D-DF,D; 

RP+1-RP 
F SMI D-MRP-DF,D; 

RP+1-RP 
E SHL MSB(D)-DF; FLOAT RP 1 1 

O-LSBIDI 

DMAIN BUS-MRO; DATA FROM RO 1 0 

S2 RO+1-RO 1/0 DEVICE 
DMAOUT MRO-BUS; MRO RO 0 1 

RO+1-RO 
S3 INTERRUPT X,P-T,O-IE FLOAT RN 1 1 

1-P' 2-X 

S1 LOAD IDLE M(RO-1) RO-1 0 1 
(CLEAR, WAIT=O) 

NOTES: 
A. IE=1, TPA, TPB suppressed, state=51. 
B. BU5=O for entire cycle. 
C. Next state always 51. 
D. Wait for DMA or INTERRUPT. 
E. Suppress TPA, wait for DMA. 
F. IN REQUEST has priority over OUT REQUEST. 
G. Number refers to machine cycle. See Fig. 14 timing waveforms for machine cycles 1 through 9. 

N 

LINES NOTESG 

0 1 

0 

0 ...a 

0 3 

0 .. 1 

0 3 

0 1 

0 F,7 

0 F,8 

0 9 

0 E,3 

56 ______________________________________________________________ _ 



________________ 1800-Serles Microprocessors and Microcomputers 

CDP1802BC 
o 1 2 3 4 5 6 , 0 1 2 3 4 !i 6 7 0 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 

CLOCK 

TPA~ n n n r--L-

TPB n n n n 
MACHINf 
CYCLE CYCLE n CYCLE (n' 1) CYClE!n + 2) CYCLE (n+ 3) CYCLE In + 4\ 

MA HIGH ADD I lOW ADDRESS E'GH AUOI LOW ADDRESS IHIGH ADOI LOW ADDRESS E'GH ADOI LOW ADDRESS ~IGH ADOI )W 

General timing waveforms. 

INSTRUCTION ===::EFE[!T§CH!D'~SO['===C=='~X!]'§CU2!T~'::J]"[lIC=I==:::!!FE!2T:£CE:H:'!§!SO['==:::::J===I'X8J'~C:g:UT!!'DIS!!'[' =:::::JDF[!'!TC§H!D'~SO['= 
f.-MEMORY READ CYClE------+---NON MEMORY CYCLE ------i--MEMORY READ CYCLE ---I-------NON MEMORY CYCLE -+-- ~~~gRV 

MRO-----' ~ 

MWR (HIGH) --------------------------------------------

~0~~u;y ; ~&0 
ALLOWABLE :EMORY ACCESS Ii '-VALID OUTPUT LVALID OUTPUT 

No. 1 Non-memory-cyc/e timing waveforms. 

INSTRUCTION 'I ---;F~':;;TC::;:H~";;;O;-' --,--~'x"'7C;CUT"'.....,,""';-' --r---~';-;;''"TC;:;:H;--C''o;;O;-' --,--~,"'x',.,C"'U"'T',.....,';:-:Sl.,..' --"FETCH (SO) 

_ ~MEMORY READ CYCLE ----+--MEMORY WRITE r,VCLE:-----t--- MEMORY READ CYCLE-+--MEMORY WRITE CYCLE-+--~i~gRY 
MRD~ I I I ~ 

MWR--------------------------.L--Jr--------------------------'L--jr----------

~0~~URr' ~/#!/.f1 
ALLOWABLE MEMORY ACCESS L VAUD OUTPUT • .. LVALID OUTPUT 

~~OUTPUT -r--------~O~,~,----------.---~V~A~L~'O~D~A~TA~-,r---------~O~F'~-------.--~V~A~L~'D~O~A=TA~--,-~O-FF------­
MEMORY 

No.2 Memory write-cycle timing waveforms. 

INSTRUCTION ...J1L..... __ :..:FE"T.:::CHc....;':::;SO::.' __ -,,-__ ..:.':..:X';.:C::.U:..:TE,--,'S:.;':..:' _-, ___ .:.'.:.'T;.:C:::H....::'SO::;',-_-, ___ '"X;.:'.:::CU:.;T::.'....::"",lI __ ..l-:..:FE:.:T.:::CH,,-'::SO",, __ _ 
f------MEMORY READ CYCLE-+- MEMORY READ CYCLE-+-- MEMORY READ CYCLE---t---MEMORY READ CYCLE-....... fol.o---~~~gRY 

MRD~ n n n ~ 

MWR (HIGH) 

~0~~URr' 2W/~d$~$&0 .w0.o/#4WhZ~$4 0f{W/ti 
ALLOWABL; MEMORY ACCES~ VALID ~ --+ LVALID a0TPUT ~ VALID O~TPUT ~ lVALIDOUTPUT 

No.3 Memory read-cycle timing waveforms. 

[

NSTRUCTION I FETCH (SO) I eXECUTE (5n I eXECUTE (51) I FETCH (501 I eXECUTE (511 

f.-- MEMORY READ CYCLE ----t-- MEMORY READ CYCLE +-ME'MQRY READ CYCLE -,+---MEMORY REAO CYCLE--+-- ~~~gRY 

MRDII n II n ~ . 
MWR (HIGH) 

~0~~URTY fW?/I¥'/////pp~{~:~~~w$W@~/ffy4 0&ffA 
ALLOWAB~ MEMORY ACCES;' VALID t:JTPUT • VALID OJTPUT .. L VALID OJrPUT .. 

No.4 Long-branch or long-sklp-cyc/e timing waveforms. 

~ "Don't Care" or Internal uplays _ Hoghlmpedcrlteltdtf 
92CL-29600 

Fig. 14 - Machine-cycle timing waveforms (propagation delays not shown). 
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CDP1802BC 

CLOCK 

TPA --.fI'--________ ..... IIL_ ________ _ 

TPB __________ ~r_1L _______________ ..... ~ 

MACHINECYCLE~~ ____ ~C~Y~C~LE~n~ ______ _L ____ ~C~Y~C~L~E~(n~+~'~) _____ -L __ 

INSTRUCTION .....II...--___ --.:F..:E~T:::CH~(SO:::.I~ ______ L_ ____ ..:E::;X:.:E:::.CU:..T..:E;.;(:::.S'::;) _____ ...1. __ 

MAD ~~ __________________ ~ 

NO-N2 _______________ ~ 

MWA 

DATA BUS VALID DATA FROM INPUT DEVICE 

·User generated Signal 

92CS-2960) 

No.5 Input-cycle timing waveforms. 

CLOCK 

TPA~L_ ________________ ~r_lL_ __________________ __ 

TPB ______________ ~r_1L _____________ ~ 

MACHINE 
CYCLE 

CYCLE n CYCLE In + 11 

INSTRUCTION ....;L-_____ .c.FE:.T;.:C;;.H'-(:.:SO:.) _____ -L ______ ..::E"X::;EC::::U:..:T..::E~("S,,1) ____ .1.... ___ 

MAD~L ________ ..... r__lL_ _______ ~r___ 

NO-N2 ___________________ .-J ~ 

DATA BUS 

DATA STROBE' 

(MAD TPB· N) 

• • 
ALLOWABLE MEMORY ACCESS 

ALLOWABLE MEMORY ACCESS 

• • 
VAUDDATAFROMMEMORY ~ 

VALID QUTPUT ~ 

MEMORY 
101 .. 0--------- A EAD CYCU: 
I 

MEMORY I 
----.---.----- READ CYCLE-----------I 

I I 
·User generated Signal 

~ "Don't Care" or Internal delays 
92CS-29602 

_ High Impeddnce state 

No.6 Output-cycle timing waveforms. 

Fig. 14 - Machine-cycle timing waveforms (propagation delays no(shown). Continued. 
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CDP1802BC 
CLOCK 

TPA~~ ____________ ~r_l~ ______________ ~r_l~ ______________ ~rI~ ____________ __ 

TPBl~~~~~~~~~r-l~~~~~iiiiii~ii~~rI~~'-;-~~.r,f'-'-lfjf!f~~~;-~~~r-l~!~~~~~~~~~~~~~ 
MACHINE 
CYCLE CYCLE n CYCLE (n + 1) CYCLE (n + 21 CYCLE tn'" 31 

INSTRUCTION FETCH (SO) EXECUTE (51) DMA (52) FETCH !SO) 

DMA-IN' ~~~A @W"A0#Y/4 W/?d'l/M//WffiWA 
MRD ----, \ __________ _ j 

MWR -------------------'r~-_-_-__'~--------,~ 

MEMORY 
OUTPUT 

t VALID OUTPUT VALID OUTPUT 

DATABus·~i ............................................ ~I~v~A~LmID~D~.~TA~FR~O~M~IENP~UUTlo~.~VI@C[.~ .................... ~ 
I I 
I MEMORY I : 

f..---- AE~EDM~:;LE---...... I.O---- READ, WRITE OR --....... 1.0---- WR~TEE6yR;LE ---•• 101.0--- RE~~MgY~:E ---....... , 
I NON MEMORY CYCLE I I I 
I I I 

'User g"nerated Slqnat 92CS-29603 

No.7 is'iiii;iiii-cycie tIming waveforms. 

3 4 

CLOCK 

TPA~ ______________ ~r_1~ ______________ ~r_1~ ______________ ~ 

TPB ______________ ~r_1L ________________ ~r_1~ ______________ ~r_l~ ______ __ 

~~g~NE ~---~C~Y~C~L~.-"------r---~CY~C~L~.~'"-+~,'----r---~C~yC~L~.~'-"~.~2'~---TI~cy~C~L~.~'-"-.~3'~ 

INSTRUCTION ~----:F:-::.~T:::CH~'S=O:-, ----.----:.:7x=.O::C:7UT::.:-'=S7:1I----r-----:O::'M=-=A-::'S:::2'----TI ;:'F';::T;-;C~H:-:':::SO::-'-

L __________ J 

MWR L ___ J 

MEMORY ~ s--, .... IE:z:::::z 
OUTPUT 'l2W/Z?Z?Z?2Z??A0 -2?:/Z07az;vzzazv; 222222Vga?Zrs---J, mzz 
DATA" 'l VALID OUTPUT VALID DATA FROM IIJIEMORY rI ... ..,.-___ __ 
STROBE I , 
(52 TPB) \ MEMORY I 

"'1.0---- MEMORY --.......... 1.0--- READ, WRITE OR ---Io .. "'I.O---"";:'RE~~MgYRCYlE~--....... o!o: ... MEMORY 
: READ CYCLE I NON MEMORY CYCLE : ,READ CYCLE 

"User generated Slqnal 92CM-29604R' 

No. 8 ~-cyc/e timing waveforms. 

CLOCK 

TPA~~ ____________ ~rI~ ______________ ~rlL ______________ ~rI~ ____________ __ 
TPB ~~~~~~~~~:~~f~I1~~~~~~~~ffff~f~~r-l~~~~~~~~~~~~ff~r-l~~~~~~~~~~~ ~:g~~NE CYCLE n CYCLE In + 1) CYCLE (n + 2) CYCLE (n + 3) 

INSTRUCTION FETCH (SO) EXECUTE (S1) INTERRUPT (53) FETCH {SO, 

MRD ----, ''- _________ 1 r 
L __ J 

MWR 

INT,RRUPT' '?//////////,/////////////////////////////////////////,/~///////////////////////////////////////////////////M 
(INTERNAL) IE ---------------------------l.. __________________ _ 

·User generated 51gnal 

~ "Don't Care" or Internal delays _ Hlghlmpedancestate 

No.9 INTERRUPT-cycle timing waveforms. 92CM-29605 

Fig, 14 - Machine-cycle timing waveforms (propagation delays not shown). Continued, 
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CDP1804AC 
TERMINAL ASSIGNMENT 

CLOCI( .0 Voo 
WATt 39 = cern 38 l5MATN 

37 l5iiAOij'f 

CMOS a-Bit Microcomputer With 
On-Chip RAM, ROM, and Counter/Timer 

SCI 36 INTERRUPT 
SCO 35 l<iV/li Performance Features: 

MRo 3. TPA 
BUS 7 33 TPO • Instruction time of 3.2 p.s, -40 to +850 C 
BUS 6 32 MA7 
aus 5 10 31 MA. • 123 instructions-upwards sofware compatible with 
BUS 4 " 30 MA5 CDP1802, CDPI805A, and CDP1806A 
BUS 3 12 29 MA. 
BUS 2 13 20 MA3 • BCD arithmetic instructions 
BUS I I. 27 MA2 • Low-power IDLE mode 
BUS 0 15 2. MAl 

EMS/ME I. " MAO • Pin compatible with CDP1802, CDPI805A, and CDP1806A 
N2 17 2. m 
NI I. 23 m except for terminal 16 (terminal 18 for chip-carrier package) 
NO 19 22 m • 64K-byte memory address capability • 16 x 16 matrix of on-board registers 

VSS 20 21 En 
TOP VIEW 

• 2 K bytes of on-chip ROM • On-chip crystal or RC control/ed oscillator 
92CS~ 34980 • 64 bytes of on-chip RAM • 8-bit Counter/Timer 

The RCA-CDP1804AC is a functional and performance 
enhancement of the CDP1802, CDP1805A, and 
CDP1806A CMOS 8-bit register-oriented microprocessor 
series and is designed for use in a wide variety of general­
purpose applications. 

The CDP1804AC hardware enhancements include a 2K­
byte ROM, a 64-byte RAM, and a 8-bit presettable down 
counter. The Counter/Timer, which generates an internal 
interrupt request, can be programmed for use in time­
base, event-counting, and pulse-duration measurement 
applications. The Counter/Timer underflow output can 
also be directed to the 0 output terminal. 

The CDP1805AC and CDP1806AC which are identical to 
the CDP1804AC, except for the on-chip memory, should 
be used for CDP1804AC development purposes. 

The CDP1804AC software enhancements include 32 more 
instructions than the CDP1802. The 32 additional 
software instructions include subroutine call and return 
capability, enhanced data transfer manipulation, 
counter/timer control, improved interrupt handling, 
single-instruction loop counting, and BCD arithmetic. 

Upwards software and hardware compatibility are 
maintained when substituting a CDP1804AC for other 
CDP1800-series microprocessors. Pinout is identical 
except for the replacement of Vee with EMS/ME. 

The CDP1804AC has an operating voltage range of 4 V to 
6.5 V and is supplied in a 40-lead hermetic dual-in-line 
ceramic package (D suffix), in a 40-lead dual-in-line 
plastic package (E suffix), and in a 44-lead plastic chip­
carrier package (0 suffix). 

r-r~~~~~~==== -"AtiDRfsSBUS- - -- - - - - - - -I ----i r--------I I 

OUT 

COPl851 
PIO 

CONTROL 

CDPI804AC 
8-BITCPU MWR 
WITH ROM, 

~~~Nf~~, TPA 
TIMER 

~ ~ ,17 
1- MA~MA71 rM~MA7_, 

I 1 I 
I I 1 

---~MRD 1-----+lMRD 1 

I 1_ I 
___ J ROM r----1 MWR I 

---~TPA : I RAM i 
I CEO"-----+1cs I 
I I 1_ I 

-- -.,cs d""-- -~CS I 
1 BUSO-BUS7 L!l~O-BU.!!...J 
-iT r-, 

J ~ : : 
~::::----- _____ ~ _________ ..J 1 

'-______ --=:.....:::..:...:=:....::::.::.... ______________ _____ ..J 92CM-34~1 

"-OPTIONAL EXPANSION MEMORY-----.I 

Fig. 1 - Typical CDP1804AC microprocessor system. 
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CDP1804AC 
MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo): 

(Voltage referenced to Vss Terminal) ...................................... , ....... , ................ , ..... , ....... , .... -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ........................................................ , ................. -0.5 to Voo +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 mA 

POWER DISSIPATION PER PACKAGE (Po). 

For T. = -40 to +60° C (PACKAGE TYPE E) ............................................................................... 500 mW 

For T. = +60 +85°C (PACKAGE TYPE E) .. , ................................................ Derate Linearly at 12 mW/o C to 200 mW 

ForT. = -55 to +1OO°C (PACKAGE TYPE D) .............................................................................. 500 mW 

For T. = +100 to +125°C (PACKAGE TYPE D) .............................................. Derate Linearly at 12 mW/oC to 200 mW 

ForT. = -40°C to +85°C (PACKAGE TYPE a)' ... , ....... ,"' .... " ...................................................... 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T. = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................................................... 100 mW 
OPERATING-TEMPERATURE RANGE (T.): 

PACKAGE TYPE D ............................................................................................... -55 to +125°C 

PACKAGE TYPE E AND a ......................................................................................... -40 to +85°C 

STORAGE TEMPERATURE RANGE (T ... ) ............................................................................ -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING)' 

At distance 1/16 ± 1/32 In (159 ± P 79 mm) from case for 10 s max 

, Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G10 epoxy glass, or equivalent. 

RECOMMENDED OPERATING CONDITIONS at TA = -40 to +85° C 
For maximum reliabIlity, nominal operating conditions should be selected so that operation is always within 
the following ranges: 

CONDITION LIMITS 

CHARACTERISTIC 
CDP1804ACD 
CDP1804ACE 

Voo 

(V) MIN. MAX. 

DC Operating Voltage Range - 4 6.5 

Input Voltage Range - Vss Voo 

Minimum Instruction Time" (fcL=5 MHz) 5 3.2 -
Maximum DMA Transfer Rate 5 - 0.625 

Maximum Clock Input Frequency, 
5 DC 5 

load Capacitance (Cl) = 50 pF 

Maximum External Counter/Timer 

Clock Input Frequency to EF1, EF2 tCLX 
5 DC 2 

"Equals 2 machine cycles - one,Fetch and one Execute operation for all instructions except Long Branch. Long SkiP, 
NOP, and "68" family instructions, which are more than two cycles 

+265°C 

UNITS 

V 

/15 

Mbytes/s 

MHz 
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CDP1804AC 
STATIC ELECTRICAL CHARACTERISTICS al TA = -40 to +850 C, VDD ± 5%, Except a8 noted 

CONDITIONS LIMITS 

CHARACTERISTIC 
CDP1804ACD, 
CDP1804ACE 

Vo VIN VDD 
(V) (V) (V) Min. Typ." 

Quiescent Device Current 100 - 0.5 5 - 50 

Output Low Drive (Sink) Current IOL 
0.4 0.5 5 1.6 4 

(Except XT All 

XTAL Output IOL 0.4 5 5 0.2 0.4 

Output High Drive (Source) Current IOH 
4.6 0,5 t -1.6 -4 

(Exceot XTALI 
5 

XTAL IOH 4.6 0 5 -0.1 -0.2 

Output Voltage Low-Level VOL - 0,5 5 - 0 

Output Voltage High Level VOH - 0,5 5 4.9 5 

Input Low Voltage (BUS 0 - BUS 7, EMS/MEl V'L 0.5,4.5 - 5 - -
Input High Voltage (BUS 0 - BUS 7, EMS/ME) V'H 0.5,4.5 - 5 3.5 -
Schmitt Trigger Input Voltage 

(Except BUS 0 - BUS 7, EMS/ME) 

Positive Trigger Threshold Vp 2.2 2.9 

Negative Trigger Threshold VN 0.5,4.5 - 5 0.9 1.9 

Hysteresis VH 0.3 0.9 

Input Leakage Current lIN - 0,5 5 - ±0.1 

3-State Output Leakage Current louT 0,5 0.5 5 - ±0.2 

Input Capacitance CIN - - - - 5 

Output Capacitance COUT - - - - 10 

T~J~I Power Dissipation" - - 5 - 35 
ale a. M{OOOOJ 5 - ~ 

Minimum Data Retention Voltage VoR Voo = VoR - 2 

Data Retention Current lOR Voo = 2.4 - 25 

"Typical values are for T. = 25°C and nominal Voo. "External Clock' f=5 MHz, Ir,lf=10 ns CL =50 pF 

seo 

mm 
BUS 7 

BUS6 

BUS 5 

Ne 

BUS4 

BUS3 

BUS 2 

BUS 1 

BUS 0 

TERMINAL ASSIGNMENT 

'0 P'N' IDENt 
11 TOP IVIEW 35 

12---~-------34 

" 
, 

,4 FILE INO 1371 

15 
I 

" 
'S '0 
17 

,. 
IS 19 20 21 22 23 24 25 26 27 28 

OWR 

TPA 

TPB 

OA7 

OAS 

Ne 

OA5 

MA4 

MA' 

MA' 

MA1 44-Lead 
Plastic Chip-Carrier 
Package (Q Sufllx) 

UNITS 

Max. 

200 /lA 

-

-
mA 

-

-
0.1 

-
1.5 

-
V 

3.6 

2.8 

1.6 

±5 

±5 
/lA 

7.5 

15 
pF 

50 
mW 

18 

2.4 V 

100 /lA 
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CDP1804AC 
1/0 REQUESTS 

MEMORY ADDRESS LINES 1/0 FLAGS ,---L--, 
EMSIME I I \,----L---,!lIM CONTROL 

MA6 MA4 MA2 MAO OUT ~ 

CONTROL AND 
TIMING LOGIC 

I--+-+--~ EFl 
t---+--+---i EF2 

t---+-~+---iTPA 

BUSO 

BUS I 

BUS 2 

BUS 3 

BUS4 

BUS 5 

BUS 6 

BUS 7 

92CM-34982 

NO} lID 
NI COMMANDS 
N2 

Fig. 2 - Block diagram lor CDP1804AC. 

Enhanced 1804AC Operation 

ROM/RAM 

The 2K-byte ROM is mask-programmable and mask­
selectable in any 2K block of the available 54K address 
space in the RUN (ROM/RAM) mode. (The procedure is 
detailed in the Mask-Programming section at the end of 
the data sheet.) 

The 54-byte RAM is mask-selectable in any 54-byte block 
of memory in the RUN (ROM/RAM) mode. It may also be 
externally selected via the ME input in the RUN (RAM 
only) mode. 

The EMS/ME pin serves a dual function. In the RUN 
(ROM/RAM) mode, EMS acts as an active low output to 
indicate when the internal ROM or RAM is not selected. 
This provides a convenient chip-select signal for any 
optional expansion memory devices and a stable-address 
latch signal for synchronous RAMs. In the RUN (RAM 
only) mode, ME acts as an active low il1put and is used to 
select the internal RAM, which is not mask-selected in 
this mode. Decoding is performed externally and the RAM 
may reside in any 54-byte block. 

Timing 

Timing for the CDP1804AC is the same as the CDP1802 
microprocessor series, with the following exceptions: 

o 4.5 clock cycles are provided for memory access 
instead of 5. 

o a changes 1/2 clock cycle earlier during the SEa 
and REO instructions. 

o Flag lines (EF1-EF4) are sampled at the end of the 
SO cycle instead of at the beginning of the S1 cycle. 

o Pause can only occur on the low-to-high transition 
of either TPA or TPB, instead of any negative clock 
transition. 

Special Feature. 

Schmitt triggers are provided on all inputs, except 
EMS/ME, and BUS 0 - BUS 7, for maximum immunity 
from noise and slow signal transitions. A Schmitt trigger 
in the oscillator section allows operation with an RC or 
crystal. 

The CDP1802 series LOAD mode is not retained. This 
mode (WAIT, CLEAR=O) is the RUN (ROM/RAM) mode 
on the CDP1804AC. 

A low power mode is provided, which is initiated via the 
IDLE instruction. In this mode all external Signals, except 
the oscillator, are stopped on the low-to-high transition of 
TPB: All outputs remain in their previous states, MRD is 
set to a logic "1", and the data bus floats. The IDLE mode 
is exited by a DMA or INT condition. The INT includes 
both external interrupts and interrupts generated by the 
Counter/Timer. The only restrictions are that the Timer 
mode, which uses the TPA + 32 clock source, and the 
underflow condition of the Pulse Width Measurement 
modes are not available to exit the IDLE mode. 
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CDP1804AC 
TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 

M1P--------------~,-------------~ 
I * ;W --------------,LLJr----------L-j 

VALID ~A FROM MEMORY ~ 
DATA BUS ..,,1I!'7~7~7~7:~7:/_:;;:s/_:;"~.:;;~7~7~7~;;:/:;;:;/::I"F==j lv:;h/_:;,,/:;'7~-r---:::V.:-::LlD~D;:-;.t=.-;:-::::::-:::cPIJ::---,,-;12 
·NOTE FOR RUN (RAM ONLY) MODE: 
ili HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECT TO THE 
BEGINNINQ Of CLOCK 10. FOR A MI!MORY READ OPERAnON, RAM DATA 
WILL APPEAR ON THE DATA BUS DURING THE TIMEili 18 ACTIVE AFTER 
CLOCK 31. THE TIME SHOWN CAN BE LONGER, IF FOR INSTANCE, A DMA 
OUTOPERAnON 18 PERFORMED ON INTERNAL RAM DATA,TOALLOW OATA 
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL 
RAM IS AUTOMATICALLY DE8ELECTED AT THE END OF CLOCK 71, 
INDEPENDENT OFiii. 
NOTE FOR RUN (ROM/RAM) MODE: 
INTERNAL MEMORY DATA WILL APPEAR ON THE DATA BUS AFTER CLOCK 
PULSE 31. 

Fig. 3 -Internal memory operation timing waveforms for CDP1804AC. 

CLOCK 

TPB r-L.-
:~~~l~:;I:H;'G;";.;YT;E~I~:::;L"';;.;YT;E::JL~I:H~'G:H~.~YT;E~I~::::LCNV:::.Y:TE::--::: 

MRD-----,l _______ ~Jr-----------

M1P------------------+--------------~ 

*­EMS 
OUT 

'--___ ..... r 
DATA aus ~ DATA LATCHED IN CPU VALID OATA FROM CPU 

·'OR RUN (ROM/RAM) MODE ONLY. 
NOTE: FOR THE RUN (RAM ONLY) MODE 'II! MUST BE HIGH DURING 
EXTERNAL MEMORY ACCESSES. 

92CS-34984 

Fig. 4 - External memory operation timing waveforms for CDP1804AC. 

SIGNAL DESCRIPTIONS 

BUI 0 to BUS 7 (Data Bu.): 

8-blt bidirectional DATA BUS lines. These lines are used 
for transferring data between the memory, the 
microprocessor, and I/O devices. 

NO to N2 (I/O) Lin •• ): 

Activated by an I/O instruction to signal the 1/0 control 
logic of a data transfer between memory and I/O 

interface. These lines can be used to issue command 
codes or device selection codes to the I/O devices. The N 
bits are low at all times except when an I/O instruction Is 
being executed. During this time their state is the same as 
the corresponding bits in the N register. The direction of 
data flow is defined in the I/O instruction by bit N3 
(internally) and is indicated by the level of the MRD 
signal: 
MRD = Voo: Input data from I/O to CPU and Memory 
MRD = Vss: _ Output data from Memory to I/O 
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EF1 to EF4 (4 Flags): 

These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to 
establish interrupt priorities. The fl~ are sampled at 
the end of every SO cycle. EF1 and EF2 are also used for 
event counting and pulse-width measurement in 
conjunction with the Counter/Timer. 

INTERRUPT, DMA-i'iii,' OMA-OUT (3 I/O Requests) 

DMA-IN and DMA-OUT are sampled during TPB every 
Sl. S2. and S3 cycle. INTERRUPT IS sampled during TPB 
every Sl and S2 cycle. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P 
is set to 1; interrupt enable (MIE) is reset to 0 (inhibit); 
and instruction execution is resumed. The interrupt 
action requires one machine cycle (S3). 

DMA Action: Finish executing current instruction; R(O) 
points to memory area for data transfer; data is loaded 
into or read out of memory; and R(O) is incremented. 

Note: In the event of concurrent DMA and INTERRUPT 
requests. DMA-IN has priority followed by DMA-OUT and 
then Interrupt. (The Interrupt request is not internally 
latched and must be held true after DMA). 

SCD, SC1, (2 State Code Lines): 

These outputs indicate that the CPU is: 1) fetching an 
instruction. or 2) executing an instruction. or 3) 
processing a DMA request. or 4) acknowledging an 
interrupt request. The levels of state code are tabulated 
below. All states are valid at TPA. 

State Type State Code Lines 

SCl SCD 

SO (Fetch) L L 

Sl (Execute) L H 

S2 (DMA) H L 

S3 (Interrupt) H H 

H = Voo. L = Vss. 

TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once in each machine cycle 
(TPB follows TPA). They are used by I/O controllers to 
interpret codes and to time interaction with the data bus. 
The trailing edge of TPA is used by the memory system to 
latch the higher-order byte of the multiplexed 16-bit 
memory address. 

MAO to MA7 (8 Memory Address Lines): 

In each cycle. the higher-order byte of a 16-bit memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be 
strobed into external address latches by timing pulse 
TPA. The low-order byte of the 16-bit address appears on 
the address lines 1/2 clock after the termination of TPA. 

CDP1804AC 

MWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle. after 
the address lines have stabilized. 

MRD (Read Level): 

A low level on 1iimO indicates a memory read cycle. It can 
be used to control three-state outputs from the addressed 
memory and to indicate the direction of data transfer 
during and I/O instruction. 

Q: 

Single bit output from the CPU which can be set or reset. 
under program control. During SE~ or REO instruction 
execution. 0 is set or reset between the trailing edge of 
TPA and the leading edge of TPB. The O-line can also be 
controlled by the Counter/Timer underflow via the Enable 
Toggle 0 instruction. The Enable Toggle 0 command 
connects the O-line flip-flop to the output of the counter. 
such that each time the counter decrements from 01 to its 
next value. the 0 line changes state. This command is 
cleared by a LOAD COUNTER (LDC) instruction with the 
Counter/Timer stopped. a CPU reset. or a BRANCH 
COUNTER INTERRUPT (BCI) instruction with the 
counter interrupt flip-flop set. 

CLOCK: 

Input for externally generated single-phase clock. The 
maximum clock frequency is 5 MHZ at Voo = 5 V. The 
clock is counted down internally to 8 clock pulses per 
machine cycle. 

XTAL: 

Connection to be used with clock input terminal, for an 
external crystal. if the on-chip oscillator is utilized. 

WAIT, CLEAR (2 Control Llnel): 

Provide four control modes as listed in the following truth 
table: 

CLEAR WAIT MODE 

L L RUN (ROM/RAM) 

L H RESET 

H L PAUSE 

H H RUN (RAM ONLY) 

ME (Memory Enable) RUN (RAM ONLY) Mode 

This active low input is used to select or deselect the 
internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that ME is active 
(after clock 31). Thus. if this data is to be latched into an 
external device (i.e .. during an OUTPUT instruction or 
DMA-OUT cycle). ~ should be wide enough to provide 
enough time for valid data to be latched. The internal 
RAM is automati~ deselected after clock 71. ME is 
ineffective when MRO. MWR = 1. 

In the RUN (RAM ONLY) mode the internal RAM is not 
internally mask-decoded. Decoding of the starting 
address is performed externally, and may reside in any 
64-byte block of memory. 
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CDP1804AC 
EMs (External Memory Select) RUN (ROM/RAM) Mode 

This active low output is used for external memory 
expansion. It is low when external memory is being 
addressed and high at all other times. It Is Initiated 1.5 
clock periods after TPA (at which time all addresses are 
stable) and terminates at the end of the cycle. Use of EMS 
for memory selection allows 3.5 clock cycles for data 
access. 

Note that in the RUN (ROM/RAM) mode data from the 
internal ROM or RAM, when selected, will appear on the 
data bus after clock 31. 

Vee. Vss. (Power Levels): 

Vss is the most negative supply voltage terminal and is 
normally connected to ground. Vee is the positive supply 
voltage terminal. All outputs swing from Vss to Vee. The 
recommended input voltage swing is from Vas to Vee. 

ARCHITECTURE 

Fig. 2 shows a block diagram of the CDP1 B04AC. The 
principal feature of this system is a register array (R) 
consisting of sixteen 16-bit scratch pad registers. 
Individual registers in the array (R) are designated 
(selected) by a 4-bit binary code from one of the 4-bit 
registers labeled N, P, and X. The contents of any register 
can be directed to anyone of the following paths: 

1. the external memory (multiplexed, higher-order byte 
first, on to a memory address lines) 

2. the D register (either of the two bytes can be gated to 
D) 

3. the increment/decrement circuit where it Is increased 
or decreased by one and stored back in the selected 
16-bit register 

4. to any other 16-bit scratch-pad register in the array. 

The four paths, depending on the nature of the 
instruction, may operate independently or in various 
combinations in the same machine cycle. 

Most instructions consist of two a-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second­
and more if necessary-are execute cycles. During the 
fetch cycle the four bits in the P designator select one of 
the 16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the 
memory location from which the instruction is to be 
fetched. When the instruction is read out from the 
memory, the higher-order 4 bits of the instruction byte 
are loaded into the I register and the lower-order 4 bits 
into the N register. The content of the program counter is 
automatically incremented by one so that R(P) is now 
"pointing" to the next byte in the memory. 

The X designator selects one of the 16 registers R(X) to 
"point" to the memory for an operand (or data) in certain 
ALU or I/O operations. 

The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. designate one of the 16 registers in R to be acted 
upon during register operations 

2. indicate to the I/O devices a command code or 
device-selection code for peri pherals 

3. indicate the specific operation to be executed during 
the ALU instructions, types of tests to be performed 
during the Branch instructions, or the specific 
operation required in a class of miscellaneous 
instructions 

4. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P) 

5. indicate the value to be loaded into X to designate a 
new register to be used as data pointer R(X). 

The registers in R can be assigned by a programmer in 
three different ways as program counters, as data 
pointers, or as scratchpad locations (data registers) to 
hold two bytes of data. 

Program Counter. 

Any register can be the main program counter; the 
address of the selected register is held in the P 
designator. Other registers in R can be used as 
subroutine program counters. Bya single instruction the 
contents of the P register can be changed to effect a 
"call" to a subroutine. When interrupts are being serviced, 
register R(1) is used as the program counter for the user's 
interrupt servicing routine. After reset, and during a DMA 
operation, R(O) is used as the program counter. At all 
other times the register designated as program counter is 
at the discretion of the user. 

Data Pointer. 

The registers in R may be used as data pointers to 
indicate a location in memory. The register designated by 
X (i.e., R(X» points to memory for the following 
instructions (see Table I): 

1. ALU operations 
2. output instructions 
3. input instructions 
4. register to memory transfer 
5. memory to register transfer 
6. interrupt and subroutine handling. 

The register designated by N (i.e., R(N» pOints to 
memory for the "load D from memory" instructions ON 
and 4N and the "Store 0" instruction 5N. The register 
designated by P (i.e., the program counter) is used as the 
data pointer for ALU instructions Fa-FD, FF, 7C, 70, 7F, 
and the RLDI Instruction 68CN. During these Instruction 
executions, the operation is referred to as "data 
immediate". 

Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine 
cycle is "stolen". This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(O) is always used as the data pointer during the DMA 
operation. The data is read from (DMA-Out) or written 
into (DMA-In) the memory location pointed to by the R(O) 
register. At the end of the transfer, R(O) is incremented by 
one so that the processor is ready to act upon the next 
DMA byte transfer request. This feature in the 
CDP1 B04AC architecture saves a substantial amount of 
logic when fast exchanges of blocks of data are required, 
such as with magnetic discs or during CRT -display­
refresh cycles. 

Data Register. 

When registers in R are used to store bytes of data, 
instructions are provided which allow D to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the regist~r designated by N. By this 
mechanism (together with loading by data immediate) 
program pointer and data pointer designations are 
initialized. Also, this technique allows scratch pad 
registers in R to be used to hold general data. By 
employing increment or decrement instructions, such 
registers may be used as loop counters. The new RLDI, 
RLXA, RSXD, and RNX instructions also allow loading, 
storing, and exchanging the full 16-bit contents of the R 
registers without affecting the D register. The new DBNZ 
instruction allows decrementing and branching-on-not­
zero of any 16-blt R register also without affecting the D 
register. 
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CDP1804AC 
The Q Flip Flop 

An internal flip flop, Q, can be set or reset by instruction 
and can be sensed by conditional branch instructions. It 
can also be driven by the underflow output of the 
Counter/Timer. The output of Q is also available as a 
microprocessor output. 

Register Summary 

0 8 Bits Data Register (Accumulator) 

OF 1 Bit Data Flag (AlU Carry) 

B 8 Bits Auxiliary Holdina Register 
R 16 Bits 1 of 16 Scratchoad Registers 

P 4 Bits Designates which Register is 

Program Counter 
X 4 Bits Designates which Register is 

Data POinter 
N 4 Bits Holds low-Order Instr. Diait 
I 4 Bits Holds Hiah-Order Instr. Diait 
T 8 Bits Holds old X, P after Interrupt 

(X is hiah nibble) 
Q 1 Bit Outout Flio-Floo 

CNTR 8-Bits Counter/Timer 

CH 8 Bits Holds Counter Jam Value 
MIE 1 Bit Master Interruot Enable 
CIE 1 Bit Counter Interruot Enable 
XIE 1 Bit External I nterruot Enable 

Cil 1 Bit Counter Interrupt Latch 

Interrupt ServIcIng 

Register R(I) is always used as the program counter 
whenever interrupt servicing is initiated. When an 
interrupt request occurs and the interrupt is allowed by 
the program (again, nothing takes place until the 
campletion of the current instruction), the contents of the 
X and P registers are stored in the temporary register T, 
and X and P are set to new values; hex digit 2 in X and 
hex digit 1 in P. Master Interrupt Enable is automatically 
deactivated to inhibit further interrupts. The user's 
interrupt routine is now in control; the contents of T may 
be saved by means of a single SAV instruction (78) in the 
memory location pointed to by R(X) or the contents of T, 
0, and OF may be saved using a single DSAV instruction 
(6876). At the conclusion of the interrupt, the user's 

RET 

routine may restore the pre-interrupted value of X and P 
with either a RET instruction (70) which permits further 
interrupts, or a DIS instruction (71). which disables 
further interrupts. 

Interrupt Generation and Arbitration 
(See Fig. 5) 

Interrupt requests can be generated from the following 
sources: 

1. Externally through the interrupt input (Request not 
latched) 

2. Internally due to Counter/Timer response (Request 
is latched) 
a. On the transition from count (01 ),. to its next 

value (counter underfl~ 
b. On the", transition of EFI in pulse 

measurement mode 1 
c. On the.l transition of EF2 in pulse 

measurement mode 2 

For an interrupt to be serviced by the CPU, the 
appropriate Interrupt Enable flip-flops must be set. Thus, 
the External Interrupt Enable flip-flop must be set to 
service an external interrupt request, and the Counter 
Interrupt Enable flip-flop must be set to service an 
internal Counter/Timer interrupt request. In addition, the 
Master Interrupt Enable flip-flop (as used in the 
CDPI802A) must be set to service either type of request. 
All 3 flip-flops are initially enabled with the application of 
a hardware reset, and, can be selectively enabled or 
disabled with software: CIE, CID instructions for the CIE 
flip-flop; XIE, XID instructions for the XIE flip-flop; RET, 
DIS instructions for the MIE flip-flop. 

Short branch instructions on Counter Interrupt (BCI) and 
External Interrupt (BXI) can be placed in the user's 
interrupt service routine to provide a means of identifying 
and prioritizing the interrupt source. Note, however that 
since the External Interrupt request is not latched, it must 
remain active until the short branch is executed if this 
priority arbitration scheme is used. 

I nterrupt requests can also be polled if automatic 
interrupt service is not desired (MIE=O). With the Counter 
Interrupt and External Interrupt short Branch instructions, 
the branch will be taken if an interrupt request is pending, 
regardless of the state of any of the 3 Interrupt Enable 
flip-flops. The latched counter interrupt request signal 
Will be reset when the branch is taken, when the CPU is 
reset, or with a lDC instruction with the Counter stopped. 
Note that exiting a counter-initiated interrupt routine 
without resetting the counter interrupt latch will result in 
immediately re-entering the interrupt routine. 

RESET 
s MASTER Qr-_____ .....!:M~I:!:E _________ ..., 

INTERRUPT 
S3 ENABLE COUNTER 

DIS 
tJFEI UNDERFLOW 

1-...::::=---1 PULSE MODE EFI I 
PULSE MODE mJ 

CIE 

RESET 

Clol----1 

XIE 

RESET 

Xio 

S COUNTER 
INTERRUPT 

ENABLE 

(c% 

8CI 
RESET 

LOC' COUNTER 
STOPPED 

EXTERNAL 1NT --<f:>-'~ ..... 

s Q~-------~::::::::~~ 
EXTERNAL 
INTERRUPT 

ENABLE 
FF 

(XIEI 

Fig. 5 - Interrupt logic-control diagram for CDP1804AC. 

NTERRUPT 
REQUESTS 
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CDP1804AC 
Counter/Timer and Controls (See Fig. 6) 

This logic consists of a presettable 8-bit down-counter 
(Modulo N type), and a conditional divide-by-32 
prescaler. After counting down to (01 ),. the counter 
returns to its initial value at the next count and sets the 
Counter Interrupt Latch. It will continue decrementing on 
subsequent counts. If the counter is preset to (00),. a full 
256 counts will occur. 

During a Load Counter instruction (LDC) if the counter 
was stopped with a STPC instruction. the counter and its 
holding register (CH) are loaded with the value in the D 
register and any previous counter interrupt is cleared. If 
the LDC is executed when the counter is running. the 
contents of the D register are loaded into the holding 
register (CH) only and any previous counter interrupt is 
not cleared. (LDC resets the Counter Interrupt Latch only 
when the counter is stopped). After counting down to 
(01),. the next count will load the new initial value into 
the counter. set the Counter I nterrupt Latch. and 
operation will continue. 

The Counter/Timer has the following five programmable 
modes: 

1. Event Counter 1: Input to counter is connected to 
the EF1 terminal. The high-to-Iow transition 
decrements the counter. 

2. Event Counter 2: Input to counter is connected to 
the EF2 terminal. The high-to-Iow transition 
decrements the counter. 

3. Timer: Input to counter is from the divide-by-32 
prescaler clocked by TPA. The prescaler is 
decremented on the low-to-high transition of TPA. 
The divide-by-32 prescaler is reset when the 
counter is in a mode other than the Timer mode. 
system reset. or stopped by a STPC. 

4. Pulse Duration Measurement 1: Input to counter 
connected to TPA. Each low-to-high transition of 

TPA decrements the counter if the input signal at 
m terminal (gate input) is low. On the transition of 
EF1 to the positive state. the count is stopped. the 
mode is cleared. and the interrupt request latched. 
If the counter underflows while the input is low. 
interrupt will also be set. but counting will continue. 

5. Pulse Duration Measurement 2: Operation is 
identical to Pulse Duration Measurement 1. except 
EF2 is used as the gate input. 

The modes can be changed without affecting the stored 
count. 

Those modes which use EF1 and EF2 terminals as inputs 
do not exclude testing these flags for branch instructions. 

The Stop Counter (STPC) instruction clears the counter 
mode and stops counting. The STPC instruction should 
be executed prior to a GEC instruction. if the counter is in 
the Event Counter Mode 1 or 2. 

In addition to the five programmable modes. the 
Decrement Counter instruction (DTC) enables the user to 
count in software. In order to.avoid conflict with counting 
done in other modes. the instruction should be used only 
after the mode has been cleared by a Stop Counter 
instruction. 

The Enable Toggle Q instruction (ETQ) connects the Q­
line flip-flop to the output of the counter. such that each 
time the counter decrements from 01 to its next value. the 
Q output changes state. This action is ir.dependent of the 
counter mode and the Interrupt Enable flip-flops. The 
Enable Toggle Q condition is cleared by an LDC with the 
Counter/Timer stopped; system Reset. or a BCI with 
CI=1. Note that SEQ and REQ instructions are 
independent of ETQ.'-:"'they can Set or Reset Q while the 
counter is running. 

TO INTERRUPT LATCH 

INH 
COUNTER 

OUT~~U=ND~E~R~FL=O~W~~,-~ Q Q OUTPUT 

m 

8 - B IT 
DOWN 

lCOUNTER 

READ 

Fig. 6 - Counter/Timer diagram for CDPl804AC. 
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On-Chip Clock (See Figs. 7, 8 and 9) 

Clock circuits may use either an external crystal or an RC 
network. 

A typical crystal oscillator circuit is shown in Fig. 7. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL) in parallel with a resistance. RF (1 megohm 
typ.). Frequency trimming capaCitors, CON and COUT, may 
be required at terminals 1 and 39. For additional 
information on crystal oscillators, see ICAN-6565. 

Because of the Schmitt Trigger input, an RC oscillator 
can be used as shown in Fig. 8. The frequency is 
approximately 1/RC (See Fig. 9). 

RF 

XTAl 
CON COUT 

'5 PF I 5MHz PARALLELI27PF 
RESONANT 

"=" CRYSTAL -=-

92CS-3B099 

Fig. 7 - Typical 5-MHz crystal oscillator. 

R 

Fig. 8 - RC network for oscillator. 

IOK"I:::---+--+--+'"---P'----f'~--'''''i 

2 468 2 468 8 2468 2 468 2 46. 
10 100 IK 10K lOOK 1M 

FREQUENCY 1Hz) 
92CS-!4172 

Fig. 9 - Nominal component values as a function of frequency for 
the RC oscillator. 

CDP1804AC 
CONTROL MODES 

CLEAR WAIT MODE 
L L RUN ~ROM/RAMl 

L H RESET 
H L PAUSE 
H H RUN (RAM ONL Yl 

The function of the modes are defined as followa: 

RESET 

The levels of the CDP1804A external signal lines will 
asynchronously be forced by RESET to the following 
states: 

0=0 SC1,SCO=O, 1 BUS 0-7=0 
EMS/ME=INPUT (EXECUTE) MA0-7=RO.1 
mm=1 NO, N1, N2=O, 0, 0 TPA=O 
TPB=O MWR=1 

Internal changes caused by RESET are: 
I, N instruction register is cleared to 00. XIE and CIE are 
set to allow interrupts following initialize. Cil is cleared 
(any pending counter interrupt is cleared), counter is 
stopped, the counter mode is cleared, and ETO is 
disabled. 

Initialization Cycle 

The first machine cycle following termination of RESET Is 
an initialization cycle which requires 9 clock pulses. 
During this cycle the CPU remains In 51 and the 
following additional changes occur: 

I-MIE 
X, P - T (The old value of X, P will be put into T. This 
only has meaning following an orderly Reset with 
power applied). 
X, P, RO - 0 (X, P and RO are cleared). 

Interrupt and DMA servicing is suppressed during the 
initialization cycle. The next cycle is an SO or an 52 but 
never an 51 or 53. The use of a 71 instruction followed by 
00 at memory locations 0000 and 0001, may be used to 
reset MIE so ae to preclude interrupts until ready for 
them. 

Reset and Initialize do not affect: 
D (Accumulator) 
DF 
R1,R2,R3,R4,R5,R8,R7,R8,R9,RA,RB,RC,RD, 

RE, RF 
CH (Counter Holding Register) 
Counter (the counter Is stopped but the value Is 

unaffected) 

Power-up Reset/Run Clrculte 

Power-up Reset/Run (ROM/RAM) and Reset/Run (RAM 
only) can be realized with the Circuits shown in Fig. 10 
and 11. 

voo 

1 
Cx 

COPI804AC 

g2eS-34g7t 

The RC time constant 
should be greater 
than the OICmator 
Itart-up time 
Itypically 20 mal. 

Fig. 10 - Reset/Run (ROM/RAM) diagram. 
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CDP1804AC 

PAUSE 

COPI804AC 

Rp 

92CS-3809B 

The Fie time constant 
should be greater 
than the oscillator 
start-up time 
(tYPically 20 ms) 

Fig. 11 - Reset/Run (RAM only) diagram. 

Pause is a low power mode which stops the internal CPU 
timing generator and freezes the state of the processor. 
The CPU may be held in the Pause mode indefinitely. 
Hardware pause can occur at two points in a machine 
cycle, on the low to high transition of either TPA or TPB. 
A TPB pause can also be initiated by software with the 
execution of an IDLE instruction. In the pause mode, the 
oscillator continues to run but subsequent clock 
transitions are ignored. TPA and TPB remain at their 
previous state (see Fig. 12). 

Pause is entered from RUN (RAM only) by dropping 
WAIT low, and from RUN (ROM/RAM) by raising CIJ:AR 
high. Appropriate setup and hold times must be met. 

If Pause is entered while in the event counter mode, the 
appropriate Flag transition will continue to decrement the 
counter. 

Hardware-initiated pause is exited to RUN (RAM only) by 
raising the waTiline, and the RUN (ROM/RAM) by 
lowering CLEAR. Pause entered with an IDLE instruction 
requires riMA, INTERRUPT or RESET to resume 
execution. 

TPA PAUSE TIMING 

CLOCK 
00 01 PAUSE 

TPA 
I rl~1 -t'--+-. 

IpLH--j r- I 
I I 
I I 

't~tli ~ I--tsu 

TPB PAUSE TIMING ENTER RESUME 
PAUSE RUN 

* + CLOCK~~ 
I I I 

TPB tPLH--i pI i ~ '\:-tPHL 

I I I '------
I I 
I I 

I 92CM w 31944RI 

1.- tsu 
NOTE: tsu tH I 
PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE 
CLOCK CYCLE IN DURATION, COULD BE INFINITELY LONG. 

Fig. 12 - Pause mode timing waveforms. 

RUN 

May be initiated from the Pause or Reset mode functions. 
If initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, it will resume on the 
next high-to-Iow clock transition, while if paused at TPB,. 
it will resume on the next low-to-high clock transition. 
(See Fig. 12). When initiated from the Reset operation, the 
first machine cycle following Reset is always the 
initialization cycle. The initialization cycle is then 
followed by a DMA (S2) cycle or fetch (SO) from location 
0000 in memory. 

SCHMITT TRIGGER INPUTS 

All inputs except BUS 0 - BUS 7 and ME contain a 
Schmitt Trigger circuit, which is especially useful on the 
CLEAR input as a power-up RESET (See Fig. 10 and 11) 
and the CLOCK input (See Fig. 7 and 8). 

STATE TRANSITIONS 

The CDP1804AC state transitions are shown in Fig. 13. 
Each machine cycle requires the same period of time, 8 
clock pulses, except the initialization cycle (INT) which 
requires 9 clock pulses. Reset is asynchronous and can 
be forced at any time. 

RESET 

PRIORITY: RESET 
EQ!!CE so, $1 
DMA IN 
~AOUT 

INT·DiiA 

12CS·34778A1 

Fig. 13 - State transition diagram. 
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CDP1804AC 
INSTRUCTION SET 

The CDP1B04AC instruction summary is given in Table I. 
Hexadecimal notation Is used to refer to the 4-bit binary 
codes. 

I n all registers bits are numbered from the least significant 
bit (LSB) to the most significant bit (MSB) starting with O. 

R(W): Register designated by W, where 
W=N orX, or P 

TABLE 1- INSTRUCTION SUMMARY 

INSTRUCTION 

MEMORY REFERENCE 
LOAD IMMEDIATE 
REGISTER LOAD IMMEDIATE 

LOAD VIA N 
LOAD ADVANCE 
LOADVIAX 
LOAD VIA X AND ADVANCE 
REGISTER LOAD VIA X AND 

ADVANCE 
STORE VIA N 
STORE VIA X AND DECREMENT 
REGISTER STORE VIA X AND 

DECREMENT 
REGISTER OPERATIONS 
INCREMENT REG N 
DECREMENT REG N 
DECREMENT REG N AND LONG 
BRANCH IF NOT EQUAL 0 

INCREMENT REG X 
GET LOW REG N 
PUT LOW REG N 
GET HIGH REG N 
PUT HIGH REG N 
REGISTER N TO REGISTER X COPY 
LOGIC OPERATIONS (Note 5) 
OR 
OR IMMEDIATE 

EXCLUSIVE OR 
EXCLUSIVE OR IMMEDIATE 

AND 
AND IMMEDIATE 

SHIFT RIGHT 

SHIFT RIGHT WITH CARRY 

RING SHIFT RIGHT 

SHIFT LEFT 

NO. OF 
MACHINE 
CYCLES 

2 
5 

2 
2 
2 
2 
5 

2 
2 
5 

2 
2 
5 

2 
2 
2 
2 
2 
4 

2 
2 

2 
2 

2 
2 

2 

2 
2 

2 

R(W).O: Lower-order byte of R(W) 
R(W).1: Higher-order byte of R(W) 

Operation Notation 
M (R(N»-D; R(N) + 1-R(N) 

This notation means: The memory byte pointed to by R(N) 
is loaded into D, and R(N) is incremented by 1. 

OP 
MNEMONIC CODE OPERATION 

LDI FB M(R(P»-D; R(P)+1-R(P) 
RLDI SBCN- M(R(P»-R(N).1; M(R(P»+1-

R(N).O; R(P)+2-R(P) 
LON ON M(R(N»-D; FOR N NOT 0 
LOA 4N M(R(N»-D; R(N)+1-R(N) 
LOX FO M(R(X»-D 

LDXA 72 M(R(X»-D; R(X)+1-R(X) 
RLXA SB6N- M(R(X»-R(N).1; M(R(X)+1)-

R(N).O; R(X»+2-R(X) 
STR 5N D-M(RN» 

STXD 73 D-M(R(X»; R(X)-1-R(X) 
RSXD 6BAN- R(N).O-M(R(X»; R(N).1-

M(R(X)-1); RIXI-2-RIXI 

INC 1N R(N)+1-R(N) 
DEC 2N R(N)-1-R(N) 

DBNZ 6B2N R(N)-1-R(N); IF R(N) NOT 0, 
M(R(P»-R(P).1, M(R(P)+1)-

R(P).O, ELSE R(P)+2-R(P) 
IRX 60 R(X)+1-R(X) 

GLO BN R(N).O-D 
PLO AN D-R(N).O 
GHI 9N R(N).1-D 
PHI BN D-R(N).1 
RNX 6BBN- R(N)-R(X) 

OR F1 M(R(X» OR 0-0 
ORI F9 M(R(P» OR 0-0; 

R(P)+1-R(P) 
XOR F3 M(R(X» XOR 0-0 
XRI FB M(R(P» XOR 0-0; 

R(P)+1-R(P) 
AND F2 M(R(X» AND 0-0 
ANI FA M(R(P» AND 0-0; 

R(P)+1-R(P) 
SHR F6 SHIFT D RIGHT, LSB(D)-DF, 

I 
O-MSB(D) 

SHRC 76" SHIFT D RIGHT, LSB(D)-DF, 
RSHR DF-MSB(D) 

SHL FE SHIFT D LEFT, MSB(D)-DF, 
O-LSB(D) 

-PrevIous contents of T register are destroyed dUring instruction execution. 

"This instruction is associated With more than one mnemonic. Each mnemonic is individually listed. 
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CDP1804AC 
Table I - INSTRUCTION SUMMARY (Cont'd) 

NO. OF 
MACHINE OP 

INSTRUCTION CYCLES MNEMONIC CODE OPERATION 
LOGIC OPERATIONS (Note 5) (Conl'd) 
SHIFT LEFT WITH CARRY 2 SHLC } 7E" SHIFT 0 LEFT, MSB(D)-DF, 
RING SHIFT LEFT 2 RSHL DF-LSB(D) 

ARITHMETIC OPERATIONS (Note 5) 
ADD 2 ADD F4 M(R(X»+D-Df,D 
DECIMAL ADD 4 DADO 6dF4 M(R(X»+D-DF, 0 

DECIMAL ADJUST-OF, 0 
ADD IMMEDIATE 2 ADI FC M(R(P»+D-DF, 0; R(P)+1-R(P) 
DECIMAL ADD IMMEDIATE 4 DAD I 68FC M(R(P»+D-DF,D 

R(P)+1-R(P) 
DECIMAL ADJUST -OF, 0 

ADD WITH CARRY 2 ADC 74 M(R(X»+D+DF-DF, 0 
DECIMAL ADD WITH CARRY 4 DADC 6874 M(R(X»+D+DF-DF, 0 

DECIMAL ADJUST-OF, 0 
ADD WITH CARRY, IMMEDIATE 2 ADCI 7C M(R(P»+D+DF-DF, 0 

R(P)+1-R(P) 
DECIMAL ADD WITH CARRY. 4 DACI 687C M(R(P»+D+DF-DF,D 

IMMEDIATE R(P)+1-R(P) 
DECIMAL ADJUST-OF, 0 

SUBTRACT 0 2 SO F5 M(R(X»-D-DF, 0 
SUBTRACT 0 IMMEDIATE 2 SOl FD M(R(P»-D-DF, 0; 

R(P)+1-R(P) 
SUBTRACT D WITH BORROW 2 SOB 75 M(R(X»-D-(NOT DF)-DF, 0 
SUBTRACT 0 WITH 2 SDBI 7D M(R(P»-D-(NOT DF)-DF, 0; 

BORROW, IMMEDIATE R(P)+1-R(P) 
SUBTRACT MEMORY 2 SM F7 D-M(R(X»-DF, 0 
DECIMAL SUBTRACT MEMORY 4 DSM 68F7 D-M(R(X»-DF,D 

DECIMAL ADJUST-OF, 0 
SUBTRACT MEMORY IMMEDIATE 2 SMI FF D-M(R(P»-DF, 0; 

R(P)+1-R(P) 
DECIMAL SUBTRACT MEMORY, 4 DSMI 68FF D-M(R(P»-DF, 0 

IMMEDIATE R(P)+1-R(P) 
DECIMAL ADJUST-OF, 0 

SUBTRACT MEMORY WITH BORROW 2 5MB 77 D-M(R(X»-(NOT DF)-DF, 0 
DECIMAL SUBTRACT MEMORY 4 DSMB 6877 D-M(R(X»-(NOT DF)-DF, 0 

WITH BORROW DECIMAL ADJUST-OF, 0 
SUBTRACT MEMORY WITH 2 5MBI 7F D-M(R(P»-(NOT DF)-DF, 0 

BORROW, IMMEDIATE R(P)+1-R(P) 
DECIMAL SUBTRACT MEMORY 4 DSBI 687F D-M(R(P»-(NOT DF)-DF, 0 

WITH BORROW, IMMEDIATE R(P)+1-R(P) 
DECIMAL ADJUST-OF 0 

BRANCH INSTRUCTIONS - SHORT BRANCH 
SHORT BRANCH 2 BR 30 M(R(P»-R(P).O 
NO SHORT BRANCH (SEE SKP) 2 NBR 38" R(P)+1-R(P) 
SHORT BRANCH IF 0 = 0 2 BZ 32 IF 0 = 0, M(R(P»-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF 0 NOT 0 2 BNZ 3A IF 0 NOT 0, M(R(P»-R(P).O 

ELSE R(P)+1-R(P) 

"This Instrucllon IS associated with more than one mnemonic. Each mnemonic is individually listed. 
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CDP1804AC 
Table I - INSTRUCTION SUMMARY (Conl'd) 

NO. OF 
MACHINE OP 

INSTRUCTION CYCLES MNEMONIC CODE OPERATION 
BRANCH INSTRUCTIONS SHORT BRANCH (Cont'd 
SHORT BRANCH IF OF = 1 2 

BOF 1 33& IF OF = 1, M(R(P»-R(P).O 
SHORT BRANCH IF POS OR ZERO 2 BPZ ELSE R(P)+l-R(P) 
SHORT BRANCH IF EOUAL OR 2 BGE 

GREATER 
SHORT BRANCH IF OF = 0 2 BNF 

1 
3B& IF 0 = 0, M(R(P»-R(P).O 

SHORT BRANCH IF MINUS 2 BM ELSE R(P)+l-R(P) 
SHORT BRANCH IF LESS 2 BL 
SHORT BRANCH IF a = 1 2 BO 31 IF a = 1. M(R(P»-R(P).O 

ELSE R(P)+l-R(P) 
SHORT BRANCH IF a = 0 2 BNO 39 IF a = 0, M(R(P»-R(P).O 

ELSE R(P)+l-R(P) 
SHORT BRANCH IF EF1 = 1 2 B1 34 IF EF1 = 1, M(R(P»-R(P).O 
--
(EF1 = Vss) ELSE R(P)+l-R(P) 

SHORT BRANCH IF EF1 = 0 2 BN1 3C IF EF1 = 0, M(R(P»-R(P).O --
(EF1 = Voo) ELSE R(P)+l-R(P) 

SHORT BRANCH IF EF2 = 1 2 B2 35 IF EF2 = 1, M(R(P»-R(P).O 
(EF2 = Vss) ELSE R(P)+l-R(P) 

SHORT BRANCH IF EF2 = 0 2 BN2 3D IF EF2 = 0, M(R(P»-R(P).O 
(EF2 = Voo) ELSE R(P)+l-R(P) 

SHORT BRANCH IF EF3 = 1 2 B3 36 IF EF3 = 1, M(R(P»-R(P).O 
(EF3 = Vss) ELSE R(P)+l-R(P) 

SHORT BRANCH IF EF3 = 0 2 BN3 3E IF EF3 = 0, M(R(P»-R(P).O 
(EF3 = Voo) ELSE R(P)+l-R(P) 

SHORT BRANCH IF EF4 = 1 2 B4 37 IF EF4 =1, M(R(P»-R(P).O 
(EF4 = Vss) ELSE R(P)+l-R(P) 

SHORT BRANCH IF EF4 = 0 2 BN4 3F IF EF4 = 0, M(R(P»-R(P).O 
(EF4 = Voo) ELSE R(P)+l-R(P) 

SHORT BRANCH ON 3 BCI 683E" IF CI=l, M(R(P»-R(P).O; O-CI 
COUNTER INTERRUPT ELSE R(P)+l-R(P) 

SHORT BRANCH ON 3 BXI 683F IF XI=l, M(R(P»-R(P).O 
EXTERNAL INTERRUPT ELSE R(P)+l-R(P) 

BRANCH INSTRUCTIONS - LONG BRANCH 

LONG BRANCH 3 LBR CO M(R(P»-R(P).1, M(R(P)+l )-R(P).O 
NO LONG BRANCH (SEE LSKP) 3 NLBR C8& R(P)+2-R(P) 
LONG BRANCH IF 0 = 0 3 LBZ C2 IF 0 = 0, M(R(P»-R(P).l 

M(R(P)+l )-R(P).O 
ELSE R(P)+2-R(P) 

LONG BRANCH IF D NOT 0 3 LBNZ CA IF D NOT 0, M(R(P»-R(P).l 
M(R(P)+l )-R(P).O 

ELSE R(P)+2-R(P) 
LONG BRANCH IF OF = 1 3 LBOF C3 IF OF = 1, M(R(P»-R(P).l 

M(R(P)+l )-R(P).O 
ELSE R(P)+2-R(P) 

LONG BRANCH IF OF = 0 3 LBNF CB IF OF = 0, M(R(P»-R(P).l 
M(R(P)+l )-R(P).O 
ELSE R(P)+2-R(P) 

LONG BRANCH IF a = 1 3 LBO C1 i~ 0 = 1, M(R(P»-R(P).l 
M(R(P)+l )-R(P).O 
ELSE R(P)+2-R(P) 

LONG BRANCH IF 0 = 0 3 LBNO C9 IF a = 0, M(R(P»-R(P).l 
M(R(P)+l )-R(P).O 
ELSE R(P)+2-R(P) 

"This instructIOn IS associated with more than one mnemOniC Each mnemonic IS individually listed. 

-'ETO cleared by LOC with the Counter/Timer stopped, reset of CPU, or BCI _ (CI=l). 
CI = Counter Interrupt, XI = External Interrupt. 
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CDP1804AC 
Table I - INSTRUCTION SUMMARY (Conl'd) 

NO. OF 
MACHINE OP 

INSTRUCTION CYCLES MNEMONIC CODE OPERATION 
SKIP INSTRUCTIONS 
SHORT SKIP (SEE NBR) 2 SKP 38& R(P)+1-R(P) 
LONG SKIP (SEE NLBR) 3 LSKP C8& R(P)+-R(P) 
LONG SKIP IF 0 = 0 3 LSZ CE IF 0 = 0, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF 0 NOT 0 3 LSNZ C6 IF 0 NOT 0, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF OF = 1 3 LSDF CF IF OF = 1, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF OF = 0 3 LSNF C7 IF OF = 0, R(P)+2-R(P) 

ELSE CONTINUE 

LONG SKIP IF a = 1 3 LSO CD IF a = 1, R(P)+2-R(P) 
ELSE CONTINUE 

LONG SKIP IF a = 0 3 LSNO C5 IF a = 0, R(P)+2-R(P) 
ELSE CONTINUE 

LONG SKIP IF MIE = 1 3 LSIE CC IF MIE = 1, R(P)+2-R(P) 
ELSE CONTINUE 

CONTROL INSTRUCTIONS 

IDLE 2 IDL O(J# STOP ON TPB; WAIT FOR DMA OR 
INTERRUPT; BUS FLOATS 

NO OPERATION 3 NOP C4 CONTINUE 
:SET P 2 SEP ON N-P 
SET X 2 SEX EN N-X 
SET a 2 SEa 7B 1-0 
RESET a 2 REO 7A 0-0 
PUSH X, P TO STACK 2 MARK 79 (X, P)-T; (X, P)-M(R(2» 

THEN P-X; R(2)-1-R(2) 

TIMER/COUNTER INSTRUCTIONS 

LOAD COUNTER 3 LOC 6806· CNTR STOPPED: D-CH, CNTR; 
O=CI.CNTR RUNNING; D-CH 

GET COUNTER 3 GEC 6808 CNTR-D 
STOP COUNTER 3 STPC 6800 STOP CNTR CLOCK; 

0-+32 PRESCALER 

DECREMENT TIMER/COUNTER 3 DTC 6801 CNTR-1-CNTR 

SET TIMER MODE AND START 3 STM 6807 TPA+32- CNTR 

SET COUNTER MODE 1 AND START 3 SCM1 6805 EF1- CNTR CLOCK 

SET COUNTER MODE 2 AND START 3 SCM2 6803 EF2- CNTR CLOCK 

SET PULSE WIDTH MODE 1 3 SPM1 6804 TPA.EF1- CNTR CLOCK; 

AND START EF1 .f' STOPS COUNT 

SET PULSE WIDTH MODE 2 3 SPM2 6802 TPA.EF2- CNTR CLOCK; 

AND START EF2 .f' STOPS COUNT 

ENABLE TOGGLE a 3 ETa 6809· IF CNTR = 01 • NEXT 
CNTR CLOCK .f' :Q-O 

AThlS instruction IS associated with more than one mnemonic Each mnemonic IS Individually listed 
#An IDLE instruction initiates an 81 cycle All external signals. except the OSCillator, are stopped on the low-to-high transition of TPB. All 

outputs remain in their previous states, MRD, MWR, EMSare settoa logic '1' and the data bus floats. The processor will continue to IDLE until 
an I/O request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the request is acknowledged, the IDLE cycle is terminated and the 
I/O request isserviced, and the normal operation is resumed. (To respond to an INTERRUPT during an IDLE, MIE and eitherCIEor XIE must 
be enabled) . 

• ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU or BCI . (CI = 1) 

CI = Counter Interrupt, XI = External Interrupt. 
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CDP1804AC 
Table I - INSTRUCTION SUMMARY (Conl'd) 

NO. OF 
MACHINE OP 

INSTRUCTION CYCLES MNEMONIC CODE OPERATION 

INTERRUPT CONTROL 

EXTERNAL INTERRUPT ENABLE 3 XIE 680A 1-XIE 
EXTERNAL INTERRUPT DISABLE 3 XID 680B O-XIE 
COUNTER INTERRUPT ENABLE 3 CIE 680C 1-CIE 
COUNTER INTERRUPT DISABLE 3 CID 680D O-CIE 
RETURN 2 RET 70 M(R(X»-X. P; 

R(X)+1-R(X); 1-MIE 
DISABLE 2 DIS 71 M(R(X)-X. P; 

R(X)+1-R(X); O-MIE 
SAVE 2 SAV 78 T-M(R(X» 
SAVE T. D. DF 6 DSAV 6876" R(X)-1-R(X). T -M(R(X». Ifl 

R(X)-1-R(X). D-·M (R(X», 
R(X)-1-R(X). SHIFT 0 
RIGHT WITH CARRY. D-M(R(X» 

INPUT-OUTPUT BYTE TRANSFER 

OUTPUT 1 2 OUT1 61 M(R(X»-BUS; R(X)+1-R(X); 
N LINES = 1 

OUTPUT 2 2 OUT2 62 M(R(X»-BUS; R(X)+1-R(X); 
N LINES = 2 

OUTPUT 3 2 OUT3 63 M(R(X»-BUS; R(X)+1-R(X); 
N LINES = 3 

OUTPUT 4 2 OUT4 64 M(R(X»-BUS; R(X)+1-R(X); 
N LINES = 4 

OUTPUT 5 2 OUT5 65 M(R(X»-BUS; R(X)+1-R(X); 
N LINES = 5 

OUTPUT 6 2 OUT6 66 M(R(X»-BUS; R(X)+1-R(X); 
N LINES = 6 

OUTPUT 7 2 OUT7 67 M(R(X»-BUS; R(X)+1-R(X); 
N LINES = 7 

INPUT 1 2 INP 1 69 BUS-M(R(X»; BUS-D; 
N LINES = 1 

INPUT 2 2 INP2 6A BUS-M(R(X»; BUS-D; 
N LINES = 2 

INPUT 3 2 INP3 6B BUS-M(R(X»; BUS-D; 
N LINES = 3 

INPUT 4 2 INP4 6C BUS-M(R(X»; BUS-D; 
N LINES = 4 

INPUT 5 2 INP 5 60 BUS-M(R(X»; BUS-D; 
N LINES = 5 

INPUT 6 2 INP6 6E BUS-M(R(X»; BUS-D; 
N LINES = 6 

INPUT 7 2 INP7 6F BUS-M(R(X»; BUS-D; 
N LINES = 7 

CALL AND RETURN 

STANDARD CALL 10 SCAL 688N- R(N).O-M(R(X»; 
R(N).1-M(R(X)-1); 
R(X)-2-R(X); R(P)-R(N); 
THEN M(R(N»-R(P).1; 
M(R(N)+1 )-R(P).O; 
R(N)+2-R(N) 

STANDARD RETURN 8 SRET 689N- R(N)-R(P); M(R(X)+1)-R(N).1; 
M(R(X)+2)-R(N).0; 
R(X)+2-R(X) 

·Prevlous contents of T register are destroyed during Instruction execution 
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CDP1804AC 
NOTES FOR TABLE I 

1. Long-Branch, Long-SkiD and No Op instructions 
require three cycles to complete (1 fetch + 2 execute). 

Long-Branch instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 

The long-branCh instructions can: 
a. Branch unconditionally 
b. Test for D=O or D;o'O 
c. Test for DF=O or DF=l 
d. Test for 0=0 or 0=1 
e. Effect an unconditional no branch 

If the tested condition is met, then branching takes 
place; the branching address bytes are loaded in the 
high-and-Iow-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 

If the tested condition is not met, the branching address 
bytes are skipped over, and the next instruction in 
sequence IS fetched and executed. This operation is 
taken for the case of unconditional no branch (NLBR). 

2. The short-branch instructions are two or three bytes 
long. The first byte specifies the condition to betested, 
and the second specifies the branching address, except 
for the branches on interrupt. For those, the first two 
bytes specify the condition to be tested and the third 
byte specifies the branching address. 

The short branch instruction can: 
a. Branch unconditionally 
b. Test for D=O or D;o'O 
c. Test for DF=O or DF=l 
d. Test for 0=0 or 0=1 
e. Test the status (lor 0) of the four EF flags 
f Effect an unconditional no branch 
g. Test for counter or external interrupts (BCI, BXI) 

If the tested condition is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position olthe current program counter. 
This effects a branch within the current 256-byte page 
olthe memory, i.e., the page which holds the branching 
address. If the tested condition is not met, the branching 
address byte is skipped over, and the next instruction in 
sequence is fetched and executed. This s~me action is 
taken in the case of unconditional no branch (NBR). 

3. The skip instructions are one byte long. There is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 

The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction in 
sequence is letched and eXElcuted. This SKP instruction 
is identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not con­
sidered part of the program. 

The Long-Skip instructions take three cycles to com­
plete (1 fetch + 2 execute). 

They can: 
a. Skip unconditionally 
b. Test for D=O or D;o'Q 
c. Test for DF=O or DF=l 
d. Test for 0=0 or 0=1 
e. Test for MIE=l 

If the tested condition is met, then Long Skip takes 
place; the current program counter is incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 
Execution is continued by fetching the next instruction 
in sequence. 

4. Instruction 6800 through 68FF take a minimum 013 
machine cycles and up to a maximum of 10 machine 
cycles. In all cases, the first two cycles are fetches and 
subsequent cycles are executes. The first byte (68) of 
these tWO-byte op codes is used to generate the second 
fetch, the second byte is then interpreted differently 
than the same code without the 68 prefix. DMA and INT 
requests are not serviced until the end of the last 
execute cycle. 

5. Arithmetic Operations: 
The arithmetic and shift operations are the only 
instructions that can alter the content of DF. The syntax 
'(NOT DF)' denotes the subtraction of the borrow. 
Binary Operations: 

After an ADD instruction -
DF=l denotes a carry has occurred. Result is 
greater than FF, •. 
DF=O denotes a carry has not occurred. 

After a SUBTRACT instruction -
DF=l denotes no borrow. D is a true positive 
number. 
DF=O denotes a borrow. D is in two's complement 
form. 

Binary Coded Decimal Operations: 
After a BCD ADD instruction -

DF=l denotes a carry has occurred. Result is 
greater than 99,0. 
DF=O denotes a carry has not occurred. 

After a BCD SUBTRACT instruction -
DF=l denotes no borrow. D is a true positive 
decimal number. 

(Example) 99 
-88 
11 

D 
M(R(X)) 
D DF=l 

DF=O denotes a borrow. D is in ten's complement 
form. 

(Example) 88 
-99 
89 

D 
M(R(X)) 
D DF=O 

89 is the ten's complement of 11, which is the 
correct answer (with a minus value denoted by 
DF=O). 
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CLOCK 

TPA--,---.., 

tpLH,tpHL I 

TPB~~~~~~~~~=1*=~~~~~~~========:L==~ __ ~~:; 
MEMORY 

ADDRESS~~~~~~~~~~tt-+J"~· 

CDP1804AC 

~~ __ L--r ________ -r ________ ~-; __ ~ __ ~~_PL--,H 
~ 

* "ME 
(MEMORY 
ENABLE) 

, 
, 

tsu IS ALLOWAB LEI 
INTER NAL RAM : I 

'EMS 
( EXTERNAL 

MEMORY 
SELECT) 

ACCESS TIME 

---I--...,..---l--.l..-L.-~ _ 'PLH--: F -r--;tc== 'PHL I I 

, ..j ::~~t ,---j r- 'H 

g:J~oFBRuOSM --I------t:-------IL : i 1 }-

I 1-: 'PLHr : I --I L'PLH"PHL 

P~;:R~~~M I I' I 'PHL I ~-
MEMORY I 'PLH. i -- j t ,.-

(~.BL'{,SW) I 'PHL ': ,I ~ 

STATE CO~ES~'PLH"PHL : :'PL~"PHL~ 
Q-r-i ~~:: ~ 

NO N' N2 1 : t CPHL 
(I10 1--, '--/ ' EXECUTION , PLH I DATA LATCHED, , 
CYCLE) I I IN CPU ~ 'SU I 

B~~T~o~~SM~$A?~~'H ~ 
DMA ~ ~LEO(SI.S2.S3)::::::------":::t...-,....r-;-___ _ 

I INTERRUPT \. 
REQUEST I SAMPLED (SI.S2)----: 

INTERRUPT 
REQUEST 1 

1 I 
'H 

FLAG LINES 
SAMPLED END OF SO I I 

-~----+:-----------------------------,l'--~~ I I 
~, ~'S~U~I~~'H~/---------------------~~'~S~U~'~'~H.f-----------

WAIT ; \" t -! 't' "I· 1 
I 
I 

* NOTES: 
1. THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS ONLY 

AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 
2. ALL MEASUREMENTS ARE REFERENCED TO 50% POINT OF THE WAVE~ 

FORMS. 
3. SHADED ARE AS INDICATED "DON'T CARE" OR UNDEFINED STATE. 

MULTIPLE TRANSITIONS MAV OCCUR DURING THIS PERIOD. 
*FOR THE RUN (RAM ON LV) MODE ONLY . 
... FOR THE RUN (RAM/ROM) MODE ONL V 

92Cl- 34986RI 

Fig. 14 - Dynamic timing waveforms for CDPI804AC. 
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CDP1804AC 
DYNAMIC ELECTRICAL CHARACTERISTICS al TA = -4010 +85°C; CL = 50 pF; Inpul I" It = 10ns; 
Inpul Pulle Levels = 0.1 V 10 Voo -0.1 V; Voo = 5 V, ±5%. 

LIMITS 

CHARACTERISTIC CDP1804AC 

Typ.- Max. 

Propagation Delay Times: 

Clock to TPA. TPB tPLHI tPHL 150 275 

Clock-to-Memory High-Address Byte tPLH. tPHL 325 550 

Clock-to-Memory Low-Address Byte tPLH. tPHL 275 450 

ClocktoMiffi tPLH tPHL 200 325 

Clockto~ tPLH. tPHL 150 275 

Clock to (CPU DATA to BUS) tPLH. tPHL 375 625 

Clock to State Code tPLH. tPHL 225 400 

Clock to Q tPlH, tPHL 250 425 

Clock to N tPLH. tPHL 250 425 

Clock to Internal RAM Data to BUS tPLH, tPHL 420 650 

Clock to EMS tPLH. tPHL 275 450 

Minimum Set Up and Hold Times:-

Data Bus Input Set-Up tsu -100 0 

Data Bus Input Hold tH 125 225 

DMA Set-Uo ts -75 a 
DMA Hold tH 100 175 

MESet-U~ tsu ·125 320 

ME Hold '" 0 50 

Interrupt Set-Up tsu -100 0 

Interrupt Hold tH 100 175 

WAIT Set-Up tsu 20 50 

EF1-4 Set-U p tsu -125 0 

r-_EF1-4 Hold tH 175 300 

Minimum Pulse Width Times:-

CLEAR Pulse Width tWL 100 175 

CLOCK Pulse Width tWL 75 100 

-Typical values are for TA = 25° C and nom mal Voo. 

-Maximum limits of minImum characteristics are the values above which all devices function. 

TIMING SPECIFICATIONS a8 a function of T (T = 1IfCLOCK) at TA = -40 to +85°C, Voo = 5 V, ±5%. 

LIMITS 

CHARACTERISTIC CDP1804AC 

Min. Typ .• 

High-Order Memory-Address Byte Set-Up to TPA ... Time tsu 2T-275 2T-175 

MRD to TPA "\ Time tsu T/2-100 T/2-75 

High-Order Memory-Address Byte Hold Alter TPA Time tH T/2+ 75 T/2+100 

Low-Order Memory-Address Byte Hold After WR Time tH T+180 T+ 240 

CPU Data to Bus Hold After WR Time tH T+110 T+150 

Required Memory Access Time Address to Data tACC 4.5T-440 4.5T-330 

.Typical values are for T. = 25° C and nominal Voo. 

UNITS 

ns 

ns 

ns 

UNITS 

ns 
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CDP1804AC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING All MACHINE STATES 

DATA MEMORY N 
STATE I N MNEMONIC OPERATION BUS ADDRESS MRD iiWii liNES 

RESET O-O,I,N, COUNTER 00 UNDEFINED 1 1 0 
PRESCAlER, Cll; 

S1 
1-CIE. X~ 

INITIALIZE X, P-TTHEN OO~ UNDEFINED 1 1 0 
NOT PROGRAMMER O-X, P; 1-MIE, OOOO-RO 

'" 
SO FETCH MRP-I, N; RP+1-RP MRP RP 0 1 0 

0 0 IOl STOPATTPB HIGHZ RO 1 1 0 
WAIT FOR OMA OR INT 

0 1-F LON MRN-O MRN RN 0 1 0 
1 O-F INC RN+1-RN HIGHZ RN 1 1 0 
2 O-F DEC RN-1-RN HIGHZ RN 1 1 (1 

3 O-F SHORT TAKEN: MRP-RP.O MRP RP 0 1 0 
BRANCH NOT TAKEN: RP+1-RP 

'4 O-F LOA MRN-O' RN+1-RN MRN RN 0 1 0 
5 O-F STR O-MRN 0 RN 1 0 0 
6 0 IRX RX+1-RX MRX RX 1 1 0 

1 OUT1 1 
2 OUT2 2 
3 OUT3 3 
4 OUT4 MRX-BUS; RX+1-RX MRX RX 0 1 4 
5 OUT5 5 
6 OUT6 6 

6 
7 OUT7 ~ 
9 INP 1 1 
A INP2 2 
B INP3 DATA 3 
C INP4 BUS-MRX,O FROM RX 1 0 4 

S1 
0 INP5 1/0 5 
E INP6 DEVICE 6 
F INP7 7 
0 RET MRX-X,P; RX+1-RX MRX RX 0 1 0 

1-MIE 
1 DIS MRX-X,P; RX+1-RX MRX RX 0 1 0 

O-MIE 
2 LOXA MRX-O; RX+1-RX MRX RX 0 1 0 
3 STXO O-MRX' RX-1-RX 0 RX 1 0 0 
4 AOC MRX+O+OF-OF, 0 MRX RX 0 1 0 
5 SOB MRX- O-OFN-OF, 0 MRX RX 0 1 0 
6 SHRC LSB(O)-OF; OF-MSElLI2l HIGHZ RX 1 1 0 
7 5MB 0- MRX- OFN-OF, 0 MRX RX 0 1 0 

7 8 SAV T-MRX T RX 1 0 O. 
9 MARK X,P-T, MR2; P-X T R2 1 0 0 

R2-1-R2 
A REO 0-0 HIGHZ RP 1 1 0 
B SEO 1-0 HIGHZ RP 1 1 0 
C AOCI MRP+O+OF-OF, 0; RP+l MRP RP 0 1 0 
0 SOBI MRP-O-OFN OF, 0; RP+1 MRP RP 0 1 0 
E SHLC MSB(O)-OF;OF-LSB(O) HIGHZ RP 1 1 0 
F 5MBI O-MRP-OFN-OF, 0; RP+1 MRP RP 0 1 0 

8 O-F GLO RN.O-O RN.O RN 1 1 0 
9 O-F GHI RN.1-0 RN.1 RN 1 1 0 
A O-F PLO O-RN.O 0 RN 1 1 0 
B O-F PHI O-RN.1 0 RN 1 1 0 

- . .. 
~ - Data bus floats for first 2-1/2 clocks of the 9 clock inItIalizatIon cycle: all zeros for remainder of cycle . 
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CDP1804AC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Confd) 

DATA MEMORY N 
STATE I N MNEMONIC OPERATION BUS ADDRESS iiiffi MWi LINES 
Sl#l TAKEN: MRP-B; RP+1-RP MRP RP 0 1 0 

#2 0-3, LONG TAKEN:B-RP.1·MRP-RP.O MIRP+1\ RP+1 0 1 0 
S1#1 8-B BRANCH NOT TAKEN RP+1-RP MRP RP 0 1 0 

#2 NOT TAKEN: RP+1-RP M(RP+1) RP+1 0 1 0 
Sl#l C 5 TAKEN: RP+1-RP MRP RP 0 1 0 

#2 6 LONG TAKEN: RP+1-RP M(RP+l) RP+l 0 1 0 
7 SKIP 

Sl#l C NOT TAKEN: NO MRP RP 0 1 0 
D OPERATION 

#2 E NOT TAKEN: NO M(RP+1) RP+1 0 1 0 
F OPERATION 

Sl#l NO OPERATION MRP RP 0 1 0 
#2 4 NOP NO OPERATION M(RP+1) RP+1 0 1 0 

D O-F SEP N-P NN RN 1 1 0 
E O-F SEX N-X NN RN 1 1 0 

0 LDX MRX-D MRX RX 0 1 0 

1 OR MRX OR D-D 
2 AND MRXAND'D-D 
3 XOR MRXXOR D-D MRX RX 0 1 0 

4 ADD MRX+D-DF, D 
5 SD MRX-D-DF, D 
7 SM D-MRX-DF' D 

Sl F 6 SHR LSB(D)-DF; O-MSB(D) HIGHZ RX 1 1 0 
8 LDI MRP-D; RP+1-RP 
9 ORI MRP OR D-D; RP+1-RP 
A ANI MRP AND D-D; RP+1-RP 
B XRI MRP XOR D-D; RP+1-RP MRP RP 0 1 0 
C ADI MRP+D-DF, D; RP+1-RP 
D SDI MRP-D-DF, D; RP+1-RP 
F SMI D-MRP-DF, D; RP+1-RP 
E SHL MSB(D)-DF; O-LSB(D) HIGHZ RP 1 1 0 
DMAIN BUS-MRO; RO+1-RO DATA FROM RO 1 0 0 

S2 1/0 DEVICE 
DMA OUT MRO-BUS; RO+l-RO MRO RO 0 1 0 

S3 INTERRUPT X,P-T; O-MIE HIGHZ RN 1 1 0 
1-P;2-X 
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CDP1804AC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Cont'd) 

DATA MEMORY N 
STATE I N MNEMONIC OPERATION BUS ADDRESS MAD MWR LINES 

THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
"6S" PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 

0 STPC STOP COUNTEA CLOCK; HIGHZ AO 1 1 0 
0-+32 PAESCAlEA 

1 DTC CNTA-1-CNTA HIGHZ A1 1 1 0 
2 SPM2 CNTA-1 ON EF2 AND TPA HIGHZ A2 1 1 0 
3 SCM2 CNTA-1 ON EF2 0 TO 1 HIGHZ A3 1 1 0 
4 SPM1 CNTA-1 ON EF1 AND TPA HIGHZ A4 1 1 0 
S SCM1 CNTA-1 ON EF1 0 TO 1 HIGHZ AS 1 1 0 

S1 0 6 lDC CNTR STOPPED: D-CH, 0 A6 1 1 0 
CNTR,O-'CI 

CNTR RUNNING' D-CH 
7 STM CNTA-1 ON TPA+32 HIGHZ A7 1 1 0 
8 GEC CNTA-D CNTA A8 1 1 0 
9 ETQ IF CNTA THAU 0: Q-Q HIGHZ A9 1 1 0 
A XIE 1-XIE HIGHZ AA 1 1 0 
B XID O-XIE HIGHZ AB 1 1 0 
C CIE 1-CIE HIGHZ AC 1 1 0 
0 CID O-CIE HIGHZ AD 1 1 0 

S1#1 AN-1-AN HIGHZ AN 1 1 0 
#2 MAP-B; AP+1-AP MAP AP 0 1 0 
#3 2 O-F DBNZ 

TAKEN: B-AP.1, MAP-AP.O 
M(AP+1) AP+1 0 1 0 

NOT TAKEN: AP+1-AP 

BCI TAKEN: MAP-AP.O; 
E O-CI MAP AP 0 1 0 

S1 3 NOT TAKEN: RP+1-AP 

F B)(I 
TAKEN: MAP-AP.O 

NOT TAKEN: AP+1-AP MAP AP 0 1 0 

S1#1 MAX-B, AX+1-AX MAX AX 0 1 0 
#2 6 O-F AlXA B-T; MAX-B; AX+1-AX M(AX+1) AX+1 0 1 0 
#3 B T-AN.O RN.1 HIGHZ AN 1 1 0 

S1#1 MRX+D+DF-DF 0 MRX RX 0 1 0 
#2 

7 4 DADC 
DECIMAL ADJUST-OF 0 HIGHZ AP 1 1 1 

S1#1 AX-1-RX HIGHZ AX 1 1 0 
#2 T-MRX; RX-1-RX T AX-1 1 0 0 
#3 7 6 DSAV D-MRX; RX-1-RX 0 AX-2 1 0 0 

SHIFT 0 RIGHT WITH 
CARAY 

#4 D-MRX 0 AX-3 1 0 0 
S1#1 D-MRX-(NOT DF)-DF 0 MRX RX 0 1 0 

#2 7 7 DSMB 
DECIMAL ADJUST-OF. 0 HIGHZ RP 1 1 0 

81#1 MRP+D+DF-DF. 0; 
7 C DACI AP+1-AP MRP AP 0 1 0 

#2 DECIMAL ADJUST-OF, 0 HIGHZ AP+1 1 1 0 
S1#1 D-MRP-(NOT DF)-DF, 0; 

7 F DSBI AP+1-AP MAP RP 0 1 0 

#2 DECIMAL ADJUST-OF, 0 HIGHZ RP+1 1 1 0 
S1#1 AN.O, RN.1-T, B HIGHZ AN 1 1 0 

#2 T-MRX; AX-1-RX AN.O RX 1 0 0 
#3 B-MRX AX-1-RX RN.1 AX-1 1 0 0 
#4 8 O-F SCAl AP.O RP.1-T B HIGHZ RP 1 1 0 
#5 B T-AN.1, AN.O HIGHZ RN 1 1 0 
#6 MAN-B; RN+1-AN MRP AP 0 1 0 
#7 B-T' MRN-B' AN+1-RN M(AP+1) RP+1 0 1 0 
#8 B, T-AP.O, RP.1 HIGHZ AP 1 1 0 
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CDP1804AC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Confd) 

DATA MEMORY -- -- N 
STATE I N MNEMONIC OPERATION BUS ADDRESS MRD MWR LINES 

THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
"68" PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 

Sl#l RN.O RN.1-T B HIGHZ RN 1 1 a 
#2 RX+1-RX HIGHZ RX 1 1 --'l 
#3 B, T-RP.1, RP.O HIGHZ RP 1 1 0 

9 O-F SRET 
#4 MRX-B; RX+1-RX t.1LRX+!l RX+1 0 1 0 
#5 B-T; MRX-B M(RX+1l RX+2 0 1 0 
#6 B, T-RN.O, RN.1 HIGHZ RN 1 1 --'l. 

Sl#l RN.O, RN.1-T, B HIGHZ RN 1 1 0 
#2 A O-F RSXD T-MRX· RX-1-RX RN.O RX 1 0 --'l. 
#3 B-MRX; RX-1-RX RN.1 RX-1 1 0 0 

S1#1 RN.a, RN.1-T, B HIGHZ RN 1 1 a 
#2 B O-F RNX 

B, T-RX.1 RX.O HIGHZ RX 1 1 a 

~ MRP-B· RP+1-RP MRP RP 0 1 a 

-4-- C O-F RLDI B-T· MRP-B· RP+1-RP MLRP+ll RP+1 0 1 --'l. 
#3 B, T-RN.O, RN.1;·RP+1-RP HIGHZ RN 1 1 0 

l~ MRX+D-DF. D MRX RX n 1 ....0.. 
#2 F 4 DADD DECIMAL ADJUST -DF, D HIGHZ RP 1 1 0 

Sl#1 D-MRX-DF, D MRX RX 0 1 0 
#2 F 7 DSM DECIMAL ADJUST-DF, D HIGHZ RP 1 1 0 

Sl#1 MRP+D-DF, D; 
MRP RP 0 1 0 F C DADI RP+1-RP 

#2 DECIMAL ADJUST-DF, D HIGHZ RP+1 1 1 0 
1:;1#1 D-MRP-DF, D 

MRP RP 0 1 a F F DSMI RP+1-RP 
#2 DECIMAL ADJUST-DF, D HIGHZ RP+1 1 1 0 
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CDP1804AC 
Inllrucllon Summlry 

N 

o I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I A I B I C 1 DIE 1 F 
0 IDL I LON 

1 INC 

2 DEC 

3 BR I BO I BZ I BDF I B1 I B2 I B3 I B4 ~ SKP I BNO I BNZ I BNF I BN1 I BN2 I BN3 I BN4 

4 LOA 

5 STR 

6 IRX 1 OUT 1 * I INP 
7 RET 1 DIS ILDXAlsTXDI ADC I SOB ISHRCI 5MB I SAV IMARKI REO I SEa I ADCII SDBllsHLCI 5MBI 

8 GLO 

9 GHI 

A PLO 

B PHI 

C LBR I LBO I LBZ I LBDF I NOP I LSNO I LSNZ I LSNF I LSKP I LBNO I LBNZ I LBNF I LSIE I LSO I LSZ I LSDF 

0 SEP 

E SEX 

F LOX 1 OR 1 AND 1 XOR I ADD I SO I SHR I SM I LDI I ORII ANll XRl1 ADI L sOil SHLl SMI 

'68' LINKED OPCODES (DOUBLE FETCH) 

0 STPCI DTC ISPM21SCM21 SPM1 I SCM1 I LDC I STM I GEC I ETa I XIE I XID I CIE I CID I -1-

2 DBNZ 

3 -I-I-I-J-I - -'--1-1 - 1 - 1 - 1 - 1 - 1 - 1 BCll BXI 

6 RLXA 
7 - 1 - 1 - 1 - LDADCI - JDSAVLDSMBI - I - I - 1 - 1DACII - .1 - JDSBI 

8 SCAL 

9 SRET 

A RSXD 

B RNX 

C RLDI 

F - 1 - 1 - 1 - IDADDI - I - IDSM I - I - I - I - I DADI I - I - I DSMI 

* '68' IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS. 
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CDP1804AC 
CDP1804AC Malk-Programmlng 

The ROM pattern for the CDP1804AC may be submitted on 
a suitable media, such as floppy diskette, ROM or EPROM. 

In addition to specifying the 2K-byte ROM pattern, the 
address space for the ROM and RAM must also be defined. 
The locations of ROM and RAM in the CDP1804AC are 
determined by AND-gate decoders which decode the upper 
memory addresses and are programmable at the time of 
ROM pattern masking during device fabrication. The logical 

values of the decoder inputs are selectable as 1 or P 
(positive), 0 orN (negative), orX (don't care). A 5-bit decoder 
is used for the ROM selection, so the ROM can be placed at 
one or more of the 32 available 2K-byte blocks wltl,ln the 
65,536 locations of memory. Similarly, the RAM has a 10-bit 
decoder and can be selected at one or more of the available 
64-byte blocks. If the RAM is located within the ROM·space, 
only the RAM will be enabled at the locations where both 
are mapped. The RAM may also be selectively disabled. 

Programming Options 

Address Options 

The logic levels of high-order address bits are mask Multiple mapping can be achieved by choosing X (don't care) 
programmable in the CDP1804AC. The high (1), low (0), or for one or more of the high-order address lines; this choice 
"don't care" (X) logic status of the high-order address bits is will cause the ROM or RAM block to appear In morethan one 
dependent upon the desired starting address of the 2K-byte location in the 64K memory space. The RAM may also be 
ROM block and the 64-byte RAM block. The desired logic disabled completely in the RUN (ROM/RAM) mode by 
levels forthe high-order address bits (A 15through A6) can be programming the RAM enable bit to an N. 
selected by use of the ROM order sheet. 
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TERMINAL ASSIGNMENT 
CLOCK '00 
WAiT 1<m 

CDP1805AC, CDP1806AC 

CMOS a-Bit Microprocessor With 
Ei:'Ei:R """'" 0 '"""'" " , iiif'Eiiiiijji' 

""" 
On-Chip RAM" and Counter/Timer 

"0 ... 
BUS 1 
BUS 6 
BUS ~ 
BUS 4 
BUS 3 

". ." ... 
Performance Features: 
• Instruction time of 3.2 fJS, 

-40 to +85°C • 64K-byte memory address capability 
BUS 2 ." BUS I • 123 instructions - upwards software • 64 bytes of on-chip RAM'" 
BUS 0 " " ." . " " •• 0 

compatible with CDP1802 • 16 x 16 matrix of on-board registers 
., " " ., " " 

m 
rn • BCD arithmetic instructions • On-chip crystal or RC 

controlled oscillator .0 22 m • Low-power IDLE mode 
'" 

TOP VIEW 
*ME ""0" CDPI805AC 

m 

Yoo FOR CDPIB06AC 92CS,35004 

• Pin com{!atible with CDP1802 
except for terminal 16 

• 8-bit Counter/Timer 

",CDP1805AC only 

The RCA-CDP1805AC and CDP1806AC are functional and 
performance enhancements of the CDP1802 CMOS 8-bit 
register-oriented microprocessor series and are designed 
for use in general-purpose applications 
The CDP180SAC hardware enhancements Include a 64-
byte RAM and an 8-bit presettable down counter. The 
Counter/Timer which generates an internal interrupt 
request, can be programmed for use in time-base, event­
counting, and pulse-duration measurement applications. 
The Counter/Timer underflow output can also be directed 
to the 0 output terminal. The CDP1806AC hardware 
enhancements are identical to the CDP180SAC, except the 
CDP1806AC contains no on-chip RAM. 

The CDP180SAC and CDP1806AC are identical to the 
CDP1804AC, except for the on-chip memory, and may be 
used for CDP1804AC development purposes. 

The CDP180SAC and CDP1806AC software enhancements 
include 32 more instructions that the CDP1802. The 32 new 
software instructions add subroutine call and return 
capability, enhanced data transfer manipulation, 
Counter/Timer control, improved interrupt handling, 
single-instruction loop counting, and BCD arithmetic. 

Upwards software and hardware compatibility is maintained 
when substituting a CDP180fiAC or CDP1806AC for other 
CDP1800-series microprocessors. Pinout is identical except 
for the replacement of Vee with ME on the CDP180SAC and 
the replacement of Vee with Voo on the CDP1806AC. 

The CDP180SAC and CDP1806AC have an operating voltage 
range of 4 V to 6.S V and are supplied in a 40-lead hermetic 
dual-in-line ceramic package (0 suffix). 40-lead dual-in­
line plastic package (E suffix) and 44-lead plastic chip­
carrier (PCC) package (0 suffix). 

ADDRESS BUS - - - - --I 
r-------, r--- - - - - - --, : 

~, 7 
r-MA~MA4-' 
I 

OUT 

COPleSI 
PIO 

CONTROL 

MAD 

CPD1S0SAC WITH 
RAM,COUNTER/TIMER 

COPI8D6AC WITH 
COUNTER I TI MER 

iiWR 

TPA 

CDPl833 
I K BYTE ROM 

I 
---.I MAD 

I 
I 32coB~I~E2~AM 
I (USED WITH 1 

I CDPIS06AC ONLY) I 
1- I 

--~MWR I 
I I 
I I 

--~cs I 

L suso - BUS4 ~ 
-"T-r-

I I 
, I 

'---------"'"''----------- --.J I 
L _________ ---.:8:...-c..:B:...'T.:...,::D::,ATc::Ac..:B:2:U:::-S _____________ --1 

92CM-34987RI 

Fig. 1 - TYPical CDPI805AC, CDP1806AC small microprocessor system. 

File Number 1370 
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CDP1805AC, CDP1806AC 
MAXIMUM RATINGS, A~olute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to Vss terminal) ....•..................•.••••••.•••..•......................•........ -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS .......................................•.•••..•..••........ -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT •••••..••..•................•...................•••.••.•••••..•.•... ±10 rnA 
POWER DISSIPATION PER PACKAGE (Po): 

For T A = -40 to +60· C (PACKAGE TYPE E) .•••••••••••.................................................. 500 mW 
For TA = +60 to +85·C (PACKAGE TYPE E) ...............•••....••.•.•••.. Derate Linearly at 12 mW/·C to 200 mW 
For TA = -55 to +100° C (PACKAGE TYPE D) •...•................................••.•.••••••••••••••••..• 500 mW 
For TA = +100 to +125°C (PACKAGE TYPE D) ...•.••••••..•................ Derate Linearly at 12 mW/oC to 200 mW 
For TA = -40 to +85°C (PACKAGE TYPE 0)' ............................................................. 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ••.•..•....•........................ 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0 ............•................•...•••••..•.••...........................•.•..... -55 to +125°C 
PACKAGE TYPE E and 0 .......................................................................... -40 to +85° C 

STORAGE-TEMPERATURE RANGE (T ... ) •••••........•...................................•....••.•... -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s maximum ...•.•.•••••.•...•......•........... +265°C 
, Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G1 0 epoxy glass, or e9ulvalen1. 

RECOMMENDED OPERATING CONDITIONS at T A = -40 to +85° C 
For maximum reliability, nominal operating conditions should be selected so that operation is always within 
the following ranges: 

CONDITION LIMITS 

CHARACTERISTIC 
CDP1805ACD, CDP1805ACE 

CDP1806ACD, CDP1806ACE 

.. Voo 

(V) MIN. MAX. 

DC Operating Voltage Range - 4 6.5 

Input Voltage Range - Vss Voo 

Minimum Instruction Time' (fcL=5 MHz) 5 3.2 -
Maximum DMA Transfer Rate 5 - 0.625 

Maximum Clock Input Frequency, 

Load Capacitance (CL) = 50 pF 
5 DC 5 

Maximum External Counter/Timer 

Clock Input Frequency to ffi, ffi 5 DC 2 
teL)( 

'Equals 2 machine cycles - one Fetch and one Execute operation for ali instructions except Long Branch, Lon9 Skip, 
NOP, and "68" family instructions, which are more than two cycles. 

SCO 

'iiiiD 
IUS7 

BUSS 

aUIs 

NC 

IUS4 .... 
lUI 

IUli 

8US 

TERMINAL ASSIGNMENT 

38 

57 

'0 .. 
35 

-'0 
" FILE " , . 32 .. " ,. I '0 
17 29 

1819202'12223 2425262728 

*1I1"OR IIOSA *; i i :: ~ L! ~ I~ Iii: ~ 
VOO FOR,.OIA > IW IW ILl ... ::I 

92C9-4094S 

iIWio 
TPA 

TP' 

MA, 

MAO 

Ne 

MA' 

MAO 

MA> 

MA2 

44-Lead Plaatlc Chip-Carrier (Pccj Package 
(Q Sufflxf 

UNITS 

V 

liS 

Mbytesls 

MHz 
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CDP1805AC, CDP1806AC 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85° C, VDD ± 5'10, Except a8 noted 

CONDITIONS LIMITS 

CHARACTERISTIC 
CDP1805ACD, CDP1805ACE 

CDP1806ACD, CDP1806ACE 
UNITS 

Vo VIN VDD 
(V) (V) (V) Min. Typ.· Max. 

Quiescent Device Current 100 - 0,5 5 - 50 200 /JA 

Output Low Drive (Sink) Current IOL 
0.4 0, 5 5 1.6 4 

(Except XTAL) 
-

XTAL Output IOL 0.4 5 5 0.2 0.4 -
Output High Drive (Source) Current 

mA 
IOH 

4.6 0, 5 5 -1.6 -4 
(Except XTAL) -
XTAL IOH 4.6 0 5 -0.1 -0.2 -

Output Voltage Low-Level VOL - 0,5 5 - 0 0.1 

Output Voltage High Level VOH - 0,5 5 4.9 5 -
Input Low Voltage (BUS 0 - BUS 7, ME) VIL 0.5,4.5 - 5 - - 1.5 

Input High Voltage (BUS 0 - BUS 7, ME) VIH 0.5,4.5 - 5 3.5 - -
Schmitt Trigger Input Voltage V 

(Except BUS 0 - BUS 7, ME) 

Positive Trigger Th res hold Vp 2.2 2.9 3.6 

Negative Trigger Threshold VN 0.5,4.5 - 5 0.9 1.9 2.8 

Hysteresis VH 0.3 0.9 1.6 

I nput Leakage Current liN - 0, 5 5 - ±0.1 ±5 

3-State Output Leakage Current lOUT 0,5 0, 5 5 ±0.2 ±5 
/JA 

-
Input capacitance CIN - - 5 7.5 

Output Capacitance COUT 10 15 
pF 

- - - -

Total Power Dissipation lJ. 
Run - - 5 - 35 50 

Idle "00" at M(OOOO) - - 5 
mW 

- 12 18 

Minimum Data Retention Voltage VOR Voo = VOR - 2 2.4 V 

Data Retention Current lOR VOO = 2.4 - 25 100 /JA 

·Typical values are for TA = 25°C and nominal Voo. 
lJ. External clock: f = 5 MHz, t., tf = 10 ns. CL = 50 pF. 
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CDP1805AC, CDP1806AC 

BUSO 

BUS I 

BUS 2 

BUS 3 

BUS 4 

BUS 5 

BUS 6 

BUS 7 

ME FOR CDPI805AC 
VDD FOR CDPI806AC 

I 
CDPI805AC I 
ONL"-I. I 

i .... 64-=-BVTE"l • ...J 

MEMORY ADDRESS LINES 1/0 FLAGS 1:0 ~u~ 
I ~ CONTROL 

~ 

'--~-XTAL 
I I I_.!!~~..r---------

TIMING LOGIC 

SCO}STATE 
SCI CODES 

Q LOGIC 

~}SYSTEM IiWR TIMING 
MRD 

,zeM-54'II 

Fig. 2 - Block diagram for CDP1805AC and CDP1805AC. 

TIMING WAVEFORMS FOR POSSIBLE OPERATING MODES 

r INTERNAL RAM READ CYCLE ---t--INTERNAL RAM WRITE CYCLE:l 
00 ~ ~ ~ ~ ~ ~ ~ 100 ~ ~ ~ ~ ~ e m 

MRD-----,~ ______________ ~~ 
MWR I ~ 

I * ME ----------, ,...-------1 r-
IN L..f--J ~ 

VAUD DATA FROM "EMORY~ 

IleN-54'.1 

·NOTe 

II! HAS A MINIMUM SETUP AND HOLD TIME WITH RESPECT TO THE 

:,~~~~~~~~~~';.'1iKD~T:~~: :~:,~~yT~~A.g3:EA~~'~~;,AyAl'A~: 
CLOCK 31. THE TIME SHOWN CAN BE LONGER. IF FOR INSTANCE. A DMA 
OUT OPERATION IS PERFORMED ON INTERNAL RAM DATA. TO ALLOW DATA 
ENOUGH TIME TO BE LATCHED INTO AN EXTERNAL DEVICE. THE INTERNAL 
r:~~~~~~~~~~IW.LY DESELECTED AT THE END OF CLOCK 11. 

* FOR CDPI805AC ONLY 

NO} lID 
NI ~ 

NZ 

Fig. 3 - Internal memory oparatlon timing waveforms for CDP1805AC and CDP1806AC. 
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CDP1805AC, CDP1806AC 

"1 71 01 " 21 31 41 51 " 71 

I n 
TPB r+1 I"L-

MEMORY I HIGH BVTE I I I HIGH BYTE I ADDRESS 
LOW BYTE I LOW BYTE 

Miiii ---, 
I 

I 

iiiii 
I 
I ~ 

* ME IN 
I 

(HIGH) I 
I 

DATA BUS ~ DATA LATCHED IN CPU i ~ VALID OATA FROM CPU ~ 
* FOR CDPI805AC ONLY 

92CS-34990 

Fig. 4 - External memory operation timing waveforms for CDP1805AC and CDP1806AC. 

ENHANCED CDP1805AC and CDP1806AC OPERATION 

TIMING 

Timing for the CDP180SAC and CDP1806AC is the same as 
the CDP1802 microprocessor series, with the following 
exceptions: 

o 4.S clock cycles are provided for memory access 
instead of S. 
o 0 changes 1/2 clock cycle earlier during the SEQ and 
REO instructions. 
• Flag lines (EF1-U4) are sampled at the end of the SO 
cycle instead of at the beginning of the Sl cycle. 
• Pause can only occur on the low-to-hgh transition of 
either TPA or TPB, instead of any negative clock transition. 

SPECIAL FEATURES 

Schmitt triggers are provided on all inputs, except fiifE: and 

SIGNAL DESCRIPTIONS 

BUS 0 to BUS 7 (Data Bu.): 

8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and 110 devices. 

NO to N2 (110) Line.: 

Activated by an 110 instruction to signal the 110 control 
logic of a data transfer between memory and 110 interface. 
These lines can be used to issue command codes or device 

BUS O-BUS 7, for maximum Immunity from noise and slow 
signal transitions. A Schmitt trigger in the oscillator section 
allows operation with an RC or crystal. 

The CDP1802-series LOAD mode is not retained. This 
mode (WATT, CLEAR=O) is not allowed on the CDP180SAC 
and CDP1806AC. 

A low power mode is provided, which is initiated via the 
IDLE instruction. In this mode all external signals, except 
the oscillator, are stopped on the low-to-high transition of 
TPB. All outputs remain in their previous states, MRD is set 
to a logic "1", and the data bus floats. The IDLE mode is 
exited by a DMA or INT condition. The INT includes both 
external interrupts and interrupts generated by the 
Counter/Timer. The only restrictions are that the Timer 
mode, which uses the TPA ..;- 32 clock source, and the 
underflow condition of the Pulse Width Measurement 
modes are not available to exit the IDLE mode. 

selection codes to the 110 devices. The N bits are low at all 
times except when an 110 instruction is being executed. 
During this time their state is the same as the corresponding 
bits in the N register. The direction of data flow is defined in 
the 110 instruction by bit N3 (internally) and is indicated by 
the level of the 1iil1fD signal: 

MRD = Voo: Input data from I/O to CPU and Memory 

MRD = Vss: Output data from Memory to I/O 
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fF1to En (4 Flags): 

These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. The flag(s) are sampled at the end of 
every SO cycle. m and EF2 are also used for event 
counting and pulse-width measurement in conjunction 
with the Counter/Timer. 

INTERRUPT,Di,1A:i'N, DMA-OUT (31/0 Requests) 

i5MA-Tiii8nd DMA-OUT are sampled during TPB every S1, 
S2, and S3 cycle. INTERRUPT IS sampled during TPB every 
S1 and S2 cycle. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable (MIE) is reset to 0 (inhibit); and 
instruction execution is resumed. The interrupt action 
requires one machine cycle (S3). 

DMA. Action: Finish executing current instruction; R(O) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and R(O) is incremented. 

NotE': In the event of concurrent DMA and INTERRUPT 
requests, DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. (The interrupt request is not internally 
latched and must be held true after DMA.) 

SCO, SC1, (2 State Code Lines): 

These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing 
a DMA request, or 4) acknowledging an interrupt request. 
The levels of state code are tabulated below. All states are 
valid at TPA. 

State Type State Code Lines 

SC1 SCO 
SO (Fetch) L L 
S1 (Execute) L H 
S2 (DMA) H L 
S3 (Interrupt) H H 
H = VDO , L = Vss. 

TPA, TPB (2 Timing Pulses): 

Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
high-order byte of the multiplexed 16-bit memory address. 

MAO to MA7 (8 Memory Address Lines): 

In each cycle, the higher-order byte of a 16-bit memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse !PA. The 
low-order byte ofthe 16-bit address appears on the address 
lines 1/2 clock after the termination of TPA. 

iiWR (Write Pulse): 

A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 

IIiHf(Read Level): 

A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory and to indicate the direction of data transferdurlng 
an I/O instruction. 

Q: 

Single bit output from the CPU which can be set or reset, 
under program control. During SEa and REO instruction 
execution, a is set or reset between the trailing edge ofTPA 
and the leading edge of TPB. The a line can also be 
controlled by the Counter/Timer underflow via the Enable 
Toggle a Instruction. 

The Enable Toggle a command connects the a-line flip­
flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the a line 
changes state. This command is cleared by a LOAD 
COUNTER (LDC) instruction with the Counter/Timer 
stopped, a CPU reset, or a BRANCH COUNTER INTERRUPT 
(BCI) instruction with the counter interrupt flip-flop set. 

CLOCK: 

Input for externally generated single-phase clock. The 
maximum clock frequencyis5 MHzatVeD =5 V. The clock is 
counted down internally to 8 clock pulses per machine 
cycle. 

XTAL: 

Connection to be used with clock input terminal, for an 
external crystal, if the on-chip oscillator is utilized. 

WAIT, CffiR (2 Control Lines): 

Provide four control modes as listed in the following truth 
table: 

CLEAR WAIT MODE 
L L NOT ALLOWED 

L H RESET 

H L PAUSE 
H H RUN 

ME (Memory Enable CDP1805AC Only): 

This active low input is used to select or deselect the 
Internal RAM. It must be active prior to clock 70 for an 
internal RAM access to take place. Internal RAM data will 
appear on the data bus during the time that ~ is active 
(after clock 31). Thus, if this data is to be latched into an 
external devi.2!.(Le., during an OUTPUT instruction or DMA 
OUT cycle), ME should be wide enough to provide enough 
time for valid data to be latched. The internal RAM Is 
automatically CWRelected after clock 71.~ is ineffective 
when MRD. M =1. 

The internal RAM is not internally mask-decoded. Decoding 
of the starting address is performed externally, and may 
reside in any 64-byte block of memory. 

VDD (CDP1808AC Only): 

This input replaces the ME signal of the CDP1805AC and 
must be connected to the positive power supply. 

VDD, VSS, (Power Levell): 

Vss is the most negative supply voltage terminal and is 
normally connected to ground. Vee is the positive supply 
voltage terminal. All outputs swing from Vss to Vee. The 
recommended input voltage swing is from Vss to Vee. 
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ARCHITECTURE 

Fig. 2 shows a block diagram of the COP1B05AC and 
COP1BOBAC. The principal feature of this system is a 
register array (Rl consisting of sixteen 16-bit scratchpad 
registers. Individual registers in the array (R) are designated 
(selected) by a 4-bit binary code from one of the 4-bit 
registers labeled N, P, and X. The contents of any register 
can be directed to anyone of the following paths: 

1. the external memory (multiplexed, higher-order byte 
first on to B memory address lines) 

2. the 0 register (either of the two bytes can be gated to D) 
3. the incremenVdecrement circuit where it is increased 

or decreased by one and stored back in the selected 
16-bit register. 

4. to any other 16-bit scratch pad register in the array. 

The four paths, depending on the nature of the instruction, 
may operate independently or in various combinations in 
the same machine cycle. 

Most instructions consist of two 6-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second 
-and more if necessary - are execute cycles. During the 
fetch cycle the four bits in the P designator select one of the 
16 registers R(P) as the current program counter. The 
selected register R(P) contains the address of the memory 
location from which the instruction is to be fetched. When 
the Instruction Is read out from the memory, the higher­
order 4 bits of the instruction byte are loaded into the I 
register and the lower-order 4 bits into the N register. The 
content ofthe program counter is automatically incremented 
by one so that R(P) is now "pointing" to the next byte in the 
memory. 

The X designator selects one of the 16 registers R(X) to 
"point" to the memory for an operand (or data) in certain 
ALU or I/O operations. 

The N designator can perform the following five functions 
depending on the type of instruction fetched: 

1. designate one of the 16 registers in R to be acted 
upon during register operations 

2. indicate to the 1/0 devices a command code or 
device-selection code for peri pherals 

3. Indicate the specific operation to be executed during 
the ALU Instructions, types of tests to be performed 
du ring the Branch instructions, or the specific opera­
tion required in a class of miscellaneous instructions 

4. indicate the value to be loaded into P to designate a 
new register to be used as the program counter R(P) 

5. indicate the value to be loaded Into X to designate a 
new register to be used as data pOinter R(X). 

The registers In R can be assigned by a programmer in three 
different ways as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 

Program Countars 

Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other 
registers In R can be used as subroutine program counters. 
By a single instruction the contents of the P register can be 
changed to effect a "call" to subroutine. When interrupts 
are being serviced, register R(1) Is used as the program 

CDP1805AC, CDP1806AC 

counter for the user's interrupt servicing routine. After 
reset, and during a OMA operation, R(O) is used as the 
program counter. At all other times the register designated 
as program counter is at the discretion of the user. 

Data Pointers 

The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X» 
points to memory for the following instructions (see Table 
I): 

1. ALU operations 
2. output instructions 2 
3. input instructions 
4. register to memory transfer 
5. memory to register transfer 
6. interrupt and subroutine handling. 

The register designated by N (i.e., R(N» points to memory 
for the "load 0 from memory" instructions ON and 4N and 
the "Store 0" instruction 5N. The register deSignated by P 
(i.e., the program counter) is used as the data pOinter for 
ALU instructions FB-FO, FF, 7C, 70, 7F, and the RLOI 
instruction 6BCN. During these instruction executions, the 
operation is referred to as "data immediate". 

Another Important use of R as a data pointer supports the 
built-in Oirect-Memory-Access (OMA) function. When a 
OMA-In or OMA-Out request is received, one machine 
cycle is "stOlen". This operation occurs at the end of the 
execute machine cycle in the current instruction. Register 
R(O) is always used as the data pointer during the OMA 
operation. The data is read from (OMA-Out) or written into 
(OMA-In) the memory location pointed to by the R(O) 
register. At the end of the transfer, R(O) is incremented by 
one so that the processor is ready to act upon the next OMA 
byte transfer request. This feature in the COP1B05AC and 
COP1B06AC architecture saves a substantial amount of 
logic when fast exchanges of blocks of data are required, 
such as with magnetic discs or during CRT-display-refresh 
cycles. 

Data Regllters 

When registers in R are used to store bytes of data, 
Instructions are provided which allow 0 to receive from or 
write into either the higher-order- or lower-order-byte 
portions of the register deSignated by N. By this mechanism 
(together with loading by data immediate) program pointer 
and data pointer designations are Initialized. Also, this 
technique allows scratch pad registers in R to be used to 
hold general data. By employing Increment or decrement 
Instructions, such registers may be used as loop counters. 
The new RLOI, RLXA, RSXO, and RNX instructions also 
allow loading, storing, and exchanging the full 1B-bit 
contents of the R registers without affecting the 0 register. 
The new OBNZ instruction allows decrementing and 
branchi ng-on-not-zero of any 16-bit R reg Ister also without 
affecting the 0 register. 

The Q Flip-Flop 

An internal flip-flop, Q, can be set or reset by instruction 
and can be sensed by conditional branch instructions. It 
can also be driven by the underflow output of the 
counter Itlmeri. The output of Q is also available as a 
microprocessor output. 
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Register Summary 

D 8 Bits Data Reaister (Accumulator) 
DF 1 Bit Data Flao IALU Carry) 
B 8 Bits Auxiliary Holding Register 
R 16 Bits 1 of 16 Scratch pad Reaisters 
P 4 Bits Designates which Register is 

Prooram Counter 
X 4 Bits Designates which Register is 

Data Pointer 
N 4 Bits Holds low-Order Instr. Digit 
I 4 Bits Holds Hioh-Order Instr. Diait 
T 8 Bits Holds old X, P after Interrupt 

(X is hioh nibble) 
Q 1 Bit Outout Flip-Flop 

CNTR 8-Bits Counter/Timer 
CH 8 Bits Holds Counter Jam Value 
MIE 1 Bit Master I nterrupt Enable 
CIE 1 Bit Counter Interrupt Enable 
XIE 1 Bit External Interrupt Enable 

Cil 1 Bit Counter Interrupt latch 

Interrupt Servicing 

Register R(1) is always used as the program counter 
whenever interrupt servicing is initialized. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the 
current instruction), the contents of the X and P registers 
are stored in the temporary registerT, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 in P. Master 
Interrupt Enable is automatically deactivated to inhibit 
further interrupts. The user's interrupt routine is now in 
control; the contents ofT may be saved by means of a single 
SAV instruction (78) in the memory location pointed to by 
R(X) or the contents of T, D, and DF may be saved using a 
single DSAV instruction (6876). At the conclusion of the 
interrupt, the user's routine may restore the pre-interrupted 
value of X and P with either a RET instruction (70) which 
permits further interrupts, or a DIS instruction (71), which 
disables further interrupts. 

RET 

Interrupt Generation and Arbitration 
(See Fig. 5) 

I nterrupt requests can be generated from the following 
sources: 

1. Externally through the interrupt input (Request not 
latched) 

2. Internally due to Counter/Timer response (Request is 
latched) 

a. On the transition from count (01)18 to its next value 
(counter underflow) 

b. On the / transition of EF1 in pulse measure­
ment mode 1 

c. On the j transition of EF2 in pulse measure­
ment mode 2 

For an interrupt to be serviced by the CPU, the appropriate 
Interrupt Enable flip-flops must be set. Thus, the External 
Interrupt Enable flip-flop must be set to service an external 
interrupt request, and the Counter Interrupt Enable flip-flop 
must be set to service an internal Counter/Timer interrupt 
request. In addition, the Master Interrupt Enable flip-flop 
(as used in the CDP1802) must be set to service either type 
of request. All 3 flip-flops are initially enabled with the 
application of a hardware reset, and, can be selectively 
enabled or disabled with software: CIE, CI D instructions for 
the CIE flip-flop; XIE, XID instructions forthe XIE flip-flop; 
RET, DIS instructions for the MIE flip-flop. 

Short branch instructions on Counter Interrupt (BCI) and 
External Interrupt (BXI) can be placed in the user's interrupt 
service routine to provide a means of identifying and 
prioritizing the interrupt source. Note, however, that since 
the External Interrupt request is not latched, it must remain 
active until the short branch is executed if this priority 
arbitration scheme is used. 

Interrupt requests can also be polled if automatic interrupt 
service is not desired (MIE=O). With the Counter Interrupt 
and Externallnterruptshort branch instructions, the branch 
will be taken if an interrupt request is pending, regardless of 
the state of any of the 3 Interrupt Enable flip-flops. The 
latched counter interrupt request signal will be reset when 
the branch is taken, when the CPU is reset, or with a lDC 
instruction with the Counter stopped. Note, that exiting a 
counter-initiated interrupt routine without resetting the 
counter-interrupt latch will result in immediately re-entel"ing 
the interrupt routine. 

RESET 
S MASTER Qf--_____ --'M::.:I:.::E'--________ ~ 

INTERRUPT 
S3 ENABLE COUNTER 

DIS 
It-fFEI UNDERFLOW 

'---""=--' PULSE MODE m j 

CIE 

RESET 

CID'----

S COUNTER 
INTERRUPT 

ENABLE 
FF 

IC lEI 

PULSE MODE Ef2i 
BCI 

RESET 
Loe· COUNTER 

STOPPED 

EXTERNAL INT --<f>-'~_ 

XIE 
S Q'~----------~======[: 

EXTERNAL 
RESET INTERRUPT 

XID----lR EN~~LE 
IXIEI 

NTERRUPT 
REQUESTS 
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Fig. 5 - Interrupt logic-control diagram for CDP1805AC and CDP1806AC. 
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CounterlTlmer and Controll (I •• Fig. 6) 

This logic consists of a presettable 8-bit down-counter 
(Modulo N type), and a conditional divide-by-32 prescaler. 
After counting down to (01),. the counter returns to its 
initial value at the next count and sets the Counter Interrupt 
Latch. It will continue decrementing on subsequent counts. 
If the counter is preset to (00),. a full 256 counts will occur. 

During a Load Counter instruction (LDC) if the counter was 
stopped with a STPC instruction, the counter and its 
holding register (CH) are loaded with the value in the D 
register and any previous counter interrupt is cleared. If the 
LDC is executed when the counter is running, the contents 
of the D register are loaded into the holding register (CH) 
only and any previous counter interrupt is not cleared. 
(LDC RESETS the Counter Interrupt Latch only when the 
Counter is stopped). After counting down to (01),. the next 
count will load the new initial value into the counter, set the 
Counter Interrupt Latch, and operation will continue. 

The Counter/Timer has the following five programmable 
modes: 

1. Event Counter 1: Input to counter is connected to the 
EF1 terminal. The high-to-Iow transition decrements 
the counter. 

2. Event Counter 2: Input to counter is connected to the 
En terminal. The high-to-Iow transition decrements 
the counter. 

3. Timer: Input to counter is from the dlvide-by-32 pre­
scaler clocked by TPA. The prescaler is decremented 
on the low-to-high transition of TPA. The divide-by-32 
prescaler is reset when the counter is in a mode other 
than the Timer mode, system RESET, or stopped by a 
STPC. 

4. Pulse Duration Measurement 1: Input to counter 
connected to TPA. Each low-to-high transition of TPA 

CDP1805AC, CDP1806AC 
decrements the counter if the input signal ~ 
terminal (gate input) is low. On the transition of EF1 to 
the positive state, the count is stopped, the mode is 
cleared, and the interrupt request latched. If the counter 
underflows while the input is low, interrupt will also be 
set, but counting will continue. 

5. Pulse Duration Measurement 2: Operation is identical 
to Pulse Duration Measurement 1, except EF2 is used 
as the gate input. 

The modes can be changed without affecting the stored 
count. 

Those modes which use EF1 and EF2 terminalsas inputs do 
not exclude testing these flags for branch instructions. 

The Stop Counter (STPC) instruction clears the counter 
mode and stops counting. The STPC instruction should be 
executed prior to a GEC instruction, if the counter is in the 
Event Counter Mode 1 or 2. 

In addition tothe five programmable modes, the Decrement 
Counter instruction (DTC) enables the user to count in 
software In order to avoid conflict with counting done in 
the other modes, the instruction should be used only after 
the mode has been cleared by a Stop Counter instruction. 

The Enable Toggle a instruction (ETa) connects the a-line 
flip-flop to the output oftt,e counter, such that each timethe 
counter decrements from 01 to its next val ue, the a output 
changes state. This action is independent of the counter 
mode and the Interrupt Enable flip-flops. The Enable 
Toggle a condition is cleared by an LDC with the 
Counter/Timer stopped, system Reset, or a BCI with CI = 1. 

Note: SEa ana REO instructions are independent of 
ETa-they can SET or RESET a while the Counter is 
running. 

TO INTERRUPT LATCH 

COUNTER 

OUT I-----=U;.:.ND::;E",R::...FL::.:O;.:.W'---+-r--.., 
INH 

C 
Q Q OUTPUT 

8 -BIT 
DOWN 

lCOUNTER 

READ 
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Fig. 6 - Timer/Counter diagram for CDP1805AC and CDPI806AC. 
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On-Board Clock (see Figs. 7, 8 and 9) 

Clock circuits may use either an external crystal or an RC 
network. 

A typical crystal oscillator circuit is shown in Fig. 7. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAl) in parallel with a resistance, RF (1 megohm typ.). 
Frequency trimming capacitors, C'N and COUT, may be 
required at terminals 1 and 39. For additional information 
on crystal oscillators, see ICAN-6565. 

Because of the Schmitt Trigger input, an RC oscillator can 
be used as shown in Fig. 8. The frequency is approximately 
l/RC (see Fig. 9). 

94 

RF 

XTAL 
CIN COUT 

'5PFI5MHZ PARALLEL I27PF 
RESONANT 

-=- CRYSTAL -=-

92CS-38099 

Fig. 7 - Typical 5 MHz crystal oscillator. 

R 

Fig. 8 - RC network for oscillator. 

2 4 68 2 468 2 4 68 2 4 68 2 4 68 2 '" 6 8 
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FREQUENCY (Hz I 

Fig. 9 - Nominal component values as a function 
of frequency for the RC oscillator. 

CONTROL MODES 

CLEAR WAIT MODE 

l l NOT AllOWED 

l H RESET 

H l PAUSE 

H H RUN 

The function of the modes are defined as follows: 

RESET 
The levels on the CDP1B05A and CDPl806A external signal 
lines will asynchronously be forced by RESET to the 
following states: 

0=0 
MRD=l 
TPB=O 

SC1, SCO=O, 1 
(EXECUTE) 

NO, Nl, N2=0, 0, 0 
MWR=l 

BUS 0-7=0 
MAO-7=RO.l 
TPA=O 

Inlernal changes caused by RESET are: 

I, N instruction register is cleared to 00. XIE and CIE are set 
to allow interrupts following initialize. Cil is cleared (any 
pending counter interrupt is cleared), counter is stopped, 
the counter mode is cleared, and ETO is disabled. 

Initialization Cycle 

The first machine cycle followiing termination of RESET is 
an initialization cycle which requires 9 clock pulses. During 
this cycle the CPU remains in Sl and the following additional 
changes occur: 

1-- MIE 
X. P - T (The old value of X, P will be put into T. This only 
has meaning following an orderly Reset with power 
applied). 
X, P, RO - 0 (X, P, and RO are cleared). 

Interrupt and DMA servicing is suppressed during the 
initialization cycle. The next cycle is an SO or an S2 but 
never an Sl orS3. The use of a 71 instruction followed by 00 
at memory locations 0000 and 0001, may be used to reset 
MIE so as to preclude interrupts until ready for them. 

Reset and Initialize do not affect: 
D (Accumulator) 
DF 
Rl, R2, R3, R4, R5, R6, R7, RB, R9, FA, RB, RC, RD, RE, RF 
CH (Counter Holding Register) 
Counter (the counter is stopped but the value is 

unaffected) 

Power-up Reset/Run Circuit 

Power-up ResetlRun can be realized with the circuit shown 
in Fig. 10. 

voo 

Rp 

RX 

COPI805AC 
COPIB06AC 

The FIe time constant 
should be greater 
than the oscillator 
atart"up time 
(typically 20 mal. 

92CS-34991 

Fig. 10 - Reset/run diagram. 
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PAUSE 

Pause is a low power mode which stops the internal CPU 
timing generator and freezes the state of the processor. The 
CPU may be held in the Pause mode indefinitely. Hardware 
pause can occur at two points in a machine cycle, on the 
low-to-high transition of either TPA or TPB. A TPB pause 
can also be initiated by software with the execution of an 
IDLE instruction. In the pause mode. the oscillator continues 
to run but subsequent clock transitions are ignored. TPA 
and TPB remain at their previous state (see Fig. 11). 

Pause is entered from RUN by dropping WAIT low. 
Appropriate Setup and Hold times must be met. 

If Pause is entered while in the event counter mode, the 
appropriate Flag transition will continue to decrement the 
counter. 

Hardware-initiated pause is exited to RUN by raising the 
Wait line high. Pause entered with an IDLE instruction 
requires DMA, INTERRUPT or RESET to resumeexecution. 

TPA PAUSE TIMING 

TPA PAUSE TIMING 

CLOCK 

TPA I F_'PHL 

TPB PAUSE TIMING 

TPB PAUSE TIMING 

CLOCK 

TPB 

92CM- 31944"1 

NOTE: 
PAUSE (IN CLOCK WAVEFORM) WHILE REPRESENTED HERE AS ONE 
CLOCK CYCLE IN DURATION, COULD BE INFINITELY LONG. 

Fig. 11 - Pause mode timing waveforms. 

CDP1805AC, CDP1806AC 
RUN 
May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation at the 
point it left off. If paused at TPA, it will resume on the' next 
high-to-Iow clock transition, while if paused at TPB, it will 
resume on the next low-to-hlgh clock transition (see Fig. 
11). When initiated from the Reset operation, the first 
machine cycle following Reset is always the initialization 
cycle. The initialization cycle is then followed by a DMA 
(S2) cycle or fetch (SO) from location 0000 in memory. 

SCHMITT TRIGGER INPUTS 
All inputs except BUS O-BUS 7 and ME contain a Schmitt 
Trigger circuit, which is especially useful on the CLEAR 
input as a power-up RESET (see Fig. 10) and the CLOCK 
input (see Figs. 7 and 8). 

STATE TRANSITIONS 

The CDP1805A and CDP1806A state transitions are shown 
in Fig. 12. Each machine cycle requires the same period of 
time, 8 clock pulses, except the initialization cycle (INIT) 
which requires 9 clock pulses. Reset is asynchronous and 
can be forced at any time. 

PAIDIUTY RESET 
FORCE so, 51 
DiiA IN 
~OUT 

Fig. 12 - State transition diagram. 
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INSTRUCTION SET 

The CDP1805AC and CDP1806AC instruction summary is 
given in Table I. Hexadecimal notation is used to refer to the 
4-blt binary codes. 

In all registers bits are numbered from the least Significant 
bit (LSB) to the most significant bit (MSB) starting with O. 

R(W): Register designated by W. where 
W=N or X. or P 

R(W).O: Lower-order by1e of R(W) 
R(W).l: Higher-order byte of R(W) 

Operation Notation 
M (R(N»-D; R(N) + 1-R(N) 

This notation means: The memory byte pOinted to by R(N) 
is loaded into D. and R(N) Is incremented by 1. 

TABLE I - INSTRUCTION SUMMARY (For Notel. lee ello pege 17) 

NO. OF 
MACHINE OP 

INSTRUCTION CYCLES MNEMONIC CODE OPERATION 

MEMORY REFERENCE 
LOAD IMMEDIATE 2 LDI F8 M(R(P»-D; R(P)+l-R(P) 
REGISTER LOAD IMMEDIATE 5 RLDI 68CN- M(R(P»-R(N).l; M(R(P»+l-

R(N).O; R(P)+2-R(P) 
LOAD VIA N 2 LON ON M(R(N»-D; FOR N NOT 0 
LOAD ADVANCE 2 LOA 4N M(R(N»-O; R(N)+l-R(N) 
LOADVIAX 2 LOX FO M(R(X»-D 
LOAD VIA X AND ADVANCE 2 LOXA 72 M(R(X»-O; R(X)+l-R(X) 
REGISTER LOAD VIA X AND 5 RLXA 686N- M(R(X»-R(N).l; M(R(X)+l)-

ADVANCE R(N).O; R(X»+2-R(X) 
STOREVIAN 2 STR 5N D-M(RN» 
STORE VIA X AND DECREMENT 2 STXD 73 O-M(R(X»; R(X)-l-R(X) 
REGISTER STORE VIA X AND 5 RSXD 68AN- R(N).O-M(R(X»; R(N).l-

DECREMENT M(R(X)-l); R(X)-2-R(X) 
REGISTER OPERATIONS 
INCREMENT REG N 2 INC 1N R(N)+l-R(N) 
DECREMENT REG N 2 DEC 2N R(N)-l-R(N) 
DECREMENT REG N AND LONG 5 OBNZ 682N R(N)-l-R(N); IF R(N) NOTO. 
BRANCH IF NOT EQUAL 0 M(R(P» -R(P).l. M(R(P)+l)-

R(P).O. ELSE R(P)+2-R(P) 
INCREMENT REG X 2 IRX 60 R(X)+l-R(X) 
GETLOWREGN 2 GLO 8N R(N).O-D 
PUTLOWREGN 2 PLO AN O-R(N).O 
GET HIGH REG N 2 GHI 9N R(N).l-D 
PUT HIGH REG N 2 PHI BN D-R(N).l 
REGISTER N TO REGISTER X COpy 4 RNX 68BN- R(N)-R(X) 
LOGIC OPERATIONS (Note 5) 
OR 2 OR F1 M(R(X» OR 0-0 
OR IMMEDIATE 2 ORI F9 M(R(P» OR 0-0; 

R(P)+l-R(P) 
EXCLUSIVE OR 2 XOR F3 M(R(X» XOR 0-0 
EXCLUSIVE OR IMMEDIATE 2 XRI FB M(R(P» XOR 0-0; 

R(P)+l-R(P) 
AND 2 AND F2 M(R(X» AND 0-0 
AND IMMEDIATE 2 ANI FA M(R(P» AND 0-0; 

R(P)+l-R(P) 
SHIFT RIGHT 2 .SHR F6 SHIFT 0 RIGHT. LSB(O)-DF. 

~ 
O-MSB(D) 

SHIFT RIGHT WITH CARRY 2 SHRC 76'" SHIFT 0 RIGHT. LSB(D)-DF. 

RING SHIFT RIGHT 2 RSHR DF-MSB(D) 

SHIFT LEFT 2 SHL FE SHIFT 0 LEFT. MSB(D)-DF. 
O-LSB(D) 

-Previous contents 01 T regIster are destroyed dUring InstructIon executIon 

.ll.This Instruction IS assocIated wIth more than one mnemonic Each mnemonIC IS IndIvIdually listed. 
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CDP1805AC, CDP1806AC 
Table I - INSTRUCTION SUMMARY 

NO.OF 
MACHINE OP 

INSTRUCTION CYCLES MNEMONIC CODE OPERATION 
LOGIC OPERATIONS (Note 5) (Cont'd) 
SHIFT LEFT WITH CARRY 2 SHLC } 7E~ SHIFT 0 LEFT. MSB(D)-DF, 
RING SHIFT LEFT 2 RSHL DF-LSB(D) 

ARITHMETIC OPERATIONS (Note 5) 
ADD 2 ADD F4 M(R(X))+D-DF. D 
DECIMAL ADD 4 DADD t:dF4 M(R(X))+D-DF. D 

DECIMAL ADJUST-DF. D 
ADD IMMEDIATE 2 ADI FC M(R(P))+D-DF. D; R(P)+1-R(P) IfJ 
DECIMAL ADD IMMEDIATE 4 DADI 68FC M(R(P))+D-DF.D 

R(P)+1-R(P) 
DECIMAL ADJUST-DF, D 

ADD WITH CARRY 2 ADC 74 M(R(X))+D+DF-DF, 0 
DECIMAL ADD WITH CARRY 4 DADC 6874 M(R(X))+D+DF-DF, 0 

DECIMAL ADJUST-DF. D 
ADD WITH CARRY. IMMEDIATE 2 ADCI 7C M(R(P))+D+DF-DF, 0 

R(P)+1-R(P) 
DECIMAL ADD WITH CARRY, 4 DACI 687C M(R(P))+D+DF-DF. 0 

IMMEDIATE R(P)+1-R(P) 
DECIMAL ADJUST-OF, D 

SUBTRACT 0 2 SO F5 M(R(X))-D-DF,D 
SUBTRACT 0 IMMEDIATE 2 SOl FD M(R(P))-D-DF.D; 

R(P)+1-R(P) 
SUBTRACT 0 WITH BORROW 2 SOB 75 M(R(X))-D-(NOT DF)-DF, 0 
SUBTRACT 0 WITH 2 SDBI 7D M(R(P))-D-(NOT DF)-DF. D; 

BORROW, IMMEDIATE R(P)+ l-R(P) 
SUBTRACT MEMORY 2 SM F7 D-M(R(X))-DF. 0 
DECIMAL SUBTRACT MEMORY 4 DSM 68F7 D-M(R(X))-DF,D 

DECIMAL ADJUST-DF. D 
SUBTRACT MEMORY IMMEDIATE 2 SMI FF D-M(R(P))-DF, 0; 

R(P)+1-R(P) 
DECIMAL SUBTRACT MEMORY. 4 DSMI 68FF D-M(R(P))-DF. 0 

IMMEDIATE R(P)+1-R(P) 
DECIMAL ADJUST -OF. D 

SUBTRACT MEMORY WITH BORROW 2 5MB 77 D-M(R(X))-(NOT DF)-DF, D 
DECIMAL SUBTRACT MEMORY 4 DSMB 6877 D-M(R(X))-(NOT DF)-DF, 0 

WITH BORROW DECIMAL ADJUST-OF. D 
SUBTRACT MEMORY WITH 2 5MBI 7F D-M(R(P))-(NOT DF)-DF, D 

BORROW, IMMEDIATE R(P)+1-R(P) 
DECIMAL SUBTRACT MEMORY 4 DSBI 687F D-M(R(P))-(NOT DF)-DF, 0 

WITH BORROW. IMMEDIATE R(P)+1-R(P) 
DECIMAL ADJUST-OF 0 

BRANCH INSTRUCTIONS - SHORT BRANCH 
SHORT BRANCH 2 BR 30 M(R(P))-R(P).O 
NO SHORT BRANCH (SEE SKP) 2 NBR 38~ R(P)+1-R(P) 
SHORT BRANCH IF 0 ; 0 2 BZ 32 IF 0 = 0, M(R(P))-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF 0 NOT 0 2 BNZ 3A IF 0 NOT 0, M(R(P))-R(P).O 

ELSE R(P)+1-R(P) 

"This instruction IS associated with more than one mnemOnic Each mnemonic is individually listed. 
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CDP1804AC CDP1804AC 
Table I - INSTRUCTIO'" SUMMARY 

NO. OF 
MACHINE OP 

INSTRUCTION CYCLES MNEMONIC CODE OPERATION 
BRANCH INSTRUCTIONS - SHORT BRANCH (Cont'd 
SHORT BRANCH IF DF = 1 2 

BDF 1 33· IF DF = 1. M(R(P»-R(P).O 
SHORT BRANCH IF POS OR ZERO 2 BPZ ELSE R(P)+1-R(P) 
SHORT BRANCH IF EOUAL OR 2 BGE 

GREATER 
SHORT BRANCH IF DF = 0 2 BNF 

J 
3B· IF D = O. M(R(P»-R(P).O 

SHORT BRANCH IF MINUS 2 BM ELSE R(P)+1-R(P) 
SHORT BRANCH IF LESS 2 BL 
SHORT BRANCH IF 0= 1 2 BO 31 IF a = 1. M(R(P»-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF a = 0 2 BNO 39 IF a = o. M(R(P»-R(P).O 

ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF1 = 1 2 B1 34 IF EF1 = 1, M(R(P»-R(P).O 

(EF1 = Vss) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF1 = 0 2 BN1 3C IF EF1 = 0, M(R(P»-R(P).O 

(EF1 = Voo) ELSE R(P)+1-R(P) 
SHORT BRANCH IF EF2 = 1 2 B2 35 IF EF2 = 1, M(R(P»-R(P).O 

(EF2 = Vss) ELSE R(P)+1-R(P) 

SHORT BRANCH IF EF2 = 0 2 BN2 3D IF EF2 = 0, M(R(P»-R(P).O --
(EF2 = Voo) ELSE R(P)+1-R(P) 

SHORT BRANCH IF EF3 = 1 2 B3 36 IF EF3 = 1, M(R(P»-R(P).O 
1EF3 = Vss) ELSE R(P)+1-R(P) 

SHORT BRANCH IF EF3 = 0 2 BN3 3E IF EF3 = 0, M(R(P»-R(P).O 
(EF3 =, Voo) ELSE R(P)+1-R(P) 

SHORT BRANCH IF EF4 = 1 2 B4 37 IF EF4 =1, M(R(P»-R(P).O 

(EF4 = Vss) ELSE R(P)+1-R(P) 
SHORTBRANCHIFEF4=0 2 BN4 3F IF EF4 = 0, M(R(P»-R(P).O 

(EF4 = Voo) ELSE R(P)+1-R(P) 
SHORT BRANCH ON 3 BCI 663E· IF CI=1, M(R(P»-R(P).O; O-CI 

COUNTER INTERRUPT ELSE R(P)+1-R(P) 
SHORT BRANCH ON 3 BXI 663F IF XI=1, M(R(P»-R(P).O 

EXTERNAL INTERRUPT ELSE R(P)+1-R(P) 

BRANCH INSTRUCTIONS - LONG BRANCH 

LONG BRANCH 3 LBR CO M(R(P»-R(P) 1, M(R(P)+1 )-R(P).O 
NO LONG BRANCH (SEE LSKP) 3 NLBR C6· R(P)+2-R(P) 
LONG BRANCH IF D = 0 3 LBZ C2 IF D = 0, M(R(P»-R(P).1 

M(R(P)+1 )-R(P) 0 
ELSE R(P)+2-R(P) 

LONG BRANCH IF D NOT 0 3 LBNZ CA IF D NOT 0, M(R(P»-R(P).1 
M(R(P)+1 )-R(P).O 

ELSE R(P)+2-R(P) 
LONG BRANCH IF DF = 1 3 LBDF C3 IF DF = 1, M(R(P»-R(P).1 

M(R(P)+1 )-R(P).O 
ELSE R(P)+2-R(P) 

LONG BRANCH IF DF = 0 3 LBNF CB IF DF = 0, M(R(P»-R(P).1 
M(R(P)+1 )-R(P).O 
ELSE R(P)+2-R(P) 

LONG BRANCH IF a = 1 3 LBO C1 IF a = 1, M(R(P»-R(P).1 
M(R(P)+1 )-R(P).O 
ELSE R(P)+2-R(P) 

LONG BRANCH IF a = 0 3 LBNO C9 IF a = 0, M(R(P»-R(P).1 
M(R(P)+1 )-R(P).O 
ELSE R(P)+2-R(P) 

"'This instruction IS associated with more than one mnemonic Each mnemonic IS individually listed 

• ETO cleared by LOC with the Counter/Timer stopped, reset of CPU, or BCI • (CI=1). 

CI = Counter Interrupt, XI = External Interrupt 
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CDP1804AC CDP1804AC 

Table I - INSTRUCTION SUMMARY 

NO. OF 
MACHINE OP 

INSTRUCTION CYCLES MNEMONIC CODE OPERATION 
SKIP INSTRUCTIONS 
SHORT SKIP (SEE NBR) 2 SKP 38· R(P)+l-R(P) 
LONG SKIP (SEE NLBR) 3 LSKP C8· R(P)+-R(P) 
LONG SKIP IF 0 = 0 3 LSZ CE IF 0 = O. R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF 0 NOT 0 3 LSNZ C6 IF 0 NOT 0, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF OF = 1 3 LSDF CF IF OF = 1, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF OF = 0 3 LSNF C7 IF OF = 0, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF a = 1 3 LSO CD IF a = 1, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF a = 0 3 LSNO C5 IF a = 0, R(P)+2-R(P) 

ELSE CONTINUE 
LONG SKIP IF MIE = 1 3 LSIE CC IF MIE = 1, R(P)+2-R(P) 

ELSE CONTINUE 
CONTROL INSTRUCTIONS 

IDLE 2 IDL 00' STOP ON TPB; WAIT FOR DMA OR 
INTERRUPT; BUS FLOATS 

NO OPERATION 3 NOP C4 CONTINUE 
SETP 2 SEP ON N-P 
SET X 2 SEX EN N-X 
SET a 2 SEa 7B 1-0 
RESET a 2 REO 7A 0-0 
PUSH X, P TO STACK 2 MARK 79 (X, P)-T; (X, P)-M(R(2)) 

THEN P-X; R(2)-1-R(2) 

TIMER/COUNTER INSTRUCTIONS 

LOAD COUNTER 3 LDC 6806" CNTR STOPPED: D-CH, CNTR; 
O-CI. CNTR RUNNING; D-CH 

GET COUNTER 3 GEC 6808 CNTR-D 
STOP COUNTER 3 STPC 6800 STOP CNTR CLOCK; 

0-+32 PRESCALER 
DECREMENT TIMER/COUNTER 3 DTC 6801 CNTR-l-CNTR 
SET TIMER MODE AND START 3 STM 6807 TPA+32- CNTR 
SET COUNTER MODE 1 AND START 3 SCMl 6805 EF1- CNTR CLOCK 
SET COUNTER MODE 2 AND START 3 SCM2 6803 EF2- CNTR CLOCK 

SET PULSE WIDTH MODE 1 3 SPMl 6804 TPA.EF1- CNTR CLOCK; 
AND START EFl / STOPS COUNT 

SET PULSE WIDTH MODE 2 3 SPM2 6802 TPA.EF2- CNTR CLOCK; 

AND START EF2 / STOPS COUNT 
ENABLE TOGGLE a 3 ETa 6809" IF CNTR = 01 • NEXT 

CNTRCLOCK / :0-0 

AThlS instruction IS associated with more than one mnemonic Each mnemonic IS individually listed. 
#An IDLE onstructlon Initiates an 51 cycle All externa', signals, except the OSCillator. are stopped on the low-to-high transition 01 TPB. All 
outputs re~ain In their prevIous states, MRD, MWR. are set to a logic '1' and the data bus lIoats. The processor Will continue to IDLE until an 
1/0 request (INTERRUPT, DMA-IN, or DMA-OUT) Is activated. When the request is acknowledged, the IDLE cycle IS termonated and the 1/0 
request is serviced, and the normal operation Is resumed. (To respond to an INTERRUPT during an IDLE. MIEand eitherCIE orXIE must be 
enabled) . 

• ETQ cleared by LDC with the CounterlTlmer stopped, reset of CPU or BCI • (CI = 1). 

CI = Counter Interrupt, XI = External Interrupt. 

_________________________________________________________________ 99 



1800-8erl88 Microprocessors and Microcomputers ______________ _ 

CDP1804AC CDP1804AC 

Table J - INSTRUCTION SUMMARY 

-
NO. OF 

MACHINE OP 
INSTRUCTION CYCLES MNEMONIC CODE OPERATION 

INTERRUPT CONTROL 

EXTERNAL INTERRUPT ENABLE 3 XIE 680A 1-XIE 
EXTERNAL INTERRUPT DISABLE 3 XID 680B O-XIE 
COUNTER INTERRUPT ENABLE 3 CIE 680C 1-CIE 
COUNTER INTERRUPT DISABLE 3 CID 6800 O-CIE 
RETURN 2 RET 70 M(R(X))-X. P. 

R(X)+l-R(X).l-MIE 
DISABLE 2 DIS 71 M(R(X)-X. p. 

R(X)+l-R(X); O-MIE 
SAVE 2 SAV 78 T-M(R(X)) 
SAVET. D. OF 6 DSAV 6876"' R(X)-l-R(X). T-M(R(X)). 

R(X)-l-R(X). D-M (R(X)). 
R(X)-l-R(X). SHIFT 0 
RIGHT WITH CARRY. D-M(R(Xlt 

INPUT-OUTPUT BYTE TRANSFER 

OUTPUT 1 2 OUT1 61 M(R(X))-BUS. R(X)+l-R(X); 
N LINES = 1 

OUTPUT 2 2 OUT2 62 M(R(X))-BUS. R(X)+l-R(X); 
N LINES = 2 

OUTPUT 3 2 OUT3 63 M(R(X))-BUS. R(X)+l-R(X); 
N LINES = 3 

OUTPUT 4 2 OUT4 64 M(R(X))-BUS; R(X)+l-R(X); 
N LINES = 4 

OUTPUT 5 2 OUT5 65 M(R(X))-BUS. R(X)+l-R(X); 
N LINES = 5 

OUTPUT6 2 OUT6 66 M(R(X))-BUS; R(X)+l-R(X). 
N LINES = 6 

OUTPUT 7 2 OUT7 67 M(R(X))-BUS. R(X)+l-R(X). 
N LINES = 7 

INPUT 1 2 INP 1 69 BUS-M(R(X)). BUS-D. 
N LINES = 1 

INPUT 2 2 INP2 6A BUS-M(R(X)); BUS-D. 
N LINES = 2 

INPUT 3 2 INP3 6B BUS-M(R(X)). BUS-D; 
N LINES = 3 

INPUT 4 2 INP4 6C BUS-M(R(X)). BUS-D. 
N LINES = 4 

INPUT 5 2 INP5 60 BUS-M(R(X)). BUS-D. 
N LINES = 5 

INPUT 6 2 INP6 6E BUS-M(R(X)). BUS-D. 
N LINES = 6 

INPUT7 2 INP7 6F BUS-M(R(X)). BUS-D. 
N LINES = 7 

CALL AND RETURN 

STANDARD CALL 10 SCAL 688N- R(N).O-M(R(X)). 
R(N) 1-M(R(X)-1). 
R(X)-2-R(X). R(P)-R(N). 
THEN M(R(N))-R(P) 1. 
M(R(N)+l)-R(P) O. 
R(N)+2-R(N) 

STANDARD RETURN 8 SRET 689N- R(N)-R(P); M(R(X)+l)-R(N) 1; 
M(R(X)+2)-R(N).0; 
R(X)+2-R(X) 

·Prevlous contents of T register are destroyed dUring Instruction execution 
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NOTES FOR TABLE I 

1. Long-Branch, Long-Skip and No Op instructions 
require three cycles to complete (1 fetch + 2 execute). 

Long-Branch instructions are three bytes long. The 
first byte specifies the condition to be tested; and the 
second and third byte, the branching address. 

The long-branch instructions can: 
a. Branch unconditionally 
b. Test for D=O or D;060 
c. Test for DF=O or DF=l 
d. Test for 0=0 or 0=1 
e. Effect an unconditional no branch 

If the tested condition is met, then branching takes 
place; the branching address bytes are loaded in the 
high-and-Iow-order bytes of the current program 
counter, respectively. This operation effects a branch 
to any memory location. 

Ifthe tested condition is not met, the branching address 
bytes are skipped over, and the next instruction in 
sequence is fetched and executed. This operation is 
taken forthe case of unconditional no branch (NLBR). 

2. The short-branch instructions are two or three bytes 
long. The first byte specifies the condition to be tested, 
and the second specifies the branching address, except 
for the branches on interrupt. For those, the first two 
bytes specify the condition to be tested and the third 
byte specifies the branching address. 

The short branch instruction can: 
a. Branch unconditionally 
b. Test for D=O or D;060 
c. Test for DF=O or DF=l 
d. Test for 0=0 or 0=1 
e. Test the status (lor 0) of the four EF flags 
f. Effect an unconditional no branch 
g. Test for counter or external interrupts (BCI, BXI) 

If the tested condition is met, then branching takes 
place; the branching address byte is loaded into the 
low-order byte position ofthe current program counter. 
This effects a branch within the current 256-byte page 
of the memory, i.e., the page which holds the branching 
address. If the tested condition is not met, the branching 
address byte is skipped over, and the next instruction in 
sequence is fetched and executed. This same action is 
taken in the case of unconditional no branch (NBR). 

3. The skip instructions are one byte long. There is one 
Unconditional Short-Skip (SKP) and eight Long-Skip 
instructions. 

The Unconditional Short-Skip instruction takes 2 cycles 
to complete (1 fetch + 1 execute). Its action is to skip 
over the byte following it. Then the next instruction in 
sequence is fetched and executed. ThisSKP instruction 
is identical to the unconditional no-branch instruction 
(NBR) except that the skipped-over byte is not con­
sidered part of the program. 

The Long-Skip Instructions take three cycles to com­
plete (1 fetch + 2 execute). 

CDP1804AC CDP1804AC 

They can: 
a. Skip unconditionally 
b. Test for D=O or D;060 
c. Test for DF=O or DF=l 
d. Test for 0=0 or 0=1 
e. Test for MIE=l 

If the tested condition is met, then Long Skip takes 
place; the current program counter is incremented 
twice. Thus two bytes are skipped over and the next 
instruction in sequence is fetched and executed. If the 
tested condition is not met, then no action is taken. 
Execution is continued by fetching the next instruction 
in sequence. 2 

4. Instruction 6800 through 68FF take a minimum of 3 
machine cycles and up to a maximum of 10 machine 
cycles. In all cases, the first two cycles are fetches and 
subsequent cycles are executes. The first byte (68) of 
these two-byte op codes is used to generate the second 
fetch, the second byte is then interpreted differently 
than the same code without the 68 prefix. DMA and INT 
requests are not serviced until the end of the last 
execute cycle. 

5. Arithmetic Operations: 
The arithmetic and shift operations are the only 
instructions that can alter the content of DF. The syntax 
'(NOT DF)' denotes the subtraction of the borrow. 
Binary Operations: 

After an ADD instruction -
DF=l denotes a carry has occurred. Result is 
greater than FF, •. 
DF=O denotes a carry has not occurred. 

After a SUBTRACT instruction -
DF=l denotes no borrow. D is a true positive 
number 
DF=O denotes a borrow. D is in two's complement 
form. 

Binary Coded Decimal Operations: 
After a BCD ADD Instruction -

DF=l denotes a carry has occurred. Result is 
greater than 99,0. 
DF=O denotes a carry has not occurred. 

After a BCD SUBTRACT instruction -
DF=l denotes no borrow. D is a true positive 
decimal number. 

(Example) 99 D 
-88 M(R(X» 
11 D DF=l 

DF=O denotes a borrow. D is in ten's complement 
form. 

(Example) 88 D 
-99 M(R(X» 
89 D DF=O 

89 is the ten's qomplement of 11, which is the 
correct answer (with a minus value denoted by 
DF=O). 
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CDP1804AC CDP1804AC 

CLOCK 

TPA--:---..., 

TPB~~~;;.~~~~~=i~~~~;:;,;;;~:::::::::I::~--~~::; 
MEMORY 
ADDRESS~~~~~,,~_+--77_++_~'I~~· 

MAo 
I MEMORY 

READ CYCLE) 

MWR 
(MEMORY 

WRITE CYCLE) 

*"M[ 
(MEMORY 
ENABLE) 

oN! 
( EXTERNAL 
MEMORY 
SELECT I 

DATA FROM 
CPU TOBUS 

'SUIS ALLOWABLE 
INTERNAL RAM 
ACCESS TIME 

~ ~~'P=HL ____ ~~~~r= 
i ~ :;;t i : : i -j I:-
I ! -: 'PLHr,:: 1 --I L'PLH"PHL 

I :1 : 'PH~ I I I '}-
MEMORY 1 • PLH, I -- t ! -

(~.BLUcrW) I • PHL I I 1 

DATA FROM 
INTERNAL 

STATE CODES3f'PLH" PHL :. PL~ " PHL ~ 
~~::::::::=+~~~~::::~~::::II~~ 

Q I 
NO,NI,N2 
(VO 
EXECUTION DATA LATCHEDI I 
CYCLEI I I IN CPU ~ ·SU 

B~~T~O~~~M wr~~'H 
DMA SAMPLEDISI,S2,S3) 

liMA 
REQUEST INTERRUPT 

SAMPLED ISI,S2)~ 

INTERRUPT---t----~I~--------------------------------_,~J."~.r-+-----
REQUEST I 

fFi-EF4 

I F~U~ 
I SAMPLED END OF so 

---+---+:---------------------+-~~ 
I I 

---r-\'·~S~U~I~~.H~"rJ------------------------i\~·~su~I~.H~{I-----------
WAIT 1 \'"1' 7 t "I- , 

1 
I 

* NOTES: 
1. THIS TIMING DIAGRAM IS USED TO SHOW StONAL RELATIONSHIPS ONLY 

AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 
2. ALL MEASUREMENTS ARE REFERENCED TO 50 .. POINT OF THE WAVE­

FOAMS 
3. SHADED ARE AS INDICATED "DON'T CARE" OA UNDEFINED STATE. 

MULTIPLE TAANSITIONS MAo Y OCCUR DURING THIS PERIOD. 
-FOR THE RUN (RAM ONLY) MODE ONLY 
o FOR THE RUN (RAM/ROM) MODE ONLY. 

92CL - 34986RI 

Fig. 13 - Timing waveforms for CDP1805AC and CDP1806AC. 
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CDP1805AC,CDP1806AC 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +8So C; CL = SO pF; Input tr,tf = 10 n8; 

Input Pul.e Levell = 0.1 V to VDD-0.1 V; VDD = S V, ±S%. 

LIMITS 

CHARACTERISTIC CDP180SAC, CDP1808AC 

Typ." Ma •• 

Propagation Delay Times: 

Clock to TPA, TPB tPLH, tpHL 150 275 

Clock-to-Memory High-Address Byte tPLH. tPHL 325 550 

Clock-to-Memory Low-Address Byte tPLH. tPHL 275 450 

Clock to MRD tPLH. tPHL 200 325 

ClocktoMWR tPLH. tPHL 150 275 

Clock to (CPU DATA to BUS) tpLH, tPHL 375 625 

Clock to State Code tPLH. tPHL 225 400 

Clock toO tPLH. tPHL 250 425 

Clock to N tpLH. tPHL 250 425 

Clock to Internal RAM Data to BUS tPLH. tPHL 420 650 

Minimum Set Up and Hold Tlmes:-

Data Bus Input Set-Up tsu -100 0 

Data Bus Input Hold tH 125 225 

DMASet-Up tsu -75 0 

DMAHold tH 100 175 

ME Set-Up tsu 125 320 

ME Hold tH 0 50 

I nterrupt Set-Up tsu -100 0 

Interrupt Hold tH 100 175 

WAIT Set-Up tsu 20 50 

EFI-4 Set-Up Isu -125 0 

EFI-4 Hold tH 175 300 

Minimum Pulse Width Times:-

CLEAR Pulse Width tWL 100 175 

CLOCK Pulse Width tw 75 100 

"TYPical values are forT. = 25°C and nominal Voo 

-Maximum limits of minimum characteristics are the values above which all deVices function 

TIMING SPECIFICATIONS a. a function of T (T = 1ltCLOCK) at TA = -40 to +8SoC, VDD = S V, ±5%. 

LIMITS 

CHARACTERISTIC CDP180SAC, CDP1806AC 

Min. Typ." 

High-Order Memory-Address Byte 
2T-275 2T-175 

Set-Up to TPA .. Time Isu 

MRDtoTPA .. Time tsu TI2-100 T/2-75 

High-Order Memory-Address Byte 
T/2+75 T/2+100 

Hold atter TPA Time tH 

Low-Order Memory-Address Byte 
T+180 T+240 

Hold atter WR Time tH 

CPU Data to Bus Hold 
T+ll0 T+150 

after WR Time tH 

Required Memory Access Time 
4.5T-440 4.5T-330 

Address to Osta IAcc 

"Typical values are for T. = 25° C and nominal Voo 

UNITS 

ns 

ns 

ns 

UNITS 

ns 
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CDP1805AC, CDP1806AC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 

DATA MEMORY N 
STATE I N MNEMONIC OPERATION BUS ADDRESS iiiiD 'Mwii LINES 

RESET o-a.I.N. COUNTER 00 UNDEFINED 1 1 0 
PRESCALER. CIL; 

S1 
1-CIE. XIE 

INITIALIZE X, P-TTHEN 00'" UNDEFINED 1 1 0 
NOT PROGRAMMER O-X, P; 1-MIE,OOOO-RO 

Ar.r.I=l':l':1 BLE 

SO FETCH MRP-I, N; RP+1-RP . MRP RP 0 1 0 
0 0 IDL STOP AT TPB HIGHZ RO 1 1 0 

WAIT FOR DMA OR INT 
0 1-F LON MRN-D MRN RN 0 1 0 
1 O-F INC RN+1-RN HIGHZ RN 1 1 0 
2 O-F DEC RN-1-RN HIGHZ RN 1 1 0 
3 O-F SHORT TAKEN: MRP-RP.O MRP RP 0 1 0 

BRANCH NOT TAKEN: RP+1-RP 
d O-F LDA MRN-D· RN+1-RN MRN RN 0 1 ...Q. 
5 O-F STR D-MRN D RN 1 0 0 
6 0 IRX RX+1-RX MRX RX 1 1 0 

1 OUT1 1 
2 OUT2 2 
3 OUT3 3 
4 OUT4 MRX-BUS; RX+1-RX MRX RX 0 1 4 
5 OUT5 5 
6 OUTS S 

6 
7 OUT7 i 
9 INP 1 1 
A INP2 2 
B INP3 DATA 3 
C INP4 BUS-MRX, D FROM RX 1 0 4 

S1 
D INP5 1/0 5 
E INP6 DEVICE S 
F INP7 7 
0 RET MRX-X,P; RX+1-RX MRX RX 0 1 0 

1-MIE 
1 DIS MRX-X.P; RX+l-RX MRX RX 0 1 0 

O-MIE 
2 LDXA MRX-D; RX+l-RX MRX RX 0 1 0 
3 STXD D-MRX· RX-l-RX D RX 1 0 0 
4 ADC MRX+D+DF-DF, D MRX RX 0 1 0 
5 SDB MRX-D-DFN-DF, D MRX RX 0 1 0 
6 SHRC LSB(D)-DF; DF-MSB(D) HIGHZ RX 1 1 0 
7 5MB D-MRX-DFN-DF, D MRX RX 0 1 0 

7 8 SAV T-MRX T RX 1 0 _0 
9 MARK X,P-T, MR2; P-X T R2 1 0 0 

R2-1-R2 
A REO 0-0 HIGHZ RP 1 1 0 
B SEa 1-0 HIGHZ RP 1 1 0 
C ADCI MRP+D+DF-DF, D; RP+l MRP RP 0 1 0 
D SDBI MRP-D-DFN-DF, D; RP~1 MRP RP 0 1 0 
E SHLC MSB(D)-DF; DF-LSBJQl HIGHZ RP 1 1 0 
F 5MBI D-MRP-DFN-DF, D; RP+l MRP RP 0 1 0 

8 O-F GLO RN.O-D RN.O RN 1 1 0 
9 O-F GHI RN.1-D RN.l RN 1 1 0 
A O-F PLO D-RN.O D RN 1 1 0 
B O-F PHI D-RN.1 D RN 1 1 0 

... = Data bus floats for first 2-1/2 clocks of the 9 clock Inltlalozatlon cycle, all zeros for remainder of cycle 
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CDP1805AC,CDP1806AC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Conl'd) 

DATA MEMORY N 

STATE I N MNEMONIC OPERATION BUS ADDRESS MRD iiWii LINES 
S1#1 TAKEN: MAP-B; AP+1-AP MAP AP 0 1 0 

#2 0-3, LONG TAKEN:B-AP.1 ·MAP-AP.O M(AP+1) RP+1 0 1 0 
S1#1 8-B BRANCH NOT TAKEN RP+1-RP MAP RP 0 1 0 

#2 NOT TAKEN: RP+1-AP M(RP+1) RP+1 0 1 0 
S1#1 C 5 TAKEN: RP+1-RP MAP RP 0 1 0 

#2 6 LONG TAKEN: RP+1-AP M(RP+1) RP+1 0 1 0 
7 SKIP 

S1#1 C NOT TAKEN: NO MRP RP 0 1 0 
D OPERATION 

#2 E NOT TAKEN: NO M(RP+1) AP+1 0 1 0 
F OPERATION 

S1#1 NO OPERATION MAP RP 0 1 0 

#2 4 NOP NO OPERATION M(RP+1) AP+1 0 1 0 

D O-F SEP N-P NN RN 1 1 0 

E O-F SEX N-X NN RN 1 1 0 

0 LDX MAX-D MAX RX 0 1 0 

1 OA MRXOR D-D 
2 AND MRXAND'D-D 

3 XOA MAXXOA D-D MAX AX 0 1 0 
4 ADD MAX+D-DF, D 
5 SD MAX-D-DF, D 
7 SM D-MAX-DF'D 

S1 F 6 SHA LSB(D)-DF; O-MSB(D) HIGH Z AX 1 1 0 

8 LDI MAP-D; AP+1-AP 
9 OAI MAP OA D-D; AP+1-AP 
A ANI MAP AND D-D; AP+1-AP 
B XAI MAP XOA D-D; AP+1-AP MAP AP 0 1 0 

C ADI· MAP+D-DF, D; AP+1-AP 
D SDI MAP-D-DF, D; AP+1-AP 
F SMI D-MAP-DF, D; AP+1-AP 
E SHL MSB(D)-DF; O-LSB(D) HIGH Z AP 1 1 0 
DMA IN BUS-MAO; AO+1-AO DATA FAOM AO 1 0 (J 

S2 1/0 DEVICE 
DMAOUT MAO-BUS; AO+1-AO MAO AO 0 1 0 

S3 INTEAAUPT X,P-T; O-MIE HIGH Z AN 1 1 0 
1-P; 2-X 
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CDP1805AC,CDP1806AC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Confd) 

DATA MEMORY N 
STATE I N MNEMONIC OPERATION BUS ADDRESS MRD iiWR LINES 

THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
"88" PRECEDES ALL THE OP CODES, SO THERE IS A DOUBLE FETCH 

0 STPC STOP COUNTER CLOCK; HIGHZ RO 1 1 0 
0-+32 PRESCAlER 

1 DTC CNTR-1-CNTR HIGHZ R1 1 1 0 
2 SPM2 CNTR-1 ON EF2 AND TPA HIGHZ R2 1 1 0 
3 SCM2 CNTR-1 ON EF2 0 TO 1 HIGHZ R3 1 1 0 
4 SPM1 CNTR-1 ON EF1 AND TPA HIGHZ R4 1 1 0 
5 SCM1 CNTR-1 ON EF1 0 TO 1 HIGHZ R5 1 1 0 

S1 0 6 lDC CNTR STOPPED D-CH, 0 R6 1 1 0 
CNTR;O-CI 

CNTR RUNNING D-CH 
7 STM CNTR-1 ON TPA+32 HIGHZ R7 1 1 0 
8 GEC CNTR-D CNTR R8 1 1 0 
9 ETa IF CNTR THRU 0: a-a HIGHZ R9 1 1 0 
A XIE 1-XIE HIGHZ RA 1 1 0 
B XID O-XIE HIGHZ RB 1 1 0 
C CIE 1-CIE HIGHZ RC 1 1 0 
0 CID O-CIE HIGHZ RD 1 1 0 

S1#1 RN-1-RN HIGHZ RN 1 1 0 
#2 MRP-B; RP+1-RP MRP RP 0 1 0 
#3 2 O-F DBNZ 

TAKEN: B-RP.1, MRP-RP.O 
M(RP+1) RP+1 0 1 0 

NOT TAKEN: RP+1-RP 

BCI TAKEN: MRP-RPO, 
E O-CI MRP RP 0 1 0 

S1 3 NOT TAKEN: RP+1-RP 

F BXI 
TAKEN: MRP-RP.O 

NOT TAKEN' RP+1-RP MRP RP 0 1 0 

S1#1 MRX-B, RX+1-RX MRX RX 0 1 0 
#2 6 O-F RlXA B-T; MRX-B; RX+1-RX M(RX+1) RX+1 0 1 0 
#3 B T-RNO RN.1 HIGHZ RN 1 1 0 

I~ MRX+D+DF-DF .0 MRX RX 0 1 0 
#2 7 4 DADC DECIMAL ADJUST-OF 0 HIGHZ RP 1 1 1 

S1#1 RX-1-RX HIGHZ RX 1 1 0 

~ T-MRX; RX-1-RX T RX-1 1 0 0 
#3 7 6 DSAV D-MRX, RX-1-RX 0 RX-2 1 0 0 

SHIFT 0 RIGHT WITH 
CARRY 

#4 D-MRX 0 RX-3 1 0 0 

~ D-MRX-INOT DFI-DF 0 MRX RX 0 1 0 
#2 

7 7 DSMB DECIMAL ADJUST-OF, 0 HIGHZ RP 1 1 0 
S1#1 MRP+D+DF-DF, 0; 

7 C DACI RP+1-RP MRP RP 0 1 0 - #2 DECIMAL ADJUST-OF, 0 HIGHZ RP+1 1 1 0 
S1#1 D-MRP-(NOT DF)-DF, 0, 

MRP 7 F DSBI RP+1-RP RP 0 1 0 

#2 DECIMAL ADJUST-OF, 0 HIGHZ RP+1 1 1 0 
S1#1 RN.O, RN.1-T, B HIGHZ RN 1 1 0 

#2 T-MRX; RX-1-RX RN.O RX 1 0 0 
#3 B-MRX RX-1-RX RN.1 RX-1 1 0 0 
#4 8 O-F SCAl RP.O RP.1-T B HIGHZ RP 1 1 0 
#5 B T-RN.1 RN.O HIGHZ RN 1 1 0 
#6 MRN-B; RN+1-RN MRP RP 0 1 0 
#7 B-T' MRN-B' RN+1-RN M(RP+1) RP+1 0 1 0 
#8 B, T -RP.O, RP 1 HIGHZ RP 1 1 0 
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CDP1805AC, CDP1806AC 
TABLE II. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 

DATA MEMORY -- -- N 
STATE I N MNEMONIC OPERATION BUS ADDRESS MRD MWR LINES 

THE FOLLOWING ARE ALL LINKED INSTRUCTIONS 
" .. "' PRECEDES ALL THE OP CODES. SO THERE IS A DOUBLE FETCH 

~ RN.O RN.1-T B HIGHZ RN 1 1 ~ 

~ RX+1-RX HIGHZ RX 1 1 0 
#3 B, T-RP.1, RP.O HIGHZ RP 1 1 0 

I-- 9 O-F SRET 

I~ MRX':"B; RX+1-RX M(RX+ll RX+1 0 1 0 
#5 B-T; MRX-B M(RX+1) RX+2 0 1 0 r--mr- B, T-RN.O, RN.1 HIGHZ RN 1 1 ....0. 

~ RN.O, RN.1-T, B HIGHZ RN 1 1 0 

r-4-- A O-F RSXO T-MRX' RX-1-RX RN.O RX 1 ....0. ....0.. 
#3 B-MRX; RX-1-RX RN.1 RX-1 1 0 _Cl 

S1#1 RN 0, RN 1-T, B HIGHZ RN 1 1 0 
#2 B O-F RNX 

B, T-RX.1 RX.O HIGHZ RX 1 t ....0. 

~ MRP-B'RP+1-RP MRP RP 0 1 ....0. 

~ C O-F RLOI B-T' MRP-B' RP+1-RP MJ.R P+ 11 RP+1 0 1 _0 
#3 B, T-RN,O, RN,1;'RP+1-RP HIGHZ RN 1 1 0 

I~ MRX+O-OF,O MRX RX 0 i .1l. 
#2 F 4 DADO 

DECIMAL ADJUST-OF, 0 HIGHZ RP 1 1 0 
S1#1 O-MRX-OF,O MRX RX 0 1 0 

#2 F 7 OSM 
DECIMAL ADJUST-OF, 0 HIGHZ RP 1 1 0 

S1#1 MRP+O-OF, 0; 
f-- F C OAOI RP+1-RP MRP RP 0 1 0 

#2 DECIMAL ADJUST-OF, 0 HIGHZ RP+1 1 1 0 
S1#1 O-MRP-OF,O 

F F OSMI RP+1-RP MRP RP 0 1 0 

~ DECIMAL ADJUST-OF, 0 HIGHZ RP+1 1 1 0 
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CDP1805AC,CDP1806AC 
Instruction Summary 

N 

o I 11213141 5 I 6 I 7 I 8 I 9 I A I B I C I 0 I E 1-E-
0 IOL I LON 

1 INC 

2 DEC 
3 BR I BO I BZ I BOF I B1 I B2 I B3 I B4 1 SKP I BNO I BNZ 1 BNF 1 BN1 I BN2 I BN3 I BN4 

4 LOA 

5 STR 
6 IRX I OUT I * j INP 
7 RET I DIS ILDXAlsTXDI ADC I SDB ISHRCI 5MB 1 SAY IMARKI REO I SEa I ADCII SDBllsHLCI 5MBI 

8 GLO 

9 GHI 

A PLO 

B PHI 

C LBR 1 LBO 1 LBZ I LBDF I NOP I LSNOJ LSNZ I LSNF 1 LSKPjLBNO I LBNZ I LBNF I LSIE I LSO I LSZ I LSDF 

D SEP 

E SEX 

F LDX I OR 1 AND 1 XOR 1 ADD I SD 1 SHR 1 SM I LDI 1 ORI 1 ANI 1 XRI 1 ADI I SDI ! SHL I SMI 

'68' LINKED OPCODES (DOUBLE FETCH) 

0 ISTPCI DTC ISPM21SCM21 SPM1 I SCM1 I LDC 1 STM I GEC I ETa I XIE I XID I CIE I CID I - J -

2 DBNZ 

3 I 1 1 I 1 I 1 I - I - I - I - I-~ - I BCI I BXI 

6 RLXA 
7 -1-1-1 - IDADCI - IDSAVIDSMBI - I - I - I - IDACII - I - I DSBI 

8 SCAL 

9 SRET 

A RSXD 

B RNX 

C RLDI 

F - 1 - 1 - 1 - IDADDI - 1 - I DSM I - I - I - I - I DADI I - I - I DSMI 

* '68' IS USED AS A LINKING OPCODE FOR THE DOUBLE FETCH INSTRUCTIONS. 
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Comparison of RCA CMOS CDP680S Family 
Microprocessors and Microcomputers 

CDP680SE2 CDP6805E3 CDP6805F2 CDP6805G2 
Features 

CDP680SE2C# CDP680SE3C# CDP68OSF2C# CDP680SG2C# 

Memory 
8k 64k - -

Addressing (Bytes) 

On-Chip RAM (Bytes) 112 112 64 112 

On-Chip ROM (Bytes) - - 1089 2106 

Max. Clock 
5.0 5.0 4.0 4.0 

Frequency (MHz) 

Instruction Time 

Mln.lMax.(ps) 
2.0110.0 2.0/10.00 2.0/10.00 2.0110.00 

Timer/Counter Bits 8 8 8 8 

Prescalers Program Program Program Program 

Bus Structure 
Multiplexed 

Address/Data 
- -

Interrupts V V V V 

Latched I/O Lnes 16 13 16 32 

Max. Operating 
Oto+70 Oto+70 Oto+70 Oto+70 

Temp. Range (0C) 

Package 4OD, E 40D, E 28D, E 4OD, E 

No. of PinS 440 440 280 -

Senal Interface - - - -
- --- ----

V = Vectored address ° Multiply instruction in the CDP68HC05C4, CDP68HC05C8, and CDP68HC05D2 

# "C" Version has -40 to +85° C operating temperature range. 

CDP68HC05D2° CDP68HC05D2AO CDP68HC05C4° 

- - -

96 96 176 

2176 2176 4160 

4.2 4.2 4.2 

0.95/5.23 0.95/5.23 0.95/5.23 

16 16 16 

+4 +4 +4 

- - -

V V V 

28 16 24 

-40to+ 125 -40to+ 125 -40 to + 125 

4OD,E 28E 4OD, E 

440 280 440 

SPI - SPI/SCI 
- -- -- -

CDP68HC05C8° i 

-

176 

n44 

4.2 

0.95/5.23 

16 

+4 

-

V 

24 

-40 to + 125 

4OD, E 

440 

SPI/SCI 
---

: o en 

f .. 
ii • 
iI: 
i o 
"a 

g 
: o 
;; 
1\1 
::::II 
Q. 

iI: 
n 
C; 
n o 
:I 
"a 
C .. 
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CDP68HCOSC4, CDP68HCOSC8 
HCMOS Microcomputers 

1.1 GENERAL 

SECTION 1 
INTRODUCTION 

The CDP68HC05C4 HCMOS Microcomputer is a member of the CDP68HC05 Family of 
low-cost single-chip microcomputers. This 8-bit microcomputer contains an on-chip 
oscillator, CPU, RAM, ROM, 1/0, two serial interface systems, and timer. The fully static 
design allows operation at frequencies down to dc, further reducing its already low-power 
consumption. 

The CDP68HC05C8 Microcomputer (MCU) device is similar to the CDP68HC05C4 MCU 3 
with one exception. This exception incorporates 3584 additional bytes of user ROM for a 
total of 7744 bytes of on-chip user ROM. All information on the CDP68HC05C4 MCU 
applies to the CDP68HC05C8 MCU with the exception of the memory description. 

1.2 FEATURES 

The following are some of the hardware and software highlights of these HCMOS 
Microcomputers. 

HARDWARE FEATURES 

• HCMOS Technology 
• 8-Bit Architecture 
• Power-Saving Stop and Wait Modes 
• Fully Static Operation 
• 176 Bytes of On-Chip RAM 
• 4160 Bytes of On-Chip ROM (CDP68HC05C4) 

7744 Bytes of On-Chip ROM (CDP68HC05C8) 
• 24 Bidirectional 1/0 Lines 
• 2.1-MHz Internal Operating Frequency at 5 Volts; 1 MHz at 3 Volts 
• Internal 16-Bit Timer Similar to MC6801 Timer 
• Serial Communications Interface System 
• Serial Peripheral Interface System 
• Self-Check Mode 
• External, Timer, Serial Communications Interface, and Serial Peripheral Interface 

Interrupts 
• Master Reset and Power-On Reset 
• Single 3- to 6-Volt Supply (2-V Data Retention Mode) 
• On-Chip Oscillator with RC or Crystal Mask Options 
• 40-Pin Dual-In-Line Package 
• 44-Lead Plastic Chip Carrie~,Also Available 

TSM·203A 
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SOFTWARE FEATURES 

• Similar to MC6800 
• 8 x 8 Unsigned Multiply Instruction 
• Efficient Use of Program Space 
• Versatile Interrupt Handling 
• True Bit Manipulation 
• Addressing Modes with Indexed Addressing for Tables 
• Efficient Instruction Set 
• Memory Mapped I/O 
• Two Power-Saving Standby Modes 
• Upward Software Compatible with the CDP6805 CMOS Family 

TCMP OSC1 OSC2 

Internal 

1 
RESET 

2 
IRQ 

PAO 
Accumulator Peo 

PAl 
8 A PCl 

Port PA2 CPU PC2 
Port 

A Data Data Port C PA3 Index Control PC3 
1/0 0" 0" C 1/0 PA4 Register PC4 

lmes PA5 Reg 8 X Reg Reg lines 
PC5 

PA6 Condition 
Code PC6 

PA7 
5 Register CC PC7 

CPU 
Stack Port 0 PD7 

PBO POinter 
6 S PBl SCI RDI !POOl 

Port PB2 Program System TOO IPDlI 
B PB3 Data Counter 

1/0 PB4 0" 5 High PCH AlU 
MISO IPD21 

Reg 
SPI MOSIIPD31 

lines PB5 Program System SCK IPD41 
PB6 Counter 

SS IPD51 
PB7 8 low PCl Baud Rate 

Generator 

Internal 
Processor 

240 x 8 Clock 

Self-Check "7744 bytes of ROM 
ROM for CDP68HC05C8 

Figure '-1. Microcomputer Block Diagram 
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CDP68HC05C4, CDP68HC05C8 
SECTION 2 

FUNCTIONAL PIN DESCRIPTION, INPUT/OUTPUT PROGRAMMING, 
MEMORY, CPU REGISTERS, AND SELF-CHECK 

This section provides a description of the functional pins, input/output programming, memory, 
CPU registers, and self-check. 

2.1 FUNCTIONAL PIN DESCRIPTION 

2.1.1 VDD and VSS 

Power is supplied to the MCU using these two pins. VOO is power and VSS. is ground. 

2.1.2 IRQ (Maskable Interrupt Requestt 

IRQ is a programmable option which provides two different choices of interrupt triggering sensi­
tivity. These options are: 1) negative edge-sensitive triggering only, or 2) both negative edge­
sensitive and level-sensitive triggering. In the latter case, either type of input to the IRQ pin will pro­
duce the interrupt. The MCU completes the current instruction before it responds to the interrupt 
request. When the iRO pin goes low for at least on tILlH, a logic one is latched internally to signify 
an interrupt has been requested. When the MCU completes its current instruction, the interrupt 
latch is tested. If the interrupt latch contains a logic one, and the interrupt mask bit (I bit) in the con­
dition code register is clear, the MCU then begins the interrupt sequence. 

If the option is selected to include level-sensitive triggering, then the i'RQ input requires an external 
resistor to VOO for "wire-OR" operation. See INTERRUPTS in Section 3 for more detail concerning 
interrupts. 

2.1.3 R'Em 
The R"E'SE'i' input is not required for startup but can be used to reset the MCU internal state and pro­
vide an orderly software startup procedure. Refer to RESETS in Section 3 for a detailed description. 

2.1.4 TCAP 

The TCAP input controls the input capture feature for the on-chip programmable timer system. 
Refer to INPUT CAPTURE REGISTER in Section 4 for additional information. 

2.1.5 TCMP 

The TCMP pin (35) provides an output for the output compare feature of the on-chip timer system. 
Refer to OUTPUT COMPARE REGISTER in Section 4 for additional information. 
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2.1.6 OSC1, OSC2 

The COP6BHCOSC4 and COP6BHCOSCB can be configured to accept either a crystal input 
or an RC network to control the internal oscillator. The internal clocks are derived by a 
divide-by-two of the internal oscillator frequency (fOSC). 

2.1.6.1. CRYSTAL. The circuit shown in Figure 2-1(b) is recommended when using a 
crystal. The internal oscillator is deSigned to interface with an AT-cut parallel resonant 
quartz-crystal resonator in the frequency range specified for fOSC in 9.7 or 9.B Control 
Timing. Use of an external CMOS oscillator is recommended when crystals outside the 
specified ranges are to be used. The crystal and components should be mounted as close 
as possible to the input pins to minimize output distortion and startup stabilization time. 
Refer to 9.S or 9.6 for VOO specifications. 

2.1.6.2 CERAMIC RESONATOR. A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 2-1 (b) is recommended when using a 
ceramic resonator. Figure 2-1 (a) lists the recommended capacitance and feedback 
resistance val ues. The manufactu rer of the particu lar ceramic resonator being considered 
should be consulted for specific information. 

Crystal Ceramic Re.onator 

2 MHz 4 MHz Units -4 MHz Unite 

RSMAX 400 75 Il RS (typical) 10 0 
Co 5 7 pF Co 40 pF 
Cl 0.008 0012 I'F C1 4.3 pF 

COSCl 15-40 15-30 pF C_OS~ 30 pF 

COSC2 15-30 15-25 pF COSC2 30 pF 
Rp 10 10 Mil Rp 1-10 MO 
Q 30 40 K Q 1250 -

(a) Crystal/Ceramic Resonator Parameters 

CDP68HC05C4 

OSCl OSC2 

39 Rp 38 

o 

(b) Crystal Oscillator Connections 

CDP68HC05C4 

OSCl OSC2 

b9 /38 
R 

(d) RC Oscillator Connections 

L Cl Rs 

:CCF 
~38~----~IO~1 ____ ~3~9 

(c) Equivalent Crystal Circuit 

CDP68HC05C4 

OSCl OSC2 

39 b38 

Unconnected 

'-----<-:::: External Clock 

(e) External Clock Source Connections 

Figure 2-1. Oscillator Connections 
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2.1.6.3 Re. If the RC oscillator option is selected, then a resistor is connected to the 
oscillator pins as shown in Figure 2-1 (d). 

2.1.6.4 EXTERNAL CLOCK. An external clock should be applied to the OSCl Input with the OSC2 
Input not connected, as shown in Figure 2-1 (e). An external clock may be used with either the RC or 
crystal oscillator option. The toxov or tilCH specifications do not apply when uSing an external 
clock input. The equivalent specification of the external clock source should be used In lieu of 
toxov or tilCH 

2.1.7 PAO-PA7 

These eight 1/0 lines comprise port A. The state of any pin is software programmable and all port A 
lines are configured as input during power-on or reset. Refer to INPUT IOUTPUT PROGRAMMING 
paragraph below for a detailed description of 1/0 programming. 

2.1.8 PBO-PB7 

These eight lines comprise port B. The state of any pin is software programmable and all port B lines 
are configured as input during power-on or reset. Refer to INPUT IOUTPUT PROGRAMMING 
paragraph below for a detailed description of 1/0 programming. 

2.1.9 PCO-PC7 

These eight lines comprise port C. The state of any pin is software programmable and all port Clines 
are configured as input during power-on or reset. Refer to INPUTIOUTPUT PROGRAMMING 
paragraph below for a detailed description of 1/0 programming. 

2.1.10 PDO-PD5, PD7 

These seven lines comprise port D, a fixed input port that is enabled during power-on. All enabled 
special functions (SPI and SCD affect the pins on this port. Four of these lines, PD2/MISO, 
PD3/MOSI, PD4/SCK, and PD5/SS, are used in the serial peripheral interface (SPD discussed In 
Section 6. Two of these lines, PDOI RDI and PDl ITDO, are used in the serial communications inter­
face (SCD discussed in Section 5. Refer to 2.2 INPUT/OUTPUT PROGRAMMING for a detailed 
description of 1/0 programming. 
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2.2 INPUT/OUTPUT PROGRAMMING 

2.2.1 Parallel Ports 

Ports A, B, and C may be programmed as an input or an output under software control. The direc­
tion of the pins is determined by the state of the corresponding bit in the port data direction register 
(DDRl. Each 8-bit port has an associated 8-bit data direction register. Any port A, port B, or port C 
pin is configured as an output if its corresponding DDR bit is set to a logic one. A pin is configured 
as an input if its corresponding DDR bit is cleared to a logic zero. At power-on or reset. all DDRs are 
cleared, which configure all port A, B, and C pins as inputs. The data direction registers are capable 
of being written to or read by the processor. Refer to Figure 2-3 and Table 2-1. During the program­
med output state, a read of the data register actually reads the value of the output data latch and 
not the 110 pin. 

Internal 
CDP68HC05C4 

Con nections 

Typical Port 
Data Direction 

Register 

TYPical Port 
Register 

Pm P-7 P-6 

."'''''~ 
PORT DDR 

I 

INTERNAL 

lOGIC 

(a) 

P-5 

(b) 

Voo 

(e) 

P-4 P-3 P-2 P-l 

NOTES 
1. *DENOTES DEVICES HAVE SAME 

PHYSICAL SIZE, AND ARE 
ENHANCEMENT TYPE. 

2 IP = INPUT PROTECTION. 

p-o 

3. LATCH·UP PROTECTION NOT SHOWN. 

92C$-42289 

Figure 2-3. Typical Parallel Port 110 Circuitry 

1/0 
Pin 
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Table 2-1. I/O Pin Functions 

R/W' DDR I/O Pin Function 

a a The I/O pin IS in Input mode. Data is written Into the output data latch. 

a 1 Data IS written Into the output data latch and output to the I/O pin. 

1 a The state of the I/O pin IS read. 

1 1 The I/O pin is in an output mode. The output data latch IS read 

*R/W IS an Internal signal 

2.2.2 Fixed Port 

Port 0 is a 7-bit fixed input port (POO-P05, P07) that continually monitors the external pins 
whenever the S PI or SCI systems are disabled. During power-on reset or external reset all seven bits 
become valid input ports because all special function output drivers are disabled. For example, with 
the serial communications interface (SCD system enabled, (RE= TE= 1) POO and P01 inputs will 
read zero. With the serial peripheral interface (S PD system disabled (SPE = Q) P02 through P05 will 
read the state of the pin at the time of the read operation. No data register is associated with the 
port when it is used as an input. 

NOTE 
It is recommended that all unused inputs, except OSC2, and I/O ports (configured as 
inputs) be tied to an appropriate logic level (e.g. either VDD or VSS). 

2.2.3 Serial Port (SCI and SPI) 

The serial communications interface (SCI) and serial peripheral interface (SPI) use the port 0 pins 
for their functions. The SCI function requires two of the pins (POO-P01) for its receive data input 
(ROD and transmit data output (TOO) respectively, whereas the SPI function requires four of the 
pins (P02-P05) for its serial data input/output (MISO), serial data output/input (MOSI), system 
clock (SCK), and slave select (SS) respectively. Refer to SECTION 5 SERIAL COMMUNICATIONS 
INTERFACE and SECTION 6 SERIAL PERIPHERAL INTERFACE for a more detailed discussion. 

2.3 MEMORY 

As shown in Figure 2-4, the MCU is capable of addressing 8192 bytes of memory and I/O registers 
With Its program counter. The CDP68HC05C4 MCU has Implemented 4601 bytes of these locations. 
The first 256 bytes of memory (page zero) Include: 25 bytes of I/O features such as data ports, the 
port OORs, timer, serial peripheral interface (S PI), and serial communication interface (SCI); 48 
bytes of user ROM, and 176 bytes of RAM. The next 4096 bytes complete the user ROM. The self­
check ROM (224 bytes) and self-check vectors (16 bytes) are contained in memory locations $1 FOO 
through $1 FEF. The 16 highest address bytes contain the user defined reset and the interrupt vec­
tors. Seven bytes of the lowest 32 memory locations are unused and the 176 bytes of user RAM in­
clude up to 64 bytes for the stack. Since most programs use only a small part of the allocated stack 
locations for interrupts and/ or subroutine stacking purposes, the unused bytes are usable for pro­
gram data storage. Figure 2-5 illustrates the CDP68HC05C8 memory map. 
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Figure 2-5. CDP68HC05C8 Address Map. 
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Figure 2-4. CDP68HCOSC4 Address Map. 
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2.4 CPU REGISTERS 

The CPU contains five registers, as shown in the programming model of Figure 2-5. The 
interrupt stacking order is shown in Figure 2-6. 

7 0 
I A I Accumulator 

7 0 
X I ndex Register 

12 0 
PC Program Counter 

12 7 0 
101010101011111 SP Stack Pomter 

1 UR:ER I ncreasmg Memory 
Addresses 

Unstack 

CC 

Condition Code Register 

Carry/Borrow 

Zero 

'----- Negative 

'------ Interrupt Mask 

'------- Half Carry 

Figure 2-5. Programming Model 

7 

1 I 1 I 1 I Condition Code Register 

Accumulator 

Index Register 

01 0 I 0 I PCH 

PCl 

o Stack 
I 

; I 
P 
T 

Decreasing Memory 
Addresses 

NOTE, Since the Stack POinter decrements dUring pushes, the PCl is 
stacked first, followed by PCH, etc Pullmg fram the stack IS 

in the reverse order, 

Figure 2-6. Stacking Order 
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2.4.1 Accumulator (A) 

The accumulator is an 8-bit general purpose register used to hold operands, results of the arithmetic 
calculations, and data manipulations. 

2.4.2 Index Register (X) 

The X register is an 8-bit register which is used during the indexed modes of addressing. It provides 
an 8-bit value which is used to create an effective address. The index register is also used for data 
manipulations with the read-modify-write type of instructions and as a temporary storage register 
when not performing addressing operations. 

2.4.3 Program Counter (PC) 

The program counter is a 13-bit register that contains the address of the next instruction to be 
executed by the processor. 

2.4.4 Stack Pointer (SP) 

The stack pointer is a 13-bit register containing the address of the next free locations on the push­
down/pop-up stack. When accessing memory, the seven most significant bits are permanently 
configured to 0000011. These seven bits are appended to the six least significant register bits to pro­
duce an address within the range of $ooFF to $OOCO. The stack area of RAM is used to store the 
return address on subroutine calls and the machine state during Interrupts. During external or 
power-on reset, and during a reset stack pointer (RS PI instruction, the stack pointer IS set to its up­
per limit ($ooFFI. Nested interrupt and/ or subroutines may use up to 64 (decimal) locations. When 
the 64 locations are exceeded, the stack pointer wraps around and points to its upper limit ($OOFFI, 
thus, losing the previously stored information. A subroutine call occupies two RAM bytes on the 
stack, while an interrupt uses five RAM bytes. 

2.4.5 Condition Code Register (CC) 

The condition code register is a 5-bit register which indicates the results of the Instruction Just 
executed as well as the state of the processor. These bits can be individually tested by a program 
and specified action taken as a result of their state. Each bit is explained In the following 
paragraphs. 

2.4.5.1 HALF CARRY BIT (H). The H bit is set to a one when a carry occurs between bits 3 and 4 of 
the ALU during an ADD or ADC instruction. The H bit is useful in binary coded deCimal 
subroutines. 

2.4.5.2 INTERRUPT MASK BIT (I). When the I bit is set, all interrupts are disabled. Clearing this bit 
enables the interrupts. If an external interrupt occurs while the I bit is set, the interrupt is latched 
and is processed after the I bit is next cleared; therefore, no interrupts are lost because of the I bit 
being set. An internal interrupt can be lost if it is cleared while the I bit is set (refer to SECTION 4 
PROGRAMMABLE TIMER, SECTION 5 SERIAL COMMUNICATIONS INTERFACE, and SECTION 
6 SERIAL PERIPHERAL INTERFACE for more information). 
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2.4.5.3 NEGATIVE IN). When set. this bit indicates that the result of the last arithmetic, logical, or 
data manipulation is negative (bit 7 in the result is a logic one). 

2.4.5.4 ZERO IZ). When set, this bit indicates that the result of the last arithmetic, logical, or data 
manipulation is zero. 

2.4.5.5 CARRY/BORROW IC). Indicates that a carry or borrow out of the arithmetic logic unit 
(AlU) occurred during the last arithmetic operation. This bit is also affected during bit test and 
branch instructions, shifts, and rotates. 

2.5 SELF-CHECK 

The self-check capability of the CDP68HC05C4 MCU provides an Internal check to determine If the 
device is functional. Self-check is performed using the circuit shown in the schematic diagram of 
Figure 2-7. As shown in the diagram, port C pins PCO-PC3 are monitored (light emitting diodes are 
shown but other devices could be used) for the self-check results. The self-check mode is entered 
by applying a 9 Vdc input (through a 4.7 kilohm resistor) to the iliQ pin (2) and 5 Vdc input (through 
a 4.7 kilohm resistor) to the TCAP pin (37) and then depressing the reset switch to execute a reset. 
After reset. the following seven tests are performed automatically: 

I/O - Functionally exercises ports A, B, and C 

RAM - Counter test for each RAM byte 
Timer - Tracks counter register and checks OCF flag 
SCI - Transmission Test; checks for RORF, TORE, TC, and FE flags 

ROM - Exclusive OR with odd ones parity result 
SPI - Transmission test with check for SPIF, WCOl, and MOOF flags 

INTERRUPTS - Tests external, timer, SCI, and SPI interrupts. 

Self-check results (using the LEOs as monitors) are shown in Table 2-2. The following subroutines 
are available to user programs and do not require any external hardware. 

2.6 TIMER TEST SUBROUTINE 

This subroutine returns with the Z bit cleared if any error is detected; otherwise, the Z bit is set. 

This subroutine IS called at location $1 FOE. The output compare register is first set to the current 
timer state. Because the timer is free running and has only a divide-by-four prescaler, each timer 
count cannot be tested. The test reads the timer once every 10 counts (40 cycles) and checks for 
correct counting. The test tracks the counter until the timer wraps around, triggering the output 
compare flag in the timer status register. RAM locations $0050 and $0051 are overwritten. Upon 
return to the user's program, X = 40. If the test passed, A = O. 

2.7 ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any error is detected; otherwise, the Z bit is set. 

This subroutine is called at location $1 F93 with RAM location $0053 equal to $01 and A = O. A short 
routine is set up and executed in RAM to compute a checksum of the entire ROM pattern. Upon 
return to the user's program, X = O. If the test passed, A = O. RAM locations $0050 through $0053 
are overwritten. 
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Figure 2-7. Self-Check Circuit Schematic Diagram 

Table 2-2. Self-Check Results 

PC3 PC2 PCI PCO Remarks 
1 0 0 1 Bad I/O 

1 0 1 0 Bad RAM 

1 0 1 1 Bad Timer 

1 1 0 0 Bad SCI 

1 1 0 1 Bad ROM 

1 1 1 0 Bad SPI 

1 1 1 1 Bad Interrupts or m'O' Request 

Flashing Good Device 

Ail Others Bad Device, Bad Port C, etc 

o Indicates LED on; 1 Indicates LED IS off. 
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SECTION 3 

RESETS, INTERRUPTS, AND LOW POWER MODES 

3.1 RESETS 

The MCU has two reset modes: an active low external reset pin (RESET) and a power-on 
reset function; refer to Figure 3-1. 

3.1.1 RESET Pin 

The RESET input pin is used to reset the MCU to provide an orderly software startup procedure. 
When using the external reset mode, the RESET pin must stay low for a minimum of one and one 
half tcyc. The RESET pin contains an internal Schmitt Trigger as part of its input to improve noise 
immunity. 

3.1.2 Power-On Reset 

The power-on reset occurs when a positive transition is detected on VDD. The power-on reset is 
used strictly for power turn-on conditions and should not be used to detect any drops in the power 
supply voltage. There is no provision for a power-down reset. The power-on circuitry provides for a 
4064 tcyc delay from the time that the oscillator becomes active. If the external RESET pin is low at 
the end of the 4064 tcyc time out, the processor remains In the reset condition until RESET goes 
high. 

Table 3-1 shows the actions of the two resets on internal circuits, but not necessarily In order of 
occurrence (X indicates that the condition occurs for the particular reset). 

3.2 INTERRUPTS 

Systems often require that normal processing be interrupted so that some external event may be 
serviced The CDP68HC05C4 may be Interrupted by one of five different methods. either one of four 
maskable hardware interrupts (ifill, SPI, SCI, or Timer) and one non-maskable software interrupt 
(SWIl. Interrupts such as Timer, SPI, and SCI have several flags which will cause the interrupt. 
Generally, interrupt flags are located in read-only status registers, whereas their equivalent enable 
bits are located in associated control registers. The interrupt flags and enable bits are never con­
tained in the same register. If the enable bit is a logic zero it blocks the interrupt from occurring but 
does not inhibit the flag from being set. Reset clears all enable bits to preclude interrupts during the 
reset procedure. 

The general sequence for clearing an interrupt is a software sequence of first accessing the status 
register while the interrupt flag is set, followed by a read or write of an associated register. When 
any of these interrupts occur, and if the enable bit is a logic one, normal processing is suspended at 
the end of the current instruction execution. Interrupts cause the processor registers to be saved on 
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Table 3-1. Reset Action on Internal Circuit 

RESET Power-On 
Condition Pin Reset 

Timer Prescaler reset to zero state X X 
Timer counter configured to $FFFC X X 
Timer output compare (TCMPI bit reset to zero X X 
All timer Interrupt enable bits cleared IICIE, OCIE, and TOIEI to disable timer Interrupts X X 

The OlVl timer bit IS also cleared by reset 
All data direction registers cleared to zero (lnputl X X 
Configure stack pOinter to $OOFF X X 
Force Internal address bus to restart vector 1$1 FFE-$1 FFFI X X 
Set I bit In condition code register to a logic one X X 
Clear STOP latch X* X 
Clear external Interrupt latch X X 
Clear WAIT latch X X 
Disable SCI (senal control bits TE=O and RE=OJ Other SCI bits cleared by reset Include TIE, TCIE, X X 

RIE, ILlE, RWU, SBK, RDRF, IDLE, OR, NF, and FE 
Disable SPI (senal output enable control bit SPE= OJ Other SPI bits cleared by reset Include SPIE, X X 

MSTR, SPIF, WCOl, and MODF 
Set senal status bits TDRE and TC X X 
Clear all senallnterrupt enable bits (SPIE, TIE, and TCIEI X X 
Place SPI system In slave mode IMSTR=OI X X 
Clear SCI prescaler rate control bits SCPO-SCP1 X X 

* Indicates that timeout stili occurs 

the stack (see Figure 2-6) and the interrupt mask (I bit) set to prevent additional interrupts. The 
appropriate interrupt vector then points to the starting address of the interrupt service routine (refer 
to Figure 2-4 for vector location). Upon completion of the interrupt service routine, the RTI instruc­
tion (which is normally a part of the service routine) causes the register contents to be recovered 
from the stack followed by a return to normal processing. The stack order is shown in Figure 2-6. 

NOTE 
The interrupt mask bit (I bit) will be cleared if and only if the corresponding bit stored in 
the stack is zero. 

A discussion of interrupts, plus a table listing vector addresses for all interrupts including 
reset, in the MCU is provided in Table 3-2, 

Table 3.2. Vector Address for Interrupts and Reset* 

Flag CPU Vector 
Register Name Interrupts Interrupt Address 

N/A N/A Reset mtT $1 FFE-$1 FFF 
N/A N/A Software SWI $1 FFC-$1 FFD 
N/A N/A External Interrupt iiill $1FFA-$1FFB 

Timer Status ICF Input Capture TIMER $1 FFB-$1 FF9 
OCF Output Compare 
TOF Timer Overflow 

SCI Status TORE Transmit Buffer Empty SCI $1FF6-$1FF7 
TC Transmit Complete 

RDRF Receiver Buffer Full 
IDLE Idle line Detect 
OR Overrun 

SPI Status SPIF Transfer Complete SPI $1FF4-$1FF5 
MODF Mode Fault 

"For explanation of ROM addresses $1 FFO-1 FF3, see "Ordering Information-Procedure for Submitting Data. Note #5" 
section of this document on page 
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3.2.1 Hardware Controlled Interrupt Sequence 

The following three functions (mET, STOP, and WAIT) are not in the strictest sense an interrupt; 
however, they are acted upon in a similar manner. Flowcharts for hardware Interrupts are shown in 
Figure 3-2, and for STOP and WAIT are provided in Figure 3-3. A discussion is provided below. 

(a) - A low input on the RESET input pin causes the program to vector to its starting address 
which is specified by the contents of memory locations $1 FFE and $1 FFF. The I bit In the 
condition code register is also set. Much of the MCU is configured to a known state dur­
ing this type of reset as previously described in RESETS paragraph 3.1. 

(b) STOP - The STOP instruction causes the oscillator to be turned off and the processor 
to "sleep" until an external interrupt (mTI) or reset occurs. 

(c) WAIT - The WAIT instruction causes all processor clocks to stop, but leaves the 
Timer, SCI, and SPI clocks running. This "rest" state of the processor can be cleared by 
reset, an external interrupt (1mJ), Timer interrupt, S PI interrupt, or SCI Interrupt There 
are no special wait vectors for these individual interrupts. 

3.2.2 Software Interrupt (SWI) 

The software interrupt is an executable instruction. The action of the SWI instruction is Similar to 
the hardware interrupts. The SWI is executed regardless of the state of the interrupt mask (I bit) in 
the condition code register. The Interrupt service routine address IS speCified by the contents of 
memory location $1 FFC and $1 FFD. 

3.2.3 External Interrupt 

If the interrupt mask (I bit) of the condition code register has been cleared and the external Interrupt 
pin (IRQ) has gone low, then the external Interrupt IS recognized When the interrupt IS recognized, 
the current state of the CPU is pushed onto the stack and the I bit IS set. This masks further inter­
rupts until the present one is serviced. The interrupt service routine address is specified by the con­
tents of memory location $1 FFA and $1 FFB. Either a level-sensitive and negative edge-sensitive 
trigger, or a negative edge-sensitive only trigger are available as a mask option. Figure 3-4 shows 
both a functional and mode timing diagram for the interrupt line. The timing diagram shows two dif­
ferent treatments of the Interrupt line (IRQ) to the processor. The first method shows single pulses 
on the interrupt line spaced far enough apart to be serviced. The minimum time between pulses IS a 
function of the number of cycles required to execute the interrupt service routine plus 21 cycles. 
Once a pulse occurs, the next pulse should not occur until the MCU software has exited the routine 
(an RTI occurs). The second configuration shows several interrupt lines "wlre-ORed" to form the 
interrupts at the processor. Thus, If after servicing one interrupt the Interrupt line remains low, then 
the next interrupt IS recognized. 

NOTE 
The internal interrupt latch IS cleared In the first part of the service routine; therefore, one 
(and only one) external interrupt pulse could be latched during tlLlL and serviced as soon 
as the I bit is cleared. 
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3.2.4 Timer Interrupt 

There are three different timer interrupt flags that will cause a timer interrupt whenever they are set 
and enabled. These three interrupt flags are found in the three most significant bits of the timer 
status register (TSR, location $13) and all three will vector to the same interrupt service routine 
($1 FF8-$1 FF9)' 

All interrupt flags have corresponding enable bits (ICIE, OCIE, and TOlE) in the timer control 
register (TCR, location $12). Reset clears all enable bits, thus preventing an interrupt from occurring 
during the reset time period. The actual processor interrupt is generated only if the I bit in the condi­
tion code register is also cleared. When the interrupt is recognized, the current machine state is 
pushed onto the stack and I bit is set. This masks further interrupts until the present one is serviced. 
The interrupt service routine address is specified by the contents of memory location $1 FF8 and 
$1 FF9. The general sequence for clearing an interrupt is a software sequence of accessing the 
status register while the flag is set, followed by a read or write of an associated register. Refer to 
SECTION 4 PROGRAMMABLE TIMER for additional information about the timer circuitry. 

3.2.5 Serial Communications Interface (SCI) Interrupts 

An interrupt in the serial communications interface (SCI) occurs when one of the interrupt flag bits 
in the serial commUnications status register IS set, prOVided the I bit In the condition code register IS 
clear and the enable bit in the serial communications control register 2 (location $OF) is enabled. 
When the interrupt is recognized, the current state of the machine is pushed onto the stack and the 
I bit in the condition code register is set. This masks further interrupts until the present one is ser­
viced. The SCI interrupt causes the program counter to vector to memory location $1 FF6 and $1 FF7 
which contains the starting address of the interrupt service routine. Software in the serial interrupt 
service routine must determine the priority and cause of the SCI interrupt by examining the interrupt 
flags and the status bits located in the serial communications status register (location $10), The 
general sequence for clearing an interrupt is a software sequence of accessing the serial com­
munications status register while the flag is set followed by a read or write of an associated register. 
Refer to SECTION 5 SERIAL COMMUNICATIONS INTERFACE for a description of the SCI system 
and its interrupts. 

3.2.6 Serial Peripheral Interface (SPI) Interrupts 

An interrupt in the serial peripheral interface (SPI) occurs when one of the interrupt flag bits in the 
serial peripheral status register (location SOB) is set, provided the I bit in the condition code register 
is clear and the enable bit in the serial peripheral control register (location $OA) is enabled. When the 
interrupt is recognized, the current state of the machine is pushed onto the stack and the I bit in the 
condition code register is set. This masks further interrupts until the present one is serviced. The 
SPI interrupt causes the program counter to vector to memory location $1 FF4 and $1 FF5 which 
contains the starting address of the interrupt service routine. Software in the serial peripheral inter­
rupt service routine must determine the priority and cause of the SPI interrupt by examining the 
interrupt flag bits located in the SPI status register. The general sequence for clearing an interrupt is 
a software sequence of accessing the status register while the flag is set, followed by a read or write 
of an associated register. Refer to SECTION 6 SERIAL PERIPHERAL INTERFACE for a description 
of the SPI system and its interrupts. 
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3.3 LOW POWER MODES 

3.3.1 STOP Instruction 

The STOP instruction places the MCU in its lowest power consumption mode. I n the STOP 
mode the internal oscillator is turned off, causing all internal processing to be halted; refer 
to Figure 3-3. During the STOP mode, the I bit in the condition code register is cleared to 
enable external interrupts. All other registers and memory remain unaltered and all 
input/output lines remain unchanged. This continues until an external interrupt (IRQ) or 
reset is sensed at which time the internal oscillator is turned on. The external interrupt or 
reset causes the program counter to vector to memory location $1 FFA and $1 FFE and 
$1 FFF which contains the starting address of the interrupt or reset service routine 
respectively. 

3.3.2 WAIT Instruction 

The WAIT instruction places the MCU in a low power consumption mode, but the WAIT 
mode consumes somewhat more power than the STOP mode. In the WAIT mode, the 
internal clock remains active, and all CPU processing is stopped; however, the 
programmable timer, serial peripheral interface, and serial communications interface 
systems remain active. Refer to Figure 3-3. During the WAIT mode, the I bit in the condition 
code register is cleared to enable all interrupts. All other registers and memory remain 
unaltered and all parallel input/output lines remain unchanged. This continues until any 
interrupt or reset is sensed. At this time the program counter vectors to the memory 
location ($1 FF4 through $1 FFF) which contains the starting address of the interrupt or 
reset service routine. 

3.4 DATA RETENTION MODE 

The contents of RAM and CPU registers are retained at supply voltages as low as 2 V dc. 
This is referred to as the DATA RETENTION mode, where the data is held, butthe device is 
not guaranteed to operate. 
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SECTION 4 

PROGRAMMABLE TIMER 

4.1 INTRODUCTION 

The programmable timer, which is preceded by a fixed divlde-by-four prescaler, can be used for 
many purposes, including input waveform measurements while simultaneously generating an out­
put waveform. Pulse widths can vary from several microseconds to many seconds. A block diagram 
of the timer is shown In Figure 4-1 and timing diagrams are shown In Figures 4-2 through 4-5 

Because the timer has a 16-bit architecture, each specific functional segment (capabilityl is 
represented by two registers. These registers contain the high and low byte of that functional seg­
ment. Generally, accessing the low byte of a specific timer function allows full control of that func­
tion; however, an access of the high byte inhibits that specific timer function until the low byte IS 

also accessed. 

NOTE 
The I bit in the condition code register should be set while manipulating both the high and 
low byte register of a specific timer function to ensure that an interrupt does not occur. 
This prevents interrupts from occurring between the time that the high and low bytes are 
accessed 

The programmable timer capabilities are provided by using the following ten addressable 8-bIt 
registers (note the high and low represent the significance of the byte). A description of each 
register IS provided below. 

Timer Control Register (TCR) location $12, 
Timer Status Register (TSR) location $13, 
Input Capture High Register location $14, 
Input Capture Low Register location $15, 
Output Compare High Register location $16, 
Output Compare Low Register location $17, 
Counter High Register location $18, 
Counter Low Register location $19, 
Alternate Counter High Register location $1A, and 
Alternate Counter Low Register location $1 B. 
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4.2 COUNTER 

The key element in the programmable timer is a 16-bit free running counter, or counter register, 
preceded by a prescaler which divides the internal processor clock by four. The prescaler gives the 
timer a resolution of 2.0 microseconds if the internal processor clock is 2.0 MHz. The counter is 
clocked to increasing values during the low portion of the internal processor clock. Software can 
read the counter at any time without affecting its value. 

The double byte free running counter can be read from either of two locations $18-$19 (called 
counter register at this location), or $1 A-$1 B (counter alternate register at this location). A read se­
quence containing only a read of the least significant byte of the free running counter ($19,$1 B) will 
receive the count value at the time of the read. If a read of the free running counter or counter alter­
nate register first addresses the most significant byte ($18,$lA) it causes the least significant byte 
($19,$1 B) to be transferred to a buffer. This buffer value remains fixed after the first most significant 
byte "read" even if the user reads the most significant byte several times This buffer is accessed 
when reading the free running counter or counter alternate register least Significant byte ($19 or 
$1 B), and thus completes a read sequence of the total counter value. Note that in reading either the 
free running counter or counter alternate register, if the most significant byte is read, the least 
significant byte must also be read in order to complete the sequence. 

The free running counter is configured to $FFFC during reset and is always a read-only register. 
During a power-on-reset (POR), the counter is also configured to $FFFC and begins running after 
the oscillator startup delay. Because the free running counter IS 16 bits preceded by a fixed divide­
by-four prescaler, the value in the free running counter repeats every 262,144 MPU Internal pro­
cessor clock cycles. When the counter rolls over from $FFFF to $0000, the timer overflow flag (TO F) 
bit is set. An interrupt can also be enabled when counter rollover occurs by setting ItS Interrupt 
enable bit (TOlE), 

4.3 OUTPUT COMPARE REGISTER 

The output compare register is a 16-bit register, which IS made up of two 8-bIt registers at locations 
$16 (most significant byte) and $17 (least significant byte) The output compare register can be used 
for several purposes such as, controlling an output waveform or indicating when a penod of time 
has elapsed. The output compare register IS unique In that all bits are readable and writable and are 
not altered by the timer hardware. Reset does not affect the contents of this register and if the com­
pare function is not utilized, the two bytes of the output compare register can be used as storage 
locations. 

The contents of the output compare register are compared With the contents of the free running 
counter once during every four Internal processor clocks If a match IS found, the corresponding 
output compare flag (OCFI bit IS set and the corresponding output level (oLVU bit IS clocked (by 
the output compare circuit pulse) to an output level register. The values in the output compare 
register and the output level bit should be changed after each successful companson In order to 
control an output waveform or establish a new elapsed timeout. An Interrupt can also accompany a 
successful output compare prOVided the corresponding Interrupt enable bit, oelE, IS set 

After a processor write cycle to the output compare register containing the most significant byte 
($16), the output compare function is inhibited until the least significant byte ($17) is also written. 
The user must write both bytes (locations) if the most significant byte IS written first. A wnte made 
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only to the least significant byte ($17) will not inhibit the compare function. The free running 
counter is updated every four internal processor clock cycles due to the internal prescaler. The 
minimum time required to update the output compare register is a function of the software program 
rather than the internal hardware. 

A processor write may be made to either byte of the output compare register without affecting the 
other byte. The output level (OLVU bit is clocked to the output level register regardless of whether 
the output compare flag (OCF) is set or clear. 

Because neither the output compare flag (OCF bit) or output compare register is affected by reset, 
care must be exerpised when initializing the output compare function with software. The following 
procedure is recommended: 

(1) Write the high byte of the output compare register to inhibit further compares until the low 
byte is written. 

(2) Read the timer status register to arm the OCF if it is already set. 
(3) Write the output compare register low byte to enable the output compare function with the 

flag clear. 

The advantage of this procedure is to prevent the OCF bit from being set between the time it is read 
and the write to the output compare register. A software example is shown below. 

B7 
B6 
BF 

16 
13 
17 

STA 
LDA 
STX 

OCMPHI 
TSTAT 
OCMPLD 

4.4 INPUT CAPTURE REGISTER 

INHIBIT OUTPUT COMPARE 
ARM OCF BIT IF SET 
READY FOR NEXT COMPARE 

The two 8-bit registers which make up the 16-bit input capture register are read-only and are used to 
latch the value of the free running counter after a defined transition is sensed by the corresponding 
input capture edge detector. The level transition which triggers the counter transfer is defined by 
the corresponding input edge bit (IEDG). Reset does not affect the contents of the input capture 
register. 

The result obtained by an input capture will be one more than the value of the free running counter 
on the rising edge of the internal processor clock preceding the external transition (refer to timing 
diagram shown in Figure 4-3). This delay is required for internal synchronization. Resolution is af­
fected by the prescaler allowing the timer to only increment every four internal processor clock 
cycles. 

The free running counter contents are transferred to the input capture register on each proper signal 
transition regardless of whether the input capture flag (ICF) is set or clear. The input capture 
register always contains the free running counter value which corresponds to the most recent input 
capture. 

After a read of the most significant byte of the input capture register ($14), counter transfer is in­
hibited until the least significant byte ($15) of the input capture register is also read. This 
characteristic forces the minimum pulse period attainable to be determined by the time used In the 
capture software routine and its interaction with the main program. The free running counter in­
crements every four internal processor clock cycles due to the prescaler. 
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A read of the least significant byte ($15) of the input capture register does not inhibit the free 
running counter transfer. Again, minimum pulse periods are ones which allow software to read the 
least significant byte ($15) and perform needed operations. There is no conflict between the read of 
the input capture register and the free running counter transfer since they occur on opposite edges 
of the internal processor clock. 

4.5 TIMER CONTROL REGISTER ITCR) 

The timer control register (TCR, location $12) is an 8-bit read/write register which contains five con­
trol bits. Three of these bits control interrupts associated with each of the three flag bits found in 
the timer status register (discussed below). The other two bits control: 1) which edge is significant 
to the input capture edge detector (i.e., negative or positive), and 2) the next value to be clocked to 
the output level register in response to a successful output compare. The timer control register and 
the free running counter are the only sections of the timer affected by reset. The TCM P pin is forced 
low during external reset and stays low until a valid compare changes it to a high. The timer control 
register is illustrated below followed by a definition of each bit. 

B7,ICIE 

B6,OCIE 

B5, TOlE 

B1,IEDG 

BO,OLVL 

6 5 4 3 2 o 
ICIE OCIE TOlE o o o IEDG OLVL I $12 

If the input capture interrupt enable (ICIE) bit is set, a timer interrupt is enabled 
when the ICF status flag (in the timer status register) is set. If the ICIE bit is 
clear, the interrupt is inhibited. The ICIE bit is cleared by reset. 

If the output compare interrupt enable (OCIE) bit IS set, a timer interrupt IS 

enabled whenever the OCF status flag is set. If the OCIE bit is clear, the inter­
rupt is inhibited. The OCIE bit is cleared by reset. 

If the timer overflow interrupt enable (TOlE) bit is set, a timer interrupt is 
enabled whenever the TOF status flag (in the timer status register) is set. If the 
TOlE bit IS clear, the interrupt is inhibited. The TOlE bit is cleared by reset. 

The value of the input edge (lEDG) bit determines which level transition on pin 
37 will trigger a free running counter transfer to the input capture register. 
Reset does not affect the IEDG bit. 

0= negative edge 
1 = positive edge 

The value of the output level (OL VU bit is clocked Into the output level register 
by the next successful output compare and will appear at pin 35. This bit and 
the output level register are cleared by reset. 

0= low output 
1 = high output 
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4.6 TIMER STATUS REGISTER (TSR) 

The timer status register (TS R) is an 8-bit register of which the three most significant bits contain 
read-only status information. These three bits indicate the following: 

1. A proper transition has taken place at pin 37 with an accompanying transfer of the free run­
ning counter contents to the input capture register, 

2. A match has been found between the free running'counter and the output compare register, 
and 

3. A free running counter transition from $FFFF to $0000 has been sensed (timer overflow). 

The timer status .register is illustrated below followed by a definition of each bit. Refer to timing 
diagrams shown in Figures 4-2, 4-3, and 4-4 for timing relationship to the timer status register bits. 

B7,ICF 

B6, OCF 

85, TOF 

6 5 4 3 2 o 
ICF OCF rOF o o o o o $13 

The input capture flag (ICF) is set when a proper edge has been sensed by the 
input capture edge detector. It is cleared by a processor access of the timer 
status register (with ICF set) followed by accessing the low byte ($15) of the in­
put capture register. Reset does not affect the input compare flag. 

The output compare flag (OCF) is set when the output compare register con­
tents matches the contents of the free running counter. The OCF is cleared by 
accessing the timer status register (with OCF set) and then accessing the low 
byte ($17) of the output compare register. Reset does not affect the output 
compare flag. 

The timer overflow flag (TOF) bit is set by a transition of the free running 
counter from $FFFF to $0000. It is cleared by accessing the timer status register 
(with TOF set) followed by an access of the free running counter least signifi­
cant byte ($19). Reset does not affect the TOF bit. 

Accessing the timer status register satisfies the first condition required to clear any status bits which 
happen to be set during the access. The only remaining step IS to provide an access of the register 
which is associated with the status bit. Typically, this presents no problem for the input capture and 
output compare functions. 

A problem can occur when using the timer overflow function and reading the free running counter 
at random times to measure an elapsed time. Without incorporating the proper precautions into 
software, the timer overflow flag could unintentionally be cleared if: 1) the timer status register is 
read or written when TOF is set, and 2) the least significant byte of the free running counter is read 
but not for the purpose of servicing the flag. The counter alternate register at address $1A and $1 B 
contains the same value as the free running counter (at address $18 and $19); therefore, this alter­
nate register can be read at any time without affecting the timer overflow flag in the timer status 
register. 

During STOP and WAIT instructions, the programmable timer functions as follows: during the wait 
mode, the timer continues to operate normally and may generate an interrupt to trigger the CPU out 
of the wait state; during the stop mode, the timer holds at its current state, retaining all data, and 
resumes operation from this point when an external interrupt is received. 
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SECTION 5 

SERIAL COMMUNICATIONS INTERFACE (SCI) 

5.1 INTRODUCTION 

A full-duplex asynchronous serial communications Interface (SCI) IS provided with a standard NRZ 
format and a variety of baud rates. The SCI transmitter and receiver are functionally independent, 
but use the same data format and bit rate. The serial data format IS standard mark/space (NRZ) 
which provide one start bit, eight or nine data bitS, and one stop bit. "Baud" and "bit rate" are used 
synonymously in the following description. 

5.1.1 SCI Two Wire System Features 

• Standard NRZ (mark/space) format. 
• Advanced error detection method Includes nOise detection for nOise duration of up to 1/16 bit 

time. 

• Full-duplex operation U,imultaneous transmit and receive). 
• Software programmable for one of 32 different baud rates. 
• Software selectable world length (eight or nine bit words) 

• Separate transmitter and receiver enable bits. 

• SCI may be interrupt driven. 
• Four separate enable bits availab:e for interrupt control 

5.1.2 SCI Receiver Features 

• Receiver wake-'up function (idle or address bit). 

• Idle line detect. 
• Framing error detect. 
• Noise detect. 
• Overrun detect. 
• Receiver data register full flag. 

5.1.3 SCI Transmitter Features 

• Transmit data register empty flag. 
• Tr~nsmit complete flag. 

• Break send. 

Any SCI two-wire system requires receive data in (RDIl and transmit data out (TDO). 
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5.2 DATA FORMAT 

Receive data in (ROD or transmit data out (TOO) is the serial data which is presented between the 
internal data bus and the output pin (TDO), and between the input pin (RDD and the internal data 
bus. Data format is as shown for the NRZ in Figure 5-1 and must meet the following criteria: 

1. A high level indicates a logic one and a low level indicates a logic zero. 
2. The idle line is in a high (logic one) state prior to transmission/reception of a message. 
3. A start bit (logic zero) is transmitted/ received indicating the start of a message. 
4. The data is transmitted and received least-significant-bit first. 
5. A stop bit (high in the tenth or eleventh bit position) indicates the byte is complete. 
6. A break is defined as the transmission or reception of a low (logic zero) for some multiple of 

the data format. 

o 2 3 4 5 

IdleLlne S 

* Stop bit IS always high 

Figure 5-1. Data Format 

5.3 WAKE-UP FEATURE 

6 

Control bit" M" 
Selects 8 or 9 bit data 

8 

S 

o 
p 

o 

C 
S 

a 

In a typical multiprocessor configuration, the software protocol will usually identify the addressee(s) 
at the beginning of the message. In order to permit uninterested MPUs to ignore the remainder of 
the message, a wake-up feature is included whereby all further SCI receiver flag (and interrupt) pro­
cessing can be inhibited until its data line returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. Software for the transmitter must provide 
for the required idle string between consecutive messages and prevent it from occurring within 
messages. 

The user is allowed a second method of providing the wake-up feature in lieu of the idle string 
discussed above. This method allows the user to insert a logic one in the most significant bit of the 
transmit data word which needs to be received by all "sleeping" processors. 

5.4 RECEIVE DATA IN 

Receive data in is the serial data which is presented from the input pin via the SCI to the internal 
data bus. While waiting for a start bit, the receiver samples the input at a rate which is 16 times 
higher than the set baud rate. This 16 times higher-than-baud rate is referred to as the RT rate in 
Figures 5-2 and 5-3, and as the receiver clock in Figure 5-7. When the input (idle) line is detected 
low, it is tested for three more sample times (referred to as the start edge verification samples in 
Figure 5-2). If at least two of these three verification samples detect a logic low, a valid start bit is 
assumed to have been detected (by a logic low following the three start qualifiers) as shown in 
Figure 5-2; however, if in two or more of the verification samples a logic high is detected, the line is 
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1 2 3 6 7 8 
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START I T T T T T 

1 1 1 0 0 0 0 , ~ 

IDLE 
START START EOG£ VERIFICATION SAMPLES 

QUALIFIERS NOISE I START n 
1 , 1 0 0 t 0 
IDLE NOISE 

U I START 

0 0 0 0 0 

Figure 5-2. Examples of Start Bit Sampling Technique 

PREVIOUS BIT 

ROI 

16 
R 
T 

PRESENT BIT SAMPLES 

V V V 

8 9 10 
R R R 
T 

Figure 5-3. Sampling Technique Used on All Bits 

NEXT BIT 

,6 
R 

92CM- 42617 

assumed to be Idle. (A nOise flag is set If one of the three verification samples detects a logiC high. 
thus a valid start bit could be assumed and a nOise flag stili set) The receiver clock generator is con­
trolled by the baud rate register (see Figures 5-6 and 5-7); however. the serial communications Inter­
face IS synchronized by the start bit (Independent of the transmitter). 

Once a valid start bit is detected. the start bit. each data bit. and the stop· bit are sampled three 
times at RT intervals of 8RT. 9RT. and 10RT (1 RT is the position where the bit is expected to start) 
as shown in Figure 5-3. The value of the bit is determined by voting logiC which takes the value of 
the majority of samples (two or three out of three). A noise flag IS set when all three samples on a 
valid start bit or a data bit or the stop bit do not agree. (As discussed above. a noise flag IS also set 
when the start bit verification samples do not agree.) 

5.5 START BIT DETECTION FOLLOWING A FRAMING ERROR 

If there has been a framing error without detection of a break (10 zeros for 8-blt format or 11 zeros 
for 9-bit format). the circuit continues to operate as If there actually were a stop bit and the start 
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edge will be placed artificially. The last bit received in the data shift register is inverted to a logic 
one, and the three logic one start qualifiers (shown in Figure 5-2) are forced into the sample shift 
register during the interval when detection of a start bit is anticipated (see Figure 5-4); therefore the 
start bit will be accepted no sooner than it is anticipated. 

If the receiver detects that a break (RDR F = 1, FE = 1, receiver data register = $00) produced the 
framing error, the start bit will not be· artificially induced and the receiver must actually receive a 
logic one bit before start. See Figure 5-5. 

+-Data~ Expected Stop ---.j 
I Artificial Edge 

Receive 
Data In 

fH 
"-"' 

Data 
Samples 

--11 , Start Bit I 
r--Data~ 

(al Case 1, Receive Line Low During Artificial Edge 

~Data _I.. Expected Stop--1 
Receiver 1----iU· 
Data In---1 

/StartEdge 

I Start Bit I 
tH ~Data----' 
~ 

Data 
Samples 

(bl Case 2, Receive Line High During Expected Start Edge 

Figure 5-4. SCI Artificial Start Following A Framing Error 

~Expected Stop--.j 

Recetve ~Break---l 
Data In 

-----------------------~ 
tH 
T 

Data Samples 

Detected as Valid 
Start Edge 

II Start Bit r 
~------' 

HH t t t 
"-"' "-"' 

Start Start Edge 
Qualifiers Venflcatlon 

Samples 

Figure 5-5. SCI Start Bit Following A Break 
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5.6 TRANSMIT DATA OUT (TOO) 

Transmit data out is the serial data which is presented from the internal data bus via the SCI and 
then to the output pin. Data format is as discussed above and shown in Figure 5-1. The transmitter 
generates a bit time by using a derivative of the RT clock, thus producing a transmission rate equal 
to 1/ 16 that of the receiver sample clock. 

5.7 REGISTERS 

There are five different registers used in the serial communications interface (SCI) and the internal 
configuration of these registers is discussed in the following paragraphs. A block diagram of the 
SCI system is shown in Figure 5-6. 

5.7.1 Serial Communications Data Register (SCDAT) 

7 6 5 4 3 2 o 
Serial Communications Data Register $11 

The serial communications data register performs two functions in the serial communications inter­
face; i.e. it acts as the receive data register when it is read and as the transmit data register when it 
IS written. Figure 5-6 shows this register as two separate registers, namely: the receive data register 
(RDR) and the transmit data register (TDR)' As shown in Figure 5-6, the TDR (transmit data 
register) provides the parallel interface from the internal data bus to the transmit shift register and 
the receive data register (RDR) provides the interface from the receive shift register to the internal 
data bus. 

When SCDAT is read, it becomes the receive data register and contains the last byte of data 
received. The receive data register, represented above, is a read-only register containing the last 
byte of data received from the shift register for the internal data bus. The RDRF bit (receive data 
register full bit in the serial communications status register) is set to indicate that a byte has been 
transferred from the input serial shift register to the serial communications data register. The 
transfer is synchronized with the receiver bit rate clock (from the receive control) as shown in Figure 
5-6. All data is received least-significant-bit first. 

When SCDAT is written, it becomes the transmit data register and contains the next byte of data to 
be transmitted. The transmit data register, also represented above, is a write-only register contain­
ing the next byte of data to be applied to the transmit shift register from the internal data bus. As 
long as the transmitter is enabled, data stored in the serial communications data register is transfer­
red to the transmit shift register (after the current byte in the shift register has been transmitted). 
The transfer from the SCDAT to the transmit shift register is synchronized with the bit rate clock 
(from the transmi' control) as shown in Figure 5-6. All data is transmitted least-significant-bit first. 

5.7.2 Serial Communications Control Register 1 (SCCR1) 

7 6 5 4 3 2 o 
J M I WAKE I $OE 

The serial communications control register 1 (SeCR1) provides the control bits which: 1) determine 
the word length (either 8 or 9 bits), and 2) selects the method used for the wake-up feature. Bits 6 
and 7 provide a location for storing the ninth bit for longer bytes. 
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$00 

$OE 

Internal 
Processor 

Clock 

NOTE The Serial Communications Data Register (SCDATlls controlled by the Internal R/W Signal It IS the transmit data register when 
written and receive data register when read 

Figure 5-6. Serial Communications Interface Block Diagram 
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If the M bit is a one, then this bit provides a storage location for the ninth bit in 
the receive data byte. Reset does not affect this bit. 

If the M bit is a one, then this bit provides a storage location for the ninth bit in 
the transmit data byte. Reset does not affect this bit. 

The option of the word length is selected by the configuration of this bit and is 
shown below. Reset does not affect this bit. 

0= 1 start bit, 8 data bits, 1 stop bit 
1 = 1 start bit, 9 data bits, 1 stop bit 

This bit allows the user to select the method for receiver "wake up". If the 
WAKE bit is a logic zero, an idle line condition will "wake up" the receiver If 
the WAKE bit is set to a logic one, the system acknowledges an address bit 
(most significant bit). The address bit is dependent on both the WAKE bit and 
the M bit level (table shown below). (Additionally, the receiver does not use the 
wake-up feature unless the RWU control bit in senal communications control 
register 2 is set as discussed below.) Reset does not affect this bit 

Wake M Method of Receiver "Wake-Up" 

o X Detection of an idle line allows the next data byte recei'ved 
to cause the receive data register to fill and produce an 
RDRF flag. 

o Detection of a received one In the eighth data bit allows an 
RDRF flag and associated error flags. 
Detection of a received one in the ninth data bit allow$ an 
RDRF flag and associated error flags. 

5.7.3 Serial Communications Control Register 2 (SCCR2) 

7 6 5 4 3 a 
I TIE I TCIE I RIE I ILiE I TE RE RWU SBK SOF 

The serial communications control register 2 (SCCR2) provides the control bits which: individually 
enable/ disable the transmitter or receiver, enable the system Interrupts, and provide the wake-up 
enable bit and a "send break code" bit. Each of these bits IS descnbed below (The individual flags 
are discussed in the 5.7.4 Serial Communications Status Register.) 

87, TIE 

86, TCIE 

When the transmit interrupt enable bit is set, the SCI Interrupt occurs provided 
TORE is set (see Figure 5-6) When TIE IS clear, the TORE Interrupt IS disabled. 
Reset clears the TIE bit. 

When the transmission complete Interrupt enable bit IS set, the SCI Interrupt 
occurs provided TC is set (see Figure 5-6). When TCIE is clear, the TC interrupt 
is disabled. Reset clears the TCIE bit. 
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85, RIE 

84, ILiE 

83, TE 

82, RE 

81, RWU 

80, S8K 

When the receive interrupt enable bit is set, the SCI interrupt occurs provided 
OR is set or RDRF is set (see Figure 5-6). When RIE is clear, the OR and RDRF 
interrupts are disabled. Reset clears the RIE bit. 

When the idle line interrupt enable bit is set, the SCI interrupt occurs provided 
IDLE is set (see Figure 5-6). When ILiE is clear, the IDLE interrupt is disabled. 
Reset clears the I·LlE bit. 

When the transmit enable bit is set, the transmit shift register output is applied 
to the TDO line. Depending on the state of cont~ol bit M in serial communica­
tions control register 1, a preamble of 10 (M = Q) or 11 (M = 1) consecutive ones 
is transmitted when software sets the TE bit from a cleared state. If a transmis­
sion is in progress, and TE is written to a zero, then the transmitter will wait 
until after the present byte has been transmitted before placing the TDO pin in 
the idle high-Impedance state. If the TE bit has been written to a zero and then 
set to a one before the current byte is transmitted, the transmitter will wait until 
that byte is transmitted and will then initiate transmission of a new preamble. 
After the preamble is transmitted, and provided the TDRE bit is set (no new 
data to transmit), the line remains idle (driven high while TE= 1); otherwise, 
normal transmission occurs. This function allows the user to "neatly" ter­
minate a transmission sequence. After loading the last byte in the serial com­
munications data register and receiving the interrupt from TDRE, indicating the 
data has been transferred into the shift register, the user should clear TE. The 
last byte will then be transmitted and the line will go idle (high impedance). 
Reset clears the TE bit. 

When the receive enable bit is set, the receiver is enabled. When RE is clear, 
the receiver is disabled and all of the status bits associated with the receiver 
(RDRF, IDLE, OR, NF, and FE) are inhibited. Reset clears the RE bit. 

When the receiver wake-up bit is set, it enables the "wake up" function. The 
type of "wake up" mode for the receiver is determined by the WAKE bit 
discussed above (in the SCCR 1). When the RWU bit is set, no status flags will 
be set. Flags which were set previou.sly will not be cleared when RWU is set. If 
the WAK E bit is cleared, RWU is cleared after receiving 10 (M = 0) or 11 (M = 1 ) 
consecutive ones. Under these conditions, RWU cannot be set if the line is 
idle. If the WAKE bit is set, RWU is cleared after receiving an address bit. The 
RDRF flag will then be set and the address byte will be stored in the receiver 
data register. Reset clears the RWU bit. 

When the send break bit is set the transmitter sends zeros in some number 
equal to a multiple of the data format bits. If the S8K bit is toggled set and 
clear, the transmitter sends 10 (M=Q) or 11 (M= 1) zeros and then reverts to 
idle or sending data. The actual number of zeros sent when SBK is toggled 
depends on the data format set by the M bit in the serial communications con­
trol register 1; therefore, the break code will be synchronous with respect to 
the data stream. At the completion of the break code, the transmitter sends at 
least one high bit to guarantee recognition of a valid start bit. Reset clears the 
S8K bit. 
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5.7.4 Serial Communications Status Register (SCSR) 

7 6 5 4 3 2 o 
I TORE I TC RDRF IDLE OR NF FE $10 

The serial communications status register (SCSR) provides inputs to the interrupt logic circuits for 
generation of the SCI system interrupt. In addition, a noise flag bit and a framing error bit are also 
contained in the SCSR. 

B7, TDRE 

B6, TC 

B5, RDRF 

B4, IDLE 

The transmit data register empty bit is set to indicate that the contents of the 
senal commUnications data register have been transferred to the transmit senal 
shift register. If the TDRE bit IS clear, it indicates that the transfer has not yet 
occurred and a wnte to the serial communications data register will overwrite 
the prevIous value. The TDRE bit IS cleared by accessing the serial communica­
tions status register (with TDRE set), followed by writing to the serial com­
munications data register. Data can not be transmitted unless the serial com­
munications status register IS accessed before wntlng to the senal communica­
tions data register to clear the TDRE flag bit Reset sets the TDRE bit 

The transmit complete bit is set at the end of a data frame, preamble, or break 
condition if: 

1. TE = 1, TDRE = 1, and no pending data, preamble, or break IS to be 
transmitted; or 

2. TE = 0, and the data, preamble, or break (in the transmit shift register) 
has been transmitted. 

The TC bit IS a status flag which indicates that one of the above conditions has 
occurred. The TC bit is cleared by accessing the senal communications status 
register (with TC set), followed by wntlng to the senal communications data 
register. It does not inhibit the transmitter function In any way. Reset sets the 
TC bit. 

When the receive data register full bit IS set, It indicates that the receiver senal 
shift register IS transferred to the senal communications data register It multi­
ple errors are detected In anyone received word, the NF, FE, and RDRF bits 
will be affected as appropnate dunng the same clock cycle. The RDRF bit IS 
cleared when the senal communications status register IS accessed (with RDRF 
set) followed by a read of the senal communications data register. Reset clears 
the RDRF bit. 

When the Idle line detect bit IS set, It indicates that a receiver Idle line IS 
detected (receipt of a minimum number of ones to constitute the number of 
bits in the byte format). The minimum number of ones needed will be 10 
(M = Q) or 11 (M = 1). ThiS allows a receiver that IS not in the wake-up mode to 
detect the end of a message, detect the preamble of a new message, or to 
resynchronlze with the transmitter. The IDLE bit IS cleared by accessing the 
serial communications status register (with IDLE set) followed by a read of the 
senal communications data register. The IDLE bit will not be set again until 
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B3, OR 

B2, NF 

Bl, FE 

after an RDRF has been set; i.e., a new idle line occurs. The IDLE bit is not set 
by an idle line when the receiver "wakes up" from the wake-up mode. Reset 
clears the IDLE bit. 

When the overrun error bit is set, it indicates that the next byte is ready to be 
transferred from the receive shift register to the serial communications data 
register when it is already full (RDRF bit is set). Data transfer is then inhibited 
until the RDRF bit is cleared. Data in the serial communications data register is 
valid in this case, but additional data received during an overrun condition (in­
cluding the byte causing the overrun) will be lost. The OR bit IS cleared when 
the serial communications status register is accessed (with OR set), followed 
by a read of the senal communications data register. Reset clears the OR bit. 

The noise flag bit is set if there is noise on a "valid" start bit or if there is noise 
on any of the data bits or if there is noise on the stop bit. It is not set by nOise 
on the Idle line nor by invalid (false) start bits. If there is noise, the NF bit IS not 
set until the RDRF flag IS set. Each data bit is sampled three times as described 
above in R ECEIVE DATA IN and shown in Figure 5-3. The N F bit represents the 
status of the byte in the serial communications data register. For the byte being 
received (shifted in) there will also be a "working" nOise flag the value of which 
will be transferred to the NF bit when the serial data is loaded into the serial 
communications data register. The NF bit does not generate an interrupt 
because the RDRF bit gets set with NF and can be used to generate the inter­
rupt. The NF bit is cleared when the serial communications status register is ac­
cessed (with NF set), followed by a read of the serial communications data 
register. Reset clears the NF bit. 

The framing error bit is set when the byte boundaries in the bit stream are not 
synchronized with the receiver bit cou nter (generated by a "lost" stop bit). The 
byte is transferred to the serial communications data register and the RDRF bit 
is set. The FE bit does not generate an interrupt because the RDRF bit IS set at 
the same time as FE and can be used to generate the interrupt. Note that If the 
byte received causes a framing error and it will also cause an overrun if transfer­
red to the senal communications data register, then the overrun bit will be set, 
but not the framing error bit, and the byte will not be transferred to the serial 
communications data register. The FE bit is cleared when the serial com­
munications status register is accessed (with FE set) followed by a read of the 
serial communications data register. Reset clears the FE bit. 

5.7.5 Baud Rate Register 

7 6 5 4 3 2 1 0 

SCPl SCPO SCR2 SCRl SCRO $OD 

The baud rate register provides the means for selecting different baud rates which may be used as 
the rate control for the transmitter and receiver. The SCPO-SCPl bits function as a prescaler for the 
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SCRO-SCR2 bits. Together, these five bits provide multiple, baud rate combinations for a given 
crystal frequency. 

B5, SCP1 
B4, SCPO 

B2, SCR2 
B1, SCR1 
BO, SCRO 

These two bits in the baud rate register are used as a prescaler to increase the 
range of standard baud rates controlled by the SCRO-SCR2 bits. A table of the 
prescaler internal processor clock division versus bit levels is provided below. 
Reset clears SCP1-SCPO bits (divide-by-one). 

Internal Processor 
SCPl SCPO Clock Divide By 

0 0 1 
0 1 3 
1 0 4 
1 1 13 

These three bits in the baud rate register are used to select the baud rates of 
both the transmitter and receiver. A table of baud rates versus bit levels IS 
shown below. Reset does not affect the SCR2-SCRO bits. 

Prescaler Output 
SCR2 SCRl SCRO Divide By 

0 0 0 1 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 
1 0 1 32 
1 1 0 64 
1 1 1 128 

The diagram of Figure 5-7 and Tables 5-1 and 5-2 illustrate the divided chain used to obtain the baud 
rate clock (transmit clock). Note that there IS a fixed rate divide-by-16 between the receive clock 
(RT) and the transmit clock (Tx). The actual diVider chain is controlled by the combined SCPO-S CP1 
and SCRO-SCR2 bits in the baud rate register as illustrated. All diVided frequencies shown in the 
first table represent the final transmit clock (the actual baud rate) resulting from the Internal pro­
cessor clock diVision shown in the "divide-by" column only (prescaler diVISion only) The second 
table illustrates how the prescaler output can be further diVided by action of the SCI select bits 
(SCRO-SCR2). For example, assume that a 9600 Hz baud rate is required with a 2.4576 MHz exter­
nal crystal. In this case the prescaler bits (SCPO-SCP1) could be configured as a dlvide-by-one or a 
divide-by-four. If a divide-by-four prescaler is used, then the SCRO-SCR2 bits must bfil configured 
as a divide-by-two. This results in a divide-by-128 of the Internal processor clock to produce a 9600 
Hz baud rate clock. USing the same crystal, the 9600 baud rate can be obtained With a prescaler 
divide-by-one and the SCRO-SCR2 bits configured for a divlde-by-elght. 

NOTE 
The crystal frequency IS internally divided-by-two to g.enerate the Internal processor 
clock. 
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Figure 5-7. Rate Generator Division 
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Table 5-1. Prescaler Highest Baud Rate Frequency Output 

SCP Bit Clock* Crystal Frequency MHz 

1 0 Divided By 4.194304 4.0 2.4576 2.0 

0 0 1 131 072 kHz 125000 kHz 7680 kHz 6250kHz 
0 1 3 43691 kHz 41666 kHz 2560 kHz 20833 kHz 
1 0 4 32768 kHz 31 250 kHz 1920 kHz 15625 kHz 
1 1 13 10082 kHz 9600 Hz 5907 kHz 4800 Hz 

*The clock In the "Clock DIvided By" column IS the Internal processor clock 

1.8432 

5760 kHz 
1920 kHz 
1440 kHz 
4430 Hz 

NOTE The divided frequencies shown In Table 5-1 represent baud rates which are the highest transmit baud rate ITxl that can be ob­
tained by a specific crystal frequency and only uSing the presealer diVISion Lower baud rates may be obtained by providing a 
further diVISion uSing the SCI rate select bits as shown below for some representative prescaler outputs 

Table 5-2. Transmit Baud Rate Output For a Given Prescaler Output 

SCR Bits Divide Representative Highest Prescaler Baud Rate Output 

2 1 0 By 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 

0 0 0 1 131 072 kHz 32768 kHz 7680 kHz 1920 kHz 9600 Hz 
0 0 1 2 65536 kHz 16384 kHz 36 40 kHz 9600 Hz 4800 Hz 
0 1 0 4 32768 kHz 8192 kHz 1920 kHz 4800 Hz 2400 Hz 
0 1 1 8 16384 kHz 4096kHz 9600 Hz 2400 Hz 1200 Hz 
1 0 0 16 8 192 kHz 2048kHz 4800 Hz 1200 Hz 600 Hz 
1 0 1 32 4096kHz 1 024 kHz 2400 Hz 600 Hz 300 Hz 
1 1 0 64 2048kHz 512 Hz 1200 Hz 300 Hz 150 Hz 
1 1 1 128 1 024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 

NOTE' Table 5-2 Illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further diViding the prescaler 
output frequency The five examples are only representative samples In all cases, the baud rates shown are transmit baud rates 
Itransmlt clock) and the receiver clock IS 16 times higher In frequency than the actual baud rate 

154 ____________________________________________________________ ___ 



________________ 680S-Series Microprocessors and Microcomputers 

CDP68HC05C4, CDP68HC05C8 
SECTION 6 

SERIAL PERIPHERAL INTERFACE (SPI) 

6.1 INTRODUCTION AND FEATURES 

6.1.1 Introduction 

The serial peripheral interface (SPI) is an interface built into the MCU which allows several 
MCUs, or one MCU plus peripheral devices, to be interconnected within a single "black 
box" or on the same printed circuit board. In a serial peripheral interface (SPI), separate 
wires (signals) are required for data and clock. In the SPI format, the clock is not included 
in the data stream and must be furnished as a separate signal. An SPI system may be 
configured in one containing one master MCU and several slave MCUs, or in a system in 
which an MCU is capable of being either a master or a slave. 

Figure6-1 illustrates a typical multicomputer system configuration. Figure 6-1 represents a 
system of five different MCUs in which there are one master and four slaves (0,1,2,3). In 
this system four basic lines (signals) are required for the MOSI (master out slave in), MISO 
(master in slave out), SCK (serial clock), and SS (slave select) lines. 

6.1.2 Features 

• Full duplex, three-wire synchronous transfers 
• Master or slave operation 
• 1.05 MHz (maximum) master bit frequency 
• 2.1 MHz (maximum) slave bit frequency 
• Four programmable master bit rates 
• Programmable clock polarity and phase 
• End of transmission interrupt flag 
• Write collision flag protection 
• Master-Master mode fault protection capability 

6.2 SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) discussed above are described in the following 
paragraphs. Each signal function is described for both the master and slave mode. 

6.2.1 Master Out Slave In (MOSI) 

The MOSI pin is configured as a data output in a master (mode) device and as a data input in a slave 
(mode) device. In this manner data is transferred serially from a master to a slave on this line; most 
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Figure 6-1. Master-Slave System Configuration 
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significant bit first, least significant bit last. The timing diagrams of Figure 6-2 summarize the SPI 
timing diagram shown in Section 9, and show the relationship between data and clock (SCK). As 
shown in Figure 6-2, four possible timing relationships may be chosen by using control bits CPOL 
and CPHA. The master device always allows data to be applied on the MOSIline a half-cycle before 
the clock edge (SCK) in order for the slave device to latch the data. 

NOTE 
Both the slave device(s) and a master device must be programmed to similar timing 
modes for proper data transfer. 

When the master device transmits data to a second (slave) device via the MaSI line, the slave 
device responds by sending data to the master device via the MISa line. This implies full duplex 
transmission with both data out and data in synchronized with the same clock signal (one which is 
provided by the master device). Thus, the byte transmitted is replaced by the byte received and 
eliminates the need for separate transmit-empty and receiver-full status bits. A single status bit 
(SPIF) is used to signify that the liD operation is complete. 

Configuration of the MaSI pin is a function of the MSTR bit in the serial peripheral control register 
(SPCR, location $OA). When a device is operating as a master, the MaSI pin is an output because 
the program in firmware sets the MSTR bit to a logic one. 

SS l ~ __________________________________________________________ ~r- ss 

SCK 

(CPOL=O. CPHA=OI 

SCK 

(CPOL=O. CPHA= 11 

SCK 

(CPOL= 1. CPHA=OI 

SCK 

(CPOL= 1. CPHA= 1) 

MISO/ iliA MOSI Vii 
MSB 6 5 4 3 2 LSB 

Internal strobe for data capture (all modesl 

Figure 6-2. Data Clock Timing Diagram 
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6.2.2 Master In Slave Out (MISO) 

The MISO pin is configured as an input in a master (mode) device and as an output in a slave 
(mode) device. In this manner data is transferred serially from a slave to a master on this line; most 
significant bit first, least significant bit last. The MISO pin of a 31ave device is placed in the high­
impedance state if it is not selected by the master; i.e., its SS pin is a logic one. The timing diagram 
of Figure 6-2 shows the relationship between data and clock (SCK). As shown in Figure 6-2, four 
possible timing relationships may be chosen by using control bits CPOl and CPHA. The master 
device always allows data to be applied on the MOSIline a half-cycle before the clock edge (SCK) in 
order for the slave device to latch the data. 

NOTE 
The slave device(s) and a master device must be programmed to similar timing modes for 
proper data transfer. 

When the master device transmits data to a slave device via the MOSI line, the slave device 
responds by sending data to the master device via the MISO line. This implies full duplex transmis­
sion with both data out and data in synchronized with the same clock signal (one which is provided 
by the master device). Thus, the byte transmitted is replaced by the byte received and eliminates the 
need for separate transmit-empty and receiver-full status bits. A Single status oit (SPIFI in the serial 
peripheral status register (SPSR, location $OBI is used to signify that the I/O operation IS complete. 

In the master device, the MSTR control bit in the serial peripheral control register (SPCR, location 
$OA) is set to a logic one (by the programl to allow the master device to receive data on its MISO 
pin. In the slave device, its MISO pin is enabled by the logic level of the SS pin; i.e., If SS = 1 then 
the MISO pin is placed in the high-impedance state, whereas, if SS = 0 the MISO pin IS an output 
for the slave device. 

6.2.3 Slave Select (SS) 

The slave select (SSI pin is a fixed input (PD5, pin 341, which receives an active low signal that is 
generated by the master device to enable slave device(sl to accept data. To ensure that data will be 
accepted by a slave device, the SS signal line must be a logic low prior to occurrence of SCK 
(system clock) and must remain low until after the last (eighth) SCK cycle. Figure 6-2 illustrates the 
relationship between SCK and the data for two different level combinations of CPHA, when SS is 
pulled low. These are: 11 with CPHA= 1 or 0, the first bit of data is applied to the MISO line for 
transfer, and 2) when CPHA= 0 the slave device is prevented from writing to its data register. Refer 
to the WCOl status flag in the serial peripheral status register (location $OBI description for further 
information on the effects that the SS input and CPHA control bit have on the I/O data register. A 
high level SS signal forces the MISO (master in slave outl line to the high-impedance state. Also, 
SCK and the MOSI (master out slave in) line are ignored by a slave device when its SS signal is 
high. 

When a device is a master, it constantly monitors its SS sig"al input for a logic low. The master 
device will become a slave device any time its SS signal input is detected low. This ensures that 
there is only one master controlling the SS line for a particular system. When the SS line is detected 
low, it clears the MSTR control bit (serial peripheral control register, location $OA). Also, control bit 
SPE in the serial peripheral control register is cleared which causes the serial peripheral interface 
(SPI) to be disabled (port D SPI PinS become inputs). The MODF flag bit In the serial peripheral 
status register (location $OBI is also set to indicate to the master device that another device IS at­
tempting to become a master. Two devices attempting to be outputs are normally the result of a 
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software error; however, a system could be configured which would contain a default master which 
would automatically "take-over" and restart the system. 

6.2.4 Serial Clock (SCK) 

The serial clock is used to synchronize the movement of data both in and out of the device through 
its MOSI and MISO pins. The master and slave devices are capable of exchanging a data byte of In­
formation during a sequence of eight clock pulses. Since the SCK is generated by the master 
device, the SCK line becomes an input on all slave devices and synchronizes slave data transfer. 
The type of clock and its relationship to data are controlled by the CPOL and CPHA bits in the serial 
peripheral control register (location $OA) discussed below. Refer to Figure 6-2 for timing. 

The master device generates the SCK through a circuit driven by the internal processor clock. Two 
bits (SPRO and SPR1) in the serial peripheral control register (location $OA) of the master deVice 
select the clock rate. The master device uses the SCK to latch incoming slave device data on the 
MISO line and shifts out data to the slave device on the MOSI line. Both master and slave devices 
must be operated in the same timing mode as controlled by the CPOL and CPHA bit in the serial 
peripheral control register. In the slave device, SPRO, SPR1 have no effect on the operation of the 
serial peripheral interface. Timing is shown in Figure 6-2. 

6.3 FUNCTIONAL DESCRIPTION 

A block diagram of the serial peripheral interface (SPI) IS shown In Figure 6-3. In a master configura­
tion, the master start logic receives an input from the CPU (in the form of a write to the SPI rate 
generator) and originates the system clock (SCK) based on the Internal processor clock. This clock 
is also used internally to control the state controller as well as the 8-blt shift register. As a master 
device, data is parallel loaded into the 8-bit shift register (from the internal bus) during a write cycle 
and then shifted out serially to the MOSI pin for application to the slave devlce(s). During a read cy­
cle, data is applied serially from a slave device via the MISO Pin to the 8-bit shift register After the 
8-bit shift register is loaded, its data is parallel transferred to the read buffer and then IS made 
available to the internal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives a logiC low (from a master device) at the S S 
pin and a system clock input (from the same master device) at the SCK pin. Thus, the slave is syn­
chronized with the master. Data from the master is received serially at the slave MOSI pin and loads 
the 8-bit shift register. After the 8-bit shift register is loaded, its data is parallel transferred to the 
read buffer and then is made available to the internal data bus dUring a CPU read cycle. During a 
write cycle, data is parallel loaded into the 8-bit shift register from the internal data bus and then 
shifted out serially to the MISO pin for application to the master device. 

Figure 6-4 illustrates the MOSI, MISO, and SCK master-slave interconnections. Note that in Figure 
6-4 the master SS pin is tied to a logic high and the slave SS pin is a logic low. Figure 6-1 provides a 
larger system connection for these same pins. Note that in Figure 6-1, all SS pins are connected to a 
port pin of a master/slave device. In this case any of the devices can be a slave. 
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Figure 6-4. Serial Peripheral Interface Master-Slave Interconnection 

6.4 REGISTERS 

There are three registers in the serial parallel Interface which provide control, status, and data 
storage functions. These registers which Include the serial peripheral control register (SPCR, loca­
tion $OA), serial peripheral status register (S PSR, location $OB), and serial peripheral data 1/0 
register (SPDR, location SOC) are described below 

6.4.1 Serial Peripheral Control Register (SPCR) 

7 6 4 3 2 0 

I SPIE I SPE I I MSTR I CPOL I CPHA SPRl SPRO $OA 

The serial peripheral control register bits are defined as follows 

B7, SPIE 

B6, SPE 

B4, MSTR 

When the serial penpheral interrupt enable bit IS high, It allows the occurrence 
of a processor Interrupt, and forces the proper vector to be loaded Into the pro­
gram counter If the senal peripheral status register flag bit (SPIF andl or MODF) 
is set to a logiC one It does not Inhibit the setting of a status bit The SPIE bit IS 
cleared by reset. 

When the senal peripheral output enable control bit IS set, all output drive IS ap 
plied to the external pins and the system IS enabled When the S PE bit IS set, It 
enables the SPI system by connecting it to the external PinS thus allOWing It to 
Interface With the external SPI bus. The PinS that are defined as output depend 
on which mode (master or slave) the deVice IS In. Because the SPE bit IS cleared 
by reset, the S PI system IS not connected to the external PinS upon reset 

The master bit determines whether the deVice IS a master or a slave If the 
MSTR bit is a logic zero It indicates a slave deVice and a logic one denotes a 
master device. If the master mode IS selected, the function of the SCK pin 
changes from an input to an output and the function of the MISO and MOSI 
pins are reversed. This allows the user to wire deVice pins MISO to MISO, and 
MOSI to MOSI, and SCK to SCK Without Incident The MSTR bit IS cleared by 
reset; therefore, the device is always placed In the slave mode dunng reset. 
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B3, CPOl 

B2, CPHA 

B1, SPR1 
BO, SPRO 

The clock polarity bit controls the normal or steady state value of the clock 
when data is not being transferred. The CPOl bit affects both the master and 
slave modes. It must be used in conjunction with the clock phase control bit 
(CPHA) to produce the wanted clock-data relationship between a master and a 
slave device. When the CPOl bit is a logic zero, it produces a steady state low 
value at the SCK pin of the master device. If the CPOl bit is a logic one, a high 
value is produced at the SCK pin of the master deVice when data is not being 
transferred. The CPOl bit is not affected by reset. Refer to Figure 6-2. 

The clock phase bit controls t/1e relationship between the data on the MISO 
and MOSI pins and the clock produced or received at the SCK pin. This control 
has effect in both the master and slave modes. It must be used In conjunction 
with the clock polarity control bit (CPOl) to produce the wanted clock-data 
relation. The CPHA bit in general selects the clock edge which captures data 
and allows it to change states. It has its greatest impact on the first bit transmit­
ted (MSB) In that it does or does not allow a clock transition before the first 
data capture edge. The CPHA bit IS not affected by reset. Refer to Figure 6-2. 

These two serial peripheral rate bits select one of four baud rates to be used as 
SCK if the device is a master; however they have no effect in the slave mode. 
The slave device is capable of shifting data In and out at a maximum rate which 
is equal to the CPU clock. A rate table is given below for the generation of the 
SCK from the master. The SPR1 and SPRO bits are not affected by reset. 

Internal Processor 
SPR1 SPRO Clock Divide By 

0 0 2 
0 1 4 
1 0 16 
1 1 32 

6.4.2 Serial Peripheral Status Register (SPSR) 

7 6 5 4 3 2 o 
I SPIF I weol I I MODF I SOB 

The status flags which generate a serial peripheral interface (SPI) interrupt may be blocked by the 
SPIE control bit in the serial peripheral control register. The WCOl bit does not cause an interrupt. 
The serial peripheral status register bits are defined as follows: 

87, SPIF The serial peripheral data transfer flag bit notifies the user that a data transfer 
between the device and an external device has been completed. With the com­
pletion of the data transfer, SPIF is set, and if SPIE is set, a serial peripheral 
interrupt (SPI) is generated. During the clock cycle that SPIF is being set, a 
copy of the received data byte in the shift register is moved to a buffer. When 
the data register is read, it is the buffer that is read. During an overrun condi­
tion, when the master device has sent several bytes of data and the slave 
device has not responded to the first SPIF, only the first byte sent is contained 
in the receiver buffer and all other bytes are lost. 
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The transfer of data is initiated by the master device writing its serial peripheral 
data register. 

Clearing the SPIF bit is accomplished by a software sequence of accessing the 
serial peripheral status register while S PI F is set and followed by a write to or a 
read of the serial peripheral data register. While SPIF is set, all writes to the 
serial peripheral data register are inhibited until the serial peripheral status 
register is read. This occurs in the master device. In the slave device, SPIF can 
be cleared (using a similar sequence) during a second transmission; however, it 
must be cleared before the second SPIF in order to prevent an overrun condi­
tion. The SPIF bit is cleared by reset. 

The function of the write collision status bit is to notify the user that an attempt 
was made to write the serial peripheral data register while a data transfer was 
taking place with an external device. The transfer continues uninterrupted; 
therefore, a write will be unsuccessful. A" read collision" will never occur since 
the received data byte is placed in a buffer in which access is always syn­
chronous with the MCU operation. If a "write collision" occurs, WCOl IS set 
but no SPI interrupt is generated. The WCOl bit IS a status flag only. 

Clearing the WCOl bit IS accomplished by a software sequence of accessing 
the serial peripheral status register while WCOl IS set, followed by 1) a read of 
the serial peripheral data register prior to the SPIF bit being set, or 2) a read or 
write of the serial peripheral data register after the S PI F bit IS set. A write to the 
serial peripheral data register (SPDR) prior to the SPIF bit being set, Will result 
In generation of another WCOl status flag. Both the SPIF and WCOl bits will 
be cleared In the same sequence If a second transter has started while trYing to 
clear (the previously set) SPIF and WCOl bits with a clearing sequence con­
taining a write to the serial peripheral data register, only the SPIF bit will be 
cleared. 

A collision of a write to the serial peripheral data register While an external data 
transfer is taking place can occur in both the master mode and the slave mode, 
although with proper programming the master deVice should have suffiCient in­
formation to preclude this colliSion 

Collision in the master device IS defined as a write of the serial peripheral data 
register while the internal rate clock (SCK) is In the process of transfer. The 
Signal on the SS pin is always high on the master device. 

A collision in a slave deVice is defined In two separate modes. One problem 
arises in a slave device when the CPHA control bit is a logic zero. When CPHA 
is a logic zero, data is latched with the occurrence of the first clock transition. 
The slave device does not have any way of knowing when that tral1sition will 
occur; therefore, the slave device colliSion occurs when it attempts to write the 
serial peripheral data register after ItS SS Pin has been pulled low. The SS pin 
of the slave deVice freezes the data in ItS serial peripheral data register and does 
not allow it to be altered if the CPHA bit IS a logiC zero. The master device must 
raise the SS pin of the slave device high between each byte it transfers to the 
slave device 

____________________________________________________________ 163 



6805-Serles Microprocessors and Microcomputers _______________ _ 

CDP68HC05C4, CDP68HC05C8 

B4, MODF 

The second collision mode is defined for the state of the CPHA control bit bv 
ing a logic one. With the CPHA bit set, the slave device will be receiving a clock 
(SCK) edge prior to the latch of the first data transfer. This first clock edge will 
freeze the data in the slave device I/O register and allow the msb onto the ex­
ternal MISO pin of the slave device. The SS pin low state enables the slave 
device but the drive onto the MISO pin does not take place until the first data 
transfer clock edge. The WCOl bit will only be set if the I/O register is access­
ed while a transfer is taking place. By definition of the second collision mode, a 
master device might hold a slave device SS pin low during a transfer of several 
bytes of data without a problem. 

A special case of WCOl occurs in the slave device. This happens when the 
master device starts a transfer sequence (an edge or SCK for CPHA = 1; or an 
active SS transition for CPHA = 0) at the same time the slave device CPU is 
writing to its serial peripheral interface data register. In this case it is assumed 
that the data byte written (in the slave device serial peripheral interface) is lost 
and the contents of the slave device read buffer becomes the byte that is 
transferred. Because the master device receives back the last byte transmitted, 
the master device can detect that a fatal WCOl occurred. 

Since the slave device is operating asynchronously with the master device, the 
WCOl bit may be used as an indicator of a collision occurrence. This helps 
alleviate the user from a strict real-time programming effort. The WCOl bit is 
cleared by reset. 

The function of the mode fault flag is defined for the master mode (device). If 
the device is a slave device the MODF bit will be prevented from toggling from 
a logic zero to a logic one; however, this does not prevent the device from be­
ing in the slave mode with the MODF bit set. The MODF bit is normally a logic 
zero and is set only when the master device has its SS pin pulled low. Toggling 
the MODF bit to a logic one affects the internal serial peripheral interface (SPI) 
system in the following ways: 

1. MODF is set and SPI interrupt is generated If SPIE= 1. 
2. The SPE bit is forced to a logic zero. This blocks all output drive from 

the device, disables the SPI system. 
3. The MSTR bit is forced to a logic zero, thus forcing the device into the 

slave mode. 

Clearing the MODF IS accomplished by a software sequence of accessing the 
serial peripheral status register while MODF is set followed by a write to the 
serial peripheral control register. Control bits SPE and MSTR may be restored 
to their original set state during this clearing sequence or after the MODF bit 
has been cleared. Hardware does not allow the user to set the SPE and MSTR 
bit while MODF is a logic one unless it is during the proper clearing sequence. 
The MODF flag bit indicates that there might have been a multi-master conflict 
for system control and allows a proper exit from system operation to a reset or 
default system state. The MODF bit is cleared by reset. 
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6.4.3 Serial Peripheral Data I/O Register (SPDR) 

7 6 5 4 o 
Serial Peripheral Data 1/0 Register SOC 

The serial peripheral data I/O register is used to transmit and receive data on the serial bus. Only a 
write to this register will initiate transmission/reception of another byte and this will only occur in 
the master device. A slave device writing to its data I/O register will not initiate a transmission. At 
the completion of transmitting a byte of data, the SPIF status bit is set in both the master and slave 
devices. A write or read of the serial peripheral data I/O register, after accessing the serial peripheral 
status register with SPIF set, will clear SPIF. 

During the clock cycle that the SPIF bit is being set, a copy of the received data byte in the shift 
register is being moved to a buffer. When the user reads the serial peripheral data I/O register, the 
buffer is actually being read. During an overrun condition, when the master device has sent several 
bytes of data and the slave device has not internally responded to clear the first SPIF, only the first 
byte is contained in the receive buffer of the slave device; all others are lost. The user may read the 
buffer at any time. The first SPIF must be cleared by the time a second transfer of data from the 
shift register to the read buffer is initiated or an overrun condition will eXIst. 

A write to the serial peripheral data I/O register IS not buffered and places data directly into the shift 
register for transmission. 

The ability to access the serial peripheral data I/O register is limited when a transmission is taking 
place. It is important to read the discussion defining the WeOl and SPIF status bits to understand 
the limits on using the serial peripheral data I/O register. 

6.5 SERIAL PERIPHERAL INTERFACE (SPI) SYSTEM CONSIDERATIONS 

There are two types of SPI systems; single master system and multi-master·systems. Figure 6-1 
illustrates both of these systems and a discussion of each is provided below. 

Figure 6-1 a illustrates how a tYPical Single master system may be configured, uSing an CDP6805 
HCMOS family deVice as the master and four CDP6805 HCMOS family deVices as slaves. As shown, 
the MOS!, MISO, and SCK PinS are all wired to eqUivalent pinS on each of the five deVices. The 
master deVice generates the SCK clock, the slave deVices all receive It. Since the CDP6805 HCMOS 
master device is the bus master, it internally controls the function of its MOSI and MISO lines, thus 
wJ.iting data to the slave devices' on the MOSI and reading data from the slave devices on the MISO 
lines. The master device selects the individual slave devices by uSing four pins of a parallel port to 
control the four SS pins of the slave devices. A slave device is selected when the master device 
pulls its SS pin low. The SS pins are pulled high during reset since the master device ports will be 
forced to be inputs at that time, thus disabling the slave devices Note that the slave devices do not 
have to be enabled in a mutually exclusive fashion except to prevent bus contention on the MISO 
line. For example, three slave devices, enabled for a transfer, are permissible if only one has the 
capability of being read by the master. An example of this is a write to several display drivers to clear 
a display with a single I/O operation. To ensure that proper data transmission is occurring between 
the master device and a slave device, the master device may have the slave device respond with a 
previously received data byte (this data byte could be inverted or at least be a byte that is different 
from the last one sent by the master device). The master device will always receive the previous 
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byte back from the slave device if all MISO and MOSI lines are connected and the slave has not 
written its data 1/0 register. Other transmission security methods might be defined using ports for 
handshake lines or data bytes with command fields. 

A multi-master system may also be configured by the user. A system of this type is shown in Figure 
6-1 b. An exchange of master control could be implemented using a handshake method through the 
1/0 ports or by an exchange of code messages through the serial peripheral interface system. The 
major device control that plays a part in this system is the MSTR bit in the serial peripheral control 
register and the MODF bit in the serial peripheral status register. 
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SECTION 7 

EFFECTS OF STOP AND WAIT MODES ON THE 
TIMER AND SERIAL SYSTEMS 

7.1 INTRODUCTION 

The STOP and WAIT instructions have different effects on the programmable timer, serial com­
munications interface (SCI), and serial peripheral Interface (SPI) systems. These different effects 
are discussed separately below. 

7.2 STOP MODE 

When the processor executes the STOP instruction, the Internal oscillator IS turned off. This halts 
all internal CPU processing including the operation of the programmable timer, serial communica­
tions interface, and serial peripheral Interface The only way for the MCU to "wake up" from the 
stop mode is by receipt of an external Interrupt (logic low on IRQ pin) or by the detection of a reset 
(logic low on RESET pin or a power-on reset). The effects of the stop mode on each of the MCU 
systems (Timer, SCI, and SPI) are described separately 

7.2.1 Timer During Stop Mode 

When the MCU enters the stop mode, the timer counter stops counting (the Internal processor 
clock is stopped) and remains at that particular count value until the stop mode IS eXited by an Inter­
rupt (if eXited by reset the counter IS forced to $FFFC) If the stop mode IS exited by an external low 
on the IRQ Pin, then the counter resumes from ItS stopped value as If nothing had happened 
Another feature of the programmable timer, In the stop mode, IS that If at least one valid input cap­
ture edge occurs at the TCAP pin, the Input capture detect circuitry IS armed. This action does not 
set any timer flags or "wake up" the MCU, but when the MCU does "wake up" there Will be an ac­
tive input capture flag (and data) from that first valid edge which occurred during the stop mode. If 
the stop mode IS exited by an external reset (logiC Iowan RESET Pin), then no such Input capture 
flag or data action takes place even If there was a valid Input capture edge (at the TCAP pin) dUring 
the MCU stop mode. 

7.2.2 SCI During Stop Mode 

When the MCU enters the stop mode, the baud rate generator which drives the receiver and 
transmitter is shut down. ThiS essentially stops all SCI activity The receiver IS unable to receive and 
transmitter is unable to transmit. If the STOP instruction IS executed dUring a transmitter transfer, 
that transfer is halted. When the stop mode IS exitGd, that particular transmission resumes (If the 
exit is the result of a low Input to the I RQ pin). Since the previous transmission resumes after an IRQ 
Interrupt stop mode exit, the user should ensure that the SCI transmitter IS In the idle state when the 
STOP instruction is executed If the receiver IS receiving data when the STOP instruction is 
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executed, received data sampling is stopped (baud rate generator stops) and the rest of the data is 
lost. For the above reasons, all SCI transactions should be in the idle state when the STOP instruc-
tion is executed. \ 

7.2.3 SPI During Stop Mode 

When the MCU enters the stop mode, the baud rate generator which drives the SPI shuts down. 
This essentially stops all master mode SPI operation, thus the master SPI is unable to transmit or 
receive any data. If the STOP instruction is executed during an SPI transfer, that transfer is halted 
until the MCU exits the stop mode (provided it is an exit resulting from a logic low on the IRO pin). If 
the stop mode is exited by a reset, then the appropriate control/status bits are cleared and the SPI is 
disabled. If the device is in the slave mode when the STOP instruction is executed, the slave SPI will 
still operate. It can still accept data and clock information in addition to transmitting its own data 
back to a master device. 

At the end of a possible transmission with a slave SPI in the stop mode, no flags are set until a logic 
low IRO input results in an MCU "wake up". Caution should be observed when operating the SPI 
(as a slave) during the stop mode because none of the protection circuitry (write collision, mode 
fault, etc.) is active. 

It should also be noted that when the MCU enters the stop mode all enabled output drivers (TDO, 
TCMP, MISO, MOSI, and SCK ports) remain active and any sourcing currents from these outputs 
will be part of the total supply current required by the device. 

7.3 WAIT MODE 

When the MCU enters the wait mode, the CPU clock is halted. All CPU action is suspended; 
however, the timer, SCI, and SPI systems remain active. In fact an interrupt from the timer, SCI, or 
SPI (in addition to a logic low on the IRO or RESET pins) causes the processor to exit the wait 
mode. Since the three systems mentioned above operate as they do in the normal mode, only a 
general discussion of the wait mode is provided below. 

The'wait mode power consumption depends on how many systems are active. The power con­
sumption will be highest when all the systems (timer, TCMP, SCI, and SPII are active. The power 
consumption will be the least when the SCI and SPI systems are disabled (timer operation cannot 
be disabled in the wait model. If a non-reset exit from the wait mode is performed (Le., timer 
overflow interrupt exit), the state of the remaining systems will be unchanged. If a reset exit from 
the wait mode is performed all the systems revert to the disabled reset state. 
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SECTION 8 

INSTRUCTION SET AND ADDRESSING MODES 

8.1 INSTRUCTION SET 

The MCU has a set of 52 basic instructions. They can be divided Into five different types reglster/ 
memory, read-modlfy-wrlte, branch, bit manipulation, and control. The following paragraphs 
briefly explain each type. All the instructions within a given type are presented In Individual tables 

All of the instructions used In the CDP6805 CMOS Family are used In the CDP68HC05C4 MCU, plus 
an additional one; the multiply (MUU Instruction This Instruction allows for unsigned multiplica­
tion of the contents of the accumulator (A) and the Index register (X) The high order product IS 
then stored in the index register and the low order product is stored in the accumulator. A detailed 
definition of the M U L instruction IS shOWrl below 

Operation: X: A ..... X'A 

Description: Multiplies the eight bits In the Index register by the eight bits in the accumulator 
to obtain a 15-bit unsigned number in the concatenated accumulator and Index 
register. 

Condition 
Codes: 

Source 

H: Cleared 
I: Not affected 
N: Not affected 
Z: Not affected 
C. Cleared 

Form(s): MUL 

Addressing Mode 
Inherent 

8.1.1 Register/Memory Instructions 

Cycles 
11 

Bytes 
1 

Opcode 
$42 

Most of these instructions use two operands. The first operand is either the accumulator or the In­
dex register. The second operand is obtained from memory using one of the addressing modes. The 
operand for the jump unconditional (JMP) and Jump to subroutine (JSR) instructions is the pro­
gram counter. Refer to Table 8-1. 

8,1.2 Read-Modify-Write Instructions 

These instructions read a memory location or a register, modify or test its contents, and write the 
modified value back to memory or to the register. The test for negative or zero (TST) instruction is 
an exception to the read-modify-write sequence since it does not modify the value. Refer to Table 
8-2. 
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... ..... 
o 

Function 

Load A from Memory 

Load X from Memory 

Store A In Memory 

Store X In Memory 

Add Memory to A 
Add Memory and 

Carry to A 

Subtract Memory 

Subtract Memory from 
A WIth Borrow 

AND Memory to A 

OR Memory WIth A 

ExclUSIve OR Memory 
WIth A 

Arothmetoc Compare A 
WIth Memory 

Arothmetlc Compare X 
WIth Memory 

BIt fest Memory WIth 
A (LogIcal Comparel 

Jump UncondItIonal 

Jump to SubroutIne 

Mnem. 

LDA 

LDX 

STA 

STX 

ADD 

ADC 

SUB 

SBC 

AND 

ORA 

EOR 

CMP 

CPX 

BIT 

JMP 

JSA 

Immediate 

Op , , 
Code Bytes Cycles 

A6 2 2 

AE 2 2 
- - -

- - -

AB 2 2 

A9 2 2 

AO 2 2 

A2 2 2 

A4 2 2 

AA 2 2 

A8 2 2 

Al 2 L 

A3 2 2 

A5 2 2 

- - -

- - -

Table 8-1. Register/Memory Instructions 

AddressIng Modes 

Direct Extended 
Indexed 

(No Offset I 

Op # # Op # # Op , # 
Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

B6 2 3 C6 3 4 F6 1 3 

BE 2 3 CE 3 4 FE 1 3 

B7 2 4 C7 3 5 F7 1 4 

BF 2 4 CF 3 5 FF 1 4 

BB 2 3 CB 3 4 FB 1 3 

B9 2 3 C9 3 4 F9 1 3 

BO 

=4.~ ~~ 
3 4 FO 1 3 

B2 2 3 C2 3 4 F2 1 3 
I--

B4 2 3 C4 3 4 F4 1 3 

BA 2 3 CA 3 4 FA 1 3 

B8 2 t- 3 4 F8 1 3 

Bl 2 3 4 F1 1 3 3 C1 

f---
B3 2 3 C3 3 4 F3 1 3 

B5 2 3 C5 3 4 F5 1 3 

BC 2 2 CC 3 3 FC 1 2 

BD 2 5 I CD 3 6 FD 1 5 

0 en 
CO 

C 0 en 
"0 I en 
Q) CD 

::1. CO CD 
::J: II) 

i: 0 C;. 
0 0 (II '0 

Indexed Indexed 
(8-Bot Offsetl ( 16-Bot Offset I 

Op # , Op , , 
Code Bytes Cycles Code Bytes Cycles 

E6 2 4 D6 3 5 , 

EE 2 4 DE 3 5 

E7 2 5 D7 3 6 

EF 2 5 DF 3 6 

EB 2 4 DB 3 5 i 

E9 2 4 D9 3 5 I 

EO 2 4 DO 3 5 

E2 2 4 D2 3 5 

0 0 
0I::loo n 

CD 

8: 
0 0 .. 

II) 

C DI 

"0' & 
Q) 

i: CO n ::J: 0 
0 n 

0 
0 3 
(II '0 

C 0 -CD 
CO iil 

E4 2 4 D4 3 5 

EA 2 4 DA 3 5 

E8 2 4 D8 3 5 

E1 2 4 D1 3 5 

E3 2 4 D3 3 5 

E5 2 4 D5 3 5 

EC 2 3 DC 3 4 

ED 2 6 DD 3 7 



.... 

..... .... 

Function 

Increment 

Decrement 

Clear 

Complement 

Negate 
(2's Complementi 

Rotate Left Thru Carry 

Rotate Right Thru 
Carry 

Logical Shift Left 

Logical Shift Right 

Arithmetic Shift Right 

Test for Negative 
or 7ero 

, Muillply 

MnemoOic 

INC 

DEC 

CLR 

COM 

NEG 

ROL 

ROR 

LSL 

LSR 

ASR 

TST 

MUL 

Table 8-2. Read-Modify-Write Instructions 

Addressing Modes 

Inherent (AI I Inherent (XI Direct 

E~~ Op I Op I , Op # , I 
Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

4C 1 3 5C 1 3 3C 2 5 

4A " 3 5A 1 1 3A 2 5 
4F '1 3 5F 1 3 3F 2 5 
43 1 3 53 1 3 33 2 5 

40 1 I 3 50 1 3 30 2 5 

49 1 3 59 1 3 39 2 5 

I 
--)----" 

46 1 3 56 1 3 36 2 5 

48 ++-3-- -5ij 
1 3 38 2 5 

44 1 3 54 1 3 34 2 5 
1 +--3--)-- --

37 
2 --

5 47 57 1 3 

40 1 3 50 1 3 3D 2 4 

42 1 11 -- - - - I - -

I 

Indexed Indexed 
(No Offset) (S-Bit Offset) 

Op I I Op I , 
Code Bytes Cycles Code Bytes Cycles 

7C 1 5 6C 2 6 

7A 1 5 6A 2 6 
7F 1 5 6F 2 6 
73 1 5 63 2 6 

70 1 5 60 2 6 

79 1 5 69 2 6 

76 1 5 66 2 6 

78 i 5 58 2 6 

CJ) 

0 CD 
0 

C 01 
I 

"U 0 
CD m :::!. 

CD CD • ::J: 
== 0 n 

74 1 5 64 2 6 

67 2 6 77 1 5 

7D 1 4 60 2 5 

... 0 0 
C1I ""0 

0 g 
~ CD • - - - - - - I!: 
0 ; 
C II 

:=I "U 0-
m == CD n 
::J: a 

C) 0 0 
0 3 

""0 C1I C 

0 -CD 
CD ; 
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8.1.3 Branch Instructions 

Most branch instructions test the state of the condition code register and if certain criteri? are met, 
a branch is executed. This adds an offset between -127 and + 128 to the current program counter. 
Refer to Table 8-3. 

Table 8-3. Branch Instructions 

Relative Addressing Mode 

Function Mnemonic 
op I I 

Code Bytes Cycles 

Branch Always BAA 20 2 3 

Branch Never BAN 21 2 3 

Branch IFF Higher BHI 22 2 3 

Branch IFF lower or Same BlS 23 2 3 

Branch IFF Carry Clear BCC 24 2 3 
IBranch IFF Higher or Samel IBHSI 24 2 3 

Branch IFF Carry Set BCS 25 2 3 

IBranch IFF lower) IBlOI 25 2 3 
Branch I FF Not Equal BNE 26 2 3 

Brancll I FF Equal BEQ 27 2 3 

Branch I FF Half Carry Clear BHCC 28 2 3 

Branch I FF Half Carry Set BHCS 29 2 3 

Branch IFF Plus BPl 2A 2 3 

Branch IFF Minus BMI 2B 2 3 

Branch IFF Interrupt Mask Bit IS Clear BMC 2C 2 3 

Branch IFF Interrupt Mask Bit IS Set BMS 20 2 3 

Branch I FF Interrupt line IS low Bil 2E 2 3 

Branch IFF Interrupt line IS High BIH 2F 2 3 

Branch to Subroutine BSA AD 2 6 

8.1.4 Bit Manipulation Instructions 

The MCU is capable of setting or clearing any bit which resides in the first 256 bytes of the memory 
space except for ROM, port 0 data location ($03), serial peripheral status register ($OB), serial com­
munications status register ($10), timer status register ($13), and timer input capture register 
($14-$15). A" port registers, port DDRs, timer, two serial systems, on-chip RAM, and 48 bytes of 
ROM reside in the first 256 bytes (page zero). An additional feature allows the software to test and 
branch on the state of any bit within the first 256 locations. The bit set, bit clear, and bit test and 
branch functions are all implemented with a single Instruction. For the test and branch instructions, 
the value of the bit tested is automatically placed in the carry bit of the condition code register. 
Refer to Table 8-4. 

Table 8-4. Bit Manipulation Instructions 

Addressing Modes 

Bit Set! Clear Bit Test and Branch 

Function Mnemonic op # # op # # 
Code Bytes Cycles Code Bytes Cycles 

Branch I FF Bit n IS Set BASET n In=O 71 - - - 20 n 3 5 

Branch IFF Bit n IS Clear SAClA n In=O 71 - - - 01 + 20 n 3 5 

Set Bit n BSETnln=O 71 10+2on 2 5 - - -

Clear Bit n BClA n In=O 71 11 + 20 n 2 5 - - -
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8.1.5 Control Instructions 

These instructions are register reference instructions and are used to control processor operation 
during program execution. Refer to Table 8-5. 

Table 8-5. Control Instructions 

Inherent 

Function Mnemonic 
op I I 

Code Bytes Cycles 

Transfer A to X TAX 97 1 2 
Transfer X to A TXA 9F 1 2 
Set Carry Bit SEC 99 1 2 
Clear Carry Bit CLC 9B 1 2 
Set Interrupt Mask Bit SEI 9B 1 2 
Clear Interrupt Mask Bit CLI 9A 1 2 
Software Interrupt SWI 83 1 10 

Return from Subroutine RTS B1 1 6 
Return from Interrupt RTI SO 1 9 

Reset Stack POinter RSP 9C 1 2 
No-Operation NOP 90 1 2 
Stop STOP BE 1 2 
Walt WAIT BF 1 2 

8.1.6 Alphabetical Listing 

The complete instruction set is given in alphabetical order in Table 8-6. 

8.1.7 Opcode Map 

Table 8-7 is an opcode map for the instructions used on the MCU. 

8.2 ADDRESSING MODES 

The MCU uses ten different addressing modes to provide the programmer with an opportunity to 
optimize the code to all situations. The various indexed addressing modes make it possible to locate 
data tables, code conversion tables, and scaling tables anywhere in the memory space. Short 
indexed accesses are single byte instructions, while the longest instructions (three bytes) permit ac­
cessing tables throughout memory. Short absolute (direct) and long absolute (extended) address­

.ing are also included. One and two byte direct addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instructions to reach all memory. Table 8-7 shows 
the addressing modes for each instruction, with the effects each instruction has on the condition 
code register. 

The term "effective address" (EA) is used In describing the various addressing modes, and is 
defined as the byte address to or from which the argument for an instruction is fetched or stored. 
The ten addressing modes of the processor are described below. Parentheses are used to indicate 
"contents of" the location or register referred to; e g , (PC) indicates the contents of the location 
pointed to by the PC. An arrow indicates "is replaced by", and a colon Indicates concatenation of 
two bytes. 
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~ (') C» 

011 
C 0 

01 

Table 8-6. Instruction Set 

Addressing Modes Condition Codea 

"U I 
til 

Q) CD 
~ Q) CD 

% ., 
Indexed Indexed Indexed Bit Bit 

Mnemonic Inherent Immediate Direct Extended Relative (No Offsetl (8 Bitsl (16 Bitsl Setl Teet & H I N Z C 
Clear Branch 

ADC X X X X X X A • A A A 
ADD X X X X X X A • A A IA 

i: (') n-O a CII -v 
(') a 

AND x x x x x X A A • 
ASL X X X X A A A 
ASA X X X X A AlA 
BCC X • • • 

BCLA X • • • 
BCS X • • • BEQ X • • • 

BHCC X • • • 
BHCS X • • • 

BHI X • • • 
BHS X • • • 
BIH X • • • 
BIL X • • BIT X X X X X X A A 
BLQ X • 
BLS X • 
BMC X • 

~ n 
CD 

(') 5 
; 

C II 
"U :::J 

Q. 
Q) 

i: Q) n-% a 
(') g 
0 3 
CII-v 
(') ~ 
Q) ; 

BMI X • 
BMS X • 
BNE x • --------BPL X • 
BAA X • 
BAN X • ---

BACLA X • 
BASET 1----- X • A 
BSET X • • 
BSA X • • 
CLC X • 0 
Cli X 0 • • 
CLA X X X X • Q 1 • 
CMP X X X X X X • A A A 

1 

I 



COM 

~~ 
X 

CPX 
- -~-- f---X 

DEC -

~- ~-~-== 
X 

f--- ~~f- X 

f---~ f--- JMP __ f------ ---- r--- X I JSR X 
LOA X X 
LOX X X 
LSL X X 
LSR X X 
MUL --&-----NEG X X 
NOP X 
ORA X X 
ROL X X 
ROR X X 
RSP X 
ATI X 
RTS X 
SBC X X 
SEC X 
SEI X 
STA X 

STOP X 
STX X 
SUB X X 
SWI X 
TAX X 
TST X X 
TXA X 

WAIT X 

Condition Code Symbols 

H Half Carry 1 From Bit 31 
Interrupt Mask 

N Negate ISlgn Sill 
Z Zero 
C Carry/Borrow 

.... 
UI 

X 

X 

X 
X 
X 
X 

-~ 

X 

X 

X 

X 
X 

A 

• 
o 

X X 
X X --t--
X X --
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

f- X X -- t----
X X 
X X 
X X 

X X 

X X 

X X 
X X 

X X 

Test and Set If T rue Cleared Otherwise 
Not Affected 
Load CC Register From Stack 
Cleared 
Set 

II 

• 
X • • X ---- • • 
X • 
X • 
X • 
X • • • 

0 
• • • 

X • • • • • • • 
• • 

X • • • • • 1 
X • • • 0 
X • • 
X • • • 1 

• • • • • • 
• u 

A A 1 
A A A 
A A • 
A A • 
A A • • • • • • • 
A A • 
A A • 
A A A 
0 A A 

• • 0 
A A A 

• • • 
A A • 
A A A 
A A A 

• • • 
• • • 
A A A 

• • 1 

• • • 
A A • • • • 
A A • 
A A A 

• • • • • • 
A A • • • • • • • 

0 
G) 
CICI 

C 
0 en 

"V 
I en 

0) ill 
:::!. 

Q) ill 

:::J: III 

0 iii: n 
0 a 
CII "g 

0 a n 
.I:IJo ill :: 
0 0 

; 
C DI 

"V :::I 
D-

O) iii: 
Q) n 
:::J: .. 

0 

0 n 
0 

0 3 
CII "g 

c 
0 -ill 
Q) .. 

III 



... 

..... 
0) 

Table 8-7. HCMOS Instruction Set Opcode Map 

Bit ManipulattOn Branch -r----. Read/Modlfy/Y"rrt8 __ ~=_=H_~~---:==~=_~ RegtSter/Memory 
T R DIR INfi~ --I-- IX, ... -t-~ IX INH I INH 'IMM DIR I' 

~ r:x, 0001 rxf,o J" ~ 0101 ~ ---;;;::- 1~ 1~' ,:'0 ,:, ,foo 1~' 11~O 11~' ~w 
o BRSETO BSHO BRA I, NEG NEG NEG NEG NEG i RTI' sua SUB SUBc>,. SUB SUB SUB ,..'in 5 .' , 5 3· 3 6 'L '3' '3 

am -Ri~ I? -AS~ RE~ IR 1 INH 1 INH IX! ~l_~ lM~ DI~ x~ 1\ IX~ 1 '~ 

~1 38RCL:PB 2 BCL~~c BR~E ! I ATS'NH 2 CM~'M 2 CMPD1R 3 CM~XT 3 CMPIX2 2 CMPIXI I eMP IX ~, 
5 5 3 11 2 3 4 5 4 ., 

2 SRSE:,'. i , BSE~~c BHlm JL INH + I SBC SBC SBC SSC SBC SBC 2 
0010 3 T 5 5 R 3 5 1 -- 3 --~~--5 t----'D :l Itv'j 2 DI~ 3 EX~ 3 IX~ 2 IX~ 1 IX 0010 

3 BRClR' BClR, BlS COM COMA 3 COMX COM 1 COM SWI CPX CPx CPX CPX CPX CPX' 3 
0011 3 8T 1--.2. --Rsr REL I ") IA 1 INH 1 INH IXI 1 IX, 1 INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 0011 

4 BRSET25 BSET:L 5 Bee 3 lSA 5 lSRA 3 LSRX 3 LSR 6 LSA 5 I AND 2 AND 3 AND 4 AND 5 AND 4 AND 3 4 
0100 -RTR I") - sse REL i 2 "OTR 1 INH 1 ,""rl 2 IXI 1 IX 2 IMM 2 DIH 3 EXT 3 IX2 2 IXI I IX 0100 

553 234543 

00, ,BRel:l. ' ,BCl~~c BCSAEL I BI~MM BIT DIA I, BIT,Xl 3 BIT" BIT IX' , BIT JX o~, 
5 5 3 5 3 3 6 51 2 3 4 5 4 3 

o~o BASE:.?, , BSE~1c BNEOill. --'- ROA IA , ROR~," , ROR{NH I 2 ROR,,, I ROR IX I 2 lO~MM , lOADIA , LOA,x, , lOA", , lDA", , lDA 'x o,~o I 

7 BRCL~9~ ,_ BCl~~~ BEa.-', ASR 5 ASRA' ASRX 3 ASR 6 ASR'! TAX' STA 4 STA STA STA' STA 4 7 i 
0111 tlT~:...L HSt: RI-I IR 1 INH 1 INH 2 IXI 1 1)( I 1 INH 2 OIR 3 EXT 3 IX;: IXl 1 IX 0111 

5 5 3 5 3 3;l 6 I L~ 5 2 2 3 4 5 4 3 I 
,~ BRSEJ¢. • ,BSE~~c BHC~EL' lSl IA , lSL~NH , lSL~NH 2 L~~ ClC NH 12 EO~MM , EORD'A EOREX , , EOR,x, 2 EaR ,x , , EOR 'x ,~ I 

9 BRClR45 BClR4' BHCS ' ROl 5 ROlA' ROlX 3 ROl 6 ROl 5 i SEC' AOC' ADC 3 ADC 4 ADC 5 AOC 4 ADC' 9 i 
1001 3 -R1"8 I 2 -esc REL 2 OIR 1 INH 1 INH 2 Ixl 1 'X ' I INH 2 IMM 2 OIA 3 EXT 3 IX2 2 IXI 1 IX 1001 

A BRSETS5 BSET5 5 BPl 3 DEC 5 DECA 3 OECX 3 DEC 6 DEC ~ i eLi 2 ORA ORA" ORA OAA ORA ORA ", A 
1 110 - 8i~ I 2 ~ BS~ RE~ . 2 - OIR 1 INH 1 Ir~H 2 IX 1 IX I 'NH 2 'MM 2 OIR 3 EXT 3 IX2 2 IX 1 1 IX 1010 

B BRClR5 BClR5 BMI SEI ADD I ADO' ADO ADD ADD ADD 3 B 
1011 BlB I 2 ·'BSC 2 RE I INH 2 I'v1M 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1011 

<:._ BRSETl I . BSEI~_ BMC,.', INC 5 INCA 3 INCX 3 INC 6 'NC 5 RSP 2 JMP' JMP 3 JMP 4 JMP JMP 2 C 
llw RT I ~ HSL Rt-I OIR 1 IIliH 1 INH 2 IXI IX 1 INH 2 OIA 3 EXT 3 IX2 2 IXI 1 IX 1100 

D BRClR6' BClR6 BMS 3 TST 4 TSTA 3 TSTX' TST 5 TST 4 NOP' BSR 6 JSR' JSR JSR JSR· JSR' D 
1101 -81"-B 12 ··ssc REt 2 IR 1 INH 1 INH 2 IXI 1 IX ,NH 2 REL 2 OIA 3 EXT 3 IX2 2 IXI 1 IX 1101 

553 2.1 4", 

11~O BASE:l I 2 BSE1~c BllREl i 1 STO~NH £lD~M L LDXOIA 3 lDXEXT 3 LDX,x 2 LOX IX1 1 LOX IX l1~O 
,5 ,5 3 5 3 3: j 6 5 , 2 ---"4- --"'rr4"----~ct_''--'"tI--'----''TI--'--~I+-=___l 

F BRClR7 BClR7 I BIH ClR ClRA CLRX CLR j CLR WAIT TXA STx STX STX STX STX F 
1111 3 BlB 2 . esc 2 REl 2 OIA 1 INI-! 1 IN~ 2__ IX~ 1 IX _ 1 -.!.NH 1' __ --,NH _ i~ 3 EXT 3 1)(2 2 IXI 1 IX 1111 

AIIbIwIririoo .. for Add ... Model 

INH 

A 
X 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IXl 
IX2 

Inherent 
Accumulator 
Index Reg.ster 
Immediate 
Direct 
Extended 
Relat.ve 
B.t Setl Clear 
B.t Test and Branch 
Indexed (No Offsetl 
Indexed. 1 Byte (8-B.tl Offset 
Indexed. 2 Byte (l6-B.tl Offset 

LEGEND 

F .. :> Opcode.n Hexadec.mal 

Opeode .n B.nary 
Mnemon,c ~.. ~ l ~ 

Bvtes 1 0X 0000"'-

Cvcles------- .... Address Mode 

0 en 
Q) 
0 C en 
I "tJ en 

CD en ::1. 
CO CD 

II) ::z:: i: 0 (; . 
0 ... 

0 
(II ~ 
o g 
0l:=Io CD 

3: 
0 0 ... 
II) 

C II 
::s "tJ CL 

en i: 
CO n 
::z:: a n 0 0 
0 3 

"C (II C 
0 -CD 
CO iil 
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8.2.1 Inherent 

In inherent instructions, all the information necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or accumulator, and no other arguments, are 
included in this mode. 

8.2.2 Immediate 

In immediate addressing, the operand is contained In the byte immediately following the opcode. 
Immediate addressing is used to access constants which do not change during program execution 
(e. g., a constant used to initialize a loop counter). 

EA= PC+ 1; PC-PC+2 

8.2.3 Direct 

In the direct addressing mode, the effective address of the argument is contained in a single byte 
following the opcode byte. Direct addressing allows the user to directly address the lowest 256 
bytes in memory with a single two byte instruction. This includes all on-chip RAM and I/O registers, 
and 128 bytes of on-chip ROM. Direct addressing is efficient in both memory and time. 

EA= (PC+ 1); PC-PC + 2 
Address Bus High-O; Address Bus Low- (PC + 1) 

8.2.4 Extended 

In the extended addressing mode, the effective address of the argument is contained in the two 
bytes following the opcode. Instructions with extended addressing modes are capable of referenc­
ing arguments anywhere in memory with a single three-byte instruction. 

EA= (PC+ 1):(PC+2); PC-PC+3 
Address Bus High-(PC+ 1); Address Bus Low-(PC+21 

8.2.5 Indexed, No Offset 

In the indexed, no offset addressing mode, the effective address of the argument IS contained in the 
8-bit index register. Thus, this addressing mode can access the first 256 memory locations. These 
instructions are only one byte long. This mode is used to move a pointer through a table or to 
address a frequently referenced RAM or I/O location. 

EA= X; PC .... PC + 1 
Address Bus High .... O; Address Bus Low .... X 

8.2.6 Indexed, 8-Bit Offset 

Here the EA is obtained by adding the contents of the byte following the opcode to that of the index 
register; therefore, the operand is located anywhere within the lowest 511 memory locations. For 
example, this mode of addressing is useful for selecting the mth element in a n element table. All in­
structions are two bytes. The content of the index register (X) is not changed. The content of 
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(PC + 1) is an unsigned 8-bit integer. One byte offset indexing permits look-up tables to be easily ac­
cessed in either RAM or ROM. 

EA=X+(PC+ 1); PC--PC+2 
Address Bus High-K; Address Bus Low-X+ (PC+ 1) 

where: 
K = The carry from the addition of X + (PC + 1) 

8.2.7 Indexed, 16-Bit Offset 

In the Indexed, 16-bit offset addressing mode, the effective address is the sum of the contents of 
the unsigned 8-bit index register and the two unsigned bytes following the opcode. This addressing 
mode can be used in a manner similar to indexed 8-bit offset, except that this three byte instruction 
allows tables to be anywhere In memory (e.g., Jump tables In ROM). The content of the index register IS 

not changed. 

where: 

EA= X+ [(PC+ 1):(PC+2))l; PC-PC+3 
Address Bus High-(PC+ 1) + K; 
Address Bus Low-X+(PC+2) 

K = The carry from the addition of X + (PC + 2) 

8.2.8 Relative 

Relative addressing is only used in branch instructions. In relative addressing, the content of the 
8-bit signed byte following the opcode (the offset) is added to the PC if and only if the branch condi­
tion is true. Otherwise, control proceeds to the next instruction. The span of relative addressing is 
limited to the range of - 126 to + 129 bytes from the branch instruction opcode location. 

8.2.9 Bit Setl Clear 

EA = PC + 2 + (PC + 1); PC-- EA if branch taken; 
otherwise, EA = PC-- PC + 2 

Direct addressing and bit addressing are combined in instructions which set and clear individual 
memory and I/O bits. In the bit set and clear instructions, the byte is specified as a direct address in 
the location following the opcode. The first 256 addressable locations are thus accessed. The bit to 
be modified within that byte is specified in the first three bits of the opcode. The bit set and clear in­
structions occupy two bytes, one for the opcode (including the bit number) and the other to ad­
dress the byte which contains the bit of interest. 

EA=(PC+l); PC--PC+2 
Address Bus High-O; Address Bus Low- (PC + 1) 

8.2.10 Bit Test and Branch 

Bit test and branch is a combination of direct addressing, bit set/ clear addressing, and relative 
addressing. The actual bit to be tested, within the byte, is specified within the low order nibble of 
the opcode. The address of the data byte to be tested is located via a direct address in the location 
following the opcode byte (EA 1). The signed relative 8-bit offset is in the third byte (EA2) and is 
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added to the PC if the specified bit is set or cleared in the specified memory location. This single 
three byte instruction allows the program to branch based on the condition of any bit in the first 256 
locations of memory. 

EA1=(PC+1) 
Address Bus High--O; Address Bus Low--(PC+ 1) 
EA2 = PC + 3 + (PC + 2); PC-- EA2 if branch taken; 

otherwise, PC- PC + 3 
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9.1 INTRODUCTION 

SECTION 9 
ELECTRICAL SPECIFICATIONS 

This section contains the electrical specifications and associated timing information for the 
CDP68HC05C4 

9.2 MAXIMUM RATINGS (Voltages Referenced to VSS) 

Ratings Symbol Value 
Supply Voltage Voo -0.5 to +7 
Input Voltage Yin VSS-o.3 to VDD+O.3 
Self-Check Mode (IJm Pin Only) Yin VSS-0.3 to 2xVOO+0.3 
Current Drain Per Pin Excluding VDD 
and VSS I 25 

Operating Temperature Range TA -40 to +125 
Storage Temperature Range Tsta -65 to +150 

9.3 THERMAL CHARACTERISTICS 

Characteristics Symbol Value 
Thermal Resistance 8JA 
Ceramic Dual-In-Line 50 
Plastic Dual-In-Line 100 
Plastic Chip Carrier 70 

VOO=4.5 V 
Pins Rl R2 C 

PAO-PA7, 326 kO 238 kO 50 pF 
PBO-PB7, 
PCO-PC7, 

P06 

P01-P04 19 kO 226 kO 200 pF 

Unit 
V 
V 
V 

mA 
·C 
·C 

Unit 

·C/W 

ThiS device contains CIrcuitry to 
protect the Inputs against damage 
due to high static voltages of elec· 
triC fields, however, It IS adVised 
that normal precautions be taken 
to avoid applicatIOn of any voltage 
higher than maximum rated 
voltages to thiS high Impedance 
CIrCUit For proper operatIOn It IS 
recommended that V In and Vout 
be constrained to the range V S S :$ 

IV,n or VoutlsVOO Reliability of 
operation IS enhanced If unused In 
puts except OSC2 are connected 
to an appropriate logic voltage 
level Ie g , either VSS or VOOI 

VOO 

R2 
ISee Tablel 

Test 
POint 0------.--.. 

VOO=30 V 
Pins Rl 

PAD-PA7, 1091 kO 
PBO-PB7, 
PCD-PC7, 

P06 

P01-PD4 6kO 

R2 C 
632 kO 50 pF 

6kO 200 pF 

Figure 9-1. Equivalent Test load 

C 
ISee 

Tablel 

R1 
I See Tablel 
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9.4 POWER CONSIDERATIONS 

The average chip-junction temperature, T J, In °C can be obtained from 
T J = TA + (PoeOJA) 

Where: 
T A = Ambient Temperature, °C 
OJA = Package Thermal Resistance, Junctlon-to-Amblent, °C/W 
PO= PINT+ PliO 
PINT=ICCxVCc. Watts - Chip Internal Power 
PIIO= Power Oissipation on Input and Output PinS - User Oetermlned 

For most applications PI/O< PINT and can be neglected 

An approximate relationship between Po and T J (If PliO IS neglected) IS 

(1) 

PO= K - (T J + 273°C) (2) 
Solving equations 1 and 2 for K gives 

K=Poe(TA+273°C)+OJAeP02 (3) 
Where K IS a constant pertaining to the particular part K can be determined from equation 3 by 
measuring Po (at equilibrium) for a known T A USing this value of K the values of Po and T J can be 
obtained by solving equations ( 1) and (2) Iteratively for any value of T A 
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9.5 DC ELECTRICAL CHARACTERISTICS 

(VOO = 5 V de ± 10%, VSS = 0 V de, T A = -40°C to +125°C unless otherwise noted) 

Ch.r.clertltlc Symbol 
Limite 

Unit 
Min. Typ. Max. 

Output Voltage. ILoad:;; 10 pA VOL - - 0.1 
V 

VOH VOO-0.1 - -
Output High Voltage 
(ILoad=0.8 rnA) PAO-PA7. PBO-PB7. PCO-PC7. TCMP VOH VOO-0.8 - -

(See Figure 9-2) V 
(ILnArI=1.6 rnA) P01-P04 (See Figure 9-3) V~ VJID-0.8 - -

Output Low Voltage (See Figure 9-4) VOL 
(ILoBd=1.6 mAl PAO-PA7. PBO-PB7. PCO-PC7. P01-P04. TCMP - - 0.4 V 

Input High Voltage VIH 
PAO-PA7. PBO-PB7. PCO-PC7. POO-P05. P07. TCAP. IRQ. 0.7 x VOO - VOO V 

RESET.OSC1 
Input Low Voltage VIL 
PAO-PA7. PBO-PB7. PCO-PC7. POO-P05. P07. TCAP. IRQ VSS - 0.2 x VOO V 

RESET.OSC1 
Data Retention Mode (0° to 70° C) VRM 2 - - V 
Supply Current (See Notes) 
Run (See Figures 9-5 and 9-6) 100 - 3.5 7 mA 
Walt (See Figures 9-5 and 9-6) 100 - 1.6 4 mA 
Stop (See Figure 9-6) 

25°C 100 - 2 50 pA 
-40° to +125° C 100 - - 250 pA 

1/0 Ports Hi-Z Leakage Current IlL 
. PAO-PA7. PBO-PB7. PCO-PC7. P01-PD4 - - ±10 pA 
Input Current lin 
RESET. IRQ. TCAP. OSC1. PDO. P05. P07 - - ±1 pA 

CapaCitance 
Ports (as Input or Output) Cout - - 12 

pF 
RESET. iRQ. TCAP. OSC1. PDO-P05. P07 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range. 25° Conly. 
3. Wait 100: Only timer system active (SPE=TE=RE=O). If SPI. SCI active (SPE=TE=RE=1) add 10% current draw. 
4. Run (Operating) 100. Wait 100: Measured using external square-wave clock source (fOSC=4.2 MHz). all inputs 

0.2 V from rail. no DC loads. less than 50 pF on all outputs. CL =20 pF on OSC2. 
5. Walt. Stop 100: All ports configured as Inputs. VIL =0.2 V. VIH=VOO-0.2 V. 
6. Stop 100 measured with OSC1=VSS. 
7. Wait 100 is affected linearly by the OSC2 capaCitance. 
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9.6 DC ELECTRICAL CHARACTERISTICS 

(VOO = 3.3 V de ± 10%, VSS = 0 V dc, T A = -40°C to +125°C unless otherwise noted) 

Characterlatlc Symbol 
Limite Unit 

Min. Typ. MIX. 
Output Voltage, ILoad S 10 IIA VOL - - 0.1 

V 
VOH VOO-0.1 - -

Output High Voltage 
(ILoad=0.2 mAl PAO-PA7, PBO-PB7, PCO-PC7, TCMP VOH VOO-0.3 - -

(See Figure 9-2) V 
(ILoad=0.4 mAl P01-P04 (See Figure 9-3) VOH VOo-O.3 - -

Output Low Voltage (See Figure 9-4) VOL 
(ILoad=0.4 mAl PAO-PA7, PBO-PB7, PCO-PC7, P01-P04, TCMP - - 0.3 V 

Input High Voltage VIH 
PAO-PA7, PBO-PB7, PCO-PC7, POO-POS, P07, TCAP, IRQ, 0.7 xVOO - VOO V 

AESff. OSC1 
Input Low Voltage VIL 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, P07, TCAP, IRQ VSS - 0.2 x VOO V IIJI 

RESET,OSC1 
Data Retention Mode (0· to 70· C) VRM 2 - - V 
Supply Current (See Notes) 
Run (See Figures 9-S and 9-7) 100 - 1 2.S mA 
Wait (See Figures 9-S and 9-7) 100 - 1 2.S mA 
Stop (See Figure 9-7) 

2S·C 100 - O.S 1.4 IIA 
-40· to +12S· C IDD - - 17S IIA 

I/O Ports Hi-Z Leakage Current IlL 
PAD-PA7, PBO-PB7, PCO-PC7, P01-PD4 - - ±10 IIA 

Input Current lin 
RESET,TIK.l, TCAP, OSC1, POD, POS, P07 - - ±1 IIA 

Capacitance 
Ports (as Input or Output) Cout - - 12 

pF 
RESET, IRQ, TCAP, OSC1, POO-POS, P07 Cin - - 8 

NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 2S· Conly. 
3. Wait 100: Only timer system active (SPE=TE=RE=O). If SPI, SCI active (SPE=TE=RE=1) add 10% current draw. 
4. Run (Operating) 100, Wait 100: Measured using external square-wave clock source (fOSC=2 MHz), all inputs 

0.2 V from rail, no DC loads, less than SO pF on all outputs, CL =20 pF on OSC2. 
S. Wait, Stop 100: All ports configured as inputs, VIL =0.2 V, VIH=VOO-0.2 V. 
6. Stop 100 measured with OSC1=VSS. 
7. Wait 100 is affected linearly by the OSC2 capacitance. 
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9.7 CONTROL TIMING (VDD = 50 Vdc ± 10% VSS = 0 Vdc T A = - 55 to + 125°C) , , 

Imlts 
Characteristic Symbol Min Max Unit 

Frequency of Operation 
Crystal Option fosc - 42 MHz 
External Clock Option fosc dc 42 MHz 

Internal Operating Frequency 
Crystal (Iosc + 2) fop - 21 MHz 
External Clock (fosc + 21 fop dc 21 MHz 

Cycle Time (See Figure 3-1) tcyc 480 - ns 

Crystal Oscillator Startup Time (See Figure 3-11 toxOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (See Figure 9-31 tlLCH - 100 ms 

lITm Pulse Width (See Figure 3-21 tRL 15 - tCYC 
Timer 

Resolution· • tRESL 40 - tcyc 
Input Capture Pulse Width (See Figure 9-41 tTH. tTL 125 - ns 
Input Capture Pulse Pertod (See Figure 9-41 tTLTL ••• - tcyc 

Interrupt Pulse Width Low (Edge-Trtggeredl (See Figure 3-41 tlLlH 125 ns 

Interrupt Pulse Pertod (See Figure 3-41 tlLlL . - tCYC 
OSCl Pulse Width tOH. tOL 90 - ns 

• The minimum pertod tlLlL should not be less than the number of cycle times It takes to execute the Interrupt service routtne plus 
21 tcyC 

•• Since a 2-blt prescaler In the timer must count four Internal cycles (tcyc). this IS the limiting minimum factor In determining the timer 
resolution 

••• The minimum pertod tTL TL should not be less than the number of cycle times It takes to execute the capture Interrupt service 
routine plus 24 tcye 

osc,' ~ZZZZZZZZZZZ ~ ZZZZZZZZZlL 
tRL 

IR02 

~----- tlLCH -----+1 .... - 4064tcyc 

IR03 

Internal 
Clock _____________ .... 

Internal "'t"''"lt'"''IIII~~Ir""~''7'I'''' 

Address 
Bus~~~~_¥_¥~~ 

NOTES 
1 Represents the Internal gating of the OSCl Pin 
2 iRQ pin edge-sensitive mask option 
3 IRO pin level and edge-sensitive mask optton. 
4 RESET vector address shown for timing example 

Figure 9-3. Stop Recovery Timing Diagram 

RESET or Interrupt 
Vector Fetch 
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9.8 CONTROL TIMING (VDD = 3.0 Vdc ± 10%, VSS = 0 Vdc, T A = - 55 to + 125°C) 

Imlts 
Characteristic Symbol Min Max Unit 

Frequency of Operation 
Crystal Option losc - 20 MHz 
External Clock Option fosc dc 20 MHz 

Internal Operating Frequency 
Crystal (fosc + 2) fop - 10 MHz 
External Clock (fosc + 2) 100 dc 10 MHz 

Cycle Time (See Figure 3-1) tcyc 1000 - ns 

Crystal Oscillator Startup Time (See Figure 3-1) tOXOV - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (See Figure 9-3) tlLCH - 100 ms 

RESET Pulse Wldth- Excluding Power-Up (See Figure 3-1) tRL 15 - tCYC 
Timer 

Resolution· • tRESL 4.0 - tCYC 
Input Capture Pulse Width (See Figure 9-4) tTH. tTL 250 - ns 
Input Capture Pulse Period (See Figure 9-4) tTL TL ... - tcyC 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 3-4) tlLlH 250 - ns 

I nterrupt Pulse Period (See Figure 3-4) tlLlL * - tCYC 
OSC1 Pulse Width tOH. tOL 200 - ns 

·The minimum period tlLlL should not be less than the number of cycle times it takes to execute the Interrupt service routine plus 
21 tcyc 

* * Since a 2-bit prescaler in the timer must count lour Internal cycles (tcyc). thiS IS the limiting minimum factor In determining the timer 
resolution . 

• • • The minimum period tTL TL should not be less than the number of cycle times It takes to execute the capture Interrupt service 
routine plus 24 Icyc 

External 
Signal 
nCAP 
Pin 371 

Figure 9-4. Timer Relationships 
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9.9 SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-5) 

(VDD=5.0Vdc ±10%, VSS=OVdc, TA= -40 to +125°) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Masler 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to data active from high impedance state) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)"" 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% Voo to 70% Voo, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, 55) 

13 Fall Time (70% Voo to 20% Voo, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, SS) 

"Signal production depends on software 
.. Assumes 200 pF load on all SPI PinS 

Symbol 

fOplmJ 

foPls) 

tCVClmJ 

teyelS) 

tleadlml 

tleadlSJ 

tlaglml 

tlaglSI 

tw(SCKHlrn 

twlSCKHIs 

tw(SCKlIm 

twlSCKLIS 

tsulml 

tsulsl 

t h1rnl 

this) 

t. 

tdls 

tv1ml 

tvls) 

tholmJ 

tholS) 

I,m 
t" 

tfm 
tf, 

Limits 

Min Max 

dc 05 
dc 21 

20 -
480 -

" -
240 -

" -
240 -

340 -
190 -

340 -
190 -

100 -
100 -

100 -
100 -

0 120 

- 240 

025 -
- 240 

025 -
0 -

- 100 
- 20 

- 100 
- 20 

"""Note that the unit thiS specification uses IS fop (Internal operating frequency), not MHz! In the master 
mode the SPI bus is capable of running at one-half of the device's internal operating frequency, therefore 
1.05 MHz maximum. 

Unit 

f··· op 

MHz 

tcyc 

ns 

ns 

ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 

ns 

tcycfmJ 

ns 

tcyclml 

ns 

ns 
p.s 

ns 
p.s 
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9.10 SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 9-5) 

(VDD=3.3 Vdc ± 10%, VSS=O Vdc, TA= -40 to + 125°C) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to data active from high Impedance state) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)" 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% Voo to 70% Voo, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO~ 
SPI Inputs (SCK, MOSI, MISO, ) 

13 Fall Time (70% Voo to 20% Voo, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, !:is) 

'Slgnal production depends on software 
"Assumes 200 pF load on all SPI PinS 

Symbol 

fOPlmi 

foPla) 

tcyctml 

teyelS) 

tleadlm) 

tteadlS) 

tlaglml 

tl8glSI 

twlSCKHlm 

twlSCKHls 

twfSCKLIm 

tWISCKUs 

tsufml 

tsu(sl 

th1rnl 

this) 

t. 

tdls 

tv1mJ 

tvlS) 

tholrnl 

thols) 

t,m 
t .. 

t'm 
tt. 

Limits 

Min Max Unit 

dc 0.5 f ... op 
dc 1.0 MHz 

2.0 - tcyc 
1.0 - J,lS 

. -
500 - ns 

. -
500 - ns 

720 - J,lS 
400 - ns 

720 - J,lS 

400 - ns 

200 - ns 
200 - ns 

200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - tcyclmJ 

- 500 ns 

025 - tcyclml 

0 - ns 

- 200 ns 
- 20 flS 

- 200 ns 
- 20 flS 

"'Note that the unit thiS specification uses is fop (Internal operating frequency), not MHz! In the master 
mode the SPI bus is capable of running at one-half ofthedevice's internal operating frequency, therefore 
0.5 MHz maximum. 
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55 
!INPUT) 

SCK 
(OUTPUT) 

MISO 
!INPUT) 

MOSI 
(OUTPUT) 

55 
!I N PU T) 

SCK 
(OUTPUT) 

M I SO 
II NPUT) 

MOSI 
( OUTPUT) 

HELD HIGH ON MASTER 

(a) SPI Master Timing CPOL = 0, CPHA = 1 

HELD HIGH ON MASTER 

(b) SPI Master Timing CPOL= 1, CPHA= 1 

Figure 9-5. Timing Diagrams 

001 

000 

92CM - 39372 

001 

000 

92CM-39372 
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(INPUT) 

SCK 
(OUTPUT) 

MISO 
liN PUT) 

MOSI 
(OUTPUT) 

55 
lINPUT) 

SCK 
(OUTPUT) 

MISO 

lINPUT) 

MOSI 

(OUTPUT) 

CDP68HC05C4, CDP68HC05C8 
HE LD HIGH ON MASTER 

Ie) SPI Master Timing CPOL=O. CPHA=O 92CM-39372 

HELD HIG ON MASTER 

Id) SPI Master Timing CPOL= 1. CPHA=O 

92CM- 39312 

Figure 9-5. Timing Diagrams (Continued) 
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55 
( INPUT) 

SCK 
!INPUT) 

MI SO 

MOSI 

(e) SPI Slave Timing CPOL=O, CPHA=l 

(f) SPI Slave Timing CPOL = 1, CPHA = 1 

NOTE: MEASUREMENT POINTS ARE VOL'VOH,VI L' AND VIH' 

Figure 9-5. Timing Diagrams (Continued) 

001 

92CM-39372 

92CM- 39372 
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55 
(INPUT) 

SCK 

( INPUT) 
--+--.....:/f"" 

( OUT OUT) 

MOSI 
(INPUT) 
~~~ 

n 
(INPUT) 

SCK 

( INPUT) 

MISO 
(OUTPUT) 

MOSI 

CDP68HC05C4, CDP68HC05C8 

(gl SPI Slave Timing CPOL=O, CPHA=O 

(I NPUT)l-.lL...::.t.....u r'--++---;--::~---I 

(hi SPI Slave Timing CPOL= 1, CPHA=O 

92CM-39372 

Figure 9-5. Timing Diagrams (Continued) 
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SECTION 11 
MECHANICAL DATA 

This section contains the pin assignment and package dimension diagrams for the 
CDP68HC05C4 and CDP68HC05C8 microcomputers. 

11.1 TERMINAL ASSIGNMENTS 

TOP VIEW 

RESET 40 Voo 

iRc 3. 05C1 

NC 38 05C2 

PA7 37 TCAP 

PA6 36 PO? 

PAS 3S TeMP 

PA4 34 P05/SS 

PA3 33 P04/SCK 

PA2 32 PD3/MOSI 

PAl 10 3' PD2IMISO 

PAO " 30 P01/TDO 

PBO '2 2. POO/ROI 

PB' '3 28 PCO 

PB2 14 27 PC' 

PB3 '5 2S PC2 

PB' ,S 2S PCS 

PBS 17 24 PC4 

PBS '8 23 PCS 

PB7 ,. 22 PCS 

V55 ?O 2' PC7 
92CS-40550 

TERMINAL ASSIGNMENT 
o Suffix - 40-Lead Oual-In-Llne Side-Brazed 

Ceramic Package 
E Suffix - 40-Lead Oual-In-Llne Plastic Package 

PAS 

PA' 

PA3 

PA2 

PA, ",""".t 

u 
z 

'1 TOP Iv 35 

12----- ~I-E-W--_ -34 

33 

NC '" NO CONNECTION 

TERMINAL ASSIGNMENT 

P07 

TeMP 

P05/55 

PD4/SCK 

PD3/MOSI 

P02/MISO 

PD1/TDO 

PO 01 RO I 

pce 
PCl 

PC2 

92CS-40549 

Q Suffix - 44 Lead Plastic Chip-Carrier (PCC) 
Package 
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HCMOS Microcomputer 

Introduction 

General 

The CDP68HC05D2 Microcomputer Unit (MCU) belongs to 
the CDP6805 Family of Microcomputers This 8-bit MCU 
contains on-chip oscillator CPU, RAM, ROM, 1/0, and 
Timer The fully static design allows operation at frequen­
cies down to DC, further reducing its already low-power 
consumption. It is a low-power processor designed for low­
end to mid-range applications in the telecommunications, 
consumer, automotive, and industrial markets where very 
low power consumption constitutes an Important factor. 

The CDP68HC05D2 is supplied in a 40-lead hermetic dual­
in-line side brazed ceramic package (0 suffix), a 40-lead 
dual-in-line plastic package (E suffix), and a 44-lead Plastic 
Chip Carner (Q suffix). 

Specific Features 
• Typical power: 

Operating, 25 mW 
WAIT,7.5mW 
STOP,5p.W 

Fully static operation 
96 bytes of on-chip RAM 
2176 bytes of on-chip ROM 
31110 lines 
12 programmable open-dram output lines 
On-chip oscillator for Timer 
2.1 MHz internal operating frequency 
Internal 16-bit timer 
Serial Peripheral Interface (SPI) 
External (~), timer, Port B, and Serial Interrupts 
Self check mode 
Single 2.5 to 6 volt supply (2-V data retention mode) 
RC or crystal on-chip OSCillator 
8x8 multiply Instruction 
True bit manipulation 
Indexed addreSSing for tables 
Memory mapped 110 

Functional Pin Descriptions 
Voo and Vss 
Power is supplied to the MCU using these two pins Vee is 
power and V •• is ground. 

N.C. 
The pin labelled N.C. should be left disconnected. 

IRQ (Maskable Interrupt Request) 
IRQ IS a programmable option which provides two different 
chOices of interrupt triggering sensitivity. These options 
are. 1) negative edge-sensitive triggering only, or 2) both 
negative edge-sensitive and level-sensitive triggering. In 
the latter case, either type of input to the IRQ pin will pro­
duce the interrupt. The MCU completes the current instruc­
tion before it responds to the interrupt request. When the 
IRQ pin goes low for at least onet'LlH, a logic one is latched 
internally to Signify that an interrupt has been requested. 
When the MCU completes its current instruction, the inter­
rupt latch is tested. If the interrupt latch contains a logic 
one, and the interrupt mask bit (I bit) in the condition code 
register is clear, the MCU then begins the interrupt se­
quence. If the option is selected to include level-sensitive 
triggering, then the IRQ input requires an external resistor 
to Vee for "wire-OR" operation. See the INTERRUPTS sec­
tion for more detail. 

RESET 
The RESET input IS not required for startup but can be used 
to reset the MCU internal state and provide an orderly soft­
ware startup procedure. Refer to the RESETs section for a 
detailed description 

TSM-204A 
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CDP68HC05D2 

Port 
A 

1/0 
Lines 

Port 
B 

1/0 
Lines 

PAO 
PA1 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PB1 
PB2 
P.B3 
PB4 
PB5 
PB6 
PB7 

TCMP 

Data 
Dir 
Reg 

Data 
Dir 
Reg 

Accumulator 
8 A 

6 

8 

Index 
Register X 

Condition 
Code 

Register CC 

Stack 
POinter 

S 

Program 
Counter 

High PCH 

Program 
Counter 

low 

240 x 8 
Self Check 

ROM 

PCl 

Internal 

CPU 
Control 

CPU 

AlU 

Data Port 
Dir C 
Reg Reg 

Data Port 
Dir D 
Reg Reg 

SPI 
System 

Internal 
Processor 

Clock 

RESET 

IRO 

92CM-38117RI 

PCO 
PC1 Port 
PC2 

C 
PC3 1/0 
PC4 Lines 
PC5 
PC6 
PC7 
To Timer System 

PD7 

rOSCl (PDO)1 Timer 
TOSC2 (PD1) OSCillator 

MISO IPD2J MOSI (PD31 SPI 

SCK (PD41 
System 

SS (PD51 

Fig. 1 - CDP68HC05D2 CMOS microcomputer block diagram. 

TCAP 
The TCAP input controls the input capture feature for the 
on-chip programmable timer system Refer to the INPUT 
CAPTURE REGISTER section for additional Information 

TCMP 
The TCMP pin (35) provides an output for the output com­
pare feature of the on-chip timer system. Refer to the OUT­
PUT COMPARE REGISTER section for additional informa­
tion. 

OSC1,OSC2 
The CDP68HC05D2 can be configured to accept either a 
crystal input or an RC network to c'ontrol the internal oscil­
lator. This option IS mask selectable. The internal clocks are 
derived by a divlde-by-two of the internal oscillator fre­
quency (fose). 

CRYSTAL. 
The circuit shown In Fig. 2(b) is recommended when uSing 
a crystal. The internal oscillator is designed to interface 
with an AT-cut parallel resonant quartz crystal resonator in 
the frequency range specified for fosc in the control timing 
charts. Use of an external CMOS oscillator is recommended 
when crystals outside the specified ranges are to be used. 
The crystal and components should be mounted as close as 
possible to the input pins to minimize output distortIOn and 
startup stabilization time. Refer to the Electrical Character­
istics Table. 

CERAMIC RESONATOR 
A ceramic resonator may be used in place of the crystal in 
cost-sensitive applications. The circuit in Fig. 2(b) is 
recommended when using a ceramic resonator. Fig. 2(a) 
lists the recommended capacitance and feedback resistance 
values. The manufacturerofthe particular ceramic resonator 
being considered should be consulted for specific in­
formation. 

RC. 
If the RC oscillator option is selected, then a resistor is 
connected to the oscillator pins as shown in Fig. 2(d). 

EXTERNAL CLOCK. 
An external clock should be applied to the OSC1 input with 
the OSC2 Input not connected, as shown in Fig. 2(e). An 
external clock may be used with either the RC or crystal 
oscillator option. The toxov or t'LCH specifications do not 
apply when using an external clock input. The equivalent 
specification of the external clock should be used in lieu of 
toxov or TILCH. 

PAO-PA7 
These eight I/O input comprise port A. The state of any pin 
is software programmable and all port A lines are config­
ured as input during power-on or reset. These lines are 
open-drain software programmable. Refer to INPUT/OUT­
PUT PROGRAMMABLE paragraph below for a detailed 
description of 110 programming. 
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CDP68HC05D2 
CrYltel C.ramlc R •• onator 

2MHz 4MHz Units 
2-4 MHz Unite 

RSMAX 400 75 Cl Rs (typical) 10 Cl 
Co 5 7 pF Co 40 pF 
C, 0.008 0.012 /IF C, 4.3 pF 

Cosc, 15-40 15-30 pF Cose, 30 pF 

COSC2 15-30 15-25 pF 

Rp 10 10 MCl 

COsel 30 pF 
Rp 1-10 MCl 
a 1250 -a 30 40 K 

(a) Crystal/Ceramic Resonator Parameters 

CDP68HCO!5D2 

OSCt OSC2 
39 38 

J\JV' 
Rp 

n II JI -- -

(b) Crystal OSCillator Connections 

CDP68HC0!5D2 

R 

(d) RC Oscillator Connections 

OSC 2 
38 

L 

OSC I 
39 

~ -------~IOI~I ________ 3_9 

(c) Equivalent Crystal Circuit 

CDP68HC0!5D2 

OSC1 OSC2 
39 638 

UNCONNECTED 
~----------~/,EXTERNAL 

CLOCK 

(e) External Clock Source Connections 

92CS-39366 

Fig. 2 - Oscillator Connections 
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CDP68HC05D2 
PBO-PB7 
These eight lines comprise port S. The state of any pin IS 
software programmable and all port S lines are configured 
as Input during power-on or reset. These lines may be 
configured to generate interrupts. Refer to port S interrupt 
section. Refer to INPUT/OUTPUT PROGRAMMING par­
agraph below for a detailed description of I/O program­
ming 

PCO-PC7 
These eight lines comprise port C. The state of any pin is 
software programmable and all port C lines are configured 
as Input during power-on or reset. Refer to INPUT/OUT­
PUT PROGRAMMING paragraph below for a detailed de­
scription of I/O programming. 

PDO-POS, PD7 
These seven lines comprise Port D. Four PinS (PD2-PD5) 
are individually programmable as either inputs or outputs. 
PD7 is always an input line. PDO-PD5Iines are set as inputs 
on power-on or reset. The enabled Timer and SPI special 
functions listed below affect the pins on this port. PDO-PD1 
(referred to as TOSC1, TOSC2) are used to control the 
oscillator for the timer in the external clock mode. If the 
external clock mode is not used, these pinS are configured 
as inputs only. See sections EXTERNAL TIMER OSCILLA­
TOR and SPECIAL PURPOSE PORT. MOSI is the SPI Serial 
Data Output (in Master Mode) MISO is the SPI Serial Data 
Input (In Master Mode). SCK is the clock for the SPI (con­
figured as output in the Master Mode). SS is the Slave Select 
Input for the SPI. 

Note: It is recommended that all unused inputs (except OSC2) and 
1/0 ports configured as inputs be tied to an appropriate logic level 
(e.g. either Vee or Vss). 

Parallel I/O 
The I/O register section is found in the first 32 bytes of 
memory and Includes the following. 
• Three programmable parallel ports (Ports A, S, and C) . 
• One port (Port D) With three input lines and four pro­

grammable lines which share its external pins with Serial 
Peripheral Interface (SPI) and Timer functions. 

The general memory arrangement for each system has a 
control register, followed by a status register, followed by a 
data register. A CPU read of any undefined/unused bits will 
obtain a value of "0". The register assignment may befound 
in Table II. 

Input/Output Programming 

Parallel Ports 
Ports A, S, and C may be programmed as an input or an 
output under software control. The direction of the pins is 
determined by the state of the corresponding bit in the port 
data direction register (DDR). Each 8-bit port has an asso­
ciated 8-bit data direction register. Any port A, port S, or 
port C pin is configured as an output if its corresponding 
DDR bit is set to a logic one. A pin is configured asan input if 
its corresponding DDR bit is cleared to a logic zero. At 
power-on or reset all DDRs are cleared, which configure all 
port A, S, and C pins as inputs. The data direction registers 
are capable of being written to or read by the processor. 

Refer to Fig. 3 and Table I. During the programmed output 
state, a read of the data register actually reads the value of 
the output data latch and not the I/O pin. 

As an option for Port A, the eight Port A outputs (PAO-PA7) 
can be programmed to be open drain outputs when bit 0 in 
the Special Port Control/Status register is set and their DDR 
bits are set. Also, the setting of the "Wired-OR" Mode 
(WOM) bit In the SPI Control Registerwill cause Port 0 lines 
2-5 (when programmed as outputs) to be open drain 

SPECIAL PURPOSE PORT 
Port 0 contains four individually programmable bi-direc­
tiona I lines (PD2-PD5) and three input lines (PDO, PD1, and 
PD7). The direction of the four bi-directlonallines is deter­
mined by the state of the data direction register (DDR). 
Each of these four lines has an associated DDR bit. The 
validity of a port bit is determined by whether the SPI sys­
tem and external timer oscillator are enabled or disabled. 
When the SPI system is disabled, lines PD2-PD5 behave as 
normal 1/0 lines and the corresponding DDR bits determine 
whether the lines are inputs or outputs. Lines PD~ and PD1 
are Inputs when the external timer oscillator is not used. 
However, once the external timer oscillator has been 
enabled, PD1 will become an output-only line until the 
processor is reset. 

A write to bits 0, 1, 6, and 7 of the Port 0 Data Direction 
Register will have no effect. A read of DDR bits 0,1,6, and 7 
will always return zeros. 

Note: When uSing the Senal Penpherallnterface (SPI), bit 5 of Port 
o is dedicated as the Slave Select (SS) Input when the SPI system IS 
enabled In SPI Slave Mode, OOR bit 5 has no meaning oreftect In 
SPI Master Mode, OOR bit 5 determines whether Port 0 bit 5 IS an 
error detect Input to the SPI (OOR bit clear) or a general purpose 
output line (OOR bit set) 

For bits 2, 3, and 4 (MISO, MOSI, and SCK), If the SPI is 
enabled and expects the bit to be an input, itwill bean input 
regardless of the state of the DDR bit. If the SPI is enabled 
and expects the bit to be an output, it will be an output ONLY 
if the DDR bit is set. 

Memory 
The CDP68HC05D2 has a total address space of 8192 bytes. 
The address map Is shown in Fig, 4. The CDP68HC05D2 has 
implemented 2550 bytes of the address locations. 

The first 256 bytes of memory (page zero) is comprised of 
the I/O port locations, timer locations, 128 bytes of ROM 
and 96 bytes of RAM. The next 2048 bytes comprise the user 
ROM. The 16 highest address bytes contain the reset and 
interrupt vectors. 

The stack pOinter is used to address data stored on the 
stack. Data is stored on the stack during interrupts and 
subroutine calls. At power-up, the stack pointer is set to 
$OOFF and it is decremented as data is pushed on the stack. 
When data is removed from the stack, the stack pointer is 
incremented. A maximum of64 bytes of RAM isavailablefor 
stack usage. Since most programs use only a small part of 
the allocated stack locations for interrupts and/or subrou­
tine stacking purposes, the unused bytes are usable for 
program data storage. See Fig, 4 for details on stacking 
order. 
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CDP68HC05D2 

INTERNAL 
C DP68HC05D2 

CONNECTIONS 

DATA DIRECTION 
REGISTER 

BIT 

LATCHED 
OUTPUT DATA 

BIT 

TYPICAL PORT 
DATA DIRECTION 

REGISTER 

TYPICAL PORT 
REGISTER 

! 
PIN P-7 

1 1 
P-6 P-5 

voo 

PORT OOR 
"n"~ •• 

1 1 1 
P-4 P-3 P-2 

NOTES: 
1. -DENOTES DEVICES HAVE SAME 

PHYSICAL SIZE, AND ARE 
ENHANCEMENT TYPE. 

2. IP = INPUT PROTECTION. 

92CS-39367 

! 1 
P-1 P-D 

INTERNAL 
LOGIC __ -<l<I------J 3. LATCH·UP PROTECTION NOT SHOWN. 

92C5-42289 

Fig. 3 - Typical Parallel Port I/O Circuitry 

Table I - 110 Pin Functions 

RtW* DDR 110 Pin Function 

0 0 The I/O pin is in input mode. Data is written into the output data latch. 

0 1 Data is written into the output data latch and output to the I/O pin. 

1 0 The state of the I/O pin is read. 

1 1 The 1/0 pin is in an output mode. The output data latch is read. 

*RIW IS an Internal signal. 

110 
PIN 
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CDP68HC05D2 
$0000 

$OOIF 
$0020 

$009F 
$ODA 0 

$OOBF 
$OOCO 

SOOf-F 
$0100 

$08FF 
$0900 

$1 E:FF 
$lF(X) 

$lFDF 
$lFEO 

liD 
32 Bytes 

User 
ROM 

128 Bytes 

RAM 
96 Bytes 

-- ----i Slack 
64 Bytes 

User 
ROM 

2048 Bytes 

Unused 
5632 Bytes 

Self Check 

f------

0000 

0031 
0032 

\ 

, 
0159 
0160 

0 191 
0192 

0255 
256 0 

\ 

2303 
2304 

7 
7 
935 
936 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 

ports 
8 Bytes 

Unused 
2 Bytes 

Senal Peripheral 
Interface 
3 Bytes 

Unused 
:; Bytes 

-,-
TlmPf 

10 Byles 

Unused 2 Bytes 

Special Port Control! 
Stat Register 

Unused 

1 Byte 

0000 

0031 

\ 
\ 

\ 
\ 

Port A Data Register 

Port B Data Register 

Port C Data Register 

Port 0 Data Register 

Port A Data Direction Register 

Port B Data Direction Register 

Port C Data Direction Register 

Port 0 Data Direction Register 

Unused 

Unused 

Serial Peripheral Control Register 

Senal Peripheral Status Register 

Serial Peripheral Data 110 Register 

Unused 

Unused 

Unused 

Unused 

Unused 

T,mp' Control Register 

Timer Status Register 
r----

nput Capture High Register 

Input Capture low Register 

Output Compare High Register 

Output Compar;, LOW Register 

Counter High Register 

Counter low Register 

Alternate Counter High Register 

Self· Check \ Alternate Counter low Register 256 Bytes 

$1 FEF 
$1 Ff-O 

Vectors 

User 
Vectors 

$lFFF 
16 Bytes 

ADDRESS 
$0000-$001F 

00 Port A Data 

01 Port 8 Data 

02 Port C Data 

03 Port D Data 

04 Port A DDA 

05 Port 8 DDA 

06 Port C DDR 

07 Port D DDR 

08 Unused 

09 Unused 

OA SPI Control 

08 SPI Status 

OC SPI Data 

00 Unused 

OE Unused 

OF Unused 

r-' 

SPIE 

SPIF 

SPE 

WCOl 

• ;;:: dedicated as TeMP output 
- = unused bits 

B 
8 

8 

175 
176 

191 

DATA 
5 4 

DWOM MSTA 

MODF 

\ 
\ 

\ 

Fig. 4 - Address Map 

\ 

Unused 

Unused 

Special Port Contrrll/Stat Register 

Unu',ed 

92CS-3811BR2 

Table II - CDP68HC05D2 I/O Registers 

DATA 
7 

10 Unused 

11 Unused 

12 Timer Control ICIE OCIE TOlE EOE EGG 

13 Timer Status IGF OGF TOF 

14 Capture High 

15 Capture low 

16 Compare High 

'7 Compare low 

18 Counter High 

19 Counter low 

CPOl CPHA SPRI SPRO 1 A Dual TM High 

1 B Dual TM low 

lC Unused 

10 Unused 

1 E Special Port PBIF DLY 

Cntl/STAT 

IF Unused -

IEDG 

PBIE 

$00 

$01 

$02 

$03 

$04 

$05 

$06 

$07 

$08 

$09 

lOA 

SOB 

SOC 

SOD 

SOE 

SOF 

$10 

$11 

$12 

$13 

$14 

$15 

$16 

$17 

$18 

$19 

$lA 

$1 B 

$lC 

$1D 

$1 E 

$1 F 

OlVL 

PAOD 
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7 

I A 

7 

1 X 

12 

1 PC 

12 6 

101010101011111 

0 

1 
0 

1 
0 

1 
0 

1 

CDP68HC05D2 . 

Accumulator 

Index Register 

Program Counter 

Stack Poi nter 

Condition Code Register 
Carry/Borrow 

Zero 

'--___ Negative 

L-____ Interrupt Mask 

L-_____ Half Carry 

Fig. 5 - Programming model. 

7 
1 11 11 ICondition Code Register 

o Stack 
I 
N 

Accumulator T 
Increasing Memory 

Addresses 
Index Register ~ DecreaSing Memory 

R Addresses 
U 
P 
T 

01 0 10 1 PCH 

PCL 

Unstack 

Note: Since the Stack POinter decrements dUring pushes. the PCl 
IS stacked first. followed by PCH. etc Pulling from the stack IS In the 
reverse order 

Fig. 6 - Stacking order. 

CPU Registers 
The CDP68HC05D2 CPU contains five registers, as shown 
in the programming model of Fig. 5. The interrupt stacking 
order is shown in Fig. 6. 

Accumulator (A) 
The accumulator is an 8-blt general-purpose register used 
to hold operands, results of the arithmetic calculations, and 
data manipulations. 

Index Register (X) 
The x register is an 8-bit register which is used during the 
indexed modes of addressing. It provides an 8-bit value 
which is used to create an effective address. The index 
register is also used for data manipulations with the read-

modify-write type of instructions and as a temporary stor­
age register when not performing addressing operations. 

Program Counter (PC) 
The program counter is a 13-bit register that contains the 
address of the next instruction to be executed by the 
processor. 

Stack Pointer (SP) 
The stack pointer is a 13-bit register containing the address 
of the next free locations on the push-down/pop-up stack. 
When accessing memory; the seven most significant bits 
are permanently configured to 0000011. These seven bits 
are appended to the six least significant register bits to 
produce an address within the range of $OOFF to $OOCO. The 

_______________________________________________________________ 199 

II) 



6805-Serles Microprocessors and Microcomputers ________________ _ 

CDP68HC05D2 
stack area of RAM is used to store the retu rn address on 
subroutine calls and the machine state during interrupts 
During external or power-on reset, and dUring a reset stack 
pointer (RSP), Instruction, the stack pOinter IS set to its 
upper limit ($OOFF) Nested interrupt and/or subroutines 
may use up to 64 (decimal) locations. When the 64 locations 
are exceeded, the stack pointer wraps around and points to 
its upper Ii mit ($OOFF), losing the previously stored informa­
tion. A subroutine call occupies two RAM bytes on the 
stack, while an Interrupt uses five RAM bytes. 

Condition Code Register (CC) 
The condition code register IS a 5-blt register which indi­
cates the results of the instruction just executed as well as 
the state of the processor These bits can be individually 
tested by a program and specified action taken as a result of 
their state. Each bit IS explained In the following para­
graphs. 

HALF CARRY BIT (H). 
The H bit IS set to a one when a carry occurs between bits 3 
and 4 of the ALU dUring an ADD or ADC instruction. The H 
bit is useful in binary-coded decimal subroutines. 

+9V 

INTERRUPT MASK BIT (I). 
When the I bit is set, all interrupts are disabled. Clearing this 
bit enables the Interrupts. If an external interrupt occurs 
while the I bit IS set, the interrupt is latched and is processed 
after the I bit IS next cleared; therefore, no interrupts are lost 
because of the I bit being set An internal interrupt can be 
lost If It IS cleared while the I bit is set (refer to PROGRAM­
MABLE TIMER, SERIAL PERIPHERAL INTERFACE, and 
PORT B INTERRUPT sections for more information. 

NEGATIVE (N). 
When set, thiS bit indicates that the result of the last arith­
metic, logical, or data manipulation is negative (bit 7 in the 
result IS a logic one). 

ZERO (Z). 
When set, this bit indicates that the result of the last arith­
metic, logical, or data manipulation is zero. 

CARRY IBORROW (C). 
Indicates that a carry or borrow out of the arithmetic logic 
unit (ALU) occurred during the last arithmetic operation. 
This bit is also affected during bit test and branch instruc­
tions, shifts, and rotates. 

RESET 
4 .7K~ CDPS8HCOS02 

I'q ~ 2 
RESET I IRQ 10 K 2 fII 3904 

~IOK -=-J\AA 

+< v -=- ---.2 N C. Voo 40 ... 5V 

10K ose , ~f';:' 37 
TCAP 10M f4 MHz 

~ PA7 csc 2 38 ~ 
r-~ ( SEE NOTE) -=-PA6 

6 po7 36 uv PA5 

* 7 PA4 TeMP F- < 47K 
~ PA3 PD5/SS 3' ;;-

9 33 1M +--'--- PA2 PD4/SC K =r 32 = 10K 
2N~90 PD3/MOSI 

II 31 
L--. PAO P02/MISO 

I 
-=-3O 10K 

-auv POI/TOSC2 

PDQ/Tose 1 ~ ~ 12 2S J... 4·7 K 
PBO PCO 

I ~ ~ 27 4.7K 

r- PBl PC 1 
~ 10K 

" 
26 ...J\~7K PB2 PC 2 .... 

~ 15 25 I~ ~ 4.7 K 
PB3 PC 3 

+5V 

L2!. PB' PC4 ~ 
~ PBS PCS F-

IB PBS 22 PC. I. PB7 PC7 21 
VSS 

J.20 92CM-39369 

NOTE 
THE RC OSCILLATOR OPTION MAY ALSO BE lISEO IN THIS CIRCUIT 

Fig. 7 - Self-Check Circuit Schematic Diagram 
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Self-Check 
The CDP68HC05D2 contains in mask ROM address loca­
tions $1 Faa to $1 FEF, a program designed to check the 
part's integrity with a minimum of support hardware The 
self-check capability of the CDP68HC05D2 MCU provides 
an internal check to determine if the device IS functional. 
Self-check is performed using the circuit shown in the 
schematic diagram of Fig. 7. As shown in the diagram, port 
C pins PCO-PC3 are monitored (light-emitting diodes are 
shown but other devices could be used) for the self-check 
results The self-check mode is entered by ap2.!}'ing a 9Vdc 
input (through a 47 kilohm resistor) to the lRQ pin (2). a 
5Vdc input (through a 10-kilohm resistor) to the TCAP pin 
(37). a 5Vdc input (through a 10K resistor) to Port B, bit 2 
(pin 14), and then depressing the reset switch to execute a 
reset After reset, the following SIX tests are performed au­
tomatically' 

I/O - Functionally exercises ports A, B, and C 
RAM - Counter test for each RAM byte 
Timer - Tracks counter register and checks OCF flag 
ROM - Exclusive OR with odd ones parity result 
SPI - Transmission test with check for SPIF, WCOl, 

and MODF flags 
INTERRUPTS - Tests external, timer, Port Band SPI 

interrupts 

Self-check results (using LEOs as monitors) are shown in 
Table III. The following subroutines are available to user 
programs and do not require any external hardware. 

Table III. Self-Check Results 

PC3 PC2 PC1 PCG Remarks 

1 a a 1 Bad I/O 

1 a 1 a Bad RAM 

1 a 1 1 Bad Timer 

1 1 a a Bad Port D and/or Timer OSCillator 
'-

1 1 0 1 Bad ROM 

1 1 1 a Bad SPI 

1 1 1 1 Bad Interrupts or IRQ Request 

Flashing Good Device 

All Others Bad Device, Bad Port C, etc. 

a indicates lED on; 1 indicates lED is off 

TIMER TEST SUBROUTINE 
This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is 
called at location $1 FOE. The output compare register is 
first set to the current timer state. Because the timer is 
free-running and has only a dlvide-by-four prescaler, each 
timer count cannot be tested. The test reads the timer once 
every 10 counts (40 cycles) and checks for correct count­
ing. The test tracks the counter until the timer wraps 
around, triggering the output compare flag in the timer 
status register. RAM locations $OOAO and $OOA 1 are over­
written. Upon return to the user's program, X=40 If the test 
passed, A=O. 

ROM CHECKSUM SUBROUTINE 
This subroutine returns with the Z bit cleared if any error is 
detected; otherwise, the Z bit is set. This subroutine is 
called at location $1 F93 with RAM location $00A3 equal to 
$01 and A = O. A short routine is set up and executed in RAM 

CDP68HC05D2 
to compute a checksum of the entire ROM pattern. Upon 
return to the user's program, X=O If the test passed, A=O 
RAM locatIOns $OOAO through $00A3 are overwritten 

RESETS 
The CDP68HC05D2 has two reset modes' an active low 
external reset Pin (RESET) and a power-on reset function, 
refer to Fig. 8. 

RESET Pin 
The RESET input pin IS used to reset the MCU to provide an 
orderly software startup procedure When using the exter­
nal reset mode, the ~ pin must stay low for a minimum 
of one and c,ne-halfteye . The RESET Pin contains an internal 
SchmittTrigger as part of its input to improve noise immuni­
ty 

Power-On-Reset 
The power-on reset occurs when a positive transition is 
detected on VDD. The power-on reset is used strictly for 
power turn-on conditions and should not be used to detect II] 
any drops In the powersupply voltage There is no provIsion 
for power-down reset. The power-on circuitry provides for a 
delay from the time that the oscillator becomes active upon 
power-up or when eXiting the STOP mode. 

ASSOCiated With the mask programmable CPU oscillator 
option in the D2 is a mask option for controlling the timeout 
which occurs at power-on or when exiting the STOP mode. 
The user has a mask option of selecting a 4064 teye delay 
(meant for use with the crystal oscillator option) or a 2 cycle 
timeout permitting faster startups with the RC oscillator 
mask option or external oscillator. 

To permit use of an external oscillator with crystal mask 
option and a two cycle delay when exiting from STOP, bit 2 
(Dl Y) of the Special Port Control/Status Register (memory 
location $001 E), when set, will override the 4064 cycle 
mask-programmable delay and force a two cycle timeout 
Since this bit is reset at power·,on, the power-on delay will 
remain as mask-programmed. 

If the external RESET pin is low at the end of the delay 
timeout, the processor remains in the reset condition until 
the RESET goes high, Table IV shows the actIOns of the two 
resets on internal circuits, but not necessarily in order of 
occurrence. 

Interrupts 
Systems often require that normal processing be interrupt­
ed so that some external event may be serviced. The 
CDP68HC05D2 may be interrupted by one of five different 
methods: either one of four maskable hardware interrupts 
(iRQ, SPI, PBINT, or Timer) and one non-maskable soft­
ware interrupt (SWI). Interrupts such as Timer and SPI have 
several flags which will cause the interrupt. Generally, inter­
rupt flags are located in read-only status registers, while 
their equivalent enable bits are located In associated con­
trol registers If the enable bit is a logiC zero it blocks the 
interrupt from occurring but does not inhibit the flag from 
being set Reset clears all enable bits to preclude interrupts 
d u ri ng the reset proced u re 

The general sequence for clearing an interrupt isa software 
sequence of first accessing the status register while the 
interrupt flag IS set, followed by a read or write of an asso­
Ciated register When any of these interrupts occur, and If 
the enable bit is a logic one, normal processing is sus­
pended at the end of the current instruction execution. 
Interrupts cause the processor registers to be saved on the 
stack (see Fig. 6) and the interrupt mask (I bit) set to prevent 
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INTERNAL 
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BUS *" 
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_____ -----....£' tRL---I _____ _ 
RESET V-

*** J] 
* INTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE EXTERNALLY. 

** OSC1 LINE IS NOT MEANT TO REPRESENT FREQUENCY. IT IS ONLY USED TO REPRESENT 
TIME. 

*** THE NEXT RISING EDGE OFTHE INTERNAL PROCESSOR CLOCK FOLLOWING THE RISING 
EDGE OF RESET INITIATES THE RESET SEQUENCE. 

**** DELAY IS MASK PROGRAMMABLE. 

Fig. 8 - Power-On Reset and RESET 

Table IV. Reset Action on Internal Circuit 

Timer Prescaler reset to zero state 
Timer counter configured to $FFFC 

Condition 

Timer output compare (TCMP) bit reset to zero 

92CM-39377 

All timer interrupt enable bits cleared (lCIE, OCIE, and TOlE) to disable timer interrupts. 
The OlVl timer bit is also cleared by reset 

All data direction registers cleared to zero (input) 
Configure stack pointer to $OOFF 
Force internal address bus to restart vector ($1 FFE-$1 FFF) 
Set I bit in condition code register to a logic one 
Clear STOP latch* 
Clear external interrupt latch 
Clear WAIT latch 
Disable SPI (serial output enable control bit SPE=O). Other SPI bits cleared by reset include: 

SPIE, MSTR, SPIF, WCOl, and MODF. 
Clear serial interrupt enable bit 
Place SPI system in slave mode (MSTR=O) 
Timer oscillator disabled and 3-stated 
CPU oscillator connected to timer 
Reset Port B interrupt enable 
DWOM bit reset 
PAOD bit reset 
Reset Dl Y bit in special control/status register 

*Indicates that timeout still occurs with RESET pin 
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additional interrupts. The appropriate interrupt vector then 
points to the starting address of the interrupt service routine 
(refer to Fig. 4 for vector location). Upon completion of the 
interrupt service routine, the RTI fnstruction (which IS nor­
mallya part of the service routine) causes the register con­
tents to be recovered from the stack followed by a return to 
normal processing. The stack order is shown In Fig. 6. 

CDP68HC05D2 
Note: The Interrupt mask bit (I bit) will be cleared upon returning 
from the interrupt if and only If the corresponding bit stored in the 
stack IS zero The priority of the various interrupts is as follows 
(highest Priority to lowest Priority' 

RESET - ' - EXT INT - TIMER - SPI - Port B 

'IS any instruction or the SWI service routine 

A discussion of Interrupts, plus a table listing vector addresses for 
all interrupts including reset, In the CDP68HC05D2 is provided in 
Table V 

Table V. Vector Address for Interrupts and Reset 

Flag CPU Vector 
Register Name Interrupts Interrupt Address 

N/A N/A Reset RESET $1 FFE-$1 FFF 
N/A N/A Software SWI $1 FFC-$1 FFD 
N/A N/A External Interrupt iRQ $1 FFA-$1 FFB 

$1 FFS-$1 FF9 Timer Status ICF Input Capture TIMER 
OCF Output Compare 
TOF Timer Overflow 

SPI Status SPIF Transfer Complete SPI $1 FF4-$1 FF5 
MODF Mode Fault 

SpeCial 
Port cis PBIF Port B 

Hardware Controlled Interrupt Sequence 
The following three functions (RESET, STOP, and WAIT) 
are not in the strictest sense an interrupt; however, they are 
acted upon In a similar manner. Flowcharts for hardware 
interrupts are shown in Fig. 9, and for STOP and WAIT are 
provided in Fig. 10. A discussion is provided below: 

• A low input on the RESET input pin causes the program to 
vector to its starting address which is specified by the 
contents of memory locations $1 FFE and $1 FFF. The I bit 
in the condition code register is also set. Much of the 
MCU is configured to a known state during this type of 
reset as previously described in the RESET paragraph. 

• STOP - The STOP instruction causes the oscillator to be 
turned off and the processor to "sleep" until an external 
interrupt (mc:i), Port B interruPg T+mer interrupt (if using 
an external timer clock), or RE E occurs. 

• WAIT - The WAIT instruction causes all processor 
clocks to stop, but leaves the Timer and SPI clocks run­
ning. This "rest" state of the processor can be cleared by 
reset, an external interrupt (mc:i), Timer interrupt, SPI 
Interrupt, or Port B interrupt. There are no special wait 
vectors for these individual interrupts. 

PB $1 FF2-$1 FF3 

Software Interrupt (SWI) 
The software interrupt is an executable instruction. The 
action of the SWI instruction is similar to the hardware 
interrupts. The SWI is executed regardless of the state of 
the interrupt mask (I bit) in thec0ndition code register. The 
interrupt service routine address is specified by the con­
tents of memory location $1 FFC and $1 FFD. 

External Interrupt 
Ifthe interrupt mask (I bit) ofthecondition code register has 
been cleared and the external interrupt pin (iRO) has gone 
low, then the external interrupt is recognized. When the 
interrupt is recognized, the current state of the CPU is 
pushed onto the stack and the I bit is set. This masks further 
interrupts until the present one is serviced. The interrupt 
service routine address is specified by the content of memo­
ry location $1 FFA and $1 FFB. Either a level-sensitive and 
negative edge-sensitive trigger, or a negative edge-sensi­
tive only trigger are available as a mask option. Fig. 11 
shows both a functional and mode timing diagram for the 
interrupt line. The timing dia9!!!!l shows two different 
treatments of the interrupt line (lRQ) to the processor. The 
first method shows single pulses on the interrupt line 
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spaced far enough apart to be serviced. The minimum time 
between pulses is a function of the number of cycles re­
quired to execute the interrupt service routine plus 21 cy­
cles. Once a pulse occurs, the next pulse should not occur 
until the MCU software has exited the routine (an RTI oc­
curs). The second configuration shows several interrupt 
fines "wlre-ORed" to form the interrupts at the processor. 

Thus, if after servicing one interrupt the interrupt line re­
mains low, then the next interrupt is recognized. 

Note: The Internal Interrupt latch IS cleared In the first part of the 
service routine, therefore, one (and only one) external interrupt 
pulse could be latched during t'UL and serviced as soon as the I bit is 
cleared 

CLEAR rna 
REQUEST 

LATCH 

Fig. 9 - Hardware Interrupt Flowchart 

J,QAD PC FROM 
IRQ: $1FFA-$1FFB 

TIMER: $1FF8-$1FF9 
PB: $1 FF2-$1 FF3 
SPI: $1FF4-$1FFS 

COMPLETE 
INTERRUPT 

ROUTINE 
AND EXECUTE 

RTI 

92CM-39385 

204 ______________________________________________________________ _ 



_________________ 6805-Series Microprocessors and Microcomputers 

YES 

STOP OSCILLATOR 
AND ALL CLOCKS 

CLEAR I BIT 

(1) FeTCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 

a. STACK 
b. seT I BIT 
c. VECTOR TO INTERRUPT 

ROUTINE 

·OELAY IS PROGRAMMABLE AS 4064 OR 2 MACHINE CYCLES 

OSCILLATOR ACTIVE 
TIMER, AND SPI 
CLOCKS ACTIVE 

PROCESSOR CLOCKS STOPPED 
CLEAR I BIT 

RESET NO 

YES 

(1) FETCt-t RESET VECTOR OR 
(2) SERVICE INTERRUPT 

a. STACK 
b. seT I BIT 
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Fig. 10 - STOP/WAIT Flowcharts 

Timer Interrupt 
There are three different timer Interrupt flags that will cause 
a timer interrupt whenever they are set and enabled. These 
threeJnterrupt flags are found in the three most significant 
bits of the timer status register (TSR, location $13) and all 
th,ee will vector to the same interrupt service routine 
($1 FF8-$1 FF9). The three timer interrupt conditions are 
timer overflow, output compare, and input capture. 

All interrupt flags have corresponding enable bits (ICIE, 
OCIE, and TOlE) in the timer control register (TCR, loca­
tion $12). Reset clears all enable bits, thus preventing an 
interrupt from occurring during the reset period. The actual 
processor interrupt is generated only if the I bit in the condi­
tion code register is also cleared. When the interrupt is 
recognized, the current machine state is pushed onto the 
stack and I bit is set. This masks further Interrupts until the 
present one is serviced. The interrupt service routine ad­
dress IS specified by the contents of memory location $1 FF8 

and $1 FF9. The general sequence for clearing an interrupt 
is a software sequence of accessing the status register 
while the flag is set, followed by a read or write of an 
associated register. Referto the PROGRAMMABLE TIMER 
section for additional information about the timer circuitry. 

Serial Peripheral Interface (SPI) Interrupts 
An interrupt in the serial peripheral interface (SPI) occurs 
when one of the interrupt flag bits In the serial peripheral 
status register (Location $08) is set, provided the I bit in the 
condition code register is clear and the enable bit in the 
serial peripheral control register (location $OA) is enabled 
When the interrupt is recognized, the current state of the 
machine is pushed onto the stack and the I bit in the condi­
tion code register is set. This masks further interrupts until 
the present one is serviced. The SPI interrupt causes the 
program counter to vector to memory location $1 FF4 and 
$1 FF5 which contains the starting address of the interrupt 
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I BIT (CC) 

POWER-ON RESET 
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EXTERNAL INTERRUPT 
BEING SERVICED 
(READ OF VECTORS) 

(aj Interrupt Function Diagram 

I~Q1 --,..--tILlH---1 

• • 
IRQn I...-____ ..... r 

IRQ --, r 
(MCU) .... ----------' 

92CS-39365 

NORMALLY 
USED WITH 
WIRE-O RED 
CONNECTION 

Edge-Sensilive Trigger Condilion 
The minimum pulse width (tILlH) is 
either 125 ns (Veo = 5 V) or 250 ns (Vee 
= 3 V). The period tlLlL should not be 
less than the number of tc,c cycles it 
takes to execute the interrupt service 
routine plus 21 tc,c cycles. 

Level-Sensilive Trigger Condition 
If after servicing an interrupt the IRQ 
remains low, then the next interrupt is 
recognized. 

(bj Interrupt Mode Diagram 

Fig. 11 - Extemallnterrupt 

service routine. Software in the serial peripheral interrupt 
service routine must determine the priority and cause of the 
SPI interrupt by examining the interrupt flag bits located in 
the SPI status register. The general sequence for clearing 
an interrupt is a software sequence of accessing the status 
registerwhile the flag is set, followed bya read or write of an 
associated register. Referto SERIAL PERIPHERAL INTER­
FACE section for a description of the SPI system and its 
interrupts. 

Port B Interrupt 

A Port B interrupt will occur when anyone of the-eight port 
lines (PBO-PB7) is pulled to a low level, provided the inter­
rupt mask bit of the condition code register is clear and the 
enable bit (Bit 1) in the Special Port control register (Memo­
ry location $001 E) is enabled. Before enabling Port B inter­
rupts, PBO through PB7 should be programmed as inputs, 
I.e., their corresponding DDR bits must be O. 
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A Port B interrupt will set the Port B interrupt flag (PBIF) 
located in the Special Port Control/Status register (bit 7), 
cause the current state of the machine to be pushed onto 
the stack, and set the I-bit in the condition code register. 
This masks further interrupts until the present one IS ser­
viced. The Port B interrupt causes the Program Counter to 
vector to memory locations $1 FF2 and $1 FF3 which contain 
the starting address of the interrupt service routine. To clear 
a Port B interrupt, the user must read the Special Port 
Control/Status register followed by a read of Port B. 

The purpose of this interrupt IS to provide easy use of the 
PBO-PB7 lines as sensor inputs, such as in keyboard scan­
ning. For systems where the keyboard response IS not Inter­
rupt driven, this interrupt can be disabled. Programming 
any of these lines as outputs inhibits them from generating 
an interrupt. 

Port B interrupts will cause an exit from the stop mode 
provided that the Port B interrupt enable bit is set. Port B 
interrupt vector is located at $1 FF2, $1 FF3. 

PORT 
A 4 

>-
3 

>-
2 ;;. 
1 , 
0 

" 

r------
r------
r---

PORT r------

d' KEYBOARD 1 
INTERRUPT 

[ 

;;. " 
" ;;. 

;;. ;;. ,. )'. 

;;. ;;. 

, 
,. 
>-
>-
>-

92C 

+ 

]

OPEN DRAIN 
SOFTWARE 
PROGRAMMABLE 
OUTPUTS 

S-37512RI 

Fig. 12 - Keyboard interface. 

CDP68HC05D2 
STOP Instruction 

The STOP instruction places the CDP68HC05D2 In its low­
est power consumption mode. In the STOP mode the inte­
nal oscillator is turned off, causing all internal processing to 
be halted; refer to Fig. 10. During the STOP mode, the I bit in 
the condition code register is cleared to enable external 
Interrupts. All other registers and memory remain unaltered 
and all input/output lines remain unchanged. This con­
tinues until an external interrupt (M), port B interrupt, 
external timer oscillator interrupt, or reset is sensed, at 
which time the internal oscillator is turned on. These inter­
rupts cause the program counter to vector to their respec­
tive interrupt vector locations ($1FFA and $1FFB, $lFF2 
and $1 FF3, $1 FF8 and $1 FF9, and $1 FFE and $1 FFF, re­
spectively) which contain the starting addresses of the in­
terrupt service routines. 

WAIT Instruction 
The WAIT instruction places the CDP68HC05D2 in a low 
power consumption mode, but the WAIT mode consumes 
somewt.at more power than the stop MODE In the WAIT 
mode, the internal clock remains active, and all CPU pro­
cessing is stopped; however, the programmable timer and 
serial peripheral interface systems remain active. Refer to 
Fig. 10. During the WAIT mode, the I bit in the condition 
code register IS cleared to enable all interrupts. All other 
registers and memory remain unaltered and all parallel in­
put/output lines remain unchanged. This continues until 
any Interrupt or reset is sensed. At this time the program 
counter vectors to the memory location ($1 FF2 through 
$1 FFF) which contains the starting address of the interrupt 
or reset service routine 

Data Retention Mode 
The contents of RAM and CPU registers are retained at 
supply voltages as low as 2 Vdc. This is referred to as the 
data retention mode, where the data is held, but the device 
is not guaranteed to operate. 

PROGRAMMABLE TIMER 
The programmable timer, which is preceded by a fixed 
divide-by-four prescaler, can be used for many purposes, 
including input waveform measurements while simultane­
ously generating an output waveform. Pulse widths can 
vary from several microseconds to many seconds. A block 
diagram of the timer is shown in Fig. 15 and timing diagrams 
are shown in Figs. 16 through 19. 

Because the timer has a 16-bit architecture, each specific 
functional segment (capability) is represented by two regis­
ters. These registers contain the high and low byte of that 
functional segment. Generally, accessing the low byte of a 
specific timer function allows full control of that function; 
however, an access of the high byte inhibits that specific 
timer function until the low byte is also accessed. 

Note: The I bit In the condition code register should be set while 
manipulating both the high and low byte register of a specific timer 
function to ensure that an interrupt does not occur. This prevents 
Interrupts from occurring between the time that the high and low 
bytes are accessed 

The programmable timer capabilities are provided by using 
the following ten addressable 8-bit registers (note the high 
and low represent the significance of the byte). A descrip­
tion of each register is provided in the following pages. 

Timer Control Register (TCR) location $12, 
Timer Status Register (TSR) location $13, 
Input Capture High Register location $14, 
Input Capture Low Register location $15, 
Output Compare High Register location $16, 
Output Compare Low Register location $17, 
Counter High Register location $18, 
Counter Low Register location $19, 
Alternate Counter High Register location $1 A, and 
Alternate Counter Low Register location $1 B. 

External Timer Oscillator 
In addition to clocking the CDP68HC05D2's internal 16-bit 
timer with the CPU clock, a separate oscillator circuit may 
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be used by connecting an RC or crystal circuit to pins 29 
and 30 (TOSC1 and TOSC2). The circuits shown in Figs. 
13(b) and 13(c) are recommended when using a crystal. 
This oscillator is designed to interface with an AT-cut paral­
lel resonant quartz crystal resonator in the frequency range 
specified for Itm in the Control Timing Tables at the end of 
this specification. See Fig. 13(a) for the RC circuit. 

When not using the external timer oscillator feature these 
pins function as input lines. However, once the external 
timer oscillator has been enabled, P01 will become an out­
put only line until the processor is reset. 

The EOE (External Oscillator Enable bit 4) and ECC (Exter­
nal Clock Connect bit 3) bits in the Timer Control Register 
control the external timer oscillator. If bit 3 (ECC) in the 
timer control register is set, the internal clock input to the 
timer is disabled and the clock to the timer is connected to 
the external timer oscillator This clock can be either a 
crystal or RC oscillator. Since this mode of operation per­
mits the timer to continue running when the CPU is in the 
stop mode, timer interrupts, if enabled, will still occur and 
can be used to exit from the stop mode. Fig. 14 shows the 
timer oscillator controls. The frequency of the external os­
cillator must be less than one-quarter the CPU oscillator 
frequency. 

The procedures for using this circuit are: 

• Crystal Oscillator Operation - First set the EOE bit to 
start the crystal oscillating. When oscillation has stabi­
lized, the ECC bit can be set to begin clocking the timer 
with the external timer oscillator. This time delay may 
vary depending upon crystal frequency and manufac­
turer. 

• RC Oscillator Operation - When it isdesired to clock the 
timer from an RC timer oscillator, set both the EOE and 
the ECC bits at the same time in order to keep power 
consumption minimal. 

• No external timer oscillator being used -If the EOE bit is 
never set, the oscillator will remain in its high impedance 
state allowing its pins to be used as POD and P01 input 
lines. In this case, these pins function as normal inputs 
and should not be left floating. 

• Timer Oscillator used for event counting - Set both the 
EOE and ECC bits and drive the timer oscillator input pin 
with the event signal which is to be counted. If EOE 
remains reset and only ECC is set, the event signal can be 
connected to the timer oscillator output pin, and the input 
can be used as a Port 0 input line. 

Fig. 13 - External Timer Oscillator Connections 

(a) RC Oscillator Connections 

eDP68He05D2 

Tosei Tose2 

WP68He05D2 CDP68He05D2 

Tosel Tose2 

29 30 
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10Mn 

elN 0 eOUT 

15 PFI 1120PF 

rosel rose2 

29 

10Mn 

39PFI el N 

30 
eOUT 
39pF 

150pF 

92CS-39464 

(b) Crystal Oscillator connections for crystal speeds above 
approx. 400 KHz. The C,n and Cout values may vary depend­
ing upon crystal manufacturer. 

(c) Crystal Oscillator connections for crystal speeds below 
approx. 400 KHz. The C,n, Ct and Rt values shown work well 
for most 32.768 KHz crystals; however, sizes may vary de­
pending upon crystal frequency manufacturer. 

i U ~ - 1 -'"~,:~-: 
I I I I osc 

I EXTERNAL EXTERNAL CLOCK I 
osc ENABLE CONNECT 

I I 
I 92CS-39368 

TO TIMER 
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Fig. 14 - External Timer Oscillator Controls 
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Fig. 18 - Timer State Timing Diagram For Output Compare 
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Counter 

The key element In the programmable timer is a 16-bit 
free-running counter, or counter register, preceded by a 
prescaler which divides the Internal processor clock by 
four The prescaler gives the timer a resolution of 2.0 micro­
seconds If the Internal processor clock IS 2.0 MHz. The 
counter IS clocked to increasing values during the low por­
tion of the internal processor clock. Software can read the 
counter at any time without affecting its value 

The double-byte free-running counter can be read from 
either of two locations $18-$19 (called counter register at 
this location), or $1A-$1 B (counter alternate register at this 
location) A read sequence containing only a read of the 
least significant byte of the free-running counter ($19, $1 B) 
will receive the count value at the time of the read. If a read 
of the free-running counter or counter alternate register 
first addresses the most significant byte ($18, $1A) it causes 
the least significant byte ($19, $1 B) to be transferred to a 
buffer. This buffer value remains fixed after the first most 
significant byte "read" even if the user reads the most signif­
Icant byte several times. This buffer is accessed when read­
Ing the free-running counter or counter alternate register 
least significant byte ($19 or $1 B), and thus completes a 
read sequence of the total counter value. Note that in read­
ing either the free-running counter or counter alternate 
register, if the most significant byte is read, the leastsignifi­
cant byte must also be read in order to complete the se­
quence. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power-on­
reset (POR), the counter is also configured to $FFFC and 
begins running after the oscillator startup delay. Because 
the free-running counter is 16 bits preceded by a fixed 
divide-by-four prescaler, the value in the free-running 
counter repeats every 262,144 MPU internal processor 
clock cycles. When the counter rolls over from $FFFF to 
$0000, the timer overflow flag (TOF) bit is set. An interrupt 
can also be enabled when counter rollover occurs by set­
ting its interrupt enable bit (TOlE). 

Output Compare Register 
The output compare register IS a 16-bit register, which is 
made up of two 8-bit registers at locations $16 (most signifi­
cant byte) and $17 (least significant byte). The output com­
pare register can be used for several purposes, such as, 
controlling an output waveform or Indicating when a period 
of time has elapsed The output compare register is unique 
In that all bits are readable and wnteable and are not altered 
by the timer hardware Reset does not affect the contents of 
this register and if the compare function is not utilized, the 
two bytes of the output compare register can be used as 
storage locations. 

The contents of the output compare register are compared 
with the contents of the free-running counter once during 
every four internal processor clocks. If a match is found, the 
corresponding output compare flag (OCF) bit isset and the 
corresponding output level (OLVL) bit is clocked (by the 
output compare circuit pulse) to an output level register. 
The values in the output compare register and the output 
level bit should be changed after each successful compari­
son in order to control an output waveform or establish a 
new elapsed timeout An interrupt can also accompany a 
successful output compare provided the corresponding in­
terrupt enable bit, OCIE, is set. 

After a processor wnte cycle to the output compare register 
containing the most significant byte ($16), the output com-

pare function is inhibited until the least significant byte 
($17) is also written. The user must write both bytes (loca­
tions) if the most significant byte is written first A write 
made only to the least significant byte ($17) will not inhibit 
the compare function The free-running counter is updated 
every four internal processor clock cycles due to the inter­
nal prescaler. The minimum time required to update the 
output compare register is a function of the software pro­
gram rather than the internal program 

A processor wnte may be made to either byte of the output 
compare register without affecting the other byte. The out­
put level (OLVL) bit IS clocked to the output level register 
regardless of whether the output compare flag (OCF) is set 
or clear. 

Because neither the output compare flag (OCF bit) nor 
output compare register is affected by reset, care must be 
exercised when initializing the output compare function 
with software. The following procedure is recommended: 

(1) Wnte the high byte of the output compare register to 
inhibit further compares until the low byte is written. 

(2) Read the timer status register to arm the OCF if it is 
already set. 

(3) Write the output compare register low byte to enable 
the output compare function with the flag clear. 

The advantage of this procedure is to prevent the OCF bit 
from being set between the time it is read and the write to 
the output compare register. A software example is shown 
below. 

B7 16 STA OCMPHI 
B6 13 LDA TSTAT 
BF 17 STX OCMPLD 

INHIBIT OUTPUT COMPARE 
ARM OCF BIT IF SET 
READY FOR NEXT COMPARE 

Input Capture Register 
The two 8-bit registers which make up the 16-bit input 
capture register are read-only and are used to latch the 
value of the free-running counter after a defined transition 
is sensed by the corresponding input capture edge detec­
tor. The level transition which tnggers the counter transfer 
is defined by the corresponding input edge bit (IEDG). 
Reset does not affect the contents of the input capture 
register. 

The result obtained by an input capture will be one more 
than the value of the free-running counter on the rising 
edge of the internal processor clock preceding the external 
transition (refer to timing diagram shown in Fig. 17). This 
delay is requ i red for external synch ron ization. Resol ution is 
affected by the prescaler allowing the timer to only incre­
ment every four internal processor clock cycles 

The free-running counter contents are transferred to the 
input capture register on each proper signal transition re­
gardless of whether the input capture flag (ICF) is set or 
clear. The input capture register always contains the free­
running counter value which corresponds to the most re­
cent input captu reo 

After a read of the most significant byte of the input capture 
register ($14), counter transfer is inhibited until the least 
significant byte ($15) of the input capture register is also 
read. This characteristic forces the minimum pulse period 
attainable to be determined by the time used in the capture 
software routine and its interaction with the main program. 
A polling routine using instructions such as BRSET, BRA, 
LDA, STA, INCX, CMPX, and BEG might take 34 machine 
cycles to complete The free-running counter increments 
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every four Internal processor ClOCk cycles due to the pre­
scaler. A read of the least significant byte ($15) of the input 
capture register does not inhibit the free-running counter 
transfer. Again, minimum pulse periods are ones which 
allow software to read the least significant byte ($15) and 
perform the needed operations. There is no conflict be­
tween the read of the input capture register and the free­
running counter since they occur on opposite edges of the 
internal processor clock. 

Timer Control Register (TCR) 
The timer control register (TCR, location $12) is an 8-bit 
read/write register which contains seven control bits. Three 
of these bits control interrupts associated with each of the 
three flag bits found in the timer status register (discussed 
below). The other four bits control: 1) which edge is signifi­
cant to the input capture edge detector (i.e., negative or 
positive). 2) the next value to be clocked to the output level 
register in response to a successful output compare, 3) the 
source of the timer clock, and 4) whether the external timer 
oscillator is enabled. The timer control register and the 
free-running counter are the only sections of the timer af­
fected by reset. The TCMP pin is forced low during external 
reset and stays low until a valid compare changes it to a 
high. The timer control register IS illustrated below followed 
by a defi mtion of each bit. 

7 6 5 4 3 2 o 

87, ICIE If the input capture Interrupt enable (lCIE) bit is 
set, a timer interrupt IS enabled when the ICF 
status flag (in the timer status register) is set. If 
the ICIE bit is clear, the interrupt is inhibited. 
The ICIE bit is cleared by reset. 

86, OCIE If the output compare interrupt enable (OCIE) 
bit is set, a timer interrupt is enabled whenever 
the OCF status flag is set. If the OCIE bit is clear, 
the interrupt is inhibited. The OCIE bit is cleared 
by reset. 

85, TOlE If the timer overflow interrupt enable (TOlE) bit 
is set, a timer interrupt is enabled whenever the 
TOF status flag (in the timer status register) is 
set lithe TOlE bit is clear, the interrupt is inhib­
ited. The TOlE bit is cleared by reset. 

84, EOE External Oscillator Enable - If set, the external 
timer oscillator is enabled. If it is then cleared, 
the inverter between pins 29 and 30 is prevented 
from switching and cannot be used in a crystal 
or RC oscillator. This bit is cleared by reset 
which configures both TOSC1 and TOSC2 as 
inputs. 

83, ECC If the external clock connect (ECC) IS set, the 
internal clock input to the timer is disabled and 
the timer oscillator is connected to the input to 
the timer It IS cleared by reset. Accuracy of the 
timer count is not guaranteed while this bit is 
switched. 

81,IEDG The value of the input edge (IEDG) bit deter­
mines which level transition on pin 37 will 
trigger a free-running counter transfer to the 
input capture register. Reset clears the IEDG 
bit. 

o = negative edge 
1 = positive edge 

CDP68HC05D2 
80,OLVL The value of the output level (OLV,L) bit is 

clocked into the output level register by the next 
successful output compare and will appear at 
pin 35. This bit and the output level register are 
cleared by reset. 

o = low output 
1 = high output 

Timer Status Register (TSR) 
The timer status register (TSR) IS an 8-bit register of which 
the three most significant bits contain read-only status in­
formation. These three bits indicate the following: 

1. A proper transition has taken place at pin 37 with an 
accompanying transfer of the free-running counter con-
tents to the intput capture register, . 

2. A match has been found between the free-running coun­
ter and the output compare register, and 

3. A free-running counter transition from $FFFF to $0000 
has been sensed (timer overflow) 

The timer status register is illustrated below followed by a 
definition of each bit. Refer to timing diagrams shown in 
Fig. 16, 17, and 18 for timing relationship to the timer status 
register bits. 

7 6 5 4 3 2 o 

IICF I OCF I TOF I 0 o o o o I $13 

87, ICF The input capture flag (ICF) is set when a proper 
edge has been sensed by the input capture edge 
detector. It is cleared by a processor read of the 
timer status register (with ICF set) followed by 
reading the low byte ($15) of the input capture 
register. Reset does not affect the input com­
pare tlag. 

86, OCF The output compare flag (OCF) is set when the 
output compare register contents matches the 
contents of the free-running counter. The OCF 
is cleared by reading the timer status register 
(With the OCF set) and then writing to the low 
byte ($17) of the output compare register. Reset 
does not affect the output compare flag. 

85, TOF The timer overflow flag (TOF) bit is set by a 
transition of the free-running counter from 
$FFFF to $0000 It is cleared by reading the 
timer status register (with TOF set) followed by 
a read of the free-running counter least signifi­
cant byte ($19). Reset does not affect the TOF 
bit. 

Read i ng the ti mer status reg ister satisfies the fi rst condition 
required to clear any status bits which happened to be set 
during the access. The only remaining step is to provide an 
access of the register which is associated with the status bit. 
Typically, this presents no problem for the input capture 
and output compare functions. 

A problem can occur when using the timer overflow func­
tion and reading the free-running counter at random times 
to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could unintentionally be cleared if: 1) the timer status regis­
ter is read when TOF is set, and 2) the least significant byte 
of the free-running counter is read but not for the purpose 
of servicing the flag. The counter alternate register at 
address $1A and $18 contains the same value as the free­
running counter (at address $18 and $19); therefore, this 
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alternate register can be read at any time without affecting 
the timer overflow flag in the timer status register. 

During STOP and WAIT instructions, the programmable 
timer functions as follows if using the CPU clock: during the 
wait mode, the timer continues to operate normally and may 
generate an Interrupt to trigger the CPU out of the wait 

state; during the stop mode, the timer holds at its current 
state, retaining all data, and resumes operation from this 
point when an external interrupt is received. If using an 
external timer oscillator the timer will continue to count and 
generate i nter~upts. 

Serial Peripheral Interface (SPI) 
The Serial Peripheral Interface (SPI} is a four wire syn­
chronous serial communication system with separate 
wires for input data, output data, clock and slave select. A 
master MCU, which produces the clocking signal, initiates 
the exchange of data bytes with a slave MCU or peripheral 
device such as an LCD display driver or an AID converter. 
A diagram of the control, status, and data registers may be 
found in the section labelled "Registers". The SPI system 
registers are found at addresses $OOOA-$OOOC. The SPI 
output drivers may be switched off to allow the user ac­
cess to external pins for use as parallel inputs to Port D. 
Upon power-up or reset the SPI output drivers will be 
initialized in the off state. The serial system enable bit 
which controls the output drivers and other functional 
inhibits is the SPE bit found in the serial control register. 

Fig. 20 illustrates two different system configurations Fig. 
20a represents a system of five different MCUs in which 
there are one master and four slaves (0, 1, 2, 3). In this 
system four basic lines (signals) are required forthe MOSI 
(master out, slave in), MISO (master in, slave out). SCK 
(serial clock). and ~ (slave select) lines. Fig. 20b repre­
sents a system of three MCUs in which each MCU is 
capable of being a master or a slave. The SPI interface is 
well-suited for multiprocessor communications. 

Features 
• Full duplex, three-wire synchronous transfers 
• Master or slave operation 
• 1.05 MHz (maximum) master bit frequency 
• 2.1 MHz (maximum) slave bit frequency 
• Four programmable master bit rates 
• Programmable clock polarity and phase 
• End of transmission interrupt flag 
• Write collision flag protection 
• Master-Master mode fault protection capability 

Signal Description 
The four basic signals (MOSI, MISO, SCK, and ~) dis­
cussed above are described in the following paragraphs. 
Each signal function is described for both the master and 
slave mode. 

Master Out Slave In (MOSI) 
The MOSI pin is configured as a data output in a master 
(mode) device and as a data input in a slave (mode) device. 
In this manner data is transferred serially from a master to 
a slave on this line; most significant bit first, least signifi­
cent bit last. The timing diagrams of Fig. 21 summarize the 
SPI timing diagram and show the relationship between 
data and clock (SCK). As shown in Fig. 21 four possible 
timing relationships may be chosen by using control bits 
CPOL and CPHA. The master device always allows data to 
be applied on the MOSIline a half-cycle before the clock 
edge (SCK) In order for the slave device to latch the data. 

Nole: Both the slave device(s) and a master device must be pro­
grammed to similar timing modes for proper data transfer 

When the master device transmits data to a second (slave) device 
via the MOSI line, the slave device responds by sending data to 
the master device via the MISO line. This Implies full duplex 
transmission with both data out and data in synchronized with the 
same clock signal (one which IS provided by the master device). 
Thus, the byte transmitted IS replaced by the byte received and 
eliminates the need for separate transmit-empty and receiver-full 
status bits. A single status bit (SPIF) is used to signify that the I/O 
operation is complete. 

Configuration of the MOSI pin is a function of the MSTR 
bit in the serial peripheral control register (SPCR, loction 
$OA). Setting the MSTR bit will place the device in the 
Master mode and cause the MOSI pin to be an output. 

Nole: The Port D Data Direction Register bit 3 must be set for the 
MOSI pin to transfer data In the Mast·" mode 

Master In Slave Out (MISO) 
The MISO pin is configured asan input in a master (mode) 
Clevice and as an output in a slave (mode) device In this 
manner data is transferred serially from a slave to a master 
on this line; most significant bit first, least significant bit 
last. The MISO pin of a slave device is placed in the high­
impedance state if it is not selected by the master; i.e., its 
~ pin is a logiC one. The timing diagram of Fig, 21 shows 
the relationship between data and clock (SCK) As shown 
in Fig,21, four possible timin{l relationships may be 
chosen by uSing control bits CPOL and CPHA. The master 
device always allows data to be applied on the MOSIline a 
half-cycle before the clock edge (SCK) in order for the 
slave device to latch the data. 

Nole: T he slave deVice (s) and a master device must be pro­
grammed to similar timing modes for proper data transfer 

When the master device transmits data to a slave device 
via the MOSI line, the slave device responds by sending 
data to the master device via the MISO line. This implies 
full duplex transmission with both data out and data in 
synchronized with the same clock signal (one which is 
provided by the master device). Thus, the byte transmitted 
is replaced by the byte received and eliminates the need 
for separate transmit-empty and receiver-full status bits. A 
singleslatus bit (SPIF) in theserial peripheral status regis­
ter (SPSR, location $08) is used to signify that the I/O 
operation is complete. 

In the master device, the MSTR control bit In the serial 
peripheral control register (SPCR,location $OA) is set toa 
logic one (by the program) to allow the master device to 
receive data on its MISO pin. In the siave device, its MISO 
pin is enabled by the logiC level of the SS pin; I.e., If ~=, 
then the MISO pin is placed in the high-impedance state, 
whereas, if SS=O the MISO pin is an output for the slave 
device 

Nole: The Port D Data Direction Register bit 2 must be set forthe 
MISO pin to transfer data In the slave mode 
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Fig. 20 - Master-Slave System Configuration 
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Fig. 21 - Data Clock Timing Diagram 

Slave Select ~ 
In the slave mode the slave select (~) pin is an input (PD5, 
pin 34), which receives an active low signal that is generated 
by the master device to enable slave device(s) to accept 
data. To ensure that data will be accepted by a slave device, 
the ~signalline must be a logic low prior to occurrence of 
SCK (system clock) and must remain low until after the last 
(eighth) SCK cycle. Fig. 21 Illustrates the relationship be­
tween SCK and the data for two different level combinations 
of CPHA, when ~ is pulled low. These are: 1) with CPHA=1 
of 0, the first bit of data is applied to the MISO line for 
transfer, and 2) when CPHA = 0 the slave device is prevent­
ed from writing to its data register. Referto the WCOl status 
flag in the senal peripheral status register (location $08) 
description for further information on the effects that the SS 
input and CPHA control bit have on the 1/0 data register. A 
high level SS signal forces the MISO (master in, slave out) 
line to the high-impedance state. Also, SCK and the MOSI 
(master out, slave in) line are Ignored by a slave device 
when its SS signal is high. 

When a device is a master, it monitors its SS signal for a 
logic low, provided that Port D bit 5 is cleared. See Note. 
The master device will become a slave device any time its 
SS signal is detected low. This ensures that there is only one 
master controlling the SS line for a particular system. When 
the SS line is detected low, it clears the MSTR control bit 
(serial peripheral control register, location $OA). Also, con­
trol bit SPE In the serial peripheral control register is 
cleared which causes the serial peripheral interface (SPI) to 
be disabled (port D SPI pins become inputs). The MODF 

flag bit in the serial peripheral status register (location $08) 
is also set to indicate to the master device that another 
device is attempting to become a master. Two devices at­
tempting to be outputs are normally the result ofa software 
error; however, a system could be configured which would 
contain a default master which would automatically "take 
over" and restart the system. 

Note: I n the master mode Port D DDR bit 5 determines whether Port 
D bit 5 (SS) is an error detect Input to the SPI (DDR bit 5 clear) or a 
general-pu..!E.0se output line (DDR bit 5 set), that can be used to 
strobe the SS lines of slaves 

Serial Clock (SCK) 
The serial clock is used to synchronize the movement of 
data both in and out of the device through its MOSI and 
MISO pins. The master and slave devices are capable of 
exchanging adata byte of information during a sequence of 
eight clock pulses. Since the SCK is generated by the mas­
ter device, the SCK line becomes an input on all slave 
devices and synchronizes slave data transfer. The type of 
clock and its relationship to data are controlled by the 
CPOl and CPHA bits in the serial peripheral control regis­
ter (location $OA) discussed below. Refer to Fig. 21 for 
timing. 

The master device generates the SCK through a circuit 
driven by the internal processor clock. Two bits (SPRO and 
SPR1) in the serial peripheral control register (location 
$OA) of the master device select the clock rate. The master 
device uses the SCK to latch incoming slave device data on 
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the MISO line and shifts out data to the slave on the MOSI 
line. Both master and slave devices must be operated in the 
same tl mlng mode as controlled by the CPOL and CPHA bit 
in the serial peripheral control register. In the slave device, 
SPROand SPR1 have no effect on the operation of the Serial 
Peripheral Interface. Timing is shown in Fig. 21. 

Note: The Port D Data Direction Register bit 4 must be set for the 
SCK pin to generate (output) a SCK signal 

Functional Description 
A block diagram of the serial peripheral interface (SPI) IS 
shown in Fig. 22. I n a master configuration the master start 
logic receives an input from the CPU (in the form of a write 
to the SPI rate generator) and originates the system clock 
(SCK) based on the internal processor clock. ThiS clock IS 
also used internally to control the state controller as well as 
the 8-bit shift register. As a master device, data is parallel 
loaded Into the 8-bit shift register (from the internal bus) 
during a write cycle and then shifted out serially to the 
MOSI Pin for application to the slave device(s). DUring a 
read cycle, data is applied serially from a slave device via the 
MISO Pin to the 8-bit shift register After the 8-bit shift 

NOTES 

CDP68HC05D2 
register is loaded, ItS data is parallel transferred to the read 
buffer and then IS made available to the Internal data bus 
during a CPU read cycle 

In a slave configuration, the slave slart logic receives a logic 
low (from a master device) at the SS pin and a system clock 
Input (from the same master device) at the SCK pin Thus, 
the slave is synchronized With the master Data from the 
master IS received serially at the slave MOSI Pin and loads 
the 8-blt shift register After the 8-bit shift register IS loaded, 
ItS data is parallel transferred to the read buffer and then is 
made available to the Internal data bus dUring a CPU read 
cycle. During a write cycle, data is parallel loaded into the 
8-bit shift register from the internal data bus and then shift­
ed out serially to the MISO pin for application to the master 
device 

Fig. 23 illustrates the MOSI, MISO, and SCK master-slave 
interconnections. Note that in Fig. 23 the master ~ pin is 
tied to a logic high and the slave 'S'S pin is a logic low. Fig 
21 a provides a larger system connection for these same 
pins. Note that in Fig. 20(a), all SS pins are connected to a 
port pin of a master/slave device. In thiS case any of the 
deVices can be a slave. 

seE NOTE 

THE SS. SCK. MOSI. AND MISO ARE EXTERNAL PINS WHICH PROVIDE THE 
FOLLOWING FUNCTIONS 
(a) MOSI-PROVIDES SERIAL OUTPUT TO SLAVE UNIT(S) WHEN DEVICE IS 

CONFIGURED AS A MASTER RECEIVES SERIAL INPUT FROM MASTEA 
UNIT WHEN DEVICE IS CONFIGURED AS A SLAVE UNIT 

(b) MISO·RECEIVES SERIAL INPUT FROM SLAVE UNIT(S) WHEN DeVICE IS 
CONFIGURED AS A MASTER PROVIDES SERIAL OUTPUT TO MASTER 
WHEN DEVICE IS CONFIGURED AS A SLAVE UNIT 

(el SCK ·PROVIDES SYSTEM CLOCK WHEN DEVICE IS CONFIGURED AS A 
MASTER UNIT RECEIVES SYSTEM CLOCK WHEN DEVICE IS CON­
FIGURED AS A SLAVE UNIT 

(d) Ss -PROVIDES A LOGIC LOW TO SELECT A SLAVE DEVICE FOR A 
TRANSFER WITH A MASTER DEVICE 

92CM-39390 

Fig. 22 - Serial Peripheral Interface Block Diagram 
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Fig. 23 - Serial Peripheral Interface Master-Slave Interconnection 

Registers 
There are three registers In the serial parallel interface 
which provide control, status, and data storage functions 
These registers, which Include the serial peripheral control 
register (SPCR, location $OA), serial peripheral status regis­
ter (SPSR, location SOB), and serial peripheral data I/O 
register (SPDR, location SOC) are described below. 

Nole: In additIOn. the Port 0 Data Direction Register (DDR) must be 
properly configured See note In the section labelled "Input/Output 
Programmlng-Speclal-Purpose Port" 

Serial Peripheral Control Register (SPCR) 
76543210 

ISPIEI SPE I DWOM I MSTR ICPOL ICPHAIsPR11sPROI $OA 

The serial peripheral control register bits are defined as 
follows. 

B7, SPIE When the serial peripheral interrupt enable bit 
is high, it allows the occurrence of a processor 
interrupt, and forces the proper vector to be 
loaded into the program counter if the serial 
peripheral status register flag bit (SPIF and/or 
MODF) IS set to a logic one. It does not inhibit 
the setting of a status bit. The SPIE bit IS 
cleared by reset. 

B6, SPE When the serial peripheral output enable con­
trol bit IS set, all output drive is applied to the 
external pins and the system IS enabled. When 
the SPE bit is set, it enables the SPI system by 
connecting it to the external PinS thus allowing 
it to interface with the external SPI bus. The 
pins that are defined as output depend on 
which mode (master or slave) the device is in 
Because the SPE bit is cleared by reset, the 
SPI system is not connected to the external 
pins upon reset. 

B5, DWOM The Port 0 Wire-OR Mode bit controls the 
output buffers for Port 0 bits 2 through 5 If 
DWOM=1, the four Port 0 output buffers be­
have as open-drain outputs. If DWOM=O, the 
four Port 0 output buffers operate as normal 
CMOS outputs. DWOM is cleared by reset. 

B4, MSTR 

B3, CPOL 

B2, CPHA 

B1, SPR1 
BO, SPRO 

The master bit determines whether the device 
is a master or a slave. If the MSTR bit is a logic 
zero it Indicates a slave device and a logic one 
denotes a master device. If the master mode IS 
selected, the function of the SCK pin changes 
from an Input to an output and the function of 
the MISO and MOSI pins are reversed. ThiS 
allows the user to wire device pins MISO to 
MISO, and MOSI to MOSI and SCK to SCK 
without incident. The MSTR bit is cleared by 
reset, therefore, the device is always placed In 
the slave mode during reset. 

The clock polarity bit controls the normal or 
steady state value of the clock when data is not 
being transferred. The CPOL bit affects both 
the master and slave modes It must be used in 
conjunction with the clock phase control bit 
(CPHA) to produce the wanted clock-data re­
lationship between a master and a slave de­
vice. When the CPOL bit IS a logic zero, it 
produces a steady state low value at the SCK 
pin of the master device If the CPOL bit is a 
logic one, a high value is produced at the SCK 
pin of the master device when data is not being 
transferred. The CPOL bit is not affected by 
reset. Refer to Fig. 21. 

The clock phase bit controls the relationship 
between the data on the MISO and MOSI pins 
and the clock produced or received at the SCK 
pin. This control has effect in ~oth the master 
and slave modes. It must be used in conjunc­
tion with the clock polarity control bit (CPOL) 
to produce the wanted clock-data relation. 
The CPHA bit in general selects the clock edge 
which captures data and allQws it to change 
states. It has its greatest impact on the first bit 
transmitted (MSB) in that it does or does not 
allow a clock transitioh before the first data 
capture edge. The CPHA bit is not affected by 
reset. Refer to Fig. 21. 

These two serial peripheral rate bits select one 
of four baud rates to be used as SCK if the 
device is a masteri however, they have no ef­
fect in the slave mode. The slave device IS 
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SPR1 

0 
0 
1 
1 

capable af shifting data in and aut at a maxI­
mum rate which is equal to. the CPU clack 
(maximum = 2.1 MHz). A rate table IS given 
belaw far the generatian af the SCK fram the 
master The SPR1 and SPRO bits are nat af­
fected by reset 

Internal Processor 
SPRO Clock Divide By 

0 2 
1 4 
0 16 ., 32 

Serial Peripheral Status Register (SPSR) 

7 6 5 4 3 2 o 

The status flags which generate a serial peripheral interface 
(SPI) Interrupt will nat be blocked by the SPIE cantrol bit in 
theserial peripheral cantral register; hawever, the interrupt 
will be blacked The WCOl bit daes nat cause an interrupt. 
The senal peripheral status register bits are defined as 
fallaws: 

B7, SPIF The serial peripheral data transfer flag bit noti­
fies the user that a data transfer between the 
device and an external device has been cam­
pleted. With the campletian af the data 
transfer, SPIF is set, and if SPIE is set, a serial 
penpherallnterrupt (SPI) is generated. During 
the clack cycle that SPIF is being set, a capy af 
the received data byte in the shift register is 
maved to. a buffer When the data register is 
read, it IS the buffer that is read. During an 
averrun canditian, when the master device has 
sent several bytes af data and the slave device 
has nat respanded to. the first SPIF, anly the 
first byte sent is cantained in the receiver 
buffer and all ather bytes are last. 

The transfer af data IS initiated by the master 
deVice writing its senal peripheral data 
register. 

Clearing the SPIF bit is accamplished by a 
saftware sequence af accessing the senal pe­
ripheral status register while SPIF is set and 
fallawed by a write to. ar a read af the serial 
peripheral data register. While SPIF is set, all 
writes to. the serial peripheral data register are 
inhibited until the praper clearing sequence is 
fallowed. This accurs in the master device. In 
the slave device, SPIF can be cleared (using a 
similar sequence) during a secand transmls­
Sian, hawever, it must be cleared befare the 
secand SPIF In arder to. prevent an averrun 
canditian The SPIF bit is cleared by reset 

B6, WCOl The functian af the write callisian status bit is 
to. natify the user that an attempt was made to. 
write the senal peripheral data register while a 
data transfer was taking place with an external 
device The transfer continues uninterrupted; 
therefare, a write will be unsuccessful. A "read 
collisian" will never accur since the received 
data byte is placed in a buffer in which access 
is always synchranaus with the MCU apera-

CDP68HC05D2 
tian. If a "write callisian" accurs, WCOl is set 
but no. SPI interrupt is generated. The WCOl 
bit is a status flag anly. 

Clearing the WCOl bit is accamplished by a 
saftware sequence af accessing the serial pe­
ripheral status register while WCOl is set, fol­
lawed by 1) a read af the serial peripheral data 
register priar to. the SPIF bit being set, ar 2) a 
read ar write afthe serial peripheral data regis­
ter after the SPI F bit is set. A write to. the serial 
peripheral data register (SPDR) priar to. the 
SPIF bit being set, will result in generatian af 
anather WCOl status flag. Bath the SPIF and 
WCOl bits will be cleared in the same se­
quence. If a secand transfer has started while 
trying to clear (the previausly set) SPIF and 
WCOl bits with a clearing sequence cantain­
ing a write to. the serial peripheral data regis­
ter, anly the SPIF bit will be cleared. 

A callisian af a write to. the serial peripheral III 
data register while an external data transfer is 
taking place can occur In bath the master 
made and the slave mode, althaugh with the 
praper pragrammlngthe master device shauld 
have sufficient infarmatian to. preclude this 
callisian. 

Callisian in the master deVice is defined as a 
write af the serial periph!lral data register 
while the internal rate clock (SCK) is In the 
pracess af transfer. The signal an the SS pin is 
always high an the master device. 

A callisian in a slave device is defined in twa 
separate mades. One prablem arises ina slave 
device when the CPHA cantral bit is a lagic 
zero.. When CPHA is a lagic zero, data is 
latched with the accurrence af the first clack 
transitian. The slave device does nat have any 
way af knawing when thattransitian will occur; 
therefare, the slave device callisian accurs 
when it attempts to. write the serial peripheral 
data register after its SS pin has been pulled 
law. The SS pin af the slave device freezes the 
data in its senal peripheral data register and 
daes nat allaw it to. be altered If the CPHA bit is 
a lagic zero.. The master device must raise the 
SS pin af the slave device high between each 
byte it transfers to. the slave device 

The secand callisian made is defined far the 
state af CPHA cantral bit being a logic ane. 
With the CPHA bit set, the slave device will be 
receiving a clack (SCK) edge priar to. the latch 
af the first data transfer. This first clock edge 
will freeze the data in the slave device 1/0 reg­
ister and allaw the MSB onto. the external 
MISO pin af the slave device. The SS pin low 
state enables the slave device but the drive 
anta the MISO pin daes nat take place until the 
first data transfer clack edge. The WCOl bit 
will anly be set if the 1/0 register is accessed 
while a transfer is taking place. By definitian af 
the secand callisian made, a master device 
might hald a slave device S§ pin law during 
a transfer af several bytes af data without a 
prablem. 

A special case af WCOl occurs in the slave 
device. This happens when the master device 
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starts a transfer sequence (an edge of SCK for 
CPHA=1; or an active !m transition for 
CPHA=O) at the same time the slave device 
CPU is writing to its serial peripheral interface 
data register. In this case it is assumed thatthe 
data byte written (in the slave device serial 
peripheral interface) is lost and the contents of 
the slave device read buffer become the byte 
that is transferred. Because the master device 
receives back the last byte transmitted, the 
master device can detect that a fatal WCOl 
occurred. 

Because the slave device is operating asynch­
ronously with the master device, the WCOl bit 
may be used as an indicator of a collision oc­
currence. This helps alleviate the user from a 
strict real-time programming effort The 
WCOl bit IS cleared by reset. 

Bit 4 MODF The function of the mode fault flag (MODF) is 
defined for the master mode device. If the de­
vice is a slave device, the MODF bit will be 
prevented from toggling from a logic zero to a 
logic one; however, this does not prevent the 
device from being in the slave mode with the 
MODF bit set The MODF bit is normally a 
logic zero and is set only when the master 
device has its SS pin pulled low. Toggling the 
MODF bit to a logic one affects the internal 
serial peripheral interface (SPI) system in the 
following ways. 

1. MODF is set and SPI interrupt IS generated 
if SPIE=1 

2. The SPE bit is forced to a logic zero This 
blocks all output drive from the device, dis­
abled the SPI system. 

3 .The MSTR bit is forced to a logic zero, thus 
forcing the device into the slave mode. 

Clearing the MODF is accomplished by a 
software sequence of accessing the serial pe­
ripheral status register while MODF is set fol­
lowed by a write to the senal peripheral control 
register. Control bits SPE and MSTR may be 
restored to their original set state dunng this 
clearing sequence or after the MODF bit has 
been cleared. Hardware does not allow the 
user to set the SPE and MSTR bit while MODF 
is a logic one unless it is during the proper 
clearing sequence. The MODF flag bit indi­
cates that there might have been a multi-mas­
ter conflict for system control and allows a 
proper exit from system operation to a reset or 
default system state. The MODF bit is cleared 
by reset. 

Serial Peripheral Data 1/0 Register (SPDR) 

7 6 5 4 3 2 o 
Serial Peripheral Data I/O Register 

The serial peripheral data I/O register is used to transmit 
and receive data on the serial bus. Only a write to this 
register will initiate transmission/reception of another byte 
and this will only occur in the master device. A slave device 
writing to its data I/O register will not initiate a transmission. 
At the completion of transmitting a byte of data, the SPIF 
status bit is set in both the master and slave devices. A write 

or read of the serial peripheral data I/O register, after ac­
ceSSing the senal peripheral status register with SPIF set, 
will clear SPIF. 

During the clock cycle that the SPIF bit is being set, a copy 
of the received data byte in the shift register is being moved 
to a buffer. When the user reads the senal penpheral data 
I/O register, the buffer is actually being read. During an 
overrun condition, when the master device has sent several 
bytes of data and the slave device has not internally re­
sponded to clear the first SPIF, only the first byte is con­
tained in the receive buffer of the slave device; all others are 
lost The user may read the buffer at anytime The first SPIF 
must be cleared by the time a second transfer of data from 
the shift register to the read buffer is initiated or an overrun 
condition will eXIst. 

A write to the serial penpheral data I/O register is not buf­
fered and places data directly into the shift register for 
transmission 

The abil ity to access the serial peripheral data 1/0 reg ister is 
limited when a transmission IS taking place. It is important 
to read the discussion defining the WCOl and SPIF status 
bits to understand the limits on using the serial peripheral 
data I/O register. 

Serial Peripheral Interface (SPI) 
System Considerations 

There are two types of SPI systems: single master system 
and multi-master systems. Figure20 illustrates both of 
these systems and a discussion of each IS provided below. 

Figure20a illustrates how a typical single master system 
may be configured, using a CDP6805 CMOS Family device 
as the master and four CDP6805 CMOS Family devices as 
slaves As shown, the MOSI, MISO, and SCK pins are all 
wired to equivalent pins on each of the five devices. The 
master device generates the SCK clock, the slave devices all 
receive it. Because the CDP6805 CMOS master device is the 
bus master, It internally controls the function of its MOSI 
and MISO lines, thus writing data tothe slave devices on the 
MOSI and reading data from the slave devices on the MISO 
lines. The master device selects the individual slave devices 
by using four pins of a parallel port to control the four!m 
pins of the slave devices. A slave device is selected when the 
master device pulls its"S"S" pin low. The !m pins are pulled 
high during reset because the master device ports will be 
forced to be Inputs at that time, thus disabling the slave 
devices. Notice that the slave devices do not have to be 
enabled in a mutually exclusive fashion except to prevent 
bus contention on the MISO line. For example, three slave 
devices enabled for a transfer are permissible if only one 
has the capability of being read by the master. An example 
of this is a write to several display drivers to clear a display 
with a single I/O operation. To ensure that proper data 
transmission is occurring between the master device and a 
slave device, the master device may have the slave device 
respond with a previously received data byte (this data byte 
could be inverted or at least be a byte that is different from 
the last one sent by the master device). The master device 
will always receive the previous byte back from the slave 
device if all MISO and MOSI lines are connected and the 
slave has not written to its data I/O register. Other transmis­
sion security methods might be defined using ports for 
handshake lines or data bytes with command fields. 

A multi-master system may also be configured by the user. 
A system of this type is shown in Figure 20b. An exchange of 
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master control could be implemented by an exchange of 
code messages through the serial peripheral interface sys­
tem. The major device control that plays a part in this sys­
tem is the MSTR bit in the serial peripheral control register 
and the MOOF bit in the serial peripheral status register. 

CDP68HC05D2 
Note that the OWOM bit would also be set to prevent bus 
contention. For additional Information on this configura­
tion and SPI in general, refer to RCA Application Note ICAN 
7264 entitled "Versatile Serial Protocol for a Microcom­
puter-Peripheral Interface." 

Effects of Stop and Wait Modes on the 
Timer and Serial System 

The STOP and WAIT instructions have different effects on 
the programmable timer and senal peripheral interface 
(SPI) system These different effects are discussed sepa­
rately below 

Stop Mode 
When the processor executes the STOP instruction, the 
Internal oscillator is turned off This halts all internal CPU 
processing and the serial peripheral interface The pro­
grammable timer will only continue to count if an external 
timer OSCillator IS used. The only way for the MCU to "wake 
up" from the ~ mode is by receipt of an external Interrupt 
(logic low on IRQ pin), an external timer oscillator interrupt, 
a Port B Interrupt or by the detection of a reset (logic low on 
I"lESE'i' pin or a power-on reset). The effects of the stop 
mode on each of the MCU systems (Timer and SPI) are 
descnbed separately. 

Timer During Stop Mode 
When the MCU enters the STOP mode, the timer will con­
tinue to count and generate interrupts if using an external 
timer OSCillator. If using the CPU clock to clock the timer, 
the timer counter stops counting (the internal processor 
clock IS stopped) and remainS at that particular count value 
until the stop mode is exited by an interrupt (if exited by 
reset the counter is forced to $FFFC). If the stop mode is 
exited by an external low on the mo pin, then the counter 
resumes from its stopped value as If nothing had happened. 
Another feature of the programmable timer, In the stop 
mode, IS that if at least one valid input capture edge occ,urs 
at the TCAP pin, the Input capture detect circuitry is armed 
This action does not set any timer flags or "wake up" the 
MCU, but when the MCU does "wake up" there Will be an 
active input capture flag (and data) from that first valid edge 
wliich occurred during the stop mode If the stop mode is 
eXited by an external reset (logic low on RESET pin). then 
no such Input capture flag or data action takes place even if 
there was a valid Input capture edge (at the TCAP Pin) 
during the MCU stop mode 

SPI During Stop Mode 
When the MCU enters the stop mode, the baud rate gener­
atorwhich drives the SPI shuts down. This essentially stops 

all master mode SPI operation, thus the master SPI is un­
able to transmit or receive any data If the STOP instruction 
IS executed during an SPI transfer, that transfer IS halted 
until the MCU exits the stop mode (provided It IS an exit 
resulting from a logic low on the iRQ Pin) If the stop mode 
is exited by a reset, then the appropriate controllstatus bits 
are cleared and the SPI is disabled If the device IS In the 
slave mode when the STOP instruction is executed, the 
slave SPI Will stili operate. It can still accept data and clock 
Information in addition to transmitting ItS own data back to 
a master device. 

At the end of a possible transmission with a slave SPI in the 
STOP mode, no flags are set until a logic low iFiQ input 
results In an MCU "wake up". Caution should be observed 
when operating the SPI (as a slave) dunng the stop mode 
because none of the protection circuitry (write collision, 
mode fault, etc.) is active. 

It should also be noted that when the MCU enters the stop 
mode all enabled output dnvers (TOO, TCMP, MISO, MOSI, 
and SCK ports) remain active and any sourCing currents 
from these outputs will be part of the total supply current 
required by the device 

Wait Mode 
When the MCU enters the wait mode, the CPU clock is 
halted All CPU action IS suspended; however, the timer and 
SPI systems remain active. In fact an Inte~t from the 
timer or SPI (In addition to a logic low on the rno or RESET 
pins or a Port B Interrupt, If enabled) causes the processor 
to eXit the walt mode. Since the three systems mentioned 
above operate as they do in the normal mode, only a general 
discussion of the wait mode is provided below. 

The wait mode power consumption depends on how many 
systems are active. The power consumption will be highest 
when all the systems (timer, TCMP and SPI) are active. The 
power consumption will be the least when the SPI system is 
disabled (timer operation cannot be disabled in the wait 
mode). If a non-reset exit from the wait mode is performed 
(i.e., timer overflow interrupt exit). the state of the remain­
ing systems Will be unchanged. If a reset exit from the walt 
mode is performed all the systems revert to the disabled 
reset state. 
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Instruction Set 
The MCU has a set of 62 basic instructions. They can be 
divided into five different types: register/memory, read/ 
modify/write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. All the in­
structions within a given type are presented in individual 
tables. 

All of the instructions used in the CDP6805 CMOS Family 
are used in the CDP68HC05D2 MCU, plus an additional 
one; the multiply (MUL) instruction. This instruction allows 
for unsigned multiplication of the contents of the accumula­
tor (A) and the index register (X). The high order product is 
then stored in the index register and the low order product 
is stored in the accumulator. A detailed definition of the 
MUL instruction is shown below. 

Operation: 

Description: 

Condition 
Codes: 

XA - X'A 

Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number In the concate­
nated accumulator and index register. 

H: Cleared 
I' Not affected 
N' Not affected 

Source 
Form(s): 

Z: Not affected 
C: Cleared 

MUL 
Addressing 
Mode 
Inherent 

Cycles 
11 

Register/Memory Instructions 

Bytes Opcode 
1 $42 

Most of these instructions use two operands. The first oper­
and is either the accumulator or the index register. The 
second operand is obtained from memory using one of the 
addressing modes. The operand forthe jump unconditional 
(JMP) and jump to subroutine (JSR) instructions IS the 
program counter Refer to Table VI. 

Ready-Modify-Wrlte Instructions 
These Instructions read a memory location or a register, 
modify or test its contents, and wnte the modified value 
back to memory or to the register. The test for negative or 
zero (TST) instruction is an exception to the read/modi­
fy/write sequence since it does not modify the value. Refer 
to Table VII. 

Table VI - Register/Memory Instructions 

Addressing Modes -
Indexed Indt"xed Indexed 

Immediate Direct Extended (HoOft •• t) (8-BII0"88I) (16-811 Offset) 

Op • • Op • • Op • • Op • • Op • • Op • • Function Mnem Co .. Byt .. Cycle. Code Byt •• Cyclea Code Byt .. Cycl.a Code By'., Cycles Code By'.' Cycl •• Oode Byt •• Cycl •• 

Load A from Memory LOA A6 2 2 B6 2 3 C6 3 4 F6 1 1 E6 2 , 06 3 5 

load X from Memory LOX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5 

Store A In Memory STA - - - B7 2 4 C7 3 5 F7 1 4 E7 2 , 07 3 6 

Store X In Memory STX - - - BF 2 4 CF 3 5 FF 1 4 Ef 2 5 OF 3 6 

Add Memory to A ADO AS 2 2 88 2 3 C8 3 4 F8 1 3 E8 2 4 08 3 5 

Add Memory and 
Carry to A AOC A9 2 2 89 2 3 C9 3 4 F9 1 3 E9 2 4 09 3 5 

Subtract Memory SU8 AO 2 2 80 2 3 CO 3 4 FO 1 3 EO 2 4 00 3 5 

Subtract Memory from 
A with Borrow S8C A2 2 2 82 2 3 C2 3 4 F2 1 3 E2 2 4 02 3 5 

AND Memory to A AND A4 2 2 84 2 3 C4 3 4 F4 1 3 E4 2 4 04 3 5 

OR Memory wIth A OAA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 OA 3 5 

ExclusIVe OR Memory 
with A EOR A8 2 2 88 2 3 C8 3 4 F8 1 3 E8 2 4 08 3 5 

Anthmetlc Compare A 
with Memory CMP A1 2 2 81 2 3 C1 3 4 f1 1 3 E1 2 4 01 3 5 

Arithmetic Compare X 
with Memory CPX A3 2 2 83 2 3 C3 3 4 F3 1 3 E3 2 4 03 3 5 

elt Test Memory with 
A (Logical Compare) 81T A5 2 2 85 2 3 C5 3 4 F5 1 3 E5 2 4 05 3 5 

Jump UnconditIonal JMP 8C 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4 

Jump to Subroutme JSA 80 2 5 CO 3 8 FO 1 5 EO 2 6 00 3 7 

Table VII - Read-Modify-Write Instructions 
Addressing Mod •• 

Indexed Indexed 
Inherent (A) Inherent (X) Direct (No Offset) (8~Blt Offset) 

Op • • Op • • Op • • Op • • Op • • Function MnemoniC Code Byl •• Cycles Code Byt •• Cycles Code Byt.s Cycl •• Co .. Byt •• Cycles Code Bytes Cycle. 
Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6 

Decrement DEC 4A 1 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6 

Clear CLA 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6 

Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 -63 2 6 

Negate 
(2'8 Complement) NEG 40 1 3 50 1 3 30 2 5 70 1 5 80 2 6 

Rotate Left Thru Carry ROL 49 1 3 59 1 3 3. 2 ; 79 1 5 69 2 6 

Rotate Righi Thru V.6 Carry AOA 1 3 56 1 3 36 2 5 76 1 5 66 2 6 

Logical Shift Left LSL 48 1 3 58 1 3 38 2 5 78 5 68 2 6 

Logical Shift Right LSA 44 1 3 54 1 3 34 2 5 7' 1 5 64 2 6 

Arithmetic Shift Righi ASA 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6 

Test for Negatille 
arZero TST 40 1 3 50 1 3 3D 2 4 70 1 4 60 2 5 

Multiply MUL 42 1 11 

222 ____________________________________________________________ ___ 



________________ 6805-Serles Microprocessors and Microcomputers 

Branch Instructions 
Most branch instructions test the state of the condition 
code register and, if certain criteria are met, a branch is 

CDP68HC05D2 

executed. This adds an offset between -127 and +128 tothe 
current program counter. Refer to Table VIII. 

Table VIII - Branch Instructions 

Relative Addressing Mode 

Op # # 
Function Mnemonic Code Bytes Cycles 

Branch Always 

Branch Never 

Branch IFF Higher 

Branch IFF Lower or Same 

Branch IFF Carry Clear 

(Branch IFF Higher or Same) 

Branch IFF Carry Set 

(Branch IFF Lower) 

Branch IFF Not Equal 

Branch IFF Equal 

Branch IFF Half Carry Clear 

Branch IFF Half Carry Set 

Branch IFF Plus 

Branch IFF Minus 

Branch IFF Interrupt Mask Bit IS Clear 

Branch IFF Interrupt Mask Bit IS Set 

Branch IFF Interrupt Line is Low 

Branch IFF Interrupt Line is High 

Branch to Subroutine 

Bit Manipulation Instructions 
The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space except for 
ROM, port o data location ($03) bits 0, 1, 6, 7, serial peripher­
al status register ($OB), timer status register ($13), and timer 
Input capture register ($14, $15). All port registers, DDRs, 
timer, serial system, on-chip RAM, and 128 bytes of ROM 

BRA 20 2 3 

BRN 21 2 3 

BHI 22 2 3 

BLS 23 2 3 

BCC 24 2 3 

(BHS) 24 2 3 

BCS 25 2 3 

(BLO) 25 2 3 

BNE 26 2 3 

BEQ 27 2 3 

BHCC 28 2 3 

BHCS 29 2 3 

BPL 2A 2 3 

BMI 2B 2 3 

BMC 2C 2 3 

BMS 2D 2 3 

BIL 2E 2 3 

BIH 2F 2 3 

BSR AD 2 6 

reside in the first 256 bytes (pages zero). An additional 
feature allows the software to test and branch on the state of 
any bit within the first 256 locations. The bit set, bit clear, 
and bittest and branch fu nctions are all implemented with a 
single instruction. For the test and branch instructions, the 
value of the bit tested is automatically placed in the carry bit 
of the condition code register. Refer to Table IX. 

Table XI - Bit Manipulation Instructions 

Addressing Modes 

Bit Set/Clear Bit Test and Branch 

Op # # Op # # 
Function Mnemonic Code Bytes Cycles Code Bytes Cycles 

Branch IFF Bit n is Set BRSET n (n=0 ... 7) - - - 20 n 3 5 

Branch IFF Bit n is Clear BRCLR n (n=0 ... 7) - - - 01 + 20 n 3 5 

Set Bit n BSET n (n=0 ... 7) 10 + 20 n 2 5 - - -
Clear Bit n BCLR n (n=0 ... 7) 11 + 20 n 2 5 - - -
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Control Instructions are used to control processor operation during a program 
These instructions are register reference instructions and execution. Refer to Table X. 

Table X - Control Instructions 

Inherent 

Op # # 
Function Mnemonic Code Bytes Cycles 

Transfer A to X TAX 97 1 2 

Transfer X to A TXA 9F 1 2 

Set Carry Bit SEC 99 1 2 

Clear Carry Bit CLC 98 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear Interrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 10 

Return from Subroutine RTS 81 1 6 

Return from Interrupt RTI 80 1 9 

Reset Stack Pointer RSP 9C 1 2 

No-Operation NOP 9D 1 2 

Stop STOP 8E 1 2 

Wait WAIT 8F 1 2 

Alphabetical Listing 
The complete instruction set is given in alphabetical order 
in Table XI. 

OpcQde Map 
Table XII is an opcode map for the instructions used on the 
MCU. 

Addressing Modes 
The MCU uses ten different addressing modes to provide 
the program mer with an opportunity to optimize the code to 
all situations. The various indexed addressing modes make 
it possible to locate data tables, code conversion tables, and 
scaling tables anywhere in the memory space. Short in­
dexed accesses are single byte Instructions, while the long­
est instructions (three bytes) permit accessing tables 

throughout memory. Short absolute (direct) and long abso­
lute (extended) addressing are also included. One and two 
byte direct addressing instructions access all data bytes in 
most applications. Extended addressing permits jump in­
structions to reach all memory. Table XII shows the ad­
dressing modes for each instruction, with the effects each 
instruction has on the condition code register. 

The term "effective address" (EA) is used in describing the 
various addressing modes, and is defined as the byte ad­
dress to or from which the argument for an instruction is 
fetched or stored. The ten addressing modes ofthe proces­
sor are described below. Parentheses are used to indicate 
"contents of" the location or register referred to; e.g., (PC) 
indicates the contents of the location pointed to by the PC. 
An arrow indicates "is replaced by", and a colon indicates 
concatenation of two bytes. 
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CDP68HC05D2 
Table XI - Instruction Set 

Addressing Mod •• Condition Codn 

BII BII 
Inde.ed Indexed Indltxed Soil Te.t& 

Mnemonic Inherent Immediate Direct Extended Relallve (NoOfl"t) (B Bllo) 

ADC X X X X X 

ADD X X X X X 

AND X X X X X 

ASL X X X X 

ASA X X X X 

BCC X 

BelA 

BCS X 

BEQ X 

BHCC X 

SHes X 

BHI X 

BHS X 

BIH X 

BIL X 

BIT X X X X X 

BLO X 

BLS X 

BMC X 

BMI X 

BMS X 

BNE X 

BPL X 

BAA X 

BAN X 

BRCLA 

BASET 

BSET 

BSA X 

CLC X 

CLI X 

CLA X X X X 

CMP X X X X X 

COM X X X X 

CPX X X X x X 

DEC X X X X 

EOA X X X X X 

INC X X X X 

JMP X X X X 

JSA X X X X 

LOA X X X X X 

LOX X X X X X 

LSL X X X X 

LSA X X X X 

MUL X 

NEG X X X X 

NOP X 

OAA X X X X X 

AOL X X X X 

AOA X X X X 

ASP X 

ATI X 

ATS X 

SBC X X X X X 

SEC X 

SEI X 

STA X X X X 

STOP X 

STX X X X X 

SUB X X X X X 

SWI X 

TAX X 

TST X X X X 

TXA X 

WAIT X 

Condition Code Symbols: 
H Half Carry (From alt 3) Z Zero 
I Interrupt Mask C Carry/Borrow 
N Negate (Sign Bit) A Test and Set 'f True Cleared Otherwise 

(16 Bllo) CI,.r Branch H I 

X A · X A · X · · · · · · · · X · · · · · · · · · · · · · · · · · · X · · · · · · · · · · · · · · · · · · · · X · · X · · X · · · · · · · 0 

· · X · · · · X · · · · X · · · · X · · X · · X · · X · · · · · · 0 · · · · · X · · · · · · · · ? ? 

· · X · · · · · 1 

X · · · 0 

X · · X · · · 1 

· · · · · · · 0 

Not Affected 
Load CC Register From Stack 

N 
A 

A 

A 

A 

A 

· · · · · · · · · · A 

· · · · · · · · · · · · · · · 0 
A 

A 

A 

A 

A 

A 

· · A 

A 

A 

0 

· A 

· A 

A 

A 

· ? 

· A 

· · A 

· A 

A · · A 

· · 

Z C 

A A 

A A 

A · A A 

A A 

· · · · · · · · · · · · · · · · · · · · A · · · · · · · · · · · · · · · · · · · · A 

· A 

· · · · · 0 · · I · A A 

A 1 

A A 

A · A · A · · · · · A · A · A A 

A A 

· 0 
A A 

· · A · A A 

A A 

· · ? ? 

· · A A · 1 

· · A · · · A · A A 

· · · · A · · · · · 
Cleared 
Set 
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CDP68HC05D2 
Table XII - CDP68HC05D2 HCMOS Instruction Set Opcode Map 

"'" 
Bit Manlpulallon Branch Read/Modify/Writ. 

BTB BSC REL OIR INH INH IXI 
HI 0 1 , 3 4 5 • Low 0000 0001 0010 0011 0100 0101 0110 

5 5 3 5 3 3 , 
0 BRSETO BSETO BRA NEG NEG NEG NEG 

0000 3 BTB , BSe , REL 2 DIR 1 INH 1 INH 2 IXl 

5 5 3 
1 BAClAQ BCLRO BRN 

0001 3 BTS 2 BSe 2 REL 

5 5 3 11 
2 BASETl BSETl BHI MUL 

0010 3 BTB 2 BSC , REL I INH 

5 5 3 5 3 3 , 
3 BACLAl BeLRl BLS COM COMA COMX COM 

0011 3 BTB 2 BSC 2 REL 3 DIR 1 INH 1 INH 2 IXI 

5 5 3 5 3 3 , 
4 BRSET2 BSET2 BCC LSR LSRA LSAX LSR 

0100 3 BTB 2 BSC 2 REL 2 DTR I INH 1 INH 2 IXI 

5 5 3 
5 BRCLR2 BCLR2 BCS 

0101 3 BTB , BSC 2 REL 

5 5 3 5 3 3 , , BRSET3 BSET3 BNE ROR RORA RORX ROR 
0110 3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXI 

5 5 3 5 3 3 , 
7 BRCLR3 BCLR3 BEQ ASR ASRA ASRX ASR 

0111 3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXI 

5 5 3 5 3 3 , 
8 BRSET4 BSET4 BHCC LSL LSLA lSLX LSL 

1000 3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXl 

5 5 3 5 3 3 , 
9 BRCLR4 BCLR4 SHeS ROL ROLA ROLX ROL 

1001 3 BIB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXI 

5 5 3 5 3 3 , 
A BASETS BSET5 BPL DEC DECA DECX DEC 

1010 3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXI 

5 5 3 
B BRCLR5 BCLR5 BMI 

1011 3 BTB 2 BSC 2 REL 

5 5 3 5 3 5 5 
C BRSElS BSET6 BMC INC INCA INCX INC 

1100 3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXl 

5 5 3 4 3 3 5 
0 BRClR6 BCLR6 8MS TST TSTA TSTX TST 

1101 3 BTB 2 BSC 2 REL 2 DIR 1 INH 1 INH 2 IXI 

5 5 3 
E BRSET7 BSET7 Bil 

1110 3 BTB 2 BSC 2 REL 

5 5 3 5 3 3 , 
F BRCLR? BCLR? BIH CLR CLRA CLRX CLR 

1111 3 BTB 2 Bse 2 REL 2 DIR 1 INH 1 INH 2 IXI 

Abbreviations for Address Modes 
INH 
A 
X 
IMM 
DIR 
EXT 

Inherenl 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 

REL 
Bse 
BTB 
IX 
IXl 
IX2 

Relative 
Bit Set/Clear 
Bit Test and Branch 
Indexed (No Ollset) 
Indexed 1 Byte (8-BIt) Offset 
Indexed 2 Byte 06-Blt) Offset 

Control Reglster/Memory ./ IX INH INH IMM OIR EXT IX' IXI IX 

7 8 • • B C 0 E F HI 
0111 1000 1001 1010 1011 1100 1101 1110 '11' Low 

5 9 , 3 4 5 4 3 
NEG Rn SUB SUB SUB SUB SUB SUB 0 

1 IX 1 INH , IMM 2 OIR 3 EXT 3 IX2 2 IXl 1 IX 0000 , 2 3 4 5 4 3 
RTS eMP eMP eMP eMP eMP eMP 1 

1 INH 2 IMM 2 blR 3 EXT 3 IX2 2 IXI 1 IX 0001 

2 3 4 5 4 3 
SBC SBC SBC SBC SBC SBC 2 

2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 0010 

5 10 , 3 4 5 4 3 
COM SWI epx CPX CPX epx CPX CPX 3 

1 IX 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 0011 

5 2 3 4 5 4 3 
LSR AND AND AND AND ANe AND 4 

1 IX 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 0100 

2 3 4 5 4 3 
BIT BIT BIT BIT BIT BIT 5 

2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 0101 

5 2 3 4 5 4 3 
ROR LOA LOA LOA LOA LOA LOA , 

1 IX 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I IX 0110 

5 2 4 5 , 5 4 
ASR TAX STA STA STA STA STA 7 

1 IX 1 INH 2 DIR 3 EXT 3 IX2 , IXl 1 IX 0111 

5 2 2 3 4 5 4 3 
LSL CLC EOR EOR EOR EOR EOR EOR 8 

1 IX 1 INH 2 IMM 2 DIR 3 EXT 3 IX' 2 IXI I IX 1000 

5 2 2 3 4 5 4 3 
RDL SEC ADC ADC ADC ADC ADC ADC 9 

1 IX 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I I~~-
5 2 2 3 4 5 4 

DEC Cli ORA ORA ORA ORA QRA ORA A 
1 IX 1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1010 

2 2 3 4 5 4 3 
SEI ADD ADD ADD ADD ADD ADD B 

1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI I IX 1011 

5 2 2 3 4 3 2 
INC RSP JMP JMP JMP JMP JMP C 

1 IX 1 INH 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1100 

4 2 , 5 , 7 , 5 
TST NOP BSR JSR JSR JSR JSR JSR 0 

1 IX 1 INH 2 REL 2 DIR 3 EXT 3 IX2 2 '" 1 IX 1101 

2 , 3 4 5 4 3 
STOP LOX LOX LOX LOX LOX LOX 

1 INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX '''0 
5 2 2 4 5 6 5 4 

CLR WAIT TXA STX STX STX STX STX f 
1 IX 1 INH 1 INH 2 DIR 3 EXT 3 IX2 2 1X1 I IX 1111 

LEGEND 

I-F~=l------70PCODE IN HEXADECIMAL 

OPCODE I N BINARY 

"NEMONle ---+~ 
BYTES 

CYCLES ------' '------000RE55 MODE 

Inherent 
In inherent instructions, all the information necessary to 
execute the instruction is contained in the opcode. Opera­
tions specifYing only the index register or accumulator, and 
no other arguments, are Included In this mode. 

Immediate 
In immediate addressing, the operand is contained in the 
byte immediately following the opcode Immediate ad­
dreSSing IS used to access constants which do not change 
dUring program execution (e.g., a constant used to initialize 
a loop counter). 

EA = PC +1; PC - PC + 2 

Direct 
In the direct addressing mode, the effective address of the 
argument is contained in a single byte following the opcode 
byte Direct addressing allows the user to directly address 
the lowest 256 bytes In memory with a single two byte 
instruction. This includes all on-chip RAM and I/O regis­
ters, and 128 bytes of on-chip ROM. Direct addressing is 
efficient in both memory and time 

EA = (PC +1); PC - PC + 2 
Address Bus High - 0; Address Bus Low - (PC+1) 

Extended 
In the extended addressing mode, the effective address of 
the argument is contained In the two bytes following the 
opcode. Instructions with extended addressing modes are 
capable of referencing arguments anywhere in memory 
with a single three-byte Instruction. 

EA = (PC +1):(PC + 2); PC - PC + 3 
Address Bus High - (PC + 1); Address Bus Low - (PC+2) 

Indexed, No Offset 
In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit Index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one byte 
long. ThiS mode IS used to move a pOinter through a table or 
to address a frequently referenced RAM or I/O location. 

EA = X; PC - PC + 1 
Address Bus High - 0; Address Bus Low - X 
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Indexed, 8-Bit Offset 
Here the EA is obtained by adding the contents of the byte 
following the opcode to that of the index register; therefore, 
the operand is located anywhere within tpe lowest 511 mem­
ory locations. For example, this mode of addressing is use­
ful for selecting the mth element in a n element table. All 
instructions are two bytes. The content of the index register 
(X) is not changed. The content of (PC+1) is an unsigned 
8-bit integer. One byte offset indexing permits look-up ta­
bles to be easily accessed in either RAM or ROM. 

EA = X + (PC +1); PC - PC +2 
Address Bus High - K; Address Bus Low - X + (PC + 1) 

where; 
K = The carry from the addition of X + (PC +1) 

Indexed, 16-Bil Offsel 
In the indexed, 16-bit offset addressing mode, tre effective 
address is the sum of the contents of the unsigned 8-bit 
index register and the two unsigned bytes following the 
opcode. This addressing mode can be used in a manner 
similar to indexed 8-bit offset, except that this three byte 
instruction allows tables to be anywhere in memory (e.g., 
jump tables in ROM). The content of the index register is not 
changed 

where: 

EA = X + [(PC +1):(PC + 2))J; PC - PC +3 
Address Bus High - (PC + 1) + K; 
Address Bus Low - X + (PC +2) 

K = The carry from the addition of X + (PC + 2) 

Relalive 
Relative addressing is used only in branch instructions. In 
relative addressing, the content of the 8-bit signed byte 
following the opcode (the offset) is added to the PC if and 
only if the branch condition is true. Otherwise, control pro-

CDP68HC05D2 
ceeds to the next instruction. The span of relative address­
ing is limited to the range of -126 to +129 bytes from the 
branch instruction opcode location. 

EA = PC + 2 + (PC +1); PC - EA if branch taken; 
otherwise, EA = PC - PC + 2 

Bit SetlClear 
Direct addressing and bit addressing are combined in in­

structions which set and clear individual memory and 1/0 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address in the location following the opcode. The 
first 256 addressable locations are thus accessed The bit to 
be modified within that byte is specified in the first three bits 
of the opcode. The bit set and clear instructions occupy two 
bytes, one for the opcode (inciuding the bit number) and 
the other to address the byte which contains the bit of 
interest. 

EA = (PC +1); PC - PC + 2 
Address Bus High - 0; Address Bus Low - (PC +1) 

Bil Tesl and Branch 
Bit test and branch is a combination of direct addressing, bit 
set/clear addressing, and relative addressing. The actual bit 
to be tested, within the byte, is specified within the low order 
nibble of the opcode. The address of the data byte to be 
tested is located via a direct address In the location follow­
ing the opcode byte (EA 1). Thesigned relative 8-bit offset is 
In the third byte (EA2) and is added to the PC if the specified 
bit is set or cleared in the specified memory location. This 
Single three-byte instruction allows the program to branch 
based on the condition of any bit in the first 256 locations of 
memory. 

EA1=(PC+1) 
Address Bus High - 0; Address Bus Low - (PC + 1) 
EA2 = PC + 3 + (PC + 2), PC - EA2 if branch taken; 

otherwise, PC - PC + 3 
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Device Characteristics 
MAXIMUM RATINGS (Voltages Referenced to Vss) 

Ratings Symbol Value Unit 

Supply Voltage 

Input Voltage 

Current Drain Per Pin Excluding Voo and Vss 

Operating Temperature Range 

Storage Temperature Range 

THERMAL CHARACTERISTICS 

Characteristics Symbol Value Unit 

Thermal Resistance 
Ceramic 8JA 50 °C/W 
Plastic 100 
Plastic Chi p Carrier 70 

Voo =4.5 V 

Pins R1 R2 C 
PAO-PA7, 3.26 kO 2.38 kO 50 pF 
PBO-PB7, 
PCO-PC7, 
PD6 

PD1-PD4 1.9kO 2.26 kO 200 pF 

Voo =3.0V 

Pins R1 R2 C 
PAO-PA7, 10.91 kO 6.32 kO 50 pF 
PBO-PB7, 
PCO-PC7, 
PD6 

PD1-PD4 6kO 6kO 200 pF 

TEST 
POINT 

Voo -0.5 to +7.0 V 

Von Vss -0.5 to Voo +0.5 V 

I 25 mA 

TA 
-40 to +125 DC 

Tatg -65 to +150 DC 

This device contains circuitry to protect the inputs against 
damage due to high static voltages of electric fields; how­
ever, it is advised that normal precaLJotions be taken to avoid 
application of any voltage higher than maximum rated volt­
ages to this high impedance circuit. For proper operation it 
is recommended that Von and Vou' be constrained to the 
range Vss$, (Von or Vou.)$,Voo. Reliability of operation is en-
hanced if unused inputs except OSC2 are connected to an 
appropriate logic voltage level (e.g., either Vss or Voo). 

R2 
(SEE TABLE) 

c 
( SEE 

TABLE) 
RI 

(SEE TABLE) 

92CS-39387 

Fig. 24 - Equivalent Test Load 

Power Considerations 
The average chip-junction temperature, TJ, in °C can be 
obtained from: 

TJ = TA + (Poo 8JA) (1) 
Where' 

TA = Ambient Temperature, °C 
8JA = Package Thermal Resistance, Junction­
to-Ambient, °C/W 
Po = PONT + POlO 
PONT = lee X Vee, Watts - Chip Internal Power 
POlO = Power Dissipation on Input and Output 
Pins - User Determined 

For most applications POlO < PONT and can be neglected. 

An approximate relationship between Po and TJ (if POlO is 
neglected is: 

Po = K + (TJ + 273°C) (2) 

Solving equations 1 and 2 for K gives: 
K = Poo(T A + 273°C) + 8JAoPo2 (3) 

Where K is a constant pertaining to the particular part. K can 
be determined from equation 3 by measuring Po (atequilibri­
um) for a known TA. Using this value of K the values of Po 
and TJ can be obtained by solving equations (1) and (2) 
iteratively for any value of T A. 
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DC ELECTRICAL CHARACTERISTICS (Voo = 5.0 Vdc ± 10%, v •• = 0 Vdc, 
TA = -40°C to +125°C unless otherwise noted) 

Characteristic Symbol 

Output Voltage, iLoAo ::; 10 O/lA VOL 
VOH 

Output High Voltage 
(ILoo. = 0.8 rnA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP VOH 
(ILoo. = 1.6 rnA) PD1-PD4 VOH 

Output Low Voltage 
(ILood = 1 6 rnA) PAO-PA7, PBO-PB7, PCO-PC7, PD2-PDS, TCMP VOL 

Input High Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PDS, PD7, TCAP, mo, RESET, OSC1 V,H 

Input Low Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PDS, PD7, TCAP, mo, mET, OSC1 V,L 

Total Supply Current (CL = SO pF on Ports, no dc Loads, tc,c = SOD ns, 
(V'L = 0.2 V, V,H = Voo - 0.2V) No external timer oscillator 

RUN 100 

WAIT (See Note) 100 

STOP (See Note) 100 

Total Supply Current (CL = SO pF on Ports, no dc Loads, tc,c = SOD ns, 
(V'L = 0.2 V, V,N = Voo - 0 2V) 32 768 KHz external timer 
crystal oscillator for Circuit as shown In Fig. 13(c). 

RUN 100 

WAIT (See Note) 100 

STOP (See Note) 100 

I/O Ports Hi-Z Leakage Current 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PDS IoL 

In~Ws1rent , mo, TCAP, OSC1, PDO, PD7 I,n 

Capacitance 

~~~Eta~~ut or output) Cout 
,IR ,TCAP, OSC1, PDO-PDS, PD7 C,n 

NOTE: Measured under the following conditions: 
1. All ports are configured as input, V,L = 0.2 V, V,H = Voo - 0 2 V. 
2. No load on TCMP, CL = 20 pF on OSC2 
3. OSC1 is a square wave With V,L = 0 2 V, V,H = Voo - 0.2 V 
4. SPE=O 

CDP68HC05D2 

Limits 

Min Typ Max Unit 

- - 01 V 
Voo-0.1 - - V 

Voo-O 8 - - V 
Voo-O 8 - - V 

- - 04 V 

0.7 x Voo - Voo V 

V •• - 0.2 X Voo V 

- 4 TBD mA 
- 1 S TBD mA 
- 10 TBD /lA 

- 4.S TBD mA 
- 2.0 TBD mA 
- SOD TBD /lA 

- - ±10 /lA 

- - ±1 /lA 

- - 12 pF 
- - 8 pF 
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CDP68HC05D2 
DC ELECTRICAL CHARACTERISTICS (Voo = 3.3 Vdc ± 10%, Vss = 0 Vdc, 
T. = -40°C to +125°C unless otherwise noted) 

Characteristic Symbol 

Output Voltage, ILOAD oS 10.0 pA VOL 
VOH 

Output High Voltage 
(I load = 0 2 mAl PAO-PAl, PBO-PB7, PCO-PC7, TCMP, PDS VOH 
(lcoad = 04 rnA) PD1-PD4 VOH 

Output Low Voltage 
(koad = 0.4 mAl PAQ-PA7, PBO-PB7, PCO-PC7, PD2-PDS, TCMP VOL 

Input High Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PDS, PD7, TCAP, nm, RESEi, OSC1 V,H 

Input Low Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PDS, PD7, TCAP, IRQ, RESET, OSC1 V" 

Total Supply Current (Cl = SO pF on Ports, no dc Loads, to"~ = 1000 ns, 
(V" = 0.2 V, V,H = VDD - 0 2V) No external timer oscillator 

RUN IDD 
WAIT (See Note) IDD 
STOP (See Note) IDD 

Total Supply Current (CL = SO pF on Ports, no dc Loads, to"~ = 1000 ns, 
(V" = 0.2 V, V,H = VDD - 0 2V) 32 768 KHz external timer 
crystal oscillator circuit as shown in Fig. 13(c). 

RUN IDD 
WAIT (See Note) IDD 
STOP (See Note) IDD 

1/0 Ports Hi-Z Leakage Current 
PAO-PAl, PBO-PB7, PCO-PC7, PD1-PDS I" 

In~Wswrent , nm, TCAP, OSC1, PDO, PD7 I," 

Capacitance 
po~s (as Input or output) Cout 
RE ET, iRQ, TCAP, OSC1, PDO-PDS, PD7 Coo 

NOTE' Measured under the following conditions: 
1. All ports are configured as Input, V,L = 0.2 V, V,H = VDO - 0 2 V. 
2. No load on TCMP, CL = 20 pF on OSC2. 
3. OSC1 is a square wave with V,L = 0 2 V, V,H = VDD - 0.2 V 
4. SPE = 0 

Limits 

Min Typ Max Unit 

- - 01 V 
VDD-O 1 - - V 

VDD-0.3 - - V 
VDD-0.3 - - V 

- - 03 V 

07 X VDD - VDD V 

Vss - 0.2 X VDD V 

- 14 TBD mA 
- SOO TBD pA 
- 1 TBD pA 

- 1.S TBD mA 
- 600 TBD pA 
- 100 TBD pA 

- - ±10 pA 

- - ±1 pA 

- - 12 pF 
- - 8 pF 
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CDP68HC05D2 
CONTROL TIMING (Voo = 5.0 Vdc ± 10%, Vss = 0 Vdc, r. = -40°C to +125°C) 

Limits 

Characteristic Symbol Min Max Unit 

Frequency of Operation 
Crystal Option f05c - 4.2 MHz 
External Clock Option f05c dc 42 MHz 

Internal Operating Frequency 
Crystal (fo,e .;- 2) fop - 2.1 MHz 
External Clock (fo,e .;- 2) fop dc 2.1 MHz 

Cycle Time (See Fig!.: J) tcye 480 - ns 

Crystal Oscillator Startup Time (See Figure 8) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (See Figure 25) tlLCH - 100 ms 

RESET Pulse Width (See Figure 9) tRL 1.5 - tcve 

Timer 
Resolution" tRESL 4.0 - tcye 

Input Capture Pulse Width (See Figure 26) hH, hL 125 - ns 
Input Capture Pulse Period (See Figure 26) tTLTL '" - tcye 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) tlLIH 125 - ns 

Interrupt Pulse Period (See Figure 11) tlUL 
, - tcye 

OSC1 Pulse Width tOH • tOl 90 - ns 

External Timer Oscillator frequency of operation ftosc - f05c -:- 4 f05c 

'The minimum period t'LiL should not be less than the number of cycle times it takes to execute the Interrupt service 
routine plus 21 teye. 

"Since a 2-bit prescaler In the timer must count four internal cycles (teye), this IS the limiting minimum factor in 
determining the timer resolution 

'''The minimum period hLrL should not be less than the number of cycle times it takes to execute the capture interrupt 
service routine plus 24 teye 

.",'~~~g 
'RL 

RESET 

iRQ2 

!c------·'ILCH 

INTERNAL 
CLOCK 

NOTES: 
1. REPRESENTS THE INTERNAL GATING OF THE aSCl PIN. 
2. IiiQ PIN EDGE-SENSITIVE MASK OPTION. 
3. IRQ PIN LEVEL AND EDGE-SENSITIVE MASK OPTION. 
4 RESET VECTOR ADDRESS SHOWN FOR TIMING EXAMPLE. 

Fig. 25 - Stop Recovery Timing Diagram 

REsET OR INTERUPT 

V ECTOR FETCH 

92CM-39375 
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I CDP68HC05D2 
CONTROL TIMING (Voo = 3.0 Vdc ± 10%, Vss = 0 Vdc, TA = -40°C to +125°C) 

Limits 

Characleristic Symbol Min Max Unit 

Frequency of Operation 
Crystal Option fose - 2.0 MHz 
External Clock Option fosc dc 2.0 MHz 

Internal Operating Frequency 
Crystal (fose -7- 2) fop - 1.0 MHz 
External Clock (fose -7- 2) fop dc 1.0 MHz 

Cycle Time (See Figure 8) tcyc 1000 - ns 

Crystal Oscillator Startup Time (See Figure 8) toxov - 100 ms 

Stop Recovery Startup Time (Crystal Oscillator) (See Figure 25) tlLCH - 100 ms 

RESET Pulse Width - Excluding Power-Up (See Figure 8) tRL 1.5 - tcyc 

Timer 
Resolution" tRESL 4.0 - tcyc 

Input Capture Pulse Width (See Figure 26) IrH, IrL 250 - ns 
Input Capture Pulse Period (See Figure 26) hlTL *** - tcyc 

Interrupt Pulse Width Low (Edge-Triggered) (See Figure 11) tlLIH 250 - ns 

Interrupt Pulse Period (See Figure 11) tlllL * - tcyc 

OSC1 Pulse Width tOH, tOL 200 - ns 

External timer oscillator frequency of operation ftosc - fose -+- 4 fose 

*The minimum period t'LIL should not be less than the number of cycle times It takes to execute the interrupt service 
routine plus 21 teye. 

"Since a 2-bit prescaler in the timer must count four internal cycles (teye ), this IS the limiting minimum factor in 
determining the timer resolution. 

***The minimum period IrLTL should not be less than the number of cycle times it takes to execute the capture interrupt 
service routine plus 24 teye. 

EXTERNAL ~ITLTL----I 
SIGNA~..------iU U (TCAP 

PIN 37) 

---i t TH ~ ----I tTL ~ 
'-------I r------II U 1'-------1\ L 

92CS -39382 
Fig. 26 - Timer Relationships 
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CDP68HC05D2 
SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29) 
(Voo = 5.0 Vdc ± 10%, Vss = 0 Vdc, T. = -40°C to +125°C) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to data active from high impedance state) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)" 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% Voo to 70% Voo, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO,~) 

13 Fall Time (70% Voo to 20% Voo, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, SS) 

'Slgnal production depends on software 
"Assumes 200 pF load on all SPI pins 

Limits 

Symbol Min Max 

fOp(ml dc 0.5 
fop,s) dc 2.1 

tcyclmJ 2.0 -
teyels) 480 -

tleadlm) 
. -

tleadlS) 240 -

tlaglml 
. -

tlaglS) 240 -

tw(SCKHlm 340 -
tw(5CKHls 190 -

tw(SCKLlm 340 -
tw(SCKLls 190 -

tsu(ml 100 -

tsutsl 100 -

th1m) 100 -
thIS) 100 -

t. 0 120 

tdls - 240 

tv1ml 0.25 -
tvts) - 240 

tholml 0.25 -
thols) 0 -

t,m - 100 
t" - 2.0 

tfm - 100 
tf, - 2.0 

"'Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master 
mode the SPI bus is capable of running at one-half olthe device's internal operating frequency, therefore 
1.05 MHz maximum. 

Unit 

f··· op 
MHz 

tcye 
ns 

ns 

ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 

ns 

tCyclm) 

ns 

tcyclm) 

ns 

ns 
f.JS 

ns 
f.JS 

______________________________________________________________ 233 



680S-Serles Microprocessors and Microcomputers _______________ _ 

CDP68HC05D2 
SERIAL PERIPHERAL INTERFACE (SPI) TIMING (Figure 29) 
(Voo = 3.3 Vdc ± 10%, Vss = 0 Vdc, TA = -40°C to +125°C) 

Num. Characteristic 

Operating Frequency 
Master 
Slave 

1 Cycle Time 
Master 
Slave 

"2 Enable Lead Time 
Master 
Slave 

3 Enable Lag Time 
Master 
Slave 

4 Clock (SCK) High Time 
Master 
Slave 

5 Clock (SCK) Low Time 
Master 
Slave 

6 Data Setup Time (Inputs) 
Master 
Slave 

7 Data Hold Time (Inputs) 
Master 
Slave 

8 Access Time (Time to data active from high impedance state) 
Slave 

9 Disable Time (Hold Time to High-Impedance State) 
Slave 

10 Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)" 

11 Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 

12 Rise Time (20% Voo to 70% Voo, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO~ 
SPI Inputs (SCK, MOSI, MISO, S ) 

13 Fall Time (70% Voo to 20% Voo, CL = 200 pF) 
SPI Outputs (SCK, MOSI, MISO) 
SPI Inputs (SCK, MOSI, MISO, 58) 

'Signal production depends on software 
"Assumes 200 pF load on all SPI pins. 

Symbol 

fOP(rnl 

foPls) 

tcyc(ml 

teYelS) 

tleadlml 

tleadfS) 

t1ag(rnl 

tlag(SI 

tw(SCKHlm 

tw(SCKHls 

tw(SCKLlm 

tw(SCKUs 

tsul m ) 

tsu(sl 

thlm) 

thiS) 

t. 

tdls 

LIm) 

tv(s) 

tho(ml 

tho Is) 

t,m 
t" 

t'm 
t.. 

Limits 

Min Max Unit 

dc 0.5 f *** op 
dc 1.0 MHz 

2.0 - tcye 

1.0 - /.IS 

. -
500 - ns 

. -
500 - ns 

720 - /.IS 
400 - ns 

720 - /.IS 
400 - ns 

200 - ns 
200 - ns 

200 - ns 
200 - ns 

0 250 ns 

- 500 ns 

0.25 - tcyclml 

- 500 ns 

0.25 - tcyclm) 

0 - ns 

- 200 ns 
- 2.0 /.Is 

- 200 ns 
- 2.0 /.IS 

"'Note that the unit this specification uses is fop (internal operating frequency), not MHz! In the master 
mode the SPI bus is capable of running at one-half ofthedevice's internal operating frequency, therefore 
0.5 MHz maximum. 
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55 
(INPUT) 

SCK 
(OUTPUT) 

MISO 
\INPUT) 

111051 
(OUTPUT) 

ss 
(INPUT) 

SCK 
(OUTPUT) 

MISO 
II NPUT) 

111051 
(OUTPUT) 

HELD HIGH ON IIIASTER 

(a) SPI Master Timing CPOL = 0, CPHA = 1 

HELD HIGH ON MASTER 

(b) SPI Master Timing CPOL = 1, CPHA = 1 

NOTE: MEASUREMENT POINTS ARE VOL ,Vow VIL 'VIH 

Fig. 27 - Timing Diagrams 

CDP68HC05D2 

001 

oro 

92CM -39372 

001 

92CM-39372 
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CDP68HC05D2 

55 
( INPUT) 

SCK 

(OUTPUT) 

MISO 
(INPUT) 

MOSI 
(OUTPUT) 

55 
(INPUT) 

SC K 
(OUTPUT) 

MISO 

(INPUT) 

MOSI 

(OUTPUT) 

HELO HIGH ON MASTER 

(e) SPI Master Timing CPOL = 0, CPHA = 0 92CM-39372 

HELO HIG ON MASTER 

(d) SPI Master Timing CPOL = 1, CPHA = 0 

92CM- 39372 

Fig. 27 - Timing Diagrams (Continued) 
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ss 
(I NPUT) 

SCK 
(INPUT) 

MISO 
(OUTPUT) 

MOSI 

(e) SPI Slave Timmg CPOL = 0, CPHA = 1 

(f) SPI Slave Timmg CPOL = 1, CPHA = 1 

NOTE: MEASUREMENT POINTS ARE VOl'VOH'VIL' ANDVIH" 

Fig. 27 - Timing Diagrams (Continued) 

CDP68HC05D2 

92CM-39372 
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CDP68HC05D2 

is 
(INPUT) 

5CK 
( INPUT) 

--+--"""'r 

(OUTOUT) 

MOSI 
(INPUT) 

.J....JJ.~:.I 

n 
(INPUT) 

5CK 
(INPUT) 

M ISO 
(OUTPUT) 

111051 
(INPUT) 

238 

'-"'---"-~ 

000 

001 

(g) SPI Slave Timing CPOL = 0, CPHA = 0 

(h) SPI Slave Timing CPOL = 1, CPHA = 0 

92CM-39372 

Fig. 27 - Timing Diagrams (Concluded) 
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CDP68HC05D2 

Branding: 
The packages (DIC, DIP, or PCC) in which the RCA custom 
Microcomputers are supplied are branded with both the 
basic type number and an RCA custom part number. Please 
refer to both numbers when discussing a custom Micro-

computer order with RCA representatives. RCA can ac­
commodate special requirements of customers. The stan­
dard format is as follows: 

BASIC PART 
NUMBER CDP68HC05D2 

RCA XXXXX 
415 

RCA 
CUSTOM PIN 

3-DIGIT 
DATE CODE 

XXXXXXXX 
RCA XXXX 

415 

'CUSTOMER 
SPECIAL BRAND 

'CUSTOMER SPECIAL BRAND (UP TO 10 CHARACTERS FOR DIC. 13 CHARACTERS 
FOR DIP). 

RESET 40 VDD 

IRQ 39 aSC1 

NC 38 OSC2 

PA7 37 reAP 
PA. 3. PD7 

PAS 35 TeMP 

PA' 3' POS/55 

PA3 33 P04/SCK 

PA2 32 PD3/MOSI 

PA I 10 31 pour,usa 
PAO 30 PD1/TOSC2 

P80 12 2. PDO/Tose I 

PBI 13 2B PCO 

PB2 
" 

27 PCI 

PB. 15 2. PC 2 

PB' I. 25 PC' 

PBS 17 2' PC' 

PB. IB 2' PCO 

PB7 
" 

22 PC. 

Vss 20 21 PC7 

40-LEAO DIC AND DIP 
PACKAGES 

92CS-39391 R 1 

Mechanical Data 

Terminal Assignments 

I~ I~ 0 <; OJ .. 
<D ... U U 

U .. U .. .. 0 V> V> U .. .. z z > 0 0 I- Z 

4 3 2 1 44 43 42 4' 40 

"."".t 
39 

38 

37 

36 

" TOP Iv 35 
'2--- ~I,:"E_W ____ -34 

PB F/ LE i NO '557 :: 

I 31 

I 

u .. 

29 

P07 

TeMP 

P05/55 

P04/SCK 

P03/MOSI 

P02/MISO 

P011 TO SCZ 

PoOITO SCl 

PCO 

PC, 

PC2 

92CS- 40949 

N C = no connection 

D Suffix - 40-Lead Dual-In-Llne Side-Brazed 
Ceramic Package 

E Suffix - 40-Lead Dual-In-Llne Plastic Package 
Q Suffix - 44-Lead Plastic Chip-Carrier Package 
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CDP68HC05D2A Product Preview 

RESET 28 Voo CMOS High-Performance Silicon-Gate IRQ 27 ascI 
NC 26 OSC2 8-Bit Microcomputer PBO 25 TCAP 

PBl 24 P07 Features: 
PB2 23 TeMP • Typical power: • Separate external timer oscillator 
PB3 22 PO 11 TOSC2 Operating, 25 mW • External (IRQ), timer, and 
PB4 21 PDO/TOSC1 WAIT,7.5mW Port B interrupts 
PB5 9 20 PCO STOP,5pW • Self-check mode 
PB6 10 19 -PC1 • Fully static operation • Single 2.5 to 6-volt supply 
PB7 11 18 PC2 • 96 bytes o( on-chip RAM • RC or crystal on-chip oscillator 
PC7 12 17 PC3 • 2176 bytes o( on-chip ROM • 8 x 8 multiply instruction 
PCS 13 IS PC4 • 16//0 and 3-input lines • True bit manipulation 
v5S 14 15 PC5 • 2.1-MHz internal operating frequency • Indexed addressing for tables 

TOP VIEW • Internal 16-bit timer TERMINAL ASSIGNMENT 

The CDP68HC05D2A Microcomputer Unit (MCU) is a 28-
pin version of the 40-pin CDP68HC05D2. In order to 
accomplish the lower pin count, Port A and lines 2 to 5 of 
Port D (the SPI bus) are removed in the CDP68HC05D2A, 
resulting in 12 fewer I/O lines. All other features and 
functions are identical to those of CDP68HC05D2. Refer to 
GE publication TSM-204A, "Technical Specifications for 
the RCA HCMOS Microcomputer CDP68HC05D2." This 
8-bit MCU contains on-chip oscillator CPU, RAM, ROM, 
I/O, and Timer. The fully static design allows operation at 
frequencies down to DC, further reducing its already low­
power consumption. It is a low-power processor designed 
for low-end to mid-range applications in the telecom­
munications, consumer, automotive, and industrial markets 
where low cost and very low power consumption constitute 
important factors. 

The CDP68HC05D2A is supplied in a 28-lead dual-in-line 
plastic package (E suffix) and a 28-lead plastic chip-carrier 
package (Q suffix). 

TeMP :~~TM D aSC1 DSC2 

26 

TeAP 

PORT B PB2 
110 LINES PB3 

P •• 
P.S 
P •• 
P.7 

PORT DATA 
e OIR 

REG REG 

INDEX 
REGISTER 

CONDITION 
CODE 

X 

5 REGISTER CC 

STACK 
6 POINTER S 

PROGRAM 
COUNTER 

5 HIGH PCH 

PROGRAM 
COUNTER 

8 LOW PCl 

CPU 
CONTROL 

ALU 

CPU 

PA> 

PAl 

PA' 

PAO 

P8 

• Memory mapped I/O 

TERMINAL ASSIGNMENT 

38 

'0 
11 )P Iv 35 
12--- ~O-+'_E_W ___ -34 

13 I 33 
32 

" , 

'6 I 30 
29 

'8 19 20 21 22 23 24 25 26 21 28 

NC ~ NO CONNECTION 

P07 

TeMP 

PDS/55 

P04/SCK 

P03/MOS' 

P02lMISO 

P01/TOO 

PDD/ROI 

PCO 

PC, 

PCl 

28-Lead Plastic Chip-Carrier Package 
(Q Suffix) 

PC' 
pc, 
pc, 
pc, 
pc. 
pcs 
pce 

PORTC 
1/0 LINES 

'-::=J::f~;:;' pc, r- TO TIMER SYSTEM 
P07 

PORT 
o 

REG 

92CM-4260a 

TOSC1 (PPO) TIMER 
TOSC2 (PDi) OSCILLATOR 

Fig. 1 - CDP68HC05D2A CMOS microcomputer block diagram. 

File Number 2100 
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CDP6805E2, CDP6805E2C 
VDO 
OICI 
OSC. 
TIM!III 

'00 
CMOS 8-Bit Microprocessor 

.a, 

.a. 

.a • 
• a. Hardware Fealures: 
.a • 
• a. • Typical full speed operating power of • Full external and timer interrupts 

• Multiplexed address/data bus .aT 35mW@5V .. 
a, • Typical WAIT mode power of 5 mW • Master reset and power-on reset 

• Capable of addressing up to BK bytes a. 
a. • Typical STOP mode power of 25pW 

of external memory .. a. .. a • • 112 bytes of on-chip RAM 
• Single 3- to 6-volt supply .. .. ae • 16 bidirectional I/O lines 

v's .. 21 aT 
TOP VIEW 

tiCS-Hut 

TERMINAL ASSIGNMENT 

• InternalB-bit timer with software 
programmable 7-bit presca/er 

• External timer input 

• On-Chip oscillator 
• 40-pin dua/-In-line package 
• 44-/ead plastic chip-carrier package 

The CDP6805E2 Microprocessor Unit (MPU) belongs to the 
CDP6805 Family of CMOS Microcomputers. This 8-blt fully 
static and expandable microprocessor contains a CPU, on­
chip RAM, I/O, and Timer. It is a low-power, low-cost 
processor designed for mid-range applications in the 
consumer, automotive, Industrial, and communications 
markets where very low power consumption constitutes an 
Importantiactor. The following are the major features ofthe 
CDP6805E2 MPU. 

PAO 

PA' Accumulator 

p"" Oala A 
PA' 

Po<' A oor lode .. 

A PA3 -eg -eg Reglsl8l' 

110 PM Condilion 
L" .. 

PAS Cod. 

PAS 5 RegIster C 

SlaCk 
PA7 

6 
Pomter Sp 

rogram 
Counter 

PBO 
High PCH 
rogram 

PBl Counter 
Pori Oala low peL 

Pori 
P., B D" 

9 PB3 -eg -eg 
1/0 PB4 

L .... 
PBS 

PBS 

P97 

Software Features: 
• Efficient use of program spece 
• Versatile interrupt handling 
• True bit manipulation 
• Addressing modes with Indexed addressing for tables 
• Efficient instruction set 
• Memory mapped I/O 
• Two power saving standby modes 

CPU Mu, 
Conlrol Bu, Multtp"lted 

Dreve Addressl 
Oala 
Bu. 

CPU 

ALU AS 

Address A' AddreS5 
Orlve 

A'O 
Bu. 

A" 

A'2 

AS Address Sirobe 

112)(8 Bu. OS Data 5uobe '.2) 
RAM Control 

5 R'W ReadIW"le 

82CS-3I015 

Fig. 1 - Block diagram. 
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CDP6805E2, CDP6805E2C 
MAXIMUM RATINGS Ivoltages referenced to VSS) 

Ratings Symbol Value 

Supply Voltage VOO -03to+BO 

All Input Voltages Except OSCI V,n VSS-0.5 to VOO+0.5 

Current Drain Per Pin Excluding VOO and VSS I 10 

Operating Temperature Range lL to TH 
COP6805E2 TA o to 70 
CoP6805E2C -40 to as 

Storage Temperature Range Tstll -55 to + 150 

DC ELECTRICAL CHARACTERISTICS 3.0 V (Voo=3 Vdc, VSs=O, TA=TL to TH, unless otherwise noted) 

Characteristics 

Output Voltage ILOAOS to.O "A 

Total Supply Current ICL =50 pF - no DC loads) tcyc=5 "s 

Run IV)L = 0.2 V, VIH = VOO - 0.2 V) 

W811 flest Conditions - See Note Below) 

Stop ITest Condillons - See Note Below) 

Output High Voltage 

ULOAO=O 25 rnA) AB·A12.BO·B7 

ULOAD-O 1 rnA) PAO·PA7. PBO-PB7 

ULOAO = 025 rnA) OS, AS, R/W 

Output Low Voltage 

ULOAo=0.25 rnA) AB-AI2, BO-B7 

ULOAO-0.25 rnA) PAO-PA7, PBO-PB7 

ULOAO=0.25 mAl OS, AS. R/W 

Input High Voltage 

PAO-PA7. PBO-PB7. BO-B7 

TIMER. TIm. RErn" 
OSCI 

Input Low Voltage IAII Inputs) 

Frequency of Operation 

Crystal 

External Clock 

Input Current 

~. TIm. Timer. OSCl 

Three-State Output Leakage 

PAO·OA7. PBO-PB7. BO-B7 

Capacitance 

~. iRQ. Timer 

Capacitance 

OS. AS. R/W. AB-AI2. PAO-PA7. PBO-PB7. BO-B7 

NOTE Test conditions for QUiescent Current Values are' 
Port A and B programmed as Inputs. 
VIL =02 V for PAO-PA7. PBO-PB7. and BO-B7 
VIH = VOO - 02 V for ~. TIm. and Timer. 
OSCl Input IS a squarewave from VSS+0.2 V to VOO - 0.2 V. 
OSC2 output load Ilncludlng tester) IS 35 pF maximum. 
Walt mode 100 IS affected linearly by thiS capacitance 

Symbol Min Max 

VOL - 01 

VOH VOO-O.l -

100 - 13 

iOO - 200 

100 - 100 

VOH 27 -
VOH 2.7 -
VOH 27 -

VOL - 03 

VOL - 03 

VOL - 03 

VIH 21 -
VIH 25 -
VIH 2.1 -
VIL - 05 

fose 0.032 10 

fOSC OC 10 

lin - ±1 

ITSL - ±10 

Cin - BO 

Caut - 120 

Unit 

V 

V 

rnA 

·C 

·C 

Unit 

V 

rnA 

"A 
/loA 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

MHz 

MHz 

"A 

"A 

pF 

pF 
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CDP6805E2, CDP6805E2C 
DC ELECTRICAL CHARACTERISTICS 50 V (VDD;5 Vdc ± 10%, Vss;O, TA;TL to TH, unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Output Voltage ILOAOS 10 0 p,A VOL - 01 V 

VOH VOO-O 1 - V 
Total Supply Current ICL -130 pF - On Bus, CL -50 pF -- On Ports, 
No DC Loads, tcyc= 10 p,s 100 - 10 mA 

Run IVIL = 02 V, VIH = VDO - 0.2 VI 

Walt IT est ConditIOns - See Note Belowl IDO - 15 mA 

Stop ITest ConditIOns - See Note Belowl 100 - 200 1A 
Output High Voltage 

IlLOAO = 1.6 mAl AS-A 12, BO-B7 VOH 41 - V 

IILOAO=O 36 mAl PAO-PA7, PBO-PB7 VOH 41 - V 
IILOAO-l 6 mAl OS, AS, R/W VOH 41 V 

Output Low Voltage 

II LOAD = 1.6 mAl AS-A12, BO-B7 VOL - 04 V 
IlLOAO = 1.6 mAl PAO-PA7, PBO-PB7 VOL - 04 V 

IILOAO-l.6 mAl OS, AS, R/W VOL - 04 V 
Input High Voltage 

PAD-PA7, PBO-PB7, BO-B7 VLH VOD-20 - V 
TIMER, iRQ, RESET VIH VOO -0 S - V 
OSCl VIH VOO-15 - V 

Input Low Voltage IAII Inputs) VIL - OS V 
Frequency of Operation 

Crystal fOSC 0032 50 MHz 

External Clock fOSC OC 50 MHz 

Input CurrAnt 

RESET, iRQ, Timer OSCI lin - ± 1 p,A 

Three-State Output Leakage 

PAO-PA7, PBO-PB7, BO-B7 ITS I - ± 10 p,A 

Capacitance 

RESET, IRQ. Timer C,n - SO pF 

Capacitance 

OS, AS. R/W. AS-A12, PAO-PA7, PBO-PB7, BO-B7 Cout - 120 pF 

NOTE Test conditions for QUiescent I":urrent Values are 
Port A and B programmed as Inputs 

osel Input IS a squarewave from VSS + 02 V to VOO - 02 V 
OSC2 output load Iincluding tested IS 35 pF n,axlmum 

VIL =02 V for PAO-PA7, PBO-PB7, and QO-B7 
VIH = VOO - 02 V lor RESET, i'RQ, and Timer 

Walt mode 11001 IS affected linearly by thIS capacitance 

AS 

PA7 

PA6 

PAS 

PA4 

PA3 

PA2 

PAt 

PAO 

NC 

NC 

TERMINAL ASSIGNMENT 

u [~ 
z a: 

a: 
~ N "' g ~ ~ :2 g 

> 0 0 i= Q. 

'8 19 20 21 22 23 24 25 26 27 28 

on ... 0 ., ., Z 

92CS-40943 

44-Lead Plastic Chip-Carrier (PCC) Package 
(Q suffix) 

PB' 

P82 

PB3 

PB4 

PBS 

PB6 

PB7 

BO 

at 
B2 

83 
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CDP6805E2, CDP6805E2C 
TABLE 1 - CONTROL TIMING (VSs=D. TA=TL to TH) 

VOO=3 V VOO=5V ± 10% 
10SC= 1 MHz IOSC=5 MHz 

Characteristics Symbol Min Typ Max Min Typ Max Unit 
1/0 Port Timing - Input Setup Time (Figure 31 tPVASL 500 - - 250 - - ns 
Input Hold Time IFIgure 31 tASLPX 100 - - 100 - - ns 
Output Oelay Time (Figure 31 tASLPV - - 0 - - 0 ns 
Interrupt Setup Time (Figure 61 tlLASL 2 - - 0.4 - - ~s 

Crystal OSCillator Startup Time (Figure 51 tOXOV - 30 300 - 15 100 ms 
Walt Recovery Startup Time (Figure 71 WASH - - 10 - - 2 ~s 

Stop Recovery Startup Time (Crystal OSCillator I (Figure 81 tlLASH - 30 300 - 15 100 ms 
Required Interrupt Release (Figure 61 tOSLIH - - 5 - - 10 ~s 

Timer Pulse Width (Figure 71 tTH, tTL 0.5 - - 0.5 - - tcyc 
Reset Pulse Width (Figure 51 tRL 5.2 - - 105 - - ~s 

Timer Penod (Figure 71 tTLTL 1.0 - - 10 - - teye 
Interrupt Pulse Width Low (Figure 161 tlLlH 10 - - 10 - - teye 
Interrupt Pulse Pen ad (Figure 161 tlLlL " " t£t9 
OSCillator Cycle Penod (1/5 of teyel tOLOL 1000 - - 200 - - ms 
ascI Pulse Width High t()~ 350 - - 75 - - ns 
ascI Pulse Width Low taL 350 - - 75 - - ns 

* The minimum penod tlLlL should not be less than the number of tcyc cycles It takes to execute the Interrupt service routine plus 20 tcyc 
cycles. 

TTL Equivalent 

Test 
Point 

C 

Pin 

~ 

-= 

PAO-PA7, PBO-PB7 

80-B7, AB-A12, 
Riiiii OS AS 

Rl 
113 k 

2.5 k 

-= 
R2 

2.1 k 

2 k 

VOO=4.5 V 

C 

50 pF 

130 pF 

CMOS Equivalent 

Test Point 

C=50 pF. PAO-PA7, PBO-PB7 
= 130 pF, A8-A12, BO-B7, OS, AS, R/W 

with VOO=5 V ± 10% 

92CS~38016 

Fig. 2 - Equivalent test-load circuits. 
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Num 

1 

2 

3 

4 

8 

9 

11 

16 

17 

18 

19 

21 

23 

24 
25 

26 

27 

28 

CDP6805E2, CDP6805E2C 
IVLOW=O.8 V. VHIGH= VDD-2 V. VDD=5 ± 10% 
Temp=O· to 70·C. CL on Port=50 pF. fOSC=5 MHzl 

Address 
Strobe 

Port 
Input -----< 

14-----tpVASL----~ .... ---tASLPX 

Port 
Output 

*The address strobe of the first cycle of the next Instruction as shown In Table 11 

Fig. 3 - I/O port timing ivaveforms. 

TABLE 2 - BUS TIMING (TA=TL to THo Vss=O VI See Figure 4 

fOSC=l MHz. 
Characteristics Symbol VOO=3 V 

50 pF Load 

Min Max 
Cycle Time tcyc 5000 DC 
Pulse Width. DS Low PWEL 2800 
Pulse Width. OS High or AD. WA. Low PWEH 1800 -

Clock T ranSlllon tr.t - 100 

A/W Hold tRW. 10 -
Non-Muxed Address Hold tAH 800 -

A/W Delay from OS Fall tAD - 500 
Non-Muxed Address Delay from AS A,se tADH 0 200 
MPU Aead Data Setup tDSA 200 -

Aead Data Hold tDHR 0 1000 
MPU Data Delay. Write tDDW - 0 
Write Data Hold tDHW 800 -
Muxed Address Delay from AS A,se tBHD 0 250 
Muxed Address Valid to AS Fall tASL 600 -
Muxed Address Hold tAHI 250 750 

Delay OS Fall to AS Aise tASD 800 -

Pulse Width. AS High PWASH 850 -
Delay. AS Fall to OS A,se tASED 800 -

92CS-38017 

fOSC=5 MHz 
VOD=5 V ± 10%. 

1 TTL Unit 
and 130 pF Load 

Min Max 

1000 DC ns 

560 ns 

375 - ns 

- 30 ns 

10 - ns 

100 - ns 

- 300 ns 

0 100 ns 

115 - ns 

0 160 ns 

- 120 ns 

55 - ns 

0 120 ns 

55 - ns 
60 180 ns 

160 - ns 

175 - ns 

160 - ns 
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II) • Q) 

AS 

os 

RiVii 

A8-A12 

BO-B7 
MPU Wflte 

BO-B7 
MPU Read 

IlL 

1\1- 0 - I I 

I IV I Y II 

IAI AI 

• VHIGH = -2 V. VLOW = 0_5 V lor VOO = 3 V 

;::::,. 

VH1GH = VOO -2 V. VLOW = 0_8 V lor VOO = 5 V ± 10% 

_1\ 

I I III .. 0 

II II 

I I I I 

Fig. 4 - Bus timing waveforms. 
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AESET rtOXOV"I. 1920~c------l 
AS n DS ____ ---' 

Unmux 

Ad~~~:'l~us!lll7ll'lZlX 1F ~ 1F XNewPCHX X ~ 1F X 1F X 1F x:::::::JL=XNewPCHX== 

Mux BO-B7 FE FF First Instruction New PCH New PCL, 
AddresslData U!..LLLL!..LL."--J>l:LL~'AJI.!..LLL.II.,,,A"'/\-----:-A..../\-*::-4"'/\---A"'/\---A-.../''-----A-.../''----.A:,,A-L..U'-LLJA,~LL(LL-'A:~ __ J''::--!, __ -.A:.../\.,..-;_J":-.../',-

Bus FE FE New PCH New PCL FE FE FE FF Fllst Instruction 

A '"VIi zl!ImIZV \ x.=J 

Oscillator Waveform 

~tOL----b=:}OH_ 
05C1 Pin J 

t---tOLOL 

Crystal Oscillator Connecttons 

CDP6805E2 

38~39 
OSC2.,t-10r--t OSCl 

ICOSC2 I COSCl 

Fig. 5 - Power-on reset and i'6ffi timing waveforms. 

Crystal Parameters Representative Frequencies 

5 MHz 4 MHz , MHz 
AS max 50\} 7511 400!l 

CO 8 pF 7 pF 5 pF 
Cl 002 pF 0012 pF 0008 pF 
Q 50k 40k 30k 

COSCl 15-30 pF 15-30 pF 15-40 pF 
COSC2 15-25 pF 15-25 pF 15-30 pF 

Crystal Circuit 

L Cl AS 

OC~ 
0~C2 101 O~Cl 

92CS-38019 
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DS 

Unmux 
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IRO or TCR7 
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*tDSllH - The Interruptmg deVice must release the IRO line wlthm ttllS time to prevent subsequent recognition of the same Interrupt 

lmmux 
AS-A12 

DS 

Fig_ 6 - IRQ and fCi!i7 int9rrupt timing wav9forms_ 

Address Bus - Addr + 1 ,----- SP SP - 1 SP - 4 

Int Routine Starting Addr 

IF 

Mux BO-B7 PCL PCH '--I,--_.A'J'-.J'~ 
Addr~s~:Data Walt Op Code New PCrl New PCl 1st Op COdeR~t"tlne 

RiW 71m7!Tii/// ,." \ " 

92CS-38021 

Fig. 7 - Tim9r int9rrupt aft9r WAIT instruction timing wav9forms. 
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AS 

OS 

Op Code Address Unmux 
A8·A12 

Address Bus --" ~(" .' 
Mux BO.B7 ~Addr+ 1 ~ ~ .... 'r";----~;;-::~--~-:;-----:--------1=:J:C= 

Address! Data ~ / 
Addr+ t SP-l 

PCl X X PCH 
Bus Stop Op Code 

R/W 

.: Represents the Internal gating of the OSC1 mput pin. 
tcyc IS one instruction cycle Ifor fOSC= 5 MHz, tcyc= 1 !'5) 

Fig. B - Interrupt recovery from STOP instruction timmg waveforms. 

II 

1m Routine 
Starting Addr 

1st Op Code 
Int Routine 
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CDP680SE2, CDP680SE2C 
FUNCTIONAL PIN DESCRIPTION 

VDD and VSS - VDD and VSS provide power to the 
chip VDD provides power and VSS IS ground 

IRQ (Maskable Interrupt Request) - iRCi IS a level­
senSitive and edge sensitive Input which can be used to re­
quest an Interrupt sequence The MPU completes the cur­
rent Instruction before It responds to the request IF IRQ IS 
low and the Interrupt mask bit (I-bill In the Condition Code 
Register IS clear, the MPU begins an Interrupt sequence at 
the end of the current Instruction The Interrupt CIrCUit 
recognizes both a "Wire ORed" level as well as pulses on the 
IRQ line Isee Interrupt Section for more detallsl iiiO requires 
an external resistor to VDD for "Wire OR" operation 

RESeT - The RESET Input IS not required for start-up but 
can be used to reset the MPU's Internal state and provide an 
orderly software start-up procedure Refer to the RESET 
section for a detailed descrtptlon 

,TIMER - The TIMER Input IS used for clocking the on­
chip timer, Refer to TIMER seClion for a detailed deSCription 

AS (Address Strobe) - Address Strobe IASI,s an output 
strobe used to indicate the presence of an address on the 
S-blt multiplexed bus, The AS line IS used to demultiplex the 
eight least Significant address bits from the data bus, A latch 
controlled by Address Strobe should capture addresses on 
the negative edge, Thlso~tput IS capable of dnvtng one stan­
dard TTL load and 130 pf and IS available at fOSC + 5 when 
the MPU IS not 10 the WAIT or STOP states, 

OS (Data Strobe) - ThiS output IS used to transfer data to 
or from a pertpheral or memory, OS occurs anylime the MPU 
does a data read or wrtte, DS also occurs when the MPU 
does a data transfer to or from the MPU's tnternat memory 
Refer to Table 2 and Figure 4 for tlmtng charactertstlcs ThiS 
output IS capable of drtvlng one standard TTL load and 

OSCI 

AS 

OS 

R/W 

80-87 
MPU Read ----of 

80-87 
MPUWrite 

• Read data "latched" on OS fall. 

Mux_ Addr 

Mux, Addr 

130 pF, DS IS a continuous Signal at fOSC ~ 5 when the 
MPU IS not 10 WAIT or STOP state, Some bus cycles are 
redundant reads of op code bytes 

R/IN (Read/Write) - The R/W output IS used to tnd,cate 
the direction of data transfer for both Internal memory and 
I/O registers, and external pertpheral deVices and memones, 
ThiS output IS used to tndlcate to a selected penpheral 
whether the MPU IS gOing to read or wrtte data on the next 
Data Strobe (R/W low = processor wflte; R/Vil 
high = processor readl, The Riw output IS capable of dnvlng 
one standard TTL load and 130 pF, The normal standby state 
IS Read (hlghl 

AS-A 15 (High Order Address Lines) - The A8-A 15 
output lines constitute the higher order non-multiplexed 
addresses Each output line IS capable of driVing one standard 
TTL load and 130 pF 

80-B7 (Address/ Data Bus) - The BO-B7 bldlfectlonal 
lines conslitute the lower order addresses and data, These 
lines are multiplexed, With address present at Address 
Strobe lime and data present at Data Strobe lime When 10 

the data mode, these lines are bidirectional, transfefflng data 
to and from memory and pe'tpheral deVices as Indicated by 
the R/W pin As outputs In either the data or address 
modes, these lines are capable of drtvtng one standard TTL 
load and 130 pF 

OSC1, OSC2 - The CDP6805E3 provides for two types of 
oscillator inputs - crystal circuit or external clock, The two 
oscillator ptnS are used to Interface to a crystal Clfcult, as 
shown In Figure 5, If an external clock is used, It must be 
connected to OSCI The Input at these pins IS diVided by five to 
form the cycle rate seen on the AS and DS pins The frequency 
range IS speCified by fOSC The OSCI to bus transitions 
relationships are prOVided In Figure 9 for system deSigns uSing 
OSCillators slower than 5 MHz 

MPU Write Data 

92CS-38023Rl 

Fig. 9 - OSCI to bus transitions timing waveforms. 
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Crystal - The CircUit shown in Figure 5 IS recom­
mended when uSing a crystal The Internal OSCillator IS 
designed to Interface with an AT-cut parallel resonant 
quartz crystal resonator In the frequency range 
specified for 10SC In the electrical characteristics 
table An external CMOS OSCillator IS recommended 
when crystals outside the specified ranges are to be 
used. The crystal and components should be mounted 
as close as possible to the Input pins to minimize out­
put distortion and start-up stabilization time. 

External Clock - An external clock should be ap­
plied to the OSCI input with the OSC2 Input not con­
nected, as shown In Figure 10 

OSCI 39 

OSC2 38 
No 

Connection 
INCI 

;;uP6805E2 

Fig, 10 - External clock connection. 

Data Direction 
Register 

Port A 
Register 

CDP6805E2, CDP6805E2C 
LI (Load Instruction) - This output IS uSfld to indicate that 

a felch of the next opcode IS In progress. LI remainS low dur 
Ing an External or Timer Interrupt Tile LI output IS only used 
for certain debugging and test systems For norma! opera­
tions thiS pin IS not connected. The LI output IS capable of 
driving one standard TTL load and 50 pF ThiS signal 
overlaps Data Strobe 

PAO-PA7 - These eight pins constitute Input/Output 
Port A. Each line IS Individually programmed to be either an 
Input or output unde, software control via ItS Data Direction 
Register as shown below. An I/O pin IS programmed as an 
output when the corresponding DDR bit IS set to a "1," and 
as an Input when It IS set to a "0" In the output mode the 
bits are latched and appear on the corresponding output 
pins. An MPU read of the port bits programmed as outputs 
retlect the last value written to that location. When program­
med as an Input, the Input data bltls) are not latched An 
M PU read of the port bits programmed as Inputs reflects the 
current status of the corresponding Input pins The 
Read/Write port timing IS shown In Figure 3 See tYPical I/O 
Port Circuitry In Figure 1,. DUring a Power-On Reset or ex­
ternal RESET all lines are configured as Inputs Izera In Data 
Direction Register) The output port register IS not Initialized 
by reset The TTL compatible three-state output buffers are 
capable of driVing one standard TTL load and 50 pF The 
DDR IS a read/write register 

PBO-PB7 - These eight pins Interface to Input/Output 
Port B Refer to PAO-PA7 description for details of opera­
tion 

$0004 

$0000 

Pin PA7 PA6 PA5 PA4 PA3 PAl PAl PAO 

Data Direction 
Register 

Port B 
Register 

Pin PB7 PB6 PB5 PB4 PB3 PB2 PB 1 PBO 

$0005 

$0001 

92CS-38025 
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CDP6805E2, CDP6805E2C 

To 
And 
From 
CPU 

92CS·38026 
Fig. 11 - Typical 110 port circuitry. 

TABLE 3 - 1/0 PIN FUNCTIONS 

R/W DDR 1/0 Pin Functions 

0 0 
The 110 pin IS In Input mode Data IS wntten 
Into the output data latch 

0 1 
Data IS wrttten Into the output data latch and 
output to the 1/0 pin 

1 0 The state 01 the 110 pin IS read 

1 1 
The 1/0 pin IS In an output mode The output 
data latch IS read 

MEMORY ADDRESSING 

The CDP6805E2 is capable of addressing 8192 bytes of 
memory and 1/0 registers. The address space is divided Into 
rnternal memory space and external memory space, as 
shown In Figure 12. 

The Internal memory space IS located within the frrst 128 
bytes of memory (frrst half of page zero) and IS comprrsed of 
the 1/0 port locations, timer locations, and 112 bytes of 
RAM. The MPU can read from or wrrte to any of these loca­
tions. A program wrrte to on-chip locations IS repeated on 
the external bus to permit off-chip memory to duplicate the 
content of on-chip memory. Program reads to on-chip loca­
tions also appear on the external bus, but the MPU accepts 
data only from the addressed on-chip location. Any read 
data appearrng on the rnput bus IS Ignored. 

The stack pOInter IS used to address data stored on the 
stack. Data IS stored on the stack durrng Interrupts and 
subroutrne calls At power up, the stack pOinter IS set to $7F 
and It IS decremented as data IS pushed onto the stack 
When data IS removed from the stack. the stack pornter IS In­
cremented A maxImum of 64 bytes of RAM IS avaIlable for 
stack usage. Since most programs use only a small part of 
the allotted stack locatIons for Interrupts andlor subroutine 
stackIng purposes, the unused bytes are usable for program 
data storage 

All memory locatIons above locatIon $OO7F are part of the 
external memory map. In addition, ten locations rn the 1/0 
portIon of the lower 128 bytes of memory space, as shown 

rn Figure 12, are part of the external memory map All of the 
external memory space IS user definable except the highest 
10 locations LocatIons $1FF6 to $1FFF of the external ad­
dress space are reserved for Interrupt and reset vectors (see 
Figure 121. 

REGISTERS 

The CDP6805E2 contains five regIsters as shown In the 
programming model rn FIgure 13 The Interrupt stacking 
order IS shown In Figure 14 

ACCUMULATOR (A) - ThIS Accumulator IS an 8-blt 
general purpose register used for arrthmetlc calculations and 
data manipulations. 

INDEX REGISTER (X) - The X register IS an S-blt register 
which IS used durrng the Indexed modes of addreSSIng It 
proVides an 8-blt operand which IS used to create an effective 
address The Index register IS also used for data manIpula­
tions wIth the Read/Modlfy/Wrtte type of InstructIons and 
as a temporary storage register when not performrng ad­
dressing operatIons 

PROGRAM COUNTER (PC) - The program counter IS a 
13-blt regIster that contains the address of the next instruc­
tion to be executed by the processor 
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CDP6805E2, CDP6805E2C 

Access { 

Or----------------------,Soooo-----O 
1/0 Ports 

Timer 
RAM Via 

Page 0 
Direct 

AddresSing 

1271-______________ -I::SOO~7F 

128 SOO8O 

\ 
SOOFF 

1 

3 

4 255f- _ 
256 SOl00 5 

External 
Memory 
Space 

18064 Bytes) 

----------
Timer Interrupt 
-------

Interrupt External Interrupt 
Vectors - - - - - - - - - -

SWI 

$lFF6-$lFF7 
\ 

$lF,"H1FF9 , 

6 

8 

9 

10 

5 1 
16 

63 
64 

Port A Data Register 

Port B Data Register 

External Memory Space 

External Memory Space 

Port A Data Direction Register 

Port B Data Direction Register 

External Memory Space 

External Memory Space 

Timer Data Register 

Timer Control Register 

External Memory 
Space 

RAM 
(112 Bytes) 

/7 
/ 

" / 
/ 

/ 

"" / 
// Stack (64 Bytes Max) 

/ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

0000 

0001 

0002 

0003 

0004 

0005 

0006 

GJ07 

$0008 

$0009 

oooA 

$oooF 

0010 $ 

$003F 
SOO4O 

{ 

_
'Tlm_:r 1_;;;er;;ptF'ro; W-;t 5';;.t;o; 

--------
8191 RESET 

SlFFA-S1FFB 
I 

$lFFC-$lFFD 
I 

$lFFE-S1FF~2 7// 
, 

$007F 

92C8·38027 

Fig. 12 - Address map. 
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CDP6805E2, CDP6805E2C 
/ 

[ A 

X 

12 

PC 

12 6 

1010101010101 

0 

] 
0 
I 
0 
I 
0 

SP I 
CC 

Accumuldtor 

Index Register 

Program Counter 

Stack POinter 

Condition Code Register 

Carry! Borrow 

Zero 

"----Negatrvt-1 

~----Interrupt Mask. 

"-------Haif CalfY 
92CS·38028 

Fig. 13 - Programming model. 

Stdck 

Increasing Memory 1 ~ 
1 I 1 I 1 I Condition Code Register 

n Accumulator 

Addresses U 
Index Register 

Dpcrea~l(ly MfHlH'1 Y 

Addre~~e~ 

R 
N 

Unstack 

01 0101 PCH 

PCl T 

NOTE Since the Slack POirrier decrem.af1t~ (lUflllY pu~tle~, the pel 1'-, 

stacked frrst. followed by PCH, etc PulilfHJ from lht~ ">Idc.k 1'-,111 

the reverse order 

Fig. 14 - Slacking order. 

STACK POINTER (SP) - The stack pOinter is a 13-blt 
register containing the address of the next free location on 
the stack When accessing memory. the seven most­
significant bits are permanently set to 0000001. They are ap­
pended to the SIX least-significant register bits to produce an 
address within the range of $OO7F to $0040. The stack area of 
RAM IS used to store the return address on subroutine calls 
and the machine state dUring Interrupts. During external or 
power-on reset. and dUring a "reset stack pOinter" instruc­
tion, the stack pOinter IS set to Its upper limit ($OO7FI. Nested 
Interrupts andlor subroutines may use up to 64 (declmall 
locations, beyond which the stack pOinter "wraps around" 
and POints to ItS upper limit thereby lOSing the previously 
stored Information A subroutine call occupies two RAM 
bytes on the stack, while an Interrupt uses five bytes 

CONDITION CODE REGISTER (CCI - The condition 
code register IS a 5-blt register In which each bit IS used to In­
d,cilte the results of the Instruction lust executed. These bits 
can be individually tested by a program and specific action 

taken as a result of their state Each of the five bits IS explain­
ed below 

Half Carry Bit (HI - The H-bit IS set to a one when a carry 
occurs between bits 3 and 4 of the ALU dUring an ADD or 
ADC Instruction. The H-blt is useful In Binary Coded DeCimal 
addition subroutines. 

Interrupt Mask Bit (I) - When the I·bit is set, both the ex­
ternal interrupt and the timer Interrupt are disabled Clearing 
thiS bit enables the above Interrupts. If an Interrupt occurs 
while the I-bit IS set, the Interrupt IS latched and Will be pro­
cessed when the I-bit is next cleared 

Negative Bit (N) - When set, thiS bit indicates that the 
result of the last arithmetiC, logical, or data manipulation was 
negative (bit 7 In the result IS a logical onel 

Zero Bit (Z) - When set, thiS bit Indicates that the result 
of the last arithmetiC, logical, or data manipulation was zero 
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Carry Bit (CI - The C-bit is set when a carry or a borrow 
out of the ALU occurs during an arithmetic instruction. The 
C-blt IS also modified during bit test, shift, rotate, and branch 
types of instruction 

RES~TS 

The COP6805E2 has two reset modes: an active low ex­
ternal reset pin (RESET) and a Power-On Reset function, 
refer to Figure 5 

RESET (Pin #11 The RESET input pin IS used to reset 
the MPU and provide an orderly software sta!:!:!:!E...Pro­
cedure. When uSing the external reset mode, the RESET pin 
must stay low for a minimum of one tcyc. The RESET pin IS 
provided with a Schmitt Trigger to improve its nOise ImmUni­
ty capability. 

Power-On Reset - The Power-on Reset occurs when a 
positive transition is detected on VOO. The Power-on Reset 
IS used strictly for power turn-on conditions and should not 
be used to detect any drops In the power supply voltage. 
There IS no provIsion for a power-down reset. The power-on 
circuitry provides for a 1920 tcyc delay from the time of the 
first oscillator operation. If the external reset Pin IS low at the 
end of the 1920 tcyc time out, the processor remains In the 
reset condition. 

Either of the two types of reset conditions causes the 
follOWing to occur: 

- Timer control register Interrupt request bit (bit 71 
IS cleared to a "0". 

- Timer control register Interrupt mask bit (bit 61 IS 
set to a "1". 

- All data direction register bits are cleared to a "0" 
(Inputs!. 

- Stack pOinter is set to $007F. 
The address bus IS forced to the reset vector 

($lFFE, $lFFFI. 
ConditIOn code register Interrupt mask bit (I) IS set to 

a "1". 
STOP and WAIT latches are reset. 
External Interrupt latch is reset. 

All other functions, such as other registers (Including out­
put portsl the timer, etc., are not cleared by the reset condi­
tions. 

INTERRUPTS 

The COP6805E2 IS capable of operation with three dif­
ferent Interrupts, two hardware (timer Interrupt and external 
interrupti and one software (SWII. When any of these inter­
rupts occur, normal processing IS suspended at the end of 
the current instruction execution. All of the program 
registers (the machine statel are pushed onto the stack, refer 
to Figure 14 for stacking order The appropriate vector pOint­
Ing to the starting address of the Interrupt service routine IS 
then fetched, refer to Figure 15 for the interrupt sequence. 

The PriOrity of the various Interrupts from highest to 
lowest IS as follows' 

RESET - *- External Interrupt- Timer Interrupt 

TIMER INTERRUPT - If the timer mask bit (TCR61 IS 
cleared, then each time the timer decrements to zero (transI­
tions from $01 to $001 an Interrupt request IS generated The 
actual processor Interrupt IS generated only If the Interrupt 

*Any cumint instruction including SWI. 
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mask bit of the condition code register IS also cleared When 
the Interrupt IS recognized, the current state of the machine 
IS pushed onto the stack and the I-bit In the condition code 
register IS set ThiS masks further Interrupts until the present 
one IS serviced The processor now vectors to the timer in­
terrupt service routine. The address for thiS service routine IS 
specified by the contents of $1 FF8 and $1 FF9. The contents 
of $1 FF6 and $1 FF7 specify the service routine. Also, 
software must be used to clear the timer Interrupt request bit 
(TCR7). At the end of the timer Interrupt service routine, the 
software normally executes an RTI instruction which restores 
the machine state and starts executing the Interrupted 
program. 

EXTERNAL INTERRUPT - If the Interrupt mask bit of the 
condition code register IS cleared and the external Interrupt 
pin IRO IS "low," then the external Interrupt occurs The ac­
tion of the external Interrupt IS Identical to the timer Interrupt 
With the exception that the service routine address IS 
speCified by the contents of $1 FFA and $1 FFB The Interrupt 
logic recognizes both a "wire ORed" level and pulses on the 
external interrupt line Figure 16 shows both a functional 
diagram and timing for the Interrupt line The timing diagram 
shows two different treatments of the Interrupt line liROl to 
the processor The first configuration shows many Interrupt 
lines "wire ORed" to form the Interrupts at the processor 
Thus, If after servIcing an Interrupt the IRO remains low, 
then the next interrupt IS recognized The second method IS 
Single pulses on the Interrupt line spaced far enough apart to 
be service. The minimum time between pulses IS a function 
of the length of the interrupt service routine. Once a pulse 
occurs, the next pulse should not occur until the MPU 
software has exited the routine (an RTI occurs) This time 
(tIULI is obtained by adding 20 instruction cycles (one cycle 
tcyc=5/fOSC) to the total number of cycles It takes to 
complete the service routine including the RTI instruction; 
refer to Figure 6. 

SOFTWARE INTERRUPT (SWII - The software Interrupt 
IS an executable Instruction The action of the SWI instruc­
tion IS Similar to the hardware Interrupts The SWI IS ex­
ecuted regardless of the state of the Interrupt mask In the 
condition code register. The service routine address IS 
specified by the contents of memory locations $1 FFC and 
$1 FFD See Figure 15 for Interrupt and Instruction Process­
Ing Flowchart 

The follOWing three functions are not strictly Interrupts, 
however, they are tied very closely to the Interrupts These 
functions are RESET, STOP, WAIT 

RESET - The RESET Input pin and the Internal Power-on 
Reset function each cause the program to vector to an In­
Itialization program ThiS vector IS speCified by the contents 
of memory locations $1 FFE and $lFFF The interrupt mask 
of the condition code register is also set Refer 10 RESET 
section for details 
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Force Interrupt 
Execution, Set 
Interrupt Mask, 

Fetch Timer 
Vector * Note 

* NOTE: The clear of TeR bit 7 must be accomplished with software. 

Force Interrupt 
Execution, Set 
Interrupt Mask, 

Fetch Ext Int 
Vector, Reset 
Interrupt Latch 

Fig. 15 -Interrupt and instruction processing flowchart. 
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Interrupt Pin 
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(a) Interrupt Functional Diagram 

VDD 1""""--" 
D Qr----L----" 

>'-'---ClI C 

(bl Interrupt Mode Diagram 

I Bit ICCRI 

Power·On Reset 

External Reset 

External Interrupt 
Being Serviced 

External 
Interrupt 
Request 

I~al-----'~ _______ -J } 

Wile OR'ed Condition 
III alter servIcing an Interrupt the rna reo 
mains low, then the next Interrupt IS re­
cognlzedl • 

• 
IRQn 

,...---

iRQ IMPUII~ ______________ ...J 

(2) 

ilm~IILIH U 
~ tILtL----I·~1 

Fig, 16 - EII/ema/lnterrupt. 

Pulse Condition 

The minimum pulse Width !tILtHI IS one 
tCYC The penod tlLIL should not be less 
than the number of tcyc cycles It takes to 
execute the Interrupt service routine plus 
20 tcyc cycles 

92CS-38031 
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STOP - The STOP instruction places the CDP6805E2 in 

a low power consumption mode. In the STOP function the 
internal oscillator IS turned off, causing all Internal process­
ing and the timer to be halted, refer to Figure 17. The DS and 
AS hnes go to a low state and the R/W hne goes to a high 
state. The multiplexed address/data bus goes to the data m­
put state. The high order address lines remain at the address 
of the next mstruction. The MPU remams In the STOP mode 
until an external interrupt or reset occurs; refer to Figure 8 
and 17 

DUring the STOP mode, timer control register (TCR) bits 6 
and 7 are altered to remove any pendmg timer mterrupt re­
quests and to disable any further timer interrupt~. External 
interrupts are enabled In the condition code register. All 
other registers and memory remain unaltered. All I/O hnes 
remain unchanged. 

Yes 

S top OSCillator 
And All Clocks 
TCR Bit 7-0 

Bit 6-1 
Clear I Mask 

Fig. 17 - Stop function flowchart. 

WAIT - The WAIT Instruction places the CDP6805E2 m 
a low power consumption mode, but the WAIT mode con-

92CS-38032 

sumes somewhat more power than the STOP mode; refer to 
Table 1 In the WAIT function, the Internal clock IS disabled 
from all Internal circUitry except the Timer CirCUit, refer to 
Figure 18 Thus, all Internal processing IS halted except the 
Timer which IS allowed to count In a normal sequence The 
R/W hne goes to a high state, the multiplexed address/data 
bus goes to the data Input state, and the DS and AS hnes go 
to the low state The high order address hnes remain at the 
address of the next Instruction The MPU remains In this 
state until an external Interrupt, timer mterrupt, or a reset oc­
curs, refer to Figures 7 and 18 

DUring the WAIT mode, the I-bit m the conditIOn code 
register IS cleared to enable Interrupts All other registers, 
memory, and I/O hnes remain In their last state The timer 
may be enabled to allow a periodiC eXit from the WAIT 
mode. If an external and a timer mterrupt occur at the same 
time, the external mterrupt IS serviced first, then, If the timer 
Interrupt request IS not cleared In the external Interrupt 
routme, the normal timer Interrupt (not the timer WAIT mter­
rupt) is serviced since the MCU IS no longer In the WAIT 
mode 

TIMER 

The MPU timer contams a Single 8-blt software program­
mable counter With 7-blt software selectable prescaler. The 
counter may be preset under program control and 
decrements towards zero. When the counter decrements to 
zero, the timer interrupt request bit, Ie, bit 7 of the Timer 
Control Register (TCR) IS set Then If the timer mterrupt IS 
not masked, I.e., bit 6 of the TCR and the I-bit m the Condi­
tIOn Code Register are both cleared, the processor receives 
an Interrupt. After completion of the current instruction, the 
processor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca­
tions $IFF8 and $IFF9 In order to begin servIcing the inter­
rupt, unless It was In locations $IFF6 and $IFF7 the WAIT 
mode. 

The counter continues to count after 1\ reaches zero, 
allOWing the software to determine the number of Internal or 
external mput clocks since the timer mterrupt request bit was 
set. The counter may be read at any time by the processor 
without disturbing the count. The contents of the counter 
becomes stable prior to the read portIOn of a cycle and does 
not change dUring the read. The timer mterrupt request bit 
remains set until cleared by the software If thiS happens 
before the timer Interrupt IS serviced, the mterrupt IS lost 
TCR7 may also be used as a scanned status bit m a non­
Interrupt mode of operation (TCR6= 11 

The prescaler IS a 7-blt diVider which IS used to extend the 
maximum length of the timer Bit 0, bit I, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which IS used as the counter Input The processor 
cannot write mto or read from the prescaler, however, ItS 
contents are cleared to all "O's" by the wnte operallon mto 
TCR when bit 3 of the written data equals I, which allows for 
truncation-free counting 

The Timer mput can be configured for three different 
operating modes, plus a disable mode depending on the 
value written to the TCR4, TCR5 control bits Refer to the 
TIMER CONTROL REGISTER section 

Timer Input Mode 1 - If TCR4 and TCR5 are both pro­
grammed to a "0", the Input to the Timer IS from an Internal 
clock and the Timer Input IS disabled. The internal clock 
mode can be used for periodiC mterrupt generation, as well 
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Oscillator Active 
Clear I-Bit 

Timer Clock Active 
All Other Clocks 

Stop 

Fetch External Interrupt 
Reset, or Timer Interrupt 
(from WAIT Mode onlyl 

CDP6805E2, CDP6805E2C 

No 

No 
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Fig. 18 - Walt function flowchart. 

as a reference in frequency and event measurement. The in­
ternal clock is the instruction cycle clock and is coincident 
with Address Strobe (AS) except during a WAIT instruction. 
During a WAIT instruction the AS pin goes to a low state but 
the internal clock to the Timer continues to run at its normal 
rate. 

Timer Input Mode 2 - With TCR4= 1 and TCR5= 0, the 
internal clock and the TIMER input pin are ANDed together 
to form the Timer Input Signal. This mode can be used to 
measure external pulse widths. The external pulse simply 
turns on the internal clock for the duration of the pulse. The 
resolution of the count in this mode is ± 1 clock and 
therefore accuracy improves with longer input pulse widths. 

Timer Input Mode 3 - If TCR4 = 0 and TCR5 = 1. then all 
inputs to the Timer are disabled. 

Timer Input Mode 4 - If TCR4= 1 and TCR5= 1, the in­

ternal clock input to the Timer is disabled and the TIMER In­
put pin becomes the input to the Timer. The external Timer 
pin can, in this mode, be used to count external events 
as well as external frequencies for generating periodiC Inter­
rupts. 

Figure 19 shows a block diagram of the Timer subsystem 
Power-on Reset and the STOP instruction cause the counter 
to be set to $FO 
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Write Read IntOfrupi 

\.. 
______________________ ,-______________ --J1 

I 
Softw.,. Function. 

NOTES: 
1. Preecater and "'~t counter.I'II clocked fa"lng edge of the Internal Clock (AS) or externa' 

2. d:;, I ••• "Ion 10 during om Sirolle (OS) and counll down cont'nuou.'y. 

12C"- 380,.,U 

Fig. 18- Tlmerblockdlegrem. 

Timer Control Register (TCR) 

765432' 0 

ITCR7ITCR6ITCR5ITCR4ITCR3/TCR2ITCR,ITCROI 

All bits In thiS register except bit 3 are Read/Wnte bits. 

TCR7 - Timer Interrupt request bit: bit used to Indicate 
the timer Interrupt when It 15 logiC "'''. 

, - Set whenever the counter decrements to zero, or un· 
der prognlill control. 

o - Cleared on external reset, power-on reset, STOP In­
structoon, or program control. 

TCR6 - Timer Interrupt mask bit: when thiS bit 15 a logiC 
"'" It Inhibits the tomer Interrupt to the processor. 

, - Set on external reset, power-on reset, STOP Instruc­
tion, or program control. 

o - Cleared under program control. 

TCR6 - External or Internal bit: selects the Input clock 
source to be 8Ither the external timer Pin or the Internal 
clock. I Unaffected by IITSTI ) 

, - Select external clock source 
o - Select Internal clock source lAS), 

TCR4 - External enable bot· control bit used to enable the 
externailimer pin. IUnaffecled by RESET.) 

, - Enable eXlernal tomer pin. 
o - Disable external timer pin . 

TCR6 TCR4 

~
o Internal clock lAS) to Timer 

o , AND of Internal clock (AS) and TIMER 
pin to Timer 

, 0 Inputs to Timer disabled 
, , TIMER pin to Timer 

Refer to Figure '9 for LogiC Representation. 

TCR3 - Timer Prescaler Reset bit: writing a "'" to this bit 
resets the presealer to zero. A read of this location always in­
dicates a "0" IUnaffected by ~.) 

TCR2, TCR1, TCRO - Prescaler address bits: decoded to 
select one of eight taps on the presca)er. (Unaffected by 
RESET.) 

Pl'8IC8ler 

TCR2 TCRI TCRO Reeult 

0 0 0 +1 

0 0 , +2 

0 , 0 +4 

0 , 1 +8 , 0 0 +16 , 0 I +32 , , 0 +64 , I , +128 
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INSTRUCTION SET 

The MPU has a set of 61 basic instructions. They can be 
divided into five different types; register/memory, 
read/modify/write, branch, bit manipulation, and control. 
The following paragraphs briefly explain each type. All the 
Instructions within a given type are presented In individual 
tables. 

REGISTER/MEMORY INSTRUCTIONS - Most of these 
instructions use two operands. One operand IS either the ac­
cumulator or the index register. The other operand is obtain­
ed from memory uSing one of the addressing modes. The 
jump unconditional (JMPI and jump to subroutine (JSR) in­
structions have no register operand. Refer to Table 4. 

READ/MODIFY /WRITE INSTRUCTIONS - These in­
structions read a memory location or a register, modify or 
test its contents, and write the modified value back to 
memory or to the register. The test for negative or zero 
(lST) instruction IS an exception to the read/modify/write 
sequence since it does not modify the value. Refer to 
Table 5. 

BRANCH INSTRUCTIONS - This set of instructions 
branches if a particular condition is met, otherwise no opera­
tion is performed. Branch instructions are two byte instruc­
tions. Refer to Table 6. 

BIT MANIPULATION INSTRUCTIONS - The MPU is 
capable of setting or clearing any bit which resides In the first 
256 bytes of the memory space, where all port registers, port 
DDRs, timer, timer control, and on-chip RAM reside. An ad­
ditional feature allows the software to test and branch on the 
state of any bit within these 256 locations. The bit set, bit 
clear and bit test and branch functions are all Implemented 
with a single instruction. For the test and branch instructions 
the value of the bit tested IS also placed in the carry bit of the 
Condition Code Register. Refer to Table 7 for InstrucllOn cy­
cle timing. 

CONTROL INSTRUCTIONS - These instructions are 
register reference Instructions and are used to control pro­
cessor operation during program execution. Refer to Table 8 
for instruction cycle timing. 

ALPHABETICAL LISTING - The complete instruction set 
IS given in alphabetical order In Table 9. 

OPCOOE MAP SUMMARY - Table 10 IS an opcode map 
for the instructions used on the MCU. 

ADDRESSING MODES 

The MPU uses ten different addressing modes to give the 
programmer an opportunity to optimize the code to all situa­
tions. The various Indexed addressing modes make it POSSI­
ble to locate data tables, code conversion tables and scaling 
tables anywhere In the memory space. Short Indexed ac­
cesses are single byte Instructions, while the longest instruc­
lIOns (three bytes I permit tables throughout memory. Short 
and long absolute addreSSing is also included. Two byte 
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direct addressing instructions access all data bytes in most 
applications Extended addressing permits jump Instructions 
to reach all memory. Table 9 shows the addressing modes 
for each instruction, With the effects each Instruction has on 
the Condition Code Register. An opcode map IS shown In 
Table 10. 

The term "Effective Address" or EA IS used In describing 
the various addressing modes, which IS defined as the ad­
dress to or from which the argument for an instruction IS fet­
ched or stored. The ten addressing modes of the processor 
are described below. Parentheses are used to Indicate "con­
tents of," an arrow indicates "IS replaced by" and a colon 111-

d,cates concatenation of two bytes. 

Inherent - In inherent instructions all the II1formatlon 
necessary to execute the Instruction IS contained 111 the op­
code. Operations speclfYll1g only the Index register or ac­
cumulator, and no other arguments, are II1cluded 111 thiS 
mode. 

Immediate - In immediate addressing, the operand IS 
contained In the byte immediately following the opcode. Im­
mediate addressing IS used to access constants which do not 
change during program execution (e g , a constant used to 
initialize a loop counter!. 

EA=PC+l; PC-PC+2 

Direct - In the direct addressing mode, the effective ad­
dress of the argument is contained in a single byte followll1g 
the opcode byte. Direct addressll1g allows the user to direct­
ly address the lowest 256 bytes In memory With a Single two 
byte II1struction. ThiS Includes all on-chip RAM and I/O 
registers and up to 128 bytes of off-chip ROM. Direct ad­
dreSSing IS efficient In both memory and speed. 

EA=(PC+ll; PC-PC+2 
Address Bus High-O; Address Bus Low-(PC+ 11 

Extended - In the extended addressll1g mode, the effect­
ive address of the argument is contained In the two bytes 
following the opcode. Instructions with extended addressll1g 
modes are capable of referencll1g arguments anywhere In 
memory With a Single Ihree byte instruction. 

EA=(PC+ 1);(PC+21; PC-PC+3 
Address Bus H,gh-(PC + 11; Address Bus Low-(PC + 21 

Indexed, No-Offset - In the indexed, no offset addressing 
mode, the effective address of the argument IS contained In 
the 8-bit Index register. Thus, this addressing mode can ac­
cess the first 256 memory locations. These Instructions are 
only one byte long. This mode is used to move a pointer 
through a table or to address a frequently referenced RAM or 
I/O 10callOn. 

EA=X, PC-PC+l 
Address Bus Hlgh-O; Address Bus Low-X 
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TABLE 4 - REGISTER/MEMORY INSTRUCTIONS 

Addressing Modes 

Immediate Direct Extended Indexed Indexed Indexed I (No 0fIeet1 (8-Bit 0fIeet1 (l8-Bit 0fIeet1 

Op I I Op I , Op I I Op I , Op , I Op I , 
Function Mnemonic Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

Load A from Memory LOA A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 D6 3 5 

Load X from Memory LOX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5 

Store A on Memory STA B7 2 4 C7 3 5 F7 1 4 E7 2 5 07 3 6 

Store X on Memory STX - - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 OF 3 6 

o :I 
C i 
"1J I 

U) 
0) • C» ~ • 0 • en !!I: 
m n 
N a 

.. '0 
Add Memory to A ADD AB 2 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5 
Add Memory and 

ADC A9 2 2 B9 2 3 C9 3 4 F9 3 E9 Carry to A 1 2 4 D9 3 5 

Subtract Memory SUB AO 2 2 BO 2 3 CO 3 4 FO 1 3 EO 2 4 DO 3 5 

Subtract Memory from SBC A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 02 3 5 
A wIth Borrow 

AND Memory to A AND A4 2 2 B4 2 3 C4 3 4 F4 1 3 E4 2 4 D4 3 5 

o ~ 
C CD 

"1J I 
0) iii 
C» CD 

::11 
0 a. 

OR Memory wIth A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 b 

ExcluSIve OR Memory 
EOR AS 2 2 B8 2 3 C8 3 4 FB 1 3 E8 2 4 08 3 5 

wIth A 

en 11: m n 
N a 

Anthmetlc Compare A 
CMP Al 2 2 Bl 2 3 Cl 3 4 Fl 1 3 El 2 4 01 3 5 

wIth Memory 
Arothmetlc Compare X 

CPX A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 03 3 5 Wllh Memorv 

o g 
3 
'0 
C -BII Test Memory wIth 

i A 1 LogIcal Compare) 
BIT A5 2 2 B5 2 3 C5 3 4 F5 1 3 E5 2 4 D5 3 5 • iii 

Jump UncondItIonal JMP - - - BC 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4 

L Jump to Subroutine JSR - ~ - - BD 2 5 CD 3 6 FD 1 5 EO 2 6 DO 3 -~ 
TABLE 5 - READ/MODIFY/WRITE INSTRUCTIONS 

Addressing Modes 

Inherent (AI Inherent (XI Direct 
Indexed Indexed 

(No Offsetl (8-Bit Offsetl 

Op I I Op I I Op I , Op , , Op I , 
Function Mnemonic Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6 

Decrement DEC 4A 1 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6 

Clear CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6 

Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6 

Negate 
NEG 

12'5 Complementl 
40 1 3 50 1 3 30 2 5 70 1 5 60 2 6 

Rotate Left Thru Carry ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6 

Rotate RIght Thru 
ROR 46 , 

Carry 
3 56 1 3 36 2 5 76 1 5 66 2 6 

LogIcal ShIft Left LSL 48 1 3 58 1 3 38 2 5 78 1 5 68 2 6 I 

LogIcal ShIft RIght LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6 

Arothmetlc ShIft R,ght ASR 47 1 3 57 1 3 37 2 5 17 1 5 67 2 6 

Test for Negative TST 40 1 3 50 1 3 3D 2 4 70 1 4 60 2 5 
or Zero -- -
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TABLE 6 - BRANCH INSTRUCTIONS 

Relative Addressing Mode 

Function Mnemonic 
Op # I 

Code Bytes Cycles 

Branch Always BRA 20 2 3 

Branch Naver BRN 21 2 3 

Branch IFF Higher BHI 22 2 3 

Branch IFF Lower or Same BlS 23 2 3 

Branch IFF Carry Clear BCC 24 2 3 

IBranch IFF Higher or Same) IBHS) 24 2 3 

Branch IFF Carry Set BCS 25 2 3 

IBranch IFF Lower) IBlO) 25 2 3 

Branch IFF Not Equal BNE 26 2 3 

Branch IFF Equal BEQ 27 2 3 
Branch IFF Hall Carry Clear BHCC 2B 2 3 

Branch IFF Hall Carry Set BHCS 29 2 3 

Branch IFF Plus BPl 2A 2 3 

Branch IFF Minus BMI 2B 2 3 

Branch IFF Interrupt Mask Bit IS Clear BMC 2C 2 3 

Branch IFF Interrupt Mask Bit IS Set BMS 20 2 3 III 
Branch IFF Interrupt line IS low Bil 2E 2 3 

Branch IFF Interrupt line IS High BIH 2F 2 3 

Branch to Subroutine BSR AO 2 6 

TABLE 7 - BIT MANIPULATION INSTRUCTIONS 

Addressing Modes 

Bit Set/Clear Bit Test and Branch 

Function Mnemonic Op I # Op # I 
Code Bytes Cycles Code Bytes Cycles 

Branch IFF Bit n IS Set BRSH n In=O ,7) - - - 2-n 3 5 

Branch IFF Bit n IS Clear BRClR n In=O 7) - - - 01 + 2-n 3 5 

Set Bit n BSET n In=O ,7) 10+ 2-n 2 5 - - -
Clear BII n BClR n In=O 7) 11 + 2-n 2 5 - - -

TABLE 8 - CONTROL INSTRUCTIONS 
--------

Inherent 

Function Mnemonic 
Op # # 

Code Bytes Cyclas 

Transter A to X TAX 97 1 2 -
Transfer X to A TXA 9F 1 2 --Set Carry Bit SEC 99 1 2 

Clear Carry BII CLC 98 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear Interrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 10 
Return from Subroullne RTS 81 1 6 

Return from Interrupt RT! 80 1 9 

Reset Stack POinter RSP 9C 1 2 --
No-Operation NOP 90 1 2 

Stop STb~ -8E 1 2 

Walt WAIT 8F 1 2 

_______________________________________________________ 263 



6805-Serle. Microprocessors and Mlcrocomputers _______________ _ 

CDP6805E2, CDP6805E2C 

Mnemonic Inherent Immediate 

AoC X 
AUU X 
AND X 
ASl X 
ASR X 
BCC 
BClR 
BCS 
BEC 

BHCC 
BHCS 

BHI 
BHS 
BIH 
Bil 
BIT X 
BlO 
BLS 
BMC 
BMI 
BMS 
BNE 
BPl 
BRA 
BRN 

BRClR 
BRSEl 
BSET 
BSR 
CLC X 
CLI X 
CLR X 
CMP X 
COM X 
CPX X 
DEC X 
EOR X 
INC X 
JMP 
JSR 
LOA X 
LOX X 
LSl X 
LSR X 
NEG X 
NOP X 
ORA X 
ROL X 
ROR X 
RSP X 
Rli X 
RTS X 
SBC X 
SEC X 
SEI X 
STA 

STOP X 
STX 
SUB X 
SWI X 
TAX X 
TST X 
TXA X 

WAIT X 

Condition Code Symbols 

H Hall Carry (From Bit 31 
I Interrupt Mask 
N Negative (Sign Bill 
Z Zero 
C Carry/Borrow 

Direct 

X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

TABLE 9 - INSTRUCTION SET 

Addressing Modes 

Indexed Indexed Extended Relative INo Offseti 18 Bitli 

X X X 
X 

X X X 
X X 
X X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X 
X X X 

X X 
X X X 

X X 
J( x X 

X X 
X X X 
X X X 
X X X 
X X 

X X 
X X 
X X 

X X X 
x X 

X X 

X X X 

X X X 

X X X 
X X X 

X X 

A Test and Set If True Cleared OtherWise 
• Not A tfeeted 
., Load CC Register From Slack 
o Cleared 
1 Set 

Condition Codes 

Indexed Bit Bit 

118 Bitsi Setl Test & H I N Z C 
Clear Branch 

X " " " " x 
X " " • " " " " " " • • 

X • · • .1. 
• • • • • • • • • • 

I- ·1-• • X " • • • • • --- -• • • x • " X " X • -• 
0 

0 • • 
X " " " " " 1 

" " • X " " • " " • X · -• 
X • • • 
X " " • • " 1\ ~ 

" " " 0 " " -I- A A A 

I- --I-
x -I- 1\ A I-

• " " " • • • • 
• • • • 

X • " A 
A 

• • • 1 
1 • • • 

X • " " • 0 • • • 
X • " " • X • " " " • • • 

• " " • • • • • 
u · -• 
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m 

B~ M ",,"!ation Ik.nch 

~I ~ ..:" ao'\. .t., 
5 5 3 5 

,2" BRSEJ~. I, BSE!~r BRA"EL 1 2 NEGOJR 
5 5 3 

.J" BRCLRO 
12 BCL~~e 2 BRNAEl .T. 

o· , . 3 
2 3BRSEJ~. 1 2 BSE~le 2 BHIRFI 00'0 • • 3 5 

J., BRCL~iR I , BCL~~c , BLSREl I, COMnlA 
5 5 3 • 

0;:" 
BRSET2 1 2 BSE~~e 2 BCCAEl 12 LSROIA .T. 

.' 5 3 
5 BRCL~l. I 2 BCL~~e 2 BCSRH 0' , 

--' 5 3 5 
6 

3BRSEJfR ' ,BSE!~c , BNE.FI I, RORnlA 0110 • 5 3 5 

o~, BRCL~f. 12 BCL~~e 2 BECAEl 12 ASROIR .. , . 3 5 ,:.. BRSEJ:. 12 BSE~~e 2 BHC~El 1 2 LSLOIA 
5 • 3 • 9 BRCLR4 I, BCL~~c , BHC~FI I, ROLnlR '00' 3 8T8 

-' • 3 5 

,~n BRSEJi. 12 BSE1~e 2 BPLAEL 1 2 DECOlA 

• • 3 
B BRCLR5 BCL~~e 2 BMI 

1011 3 .T. AE 

BRSET~: ' . 3 • ,lim , BSE~~c " BM~FI INC 
.T OIR 

5 5 3 4 

,g, ,BRCL~~R , BCL~~e 12 BM~El TSTOIR 
5 5 3 

11~0 3BASEJl. 2 BSE1~e 12 BIL REl • BCLR7 • BIH J 
5 

F BRCLR7 CLR 
1111 3 .T. 2 .se 2 REl 2 OIR 

Abbreviations for Address Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IX1 
IX2 

Inherent 
Immediate 
D"ecl 
Extended 
RelatIVe 
Bll Set! Clear 
Bit Test and Branch 
Indexed I No Offsell 
Indexed, 1 Byte IB-Blll Offset 
Indexed, 2 Byte (16-Bltl Offset 
CMOS Versions Only 

TABLE 10 - CDP6805E21NSTRUCTION SET OPCODE MAP 

Read/Modify/Write Control Reg_/M........, 
IN I DIR 1 

.:.. • 1:" .:\ . .[" ,:.. ,:" ,t.O ,.\\ ,lim ,~, 11~. 1111 H~ 
3 3 6 5 9 2 

SUB' 
4 5 . 

SUB J NEGA , NEGX,NH LL NEGI., NEG .. RTI IN" SU? .. ~ 13 SUB 3 SUB x' SUB ,2" INH I , IR XT IX' , I 
6 2 3 4 • 4 3 

RTS CMP CMP CMP 3 CMP CMP CMP , , INH IMM 2 OIA 3 EXT <X2 IX' I OX 000' 
2 

SBC J 
4 

SBC ' SBC 4 SBC 3 SBC SBC 2 
IMM 2 OIA 3 EXT ::t _x2 2 IX' , IX 00'0 

3 3 6 5 '0 3 4 
CPX ' 

4 
CPX J COMA COMX COM .. , COM , SW:NH 

CPX 2 CPXOIA 13 CP\XT --'- CPX 3 , I 'NH , IX 2 IMM 3 .X2 IX' , IX 0011 
3 3 6 5 

AND' 
4 5 4 

AND J LSRA LSRX 12 LSR LSR AND 13 AND 3 ANDIK2 2 AND 
0;:" INH 1 INH IX' , IX IMM -OIA XT IX' , IX 

2 3 4 5 4 
BIT 3 BIl;~M BIT noA I, BIT"T 3 BIT IX> 2 BIT o~, IX' , IX 

3 3 6 5 2 3 4 5 4 3 
, ROR~H , ROR~ " ROR ROR LOA LOA LOA LOA , LOA LOA 6 

IX' , IX IMM 2 OIA 3 EXT 3 IX2 IX' , 'x 0110 
3 3 6 5 2 4 6 5 

ASRA ASRX 1 2 ASR ASR TAX STA 
3 STP;XT 3 STA 2 STA STA 01~' , INH , INH IX' I IX , INH 2 OIR IK2 IXI , 'X 

3 3 6 • CLC 2 
2 3 4 • 4 3 

LSLA , LSL~NH ~SLIXI , LSL IX EOR , EOROIA EOR EOR 2 EOR EOR B 
I NH -INH 12 LMM 3 EXT 3 IX IXI I ,x '000 

3 3 6 • 2 2 3 4 • 4 
ROLA RCLX RCL ROL SEC AOC ADC ADC AOC ADC ADC 9 , INH , INH IX' , IX , INH 2 IMM 2 OIR 3 EXT 3 IX2 2 IXI I ox 1001 

3 3 6 • 2 
ORA 2 ORA' ORA 4 

4 
ORA J DECA DECX DEC DEC Cli ORA ORA A , INH , INH 2 IX' I IX , INH 2 IMM 2 O1A 3 EXT 3 IX2 2 IXI , 'x IG1C 

SEI " ADD 2 ADD 3 
4 

ADD 4 ADD J ADD ADD B , INH 12 IMM 2 OIA 3 EXT 3 <X2 2 IX' I IX '011 
3 3 6 5 2 2 

JMP J 
4 2 

INCA INCX INC INC RSP 2 JMP JMP JMP JMP C , INH , INH 2 IX' IX INH O1R 3 EXT 3 IX2 2 IX' I , .. oc 
3 

TSTX J 
5 4 2 6 

JSR b 
, 

TSTA 2 TST TST NOP BSR JSR JSR JSR JSR D , INH 1 INH IXI I IX , INH 2 REL 2 OIR 3 EXT 3 IX2 2 IX' 
, X 11Jl 

STOP 2 
2 

LDX • 
4 

LDX J I, LDX LDX LDX LDX E , INH IMM 2 01. 3 EXT 3 IX2 IXI I " "I( 
3 3 6 5 2 2 4 

STX ' 
6 5 

CLRA CLRX CLR CLR WAIT TXA STX STX STX STX F , INH , INH 2 IXI I IX , INH , INH 2 OIR 3 EXT 3 <X2 2 IXI , , ,'" 

LEGEND 

F 0( :::>" Opcode In Hexadecimal 

Opcode In Binary 

MnemOniC 4 r Zx! <XXX);.1 
Bytes ) 

# of Cycles ------- " Address Mode 

II 

g: , 
(J) 

o !t 
c I: 
"til i: 
CJ) n-
CD a o 'U a U'I n 

m • I\) I 
o ~ 
C a 
"til i: 
CJ) n­
CD a o n 
U'I 0 

m ~ 
I\) S 
O • ;; 
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CDP6805E2, CDP6805E2C 
Indexed, S-bit Offset - Here the EA IS obtained by adding 

the contents of the byte follOWing the opcode to that of the 
Index register The operand IS therefore located anywhere 
within the lowest 511 memory locations For example, this 
mode of addreSSing IS useful for selectlnq the m-th element In 
an n element table All Instructions are two bytes The con­
tents of the Index register IX) IS not changed The contents 
of I PC + 1) IS an unsigned a-bit Integer One byte offset in­
dexing permits look-up tables to be easily accessed In either 
RAM or ROM 

EA= X + IPC+ 11, PC-PC+ 2 
Address Bus H,gh-K; Address Bus Low-X+ IPC+ 11 
Where' K = The carry from the additIOn of X + IPC + 11 

Indexed, 16-Bit Offset - In the Indexed, 16-blt offset ad­
dressing mode the effective address IS the sum of the con 
tents of the unsigned 8-blt Index register and the two un­
Signed bytes follOWing the opcode, ThiS addreSSing mode 
can be used In a manner Similar to Indexed 8-blt offset, ex­
cept that thiS three byte instruction allows tables to be 
anywhere In memory Ie g , lump tables In ROM) The con­
tent of the Index register IS not changed, 

EA=X+((PC+ 1) IPC+2)1. PC-PC+3 
Address Bus Hlgh-IPC+ 1) + K, 
Address Bus Low-X+IPC+2) 

Where K = The carry from the addition of X + (PC + 2) 

Relative - Relative addreSSing IS only used In branch in­
structions In relative addreSSing the contents of the 8-blt 
Signed byte follOWing the opcode (the offset) IS added to the 
PC If and only If the branch condition IS true OtherWise, 
control proceeds to the next Instruction The span of relative 
addreSSing IS limited to the range of - 126 to + 129 bytes 
from the branch instruction opcode location 

A8-A t21--__ --I 

CDP6805E2 
CMOS 

EA= PC+ 2+ (PC+ 1); PC-EA If branch taken; 
otherWise PC-PC+2 

Bit Set/Clear - Direct addreSSing and bit addreSSing are 
combined In Instructions which set and clear ,nd,v,dual 
memory and 1/0 bitS, In the bit set and clear InstruCtions, the 
byte IS speCified as a direct address In the location follOWing 
the opcode The first 256 addressable locations are thus ac­
cessed The bit to be modified within that byte IS speCified 
with three bits of the opcode, The bit set and clear Instruc­
tIOns occupy two bytes, one for the opcode !Including the bit 
number) and the second to address the byte which contains 
the bit of Interest. 

EA=IPC+I), PC-PC+2 
Address Bus High-O, Address Bus Low-IPC+ 1) 

Bit Test and Branch - Bit test and branch IS a combina­
tion of direct addressing, bit addreSSing and relative address­
Ing The bit address and condition Iset or clear) to be tested 
IS part of the opcode The address of the byte to be tested IS 
In the Single byte Immediately follOWing the opcode byte 
(EA 1) The signed relatIVe S-bit offset IS In the third byte (EA2) and 
IS added to the PC If the speCified bit IS set or clear In the 
speCified memory location, ThiS Single three byte Instruction 
allows the program to branch based on the condition of any 
bit In the first 256 locations of memory, 

EAl = IPC+ 1) 
Address Bus H,gh-O; Address Bus Low- (PC + 1) 

EA2= PC +3+ (PC+ 2); PC-EA2 If branch taken; 
otherWise PC-PC+3 

SYSTEM CONFIGURATION 

Figures 20 through 25 show in general terms how the 
CDP6805E2 bus structure may be utilized, SpeCified Inter­
face details vary With the various peripheral and memory 
deVices employed, 

Chip 
Enable 

TYPical CMOS 
Peripheral 

Microprocessor 
BO-B7 AddresslData Bus ADO-AD7 

~--~A~d~dr~e~ss~S~t~ro~b~e~~~AS 

r-____ ~D~a~ta~S~t~ro~o~e ____ ~DS 

R/Vil 1-____ -!Rl!el!!a.!o!.d!.!/W~rlt!.!le~ __ __t R/W 

iRO Interrupt iRO 

OSCt ~t9~H~ CKOUT 

RESET RESET 

92C8-38035 

Fig. 20 - Connection to CMOS peripherals. 
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CDP6805E2, CDP6805E2C 

CDP6805E2 CMOS 
Multiplexed 

AB·A12 Memory 
CDP65516 

BO·B7 Addressl Data Bus ADQO·ADQ7 

AS 
Address Strobe 

M 

OS 
Data Strobe 

G 

RiW 
Read/Wnte 

W 

Fig. 21 - Connect/on to CMOS multiplexed memories. 

CDP6805E2 

DS~ ____ ~D~a~ta~S~tr~o~be~ __ ~ 

R/W ~ ____ -!R.!!e:!!a~d!.:.IW=rI:!!te'--__ ~R/W 

IRQ Interrupt IRQ 

RESET RESET 

NOTE In some cases. pullup resistors or other level 

shifting techniques may be reqUired on signals 
gOing from NMOS to CMOS parts 

Fig. 22 - Connection to peripherals. 

Peripherals 

9208-38038 

9205-38037 
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CDP6805E2, CDP6805E2C 

Address/Data Bus 

CDP6805E2 

AS-A12 1-----......., 

Read/ 
R/W Write Read 

OS Data Strobe 

Address 
AS Strobe 

Data QO-Q7 

Output 
Enable 5 

Chip 
Enable E 

CMOS 
Non·Muxed 

ROM or 
EPROM 

Fig. 23 - Connection to latch non-multiplexed CMOS ROM or EPROM. 

CDP8805E2 
CMOS 

Microprocessor 

00-07 

A8 
A9 

I----IE 

DS~~----~~ 
Read/ 

R/W Wnte 

Fig. 24 - Connection to static CMOS RAMs. 

CMOS 
Static 
RAMs 

92C8-38038 

92CS·38039 
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CDP6805E2, CDP6805E2C 

Addressl Data Bus 00-07 

CMOS 

CDP8805E2 AO-A7 Non Muxed 

RAM 

AB-A12 AS 

Data Output 

Strobe Enable 
OS ~ 

Readl 

R/VIi 
Write Wriie 
Address 

AS 
Strobe 

ChIp 
Enabte 

E 

82CII-StItMO 

Fig. 25 - Connection to latched non-multiplexed CMOS RAM. 
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CDP6805E2, CDP6805E2C 
Table 11 provides a detailed description of the information 

present on the Bus, the Read/Write IR/W) pin and the Load 
Instruction Ill) pin during each cycle for each instruction. 

This information is useful in comparing actual with ex-

pected results during debug of both software and hardware 
as the control program is executed. The information is 
categorized in groups according to addressing mode and 
number of cycles per instruction. 

TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION 

Address Mode I Cycles Cycle I Addreas Bus 
RiW LI 

Data Bus Instructions Pin Pin 

Inherent 

LSR lSL 
ASR NEG 1 Op Code Address 1 1 Op Code 
ClR ROl 3 2 Op Code Address + 1 1 0 Op Code Next Instruction 
COM ROR 3 Op Code Address + 1 1 0 Op Code Next Instruction 
DEC INC TST 

TAX ClC SEC 
1 Op Code Address 1 1 Op Code STOP CLI SEI 2 

RSP WAIT NOP TXA 2 Op Code Address + 1 1 0 Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

RTS 6 3 Stack Pointer 1 0 Irrelevant Data 
4 Stack Pointer + 1 1 0 Irrelevant Data 
5 Stack Pointer + 2 1 0 Irrelevant Data 
6 New Op Code Address 1 0 New Op Code 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Stack Pointer 0 0 Return Address ILO By tel 
4 Stack Pointer - 1 0 0 Return Address (HI By tel 

SWI 10 5 Stack POinter - 2 0 0 Contents of Index Register 
6 Stack POinter - 3 0 0 Contents of Accumulator 
7 Stack Pointer - 4 0 0 Contents of CC Register 
8 Vector Address 1 FFC (Hexl 1 0 Address of Int Routine (HI By tel 
9 Vector Address 1 FFD (Hexl 1 0 Address of Int. Routine (LO By tel 
10 Interrupt Routine Starting Address 1 0 Interrupt Routine First Opcode 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Stack Pointer 1 0 Irrelevant Data 
4 Stack Pointer + 1 1 0 Irrelevant Data 

RTI 9 5 Stack Pointer + 2 1 0 Irrelevant Data 
6 Stack Pointer + 3 1 0 Irrelevant Data 
7 Stack POinter + 4 1 0 Irrelevant Data 
8 Stack Pointer + 5 1 0 Irrelevant Data 
9 New Op Code Address 1 0 New Op Code 

Immediate 

ADC EOR CPX 
ADD lOA lOX 

2 
1 Op Code Address 1 1 Op Code 

AND ORA BIT 2 Op Code Address + 1 1 0 Operand Data 
SBC CMB SUB 

Bit Setl Clear 

1 Op Code Address 1 1 Op Code 

BSH n 
2 Op Code Address + 1 1 0 Address of Operand 

BClR n 5 3 Address of Operand 1 0 Operand Data 
4 Address of Operand 1 0 Operand Data 
5 Address of Operand 0 0 Manipulated Data 

Bit Test and Branch 

1 Op Code Address 1 1 Op Code 

BRSET n 2 Op Code Address + 1 1 0 Address of Operand 

BRCLR n 5 3 Address of Operand 1 0 Operand Data 
4 Op Code Address + 2 1 0 Branch Offset 
5 Op Code Address + 2 1 0 Branch Offset 

Relative 

BCC BHI BNE BEQ 
1 Op Code Address 1 1 Op Code BCS BPL BHCC BLS 

Bil BMC BRN BHCS 3 2 Op Code Address + 1 1 0 Branch Offset 

BIH BMI BMS BRA 3 Op Code Address + 1 1 0 Branch Offset 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Branch Offset 

BSR 6 3 Op Code Address + 1 1 0 Branch Offset 
4 Subroutine Starting Address 1 0 First Subroutine Op Code 
5 Stack POinter 0 0 Return Address (lO By tel 
6 Stack POinter -1 0 0 Return Addless (HI By tel 
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CDP6805E2, CDP6805E2C 
TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

Address Mode 
I Cycles Cycles' Address Bus R/W LI 

Instructions Pin Pin Data Bus 

Direct 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Jump Address 

ADC EOR CPX 
1 Op Code Address 1 1 Op Code 

ADD LOA LOX 
AND ORA BIT 3 2 Op Code Address + 1 1 a Address of Operand 

SBC CMP SUB 
3 Address of Operand 1 a Operand Data 

1 Op Code Address 1 1 Op Code 

TST 4 
2 Op Code Address + 1 1 a Address of Operand 
3 Address of Operand 1 a Operand Data 
4 Op Code Address + 2 1 a Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
STA 

4 2 Op Code Adrress + 1 1 a Address of Operand 
STX 3 Op Code Address + 1 1 a Address of Operand 

4 Address of Operand a a Operand Data 

LSL LSR DEC 
1 Op Code Address 1 1 Op Code 

ASR NEG INC 
2 Op Code Address + 1 1 a Address of Operand 

CLR ROL 
5 3 Operand Address 1 a Current Operand Data 

COM ROR 4 Operand Address 1 a Current Operand Data 
5 Operand Address a a New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Subroutine Address (LO Byte! 

JSR 5 3 Subroutine Starting Address 1 0 1st Subroutine Op Code 
4 Stack POinter a a Return Address (LO Byte! 
5 Stack POinter - 1 a a Return Address (H( Byte! 

Extended 

1 Op Code Address 1 1 Op Code 
JMP 3 2 Op Code Address + 1 1 a Jump Address (HI Byte! 

3 Op Code Address + 2 1 a Jump Address (LO Byte! 

ADC B(T ORA 1 Op Code Address 1 1 Op Code 
ADD CMP LOX 

4 
2 Op Code Address + 1 1 a Address Operand (H( Byte! 

AND EOR SBC 3 Op Code Address + 2 1 a Address Operand (LO Byte! 
CPX LOA SUB 4 Address of Operand 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

STA 2 Op Code Address + 1 1 a Address of Operand (HI Byte! 

STX 
5 3 Op Code Address + 2 1 a Address of Operand (LO Byte! 

4 Op Code Address + 2 1 a Address of Operand (LO Byte! 
5 Address of Operand a a Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Address of Subroutine (HI Byte! 

JSR 6 
3 Op Code Address + 2 1 0 Address of Subroutine (LO Byte! 
4 Subroutine Starting Address 1 0 1st Subroutine Op Code 
5 Stack POinter a 0 Return Address (LO Byte! 
6 Stack POinter - 1 0 a Return Address (HI Byte! 

Indexed, No-Offset 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

----
ADC EOR CPX 
ADD LOA LOX 

1 Op Code Address 1 1 Op Code 

AND ORA BIT 
3 2 Op Code Address + 1 1 0 Op Code Next Instruction 

SBC CMP SUB 3 Index Register 1 0 Operand Data 
-~ ---

1 Op Code Address 1 ,1 Op Code 

TST 4 2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Index Register 1 0 Operand Data 
4 Op Code Address + 1 1 I~ Op Code Next Instruction --- -----
1 Op Code Address 1 1 Op Code 

STA 
4 2 Op Code Address + 1 1 0 Op Code Next Instruction 

STX 3 Op Code Address + 1 1 0 Op Code Next Instruction 
4 Indt:!x Register 0 0 Operand Data 

---- - - ,~ 

LSL LSR DEC 
1 Op Code Address 1 Op Code 

ASR NEG INC 2 Op Code Address + 1 1 0 Op Code Next Instruction 

CLR ROL 5 3 Index Register 1 0 Current Operand Data 

COM ROR 
4 Index Register 1 0 Current Operand Data 
5 Index Register 0 0 New Operand Data 

-
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

JSR 5 3 Index Register 1 0 1st Subroutine Op Code 
4 Stack POinter 0 0 Return Address (LO Byte) 
5 Stack POinler - 1 0 0 Return Address ~HI Byte} 
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CDP6805E2, CDP6805E2C 
TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

Address Mode I Cycles Cycles' Address Bus TRt:l- LI 
Instructions Pin 

Data Bus 

Indexed 8·Bit Offset 

1 Op Code Address 1 1 Op Code 
JMP 3 2 Op Code Address + 1 1 0 Offset 

3 Op Code Address + 1 1 0 Offset 

ADC EOR CPX 1 Op Code Address 1 1 Op Code 
ADD LOA LOX 

4 
2 Op Code Address + 1 1 0 Offset 

AND ORA CMP 3 Op Code Address + 1 1 0 Offset 
SUB BIT SBC 4 Index Register + Offset 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

STA 2 Op Code Address + 1 1 0 Offset 

STX 
5 3 Op Code Address + 1 1 0 Offset 

4 Op Code Address + 1 1 0 Offset 
5 Index Register + Offset 0 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset 

TST 5 3 Op Code Address + 1 1 0 Offset 
4 Index Register + Offset 1 0 Operand Data 
5 Op Code Address + 2 1 0 Op Code Next Instruction 

LSL LSR 1 Op Code Address 1 1 Op Code 

ASR NEG 2 Op Code Address + 1 1 0 Offset 

! CLR ROL 6 3 Op Code Address + 1 1 0 Offset 

I COM ROR 
4 Index Register + Offset 1 0 Current Operand Data 

DEC INC 5 Index Register + Offset 1 0 Current Operand Data 
6 Index Register + Offset 0 0 New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset 

JSR 6 3 Op Code Address + 1 1 0 Offset 
4 Index Register + Offset 1 0 1st Subroutine Op Code 
5 Stack POinter 0 0 Return Address LO Byte 
6 Stack POinter - 1 0 0 Return Address HI Byte 

Indexed, 16·Bit Offset 

1 Op Code Address 1 1 Op Code 

JMP 4 2 Op Code Address + 1 1 0 Offset (HI By tel 
3 Op Code Address + 2 1 0 Offset (LO Byte) 
4 Op Code Address + 2 1 0 Offset (LO Byte) 

ADC CMP SUB 1 Op Code Address 1 1 Op Code 
ADD EOR SBC 2 Op Code Address + 1 1 0 Offset (HI Byte) 
AND ORA 5 3 Op Code Address + 2 1 0 Offset (LO Byte) 
CPX LOA 4 Op Code Address + 2 1 0 Offset (LO Byte) 
BIT LOX 5 Index Register + Offset 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset (H) Byte) 

STA 
6 

3 Op Code Address + 2 1 0 Offset (LO Byte) 
STX 4 Op Code Address + 2 1 0 Offset (LO Byte) 

5 Op Cade Address + 2 1 0 Offset (LO Byte) 
6 Index Register + Offset 0 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset I HI Byte) 
3 Op Code Address + 2 1 0 Offset I LO Byte) 

JSR 7 4 Op Code Address + 2 1 0 Offset (LO B'Ite) 
5 Index Register + Offset 1 0 1st Subroutine Op Code 
6 Stack POinter 0 0 Return Address (LO Byte) 
7 Stack POinter - 1 0 0 Return Address (HO Byte) 
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CDP6805E2, CDP6805E2C 
TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUEDI 

Instructions Cycles Cycles # Address Bus 
RESET R/W LI Data Bus 

Pin Pin Pin 

Other Functions 
$lFFE 0 1 0 Irrelevant Data 

$lFFE 0 1 0 Irrelevant Data 

1 $1 FFE 1 1 0 Irrelevant Data 
--

Hardware RESET 5 2 $1 FFE 1 1 0 Irrelevant Data 

3 $1 FFE 1 1 0 Vector High 

4 $1 FFF 1 1 0 Vector Low 

5 Reset Vector 1 1 0 Op Code 

1 $1 FFE 1 1 0 Irrelevant Data 

• • • • • • 
• • • • • • 
• • • • • • 

Power on Reset 1922 
1919 $lFFE 1 1 0 Irrelevant Data 

1920 $lFFE 1 1 0 Vector High 

1921 $lFFF 1 1 0 Vector Low 

1922 Reset Vector 1 1 0 Op Code 

Instruction Cycles Cycles # Address Bus iRa R/W LI Data Bus 
Pin Pin Pin 

I 
Last Cycle of PrevIous 

0 X 0 X 
Instruction 

I 1 Next Op Code Address 0 1 0 Irrelevant Data 

2 Next Op Code Address X 1 0 Irrelevant Data 

3 SP X 0 0 Return Address (LO By tel 

IRO Interrupt 
10 

4 SP-l X 0 0 Return Address (HI By tel 

ITImer Vector $lFF8, $lFF91 5 SP-2 X 0 0 Contents Index Reg 

6 SP-3 X 0 0 Contents Accumulator 

7 SP-4 X 0 0 Contents CC Register 

8 $lFFA X 1 0 Vector High 

9 $lFFB X 1 0 Vector Low 

10 ii'iTI Vector X 1 0 Int Routine First 
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CDP6805E3,CDP6805E3C 
II!ID .0 '00 

""' .. CMOS 8-Blt Microprocessor L% .. OSC2' 
O. " ,," Hardware Features: • Multiplexed address/data bus • 64K address space version of CMOS 

6805E2 • Master reset and power-on reset .. 
Capable of addressing up to 64K bytes .. • Typical full speed operating power of • 

" of external memory 50 35mW@5V 
'" • Single 3- to 6-volt supply .. • Typical WAIT mode power of 5 mW 

" " • Typical STOP mode power of 25 pW • On-chip oscillator 
" " " .. " • 112 bytes of on-chip RAM 

" .. .. • 13 bidirectional 1/ 0 lines Software Features: " IS .. .. • Interna/8-bit timer with software • Similar to the CDP6805E2, F2, and G2 'so " " programmable 7-bit prescaler TOP VIEW • Efficient use of program space IIcs-".n 

TERMINAL ASSIGNMENT • External timer input • Versatile interrupt handling 
• Full external and timer interrupts • Memory mapped I/O 

The CDP6805E3 Microprocessor Unit (MPU) belongs to the 
COP6805 Family of CMOS Microcomputers. This8-bit fully 
static and expandable microprocessor contains a CPU, on­
chip RAM, I/O, and Timer. It is a low-power, low-cost 
processor designed for mid-range applications in the 
consumer, automotive, industrial, and communications 
markets where very low power consumption constitutes an 
important factor. The major features of the C0P6805E3 are 
listed under "Hardware Featu res" and "Software Features". 

• True bit manipulation 

PAO 

Port PAl 

A PA2 Port Data 
I/O A D" 

lines PA3 Reg Reg 

PA4 

PBO 

PBl 
Port Data 

Port 
P82 B D" 

Reg Reg 
B P83 

I/O PB4 
lines 

PB5 

P86 

P87 

Accumulator 

8 A 

Index 
Register 

Condition 
Code 

• Addressing modes with indexed addressing for tables 
• Efficient instruction set 
• Two power savings standby modes 

The COP6805E3 is supplied in a 40-lead hermetic dual-in­
line ceramic package (0 suffix). a 4Q-lead dual-in-line 
plastic package (E suffix), and a 44-lead plastic chip-carrier 
package (Q suffix). 

RESET LI 

BO 

Mu, 
Bl 

Bus 82 
Multiplexed 

Drive CPU 83 Address! 
Control Data 

84 
Bus 

85 

86 

Register CC CPU 87 

Stack 

6 
POinter SP A8 
logram 

A9 Address Counter 
8us Hlgt'l PCH ALU 

AlO 
Program Address All 
Counter Drive 15 

Low pel A12 

A13 

Al. 

A1S 

AS Address Strobe 
112x B 8us 

DS Data Strobe 1.21 
RAM Control 

R/W Read/Wrtte 

Fig. 1 - Block diagram. 92CS-37185R1 

File Number 1503 
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_________________ 6805-Series Microprocessors and Microcomputers 

CDP6805E3,CDP6805E3C 
MAXIMUM RATINGS Ivoltages referenced to VSSI 

Ratings Symbol Value Unit 

Supply Voltage VDD -03to+~ V 

All Input Voltages Except ascI V,n VSs-O 5 to VDD+0.5 V 

Current Drain Per Pin Excluding VDD and VSS I 10 mA 

Operating Temperature Range h to TH 
CDP6805E3 TA o to 70 ·C 
CDP6805E3C -40 tol+85 

Storage Temperature Range T stg -55to +150 ·C 

DC ELECTRICAL CHARACTERISTICS 3 \I (VDD=3 Vdc, V88=0, T A=TL to TH, unless otherwise noted) 

Characteristics 

Output Voltage ILOAD" 1 OpA 

Total Supply Current ICL - 50 pF - no DC loadsl tcyc ~ 5 ~s 

RunIVIL~02V,VIH~VDO-02VI 

Walt (Test Conditions - See Note Below) 

Stop (Test Conditions - See Note Below) 

Output High Voltage 

IILOAO~O 25 mAl A8-A15, BO-B7 

IILOAO~O 1 mAl PAO-PA4. PBO-PB7 

IlLOAO~O 25 mAl OS, AS, R/W 

Output Low Voltage 

II LOAO ~ 0 25 mAl A8-A 15, BO-B7 

IILOAO-O 25 mAl PAO-PA4. PSO-PB7 

IlLOAD~O 2b mAl OS, AS, R/W 

Input High VOltage 

PAO-PA4, PBO-PB7, BO-B7 

TIMER, IRQ, RESET 

ascI 

Input Low Voltage IAII Inputsl 

Frequency of Operation 

Crystal 

External Clock 

Inp'..!t Current 

RESET, IRQ, Timer, ascI 

Three-State Output Leakage 

PAQ-PA4, PBO-PB7, BO-B7 

Capacitance 

RESET, IRQ, Timer 

Capacitance 

OS, AS, R/W, A8-A 15, PAO-PA4, PBO-PB7,80-B7 

NOTE Test conditions for QUiescent Current Values are 
Port A and B programmed as Inputs 

VIL ~ 02 V for PAQ-PA4, P80-PB7, and 80-87 
VIH ~ VDO - 02 V for RESET, IRQ, and Timer 
ascI Input IS a squarewdve from VSS +0 2 V to VOD - 02 V 
OSC2 output load [Including testerl IS 35 pF moxlmum 

Walt mode I DO IS affected linearly by thiS capacitance 

Symbol 

VOL 

VOH 

IOD 

IDD 

IOD 

VOH 

VOH 

VQH 

VOL 

VOL 

VOL 

VIH 

VIH 

VIH 

VIL 

fOSC 

fOSC 

lin 

ITSL 

C,n 

Cout 

Min Max Unit 

01 
V 

VDD-O 1 -

- 13 mA 

- 200 p.A 

- 100 p.A 

27 - V 

27 - V 

27 - V 

- 03 V 

- 03 V 

- 03 V 

21 - V 

25 - V 

21 - V 

- 05 V 

0032 1 MHz 

DC 1 MHz 

- ±1 p.A 

- ±10 p.A 

- 8 pF 

- 12 pF 
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6805-Serle. Microproc8l8Ors and Mlcrocomputers ______________ _ 

CDP6805E3,CDP6805E3C 
I 

DC ELECTRICAL CHARACTERISTICS 5 V ,(VOo=5 Vdc ± 10%, VSs=O, TA=TL to TH, unless otherwise noted) 

Cheracteristics Symbol Min Ma. Unit 

Output Voltage ILOAOS 10/iA VOL - 0' V 

VOH VOo-O' - V 

Total Supply Current ICL ='30 pF On Bus, CL - 50 pF - On Ports, 
No OC Loads, tcyc = 1 /IS 100 - '0 rnA 

Run IVIL = 02 V, VIH = VOO - 02 VI 

Walt lTest Conditions - See Note Belowl 100 - '5 rnA 

Stop IT est Conditions - See Note Belowl 100 - 200 MA 
Output High Voltage 

!lLOAO=' 6 mAl AS-A' 5, BO-B7 VOH 4' - V 

!lLOAO=O 36 mAl PAD-PM, PBO-PB7 VOH 4' - V 
(lLOAO=' 6 mAl OS, AS, R/W VOH 4' - V 

Output Low Voltage 

(lLOAO=' 6 mAl AS-A' 5, BO-B7 VOL - 04 V 
!lLOAO = , 6 mAl PAD-PM, PBO-PB7 VOL - 04 V 
!lLOAO=' 6 mAl OS, AS, R/W VOL - 04 V 

Input High Voltage 

PAo-PA4, PBO-PB7, Bo-B7 VIH Voo-2 V 
TIMER, nm, Irrm VIH Voo-OS - V 
OSC, VIH VOO-'5- - V 

Input Low Voltage IAII Inputsl VIL - OS V 
Frequency of Operatoon 

Crystal fose 0032 5 MHz 
External Clock fose OC 5 MHz 

Input Current 

RESET rna Timer OSC, lin - ±' pA 

Three-State Output Leakage 
PAO-PM, PBO-PB7, BO-B7 ITSI - ±'O pA 

Capacitance 

1iESEi', iRQ, Timer C,n - S pF 

Capacitance 

OS, AS, R/W, AS-A' 5, PAD-PM, PBO-PB7, BO-B7 Cout - '2 pF 

NOTE Test conditions for QUiescent Current Values are 
Port A and B programmed as Inputs 
VIL = 02 V for PAO-PM, PBO-PB7. and BO-B7 
VIH=VOO - 02 V for mIT, iRQ, and Timer 

OSC, Input IS a squarewave from VSS + 02 V to VOO - 0 2 V 
OSC2 output load Iincluding testerl IS 35 pF Il,axomum 

AS 

AU 
A,4 

A,3 

PA4 

PA3 

PA2 

PA, 

PAD 

NC 

NC 

Walt mode 11001 IS affected linearly by thiS capacitance 

TERMINAL ASSIGNMENT 

u I~ 
z a: 

40 

,,,,,,$ 
TOP VIEW 

39 

37 

PB' 

PB2 

PB3 

PB4 

PB5 

---+- - ----34 PB6 

FILE NO 1503 53 PB7 

32 BO 

I 3' B' 

I 30 B2 

B3 

It 20 2' 

29 

22 23 24 25 26 27 2B 

92C5-40941 

Plutlc Chip-Carrier Package 
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________________ 6805-88rle. Microprocessors and Microcomputers 

CDP6805E3,CDP6805E3C 
TABLE 1 - CONTROL TIMING (Vss=o, TA=TL to TH) 

VOO=3 V Voo=5 vI ± 1O"" 
IOSC=l MHz IOSC=6 MHz 

Characteristics Symbol Min Typ Max Min Typ Max UnIt 
1/0 Port Timing - Input Setup Time (Figure 3) tPVASl 500 - 250 - - 11. 
Input Hold Time IF,gure 31 tASLPX 100 - - 100 - - ns 
Output Delay Time IFlgure 31 tASLPV - - 0 - 0 ns 
Interrupt Setup Time IF,gure 61 t;LASL 2 - - 04 - - J!s 
Crystal Oscillator Startup Time IF,gure 51 tOlSQV - 30 300 - 15 100 ms 

WBit Recovery Startup Time IF,gure 71 WASH - 10 - - 2 .. 5 

Stop Recovery Startup Time (Crystal Oscillator) (Figure 8) t;LASH - 30 300 - 15 100 ms 

ReqUIred Interrupt Release IFlgure 61 tDSLIH - - 5 - - 1 ,.S 
Timer Pulse Width (Figure 71 tTH, tn 05 - - 0.5 - - leye 
Reset Pulse Width (Figure 51 tAL 52 105 /IS 
Timer Penod (Figure 7) tnTL 1 - - 1 - - teye 
Interrupt Pulse Width low (Figure 161 t;LlH 1 1 tcye 
Interrupt Pulse Penod (Figure 16) tlLlL " " tcye 
Oscillator Cycle Period 11/5 of tCYCI tOLOl 1000 200 ms 
OSCI Pulse Width High ~ 350 - - 75 -- ns 
OSCI Pulse Width low tOl 350 - - 75 - - ns 

*The minimum period tlLlL should not be less than the number of teye cycles It takes to execute the Interrupt serVice routine plus 20 tcyc 
cycles 

TTL Equivalent 

Test 
Point o--~~-~ ...... -----t ... ,-~ 

C 

.--
~ -=-

Pin Rl R2 

PAO-PA4. PBO-PB7 11 3 k 2 1 k 

80-87, AS-A 15, 
25 k 2 k 

R/W DS AS 

VOO=4.5 V 

C 

50 pF 

130 pF 

CMOS Equivalent 

Test Point 

C=50 pF, PAO-PA4, PBO-PB7 
= 130 pF, AS-A15, 80-87, DS, AS, ~/W 

with VOD = 5 V ± 10% 

92CS-38351 

Fig. 2 - Equi~a/ent test-load circuits, 
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CDP6805E3,CDP6805E3C 

Hum 

1 
;t 

3 
4 

8 
9 

11 
16 

17 
18 

19 
21 

23 
24 

25 

26 
27 
28 

IVLOW=08V, VHIGH=VDD-2V,:VDD=5 ±10% 
Temp=OO to 70°C, CL on Port=50pF, fOSC=5 MHzl 

Address 
Strobe 

Port 
Input -----< 

t-----tPVASL----l~----tASLPX 

Port 
Output 

*The address strobe of the first cycle of the next Instruction as shown In Table 11 

Fig, 3 - I/O port timing waveforms, 

fOSC=1 MHz, 
Charactaristics Symbol VDO=3'V 

50 pF Load 

Min Max 
Cycle Time leye 5000 DC 
t'ulse ¥VIClh, u:s Low PWEL 2800 
Pulse Width, OS High or AD, ii\m, Low PWEH 1800 -
Clock TranSition t ,t - 100 
A/W Hold IRWH 10 -
Non-Muxed Address .!i_old tAH 800 -

A/W Delay from OS Fall tAD - 500 

Non-Muxed Address Delay from AS Alse tADH 0 200 
MPU Aead Data Setup tDSR 200 
Read Data Hold tDHR 0 1000 

MPU Data Delay, Wnte tDDW - 0 
Wnte Dala Hold IDHW 800 -

Muxad Address Delay from AS Alse tBHD 0 250 
Muxad Address Valid to AS Fall tASL 600 -
M uxed Address Hold tAHI 250 750 
Delay OS Fall 10 AS Rise tASD 800 -
Pulse Width AS Hloh PWASH 850 -
Delay, AS Fall to OS Rise tASED 800 -

92CS~38017 

fOSC=5 MHz 
VOO=5 V ± 10,*" 

1 TTL Unrt 
and 130 pF Load 

Min Max 

1000 DC ns 
560 ns 
375 - ns 
- 30 ns 
10 - ns 
100 - ns 
- 300 ns 
0 100 ns 

115 - ns 
0 150 ns 
- 120 ns 
55 - ns 
0 120 ns 
55 - ns 
60 180 ns 
160 - ns 
175 - ns 
160 - ns 
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I\) 

;if 

AS 

OS 

R/W 

A8-A15 

BO-B7 
MPU Wrote 

BO-B7 
MPU Read 

• VHIGH = -2 V. VLOW = 0.5 V for VOO = 3 V 

VH1GH = VOO -2 V. VLOW = 0.8 V for VOO = 5 V ± 10 % 

92CS-38352R 1 

Fig. 4 - Bu .. timing waveform .. 
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ml/llflllllJZVI/TlI!!flIIIIlOl/IZVlllll/1lll!VOlWi :':~177lllL7~ ~ 
RESET toxov 1920 tCYC--------\ n n n n n n n . 
~n __ AS 

DS _____ ...J 

Unmux 

Ad~~~:Sl~us!lJl/lJ77/A( FF ~ FF -X New PCH X X ~ FF X FF x::::::::EL=XNew PCH x::::::= 
MuxBO-B7 ~zz~~zx~ezzz~~xz~~XF=EJc====)[F:Fx:~==~F~or)stcl=nS!t=ru=c~tl~on)c====)(:)=====X:)C===:J~e0~~C=X2ZZ~~)NCe=w=p=C=H)c)(N=ew~P=CjL~)[~==x::x= Address/ Data .t. 

Bus FE FE New PCH New PCL FE FE FE FF Forst Instruction 

R/W maaall \ 'CJ 

OSCillator Waveform 

i=tOL~:}-OH 
OSCl Pin J 

t-------IOLOL 

Crystal Oscillator Connections 

CDP6805E3 

10 Mil 
38~39 

OSC2L--.lnI-------lOSCl 

ICOSC2 I COSCl 

Fig. 5 - Power-on reset and ;;;;i timmg waveforms. 

Crystal Parameters Representative Frequencies 

5 MHz 4 MHz 1 MHz 
RS max 500 750 =1 CO 8 pF 7 pF 5 pF 

Cl 002 pF 0012 pF 0008 pF 
Q 50k 40k 30k 

COSCl 15-30 pF 15-30 pF 15-40 pF 

COSC2 15-25 pF 15-25 pF 15-30 pF 

Crystal ClfCUIt 

L Cl RS 

oCcY 
0~C2 101 O~Cl 

92CS-38353 
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~n __ ----+-- rl+l--+-- n-t-2 +- fl+3-+- -fl+4 -+ rl+5-----+--- n+6---+ n+7 -+---n+8---t---n+9-----t 

AS 

os 

Mux BO~B7 
Address! Data _-J,~"__ __ J'_-J'~_~,, __ ,,_=____''_____' 

Bus 
BO 
RTI 

Op Code 

RWlll/ \ / "I '-

*tOSLIH 

os 
LJnmux 
A8~A-f5 

The Interrupting deVice must release the IRO line WI!t11rl ttliS time iO prevent subsequent recognltlun 01 the same Interrupt 

Fig. 6 - IRQ and TCR7 interrupt timing waveforms. 

---.., ?f Cope Add:, .... r--------~ 
AddressBus-- SP-2 SP-3 SP-4 
M~B~~. X A IT 

-FF 

F6 F7 

92CS-38354 

Int Routine S ~gAddr 

Addressl Data WBII Op Code New PCH New PCL 1st Op Code Int 
Bus ~ Roullne 

R/W 'Til7///llllU ' \ I 

92CS-38355 

Ffg. 7 - Timer Interrupt alter WAIT inatructlon timing wa".forms. 
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Unmux 
A8-A15 

AS 

DS 

Op Code Address 

1J1! Routine 
Starting Addr 

Address Bus --fi t ,I A .,; 'I.' /I "-+f--
MuxBO-B7 Addr+l Add,. 1 5P SP-I SP-2 SP-3 SP-4 

Address/Data PCl PCH X A '--A-.:C~C"-J\~IL __ AJ''-_-'''-./\.4-
Bus Stop Op Code a. ... 

R/VV W" ~''-____________________ ~ 

*: Represents the Internal gating of the 05C1 Input pin 
teye IS one Instruction cycle (for fOSC = 5 MHz, tcyc= 1 #,5) 

Fig. 8 - Interrupt recovery from STOP instructIOn tlmmg waveforms. 

1st Op Code 
Int Routine 

92CS-38356 

(') 0) 
CO 

C 0 en 
"U I 

(/) 
0) CD 
0) :::L 

CD 
0 (/I 

-<11 !i: 
m n ... w 0 

"C ... 
(') 0 n 

CD 
C (/I 

"U ! 
en iii 
0) III 

::J 0 Q. 

<11 !i: m n w g 
(') 0 

3 
"C 
C ... 
CD 
iii 



_________________ 6805-Series Microprocessors and Microcomputers 

CDP6805E3,CDP6805E3C 
FUNCTIONAL PIN DESCRIPTION 

VDD and VSS - VOO and VSS provide power to the 
chip VOO provides power and VSS IS ground 

IRQ (Maskable Interrupt Request! - I RQ IS a level­
senSitive and edge sensitive Input which can be used to re­
quest an Interrupt sequence The MPU completes the cur­
rent InstructIOn before It responds to the request IF IRQ IS 
low and the Interrupt mask bit (I-bltl In the Condition Code 
Register IS clear, the MPU begins an Interrupt sequence at 
the end of the current Instruction The Interrupt Circuit 

recognizes both a "Wire ORed" level as well as pulses on the 
IRQ line Isee Interrupt Section for more detailsl IRQ requires 
an external resistor to VOO for "Wire OR" operation 

RESET - The RESET Input IS not reqUired for startup but 
can be used to reset the MPU's Internal state and provide an 
orderly software start-up procedure Refer to the RESET 
section for a detailed descCiptlon 

TIMER - The TIMER Input IS used for clocking the on­
chip timer Refer to TIMER section for a detailed description 

AS (Address Strobe! - Address Strobe !ASI,s an output 
strobe used to indicate the presence of an address on the 
S-blt multiplexed bus The AS line IS used to demultiplex the 
eight least significant address bits from the data bus A latch 
controlled by Address Strobe should capture addresses on 
the negative edge This output IS capable of d"vlng one stan­
dard TTL load and 130 pF and IS available at fOSC - 5 when 
the MPU IS not In the WAIT or STOP states 

OS (Data Strobe! - This output IS used to transfer data to 
or from a peCipheral or memory OS occurs anytime the MPU 
does a data read or wCite OS also occurs when the MPU 
does a data transfer to or from the MPU's Internal memory 
Refer to Table 2 and Figure 4 for timing characteCistlcs This 
output IS capable of drIVIng one standard TTL load and 

OSCl 

AS 

DS 

R/W 

80-87 
MPU Read -----I Mux. Addr 

130 pF OS IS a continuous signal at fose ~ 5 when the 
MPU IS not In WAIT or STOP state. Some bus cycles are 
redundant reads of op code bytes 

R/W (Read/Write! - The R/W output IS used to indicate 
the direction of data transfer for both Internal memory and 
1/0 registers, and external peripheral devices and memories, 
ThiS output IS used to ,nd,cate to a selected peripheral 
whether the MPU IS gOing to read or wnte data on the next 
Data Strobe (R/W low = processor write: R/W 
high = processor read! The R/Vii output IS capable of driving 
one standard TTL load and 130 pF The normal standby state 
IS Read (hlghl 

A8-A15 (High Order Address Lines) - The A8-A15 
output lines constitute the higher order non-multiplexed 
addresses Each output line IS capable of driving one standard 
TTL load and 130 pF 

BO-B7 (Address/Data Bus) - The BO-B7 bidirectional 
lines constitute the lower order addresses and data, These 
lines are multiplexed, With address present at Address 
Strobe time and data present at Data Strobe time. When In 

the data mode, these lines are bidirectional, transferring data 
to and from memory and peripheral deVices as indicated by 
the R/Vii Pin As outputs In either the data or address 
modes, these lines are capable of driVing one standard TTL 
load and 130 pF 

OSC1, OSC2 - The COP6805E3 provides for two types of 
oscillator inputs - crystal CirCUit or external clock, The two 
OSCillator pinS are used to interface to a crystal circuit, as 
shown In Figure 5 If an external clock is used, it must be 
connected to OSC1 The Input at these pins is divided by five to 
form the cycle rate seen on the AS and OS pins The frequency 
range IS speCified by fOSC The OSC1 to bus transitions 
relationships are prOVided In Figure 9 for system designs using 
oscillators slower than 5 MHz 

80-87 ------~~---------+J_---------------------------3--
MPU Write Mux. Addr MPU Write Data 

• Read data "latched" on DS fall. 

92CS-38023Rl 
Fig. 9 - OSC! to bus transitions timing waveforms. 
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CDP6805E3,. CDP6805E3C 
Crystal - The circuit shown In Figure 5 IS recom­

mended when uSing a crystal The Internal OSCillator IS 
deSigned to Interface with an AT-cut parallel resonant 
quartz crystal resonator In the frequency range 
specified for fOSC In the electrical characteristics 
table. An external CMOS OSCillator IS recommended 
when crystals outSide the speCified ranges are to be 
used. The crystal and components should be mounted 
as close as pOSSible to the Input pins to minimize out­
put distortion and start-up stabilization time 

External Clock - An external clock should be ap­
plied to the OSC1 Input with the OSC2 Input not con­
nected, as shown In Figure 10 

OSCI 39 

05C2 38 
No 

Connection 
INCi 

CDP6805E3 

Fig. 10 - External clock connection. 

Data Direction 
Register A 

Port A 
Register 

Pin 

Data Direction 
Register B 

Port B 
Register 

LI (Load Instruction) - ThiS output IS Usp.d to ,nd,cate that 
a fetch of the next opcode IS In progress LI remains low dur 
Ing an External or Timer Interrupt The LI output IS only used 
for certain debugging and test systems For normal opera­
tions thiS pin IS not connected The LI output IS capable of 
driVing one standard TTL load and 50 pF ThiS Signal 
overlaps Data Strobe 

PAO-PA4 - These five pins constitute Input/Output Port A. 
Each line IS indiVidually programmed to be either an Input or 
output under software control via ItS Data Direction Register as 
shown below An I/O pin IS programmed as an output when the 
corresponding DDR bit IS set to a "1 ", and as an Input when It IS 
set to a "0" In the output mode the bits are latched and appear 
on the corresponding output PinS An MPU read of the port bits 
programmed as outputs reflect the last value written to that 
location When programmed as an Input, the Input data blt(s) 
are not latched An MPU read of the port bits programmed as 
Inputs reflects the current status of the corresponding Input 
pinS The Read/Write port timing IS shown In Figure 3 See 
tYPical 1/0 Port Circuitry In Figure 11 DUring a Power-On 
Reset or external RESET all lines are configured as Inputs 
(zero In Data Direction Register) The latched output data IS not 
initialized by reset The TTL compatible three-state output 
buffers are capable of driVing one standard TTL load and 50 
pF. The DDR IS a read/write register Bits 7-5 of the DDR "A" 
will be always read as "1" and bits 7 -5 of the Port "A" Register 
will be read as "0" 

PBO·PB7 - These eight PinS Interface to Input/Output 
Port B Refer to PAO-PA4 deSCription for details of opera­
tion 

$0004 

$0000 

PA4 PA3 PAl PAl PAD 

$0005 

$0001 

PB7 PB6 PB5 PB4 PB3 PB2 PB 1 PBO 
92CS-38357 
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To 
And 
From 
CPU 

CDP6805E3, CDP6805E3C 

92CS-3802tI 
Fig. 11 - Typica//IO port circuitry. 

TABLE 3 - liD PIN FUNCTIONS 

A/W DDA I I 0 Pin Functions 

T h~) I o pin I~ In Input mode Ddtd IS written 
U 0 

Into ttw output ddta latch 

0 1 
D~ta I~ written Into the output data latch and 
output to trw 110 pm 

1 0 The state of \tle 1/0 pin I~ read 

1 1 
The 110 pm IS If) dn output mode The output 

dale! Idtch h wdd 

MEMORY ADDRESSING 

The CDP6805E3 is capable of addressing 65536 bytes of 
memory and 110 registers The address space is diVided into 
internal memory space and external memory space, as shown 
in Figure 12. 

The Internal memory space IS located Within the first 128 
bytes of memory If,rst half of page zerol and IS compnsed of 
the 1/0 port locations, timer locations, and 112 bytes of 
RAM The MPU can read from or write to any of these loca­
tions A program write to on-Chip locations IS repeated on 
the external bus to permit off-chip memory to duplicate the 
content of on-chip memory Program reads to on-Chip loca­
tions also appear on the external bus, but the MPU accepts 

'data only from the addressed on-Chip location Any read 
data appeanng on the Input bus IS Ignored 

The stack pOinter IS used to address data stored on the 
stack Data IS stored on the stack dunng Interrupts and 
subroutine calls At power up, the stack pOinter IS set to $7F 
and It IS decremented as data IS pushed onto the stack 
When data IS removed from the stack, the stack pOinter IS In­
cremented A maximum of 64 bytes of RAM IS available for 
stack usage Since most programs use only a small part of 
the allotted stack locations for Interrupts andlor subroutine 
stacking purposes, the unused bytes are usable for program 
data storage 

All memory locations above location $OO7F are part of the 
external memory map In addition, ten locations In the 1/0 
portIOn of the lower 128 bytes of memory space, as shown 

In Figure 12, are part of the external memory map. All of the 
external memory space is user definable except the highest 1 0 
locations. Locations $FFF6 to $FFFF of the external address 
space are reserved for interrupt and reset vectors (see Figure 
12). 

REGISTERS 

The CDP6805E3 contains five registers as shown in the 
programming model in Figure 13. The Interrupt stacking order 
IS shown In Figure 14. 

ACCUMULATOR (AI - ThiS Accumulator IS an 8-bIt 
general purpose register used for aflthmetlc calculations and 
data manipulations 

INDEX REGISTER (XI - The X register IS an 8-blt register 
which IS used dUring the Indexed modes of addreSSing. It 
provides an 8-blt operand which IS used to create an effective 
address The Index register IS also used for data manipula­
tions With the Read/Modlfy/Wnte type of instructIOns and 
as a temporary storage register when not performing ad­
dreSSing operations 

PROGRAM COUNTER (PCI - The program counter IS a 
16-bit register that contains the address of the next instruction 
to be executed by the processor. 
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Fig. 12 - Address map. 
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Fig. 13 - Programming model. 
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NOTE Since the Stack POinter decremant5 during pushes, the peL IS 

stacked firs!, followed by PCH, etc Pulling hom the std .... k IS In 

the reverse order 
92CS-38361 

Fig. 14 - Stacking order. 

STACK POINTER (SP) - The stack pOinter IS a 16-blt 
register containing the address of the next free location on the 
stack When accessing memory. the ten most-significant bits 
are permanently set to 000 000 0001 They are appended to 
the SIX least-significant register bits to produce an address 
within the range of $007F to $0040. The stack area of RAM IS 
used to store the return address on subroutine calls and the 
machine state dUring Interrupts DUring external or power-on 
reset. and dUring a "reset stack pOinter" instruction. the stack 
pOinter IS set to ItS upper limit ($007F) Nested Interrupts 
and/ or subroutines may be use up to 64 (deCimal) locations. 
beyond which the stack pOlntel "wraps around" and POints to 
ItS upper limit thereby lOSing the preViously stored information 
A subroutine call occupies two RAM bytes on the stack. wMe 
an Interrupt uses five bytes 

CONDITION CODE REGISTER (CC) -- The condition 
code register IS a 5-blt register In which each bit IS used to in­

dlCdtP. the results of the instruction lust executed These bits 
can be indiVidually tested by a program and speCifiC action 

taken as a result of their state Each of the five bits IS explain­
ed below 

Half Carry Bit (H) - The H-blt IS set to a one when a carry 
occurs betwee~ bits 3 and 4 of the ALU during an ADD or 
ADC instructIOn The H-blt IS useful In Binary Coded Decimal 
addition subroutines. 

Interrupt Mask Bit (I) - When the I-bit is set, both the ex­
ternallnterrupt and the timer Interrupt are disabled. Clearing 
thiS bit enables the above Interrupts. If an interrupt occurs 
while the I-bit IS set, the Interrupt IS latched and will be pro­
cessed when the I-bit IS next cleared. 

Negative Bit (N) - When set. thiS bit indicates that the 
result of the last arithmetiC, logical, or data manipulation was 
negative (bit 7 In the result IS a logical onel. 

Zero Bit (Z) - When set, thiS bit Indicates that the result 
of the last arithmetiC, logical, or data manipulation was zero. 
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Cany Bit (e) - The C-blt IS set when a carry or a borrow 

out of the ALU occurs dUring an arithmetic Instruction The 
C-bit is also modified during bit test, shift, rotate, and branch 
types of instruction. 

RESETS 

The CDP6805E3 has two reset modes' an active low ex­
ternal reset pin (RESET) and a Power-On Reset function, 
refer to Figure 5 

RESET (Pin 11) The RESET Input Pin IS used to reset 
the MPU and prOVide an orderly software start-up pro­
cedure. When uSing the external reset mode, the RESET pin 
must stay low for a minimum of one tcyc The RESET pin IS 
provided with a Schmlll Trigger to Improve ItS nOise ImmUni­
ty capability. 

Power-On R~ - The Power-on Reset occurs when a 
positive transition IS detected on VDD The Power-on Reset 
is used strictly for power turn-on conditIOns and should not 
be used to detect any drops In the power supply voltage 
There is no provision for a power-down reset The power-on 
circuitry prOVides for a 1920 tcyc delay from the time of the 
first oscillator operation. If the external reset pin IS low at the 
end of the 1920 tcyc time out, the processor remains In the 
reset condition. 

Either of the two types of reset conditions causes the 
following to occur: 

Timer control register Interrupt request bit Iblt 71 
IS cleared to a "0" 

Timer control register Interrupt mask bit Iblt 61 IS 
set to a "1". 

All data directIOn register bits are cleared to a "0" 
(inputs) - except Port "A" DDR Bits 7-5. 

Stack pOinter IS set to $007F 
The address bus IS forced to the reset vector 

($FFFE, $FFFF). 
Condition code register Interrupt mask bit Iii IS set to 

a "1". 
STOP and WAIT latches are reset 
External Interrupt latch IS reset 

All other functions, such as other registers Iincluding out­
put ports) the timer, etc, are not cleared by the reset condi­
tions. 

INTERRUPTS 
The CDP6805E3 IS capable of operation With three dlf· 

ferent Interrupts, two hardware (timer Interrupt and external 
Interrupt) and one software ISWII When any of these inter­
rupts occur, normal processing IS suspended at the end of 
the current Instruction execution All of the program 
registers (the machine state) are pushed onto the stack, refer 
to Figure 14 for stacking order The appropriate vector pOint­
Ing to the starting address of the Interrupt service routine IS 
then fetched; refer to Figure 15 for the Interrupt sequence 

The Priority of the various Interrupts from highest to 
lowest IS as follows 

RESET - *- External Interrupt- Timer Interrupt 

TIMER INTERRUPT - If the timer mask bit !TCR6) IS 
cleared, then each time the timer decrements to zero (transl' 
tlons from $01 to $00) an Interrupt request IS generated The 
actual processor Interrupt IS generated only If the Interrupt 

*Any current instruction Including SWI 

mask bit of the condition code register is also cleared. When 
the interrupt is recognized, the current state of the machine is 
pushed onto the stack and the I-bit in the condition code 
register is set. This masks further interrupts until the present 
one is serviced. The processor now vectors to the timer 
interrupt service routine. The address forthis service routine is 
specified by the contents of $FFF8 and $FFF9. The contents of 
$FFF6 and $FFF7 specify the service routine if the processor is 
in the WAIT mode. Also, software must be used to clear the 
timer interrupt request bit (TCR7). At the end of the timer 
interrupt service routine, the software normally executes an 
RTI instruction which restores the machine state and starts 
executing the interrupted program. 

EXTERNAL INTERRUPT - If the Interrupt mask bit of the 
condition code register IS cleared and the external Interrupt 
Pin IRO IS "low," then the external Interrupt occurs The ac­
tion of the external Interrupt IS Identical to the timer Interrupt 
With the exception that the service routine address IS 
speCified by the contents of $FFFA and $FFFB. The interrupt 
logic recognizes both a "wire ORed" level and pulses on the 
external Interrupt line Figure 16 shows both a functional 
diagram and timing for the Interrupt line The timing diagram 
shows two different treatments of the Interrupt line (iROl to 
the processor The first configuration shows many Interrupt 
lines "wlre ORed" to form the Interrupts at the processor 
Thus, If after servIcing an Interrupt the IRO remains low, 
then the next Interrupt IS recognized The second method IS 
single pulses on the Interrupt line spaced far enough apart to 
be service. The minimum time between pulses IS a function 
of the length of the Interrupt service routine. Once a pulse 
occurs, the next pulse should not occur until the MPU 
software has eXited the routine (an RTI occurs). ThiS time 
(tIUL) is obtained by adding 20 InstrucliOn cycles (one cycle 
tcyc=5/fOSC) to the total number of cycles it takes to 
complete the service routine Including the RTI instruction; 
refer to Figure 6. 

SOFTWARE INTERRUPT (SWI) - The software Interrupt 
IS an executable Instruction The action of the SWI Instruc­
tion IS Similar to the hardwaf€ Interrupts The SWI IS ex­
ecuted regardless of the state of the Interrupt mask In the 
condition code register The service routine address IS 
speCified by the contents of memory locations $FFFC and 
$FFFD See Figure 15 for Interrupt and Instruction Process­
ing FlOWChart. 

The follow,ng three functions are not strictly Interrupts, 
however, they are tied very closely to the Interrupts These 
functions are RESET, STOP, WAIT 

RESET - The RESET Input pin and the Internal Power-on 
Reset function each cause the program to vector to an In­
Itialization program ThiS vector IS speCified by the contents 
of memory locations $FFFE and $FFFF The interrupt mask of 
the condition code register IS also set. Refer to RESET 
selection for details 
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Fig. 15 -Interrupt and instruction processing flowchart. 
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(a) Interrupt Functional Diagram 
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~b) Interrupt Mode Diagram 
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Fig. 16 - External interrupt. 

Pulse Condition 

The minimum pulse Width (tILiHI 15 one 

teye The period tlLlL should not be less 
than the number of teye cycles It takes to 
execute the interrupt service routme plus 
20 teye cycles 
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STOP - The STOP InstrucllOn places the CDP6805E3 in a 
low power consumption mode In the STOP function the 
internal oscillator is turned off, causing all Internal processing 
and the timer to be halted; refer to Figure 17, The OS and AS 
lines go to a low state and the R/W line goes to a high state 
The multiplexed addressldata bus goes to the data Input state 
The high order address lines remain at the address of the next 
instruction The MPU remains In the STOP mode until an 
external Interrupt or reset occurs; refer to Figure 8 and 17, 

DUring the STOP mode, timer control register ITCR) bits 6 
and 7 are altered to remove any pending timer Interrupt re­
quests and to disable any further timer Interrupts External 
Interrupts are enabled In the condition code register All 
other registers and memory remain unaltered All 110 lines 
remain unchanged 

Yes 

Stop OSCillator 
And All Clocks 
TCR Bit 7-0 

Bit 6-1 
Clear I Mask 

Fig. 17 - Stop function flowchart. 

WAIT - The WAIT Instruction places the CDP6805E3 In 
a low power consumption mode, but the WAIT mode con-

92C5-38032 
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sumes somewhat more power than the STOP mode; refer to 
Table 1 In the WA IT function, the Internal clock 15 disabled 
from all Internal circuitry except the Timer circuit; refer to 
Figure 18 Thus, all Internal processing IS halted except the 
Timer which IS allowed to count In a normal sequence. The 
R/W line goes to a high state, the multiplexed addressldata 
bus goes to the data Input state, and the OS and AS lines go 
to the low state The high order address lines remain at the 
address of the next Instruction, The MPU remains In thiS 
state until an external Interrupt, timer Interrupt, or a reset oc­
curs, refer to Figures 7 and 18 

DUring the WAIT mode, the I-bit In the condition code 
register IS cleared to enable Interrupts, All other registers, 
memory, and 1/0 lines remain In their last state The timer 
may be enabled to allow a periodiC eXit from the WAIT 
mode If an external and a timer Interrupt occur at the same 
time, the external Interrupt IS serviced first, then, If the timer 
Interrupt request IS not cleared In the external Interrupt 
routine, the normal timer Interrupt Inot the timer WAIT Inter­
rupt) IS serviced since the MCU IS no longer In the WA)T 
mode 

TIMER 
The MPU timer contains a Single 8-blt software program­

mable counter With 7-blt software selectable prescaler. The 
counter may be preset under program control and 
decrements towards zero When the counter decrements to 
zero, the timer Interrupt request bit, Ie, bit 7 of the Timer 
Control Register ITCR) IS set Then If the timer Interrupt IS 
not masked, Ie, bit 6 of the TCR and the I-bit In the Condi­
tion Code Register are both cleared, the processor receives 
an Interrupt After completion of the current instruction, the 
processor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca­
tions $FFF8 and $FFF9 In order to begin servIcing the Interrupt, 
unless It was In locations $FFF6 and $FFF7 the WAIT mode 

The counter continues to count after It reaches zero, 
allOWing the software to determine the number of Internal or 
external Input clocks since the timer Interrupt request bit was 
set The counter may be read at any time by the processor 
Without disturbing the count The contents of the counter 
becomes stable prior to the read portion of a cycle and does 
not change dUring the read The timer Interrupt request bit 
remains set until cleared by the software If thiS happens 
before the timer Interrupt IS serviced, the Interrupt IS lost. 
TCR7 may also be used as a scanned status bit In a non­
Interrupt mode of operation ITCR6= 1) 

The prescaler IS a 7-blt diVider which IS used to extend the 
maximum length of the timer Bit 0, bit I, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which IS used as the counter Input The processor 
cannol write Into or read from the prescaler, however, Its 
contents are cleared to all "O's" by the write operation into 
TCR when bit 3 of the written data equals I, which allows for 
truncation-free counting 

The Timer Input can be conftgured for three different 
operating modes, plus a disable mode depending on the 
value written to the TCR4, TCR5 control bits, Refer to the 
TIMER CONTROL REGISTER section, 

Timer Input Mode 1 - If TCR4 and TCR5 are both pro­
grammed to a "0", the Input to the Timer IS from an internal 
clock and the Timer Input IS disabled. The internal clock 
mode can be used for periodic Interrupt generation, es well 
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Fig. 18 - Wait function lIowchart. 

as a reference In frequency and event measurement The in­
ternal clock IS the Instruction cycle clock and IS cOincident 
with Address Strobe (AS) except dUring a WAIT instruction. 
DUring a WAIT Instruction the AS pm goes to a low state but 
the Internal clock to the Timer continues to run at ItS normal 
rate. 

Timer Input Mode 2 - With TCR4; 1 and TCR5; 0, the 
Internal clock and the TIMER Input pin are ANDed together 
to form the Timer Input signal. ThiS mode can be used to 
measure external pulse Widths The external pulse simply 
turns on the Internal clock for the duration of the pulse. The 
resolution of the count In thiS mode IS ± 1 clock and 
therefore accuracy Improves With longer Input pulse Widths. 

Timer Input Mode 3 - If TCR4= 0 and TCR5 = 1, then all 
Inputs to the Timer are disabled 

Timer Input Mode 4 - If TCR4= 1 and TCR5= 1, the in­
ternal clock Input to the Timer is disabled and the TIMER in­
put Pin becomes the Input to the Timer. The external Timer 
pin can, In thiS mode, be used to count external events 
as well as external frequencies for generating periodiC inter­
rupts. 

Figure 19 shows a block diagram of the Timer subsystem 
Power-on Reset and the STOP Instruction cause the counter 
to be set to $FO 
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Write Read Interrupt 

'~---------------------------r--------------------J/ 
Software Functions 

NOTES 
1 Prescaler and a-bit counter are clocked faIling edge of the Internal clock (AS) or external 

Input 
2 Counter IS wntten to dUring Data Strobe (OS) and counts down continuously 

92CM- 38034R1 

Fig. 19 - Timer block diagram. 

Timer Control Register (TCRI 

76543210 

All bits In this register except bit 3 are Read/Write bits 

TCRl - Timer Interrupt request bit bit used to indicate 
the timer Interrupt when It IS logic" 1" 

1 - Set whenever the counter decrements to zero, or un· 
der progr""l control 

o - Cleared on external reset, power·on reset, STOP In­
struction, or program control 

TCR6 - Timer Interrupt mask bit when this bit IS a logiC 
"1" It Inhibits the timer Interrupt to the processor 

1 - Set on external reset, power-on reset, STOP instruc­
tion, or program control 

o - Cleared under program control 

TCR5 - External or Internal bit selects the Input clock 
source to be either the external timer pin or the Internal 
clock (Unaffected by RESET ) 

1 - Select external clock source 
o - Select Internal clock Source (AS) 

TCR4 - External enable bit control bit used to enable the 
external timer pin (Unaffected by RESET) 

1 - Enable external timer pin 
o - Disable external timer pin 

TCR5 TCR4 mo Internal clock (AS) to Timer 

o 1 AND of Internal clock (ASI and TIMER 
Pin to Timer 

1 0 Inputs to Timer disabled 

1 1 TIMER pin to Timer 

Refer to Figure 19 for LogiC Representation 

TCR3 - Timer Prescaler Reset bit writing a "1" to thiS bit 
resets the prescaler to zero A read of thiS location always In­
dicates a "0 " (Unaffected by RESET ) 

TCR2, TCR1, TCRO - Prescaler address bits decoded to 
select one of eight taps on the prescaler (Unaffected by 
RESET) 

Prescaler 

TCR2 TCRl TCRO Result 
0 0 0 -1 

0 0 1 -2 
0 1 O' -4 
0 1 1 -8 
1 0 0 -16 
1 0 1 ~32 

1 1 0 ~64 

1 1 1 -128 
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INSTRUCTION SET 

The MPU has a set of 61 basIc instructions, They can be 
divided Into five different types: register/memory, 
read/modlfy/wrtte, branch, bit manipulation, and control. 
The following paragraphs briefly explain each type, All the 
instructions within a given type are presented In IndiVidual 
tables, 

REGISTER/MEMORY INSTRUCTIONS - Most of these 
Instructions use two operands, One operand IS either the ac­
cumulator or the Index register. The other operand IS obtain­
ed from memory uSing one of the addressing modes The 
Jump unconditional (JMP) and Jump to subroutine (JSR) in­
structions have no register operand, Refer to Table 4 

READ/MODIFY /WRITE INSTRUCTIONS - These In­
structions read a memory location or a register, modify or 
test ItS contents, and wrtte the rTlodlfled value back to 
memory or to the register The test for negative or zero 
ITSTllnstructlon IS an exception to the read/modlfy/wnte 
sequence since It does not modify the value Refer to 
Table 5 

BRANCH INSTRUCTIONS - ThiS set of instructIOns 
branches If a particular condition IS met, otherwise no opera­
tion IS performed, Branch Instructions are two byte instruc­
tions Refer to Table 6 

BIT MANIPULATION INSTRUCTIONS - The MPU IS 
capable of setting or cleanng any bit which resides In the first 
256 bytes of the memory space, where all port registers, port 
DDRs, timer, timer control, and on-chip RAM reside An ad­
ditional feature allows the software to test and branch on the 
state of any bit Within these 256 locations The bit set, bit 
clear and bit test and branch functions are all Implemented 
With a Single Instructlcn For the test and branch instructions 
the value of the bit tested IS also placed In the carry bit of the 
Condition Code Register Refer to Table 7 for 'nstructlon cy­
cle timing 

CONTROL INSTRUCTIONS - These Instructions are 
register reference instructions and are used to control pro­
cessor operation dunng program execution Refer to Table S 
for instruction cycle timing 

ALPHABETICAL LISTING - The complete instruction set 
IS given In alphabetical order In Table 9 

OPCODE MAP SUMMARY - Table 10 IS an opcode map 
for the instructions used on the MCU 

ADDRESSING MODES 
The MPU uses ten different addreSSing modes to give the 

programmer an opportuntty to optimize the code to all situa­
tions The various Indexed addreSSing modes make It POSSI­
ble to locate data tables, code conversion tables and scaling 
tables anywhere In the memory space Short Indexed ac­
cesses are Single byte instructions, while the longest Instruc­
tions (three bytes) permit tables throughout memory Short 
and long absolute addreSSing IS also Included Two byte 

direct addreSSing instructions access all data bytes In most 
applications, Extended addreSSing permits lump Instructions 
to reach all memory, Table 9 shows the addreSSing modes 
for each Instruction, With the effects each instruction has on 
the Condition Code Register, An opcode map IS shown In 
Table 10, 

The term "Effective Address" or EA IS tlsed In descnblng 
the vanous addreSSing modes, which IS defined as the ad­
dress to or from which the argument for an instruction IS fet­
ched or stored, The ten addreSSing modes of the processor 
are descnbed below, Parentheses are used to indicate "con­
tents of ," an arrow Indicates "IS replaced by" and a colon In­
dicates concatenation of two bytes 

Inherent - In Inherent Instructions all the information 
necessary to execute the Instruction IS contained In the op­
code Operations speCifYing only the Index register or ac­
cumulator, and no other arguments, are Included In thiS 
mode 

Immediate - In Immediate addreSSing, the operand IS 
contained In the byte Immediately follOWing the opcode Im­
mediate addreSSing IS used to access constants which do not 
change dunng program execution (e,g , a constant used to 
initialize a loop counted 

EA=PC+l, PC-PC+2 

Direct - In the direct addreSSing mode, the effective ad­
dress of the argument IS contained In a Single byte follOWing 
the opcode byte Direct addreSSing allows the user to direct­
ly address the lowest 256 bytes In memory With a Single two 
byte InstrUCtion, ThiS Includes all on-cnlp RAM and I/O 
registers and up to 128 bytes of off-chip ROM Direct ad­
dreSSing IS effiCient In both memory and speed 

EA=(PC+1I, PC-PC+2 
Address Sus High-a, Address Bus Low-IPC+ 11 

Extended - In the extended addreSSing mode, the effect­
Ive address of the argument IS contained In the two bytes 
follOWing the opcode Instructions With extended addreSSing 
modes are capable of referenCing arguments anywhere In 
memory With a Single three byte instruction 

EA=(PC+l) (PC+2), PC-PC+3 
Address Bus H,gh-(PC+l), Address Bus Low-(PC+21 

Indexed, No-Offset - In the Indexed, no offset addreSSing 
mode, the effective address of the argument IS contained In 
the S-blt Index register Thus, thiS addreSSing mode can ac­
cess the first 256 memory locations These instructions are 
only one byte long ThiS mode IS used to move a pOinter 
through a table or to address a frequently referenced RAM or 
I/O location 

EA=X, PC-PC+l 
Address Bus High-a, Address Bus Low-X 
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Function Mnemonic 

Load A from Memory LOA 

Load X from Memory LOX 

Store A In Memory STA 

Store X In Memory STX 

Add Memory to A ADD 
Add Memory ~nd 

AOC 
Carry 10 A 

Subtract Memory SUB 

Subtract Memory from 
SBC A with Borrow 

AND Memory 10 A AND 

OR Memory with A ORA 

Exclusive OR Memory 
EOR 

with A 

Arithmetic Compare A 
CMP 

with Memory 

Arithmetic Compare X 
CPX with Memory 

Bit Test Memory with 
BIT 

A (Logical Compare) 

Jump Unconditional JMP 

Jump to Subroutine JSR 

Function 

Increment 

Decrement 

Clear 

Complement 

Negate 
12'5 Complement) 

Rotate Left Thru Carry 

Rotate Right Thru 
Carry 

Logical Shift Lell 

Logical Shill Right 

Anthmetlc Shift Right 

Test for Negative 
or Zero 

TABLE 4 - REGISTER/MEMORY INSTRUCTIONS 

Addressing Modes 

Immediate Direct Extended 
Indexed Indexed Indexed 

(No Offset) (8-B~ Offset) (16-B~ Offset) 

Op # # Op , # Op # # Op , I Op I I Op I , 
Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 06 3 5 

AE 2 2 BE 2 I 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5 

- - - B7 2 4 C7 3 5 F7 1 4 E7 2 5 07 3 6 
- - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 OF 3 6 

AB 2 ' 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5 

A9 2 2 B9 2 3 C9 3 4 F9 1 3 E9 2 4 09 3 5 

AO 2 2 BO 2 3 CO 3 4 FO 1 3 EO 2 4 DO 3 5 

A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 02 3 5 

A4 2 2 B4 2 3 C4 3 4 F4 1 3 E4 2 4 04 3 5 

AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 OA 3 5 

A8 2 2 B8 2 3 C8 3 4 F8 1 3 E8 2 4 08 3 5 

Al 2 2 Bl 2 3 Cl 3 4 Fl 1 3 El 2 4 01 3 5 

A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 03 3 5 
0) 

A5 2 2 B5 2 3 C5 3 4 F5 1 3 E5 2 4 05 3 5 
CD 
CI 
OJ 

- - - BC 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4 I en 
- - - BD 2 5 CD 3 6 FD 1 5 ED 2 6 DO 3 7 

TABLE 5 - READ/MODIFY/WRITE INSTRUCTIONS 

CD 
0 :L 

CD C In 
Addressing Modes I 

Inherent (A) Inherent IX) Direct 
Indexed Indexed I 

INo Offset) (8-Blt Offset) I 
Op # # Op # # Op # # Op # # Op # # 

MnemOniC Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

"U i: 
en c;-
eo ;; 

" 0 ;; (II n 
INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6 

DEC 4A 1 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6 i 
CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6 ' 

COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6 I 

NEG 40 1 3 50 1 3 30 2 5 70 1 5 60 2 6 

m CD 
In 

W In 
0 
iil 

0 III 
::I C Co 

ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6 .-f----t--
ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6 

"U i: 
en c;-
eo ;; 

LSL 46 1 3 b8 1 3 38 2 5 78 1 5 66 2 6 

LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6 

ASR 47 1 3 57 1 3 37 2 5 17 1 5 67 2 6 

TST 4D 1 3 50 1 3 3D 2 4 70 1 4 60 2 5 I 

0 n 
0 

(II 3 m " c: W -CD 
0 iil 

I 
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CDP6805E3, CDP6805E3C 
TABLE 6 - BRANCH INSTRUCTIONS 

Relative Addressing Mode 

Function Mnemonic 
Op # , 

Code Bytes Cycles 

Branch Always BRA 20 2 3 

Branch Never BAN 21 2 3 

Branch IFF Higher BHI 22 2 3 

Branch IFF Lower or Same BLS 23 2 3 

Branch IFF Carry Clear BCC 24 2 3 

IBranch IFF Higher or Samel IBHSI 24 2 3 

Branch IFF Carry Set BCS 25 2 3 

IBranch IFF lowerl IBlOI 25 2 3 

Branch IFF Not Equal BNE 26 2 3 

Branch IFF Equal BEQ 27 2 3 

Branch IFF Half Carry Clear BHCC 28 2 3 

Branch IFF Half Carry Set BHCS 29 2 3 

Branch IFF Plus BPl 2A 2 3 

Branch IFF Minus BMI 2B 2 3 

Branch IFF Interrupt Mask Bit IS Clear BMC 2C 2 3 

Branch I FF Interrupt M3Sk Bit IS Set BMS 2D 2 3 

~~ IFF Interrupt Line IS Low Bil 2E 2 3 

Branch I FF Interrupt Line IS High BIH 2F 2 3 

Branch to Subroutine BSA AD 2 6 

TABLE 7 - BIT MANIPULATION INSTRUCTIONS 

Addressing Modes 

I Brt Setl Clear B~ Test and Branch 

Function Mnemonic Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles 

Branch I FF Bit n IS Set BRSETnln~O 71 - - - 2-n 3 5 
Branch IFF Bit n IS Clear BAClR n In~O 71 - - - 01 + 2-n 3 5 

Set Bit n BSET,n In=O 71 10+ 2-n 2 5 - - -

Clear Bit n BClA n In=O 71 11 + 2-n 2 5 - - -

TABLE 8 - CONTROL INSTRUCTIONS 

Inherent 

Function Mnemonic 
Op # # 

Code Bytes Cycles 

Transfer A to X TAX 97 1 2 

Transfer X to A TXA 9F 1 2 

Set Carry Bit SEC 99 1 2 

Clear Carry Bit CLC 9B 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear I'lterrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 10 

Return from Subroutine ATS 81 1 6 
Return from Interrupt ATI 80 1 9 

Reset Stack POinter RSP 9C 1 2 

No-Operation NOP 9D 1 2 

Stop STOP 8E 1 2 

Walt WAIT 8F 1 2 
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Mnemonic Inherent Immediate 

ADC X 
A x 
AND X 
ASl X 
ASR X 
BCC 

BClA 
BCS 
BEO 

BHCC 
BHCS 
BHI 
BHS 
BIH 
Bil 
BIT X 
BlD 
BlS 
BMC 
BMI 
BMS 
BNE 
BPl 
BAA 
BAN 

BRClR 
BRSH 
BSH 
BSR 
ClC X 
CLI X 
ClR X 
CMP X 
COM X 
CPX X 
DEC X 
EOR X 
INC X 
JMP 
JSR 
lOA X 
lOX X 
lSl X 
lSR X 
NEG X 
Nap X 
OAA X 
ROl X 
ROR X 
ASP X 
RTI X 
ATS X 
SBC X 
SEC X 
SEI X 
STA 

STOP X 
STX 
SUB X 
SWI X 
TAX X 
TST X 
TXA X 

WAIT X 

Condlllon Code Symbols 

H Half Carry (From Bll 3) 
I Interrupt Mask 
N Negative (Sign Bit) 
Z Zero 
C Carry/Borrow 

Direct 

X 
x 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

CDP6805E3, CDP6805E3C 
TABLE 9 -INSTRUCTION SET 

Addreosing Mod .. 

Indexed Indexed 
Extended Relative (No Offaat) (8 Bits) 

X X X 
x X X 
X X X 

X X 
X X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X 
X X X 

X X 
X X X 

X X 
X X X 

X X 
X X X 
X X X 
X X X 
X X X 

X X 
X X 
X X 

X X X 
X X 
X X 

X X X 

X X X 

X X X 
X X X 

X X 

A Test and Set II True Cleared OtherWise 
• Not Affected 

load CC Register From Stack 
Cleared 
Set 

Indexed 
116 Bits) 

X 
X 
X 

X 

X 

X 

X 

X 
X 
X 
X 

X 

X 

X 

X 
X 

Condition Codes 

Bit Bit 
Setl Test & H N Z C 
Clear Branch 

A A A A 
.1\ 

A A • 
A A A 
A A A 

• • 
X • • • • • • • • • • • • • • • • • • 

A A 

:~ 7-

X 
X A 

X • • 
0 

0 • • 0 I • • " A A 

• A A I 

• A A A 

• A A • • A A • • A A • • • • • • • • • • A A • 
• A 

A • 

• A A A 

• 0 A A . . 1\ 1\ 

• • • • • A A • 
• 1\ 

1\ 1\ 

• A A A 

• • • • 
• • • • • A A A 

• • • I 
I • • • • " A • 
0 • • • • A A • • A A A 
I • • • • • • .. • • A A • • • • • u • • • 
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N 
CD 
011 

Bit Mlnioulltion Branch 
BTB -'IS!: R 

~' Low ~ ,ri" ..;;. 
5 5 3 

~ BRSEJ~B I 2 BSE~~e . 2 BRAREL 

5 5 3 , BRClRO BCl~~e 2 BRNREL 
00)' BTB 

5 5 3 
2 BRSEJiR BSE11r I, BHIRF< 

0010 
5 5 3 

3 
3BRCl:T'B BCl~~r , BlSRF< 

00" 
5 5 3 

4 BRSET2 BSE~~r I, BCCRF< 
0100 3 BTB 

5 5 3 

D'~' BRCl:;. BCl~C 2 BCSRB. 

5 5 3 
6 BRSW. BSE~~e 2 BNEREL 0110 

5 5 3 
7 BRCl:iB BCl~~e BEQREL 

0111 
5 5 3 

B 
13BRSEJ;'. I 2 BSE~~e BHC~EL 

100) 
5 5 3 

9 
3BRCL:;'. I ,BCl~~e BHC~F< 

1001 
5 5 3 

,tiD 13BRSEJf. i2BS~ ~ BPlREL 
5 5 3 

B 
3BRCl:iB 2 BCL~~e BMI 

1011 2 R' 

I 3BRSEJ~: 
5 3 

,foo 2 BSE~~e BMC 
2 REL 

5 5 3 
0 I,BRClR~R I ,BCl~~r BM~EL ", 5 5 3 

l1~n I,BRSEJIR ,BSET~c 2 
Bil 

REL 
5 5 3 

F BRClR7 BClR7 BIH 
1111 3 BTB 2 BSe 2 REL 

AbblllViationl for Addreu Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IXI 
IX2 

Inherent 
ImmedIate 
Direct 
Extended 
RelatIve 
BIt Set! Clear 
Bit Test and Branch 
Indexed (No Offsell 
Indexed. I Byte (8-B,1l Offset 
Indexed. 2 Byte I18-Bltl Offset 
CMOS Versions Onlv 

R 
~, 

5 

I 2 NEGDIR , 

5 
. , COMnlR , 

5 

LSRf)lR , 

5 

2 RO~'R , 
5 

2 ASR 
DIR , 

5 

2 lSlDIR , 
5 

ROl 
2 DIR , 

5 
2 DEC 

DIR , 

5 
INC 

2 0," , 
4 

2 TSTDIR , 

5 
ClR 

2 O1R , 

TABLE 10 - CDP6805E3 INSTRUCTION SET OPCODE MAP 

ReadlModofylWnle Control Register I Memory 
A INH{XI IXI IX INH I H IMM DIR EXT 1X2 X, IX 

.:'00 .;'., .~. 7 ,~ ,~, ,t; B ,f.. 0 E F HI~W 

" 
,,, " , 1110 1111 

3 3 6 5 9 2 J 4 5 4 3 
NEGA NEGX NEG NEG 

IX, " 

RTI SuB SUB SUB SuB SUB SUB ck I INH , ONH '" I ,NH 'MM DIR J EXT J Ix2 2 ox, ,x 
6 2 J 4 5 4 J 

RTS CMP CMP CMP CMP CMP CMP 1 , ONH 2 'MM 2 DIR J U' J ,)<.2 2 ," x 000' 
2 J 4 5 4 3 

SBC SBC SBC SBC SBC SBC 2 
2 IMM 2 DIP J "T J 1~,2 2 ox, , 

" 0010 
3 3 6 5 '0 J 4 5 4 3 

COMA COMX COM COM SWI CPX CPX CPX CPX CPX CPX 3 
INH , INH 2 OX, , ox , ,NH 2 'MM 2 DIP J t, T 3 "2 2 ,x 1 ,x :lJ" 

J J 6 5 2 J 4 5 , J 
lSRA lSRX lSR lSR AND AND AND AND AND AND 4 

INH , INH 2 OX, , ox 2 IMM 2 DIR J EXT J '.2 2 ," 'x 0100 
2 J , 5 4 J 

12 BIT BIT BIT BIT BIT BIT 5 
IMM 2 OIR ExT ,x2 2 ," , 'x :11 

3 3 6 5 2 J 4 5 , 3 
RORA RORX ROR ROR lOA lDA lOA lDA lOA lOA 6 

INH , INH ox, , IX 2 ,MM 2 D'R J EXT J "2 2 ," x '-:"C 
3 J 6 5 2 , 5 6 5 4 

ASRA ASRX ASR ASR TAX STA STA STA STA STA 7 
INH , INH 2 OX, , 

" 
, INH 2 D,R 3 EXT J 'Xl 2 ," , x '" 3 3 6 5 2 2 ] , 5 , 3 

lSlA lSlX lSl lSl ClC LL EOR EOR EOR EOR EOR EOR B 
INH , INH 2 OX, , IX , INH IMM 2 D'R J EXT J "2 2 ," x XI:; 

3 3 6 5 2 2 J 4 5 , 3 
ROlA ROlX ROl ROl SEC ADC ADC ADC ADC ADC ADC 9 

INH , INH 2 IX' , 
" , INH 2 IMM 2 DIR 3 EXl 3 "2 2 ox, , x ':x' 

3 3 6 5 2 2 , , 
DECA DECX DEC DEC CLI ORA ORA ORA ORA ORA ORA A 

INH , INH 2 OX, , 
" 

, ONH 2 IMM 2 DIR J ExT J ,x2 2 ox, , x , , 
2 2 3 , , 

SEI ADD ADD ADD ADD ADD ADD B , INH 2 IMM 2 DIR J EXT J ,Xl 2 ," 'x 
3 J 6 5 2 2 1 4 J 

INCA INCX INC INC RSP JMP JMP JMP JMP JMP C 
'NH , INH 2 IX' , 

" 
, INH 2 DIR J EXT J "2 2 ox, , , X 

3 3 5 4 2 6 5 6 , 
TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR 0 

INH , INH 2 IX' , 
" 

, INH 2 REL 2 DIR J EXT J ,x2 2 'Xl , , "':;1 

2 2 
lOX ' 

, J 
STOP lOX lDX lOX lOX lOX E , INH 2 IMM 2 D,R J EXl J 'Xl 2 ox, , 

" 
"I L 

3 J 6 5 2 2 4 6 5 4 
ClRA ClRX ClR ClR WAIT TXA STX STX STX STX , STX , F 

INH , INH 2 IX' , IX , INH , INH 2 OIR J EXl 3 'Xl 2 ox, 
'--------

LEGEND 

r-F::;;;::::~------~ Opcode In Hexadecimal F ~ ~ 

Mne~~~~ ~:- y;x~ CXXXl ;.:1 
Opcode In BInary 

, of Cycles ------- " Address Mode 

o 
C 
"tJ 
CJ) 
CO o 

. CIt 
m 
(,) 

o 
C 
"tJ 
CJ) 
CO o 
U1 
m 
(,) 

o 

0) 
CIII 
CI en 
I en 

CD .. :-
3: 
n a 
'g 

i 
iii 
I» 
:::J 
a. 
3: 
n 
g 
o 
3 
'g 
c 
CD 
iii 
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Indelled, 8-bit Offset - Here the EA IS obtained by adding 
the contents of the byte follOWing the opcode to that of the 
Index register The operand IS therefore located anywhere 
within the lowest 511 memory locations, For example, this 
mode of addreSSing IS useful for selectln\! the m-th element In 
an n element table All Instructions are two bytes The con­
tents of the Index register IXI IS not changed The contents 
of IPC+ 11 IS an unsigned 8-bIt Integer One byte offset in­
dexing permits look-up tables to be easily accessed In either 
RAM or ROM 

EA=X+IPC+11, PC-PC+2 
Address Bus Hlgh- K, Address Bus Low- X + IPC .. 1) 
Where K = The carry from the additIOn of X + IPC + 1) 

Indelled, 16-Bit Offset - In the Indexed, 16-blt offset ad­
dressing mode the effective address IS the sum of the con­
tents of the unsigned 8-bIt Index register and the two un­
signed bytes follOWing the opcode ThiS addreSSing mode 
can be used In a manner similar to Indexed 8-blt offset, ex­
cept that thiS three byte Instruction allows tables to be 
anywhere In memory Ie g , Jump tables In ROMI The con­
tent of the Index register IS not changed 

EA= X + IIPC + 1) IPC+ 211. PC- PC + 3 
Address Bus Hlgh-IPC+ 1)+ K, 
Address Bus Low-X+IPC+2) 

Where K = The carry from the additIOn of X + (PC + 2) 

Relative - Relative addreSSing IS only used In branch in­
structions In relative addreSSing the contents of the 8-blt 
signed byte follOWing the opcode (the offset) IS added to the 
PC If and only If the branc.h conditIOn IS true OtherWise, 
control proceeds to the next instruction The span of relative 
addreSSing IS limited to the range of - 126 to + 129 bytes 
from the branch Instruction opcode location 

A8-A15 

CDP6805E3 
CMOS 

Microprocessor 

CDP6805E3, CDP6805E3C 
EA= PC+ 2+ IPC+ 1), PC-EA If branch taken, 

otherWise PC - PC + 2 

Bit Set! Clear - Direct addreSSing and bit addreSSing are 
combined In Instructions which set and clear IndiVidual 
memory and 1/ 0 bits In the bit set and clear instructions, the 
byte IS specified as a direct address In the location follOWing 
the opcode The first 256 addressable locations are thus ac­
cessed The bit to be modified Within that byte IS specified 
With three bits of the opcode The bit set and clear instruc­
tIOns occupy two bytes, one for the opcode Ilncludlng the bit 
number) and the secQnd to address the byte which contains 
the bit of Interest 

EA=IPC+1I, PC-PC+2 
Addres~ Bus Hlgh-D, Address Bus Low-IPC+ 11 

Bit Test and Branch - Bit test and branch IS a combina-
tion of direct addreSSing, bit addreSSing and relative address- III 
Ing The bit address and cond'1ion Iset or clear! to be tested 
IS part of the opcode The address of the byte to be tested IS 
In the single byte Immediately follOWing the opcode byte 
lEA 1) The signed relativeS-bit offset IS In the third byte IEA21 and 
IS added to the PC If the specified bit IS set or clear In the 
specified memory location ThiS Single three byte instruction 
allows the program to branch based on the condition of any 
bit In the first 256 locations of memory 

EA1 = IPC+ 1) 
Address Bus Hlgh-D, Address Bus Low-IPC+ 11 
EA2= PC + 3+ IPC + 21, PC-EA2 If branch taken, 

otherWise PC- PC + 3 

SYSTEM CONFIGURATION 
Figures 2D through 25 show In general terms how the 

CDP68D5E3 bus structure may be utilized, Specified Interface 
details vary With the various peripheral and memory deVices 
employed 

1 vplcal CMOS 
Penpheral 

ADO-AD7 

Address Strobe 
AS 

Dala Strobe 
OS 

A/W 
Read/Write A/IN 

iiiCi 
Interrupt 

iiiCi 
ascI .!19~H!... CKOUT 

AESET RESET 

92CS-38362 

Fig. 20 - Connection to CMOS pe,lphe,a/s. 
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CDP6805E3, CDP6805E3C 

CDP6805E3 

A8-A15 

80-87 

ASr--___ A..:d:..:d'-re:..:s:..:s...;S;..t'-ro:..:b:.:e'-_~ M 

DS Data Strobe G 

R/Vi Read/Write W 

CMOS 
Multiplexed 

Memory 

CDP65516 

Fig. 21 - Connection to CMOS multiplexed memories. 

92CS-38363 

A8-A15 

CDP6805E3 Peripherals 

AS 

DSr--___ ~D~a~ta~S~tr~ob~e~ ___ ~ 

R /w r--___ "'R"'e"'ad"','-" W=rI-"te'--___ ~R (Vi 

IRO Interrupt IRO 

RESET RESET 

NOTE In some cases, pullup resistors or other level 

Shlftlr"lg techniques may be required on signals 

gOing from N MaS to CMOS parts 

Fig. 22 - Connection to peripherals. 

92CS-38364 
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CDP6805E3, CDP6805E3C 

CDP6805E3 

A8-A15 

AddressiData Bus 

1-------, 

Readl 

CMOS 
Non-Muxed 

ROM or 
EPRDM 

R/W Write Read 
Data Strobe 1-----1 S 

DSr----~ ___ ~ 

Address 
AS Strobe 

Chip 

Enable E 

Fig. 23 - Connection to latch non-multiplexed CMOS RDM or EPROM. 

CDP6805E3 
CMOS 

Microprocessor 

A8-A15 

DS~~--------~--~ 

Read"/ 

R/W Wrtte 

Fig. 24 - Connection to static CMOS RAMs. 

CMOS 
Static 
RAMs 

92C5-38385 

92C5-38387 
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CDP6805E3,CDP6805E3C 

Address/ Data Bus 

CDP6B05E3 

AB-A15 

Data 
Strobe 

DS 1----_.-.001 

Readl 
Wnte 

A/Vii t--------f 
Address 

AS Strobe 

Data 00-07 

Chip 

CMOS 
AO-A7 Non Mu.ed 

RAM 

A8 

~ _________ E_n_a_bl_e~E 

92C5-38366 

Fig. 25 - Connection to latched non-multiplexed CMOS RAM. 
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CDP6805E3,CDP6805E3C 
Table 11 provides a detailed description of the Information 

present on the Bus. the Read/Wnte (R/W) Pin and the Load 
Instruction (LI) Pin dUring each cycle for each instruction. 

pected results dUring debug of both software and hardware 
as the control program is executed. The information is 
categorized In groups according to addressing mode and 
number of cycles per Instruction. ThiS Information IS useful In comparing actual with ex-

TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION 

Address Mode 
Cycles Cycle # Address Bus 

RIW LI Date Bua 
Instructions Pin Pin 

Inherent 

LSR LSL 
ASR NEG 1 Op Code Address 1 1 Op Code 
CLR ROL 3 2 Op Code Address + 1 1 0 Op Code Next Instruction 
COM ROR 3 Op Code Address + 1 1 0 Op Code Next Instruction 
DEC INC TST 

TAX CLC SEC 
1 Op Code Address 1 1 Op Code 

STOP CLI SEI 2 
RSP WAIT NOP TXA 2 Op Code Address + 1 1 0 Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

RTS 6 3 Stack POinter 1 0 I rrelevant Data 
4 Stack POinter + 1 1 0 I rrelevant Data 
5 Stack POinter + 2 1 0 Irrelevant Data 
6 New Op Code Address 1 0 New Op Code 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Stack POinter 0 0 Return Address (LO By tel 
4 Stack POinter - 1 0 0 Return Address (HI Byte) 

SWI 10 
5 Stack POinter - 2 0 0 Contents of Index Register 
6 Stack POinter - 3 0 0 Contents of Accumulator 
7 Stack POinter - 4 0 0 Contents of CC Register 
8 Vector Address FFFC (Hex) 1 0 Address of Int Routine (HI Byte) 
9 Vector Address FFFD (Hex) 1 0 Address of Int. Routine (LO Byte 
10 Interrupt Routine Starting Address 1 0 Interrupt Routine Fllst Opcode 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Stack POinter 1 0 Irrelevant Date 
4 Stack POinter + 1 1 0 Irrelevant Date 

RT! 9 5 Stack POinter + 2 1 0 Irrelevant Data 
6 Stack POinter + 3 , 0 Irrelevant Data 
7 Stack POinter + 4 1 0 Irrelevant Data 
8 Stack POinter + 5 1 0 Irrelevant Data 
9 New Op Code Address , 0 New Op Code 

Immediate 

ADC EOR CPX 
ADD LDA LDX 

2 
, Op Code Address , 1 OpCode 

AND ORA BIT 2 Op Code Address + 1 , 0 Operand Data 
SBC CM8 SUB 

Bit Setl Clear , Op Code Address , , Op Code 

BSET n 
2 Op Code Address +' , 0 Address of Operand 

5 3 Address of Operand , 0 Operand Date 
BCLR n 4 Address of Operand , 0 Operand Date 

5 Address of Operand 0 0 Manipulated Date 

Bit Test and Branch , Op Code Address , 1 Op Code 

BRSET n 
2 Op Code Address +' , 0 Address of Operand 

5 3 Address of Operand , 0 Operand Date 
BRCLR n 4 Op Code Adpress + 2 , 0 Branch Offset 

5 Op Code Address + 2 , 0 Branch Offset 

Relative 

BCC BHI BNE BEO , Op Code Address , 1 Op Code BCS BPL BHCC BLS 
BIL BMC BRN BHCS 

3 2 Op Code Address +' 1 0 Branch Offset 

BIH BMI BMS BRA 3 Op Code Address +' , 0 Branch Offset , Op Code Address , 1 OpCode 
2 Op Code Address + 1 , 0 Branch Offset 

BSR 6 3 Op Code Address + 1 1 0 Branch Offset 
4 Subroutine Starting Address , 0 Fllst SubrOUline Op Code 
5 Stack POinter 0 0 Return Address (LO Bytel 
6 Stack POinter -, 0 0 Return Address (HI Bytel 
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CDP6805E3,CDP6805E3C 
TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

~Mode 
I Cydea Cycles , Add ..... Bus R/W LI Data BUI lI18Iruc:tiona Pin Pin 

Direct 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Jump Address 

ADC EOA CPX 
1 Op Code Address 1 1 Op Code ADD LOA LOX 

AND ORA BIT 3 2 Op Code Address + 1 1 0 Address of Operand 

SBC CMP SUB 3 Address of Operand 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

TST 4 
2 Op Code Address + 1 1 0 Address of Operand 
3 Address of Operand 1 0 Operand Data 
4 Op Code Address + 2 1 0 Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
STA 

4 2 Op Code Adrress + 1 1 0 Address of Operand 
STX 3 Op Code Address + 1 1 0 Address of Operand 

4 Address of Operand 0 0 Operand Data 

LSL LSA DEC. 
1 Op Code Address 1 1 Op Code 

ASA NEG INC 2 Op Code Address + 1 1 0 Address of Operand 

CLA ROL 5 3 Operand Address 1 0 Current Operand Data 

COM ROA 4 Operand Address 1 0 Current Operand Data 
5 Operand Address 0 0 New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Subroutine Address (LO By tel 

JSA 5 3 Subroutine Starting Address 1 0 1 st Subroutine Op Code 
4 Stack Pomter 0 0 Return Address (LO By tel 
5 Stack Pomter - 1 0 0 Return Address (HI By tel 

Extended 

1 Op Code Address 1 1 Op Code 
JMP 3 2 Op Code Address + 1 1 0 Jump Address (HI By tel 

3 Op Code Address + 2 1 0 Jump Address (LO By tel 

ADC BIT ORA 1 Op Code Address 1 1 Op Code 
ADD CMP LOX 

4 
2 Op Code Address + 1 1 0 Address Operand IHI By tel 

AND EOA SBC 3 Op Code Address + 2 1 0 Address Operand (LO By tel 
CPX LOA SUB 4 Address of Operand 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

STA 2 Op Code Address + 1 1 0 Address of Operand (HI Byte) 

STX 5 3 Op Code Address + 2 1 0 Address of Operand (LO Byte) 
4 Op Code Address + 2 1 0 Address of Operand (LO Byte) 
5 Address of Operand 0 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Address of Subroutine (HI Byte) 

JSR 6 
3 Op Code Address + 2 1 0 Address of Subroutine (LO Byte) 
4 Subroutine Starting Address 1 0 1 st Subroutine Op Code 
5 Stack POinter 0 0 Retuln Address (LO Byte) 
6 Stack POinter - 1 0 0 Return Address (HI By tel 

Indexed, No-Offset 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address ; 1 1 0 Op Code Next Instruction 

ADC EOR CPX 
1 Op Code Address 1 1 Op Code ADD LOA LOX 

AND ORA BIT 3 2 Op Code A~dress + 1 1 0 Op Code Next Instruction 

SBC CMP SUB 
3 [ndell. Register 1 0 Operand Data 

1 Op Code Address 1 ) Op Code 

TST 4 2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Index Register 1 0 Operand Data 
4 Op Code Address + 1 1 a Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
STA 

4 2 Op Code Address + 1 1 0 Op Code Next Instruction 
STX 3 Op Code Address + 1 1 0 Op Code Next Instruction 

4 Index Register 0 0 Operand Data 

LSL LSA DEC 
1 Op Code Address 1 1 Op Code 

ASR NEG INC 2 Op Code Address + 1 1 0 Op Code Next Instruction 

CLA ROL 5 3 Index Register 1 0 Current Operand Data 

COM ROR 4 Index Register 1 0 Current Operand Datd 
5 Index Register 0 0 New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

JSR 5 3 Index Register 1 0 1st Subroutine Op Code 
4 Stack POinter 0 0 Return Address 11.0 By tel 
5 Stack POinter - 1 0 0 Return Address {HI By tel 
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CDP6805E3, CDP6805E3C 
TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUED) 

AddreuMode 
Cycles Cycles , AddreuBua R/W LI 

0II1II Bue In.ructlon. Pin Pin 
Indexed 8-Bit Offoet 

1 Op Code Address 1 1 Op Code 
JMP 3 2 Op Code Address + 1 1 a Offset 

3 Op Code !,-ddress + 1 1 a Offset 

ADC EOR CPX 1 Op Code Address 1 1 Op Code 
ADD LOA LOX 

4 
2 Op Code Address + 1 1 a Offset 

AND ORA CMP 3 Op Code Address + 1 1 a Offset 
SUB BIT SBC 4 Index Register + Offset 1 a Operand Data 

1 Op Code Address 1 1 Op Code 

STA 
2 Op Code Address + 1 1 a Offset 

STX 5 3 Op Code Address + 1 1 a Offset 
4 Op Code Address + 1 1 a Offset 
5 Index Register + Offset a a Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Offset 

TST 5 3 Op Code Address + 1 1 a Offset 
4 Index Register + Offset 1 a Operand Data 
5 Op Code Address + 2 1 a Op Code Next Instruction 

LSL LSR 1 Op Code Address 1 1 Op Code 

ASR NEG 2 Op Code Address + 1 1 a Offset 

CLR ROL 6 3 Op Code Address + 1 1 a Offset 

COM ROR 
4 Index Register + Offset 1 a Current Operand Data 

DEC INC 
5 Irdex Register + Offset 1 a Current Operand Data 
6 Index Register + Offset a a New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Offset 

JSR 6 
3 Op Code Address + 1 1 a Offset 
4 Index Register + Offset 1 a 1st Subroutine Op Code 
5 Stack Pomter a a Return Address LO Byte 
6 Stack POinter - 1 a a Return Address HI Byte 

Indexed, 16-Bit Offoet 
1 Op Code Address 1 1 Op Code 

JMP 4 2 Op Code Address + 1 1 a Offset (HI Byte) 
3 Op Code Address + 2 1 a Offset (LO Byte) 
4 Op Code Address + 2 1 a Offset (LO Byte) 

ADC CMP SUB 1 Op Code Address 1 1 Op Code 
ADD EOR SBC 2 Op Code Address + 1 1 a Offset (HI By tel 
AND ORA 5 3 Op Code Address + 2 1 a Offset (LO Byte) 
CPX LOA 4 Op Code Address + 2 1 a Offset (LO Byte) 
BIT LOX 5 Index Register + Offset 1 a Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 a Offset (HI By tel 

STA 
6 3 Op Code Address + 2 1 a Offset (LO Byte) 

STX 4 Op Code Address + 2 1 a Offset (LO Byte) 
5 Op Code Address + 2 1 a Offset (LO Byte) 
6 Index Register + Offset a a Operand Data 

I Op Code Address I I Op Code 
2 Op Code Address + 1 I a Offset (HI Byte) 
3 Op Code Address + 2 I a Offset (LO Byte) 

JSR 7 4 Op Code Address + 2 I a Offset (LO Byte) 
5 Index Register + Offset 1 a 1 st Subroutine Op Code 
6 Stack POinter a a Return Address (LO Byte) 
7 Stack POinter - 1 a a Return Address (HO Byte) 
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CDP6805E3,CDP6805E3C 

TABLE 11 - SUMMARY OF CYCLE BY CYCLE OPERATION (CONTINUEDI 

Instructions 

Other Functions 

Hardware RESET 

Power on Reset 

Instruction 

IRQ Interrupt 

NOTE: Interrupt Cycles. 

Cycle #8 
Cycle #9 

Cycles 

5 

1922 

Cycles 

10 

Cycles # Address Bus 

$FFFE 

$FFFE 

I $FFFE 

2 $FFFE 
3 $FFFE 
4 $FFFF 
5 Reset Vector 

I $FFFF 

• • 
• • 
• • 

1919 $FFFE 

1920 $FFFE 

1921 $FFFF 
1922 Reset Vector 

Cycles' Address Bus 

Las! Cycle of PrevIous 
Instruction 

I Next Op Code Address 

2 Next Op Code Address 

3 SP 

4 SP- I 

5 SP-2 

6 SP-3 

7 SP-4 

8 See Note Below 

9 See Note Below 

10 iRQ Vector 

Ext. In! 
Address 

Timer In! 
Address 

$FFFA 
$FFFB 

$FFF8 
$FFF9 

RESET 
Pin 

0 

0 

I 

I 

I 

I 

I 

I 

• 
• 
• 
1 

I 

I 

I 

ilm 
Pin 

0 

0 

X 

X 

X 
X 

X 

X 

X 

X 

X 

R/VIi LI Data Bus Pin Pin 

I 0 Irrelevant Data 

I 0 Irrelevant Data 

I 0 Irrelevant Data 

I 0 Irrelevant Data 

I 0 Vector High 

I 0 Vector Low 

I 0 Op Code 

I 0 Irrelevant Data 

• • • 
• • • 
• • • 
I 0 Irrelevant Data 

I 0 Vector High 

I 0 Vector Low 

I 0 Op Code 

R/W LI Data Bus 
Pin Pin 

X 0 X 

I 0 Irrelevant Data 

I 0 Irrelevant Data 

0 0 Return Address (LO Byte) 

0 0 Return Address (HI Byte) 

a 0 Contents Index Reg 

0 0 Contents Accumulator 

0 0 Contents CC Register 

I 0 Vector High 

I 0 Vector Low 

I 0 Int Routine First 

Timer In! From 
Wal! Address 

$FFFB 
$FFF7 
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CDP6805F2, CDP6805F2C 

'iiEffi 2B VDD 
::rRa" 27 TIMER 

NUM 26 pco CMOS High-Performance Silicon-Gate OSCI • 2. PCl 

05C2 • 2. PC2 8-Bit Microcomputer PAO 2. PC, 

PAl 7 22 PBO Hardware Features: 
PA2 B 21 PBl 
PA. 20 PB2 • Typical full speed operating power • Internal 8-bit timer with software 
PA. 10 

" 
PB' of10mWat5 V programmable 7-bit prescaler 

PA, " IB PB' • Typical WAIT mode power of 3 mW • External timer input 
PA6 12 17 PBS • Typical STOP mode power of 5 /iW • External and timer interrupts 
PA7 I. 16 PB6 • 64 bytes of on-Chip RAM • Master reset and power-on reset 
V55 I. 

" 
PB7 • 1089 bytes of on-Chip ROM • Single 3 to 6 volt supply 

TOP VIEW 92CS·3!5031 • 16 bidirectional I/O lines • On-chip oscillator 
TERMINAL ASSIGNMENT • 4 input-only lines 

The CDP6805F2 Microcomputer Unit (MCU) belongs to the 
CDP6805 Family of CMOS Microcomputers. This a-bit 
MCU contains on-chip oscillator CPU, RAM, ROM, 1/0, and 
Timer. Fully static design allows operation at frequencies 
down to DC, further reducing its already low-power 
consumption. It isa low-power processor designed for low­
end to mid-range applications in the consumer, automotive, 
industrial, and communications markets where very low 
power consumption constitutes an important factor. 

PAD 

Port PAl Port Data 

A PA2 A .reetlo 

I/O PA3 Register 

Lines ~~~ 
PA6 
PA7 

Accumulator 
A 

Index 
Register 

Condition 
Code 

Regl<;ter CC 

Stack 
POinter 

Program 
Counter 

High PCH 

Program 
Counter 

low PCl 

1089 x B 
ROM 

Self· Check 
ROM 

• 1 /is cycle time 

Software Features: 
• Versatile interrupt handling 
• True bit manipulation 
• 10 addressing modes 
• Efficient instruction set 
• Memory-mapped I/O 
• User-cal/able self-check routines 
• Two power-saving standby modes 

CPU 

CPU 
Control 

AlU 

Data Port 
Direction B 
Regl!ter Register 

92CS-37994 

Fig. 1 - CDP6B05F2 CMOS microcomputer block diagram 

PBD 
PBl 
PB2 Port 
PB3 B 
PB4 110 
PB5 Lines 
PB6 
PB7 

File Number 1369 
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c( 
25 E 

I 
Q 
,g 
t-
Z 
W 
II: 
II: 
::J 
(J 

Cl z 
i= 
c( 
II: 
W 
Q. 

0 
...J 
c( 
(J 

ii: 
> t-

MAXIMUM RATINGS IVoltages Referenced to VSS) 

Ratings 

Supply Voltage 

All Input Voltages Except OSCl 

Current Drain per Pin Excluding VDD and VSS 

Operating Temperature Range 

CDP6805F2 
CDP6805F2C 

Storage Temperature Range 

Test POint 

I Load -
50 pF 

Symbol 

VDD 

Y,n 

I 

TA 

TstQ 

20 5 k 

Fig. 2 - Equivalent test load. 

Value 

-03to +8 

VSS-O 5 to VDD+O 5 

10 

TL to TH 

o to 70 
-40 to +85 

-55 to +150 

VDD=45V 

4.27 k 

92C5-37995 

INTERNAL FREQUENCY (1/1c.,.)-MHz 

Fig. 3 - Typical operating current vs. Internal frequency. 

Unit 

V 

V 

mA 

·C 

·C 

6V 

5V 

92C8-37996 
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CDP6805F2,CDP6805F2C 
DC ELECTRICAL CHARACTERISTICS IVoo=5 Vdc ± 10%, VSs=O Vdc, TA= TL to TH, unless otherwise notedllSee Note 11 

Characteristics 

Output Voltage, ILoad s 10 0 p.A 

Output High Voltage IILoad 200 p.AI PAO PA7, PBO PB7 

Output Low Voltage, IILoad-BOO p.AI PAO-PA7, PBO-PB7 

Input High Voltage 
Ports PAO-PA7, PBO-PB7, PCO-PC3 
TIMER, nm, REm 
OSCI 

Input Low Voltage, All Inputs 

Total Supply Current ICL =50 pF on Ports, No dc Loads, tcyc= 1 p.sl 
RUN IMeasured OUring Self-Check, VIL=O 2 V, VIH=VOO-O 2 VI 
WAIT ISee Note 21 
STOP ISee Note 21 

I/O Ports Input Leakage - PAO-PA7, PBO-PB7 

Input Current - lrrm, TIm, TIMER, OSC1, PCO-PC3 

Output Capacitance Ports A and B 

Input Capacitance - RESET, IRQ, TIMER, OSC1, PCO-PC3 

NOTES 
1 Electrical Characteristics for VOO = 3 V available soon 
2 Test Conditions for 100 are as follows 

All ports programmed as Inputs 
VIL =02 V IPAO-PA7, PBO-PB7, PCO-PC31 
VIH = VOO - 02 V for RESET, TRQ, TIMER 
OSCI Input IS a square wave from a 2 V to VOO - 02 V 
OSC2 output load = 20 pF IWAIT 100 IS affected linearly by the OSC2 capacltancel 

Symbol 

VOL 
VOH 

VOH 

VOL 

VIH 

VIL 

100 

IlL 

lin 

Cour. 
C,n 

Min Max Unit 

- 01 
VOO-Ol - V 

41 V 
- 04 V 

VOO-2 VOO V 
VOO-08 VOO 
Vrm-15 VOO 

VSS 08 V 

- 4 mA 
- 1.5 mA 
- 150 J,A 
- ±10 p.A 

- ±1 p.A 

12 pF 
- 8 pF 

TABLE 1 - CONTROL TIMING CHARACTERISTICS IVOO=5 Vdc ± 10%, VSS=O, TA= TL to TH, losc=4 MHz, tcyc= 1 p.sl 

Characteristics Symbol Min Max Unit 
Crystal OSCillator Startup Time ISee Figure 51 tOXOV - 100 ms 
Stop Recovery Startup Time - Crystal OSCillator I See Figure 61 tlLCH - 100 ms 
Timer Pulse Width I See Figure 41 tTH, tTL 05 - tcyc 
Reset Pulse Width ISee Figure 51 tRL 15 - tcyC 

Imer t'erlod I ::iee Igure 41 tTLTL 1 tcyc 
Interrupt Pulse Width ISee Figure 15) tlLlH 1 tcyc 
Interrupt Pulse Period ISee Figure 151 tlLlL * tcyc 
OSCI Pulse Width ISee Figure 71 tOH, tOL 100 - ns 
Cycle Time tcyc 1000 - ns 
Frequency of Operation 

Crystal fosc - 4 MHz 
External Clock dc 4 

*The minimum period, tlLlL, should not be less than the number of tcyc cycles It takes to execute the Interrupt service routines plus 20 tcyc 
cycles 

OSC2 

PAO 

PAl 

PA2 

PA3 

PA4 

PA5 

TERMINAL ASSIGNMENT 

~ ~ I~ I~ Jl ~ ~ 

7 PIN, 8---+-
9 TOP V,IEW 

10 FILE INO.'369 

.... cn .... -., ... 
::::::~f~ 

pc, 

PC2 

PC3 

PBO 

PB' 

PB2 

PB3 

92CS-40952 

28-Lead Pla.tlc.Chlp-Carrler Package 
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o 

External 
Clock 

VDD 

OSC1 

</>2* 

Internal 
Address 

Bus* 

Internal 
Data 
Bus* 

RESET 

j.-tTLTL--1 --l tTH /.+- -../ tTL k-
( Timer) 

Pin 27 

92CS-37997 

Fig. 4 - Timer relationships. 

I 

%---------------------------------------
I I 

Yi4-m-is":\,\"\,\":\,\"§":\,\":\,\"S'\":,\\ ,\"\ ,\"':,\\"'\ \""""S"SS"\\"\~~\\"""-\"\\":\\ '\~\ ,\"'\ ,\r"T"1S\:-T""'\ '\...........,S\ ........ S\ ........ :\\---.--.\'\,........,\ \~S 
I 1 I I 1920 teye I 
1 101{ ·1 
I 1 I J 
~toxOV i teye I 

FtRL=? ~ 92CS-37998 

* Internal timing signal not available externally 

Fig. 5 - Power-on RESET and RESET. 
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________________ 6805 • Series Microprocessors and Microcomputers 

CDP6805F2, CDP6805F2C 

OSC2** -----~ ---r-1 .../' 
~ IIIIIIIIIII ; III 

IRQ 
or 

RESET v"-tltof--_____ IILCH -------J.~14 .. --1920 Icye -----l.~1 
~~--------------------~--------------~~-----

* Internal timing Signals not available externally 
92CS-37999 

**RepresenIS Ihe Inlernal gallng of Ihe ascI Inpul pin 

FIg. 6 - Stop rflcovflry. 

FUNCTIONAL PIN DESCRIPTION 

VDD and VSS 
Power IS supplted to the MCU UStng these two ptnS VOO 

IS power and VSS IS ground 

IRQ (MASKABLE INTERRUPT REQUEST) 
IRO IS photomask optton selectable With the chOice of tn­

terrupt sensitivity betng both level and negative edge or 
negative edge only The MCU completes the current Instruc­
tton before It responds to the request If iRO IS low and the 
Interrupt mask bit (I bit) In the condition code register IS 
clear, the MCU begins an tnterrupt sequence at the end of 
the current Instruction 

If the photomask option IS selected to Include level sen­
SltlVlty, then the IRO Input requires an external resistor to 
VOO for "Wire-OR" operation See the Interrupt sectton for 
more detail 

RESET 

The RESET tnput IS not reqUired for start-up but can be 
used to reset the MCU's tnternal state and proVide an order­
ly software start-up procedure Refer to the Resets section 
for a detailed deSCription 

TIMER 

The TIMER tnput may be used as an external clock for the 
on-chip timer Refer to the Timer sectton for a detailed 
deSCription 

NUM (NON-USER MODE) 

ThiS pin IS Intended for use In self-check only User ap­
pltcatlons should leave thiS ptn connected to ground through 
a 10 kilohm resistor 

OSC1, OSC2 
The CDP6805F2 can be configured to accept either a 

crystal Input or an RC network Addlttonally, the Internal 
clocks can be derived from either a dlvlde-by-two or dlvlde­
by-four of the external frequency (foscl Both of these op­
tions are photomask selectable 

RC - If the RC OSCillator option IS selected, then a resistor 
IS connected to the OSCillator pins as shown tn Figure 71bl 
The relationship between Rand f osc IS shown tn Figure 8 

CRYSTAL - The circuit shown tn Figure 7(al IS recom­
mended when uSing a crystal The Internal OSCillator IS 
deSigned to Interface With an AT-cut parallel resonant quartz 
crystal resonator tn the frequency range speCified for fosc In 
the electlcal characteristics table UStng an external CMOS 
OSCillator IS suggested when crystals outSide the speCified 
ranges are to be used The crystal and components should 
be mounted as close as pOSSible to the Input pins to minimize 
output distortion and start-up stablltzatlon time Crystal fre­
quency ItlnttS are also affected by VOO Refer to Table 1, 
Control TIming CharacteristIcs, for Itmlts 

EXTERNAL CLOCK - An external clock should be ap­
plIed to the OSC1 Input WIth the OSC2 Input not connected, 
as shown tn FIgure 71c1 An external clock may be used WIth 
eIther the RC or crystal oscillator mask optIon toxOV or 
tlLCH do not apply when uSIng an external clock tnput 

PAD-PA7 
These eIght I/O Itnes comprrse Port A The state of any pin 

IS software programmable Refer to the'lnput/Output Pro­
grammIng sectIon for a detaIled deSCriptIon 
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CDP6805F2,CDP6805F2C 

Crystal Parameters Oscillator Waveform 

1 MHz 4 MHz Units 

RSMAX 400 75 0 

Co 5 7 pF 

Cl 0008 0012 pF 

COSCl 15-40 15-30 pF 

COSC2 15-30 15-25 pF 

Rp 10 10 MO 

a 30k 40 k -

la) Crystal Oscillator ConneclIOns and EqUivalent Crystal CirCUit 

CDP6805F2 

aSCl OSC2 

4 Rp 5 

......;5~---I\D ..... \ __ ~4 
CaSCI 'I" CaSC2 

Ib) RC Oscillator Connection Ic) External Clock Source Connections 

OSCl 

4 

R Unconnected 

External Clock 

Fig. 7 - Oscillator connections. 92CIh1SOOO 
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001 . ,. 

CDP6805F2, CDP6805F2C 
PBO-PB7 

These eight lines comprise Port B The state of any pin IS 
software programmable Refer to the Input/Output Pro­
gramming section for a detailed deSCription 

PCO-PC3 

These four lines comprise Port C, a fixed Input port When 
Port C IS read, the four most-significant bits on the data bus 
are "'s" There IS no data direction register associated with 
Port C 

INPUT/OUTPUT PROGRAMMING 

10 100 
4 ,. 

1000 

Any Port A or B pin may be software programmed as an 
Input or output by the state of the corresponding bit In the 
port data direction register IDDRI A Pin IS configured as an 
output If ItS corresponding DDR bit IS set to a logiC "'" A 
pin IS configured as an Input If ItS corresponding DDR bit IS 
cleared to a logiC "0" At reset, all DDRs are cleared, which 
configures all port PinS as Inputs A port Pin configured as an 
output will output the data In the corresponding bit of ItS 
port data latch Refer to Figure 9 and Table 2 

RESISTANCE(Kn) 

R (kO) 

Fig. 8 - Typical frequency VS. resistance 
for RC oscillator option only. 

Internal 
CDP6805F2 
Connections 

TYPical Port 
Data Direction 

Register 

TYPical Port 
Register 

Pin P-l 

lal 

Ibl 

6 5 4 3 

P-6 P-5 P-4 P-3 

Fig. 9 - Typical I/O port circuitry. 

TABLE 2 - 1/0 PIN FUNCTIONS 

R/W DDR 1/0 Pin Function 

0 

P-2 P-' P-o 

92CS·38001 

0 0 The I/O pm IS In Input mode Data IS wntten Into the output data latch 

0 , Data IS written Into the output data latch and output to the 1/0 pin 

1 0 The state of the 110 pin IS read , , The II 0 pin IS In an output mode The output data latch IS read 
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CDP6805F2,CDP6805F2C 
SELF-CHECK 

The CDP6805F2 self-check IS performed uSing the CirCUit 
In Figure 10 Self-check IS Initiated by tYing NUM and TIMER 
pinS to a logic "1" then executing a reset After reset, the 
following five tests are executed automatically 

1/0 - Functionally Exercise Ports A, B, C 
RAM - Walking Bit Test 
ROM - Exclusive OR with ODD "1s" Panty Result 
Timer - Functionally Exercise Timer 
Interrupts - Functionally Exercise External and Timer In­

terrupts 
Self-check results are shown In Table 3 The following 

subroutines are available to user programs and do not re­
qUire any external hardware 

TABLE 3 - SELF-CHECK RESULTS 

PB3 PB2 PBl PBO Remarks 

1 0 1 1 Bad Timer 

1 1 0 0 Bad RAM 

1 1 0 1 Bad ROM 

1 1 1 0 Bad Interrupt or Request Flag 

All Cycling Good Part 

All Others Bad Part 

RAM SELF-CHECK SUBROUTINE 

Returns with the Z bit clear If any error IS detected, other­
wise. the Z bit IS set 

+5V+5V 

10 k • 
~ 

~ . ~ 10 k 

1 
RESET 

1
6 :-1 2 

IRQ 

0 -----2 NUM 

XTAL --i ascI -
XTAL.2 - OSC2 

~ PAO 
7 

PAl CDP6805F2 8 
PA2 

9 
PA3 

.12 PA4 

t..-..2.2 PA5 
12 

PA6 
13 

PA7 

GND~ VSS 

The RAM test must be called with the stack pointer at $7F 
and the accumulator zeroed When run, the test checks 
every RAM cell except for $7F and $7E which are assumed to 
contain the return address. 

A and X are modified. All RAM locations except the top 2 
are modified. (Enter at location $78B.) 

ROM CHECKSUM SUBROUTINE 

Returns with Z bit cleared If any error was found; other­
wise Z = 1, X = 0 on return, and A IS zero It the test passed. 
RAM locatlonsl$41-$44 are overwntten (Enter at location 
$7A4 ) 

TIMER TEST SUBROUTINE 
Return With Z bit cleared If any error was found; otherWise 

Z=1 
ThiS routine runs a Simple test on the timer In order to 

work correctly as a user subroutine, the Internal clock must 
be the clocking source and Interrupts must be disabled. 
Also, on eXit, the clock Will be running and the Interrupt 
mask Will not be set, so the caller must protect himself from 
Interrupts If necessary 

A and X register contents are lost, thiS routine counts how 
many times the clock counts In 128 cycles. The number of 
counts should be a power of two since the prescaler IS a 
power of two If not, the timer probably IS not counting cor­
rectly The routine also detects If the timer IS running at all. 
(Enter at location $7BE ) 

VOO 

TIMER 

pco 
PCl 

PC2 

PC3 

PBO 

PBl 

PB2 

PB3 

PB4 

PB5 

PB6 

PB7 

+5 V +5 V 

~ 
10 k 

~ 
27 

~ 
~ -
24 

23 

~ 
,!.L -20 

19 

18 

17 

16 

15 

} ,~ "" .. ,-~" 
92CS-3llOO2 

Fig. 10 - Self-check pinout configuration.' 
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MEMORY 

The CDP6805F2 has a total address space of 2048 bytes 
of memory and I/O registers. The address space IS shown in 
Figure 11. 

The first 128 bytes of memory (first half of page zerol is 
comprised of the I/O port locations, timer locations, and 64 
bytes of RAM. The next 1079 bytes comprise the user ROM. 
The 10 highest address bytes contain the reset and Interrupt 
vectors 

Access 
Via 

Page 0 
Direct 

Addressmg 

I User 
Defined 
Interrupt 
Vectors 

{ :~ 
255 
256 

1206 
1207 

1279 
1280 

1919 
1920 

2037 

2038 

2047 

1/0 Ports 
Timer 
RAM 

1079 Bytes 
User ROM 

73 Bytes 
Self· Check ROM 

640 Bytes 
Unused* 

118 Bytes 
Self· Check ROM 

f-------------
Timer Interrupt From Walt State Only 1----------:.....-

___ ~Imer Interrupt 

External Interrupt ----
SWI ----

RESET 

* Reads of unused locations undefined 

CDP6805F2, CDP6805F2C 
The stack pOinter IS used to address data stored on the 

stack. Data is stored on the stack dUring Interrupts and 
subroutine calls. At power-up, the stack pointer IS set to $7F 
and It is decremented as data is pushed on the stack. When 
data IS removed from the stack, the stack pOinter IS in­
cremented. A maximum of 32 bytes of RAM are available for 
stack usage. Since most programs use only a small part of 
the allocated stack locations for Interrupts and/ or subroutine 
stacking purposes, lhe unused bytes are available for pro­
gram data storage 

SOOOO 

S007F 

S0080 
I 

SOOFF 
SOl00 

S04B6 
S04B7 

S04FF 
S0500 

S077F 
S0780 

S07F5 

0 

1 

2 

3 

4 

5 

6 

9 

10 

63 
64 

95 
96 

S07F6 S07F7 
I 

S07F8 S07F9 

S07FA S07FB , 
S07FC S07FD 

S07FE S07FF 
127 

f--

./ 
V 

Port A Data Register 

Port B Data Register 

1 1 1 1 I Port C 

Unused * 

Port A Data Direction Register 

Port B Data Direction Register 

Unused* 

Unused * 

Timer Data Register 

Timer Control Register 

54 Bytes 
Unused* 

RAM 
164 Bytesl 

.,./ 
..-

" .,. 
" " .,. 

/' 

.,. ./ Stack 132 Bytes Maxi 
./ 

• 

SOOOO 

SOOOl 

S0002 

S0003 

SOOO4 

S0005 

SOOO6 

S0007 

SOOO8 

SOOO9 

SOOOA 

S003F 
S0040 

S005F 
SOO6O 

S007F 

Fig. 11 - Address map. 
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REGISTERS 

The CDP6805F2 contains five registers as shown In the 
programming model (Figure 12) The Interrupt stacking order 
IS shown In Figure 13 

ACCUMULATOR (A) 

This accumulator IS an 8-blt general purpose register used 
to hold operands and results of the arithmetic calculations 
and data manipulations 

INDEX REGISTER (X) 

The X register IS an S-blt register which IS used dUring the 
Indexed modes of addreSSing It provides the 8-blt operand 
which IS used to create an effective address The Index 
register IS also used for data manipulations with the read­
modify-write type of instructions and as a temporary storage 
register when not performing addreSSing operations 

7 

I A 

7 

I X 

10 

I PC 

10 5 4 

10 10 10 I 0 I 11 I SP 

PROGRAM COUNTER (PC) 

The program counter IS an 11-blt register that contains the 
address of the next instruction to be executed by the pro­
cessor. 

STACK POINTER (SP) 

The stack pOinter IS an 11-btt register containing the ad­
dress of the next free location on the stack. When accessing 
memory, the SIX most-significant bits are appended to the 
five least-significant register bits to produce an address 
within the range of $7F to $60. The stack area of RAM IS 
used to store the return address on subroutine calis and the 
machine state dUring Interrupts DUring external or power-on 
reset, and dUring a "reset stack pOinter" Instruction, the 
stack pOinter IS set to ItS upper limit ($7FI. Nested Interrupts 
and/ or subrouttnes may use up to 32 (decimal) locations 
beyond which the stack pOinter "wraps around" and POints 
to ItS upper limit thereby lOSing the preViously stored infor­
mation A subroutine cali occupies two RAM bytes on the 
stack, while an Interrupt uses !tve bytes. 

0 

I 
0 

I 
0 

~ 
0 

I 

Accumulator 

I ndex Register 

Program Counter 

Stack POinter 

Condition Code Register 

Carry/ Borrow 

Zero 

'---- Negative 

'------ Interrupt Mask 

'-------- Half Carry 
92CS-38004 

Fig. 12 - Programming model. 

o Stack 

1 I 1 I 1 I Condition Code Register 

Accumulator 
IncreaSing Memory 

Addresses 
Index Register n DecreaSing Memory 

Addresses 
0101010101 PCH 

PCl T 
Unstack 

NOTE SIOce the Stack POinter decrements dUring pushes, the PCl IS 
stacked first, followed by PCH, etc Pulling frQm the stack IS In 
the reverse order 

Fig. 13 - Stacking order. 

92C5-38OO5 
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CONDITION CODE REGISTER (CC) 

The condition code register IS a 5-blt register which in­
dicates the results of the Instruction Just executed These 
bits can be individually tested by a program and specific ac­
tion taken as a result of their state Each bit IS explained In 
the follOWing paragraphs. 

HALF CARRY BIT (H) - The H bit IS set to a "1" when a 
carry occurs between bits 3 and 4 of the ALU dUring an ADD 
or ADC instruction The H bit IS useful In binary coded 
decimal subroutines 

INTERRUPT MASK BIT (I) - When the I bit IS set, both 
the external Interrupt and the timer Interrupt are disabled 
Clearing thiS bit enables the above Interrupts If an Interrupt 
occurs while the I bit IS set, the Interrupt IS latched and IS 
processed when the I bit IS next cleared 

NEGATIVE (N) - Indicates that the result of the last 
arithmetiC, logical, or data manipulation IS negative (bit 7 In 
the result IS a logical "1"1 

ZERO (Z) - Indicates that the result of the last arithmetic, 
logical, or data manipulation IS zero 

CARRY/BORROW (C) - Indicates that a carry or borrow 
out of the arithmetiC logic unit (ALUI occurred dUring the 
last arithmetiC operation ThiS bit IS also affected dUring bit 
test and branch instructions, ShiftS, and rotates 

RESETS 

The CDP6805F2 has two reset modes an active low ex­
ternal reset pin (RESETI and a power-on reset function, refer 
to Figure 5 

RESET 
The RESET Input pin IS used to reset the MCU to provide 

an orderly software start-up procedure When uSing the ex­
ternal reset mode, the RESET pin must stay low for a 
minimum of one tR L The RES ET Pin IS provided With a 
Schmitt Trigger Input to Improve ItS nOise Immunity. 

POWER-ON RESET 

The power-on reset occurs when a positive transition IS 
detected on VDD The power-on reset IS used strictly for 
power turn-on conditions and should not be used to detect 
any drops In the power supply voltage There IS no provIsion 

CDP6805F2, CDP6805F2C 
for a power-down reset The power-on circuitry proVides for 
a 1920 tcyc delay from the time of the first OSCillator opera­
tion If the external RESET Pin IS low at the end of the 1920 
time out, the processor remains In the reset condition. 

Either of the two types of reset conditions causes the 
follOWing to occur 

• Timer control register Interrupt request bit (TCR71 IS 
cleared to a "0" 

• Timer control register Interrupt mask bit (TCR61 IS set 
to a "1" 

• All data direction register bits are cleared to a "0" All 
ports are defined as Inputs 

• Stack pOinter IS set to $7F 
• The Internal address bus IS forced to the reset vector 

($7FE, $7FFI. 
• Condition code register Interrupt mask bit (II IS set to a 

"1" 
• STOP and WAIT latches are reset 
• External Interrupt latch IS reset 
All other functions, such as other registers (Including out­

put portsl, the timer, etc, are not cleared by the reset condi­
tions 

INTERRUPTS 

Systems often require that normal processing be Inter­
rupted so that some external event may be serViced The 
CDP6805F2 may be Interrupted by one of three different 
methods, either one of two maskable Interrupts (external in­
put or tlmerl or a non-maskable software Interrupt (SWII 

Interrupts cause the processor registers to be saved on the 
stack and the Interrupt mask set to prevent additional Inter­
rupts The RTllnstructlon causes the register contents to be 
recovered from the stack and return to normal processing 
The stacking order IS shown In Figure 13 

Unlike RESET, hardware Interrupts do not cause the cur­
rent instruction execution to be halted, but are conSidered 
pending until the current I~structlon execution IS complete 

When the current instruction IS complete, the processor 
checks all pending hardware Interrupts and If unmasked, 
proceeds With Interrupt processing, otherWise, the next in­
struction IS fetched and executed Note that masked inter­
rupts are latched for later Interrupt service 

If both an external Interrupt and a timer Interrupt are pend­
Ing at the end of an instruction execution, the external in­
terrupt IS serViced first The SWI IS executed as any other in­
struction Refer to Figure 14 for the Interrupt and Instruction 
processing sequence 
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TIMER INTERRUPT 

Each time the timer decrements to zero Itransitlons from 
$01 to $00), the timer Interrupt request bit ITCR?) IS set The 
processor IS interrupted only If the timer mask bit ITCR6) and 
Interrupt mask bit II bit) are both cleared When the Interrupt 
IS recognized, the current state of the machine IS pushed on­
to the stack and the interrupt mask bit In the condition code 
register IS set. This mask prevents further interrupts until the 
present one IS serviced. The processor now vectors to the 

1-1 Bit (,n CCRI 
07F-SP 
O-DDRs 

CLR IRO LogiC 
FF-Tlmer 

7F--Prescaler 
7F-TCR 

Put 7FE on 
Address Bus 

Load PC 
from 

7FE17FF 

And 
TCR7= 1 

Fetch 
Instruction 

Execute All 
Instruction 

Cycles 

timer interrupt service routine. The address for this service 
routine is specified by the contents of $7F8 and $7F9 unless 
the processor IS In a WAIT mode, in which case the contents 
of $7F6 and $7F? specify the timer service routine address. 
Software must be used to clear the timer interrupt request 
bit ITCR?). At the end of the timer interrupt service routine, 
the software normally executes an RTI instruction which 
restores the machine state and starts executing the inter­
rupted program. 

Timer 

PC_PC+ll-.:.SW=I ..... 

Stack 
PC, X, A, CC 

Load PC From 
SWI 7FC17FD 
IRQ: 7FA17FB 

'TIMER 7F817F9 
Timer Walt 7F617F7 

92C5-38008 

Fig, 14 - RESET and INTERRUPT processing flowchart. 
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EXTERNAL INTERRUPT 
Either level- and edge-sensitive or edge-sensitive only in­

puts are available as mask options. If the Interrupt mask bit 
of the condition code register IS cleared and the external In­
terrupt pin (~) IS "low" or a negative edge has set the In­
ternal Interrupt flip-flop, then the external Interrupt occurs 
The action of the external Interrupt IS Identical to the timer 
except that the service routine address IS specified by the 
contents of $7FA and $7FB. Figure 15 shows both a func­
tional diagram and timing for the Interrupt line. The timing 
diagram shows two different treatments of the Interrupt hne 
IrnTI) to the processor The first method IS single pulses on 
the Interrupt line spaced far enough apart to be serviced The 
minimum time between pulses IS a function of the length of 
the Interrupt service routine Once a pulse occurs, the next 
pulse should not occur until the MPU software has eXited the 
routine Ian RTI occurs) ThiS time ItIUL) IS obtained by ad­
ding 20 instruction cycles Itcyc) to the total number of cycles 
It takes to complete the serVice routine Including the RTI In-

CDP680SF2, CDP6805F2C 
structlon; refer to Figure 15 The second configuration 
shows many Interrupt lines "wire ORed" to form the inter­
rupts at the processor. Thus, If after servicing an Interrupt 
the IRQ remains low, then the next Interrupt IS lecognlzed 

SOFTWARE INTERRUPT (SWIl 
The software Interrupt IS an executable Instruction The 

action of the SWllnstructlon IS Similar to the hardware Inter­
rupts. The SWI IS executed regardless of the state of the in­
terrupt mask In the condition code register The service 
routine address IS specified by the contents of memory loca­
tions $7FC and $7FD 

The follOWing three functions are not strictly Interrupts, 
however, they are tied very closely to the Interrupts These 
functions are RESET, STOP, and WAIT 

RESET - The RESET Input pin and the Internal power-on 
reset function each cause the program to vector to an In­
Itialization program ThiS vector IS specified by the contents 

lal Interrupt Functional Diagram 

Level SenSitive 

r -'::'''~~-t------'L __ / r---I External 
Interrupt 
Request 

Interrupi Pm -----... ----QC 

Q 

Ibl Interrupt Mode Diagram 

111 

iRQ~tlLIH U 
~ tILlL~1 

~ IMPUI-----,~ ________________________________ ~ 

121 

• 
iROn 

Fig. 15 - External interrupt. 

I Bit (CCRI 

Power-On Reset 

External Reset 

External Interrupt 
Being Serviced 

Edge Condition 
The minimum pulse Width (tILlH) IS one 

tcyc The period 1iLlL should not be less 
than the number of teye cycles It takes to 
execute the Interrupt service routine plus 
20 tcye cycles 

Mask Optional Level Sensitive 
If after servIcing an Interrupt the IRQ re­
mains low, then the next Interrupt IS 

recognized 

92CS-38007 
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of memory locations $7FE and $7FF The Interrupt mask of 
the condition code register IS also set. See preceding section 
on Reset for details. 

STOP - The STOP instruction places the CDP6805F2 In 
ItS lowest power consumption mode In the STOP function, 
the Internal oscillator IS turned off causing all Internal pro­
cessing and the timer to be halted; refer to Figure 16 

DUring the STOP mode, timer control register ITCR) bits 6 
and 7 are altered to remove any pending timer Interrupt re­
quests and to disable any further timing Interrupts. External 
Interrupts are enabled In the condition code register. All 
other registers and memory remain unaltered All I/O lines 
remain unchanged The processor can only be brought out 
of the STOP mode by an external IRQ or RESET. 

320 

Yes 

Stop Oscillator 
And All Clocks 
TCR Sit 7-0 

S,,6-1 
Clear I Mask 

Fig. 16 - Stop function flowchart. 

WAIT - The WAIT instruction places the CDP6805F2 in 
a low-power consumption mode, but the WAIT mode con­
sumes somewhat more power than the STOP mode. In the 
WAIT mode, the Internal clock IS disabled from all internal 
circuitry except the timer circuit; refer to Figure 17. Thus, all 
Internal processing is halted, however, the timer continues 
to count normally. 

DUring the WAIT mode, the I bit in the condition code 
register IS cleared to enable Interrupts. All other registers, 
memory, and I/O lines remain in their last state. The timer 
may be enabled by software prior to entering the WAIT 
mode to allow a periodic exit from the WAIT mode. If an ex­
ternal and a timer Interrupt occur at the same time, the exter­
nal Interrupt IS serviced first; then, If the timer Interrupt re­
quest IS not cleared In the external Interrupt routine, the nor­
mal timer Interrupt Inot the timer WAIT Interrupt) is serviced 
since the MCU IS no longer In the WAIT mode. 

TIMER 

The MCU timer contains an 8-blt software programmable 
counter With a 7-blt software selectable prescaler. Figure 18 
contains a block diagram of the timer. The counter may be 
preset under program control and decrements towards zero. 
When the counter decrements to zero, the timer interrupt re­
quest bit Il.e , bit 7 of the timer control register (TCR)) is set. 
Then, If the timer Interrupt is not masked (i.e., bit 6 of the 
TCR and the I bit In the condition code register are both 
cleared) the processor receives an interrupt. After comple­
tion of the current instruction, the processor proceeds to 
store the appropriate registers on the stack and then fetches 
the timer vector address from locations $7F8 and $7F9 (or 
$7F6 and $7F7 If In the WAIT mode) In order to begin servic­
Ing 

The counter continues to count after It reaches zero allow­
Ing the software to determine the number of internal or ex­
ternal Input clocks since the timer Interrupt request bit was 
set The counter may be read at any time by the processor 
Without disturbing the count The contents of the counter 
become stable, prior to the read portIOn of a cycle, and do 
not change dUring the read. The timer Interrupt request bit 
remains set until cleared by the software. TCR7 may also be 
used as a scanned status bit In a non-Interrupt mode of 
operation ITCR6= 11. 

The prescaler IS a 7 -bit divider which IS used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output Within the range of + 1 to + 128 which is used as the 
counter Input. The processor cannot write into or read from 
the prescaler, however, ItS contents are cleared to all "Os" by 
the write operation Into TCR when bit 3 of the written data 
equals one. ThiS allows for truncation-free counting. 

The timer Input can be configured for three different 
operating modes plus a disable mode depending on the value 
written to the TCR4 and TCR5 control bits. Refer to the 
Timer Control Register section. 

TIMER INPUT MODE 1 
If TCR5 and TCR4 are both programmed to a "0", the in­

put to the timer is from an internal clock and the TIMER in­
put pin IS disabled. The Internal clock mode can be used for 
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No 

No 

92CS·38009 

Fig. 17 - WAIT function flowchart. 

perrodlc Interrupt generation as well as a reference In fre­
quency and event measurement The Internal clock IS the In­
struction cycle clock DUring a WAIT instruction, the Internal 
clock to the timer continues to run at ItS normal rate 

TIMER INPUT MODE 2 

With TCR5=O and TCR4= 1, the Internal clock and the 
TIMER Input pin are ANDed to form the timer Input signal. 
This mode can be used to measure external pulse Widths 
The external timer Input pulse simply turns on the Internal 
clock for the duration of the pulse The resolution of the 
count In this mode IS ± one Internal clock and therefore, ac­
curacy Improves With longer Input pulse Widths 

TIMER INPUT MODE 3 
If TCR5= 1 and TCR4=O, all Inputs to the timer are diS­

abled 

TIMER INPUT MODE 4 
If TCR5= 1 and TCR4= 1, the Internal clock Input to the 

timer IS disabled and the TIMER Input pin becomes the Input 
to the timer The timer can, In this mode, be used to count 
external events as well as external frequencies for generating 
periodic Interrupts The counter IS clocked on the failing 
edge of the external signal 

Figure 18 shows a block diagram of the timer subsystem 
Power-on reset and the STOP instruction Invalidate the con­
tents of the counter 
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Write Read Interrupt 

~----------------------.-----------------~/ 
Software Functions 

NOTES 
1 Prescaler and a-bit counter are clocked failing edge of the Internal clock (AS) or external 

Input 
2 Counter IS written 10 dUring Data Strobe (OS) and counts down continuously 

92CM- 38034R1 

Fig. 18 - Programmable timer/counter block diagram. 

TIMER CONTROL REGISTER (TCR) 

76543210 

I TCR71TCR61TCR51TCR41TCR31 TCR21 TCR11 TCRO I 
All bits In thiS register except bit 3 are read/write bits 

TCR7 - Timer Interrupt request bit bit used to ,nd,cate 
the timer Interrupt when It IS logic" 1" 

1 - Set whenever the counter decrements to zero or 
under program control 

0- Cleared on external RESET, power-on reset, STOP 
Instruction, or program control 

TCR6 - Timer Interrupt mask bit when thiS bit IS a logiC 
"1", It inhibits the timer Interrupt to the processor 

1 - Set on external R'tStT, power-on reset, STOP In­
struction, or program control 

o - Cleared under program control 

TCR5 - External or Internal bit selects the Input clock 
source to be either the external timer pin or the Internal 
clock (Unaffected by RESET I 

1 - Select external clock source 
o - Select Internal clock source 

TCR4 - External enable bit control bit used to enable the 
external TIMER pin (Unaffected by RESET I 

1 - Enable external TIMER pin 
o - Disable external TIMER pin 

TCR5 TCR4 

0 0 Internal Clock to Timer 

0 1 AND of Internal Clock and TIMER 
Pin to Timer 

1 0 Inputs to Timer Disabled 
1 1 TIMER Pin to Timer 

TCR3 - Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero A read of thiS location always in­
dicates "0" (Unaffected by ~) 

TCR2, TCR1, TCRO - Prescaler select bits' decoded to 
select one of eight outputs on the prescaler. (Unaffected by 
'I1'tSE'i" ) 

Prescaler 

TCR2 TCRl TCRO Result 

0 0 0 ~l 

0 0 1 +2 

0 1 0 +4 

0 1 1 ~8 

1 0 0 +16 

1 0 1 ~32 

1 1 0 ... 64 

1 1 1 +128 

INSTRUCTION SET 

The MCU has a set of 61 basic InstructionS. They can be 
divided Into five different types: register/memory, read­
modify-write, branch, bit manipulation, and control. The 
following paragraphs brtefly explain each type. All the in­
structions within a given type are presented In Individual 
tables. 

REGISTER/MEMORY INSTRUCTIONS 

Most of these Instructions use two operands. One 
operand IS either the accumulator or the index register. The 
other operand IS obtained from memory uSing one of the ad­
dreSSing modes. The operand for the Jump unconditional 
(JMP) and Jump to subroutine (JSR) instructions IS the pro­
gram counter. Refer to Table 4. 
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READ-MODIFY-WRITE INSTRUCTIONS 

These Instructions read a memory location or a register, 
modify or test Its contents, and wrIte the modified value 
back to memory or to the register. The test for negative or 
zero ITST) instruction IS an exception to the read-modify­
write sequence Since It does not modify the value Refer to 
Table 5 

BRANCH INSTRUCTIONS 

Most branch instructions test the state of the condition 
code register and, If certain criteria are met. a branch IS ex­
ecuted. ThiS adds an offset between - 127 and + 128 to the 
current program counter. Refer to Table 6 

BIT MANIPULATION INSTRUCTIONS 

The MCU IS capable of setting or clearing any bit which 
reSides In the first 128 bytes of the memory space where all 
port registers, port DDRs, timer, timer control, and on-chip 
RAM reSide. An additional feature allows the software to 
test and branch on the state of any bit Within the first 256 
locations. The bit set, bit clear, and bit test and branch func­
tions are Implemented With a Single instruction For the test 
and branch instructions, the value of the bit tested IS also 
placed In the carry bit of the condition code register Refer to 
Table 7 

CONTROL INSTRUCTIONS 

These instructions are register reference instructions and 
are used to control processor operation dUring program ex­
ecution. Refer to Table 8. 

OPCODE MAP 

Table 9 IS an opcode map for the instructions used on the 
MCU 

ALPHABETICAL LISTING 

The complete instruction set IS given In alphabetical order 
In Table 10 

ADDRESSING MODES 

The MCU uses ten different addreSSing modes to provide 
the programmer With an opportunity to optimize the code to 
all situations. The variOus Indexed addreSSing modes make It 
possible to locate data tables, code conversion tables, and 
scaling tables anywhere In the memory space. Short Indexed 
accesses are Single-byte Instructions while the longest in­
structions Ithree bytes) permit tables throughout memory 
Short and long absolute addreSSing IS also Included Two­
byte direct addressing Instructions access all data bytes In 
most applications Extended addreSSing permits Jump in­
structions to reach all memory. Table 10 shows the address­
Ing modes for each Instruction With the effects each instruc­
tion has on the condition code register An opcode map IS 
shown In Table 9 

The term" Effective Address" I EA) IS defined as the byte 
address to or from which the argument for an instruction IS 
fetched or stored The ten addreSSing modes of the pro­
cessor are described below Parentheses are used to indicate 
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"contents of," an arrow ,nd,cates "IS replaced by," and a 
colon ,nd,cates "concAtenation of two bytes." 

INHERENT 

In Inherent Instructions, all the information necessary to 
execute the Instruction IS contained In the opcode. Opera­
tions specifYing only the Index registers or accumulator and 
no other arguments are Included In thiS mode. 

IMMEDIATE 

In Immediate addreSSing, the operand IS contained In the 
byte Immediately follOWing the opcode. Immediate address­
Ing IS used to access constants which do not change dUring 
program execution Ie g , a constant used to initialize a loop 
counterl. 

EA= PC+ 1; PC- PC + 2 

DIRECT 
In the direct addreSSing mode, the effective address of the 

argument IS contained In a Single byte follOWing the opcode 
byte Direct addreSSing allows the user to directly address 
the lowest 256 bytes In memory With a Single two-byte In­
struction. ThiS Includes all on-chip RAM and 1/0 registers 
and 128 bytes of on-chip ROM Direct addreSSing IS effiCient 
In both memory and time 

EA=IPC+1), PC+PC+2 

Address Bus Hlgh-O, Address Bus Low-IPC + 1) 

EXTENDED 

In the extended addreSSing mode, the effective address of 
the argument IS contained In the two bytes follOWing the op­
code Instructions With extended addreSSing modes are 
capable of referenCing arguments anywhere In memory With 
a Single three-byte Instruction 

EA= IPC+ 1)·IPC+2); PC-PC+3 
Address Bus Hlgh-IPC+ 1), Address Bus Low-IPC+21 

INDEXED, NO-OFFSET 

In the Indexed, no-offset addreSSing mode, the effective 
address of the argument IS contained In the 8-blt Index 
register Thus, thiS addreSSing mode can access the first 256 
memory locations These Instrul Ions are only one byte 
long. ThiS mode IS used to move a pOinter through a table or 
to address a frequently referenced RAM or 1/0 location. 

EA=X, PC-PC+1 
Address Bus Hlgh-O; Address Bus Low-X 

INDEXED, 8-BIT OFFSET 

Here the EA IS obtained by adding the contents of the byte 
follOWing the opcode to that of the Index register, therefore, 
the operand IS located anywhere Within the lowest 511 
memory locations For example, thiS mode of addreSSing IS 
useful for selecting the mth element In an n element table. All 
Instructions are two bytes. The content of the Index register 
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(X) IS not changed The content of (PC+ 1) IS an unsigned 
B-bIt Integer One-byte offset Indexing permits look-up tables 
to be easily accessed In either RAM or ROM. 

EA=X+(PC+l); PC-PC+2 
Address Bus H,gh-K, Address Bus Low-X+IPC+l) 

where K = The carry from the addition of X + (PC + 1) 

INDEXED, 16-BIT OFFSET 
In the Indexed, 16-blt offset addressing Inode, the effec­

tive address IS the sum of the contents of the unsigned B-blt 
Index register and the two unsigned bytes following the op­
code This addressing mode can be used In a manner similar 
to Indexed B-blt offset, except that this three-byte instruction 
allows tables to be anywhere In memory (e.g., Jump tables In 
ROM). The content of the Index register IS not changed. 

EA=X+[lPC+1) (PC+2)]; PC-PC+3 
Address Bus Hlgh-IPC+ll+K, 
Address Bus Low-X+(PC+2) 

where K = The carry from the addition of X + (PC + 2) 

RELATIVE 

Relative addressing IS only used In branch Instructions. In 
relative addressing, the contents of the B-blt signed byte 
following the opcode (the offset) IS added to the PC If and 
only If the branch condition IS true Otherwise, control pro­
ceeds to the next Instruction The span of relative addressing 
IS limited to the range of - 126 to + 129 bytes from t"e 
branch Instruction opcode location 

EA= PC + 2+ (PC + 1); PC- EA if branch taken; 

otherwise, PC - PC + 2 

BIT SET/CLEAR 

Direct addressing and bit addressing are combined in in­
structions which set and clear individual memory and I/O 
bits. In the bit set and clear instructions, the byte is specified 
as a direct address In the location following the opcode. The 
first 12B addressable locations are thus accessed. The bit to 
be modified within that byte is specified with three bits of the 
opcode. The bit set and clear instructions occupy two bytes: 
one for the opcode (including the bit number) and the sec­
ond for addressing the byte which contains the bit of in­
terest. 

EA= IPC+ 1); PC-PC+2 
Address Bus Hlgh-O; Address Bus Low- IPC+ 1) 

BIT TEST AND BRANCH 
Bit test and branch IS a combination of direct addressing, 

bit addressing, and relative addressing. The bit address and 
condition Iset or clear) to be tested is part of the opcode. 
The address of the byte to be tested is in the single byte im­
mediately following the opcode byte (EA 1), The signed 
relative B-blt offset IS In the third byte IEA2) and is added to 
the PC If the specified bit IS set or cleared in the specified 
memory location. This Single three-byte instruction allows 
the program to branch based on the condition of any bit In 

the first 256 locations of memory. 
EA1=(PC+l) 

Address Bus Hlgh-O; Address Bus Low-IPC+l) 
EA2= PC + 3+ IPC+ 2); PC- EA2 If branch taken; 

otherwise, PC - PC + 3 
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Co) 
I\) 
en 

Function Mnemonic 

Load A from Memory LDA 

Load X from Memory LDX 

Store A In Memory STA 

Store X In Memory STX 

Add Memory to A ADD 
Add Memory and 

ADC Carry to A 

Subtract Memory SUB 

Subtract Memory from 
SBC A With Borrow 

AND Memory to A AND 

DR Memory With A ORA 

ExclUSive OR Memory 
EOR 

With A 

Arithmetic Compare A 
CMP 

With Memory 
ArithmetiC Compare X 

CPX With Memorv 

Bit Test Memory With 
BIT 

A I Logical Compare I 

Jump Unconditional JMP 

Jump to Subroutine JSR 

Function 

Increment 

Decrement 

Clear 

Complement 

Negate 
12's Complementl 

Rotate Left Thru Carry 

Rotate Right Thru 
Carry 

Logical Shift Left 

Logical Shift Right 

ArithmetiC Shift Right 

T est for Negative 
or Zero 

TABLE 4 - REGISTER/MEMORY INSTRUCTIONS 

Addressing Modes 

Immediate Direct Extended Indexed Indexed Indexed 
INa Offset I IS-Bit Offsetl I1S-Bit Offsetl 

Op # # Op # # Op # # Op I I Op , , Op , , 
Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 D6 3 5 

AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5 

- - - B7 2 4 C7 3 5 F7 1 4 E7 2 5 D7 3 6 

- - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6 

AB 2 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5 

A9 2 2 B9 2 3 C9 3 4 F9 1 3 E9 2 4 D9 3 5 

AD 2 2 BO 2 3 CO 3 4 FO 1 3 EO 2 4 DO 3 5 

A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 D2 3 5 

A4 2 2 B4 2 3 C4 3 4 F4 1 3 E4 2 4 04 3 5 

AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5 

A8 2 2 B8 2 3 C8 3 4 F8 1 3 E8 2 4 D8 3 5 

A1 2 2 Bl 2 3 Cl 3 4 Fl 1 3 E1 2 4 D1 3 5 

A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 D3 3 5 CJ) 
CIII 
0 

A5 2 2 B5 2 3 C5 3 4 F5 1 3 E5 2 4 D5 3 5 (II 
I 
tn 

- - - Be 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4 

- - - 8D 2 5 CD 3 6_ '--~. 1 5 ED 2 6 DD 3 7 
-

TABLE 5 - READ-MODIFY-WRITE INSTRUCTIONS 

Addressing Modes 

Inherent IAI Inherent IXI Direct 
Indexed Indexed 

INa Offset! IS-Bit Offsetl 

Op # # Op # # Op # # Op # , Op # # 
MnemOniC Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6 

DEC 4A 1 3 5A 1 1 3A 2 5 7A 1 5 6A 2 6 

CLR 4F 1 3 5r 1 3 3F 2 5 7F 1 5 6F 2 6 

COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6 

0 
CD 

li-e fII 

"'U 31: 
0') n 
CD a 
0 

'tJ ... 
(II 0 

." a 
I\) :: 

0 

0 
iil 
II) 

e :J 
Q. 

NEG 40 1 3 50 1 3 30 2 5 70 , 5 60 '2 6 

ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6 

ROR 46 1 3 56 1 3 36 2 5 76 1 5 66 2 6 

LSL 48 1 3 56 1 3 38 2 5 78 1 5 68 2 6 

LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6 

ASR 47 1 3 57 1 3 37 2 5 17 1 5 67 2 6 

"'U 31: 
0') n 
CD a 
0 n 
(II 

0 
3 

." 'tJ 

I\) C -0 
CD 
iil 

TST 4D 1 3 5D 1 3 3D 2 4 7D 1 4 6D 2 5 
.. --- - - - - _. ,_. - --

II 



6805-Serles Microprocessors and Microcomputers 

CDP6805F2, CDP6805F2C 

TABLE 6 - BRANCH INSTRUCTIONS 

Relative Add,_ing Mode 

Function Mnemonic 
Op I I 

Code Bytes Cycles 

Branch Always BAA 20 2 3 
Branch Never BAN 21 2 3 

Branch IFF Higher BHI 22 2 3 

Branch IFF Lower or Same BLS 23 2 3 

Branch IFF Carry Clear BCC 24 2 3 

IBranch IFF Higher or Samel IBHSI 24 2 3 

Branch IFF Carry Set BCS 25 2 3 

IBranch IFF Lowerl IBLOI 25 2 3 

Branch IFF Not Equal BNE 26 2 3 

Branch IFF Equal BEQ 27 2 3 

Branch IFF Half Carry Clear BHCC 28 2 3 

Branch IFF Half Carry Set BHCS 29 2 3 

Branch IFF Plus BPL 2A 2 3 

Branch IFF Minus BMI 2B 2 3 

Branch IFF Interrupt Mask Bit IS Clear BMC 2C 2 3 

Branch IFF Interrupt Mask Bit IS Set BMS 2D 2 3 

Branch IFF Interrupt Line IS Low BIL 2E 2 3 
Branch IFF Interrupt Line IS High BIH 2F 2 3 

Branch to Subroutine BSA AD 2 6 

TABLE 7 - BIT MANIPULATION INSTRUCTIONS 

Addressing Modes 

Bit Set/ Clear Bit Test and Branch 

Function Mnemonic Op # # Op # , 
Code Bytes Cycles Code Bytes Cycles 

Branch IFF Bit n IS Set BASET n In=O 71 - - - 20 n 3 5 

Branch IFF Bit n IS Clear BRCLR n In=O 71 - - - 01 + 20 n 3 5 
Set Bit n BSET n In-O 71 10+20 n 2 5 - - -
Clear Bit n BCLR n In=O 71 11 + 20 n 2 5 - - -

TABLE 8 - CONTROL INSTRUCTIONS 

Inherent 

Function Mnemonic 
Op , , 

Code Bytes Cycles 

Transfer A to X TAX 97 1 2 
T ransler X to A TXA 9F 1 2 

~et Carry Bit SEC 99 1 2 
Clear Carry Bit CLC 98 1 2 
Set Interrupt Mask Bit SEI 9B 1 2 
Clear Interrupt Mask Bot CLI 9A 1 2 
Soltware Interrupt SWI 83 1 10 

Aeturn Irom Subroutine ATS 81 1 6 
Return Irom Interrupt RTI 8J 1 9 

Reset Steck Pointer RSP 9C 1 2 
No-Operation NOP 90 1 2 
Stop STOP 8E 1 2 
Wait WAIT 8F 1 2 
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Co) 
N ..... 

Bit Mempulatton Branch 
T R 

~ .;;., .ri" ';'0 

BASEJf: 
BAA 3 .;;., BSE1~e REl 

5 5 3 , BACLRO ,BCL~~e , BRN 
0001 3 BTB RE 

BRSET1' 
5 3 

2 BSE1~e BHIREL 
0010 3 BTB 

5 , 3 
3 BRCLR' BCL~~e BLSREL 0011 3 BT 

5 5 3 
4 

3BRSEJJB I, BSE1~e 
BCCREL 0100 

5 5 3 
S 3BRCL~J. I, BCL~~e BCSREl 0101 

BRSEJ1: 
5 3 

6 
1 , BSE~~e BNEREl 0110 

5 5 3 
} BRCl~lB I 2 BCl~~e BEOREl 0111 

BRSET45 5 3 

1~ BSE~1e BHC~El -BTB 
5 5 3 

9 3BRCl~:' BCL~~c BHC~FI 
1001 

5 5 3 

1~ BRS~rB BSE~~c BPlRFI 
5 5 3 

B BRClRS BClRS BMI 
1011 3 BTB , Bse , REL 

.' , ' 3 
C BRSE~~B , BSE~~, BMC 

1100 , R l 
5 5 3 

~, BRC~~B BCl~~r BM~FI 
5 5 3 

l1~O_ BRSE~{B BSE~~C 2 Bil 
REL 

5 5 3 
F BRClR} BClR} BIH 

1111 3 BTB , Bse , REL 

AbbnIvietione for Add ... Modes 

INH Inherent 
IMM ImmedIate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Setl Clear 
BTB Bit Test and Branch 
IX Indexed (No Offsetl 
IXl Indexed, 1 Byte (8-Bltl Offset 
IX2 Indexed, 2 Byte (l8-Bltl Offset 

IR 

~1 
5 

NEG 
IR 

5 
COMOIR I 

5 
LSR 

OTR I 

5 
ROR 

OIR I 
5 

ASR 
DIR I 

5 
LSL 

DIR 1 
5 

ROL 
OIR I 

5 
DEC , OIR I 

5 
INC , OIR I 

4 
TSTnlR I 

5 
ClR 

2 OIR I 

TABLE 9- INSTRUCTION SET OPCODE MAP 

Read-Modify-Write I ContrOl RegISter I Memory 
INH INH IX' IX INH lliH IMM DIR I , 
oi"oo O~, 01~0 

} 8 9 A B C 0 E ~ 0111 1000 1001 1010 1011 1100 1101 1110 1111 
3 3 

NEG 5 NEG' SUB j 

, 
SUB' SUB' SUB' NEG NEG ATI SUB 

1 3 SUBEXT r2., INH I lNH '" I IX I INH' IMM -.l DIR IX' IXl 1 I 
6 2 3 4 5 4 3 

RTS CMP CMP CMP CMP CMP CMP , 
I INH , IMM , DIA 3 EXT 3 IX' , IXI I IX 0001 

2 3 4 
SBC ' 

4 
SBC ' SBC SBC SBC SBC 2 

2 IMM 2 DIA 3 EXT 3 IX' , IXI 1 IX 0010 
3 3 6 5 10 2 3 4 

CPX ' 
4 

COMA COM X COM COM SWI CPX CPX CPX CPX CPX 3 
INH I INH 'Xl I " I INH 2 IMM 2 DIA 3 EXT 3 IX' , IXI I IX 0011 

3 3 6 5 2 3 4 5 4 3 
LSRA LSRX LSR LSR AND AND AND AND AND AND o~ INH I INH , IXI I IX 2 IMM 2 DI" 3 EXT 3 IX' , IXI I IX 

2 J 4 5 4 
BIT 3 BIT 2 BIT DIR BIT BIT BIT O,~, IMM 3 ExT IX2 IXI 1 IX 

3 3 6 5 2 3 4 5 4 3 
RORA RORX ROR ROR LOA LOA LOA LOA LOA LOA 6 

INH I INH IXl I IX 2 IMM , DIR 3 EXT 3 IX' , IXI I IX 0110 
3 3 6 5 2 4 

STA ' STA ' 
4 

ASRA ASRX ASR ASR TAX STA STA STA } 
INH I INH 2 IXI I IX I INH , DIR 3 EXT 3 IXl 2 IXI I IX 0111 

3 3 6 5 , 2 3 4 5 4 3 
LSLA LSLX LSL LSL CLe EOR EOR EOR EOR EOR EOR B 

INH I INH 2 IXI I IX INH I'} IMM , OIA 3 EXT 3 IXl , IXI 1 IX 1000 
3 3 6 5 , , 3 4 5 4 

ADC 3 ROLA ROLX ROL ROL SEC ADC ADC ADC ADC ADC 9 
INH I INH 2 IXI I IX I INH , IMM 2 OIR 3 EXT 3 IX2 , IXl 1 IX 1001 

3 3 6 5 2 2 
ORA ' ORA' DECA DECX DEC DEC CLI ORA ORA ORA ORA A 

INH I INH 2 IXI I IX I INH , IMM 2 OIR 3 EXT 3 IX2 , IXI I IX 1010 

ADD' 
4 

ADD 3 SEI ADD ADD ADD ADD B 
I INH 2 IMM 2 OIR 3 ExT 3 IX' , IXI 1 IX 1011 

3 3 6 5 2 2 3 4 
INCA INCX INC INC RSP JMP JMP JMP JMP JMP C 

INH I INH 2 IXI I IX I INH 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 1100 
3 3 5 4 2 6 5 

JSR 0 JSR ' TSTA TSTX TST TST NOP BSR JSR JSR JSR 0 
INH I INH 2 IXI I IX I INH 2 REL 2 OIR 3 EXT 3 IX2 2 IXI 1 IX 1101 , 2 

LOX' 
4 4 3 

STOP LOX lOX lOX lOX lOX E 
I INH 2 IMM 2 DIR 3 EXT 3 IX2 2 IXI 1 IX 1110 

3 3 6 5 , 2 4 6 5 4 
ClRA ClRX CLR ClR WAIT TXA STX STX STX STX STX F 

INH I INH 2 IXI I IX I INH I IN~ 2 OIR 3 EXT 3 IX2 , IXI I IX 
-

1111 

LEGEND 

r--F"----:;;::+----------:7 Opcode In Hexadecimal F • ~ 
1111 

Opcode In Binary 
Mnemonic ~. ~ l ~ 

Bytes 1 J~X__ 0000 ~ 

Cycles --_____ -' " Address Mode 

92CS-38011 

I 

o 
C 
"'U 
0) 
CD o 
(II 
." 
I'\) 

o 
C 
'tJ 
0) 
CD o 
(II 
." 
I'\) 

o 

G) 
CII) 
CI en 
~ 
CD 
::::!. 

:: 
i: n a 
'a a 
n 

i 
iil 
II 
:::J 
a. 
i: 
(;' 

§ 
3 
'a 
c:: 
i' 
iil 



680S-Serles Microprocessors and Microcomputers 

CDP6805F2, CDP6805F2C 

Mnemonic Inherent Immediate Direct 

ADC X X 
ADD X X 
AND X X 
ASl X X 
ASR X X 
BCC 

BClR 
BCS 
BEO 

BHCC 
BHCS 

BHI 
BHS 
BIH 
Bil 
BIT X X 
BlO 
BlS 
BMC 
BMI 
BMS 
BNE 
BPl 
BRA 
BRN 

BRClR 
BRSET 
BSET 
BSR 
ClC X 
CLI X 
ClR X X 
CMP X X 
COM X X 
CPX X X 
DEC X X 
EaR X X 
INC X X 
JMP X 
JSR X 
lOA X X 
lOX X X 
lSl X X 
lSR X X 
NEG X X 
Nap X 
ORA X X 
ROl X X 
ROR X X 
RSP X 
RTI X 
RTS X 
SBC X X 
SEC X 
SEI X 
STA X 

STOP X 
STX X 
SUB X X 
SWI X 
TAX X 
TST X X 
TXA X 

WAIT X 

Condll10n Code Symbols 

H Half Carry IFrom Bll 31 
I Interrupt Mask 
N Nega(lve 1519r1 81tl 

Z Zero 
Carry I Borrow 

TABLE 10 - INSTRUCTION SET 

Addressing Modes 

Indexed Indexed 
Extended Relative (No Offsetl (8 Bits) 

X X X 
X X X 
X X X 

X X 
X X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X 
X X X 

X X 
X X X 

X X 
X X X 

X X 
X X X 
X X X 

,X X X 
X X X 

X X 
X X 
X X 

X X X 
X X 
X X 

X X X 

X X X 

X X X 
X X X 

X X 

A Test and Set If True Cleared Otherwise 
• Not Affected 

Load CC Regl~ler From Stack 
Cleared 
Set 

Condition Codes 

Indexed Bit Bit 

(16 Bits) Setl Test & H I N Z C 
Clear Branch 

X A A A A 
X A I. IX fA IX 
X A A • 

A A A 
A A A 

• • 
X • • • • • • • • • • • • • • • • • • • • 

X • A A 

• • 

I. I. 

X 
X A 

X • • • 
0 

0 • 
0 • 

X A A A 
A A , 
A A A 
A A • 

X A A • 
A A • 

X • • • 
X • • • 
X A A • 
X if TK IT 

A A A 
0 A A 

• • A A A 

• • • • • 
X • • A A • 

• • A A A 

• • • • • 
• • • • 

X • A A A 

• • • , , • • • 
X • A A • 

0 • • • 
X • A A • 
X • A A A 

1 • • • 
• A A • • • • • 

10 • .,. 
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_________________ 680S-Series Microprocessors and Microcomputers 

Product Preview 

TERMINAL ASSIGNMENT 

mn " '00 
TIfO " OSCI 

" om 

'" " TIMER eo, " '" '" " '" ,,. 
" '" '" " '" '" " '" " '" " " '" " " '00 

" " '" " " '" '" " " '" '" " " '" '" " " ". 
'" " " '" '" " " '" 'ss '0 " '" 

TOP VIEW 

CDP680SG2, CDP680SG2C 

CMOS High-Performance Silicon-Gate 
a-Bit Microcomputer 
Features: 
• Typical full speed operating power 

of 12 mWat5 V 
• Typical WAIT mode power of 4 mW 
• Typical STOP mode power of 5 /JW 
• Fully static operation 
• 112 bytes of on-chip RAM 
• 2106 bytes 01 on-chip ROM 
• 32 bidirectionalI/O lines 
• High current drive' 
• Internal B-bit timer with soltware 

programmable 7-bit prescaler 

• External timer input 
• External and timer interrupts 
• Self-check mode 
• Master reset and power-on reset 
• Single 3 to 6 volt supply 
• On-chip oscillator with RC or crystal 

mask options 
• True bit manipulation 
• Addressing modes with indexed 

addressing for tables: 

The CDP6805G2 Microcomputer Unit (MCU) belongs to 
the CDP6805 Family of Microcomputers This 8-bit MCU 
contains on-chip oscillator CPU, RAM, ROM, 1/0, and 
Timer. The fully static design allows operation at frequencies 
down to DC, further reducing its already low-power 

consumption. It isa low-powerprocessordesigned for low- .. 
end to mid-range applications in the consumer, automotive, -=­
industrial, and communications markets where very low 
power consumption constitutes an important factor. 

TIMER 

PBO 
PBI 

Port PB2 
B PB3 Port Data 

1/0 PB4 B D" 

lines PB5 Reg Reg 

PB6 
PB7 

PAO 
PAl 

Port PA2 Data Port 
A Dir PA3 A 

1/0 PA4 Reg Reg 
Lines PA5 

PA6 
PA7 

8 

8 

6 

8 

Accumulator 
A 

Index 
Register 

X 

Condition 
Code 

Register CC 

Stack 
POinter S 
Program 
Counter 

High PCH 

Program 
Counter 

low PCl 

198x8 
Self· Check 

ROM 

RESET NUM IRO 
I 3 2 

PCO 
PCI Pon CPU Data Port PC2 

Control C 
Dir C PC3 1/0 
Reg Reg PC4 Lines 

PC5 
PC6 

CPU 
PC7 

PDO 
PDI Port 

Data Port PD2 D 
Dir D PD3 AlU 1/0 
Reg Reg PD4 

Lines 
PD5 
PD6 
PD7 

Fig. 1 - CDP6805G2 CMOS microcomputer block diagram. 

File Number 1364 
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6805-Serles MicroproCessors and Microcomputers 

CDP6805G2, CDP6805G2C 

MAXIMUM RATINGS (Voltages Referenced to VSS) 

Ratings Symbol 
Supply Voltage VDD 
All Input Voltages Except OSCI Yin 
Current Drain Per Pin Excluding VDD and VSS I 
Operating Temperature Range 

CDP6805G2 TA 
CDP6805G2C 

Storage Temperature Range Tstg 

Current Drain Total (PD4-PD7 only) IOH 

THERMAL CHARACTERISTICS 
Characteristics Symbol Value Unit 

Thermal Resistance 
Plastic - 100 -

Ceramic OJA 50 'C/W 

Port Rl R2 
Band C 243 kO 4.32 kO 

A. POO·P03 121 kO 3.1 kO 
P04·P07 3000 1.64 kO 

Test POint 

-0 

ImA) 
50 

40 

~ 
C 
l' 
:; 
u 3.0 

'" 

Fig. 2 - Equivalent test load. 

Value Unit 
-0.3 to +8 V 

VSS-0.5 to VDD+0.5 V 
10 mA 

TL TH 
o to +70 °C 

-40 to +85 
-55 to +150 °C 

40 mA 

This deVice contains Circuitry to protect the 
Inputs against damage due to high static 
voltages of electnc helds; however. It IS ad­
Vised that normal precautions be taken to 
aVOid application of any voltage higher than 
maximum rated voltages to thiS high Im­
pedance CirCUIt. For proper operation It IS 

recommended that Y,n and Vout be con­
strained to the range Vsss IV In or 
Vout) s VOO. Reliability of operation IS 
enhanced If unused Inputs except OSC2 and 
NU M are tied to an appropriate logiC voltage 
level Ie g .• either VSS or VOOI. 

ILoad -
50 pF A1 

VOO=4.5V 

A2 

VOO=6V 

g Voo=5V 
W 
0. 
o 
~ 
is. 
~ 20 

10 

01 02 03 0.4 0.5 06 0.7 0.8 

Internal Frequency 11/tcyc) 
Fig. 3 - Typical operating current VS. internal frequency. 

1.0 
IMHz) 
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6805-Serles Microprocessors and Microcomputers 

CDP6805G2, CDP6805G2C 
DC ELECTRICAL CHARACTERISTICS (VOO=3 Vdc, Vss=O Vdc, TA=iL to TH, unless otherwise noted) 

Characteristics Symbol Min Max Unit 
Output Voltage ILoadS t /JA VOL 01 V 

VOH VOO-O 1 - V 
Output High Voltage 

(ILoad= - 50 /JA) PBO-PB7, PCO-PC7 VOH 1.4 - V 

II Load = -0.5 mA)PAO-PA7, POO-P03 VOH 1.4 V 

IILoad- -2 rnA) P04-P07 VOH 1.4 V 
Output Low Voltage 

II Load = 300 /JA) All Ports VOL - 03 V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P07 

Input High Voltage 
Ports PAO-PA7, PBO-PB7, PCO-PC7, POO-P07 '{JH. 2.7 VOO V 
TIMER, IRO, RESET VIH 2.7 VOO V 
OSCI VIH 2.7 VOO V 

Input Low Voltage All Inputs VIL VSS 0.3 V 

Total Supply Current (no dc Loads, tcyc=5 /Js) 

RUN (measured during self-check, VIL=O.I V, VIWVOO-O.I V) 100 - 0.5 rnA III 
WAIT (See Note) 100 200 /JA 
STOP (See Note) IJ2J2 - 100 I'A 

1/ 0 Ports Input Leakage 
PAO-PA7, PBO- PB7, PCO-PC7, POO-P07 IlL - 5 I'A 

Input Current 
RESET, IRO, TIMER, OSCI lin - ± I I'A 

Capacitance 
Ports ~ut - 12 pF 

RESET, IRO, TIMER, OSCI C,n 8 pF 

DC ELECTRICAL CHARACTERISTICS (VOO=5 Vdc ± 10%, VSS=O Vdc TA=TL to TH unless otherwise noted) 

Characteristics Symbol Min Max Unit 
Output Voltage ILoad S 1O.I'A VOL 01 V 

VOH VOO-O 1 - V 

Output High Voltage 

II Load = -100 I'AI PBO-PB7, PCO-PC7 VOH 24 - V 

II Load = -2 mAl PAO-PA7, POO-P03 VOH 24 V 

IILoad= 8 mAl P04-P07 VOH 2.4 V 

Output Low Voltage 
II Load = 800 I'AI All Ports VOL - 0.4 V 
PAO-PA7, PBO-PB7, PCO-PC7, POO-P07 

Input High Voltage 
Ports PAO-PA7, PBO-PB7, PCO-PC7, POO-P07 VIH Voo-2 VOO V 

TIMER, IRO, RESE\ ascI VIH VOO 08 VOO V 

Input Low Voltage All Inputs VIL VSS 08 V 

Total Supply Current (CL - 50 pF 
on Ports, no dc Loads, tcyc= 1 I'sl 

RUN Imeasured dUring seit-check, 

VIL 02 V, VIH-VOO 0.2 VI 100 - 4 rnA 

WAIT (See Note) 100 1.5 rnA 

STOP (See Note) !J:llL 150 I'A 

1/0 Ports Input Leakage 
PAD-PA7, PBO- PB7, PCO·PC7, POO-P07 IlL - ± 10 I'A 

Input Current 
RESET, IRO, TIMER, OSCI lin - ±I I'A 

Capacitance 
Ports Cout - 12 pF 

RESET, IRO, TIMER, ascI C,n 8 pF 

NOTE: Test cond,tlons for 100 are as follows. 
All ports programmed as inputs 
VIL = 02 V (PAO-PA7, PSO-PS7, PCO-PC7, POO-P071 

VIH = VOO-0.2 V for REm, IRO, TIMER 
ascI Input IS a squarewavs from 0.2 V to VOO-O 2 V 
OSC2 output load = 20 pF (walt 100 IS affected linearly by the 

OS C2 eapaella nee I 
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6a05-Series Microprocessors and Microcomputers 

CDP6805G2, CDP6805G2C 
TABLE 1 - CONTROL TIMING 

(VDD=5 Vdc ± 10%, VSs=O, TA=TL to THo losc=4 MHz) 

Characteristics Symbol Min Max U~it 
Crystal OSCillator Startup Time (Figure 51 toxOV - 100 nis 
Stop Recovery Startup Time (Crystal Oscillatorl (Figure 61 IIlCH - 100 ms 
Timer Pulse Width (Figure 41 lTH, tTL 0,5 - tcyc 

Reset Pulse Width (Figure 51 tRl 1,5 - tCl!c 
Timer Penod (Figure 41 lTlTl 1 - tcyc -
Interrupt Pulse Width low (Figure 151 tlLlH 1 - tcyc 
Interrupt Pulse Penod tFigure 151 tlLll * - tc~c 

OSCI Pulse Width tOH, tOl 100 - ns 
Cycle Time tcyc 1000 - n,j 

Frequency 01 Operation 
losc Crystal - 4 MHz 

External Clock tosc DC Mrjz 

"The minimum penod tlLll should not be less than the number 01 tcyc cycles It takes to execute the Interrupt service routines plus 20 tcyc cycles 

External 
Clock 

( Timer) 
Pin 37 

Fig. 4 - Timer relationships. 

VOD ~r----------------------------------------------------

osc,** ~;}Z1ZZZZZZ/l777727ZZZIZZZZZZl27ZZZ77ZI7/7ZZlZZZZZZ7ZZ7Z7ZZ/ 
'OXOV 

INTERNAL 
ADDRESS 

BUS * 

INTERNAL 
DATA 
BUS * 

I I I 

:. -I. ·11920 tc,c 

I I i'c'c1 
rLS 

RESET 't¥ 
* INTERNAL TIMING SIGNAL AND BUS INFORMATION NOT AVAILABLE EXTERNALLY 

**OSCI LINE IS NOT MEANT TO REPRESENT FREQUENCY, 
IT IS ONLY USED TO REPRESENT TIME, 

Fig. 5 - Power-on RESET and RESET. 

92CM-38J03 
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________________ 6805-Serles Microprocessors and Microcomputers 

CDP6805G2, CDP6805G2C 

(0~~~:~*~~W////:0: (;: W&.:J~ffi 
SENSITIVE I 

ONLY 

~ t LCH 1920 teye 

RESET --------------------------------

~2* ------------------------~ 

.. INTERNAL TIMING SIGNALS NOT AVAILABLE EXTERNALLY, 

** REPRESENTS THE INTERNAL GATING OF THE CSCI INPUT PIN. 

92CS-38101 

Fig. 6 - Stop recovery and power-on RESET. 

FUNCTIONAL PIN DESCRIPTION 
VDD and VSS 

Power IS supplied to the MCU uSing these two pins. VDD 
IS power and VSS IS ground. 

iRO (MASKABLE INTERRUPT REQUEST) 

IRQ is mask option selectable With the choice of Interrupt 
sensitivity being both level- and negative-edge or negatlve­
edge only.The MCU completes the current Instruction 
before It responds to the request. If IRQ IS low and the Inter­
rupt mask bit I I bit) In the condition code register IS clear, the 
MCU beginS an Interrupt sequence at the end of the current 
instruction. 

If the mask option IS selected to Include level sensitivity, 
then the IRQ Input requires an external resistor to VDD for 
"wire-OR" operation. See the Interrupt section for more 
detail 

RESET 
The RESET Input IS not required for start-up but can be 

used to reset the MCU's Internal state and provide an orderly 
software start-up procedure. Refer to the Reset section for a 
detailed deSCription 

TIMER 
The TIMER Input may be used as an external clock for the 

on-chip lImer Refer to Timer section for a detailed deSCrip­
tion. 

NUM - NON-USER MODE 

This pin IS Intended for use In self-check only User ap­
plications should connect this pin to ground through a 10 kO 
resistor 

OSC1,OSC2 

The CDP6805G2 can be configured to accept either a 
crystal input or an RC network. Additionally, the internal 
clocks can be derived by either a divide-by-two or divide­
by-four of the external frequency (fOSC). Both of these 
options are mask selectable. 

RC - If the RC oscillator option IS selected, then a resistor 
IS connected to the oscillator pms as shown In Figure 71b) 
The relationship between Rand fosc IS shown In Figure 8. 

CRYSTAL - The circuit shown In Figure 71a) IS recom­
mended when uSing a crystal. The Internal oscillator IS 
deSigned to Interface With an AT-cut parallel resonant quartz 
crystal resonator In the frequency range specified for fosc In 
the electrical characteristics table. USing an external CMOS 
oscillator IS suggested when crystals outside the specified 
ranges are to be used. The crystal and components should 
be mounted as close as possible to the Input pins to minimize 
output distortion and start-up stabilization time Crystal fre­
quency limits are also affected by VDD. Refer to Control 
Timing Characteristics for limits. See Table 1 

EXTERNAL CLOCK - An external clock should be ap­
plied to the OSC1 Input With the OSC2 Input not connected, 
as shown In Figure 71e). An external clock may be used With 
either the RC or crystal oscillator mask option. toxOV or 
t)LCH do not apply when uSing an external clock input. 
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1 MHz 4 MHz Units 

RSMAX 400 75 0 
Co 5 7 pF 

~l 0008 0012 ~F 

COSCl 15-40 15-30 pF 

COSC2 15-30 15-25 pF 

Rp 10 10 MO 
Q 30 40 -

Crystal Parameters 

CDP6805G2 
L Cl Rs OSCl OSC2 

~ 
39 Rp 38 38 

\ 

Co 

COSCl 

J "J COSC2 38 

101 39 

Crystal Oscillator Connections Equivalent Crystal Circuit 

(a) 

R Unconnected 

External Clock 

(b) RC Oscillator Connecllon (c) External Clock Source Connections 

Fig. 7 - Oscillator connections. 

10. 

• 
i 

4 

1"-! 2 r--. 
~ I 

1"'-, .. 
::> • fil • It: 4 

",-~ 2 I-.. 
" jo.1 

~ • • 
4 

2 

0.01 , 4 6 • 2 4 6 
10 100 

2 4 6 . 
1000 

RESISTANCE (kQ) 
9lCS-38102 

Fig. B - Typical frequency vs. resistance for RC oscillator option only. 
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PAO-PA7 
These eight I/O lines comprise Port A The state of any 

pin IS software programmable Refer to Input/Output Pro­
gramming section for a detailed description 

PBO-PB7 
These eight lines comprise Port B The state of any pin IS 

software programmable Refer to Input/Output Program­
ming section for a detailed description 

PCO-PC7 
These eight lines comprise Port C The state of any pin IS 

software programmable Refer to the Input/Output Pro­
gramming section for a detailed description 

Internal 
CDP6805G2 
Connections 

TYPical Port 
Data Direction 

Register 

Typical Port 
Register 

Pin P-7 P-6 

lal 

P-5 

CDP6805G2, CDP6805G2C 
PDO-PD7 

These eight lines comprise Port D PD4-PD7 also are 
capable of driving LED's directly. The state of any pin IS soft­
ware programmable. Refer to the Input/ Output Programing 
section for a detailed description 

INPUT/OUTPUT PROGRAMMING 
Any port pin may be software programmed as an Input or 

output by the state of the corresponding bit In the port Data 
Direction Register IDDRI A pin IS configured as an output If 
ItS corresponding DDR bit IS set to a logic '1 ' A pm IS con­
figured as an Input If ItS corresponding DDR bit IS cleared to 
a logic '0 ' At reset, all DDRs are cleared, which configures 
all port pinS as Inputs A port pin configured as an output 
will output the data In the corresponding bit of ItS port data 
latch Refer to Figure 9 and Table 2 

P-4 P-3 P·2 p., p·o 

Fig. 9 - Typical port I/O circuitry. 

TABLE 2 - 110 PIN FUNCTIONS 

R/W DDR 110 Pin Function 
0 0 The 110 pin IS In Input mode Data IS written Into the output data latch 

0 1 Data IS written Into the output data latch and output to the I/O pin , 0 The state of the 1/0 pin IS read 
1 1 The 1/0 pin IS In an output mode The output data latch IS read 
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CDP6805G2, CDP6805G2C 
SELF-CHECK 

The CDP6805G2 self-check is performed using the circuit 
in Figure 10. Self-check is initiated by tying NUM and 
TIMER pins to a logic 1 then executing a reset. After reset, 
five subroutines are called that execute the following tests: 

I/O-Functlonally exercise port A, B, C, 6 
RAM - Walking bit test 
ROM - Exclusive OR with odd l's panty result 
Timer- Functionally exercise timer 
Interrupts- Functionally exercise external and timer Inter­

rupts 
Self-check results are shown In Table 3. The following 

subroutines are available to user programs and do not re­
qUire any external hardware 

RAM SELF-CHECK SUBROUTINE 
Returns with the Z-blt clear If any error IS detected; other­

wise the Z-blt IS set 
The RAM test must be called with the stack pOinter at 

$07F When run, the test checks every RAM cell except for 
$07F and $07E which are assumed to contain the return ad­
dress. 

A and X are modified. All RAM locations except the 
top 2 are modified. {Enter at location $1 F80.} 

ROM CHECKSUM SUBROUTINE 
Returns with Z-bit cleared if any error was found, 

otherwise Z = 1. X = 0 on return, and A is zero if the test 
passed. RAM locations $040-$043 are overwritten. 
{Enter at location $1 F9B.} 
TIMER TEST SUBROUTINE 

Return with Z-blt cleared If any error was found; otherwise 
Z=I. 

This routine runs a Simple test on the timer In order to 
work correctly as a user subroutine, the Internal clock must 
be the clocking source and interrupts must be disabled. 
Also, on eXIt, the clock will be running and the Interrupt 
mask not set so the caller must protect himself from inter­
rupts If necessary 

A and X register contents are lost; this routine counts 
how many times the clock counts in 128 cycles. The 
number of counts should be a power of two since the 
prescaler is a power of two. If not, the timer probably is 
not counting correctly. The routine also detects if the 
timer is running at all. {Enter at location $1 FB5.} 

MEMORY 
The CDP6805G2 has a total address space of 8192 bytes 

of memory and I/O registers. The address space is shown in 
Figure 11. 

.------c 
i'i'ESET I 

4 
t--- PA7 

5 .-~ PA6 
6 

PA5 
7 

PA4 

~ PA3 

~ PA2 
10 

PAl 
II 

PAO 

~ PBO 
13 

PBI 
14 

PB2 
15 

PB3 

~ PB4 
17 

PB5 
18 

PB6 
19 

PB7 

40 
VOO 10 k!l 

37 10 kO 
TIMER 5V 

3 lO.kO 
NUM 

39 
ascI 

IOMO ~ CDP6805G2 4M 

T 

I 2yF 
Hz 

OSC2 
38 

IRQ 
2 

P07 ~ 
P06 ~ r-
P05 34 

P04 33 

P03 32 

P02 31 

POI 30 

POO 29 

PCO ~ 
PCI ~ I-
PC2 26 

PC3 25 

PC4 ~ 
PC5 P-
PC6 22 

PC7 21 

VSS 
NOTE: 

'120 

Fig. 10 - Self-check circuit. 

20 pF 

~ 

j'. Ind 
t Status 
Icatlon 

The RC Os cillator Option 
May Be Us ed In This Circuit. 
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0 

Access 
Via 

Page 0 {m Direct 12S 
Addressing 

255 
256 

2223 
2224 

2303 
2304 

8063 
8064 

8181 

{ 
8182 

User 
Defined 
Interrupt 
Vectors 

8191 

CDP6805G2, CDP6805G2C 

TABLE 3 - SELF-CHECK RESULTS 

PD3 PD2 POl 

1 0 1 

1 0 1 

1 1 0 

1 1 0 

1 1 1 
All Cycling 

All Others 

I/O Ports 
Timer 
RAM 

2096 Bytes 
User ROM 

SO Bytes 

Self-Check ROM 

5760 Bytes 

Unused-

11S Bytes 

Sell-Check ROM 1-------------
T,mer Interrupt From Walt State Only 1----------""-

Timer Interrupt 
r----

External Interrupt 
1---- -

SWI 
1--- --

RESET 

PDO Remarks 

0 Sad I/O 

1 Bad Timer 

0 Bad RAM 

1 Bad ROM 

0 Bad Interrupt or Request Flag 

Good Part 
Bad Part 

$0000 0 Port A Data 

Port B Data 
S007F 

2 Port C Data 
$OOSO 

I 3 Port 0 Data 

$ooFF 4 Port A Data Direction 
$0100 5 

\ 6 

Port B Data Dlrectton 

Port C Data Dlrectton 
S08AF 7 
S08BO 

8 

Port 0 Data Direction 

Timer Data 

9 
SOSFF Timer Control 

S0900 10 

6 Bytes 

Unused* 

15 
'--

16 
RAM 

1112 Bytesl 

$1 F7F 

SlFSO 63 
64 

Sl FF5 
- // ..-..-

$lFF6 SlFF7 / ..-
SlFFSS1FF9 ..-

/ 

Sl FFAS1 FrB 
I 

SlFFC-S1FFD 

$lFFE SlFFF 
127 

/ 
,/ / Stack 164 Bytes Maxi 

,/ 

• / 
/ 

SOOOO 

$0001 

S0002 

S0003 

SOOO4 

$0005 

SOOO6 

S0007 

SOOO8 

$0009 

SoooA 

SoooF 
SOO10 

S003F 
S0040 

SoolF 

*Reads of unused locations undefined 

Fig. 11 - Address map. 
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CDP6805G2,CDP6805G2C 
The first 128 bytes of memory (first half of page zerol IS 

comprised of the I/O port locations, timer locations, and 112 
bytes of RAM The next 2096 bytes comprise the user ROM 
The 10 highest address bytes contain the reset and Interrupt 
vectors 

The stack pOinter IS used to address data stored on the 
stack Data IS stored on the stack dUring Interrupts and sub­
routine calls At power-up, the stack pOinter IS set to $G07F 
and It IS decremented as data IS pushed on the stack When 
data IS removed from the stack, the stack pOinter IS incre­
mented A maximum of 64 bytes of RAM IS available for 
stack usage Since most programs use only a small part of 
the allocated stack locations for Interrupts and/or 
subroutine stacking purposes, the unused bytes are usable 
for program data storage 

REGISTERS 

ACCUMULATOR (A) 
This accumulator IS an 8-blt general purpose register used 

for arithmetic calculations and data manipulations 

INDEX REGISTER (X) 
The X register IS an 8-blt register which IS used dUring the 

Indexed modes of addressing It provides an 8-blt operand 
which IS used to create an effective address The Index 
register IS also used for data manipulations with the 
read/modify/write type of Instructions and as a temporary 
storage register when not performing addressing operations 

PROGRAM COUNTER (PC) 
The program counter IS a nblt register that contains the 

address of the next instruction to be executed by the pro­
cessor 

STACK POINTER (SP) 

The CDP6805G2 contains five registers as shown in the 
programming model in Figure 12. The interrupt stacking 
order is shown in Figure 13. 

The stack pOinter IS a 13-blt register containing the 
address of the next free location on the stack When access­
Ing memory, the seven most-significant bits are permanently 
set to 0000001 These seven bits are appended to the SIX 
least-significant register bits to produce an address within 
the range of $007F to $0040 The stack area of RAM IS used 
to store the return address on subroutine calls and the 

a 
A I Accumulator 

a 
x I Index Register 

12 a 

I PC I Program Counter 

12 6 5 a 
101010101010111 SP I Stack POinter 

IncreaSing Memory 
Addresses 

11 
Unstack 

Condition Code Register 

Carryl Borrow 

Zero 

'----Negative 

~---- Interrupt Mask 

'------- Half Carry 

Fig. 12 - Programming Model. 

1 I 1 11 I Condition Code Register 

Accumulator 

Index Register 

a I a I a I PCH 

PCl 

a Stack 

i1 
T 

DecreaSing Memory 
Addresses 

NOTE Srnce the Stack POinter decrements dUring pushes, the pel IS 
stacked first, followed by PCH, etc Pullrng from the stack IS In 
the reverse order 

Fig, 13 - Stacking order. 
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machine state dUring Interrupts DUring external or power· 
on reset, and dUring a "reset stack pOinter" instruction, the 
stack pOinter IS set to Its upper limit ($007F) Nested inter­
rupts and/ or subroutines may use up to 64 (decimal) loca­
tions, beyond which the stack pOinter "wraps around" and 
POints to Its upper limit thereby losing the previously stored 
Information A subroutine call occupies two RAM bytes on 
the stack, while an Int·mupt uses five bytes 

CONDITION CODE REGISTER (CC) 
The condition code register IS a 5-blt register which in­

dicates the results of the Instruction Just executed These 
bits can be indiVidually tested by a program and speCifiC ac­
tion taken as a result of their state Each bit IS explained In 
the following paragraphs 

HALF CARRY BITS (H) - The H-blt IS set to a one when 
a carry occurs between bits 3 and 4 of the ALU dUring an 
ADD or ADC instruction The H-blt IS useful In binary coded 
decimal subroutines 

INTERRUPT MASK BIT (I) - When the I-bit IS set, both 
the external Interrupt and the timer Interrupt are disabled 
Clearing this bit enables the above Interrupts If an Interrupt 
occurs while the I-bit IS set, the Interrupt IS latched and IS 
processed when the I-bit IS next cleared. 

NEGATIVE (N) - Indicates that the result of the last 
arithmetic, logical, or data manipulation IS negative (bit 7 In 
the result IS a logical one) 

ZERO (Z) - Indicates that the result of the last arithmetic, 
logical, or data manipulation IS zero. 

CARRY /BORROW (C) - indicates that a carlY or borrow 
out of the arithmetic logiC unit (ALU) occurred dUring the 
last arithmetic operation This bit IS also affected dUring bit 
test and branch instructions, Shifts, and rotates 

RESETS 
The CDP680SG2 has two reset modes: an active low 

external reset pi n (RESET) and a power-on reset function; 
refer to Figure S. 

RESET 
The RESET Input pin IS used to reset the MCU to prOVide 

an orderly software start-up procedure When uSing the ex­
ternal reset mode, the RESET pin must stay low tor a mini­
mum of one tcyc The RESET pin IS prOVided with a Schmitt 
Trigger Input to Improve ItS nOise Immunity 

POWER-ON RESET 
The power-on reset occurs when a positive transition IS 

detected on VDD. The power-on reset IS used strictly for 
power turn-on conditions and should not be used to detect 
any drops In the power supply voltage. There IS no provIsion 
for a power-down reset The power-on circuitry prOVides for 
a 1920 tcyc delay from the time of the first OSCillator opera­
tion If the external RESET Pin IS low at the end of the 1920 
tcyc time out, the processor remainS In the reset condition 

* Any current instruction including SWI 

CDP6805G2, CDP6805G2C 
Either of the two types of reset conditions causes the 

following to occur 
- Timer control register Interrupt request bit TCR7 IS 

cleared to a "0 " 
- Timer control register Interrupt mask bit TCR6 IS set to a 

"1 " 
- All data directIOn register bits are cleared to a "0 " All 

ports are defined as Inputs 
- Stack pOinter IS set to $G07F 
- The Internal address bus IS forced to the reset vector 

($1 FFE, $1 FFF) 
- Condition code register Interrupt mask bit (I) IS set to a 

"1 " 
- STOP and WAIT latches are reset 
- External Interrupt latch IS reset 

All other functions, such as other registers (including out­
put ports), the timer, etc, are not cleared by the reset condi­
tions 

INTERRUPTS 
The CDP680SG2 may be interrupted by one of three 

different methods: either one of two maskable hardware 
interrupts (external input or timer) or a nonmaskable 
software interrupt (SWI). Systems often require that 
normal processing be interrupted so that some external 
event may be serviced. 

I nterrupts cause the processor registers to be saved 
on the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the 
register contents to be recovered from the stack 
followed by a return to normal processing. The stack 
order is shown in Figure 13. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are 
considered pending until the current instruction 
execution is complete. 

Note 
The current instruction is considered to be the one 

already fetched and being operated on. 

When the current instruction is complete, the 
processor checks all pending hardware interrupts and 
if unmasked (I bit clear). proceeds with interrupt 
processi ng; otherwise, the next instruction is fetched 
and executed. Note that masked interrupts are latched 
for later interrupt service. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the 
external Interrupt is serviced first. The SWI is executed 
the same as any other instruction and as such takes 
precedence over hardware interrupts only if the I bit is 
set (hardware interrupts masked). Referto Figure 14 for 
the interrupt and instruction processing sequ~ 

Table 4 shows the execution priority of the RESET, 
IRQ and timer interrupts, and instructions (including 
the software interrupts, SWI). Two conditions are 
shown, one with the I bit set and the other with I bit 
clear; however, in either case RESET has the highest 
priority of execution. If the I bit is set as per Table 4(a). 
the second highest priority is assigned to any instruction 
including SWI~is is illustrated in Figure 14 which 
shows that the I RQ or Timer interrupts are not executed 
when the I bit is set. If the I bit is cleared as per Table 
4(b). the priorities change in that the next instruction 
.l.§YlI1 or other instruction} is not fetched until after the 
IRQ and Timer interrupts have been recognized (and 
serviced). Also, when the I bit is clear.JLboth IRQ and 
Timer interrupts are pending, the IRQ interrupt is 
always serviced before the Timer interrupt. 
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1~I(inCC) 
007F-SP 
O-DDRs 

CLR IRQ Logic 
TeR b7-0 
TeR b6-1 

Fig. 14 - i'iESfT and INTERRUPT processing flowchart. 

Load PC From: 
SWI: 1FFC/1FFD 
1RU: 1FFA/1FFB 

TIMER: 1FF8/1FF9 
Timer Walt: 1 FF6/1 FF7 

TABLE 4 - INTERRUPT/INSTRUCTION EXECUTION PRIORITY AND VECTOR ADDRESS 

(a) I Bit Set 

Vector 

Interrupt/Instruction Priority Address 

---
RESET 1 $1 FFE-$1 FFF 

SWI (or Other Instruction) 2 $1 FFC-$1 FFD 

NOTE: IRQ and Timer Interrupts are not executed when the I bit is set; therefore, they 
are not shown. 

(b) I Bit Clear 

Vector 

Interrupt/Instruction Priority Address 

RESET 1 $1 FFE-$1 FFF 

IRQ 2 $1 FFA-$1 FFB 

Timer 3 $1 FF8-$1 FF9 

$1 FFS-$1 FF7" 

SWI (or other Instruction) 4 $1 FFC-$1 FFD 

• The Timer vector address from the WAIT mode is $1 FFS-$1 FF7. 
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Note 

Processing is such that at the end of the current 
instruction execution, the I bit is tested and if set the 
next instruction (including SWI) is fetched. If the I bit is 
cleared, the hardware interrupt latches are tested, and 
if no hardware interrupt is pending, the program falls 
through and the next instruction is fetched. 

TIMER INTERRUPT 

If the timer interrupt mask bit (TCR6) is cleared, then 
each time the timer decrements to zero (transitions 
from $01 to $00) an interrupt request is generated. The 
actual processor interrupt is generated only if the 
interrupt mask bit of the condition code register is also 
cleared. When the interrupt is recognized, the current 
state of the machine is pushed onto the stack and the 
interrupt mask bit in the condition code register is set. 
This masks further interrupts until the present one is 
serviced. The processor now vectors to the timer 
interrupt service routine. The address for this service 
routine is specified by the contents of $1 FF8 and $1 FF9 
unless the processor is in a WAIT mode in which case 
the contents of $1 FF6 and $1 FF7 specify the timer 
service routine address. Software must be used to clear 
the timer interrupt request bit (TCR7). At the end of the 
timer interrupt service routine, the software normally 
executes an RTI instruction which restores the machine 
state and starts executing the interrupted program. 

EXTERNAL INTERRUPT 

If the interrupt mask bit of the condition code register 
is cleared and the external interrupt pin (IRQ) is low, 

6805-Series Microprocessors and Microcomputers 

CDP6805G2, CDP6805G2C 
then the external interrupt occurs. The action of the 
external interrupt is identical to the timer interrupt with 
the exception that the service routine address is 
specified by the contents of $1 FFA and $1 FFB. Either a 
level- and edge-sensitive trigger (or edge-sensitive 
only) are available as mask options. Figure 15 shows 
both a functional diagram and timing for the interrupt 
line. The timing diagram shows two different treatments 
of the interrupt line (IRQ) to the processor. The first 
method is single pulses on the interrupt line spaced far 
enough apart to be serviced. The minimum time between 
pulses is a function of the length of the interrupt service 
routine. Once a pulse occurs, the next pulse should not 
occur until the MPU software has exited the routine (an 
RTI occurs). This time (t'LIe) is obtained by adding 20 
instruction cycles (teye ) to the total number of cycles is 
takes to complete the service routine including the RTI 
instruction; refer to Figure 15. Thesecond configuration 
shows many interrupt lines "wire-ORed" to form the 
interrupts at the processor. Thus, if after servicing an 
interrupt the IRQ remains low, then the next interrupt is 
recognized. 

SOFTWARE INTERRUPT (SWI) 

The software interrupt is an executable instruction. 
The action of the SWI instruction is similar to the 
hardware interrupts. The SWI is executed regardless of 
the state of the interrupt mask In the condition code 
register. The service routine address is specified by the 
contents of memory locations $1 FFC and $1 FFD. See 
Figure 14 for interrupt and instruction processing 
flowchart. 

la) Interrupt Functional Diagram 
Level Sensitive 

111 

121 

Mask Option 

Voo ,..---, 

o Ol-----L 

Interrupt Pin ----__ ~--.qC 

o I Sit ICCRI 

Power-On Reset 

External Reset 

External Interrupt 
Being SerViced 

External 
Interrupt 
Request 

Ib) Interrupt Mode Diagram Edge Condition 

liiO~tlLIH U 
~ tILlL~~ 

IRO IMPUIIL _______________ -' 

IR.Ol~ tLIH------.J 

• 
• 

IRQn 

Fig. 15 - External interrupt. 

(The minimum pulse Width (tILlH IS one 
teye The period tl LI L should not be 
less than the number of tcyc cycles It 
takes to execute the Interrupt service rou­
tine piuS 20 tcyC cycles) 

Mask Optional Level Sensitive 

(If after servIcing an Interrupt the IRO re­
mains low, then the next Interrupt IS re­
cognized) 
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STOP 
The STOP instruction places the CDP6805G2 in its 

lowest power consumption mode. In the STOP function the 
internal oscillator is turned off, causing all internal process­
ing and the timer to be halted; refer to Figure 16. 

Durrng the STOP mode, timer control register nCR) bits 6 
and 7 are altered to remove any pending timer tnterrupt re­
quests Dnd to disable any further timer interrupts The timer 
prescaler IS cleared External interrupts are enabled In the 
condition code register. All other registers and memory re­
main unaltered All 1/0 lines remain unchanged. 

WAIT 

Yes 

Stop Oscillator 
And All Clocks 
TCR Bit 7-0 

Bit 6-1 
Clear I Mask 

Fig. 16 - Stop function flowchart. 

The WAIT instruction places the CDP6805G2 in a low 
power consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the Internal clock is diabled from all internal circuitry 

except the timer circuit; refer to Figure 17. Thus, all internal 
processing is halted; however, the timer continues to count 
normally. 

During the Wait mode, the I-bit in the condition code 
register is cleared to enable interrupts. All other registers, 
memory, and 1/0 lines remain in their last state. The timer 
may be enabled to allow a periodic exit from the Wait mode. 
If an external and a timer interrupt occur at the same time, 
the external interrupt is serviced first; then, if the timer inter­
rupt request is not cleared in the external interrupt 
routine, the normal timer interrupt (not the timer Wait inter­
rupt) is serviced since the MCU is no longer in the WAIT 
mode. 

TIMER 

The MCU timer contains a 8-bit software programmable 
counter with7-bit software selectable prescaler. The counter 
may be present under program control and decrements 
towards zero. When the counter decrements to zero, the 
timer interrupt request bit, i.e., bit 7 of the timer control 
register (TRC), is set. Then, if the timer interrupt is not 
masked, i.e., bit 6 of the TCR and the I-bit in the condition 
code register are both cleared, the processor receives an in­
terrupt. After completion of the current instruction, the pro­
cessor proceeds to store the appropriate registers on the 
stack, and then fetches the timer vector address from loca­
tions $lFF8 and $lFF9 (or $lFF6 and $lFF7 if in the WAIT 
mode) in order to beging servicing. 

The counter continues to count after it reaches zero, 
allowing the software to determine the number of internal or 
external input clocks since the timer interrupt request bit 
was set. The counter may be read at any time by the pro­
cessor without disturbing the count. The co'ntents of the 
counter becomes stable prior to the read portion of a cycle 
and does not change during tt>e read. The timer interrupt re­
quest bit remains set until cleared by the software. If a read 
occurs before the timer interrupt is serviced, the interrupt is 
lost. TCR7 may also be used as a scanned status bit in a non­
interrupt mode of operation (TCR6 = 1), 

The prescaler is a 7-bit divider which is used to extend the 
maximum length of the timer. Bit 0, bit 1, and bit 2 of the 
TCR are programmed to choose the appropriate prescaler 
output which is used as the counter input. The processor 
cannot write into or read from the prescaler; however, its 
contents are clearedto all "a's" by the write operation into 
TCR when bit 3 of the written data equals 1. This allows for 
truncation-free counting. 

The timer input can be configured for three different 
operating modes, plus a disable mode depending on the 
value written to the TCR4, TCR5 control bits. Refer to the 
Timer Control Register section. 

TIMER INPUT MODE 1 
If TCR4 and TCR5 are both programmed to a "0," the in­

put to the timer is from an internal clock and the TIMER in­
put pin is disabled. The internal clock mode can be used for 
perrodlc interrupt generation, as well as a reference in fre­
quency and event measurement. The internal clock is the in­
struction cycle clock. Durrng a WAIT instruction, the tnter­
nal clock to the timer continues to run at its normal rate. 
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Oscillator Active 
Clear I-Bit 

Timer Clock Active 
All Other Clocks 

Stop 

Fetch External 
Interrupt Reset. 

or TimeT Interrupt 
Vector (from Walt 

Mode only) 

CDP6805G2, CDP6805G2C 

No 

No 

Fig. 17 - Wait function flowchart. 

TIMER INPUT MODE 2 
With TCR4= 1 and TCR5=O, the Internal clock and the 

TIMER Input Pin are ANDed together to form the timer Input 
signal This mode can be used to measure external pulse 
widths The external pulse Simply turns on the Internal clock 
for the duration of the pulse The resolution of the count In 
this mode IS ± 1 clock and, therefore, accuracy Improves 
With longer Input pulse Widths 

TIMER INPUT MODE 3 
If TCR4= 0 and TCR5= 1, then all Inputs to the Timer are 

disabled 

TIMER INPUT MODE 4 
If TCR4= 1 and TCR5= 1, the internal clock input to the 

Timer is disabled and the TIMER input pin becomes the in­
put to the Timer. The timer can, In this mode, be used to 
count external events as well as external frequencies for 
generating periodic interrupts. The counter is clocked on the 
falling edge of the external Signal. 

Figure 18 shows a block diagram of the Timer subsystem. 
Power-on Reset and the STOP instruction cause the counter 
to be set to $FO. 
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CDP6805G2, CDP6805G2C 
Timer 

(Pm 37) 

Internal 
Clock 

Write Read Interrupt 

Prescaler to + 1 

~-----------------.------------~I 
Software Functions 

N~:E~rescaler and 8-blt counter are clocked failing edge of the internal clock (AS) or external 

2 C~~~t~r IS written to during Data Strobe (OS) and counts down continuously. 

92CM- 3e034Rt 

Fig. 18 - Simplified timer control logic block diagram. 

Timer Control Register (TCR) 

76543210 

ITCR71TCR61TCR51TCR41TCR31TCR21TCR11TCROI 

All bits In this register except bit 3 are Read/Write bits. 

TCR7 - Timer Interrupt request bit: bit used to Indicate 
the timer Interrupt when It IS logiC "1". 

1 - Set whenever the counter decrements to zero, or un­
der progro'n control. 

o - Cleared on external reset, power-on reset, STOP In­
struction, or program control. 

TCR6 - Timer Interrupt mask bit when this bit IS a logiC 
"1" It Inhibits the timer interrupt to the processor. 

1 - Set on external reset, power-on reset, STOP instruc­
tlon, or program control. 

o - Cleared under program control 

TCR5 - External or Internal bit selects the input clock 
source to be either the external timer pin or the Internal 
clock. (Unaffected by RESET) 

1 - Select external clock source. 
o - Select Internal clock source (AS). 

TCR4 - External enable bit control bit used to enable the 
external timer pin. (Unaffected by RESET.) 

1 - Enable external timer pin. 
o - Disable external timer pin 

TCR5 TCR4 

o 1 AND of internal clock and TIMER ~
o Internal clock to Timer 

Pin to Timer 
1 0 Inputs to Timer disabled 

1 1 TIMER pin to Timer 

Refer to Figure 18 for LogiC Representation. 

TCR3 - Timer Prescaler Reset bit: writing a "1" to this bit 
resets the prescaler to zero. A read of thiS location always in­
dicates a "0". (Unaffected by RESET.) 

TCR2, TCR1, TCRO - Prescaler select bits: decoded to 
select one of eight taps on the prescaler. (Unaffected by 
REsET.) 

Prescaler 

TCR2 TCRI TCRO Result 
0 0 0 +1 

0 0 1 ... 2 

0 1 0 ... 4 

0 1 1 ~8 

1 0 0 +16 

1 0 1 ... 32 

1 1 0 ... 64 

1 1 1 "'128 
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INSTRUCTION SET 

The MCU has a set of 61 basic instructions They can be 
divided Into five different types: register/memory, 
read/modify/write, branch·, bit manipulation. and control. 
The follOWing paragraphs bnefly explain each type. All the 
Instructions within a given type are presented In individual 
tables 

REGISTER/MEMORY INSTRUCTIONS 
Most of these Instructions use two operands. One 

operand IS either the accumulator or the index register. The 
other operand is obtained from memory using one of the ad­
dressing modes. The operand for the jump unconditional 
IJMP) and lump to subroutine IJSR) instructions is the 
program counter. Refer to Table 5. 

READ/MODIFY /WRITE INSTRUCTIONS 
These Instructions read a memory location or a register, 

modify or test its contents, and Write the modified value 
back to memory or to the register The test for negative or 
zero ITST) instruction IS an exception to the 
read/modify/write sequence since it does not modify the 
value Refer to Table 6. 

BRANCH INSTRUCTIONS 
Most branch Instructions test the state of the Condition 

Code Register and if certain crltena are met, a branch is ex­
ecuted This adds an offset between + 128 and - 127 to the 
current program counter. Refer to Table 7. 

BIT MANIPULATION INSTRUCTIONS 
The MPU IS capable of setting or cleanng any bit which 

reSides In the first 256 bytes of the memory space, where all 
port registers, port DDR's, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256loca­
tlons. The bit set, bit clear and bit test and branch functions 
are all Implemented with a single Instruction. For the test 
and branch instructions the value of the bit tested is also 
placed In the carry bit of the Condition Code Register. Refer 
to Table 8 for instruction cycle timing. 

CONTROL INSTRUCTIONS 
These instructions are register reference instructions and 

are used to control processor operation during program ex­
ecution. Refer to Table 9 for instruction cycle timing. 

ALPHABETICAL LISTING 
The complete instruction set is given in alphabetical order 

In Table 11. 

OPCODE MAP 
Table 10 is an opcode map for the instructions used on 

the MCU. 

ADDRESSING MODES 
The M CU uses ten different addreSSing modes to give the 

programmer an opportunity to optimize the code to all situa­
tions. The vanous indexed addreSSing modes make it POSSI­
ble to locate data tables, code conversion tables and sealling 
tables anywhere in the memory space. Short Indexed ac­
cesses are single byte instructions, while the longest instruc­
tions Ithree bytes) permit tables throughout memory. Short 

CDP6805G2,CDP6805G2C 
and long absolute addreSSing IS also Included One and two 
byte direct addreSSing Instructions access all data bytes in­
most applications Extended addreSSing permits lump in­
structions to reach all memory Tabie 11 shows the address­
Ing modes for each instruction, With the effects each in­
struction has on the Condition Code Register An opcode 
map is shown In Table 10. 

The term "Effective Address" lEA) is used In descnblng 
the vanous addressing modes, which IS defined as the byte 
address to or from which the argument for an Instruction IS 
fetched or stored. The ten addreSSing modes of the pro­
cessor are described below. Parentheses are used to indicate 
"contents of," an arrow indicates "is replaced by" and a col­
on indicates concatenation of two bytes. 

INHERENT 
In inherent instructions all the Information necessary to 

execute the instruction is contained In the opcode. Opera­
tions specifying only the index register or accumulator, and 
no other arguments, are included in this mode. 

IMMEDIATE 
In immediate addressing, the operand is contained in the 

byte immediately following the opcode. Immediate address­
ing is used to access constants which do not change during 
program execution le.g., a constant used to initialize a loop 
counter). 

EA= PC+ 1; PC-PC+2 

DIRECT 
In the direct addressing mode, the effective address of the 

argument is contained in a Single byte following the opcode 
byte. Direct addressing allows the user to directly address 
the lowest 256 by1es in memory with a single two by1e In­
struction. This includes all on-chip RAM and I/O registers 
and 128 bytes of on-chip ROM. Direct addressing is efficient 
in both memory and time. 

EA= IPC+ 1); PC-PC+2 
Address Bus High-O; Address Bus Low-IPC+1) 

EXTENDED 

In the extended addressing mode, the effective address of 
the argument is contained in the two bytes follOWing the op­
code. Instructions with extended addressing modes are 
capable of referencing arguments anywhere In memory With 
a single three by1e instruction. 

EA=IPC+1):IPC+2); PC-PC+3 
Address Bus High-IPC+1); Address Bus Low-IPC+2) 

INDEXED. NO-OFFSET 

In the Indexed, no offset addreSSing mode, the effective 
address of the argument is contained In the 8-blt Index 
register. Thus, this addressing mode can access the first 256 
memory locations. These instructions are only one byte long 
and therefore are more effiCient. This mode is used to move 
a pOinter through a table or to address a frequency refer­
enced RAM or I/O location. 

EA=X; PC-PC+1 
Address Bus High-O; Address Bus Low-X 
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CDP680SG2,CDP680SG2C 
INDEXED, a-BIT OFFSET 

Here the EA is obtained by adding the contents of the 
byte following the opcode to that of the index register. 
The operand is therefore located anywhere within the 
lowest 511 memory locations. For example, this mode 
of addressing is useful for selecting the m-th element in 
an n element table. All instructions are two byteS". The 
contents of the index register (X) is not changed. The 
contents of (PC + 1) is an unsigned 8-bit integer. One 
byte offset indexing permits look-up tables to be easily 
accessed in either RAM or ROM. 

EA = X + (PC + 1); PC-PC + 2 

Address Bus H,gh-K, Address Bus Low-X+ IPC+ 11 
Where K = The car, y from the addition of X + 1 PC + 11 

INDEXED, 16-BIT OFFSET 

In the indexed, 16-bit offset addressing mode the 
effective address is the sum of the contents of the 
unsigned 8-bit index register and the two unsigned 
bytes following the opcode. This addressing mode can 
be used in a manner similar to indexed 8-bit offset, 
except that this three byte instruction allows tables to 
be anywhere in memory (e.g., jump tables in ROM). 

EA=X+[IPC+1IIPC+2IL PC-PC+3 
Address Bus Hlgh-IPC+ll+K, 
Address Bus Low-X+IPC+21 

Where K = The carry from the addition of X + 1 PC + 21 

RELATIVE 

Relative addressing is only used in branch 
instructions. In relative addressing the contents of the 
8-bit signed byte following the opcode (the offset) is 

added to the PC if and only if the branch condition is 
true. Otherwise, control proceeds to the next 
instruction. The span of relative addressing is limited to 
the range of -126 to +129 bytes from the branch 
instruction opcode location. 

BIT SET/CLEAR 
Direct addreSSing and bit addreSSing are combined In In' 

structlons which set and clear ,nd,v,dual memory and I/O 
bits In the bit set and clear instructions, the byte IS specified 
as a direct address In the location follOWing the opcode The 
first 256 addressable locations are thus accessed The bit to 
be modified Within that byte IS specified With three bits of the 
opcode The bit set and clear Instructions occupy two bytes, 
one for the opcode Ilncludlng the bit numberl and the 
second to address the byte which contains the bit of Interest 

EA=IPC+11, PC-PC+2 
Address Bus Hlgh-D, Address Bus Low-IPC+ 11 

BIT TEST AND BRANCH 
Bit test and branch IS a combination of direct addreSSing, 

bit addreSSing and relative addreSSing The bit address and 
condition Iset or clearl to be tested IS part of the opcode 
The address of the byte to be tested IS In the Single byte 1m· 
mediately follOWing the opcode byte 1 EA 11 The Signed 
relative 8·bIt offset IS In the third byte IEA21 and IS added to 
the PC If the speCified bit IS set or clear In the speCified 
memory location ThiS Single three byte Instruction allows 
the program to branch based on the condition of any bit In 
the first 256 locations of memory 

EA1=IPC+11 
Address Bus H,gh-D, Address Bus Low-IPC+ 11 

EA2= PC+3+ IPC+21, PC-EA2 If branch taken, 
otherWise PC - PC + 3 
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TABLE 5 - REGISTER/MEMORY INSTRUCTIONS 

Addressing Modes 

Immediate Direct Extended 
Indexed Indexed I Indexed 

(No Offset) (8-Bit Offset) (16-Bit Offset I 

Op # I Op # # Op # I Op I , Op I , Op I , 
Function Mnemonic Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycle. 

Load A from Memory LOA A6 2 2 B6 2 3 C6 3 4 F6 1 3 E6 2 4 06 3 5 

Load X from Memory LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE 2 4 DE 3 5 

Store A In Memory STA - - - B7 2 4 C7 3 5 F7 1 4 E7 2 5 D7 3 6 

Store X In Memory STX - - - BF 2 4 CF 3 5 FF 1 4 EF 2 5 DF 3 6 

Add Memory to A ADD AB 2 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5 
Add Memory and 

ADC 
Carry to A A9 2 2 B9 2 3 C9 3 4 F9 1 3 E9 2 4 D9 3 5 

Subtract Memory SUB AO 2 2 BO 2 3 CO 3 4 FO 1 3 EO 2 4 DO 3 5 

Subtract Memory from 
SBC A2 2 2 B2 2 3 C2 3 4 F2 1 3 E2 2 4 D2 3 5 

A with Borrow 

AND Memory to A AND A4 2 2 B4 2 3 C4 3 4 F4 1 3 E4 2 4 D4 3 5 

OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5 

Exclusive OR Memory 
EaR A8 2 2 B8 2 3 C8 3 

with A 
4 F8 1 3 E8 2 4 D8 3 5 

Anthmetlc Compare A 
CMP A1 2 2 B1 2 3 C1 3 

with Memory 
4 F1 1 3 E1 2 4 D1 3 5 

Arithmetic Compare X 
CPX A3 2 2 B3 2 3 C3 3 4 F3 1 3 E3 2 4 D3 3 5 with Memory 

Bit Test Memory with 
BIT A5 2 2 B5 2 3 C5 3 4 F5 1 3 E5 2 4 D5 3 5 L A (Logical Compare) 

0) 
at 
0 
01 

Jump Unconditional JMP - - - BC 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4 

LJump to Subroutine JSR - 1 - - _~ __ 2_ 5 CD 3 6 FD '- 5 ED _2 6 DD 3 7 
- -- -- ---

TABLE 6 - READ/MODIFY/WRITE INSTRUCTIONS 

I en 
0 CD 

~ 

C CD 
III 

Addressing Modes 

Inherent (A) Inherent (X) Direct 
Indexed Indexed 

INo Offset) (8-Bit Offset) 

Op , # Op I I Op , , Op # , Op , , 
Function Mnemonic Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles Code Bytes Cycles 

Increment INC 4C 1 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6 

Decrement DEC 4A 1 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6 

"U 31: 
en n 
0) (; 
0 'U 

(II (; 
n 

Q CD 
III 

N III 
0 .. 

Clear CLR 4F 1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6 

Complement COM 43 1 3 53 1 3 33 2 5 73 1 5 63 2 6 

Negate 
NEG 40 1 3 50 1 3 30 2 5 70 ; 5 60 2 6 i 

(2's Complement) 

III 

0 AI 

C ::::I 
Q. 

"U 31: 

~ .... 

Rotate Lelt Thru Carry ROL 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6 ! 

Rotate Right Thru 
ROR 46 , 3 56 1 3 36 2 5 76 1 5 66 2 6 

Carry 

Logical Shift Left LSL 46 1 3 58 1 3 38 2 5 78 1 5 66 2 6 
Logical Shift Right LSR 44 1 3 54 1 3 34 2 5 74 1 5 64 2 6 
Anthmetlc Shllt Right ASR 47 1 3 57 1 3 37 2 5 77 1 5 67 2 6 
Test for Negative 

TST 4D 1 3 5D 1 3 3D 2 4 7D 1 4 6D 2 I 5 or Zero 

en n .. 0) 0 
0 n 

0 
(II 3 
Q"g 
N -CD 
0 iil 
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CDP6805G2, CDP6805G2C 
TABLE 7 - BRANCH INSTRUCTIONS 

Relative Addressing Mode 

Function Mnemonic Op # # 
Code Bytes Cycles 

Branch Always BRA 20 2 3 

Branch Never BRN 21 2 3 

Branch IFF Higher BHI 22 2 3 

Branch I FF Lower or Same BLS 23 2 3 

Branch IFF Carry Clear BCC 24 2 3 

I Branch IFF Higher or Samel IBHSI 24 2 3 

Branch IFF Carry Set BCS 25 2 3 

(Branch IFF Lower! IBLOI 25 2 3 

Branch IFF Not Equal BNE 26 2 3 

Branch IFF Equal BEQ 27 2 3 

Branch IFF Half Carry Clear BHCC 28 2 3 

Branch IFF Half Carry Set BHCS 29 2 3 

Branch I FF Plus BPL 2A 2 3 
Branch IFF Minus BMI 2B 2 3 

Branch IFF Interrupt Mask Bit IS Clear BMC 2C 2 3 

Branch IFF Interrupt Mask Bit IS Set BMS 20 2 3 
Branch IFF Interrupt Line IS Low BIL 2E 2 3 

Branch I FF Interrupt Line IS High BIH 2F 2 3 

Branch to Subroutine BSR AO 2 6 

TABLE 8 - BIT MANIPULATION INSTRUCTIONS 

Addressing Modes 

-BIt Setl Clear Bit Test and Branch 

Function Mnemonic Op # # Op # # 
Code Bytes Cycles Code Bytes Cycles 

Branch IFF Bit n IS Set BRSET n In=O 71 - - - 2·n 3 5 

Branch IFF Bit n IS Clear BRCLR n In=O 71 - - - 01 + 2·n 3 5 

Set Bit n BSET n In=O 71 10+2·n 2 5 - - -

Clear Bit n BCLR n In=O 71 11 + 2.n 2 5 - - -

TABLE 9 - CONTROL INSTRUCTIONS 

Inherent 

Function Mnemonic Op # # 
Code Bytes Cycles 

Transfer A to X TAX 97 1 2 

Transfer X to A TXA 9F 1 2 

Set Carry Bit SEC 99 1 2 

Clear Carry Bit CLC 98 1 2 

Set Interrupt Mask Bit SEI 9B 1 2 

Clear Interrupt Mask Bit CLI 9A 1 2 

Software Interrupt SWI 83 1 10 

Return from Subroutine RTS 81 1 6 

Return from Interrupt RTI BO 1 9 

Reset Stack POinter RSP 9C 1 2 

No-OperatIOn NOP 9D 1 2 
Stop STOP 8E 1 2 

Walt WAIT 8F 1 2 
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TABLE 10 - INSTRUCTION SET OPCODE MAP 

Bit MIl lipul8tion Branch 

~ .:.. 000' ';'0 

~ BRSEJf: BSE~~; BRAR,: 

5 5 , 
~, BRCL:~B BCL~~c BRNR" 

," BSE~l; 
, 

2 BRSEJT1B BHIR" 00'0 
5 3 

J" " BRCL:,'B 1 2 BCl~~c BLSREL 

"5 5 , 
I~ BRSEJlB 1 2 BSE~~c BCCREL 

BRCL:l: 

5 , 
O'~' 12 BCL~~c BCSREL 

5 5 , 
~O BRSEJ1. 12 BSE~~c BNEREL 

BRCL:l: 
5 3 

7 12 BCL~~c BEQRR ", 
BRSEJ~ 

5 , 
,£. 12 BSE~~c BHC~R 

5 5 , 
9 BRCL::' I 2 BCL~~c I 2 BHC~R '00' 

BRSEJ;: 
5 , 

lI{:O I 2 BSE1~c I 2 BPlRR 
5 5 , 

B BRCL:i. I, BCL~~c 12 BMIRFL ,,, 
BRSEJ~: I, BSET~: 

, 
,:in 12 BM~H 

BRCL~~: I, BCL~~; 
, 

Po, 12 BM~" 
5 5 , 

,f,o BRSEJIR I ,BSE~~c BIL 8EL 

5 5 , 
F BRCLR7 BClR7 BIH 

1111 , BTB 2 BSC 2 REL 

Abbreviations for Address Modes 

INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
IXI 
IX2 

Inherent 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
BII Test and Branch 
Indexed (No Offset) 
Indexed, 1 Byte (S-BIIl Offset 
Indexed, 2 Byte (IS-Bill Offset 

ct., 
NEGolR 

5 
COMmR 

5 

LS~TR 

5 
RORDIR 

5 
ASRDIR 

5 

lSlDIR 
5 

ROL 
DIR 

5 

'2 DEC DIR 

5 
12 INC 

DIR 
4 

I, TSTOIR 

5 
ClR 

2 OIR 

R_/Modify/Writo 
IH I IXI IX 

0;".. o,~, 01:0 0111 , , 6 5 
NEG NEG , NEG NEG 

I H , INH IX' , IX 

, , 6 5 

,COM~ COM X <-COM COM , IH IX' , IX , , 6 5 
LSRA lSRX lSR lSR , INH , INH 2 IX' , IX 

3 3 6 5 
RORA RORX 2 ROR ROR 

1 INH 1 INH IX' I IX , , 6 5 
ASRA ASRX 2 ASR ASR , INH , INH IX' , IX , , 6 5 
lSlA lSlX 2 lSl lSl 

1 INH , INH IX' , IX , , 6 5 
ROlA ROlX ROl ROl , INH 1 INH 2 IXl , IX , 3 6 5 
DECA DECX DEC DEC , INH , INH 2 IX' , IX 

3 3 6 5 
INCA INCX INC INC , INH , INH 2 IX' , IX 

3 , 5 4 
TSTA TSTX TST TST , INH , INH 2 IX' , IX 

3 , 6 5 
CLRA CLRX ClR ClA , INH , INH 2 IX' , IX 

-

Control Register/Memory 
IN 1M OIR I 

B 9 A 8 C 0 E ,r" H~ '000 '00' 1010 1011 "00 1101 1110 

SUB' SUB 0 SUB' RTI SUB , SUB 2 SUBIX, c2:., , INH IMM 2 DIR XT IX IX 
6 2 , 4 5 4 , 

RTS CMP CMP CMP CMP CMP CMP 1 , INH 2 lMM 2 DIR , EXT , IX2 2 'X, I IX 000' 
2 , 4 

SBC 5 
4 

SBC ' SBC SBC SBC SBC 2 
IMM 2 DIR , EXT , IX 2 IX' , IX 00'0 

'0 2 3 4 4 
CPX 3 SWI CPX CPX CPX CPX 2 CPX 3 , INH 2 IMM 2 DIR , EXT , IX IX' , IX 00" 

2 , 4 5 4 
AND' AND AND AND AND AND I~ 2 IMM 2 DIR , EXT , IX2 2 IX' , IX 

2 , 4 5 4 
BIT BIT DIR BIT , BIT IX> 2 BIT-"'1 BIT" m~' 1M XT 

2 3 4 5 4 , 
lOA lOA LOA LOA LOA LOA 6 

2 IMM 2 DIR 3 EXT , IX2 2 IX' , IX 0110 
2 4 5 4 

TAX STA STA STA STA STA 7 
I INH 2 DIR , EXT , IX2 2 IX' , IX 0111 

2 2 3 4 5 4 , 
ClC'NH EOR EOR EOR EOR EOR EOR ,£. 12 IMM DIR 3 EXT , IX2 2 IX' , IX 

2 2 , 4 5 4 
SEC ADC ADC ADC ADC ADC ADC 9 

I INH 2 IMM 2 DIR , EXT , IX2 2 IX' , IX '00' 2 
ORA' ORA' ORA 0 CLI ORA ORA ORA A 

I INH 2 IMM 2 DIR , EXT , IX2 2 IX' , IX 1010 

CD 
CD 
0 
CII 

SEt L 
2 4 

ADD' ADD 0 ADD ADD ADD ADD B 
I INH 2 IMM 2 DIR , EXT , IX2 2 IXl , IX 101' 

2 2 4 
JMP 0 RSP JMP JMP JMP JMP C , INH 2 DIR , EXT , IX2 2 IX' , IX 1100 

2 6 
JSR " JSR ' NOP BSR JSR JSR JSR 0 

I INH 2 REL 2 DIR , EXT , IX2 2 IX' , IX 1101 

I 
(J) 

0 CD 
::1 

C CD 
III 

'1J i: 
2 2 4 

LOX' STOP lOX lOX lOX lOX lOX E , INH 2 IMM 2 DIR , EXT , IX 2 IX' , IX 1110 
2 4 6 5 

STX • WAIT TXA STX STX STX STX F , I~_ 1 INH 2 DIR , EXT 3 IX2 2 IX' , IX 1111 

LEGEND 

(J) n-
CO 0 
0 'a 

01 0 
n 

C) CD 

I\) 1: 
0 .. 

1-IFF:o(;::+---------~ Opcode In Hexadecimal 0 
III 
ID 

C :I 
CL 

Opcode In Binary 
MnemOniC ~. ~ l ~ 

Bytes 1 )~X 0000 ~ 
'1J i: 
(J) n-
CO 0 

Cycles _______ J 
" Address Mode 0 n 

0 
01 3 
C) 'a 

C 
I\) .. 

CD 
0 iii 

I 
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CDP6805G2, CDP6805G2C 
TABLE 11 - INSTRUCTION SET 

Mnemonic Inherent Immediate 

ADC x 
ADD 
AND X 
ASL X 
ASR X 
BCC 

BCLR 
BCS 
BEQ 

BHCC 
BHCS 

BHI 
BHS 
BIH 
BIL 
BIT X 
BLO 
BLS 
BMC 
BMI 
BMS 
BNE 
BPL 
BAA 
BAN 

BACLR 
BRSET 
BSET 
BSR 
CLC X 
CLI X 
CLR X 
CMP X 
COM X 
CPX X 
DEC X 
EOR X 
INC X 
JMP 
JSR 
LOA X 
LOX X 
LSL X 
LSR X 
NEG X 
NOP X 
OAA X 
ROL X 
ROR X 
ASP X 
ATI X 
ATS X 
SBC X 
SEC X 
SEI X 
STA 

STOP X 
STX 
SUB X 
SWI X 
TAX X 
TST X 
TXA X 

WAIT X 

Condition Code SymbolS 

350 

H Half Carry (From Bit 3~ 
I Interrupt Mask 
N Negative (Sign Bill 
Z Zero 
C Carry/Borrow 

Direct 

X 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

Addressing Modes 

Indexed Indexed 
Extended Relative (No Offset) (8 Bits) 

X X X 

"- X 
X X X 

X X 
X X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X X 
X X X 

X X 
X X X 

X X 
X X X 

X X 
X X X 
X X X 
X X X 
X X X 

X X 
X X 
X X 

X X X 
X X 
X X 

X X X 

X X X 

X X X 
X X X 

X X 

A Test and Set If True Cleared Otherwise 
• Not Affected 

Load CC Register From Stack 
Cleared 
Set 

Condition Codes 

Indexed Bit Bit 

116 Bitsl Set/ Test & H N Z C 
Clear Branch 

X "- "- "- "-
~ " I- " " " X • "- "- • • "- "- "-

"- "- II, 

• • 
X • • • • • • • • • • • • • • • • • • 

X II, II, 

X 
X "-

X • • 
0 

0 • • 0 , • 
X • "- "- "-

• "- "- , 
X • II, "- "-

• "- "- • 
X • "- "- • • "- "- • 
X • • • • 
X • • • • 
X • "- "- • 
X 

• A 
~ l_· 

• II, "- "-
• 0 "- "--_ A 

A A 

• • • • 
X - " "- • 

_ .. -" -"- ~ • "- "- "-
• • • • 
• • • • 

X • II, "- "-• • • , , • • • 
X • "- "- • 

0 • • • 
X • "- "- .~ 
X • "- "- "-, • • • 

• II, II, • • • • • 
1° • • • 
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Product Preview CDP68EM05C4 

TERMINAL ASSIGNMENT 

R'fSiT (11 
iiiQ 

\1:,2 ~ NC (2) 
PA7 ... A7 ' 
PAS A, 4 2164 

7 
A' ' 

EPROM 

as 
27 Vcc 
a. I'm! 
25 Vcc 

24 :: 

!~ ~~~1 
38 OSC2 
37 TeAP 
3$ P07 
3!i TeMP 

:: PO!! 

CMOS High-Performance Silicon-Gate 
8-Bit Microcomputer Piggyback Emulator 

PAA 
PAl S AA • 23 A11 32 PO'" 
PAa • A, 7 22 OE 31 PO! 10 

A2 : 21 AID PAl 
11 30 PD2 

PAO 20 Ci 29 POl 
Features: 

:6 '0 pso 12 19 DB? 28 POO 
PB1 " DBO 11 '8 DB6 PCO • All CDP68HC05C4 hardware and software features 

" 
27 P", 

" 
DB' 1 17 085 

26 
PC1 

ps, DB2 13 16 0B4 PC' • Un-multiplexed external address, data, and READ control lines 
P.A 

,. 
GND 14 15 DBS " PC> 

17 24 P •• 
• Full8K byte address space available (7984 bytes available externally) ,. a 

PCA 
P •• 19 CDP68EM05C4 " 

PCO • 176 bytes of on-chip RAM, no ROM 
P.7 EMULATOR 21 

PC. 
Vss PC7 • Direct interface to industry standard EPROMs 

• 4D-lead piggyback package (1) with 28 hole socket for 2764 EPROM (2) 
TOP VIEW 

4G-Le.d Piggyback Package • Also can be used for CDP68HC05C8 emulation 

The CDP68EM05C4 Emulator device, a functional equivalent 
to the CDP68HC05C4 microcomputer, Is designed to permit 
prototype development and preproduction of systems for 
mask-programmed applications. Data and address bus, as 
well as control signals are externally available. 

In addition to this feature, the CDP68EM05C4 Emulator 
differs from the CDP68HC05C4 in the following ways: 
1) Memory locations which are occupied by ROM on the 

CDP68HC05C4 are accessed as external locations with 
the CDP68EM05C4 Emulator intended to interface to a 
programmable ROM. 

2) Mask-programmable options (CPU oscillator type and 3 
external interrupt sense) are fixed in hardware. Four 
variations are available with the following suffix for 
each part: EC, ELC"ER and ELR. The nomenclature is 
described below: 
a) CPU oscillator = crystal/ceramic resonator-C or 

resistor-R. 
b) External interrupt request = negative edge and level 

sensitive-EL, or edge only sensitive-E. 

OSC1 OSC2 

PAO 
PA1 

PC"T PA' DATA 
A PA3 0'" ItO 

LINES PA4 "EG 

PA5 
PAs 
PA7 

PBO 
PB1 

PC"T PB' DATA 
B PB3 0'" 

I/O PB4 "EG 
LINES PB5 

PB6 
PB7 

• OE .J~...,----,=-..., 

• CE '--"1-='-_...1 

*' DESIGNATES 
EPROM SOCKET 

INTERNAL 
PROCESSOR 

CLOCK 
RESET 

ACCUMULATOR 

A CPU 
CONTROL DATA 

INDEX 0'" REGISTER "EG 

CONDITION 
CODE 

5 REGISTER CC 
CPU 

STACK PORTD 
POINTER 

SC' 
PROGRAM SYSTEM 

COUNTER 
HIGH PCH ALU 

.P' 
SYSTEM 

ileii ~ &I::S IBID 
QQCCQcac 

-II DATA BUS * ADDRESS BUS 92CS~42430 

Fig. 1 - CDP68EM05C4 CMOS mIcrocomputer block diagram. 

PCO 
PC1 
PC. PORT 
PC3 C 
PC' itO 

PC. LINES 

PCS 
PC7 

PD7 

RDI(PDO) 
TDOIPD1) 
MISOIPD2) 
MOS1IPD3) 
SCK(P041 

Ss(PD5) 

File Number 1961 
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CDP68EM05C4 
Memory 

The CDP68EM05C4 Emulator has a total address space of 
8192 bytes. The CDP68EM05C4 Emulator has implemented 
208 bytes of the address locations for liD and internal RAM. 
The remainder is available for external memory. The first 
256 bytes of memory (page zero) is comprised of the liD 
port locations, timer locations, 48 bytes of external address 
space and 176 bytes of RAM. The next 7936 bytes are 
available to address external memory. The address map is 
shown in figure 2. The functionsofthe internally addressable 
peripherals can be found in the CDP68HC05C4 data sheet, 
File No. TSM-203. 

Functional PIn Description 

The following list includes only those additional pins that 
differ in function from those on the CDP68HC05C4 
microcomputer. See the CDP68HC05C4 data sheet, File 
No. TSM-203, for the remaining pins which are common. 

$0000 

$OOlF 
$0020 

$OO4F 
$0050 

$OOBF 
SOOCO 

SOOFF 
$0100 

S1FEF 
$1FFO 

$1 FFF 

I/O 
32 BYTES 

t EXTERNAL ADDRESS 
SPACE 

48 BYTES 

RAM 
176 BYTES 

~------i STACK 
64 BYTE9 

t EXTERNAL ADDRESS 
SPACE 

7936 BYTES 

1-------

i SPACE FOR 
USER VECTORS 

16 BYTES 

0000--

0031 
003. 

\ 

\ 
0079 
oo~o 

\ 
\ 
\ 
\ 

~~:~ \ 

0255 
0256 

8175 
8176 

8191 

\ 
\ 
\ 
\ 
\ 
\ 

PORTS 
7 BYTES 

UNUSED 
3 BYTES 

SERIAL PERIPHERAL 
INTERFACE 

3 BYTES 

SERIAL 
COMMUNICATIONS 

INTERfACE 
5 BYTES 

TIMER 
10 sYTES 

UNUSED 
4 BYTES 

AO-A12 
DBO-BD7 

DE 

-Address lines 0 through 12. 
-Bidirectional 8-bit non-multiplexed data bus 

with TTL inputs. 
-Output Enable: An output signal used for 
selecting external memory space. A low level 
indicates when external ROM is being ac­
cessed. The Output Enable signal will not go 
true, however, when addressing the 7 unused 
locations in the 32 bytes of the I/O space even 
though the address lines will be valid. 
-Chip Enable: A status output which indicates 
direction of data flow with respect to external 
or internal memory (a low level indicates a 
read from memory space). A read of internal 
memory or liD will place data on the external 
data bus. When addressing external memory, 
this signal in conjunction with DE, will enable 
a READ access from a piggyback EPROM. 

0000--
PORT A DATA REGISTER $00 

0031 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

PORT B DATA REGISTER 

PORT C DATA REGISTER 

PORT 0 FIXED INPUT REGISTER 

PORT A DATA DIRECTION REGISTER 

PORT B DATA DIRECTION REGISTER 

PORT C DATA DIRECTION REGISTER 

UNUSED 

UNUSED 

UNUSED 

SERIAL PERIPHERAL CONTROL REGISTER 

SERIAL PERIPHERAL STATUS REGISTER 

SERIAL PERIPHERAL DATA I/O REGISTER 

SERIAL COMMUNICATIONS BAUD RATE REGISTER 

SERIAL COMMUNICATIONS CONTROL REGISTER 1 

SERIAL COMMUNICATIONS CONTROL REGISTER 2 

SERIAL COMMUNICATIONS STATUS REGISTER 

SERIAL COMMUNICATIONS DATA REGISTER 

TIMER CONTROL REGISTER 

TIMER STATUS REGISTER 

INPUT CAPTURE HIGH REGISTER 

INPUT CAPTURE LOW REGISTER 

OUTPUT COMPARE HIGH REGISTER 

OUTPUT COMPARE LOW REGISTER 

COUNTER HIGH REGISTER 

COUNTER LOW REGISTER 

ALTERNATE COUNTER HIGH REGISTER 

ALTERNATE COUNTER LOW REGISTER 

UNUSED 

UNUSED 

UNUSED 

UNUSED 

$ 01 

S O' 
03 

04 

S 

S 

$ 

S 

$ 

05 

08 

$07 

os 
$ 

$ 

09 

OA 

SOB 

SOC 

SOD 

$OE 

$OF 

$10 

$11 

$12 

$13 

$14 

$15 

$18 

$17 

$18 

$19 

$1A 

$lB 

$lC 

$lD 

$lE 

SlF 

92CM- 39782RI t . OE ACTIVE IN THIS SPACE 
Fig. 2 - Address map. 

352 ________________________________________________________________ _ 



680S-Series Microprocessors and Microcomputers 

IRQ (Maskable Interrupt Request) 

Interrupt input which is negative edge and level sensitive. 
Either type of input to the mtr pin will produce the interrupt. 
The MCU completes the current instruction before it 
responds to the interrupt request. When the IRQ pin goes 
low for at least one tlLlH as defined in the CDP68HC05C4 
data sheet, a logic one is latched internally to signify that an 
interrupt has been requested. When the MCU completes it's 
current instruction, the interrupt latch is tested. If the 
interrupt latch contains a logic one, and the interrupt mask 
bit (I bit) in the condition code register is clear, the MCU 

osc 1 

CDP68EM05C4 

then begins the interrupt sequence. The IRQ input requires 
an external resistor to Vee for "wire-OR" operation. 

OSC1,OSC2 

A NAND gate is connected between these two pads (OSC2 
= output) for use as a crystal or ceramic resonator oscillator 
with a STOP clock mode. The internal clocks are derived by 
a divide-by-2 of the internal oscillator frequency (fo.c). 
Alternatively, an external clock may be used by applying the 
external clock signal to the OSC1 input with the OSC2 input 
not connected. 

ADDR~~ __ -J~ __ -A ____ ~ ____ A-__ ~~ __ ~~ __ -A ___ 

ff~ ________ -J 

DBO-DB7 --'I--<L:EI-CO--O<.J.--{-----=). 

BUS DRIVERS DATA VALID 
TURN ON 

92CM-42431 

Fig. 3 - Typical cycle timing for the CDP68EM05C4 emulator. 

t-TCPL-I ~TCPH~I 
ase 1 

READ CYCLE 

fo----------T RC --------I 

AO-A12 =t=========::;:::~= 

92CS -42432 

Fig. 4 - Control timing diagram for the CDP68EM05C4 emulator. 
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CDP68EM05C4 
CDP68EM05C4 EMULATION CHIP READ CYCLE TIMING OBJECTIVE SPECIFICATIONS: 
Voo = 5.0 V ± 10%, Vss = 0 V, TA = 25°C 

PARAMETER 

External Input Oscillator Pulse Width, Low or High 

Read Cycle 

Address Before OE 

Access Time From OE 

Access Time From Stable Address 

Access Time From CE 

Data Bus Driven From OE 

Address Hold Time After OE 

Data Hold Time After Address 

Data Hold Time After OE 

OE High to Data Bus Not Driven 

COP 
88EM05C4 

ss 
PORTI-----+i 

MIN. 

TCPL,TcPH 90 

TRC(P) 476 

TOA(P) 50 

TAO(M) -
TAA(M) -
TAA(M) -

TEX(M) 0 

TAH(P) 0 

TOH(M) 0 

TDH(M) 0 

THZ(M) 0 

ANALOG SIGNALS 

SCKg~§E=~ MOS1 
MISO 

PORT 
PORTj---j-H-----, 

92CS-42433 

Fig. 5 - Emulation with the serial perIpheral interface (SPI) bus 
system. 

CE CE 

OE OE 
COP 2764 

&8EM05C4 EPROM 

AO-A12 ADDR 
v 

... 
DBo-DB7 DATA 

92CS-42434 

Fig. 6 - CDP68EM05C4 emulator interfaced with 2764 EPROM. 

LIMITS 
UNITS 

MAX. 

-
-
-

200 

350 

350 ns 

-
-
-
-
60 
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Product Preview 

TERMINAL ASSIGNMENT 
R""E"SET 

TiiQ 
NO 

'" '" '" '" '" '" '" '" "0 
'" '" '" ". 
'" '" '" Vss 

40-Lead Piggyback Package 

680S-Serles Microprocessors and Microcomputers 

CDP68EM05D2 

CMOS High-Performance Silicon-Gate 
8-Bit Micr~computer Piggyback Emulator 
Features: 
• All CDP68HC05D2 hardware and software features 
• Un-multiplexed external address, data, and READ control lines 
• Full 8K byte address space available (8064 bytes available externally) 
• 96 bytes of on-Chip RAM, no ROM 
• Direct interface to industry standard EPROMs 
• 40-/ead piggyback package (1) with 28-ho/e socket for 2764 EPROM (2) 

The CDP68EM05D2 Emulator device, a functional equivalent 
to the CDP68HC05D2 microcomputer, is designed to permit 
prototype development and preproduction of systems for 
mask-programmed applications. Data and address bus, as 
well as control signals are externally available. 

In addition to this feature, the CDP68EM05D2 Emulator 
differs from the CDP68HC05D2 in the following ways: • 
1) Memory locations which are occupied by ROM on the 

CDP68HC05D2 are accessed as external locations with 
the CDP68EM05D2 Emulator intended to interface to a 
programmable ROM. 

TCMP OSCl OSC2 

INTERNAL 
PROCESSOR CLOCK, iiESE'i 

,--______ =-2 iRa 

PAO 
PAl 

ACCUMULATOR 

PA2 8 A 
PORT DATA 

A PA3 DIR INDEX 
I/O PA4 REG REGISTER 

LINES PAS X 

PA6 CONDITION 
CODE 

PA7 
S REGISTER CC 

PCO 

CPU 
PCl 

CONTROL DATA PC2 
PORT 

DIR PC3 C 
REG PC4 I/O 

PCS LINES 

PCB 
PC7 

CPU TO TIMER SYSTEM 
STACK 

PBO POINTER PD7 

PBl 6 S 

PORT PB2 DATA PROGRAM 

B PB3 DIR COUNTER 

I/O PB4 
REG HIGH PCH 

LINES 
PBS PROGRAM 

PB6 COUNTER 

P87 8 LOW PCL 

DATA TOSCl (PDO) ! TIMER 

OIR 
TOSC2 (POl) OSCILLATOR 

ALU REG MISO (PD2) I 
MOSl (PD3) SPI 
~K (PD4) SYSTEM 
SS (PDS) 

SPI 

-~ BUS ... ~ 20 
CONTROL ... CE 

SYSTEM 

DESIGNATES EPROM 
.. SOCKET 

~~~~~~~~ ~~~~~~~~~~~~~ 92CM-42534 

* DATA BUS *ADDRESS BUS 

Fig. 1 - CDP68EM05D2 CMOS micrDcompu1er block diagram. 
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CDP68EM05D2 
2) Mask-programmable options (CPU oscillator type and 

external interrupt sense) are fixed in hardware. Only 
one version of these options is available in the emulator. 
These are: 
a) CPU oscillator = crystal or ceramic resonator. 
b) External interrupt request= negative edge and level 

sensitive. 

c) Start-up delay for power-on RESET or exit from 
STOP mode = 4064 cycles. 

Memory 

The CDP68EM05D2 Emulator has a total address space of 
8192 bytes. The CDP68EM05D2 Emulator has implemented 
208 bytes of the address locations for 1/0 and internal RAM. 
The remainder is available for external memory. The first 
256 bytes of memory (page zero) is comprised of the I/O 
port locations, timer locations, 48 bytes of external address 
space and 176 bytes of RAM. The next 7936 bytes are 
available to address external memory. The address map is 
shown in figure2. The functions oltha internally addressable 
peripherals can be found in the CDP68HC05D2 data sheet 
File No. TSM-204. ' 

SOOOO 

F SOOI 
S002 0 

S009 
SODA 

F 
0 

I/O 
32 BYTES 

, EXTERNAL 
ADDRESS SPACE 

128 BYTES 

RAM 
96 BYTES 

Ff-------SOOB 
SOOCO i. STACK 

F 64 BYTES SOOF 
S0100 

$1 FEF 
$IFFO 

$IFFF 

, 
EXTERNAL 

ADDRESS SPACE 
7936 BYTES 

1-------i SPACE FOR 
USER VECTORS 

18 BVTES 

0000--

0031 
0032 

\ 
\ 
0159 
0160 

\ 
\ 
\ 
\ 

~~~~ \ 
\ 

0255 \ 
0256 \ 

8175 
8176 

8191 

\ 
\ 
\ 

PORTS 
8 BYTES 

UNUSED 
2 BYTES 

SERIAL PERIPHERAL 
INTERFACE 

3 BYTES 

UNUSED 
5 BYTES 

TIMER 
10 BYTES 

UNUSED 2 BYTES 

SPECIAL PORT 
CONTROL/ 

STAT REGISTER 

UNUSED 
1 BYTE 

Funcllonal Pin Delcrlptlon 

The following list includes only those additional pins that 
differ in function from those on the CDP68HC05D2 
microcomputer. See the CDP68HC05D2 data sheet, File 
No. TSM-204, for the remaining pins which are common. 

AO-A12 -Address lines 0 through 12. 
DBO-BD7 -Bidirectional 8-bit non-multiplexed data bus 

with TTL inputs. 
OE -Output Enable: An output signal used for 

selecting external memory space. A low level 
indicates when external ROM is being ac­
cessed. The Output Enable signal will not go 
true, however, when addressing the 10 unused 
locations in the 32 bytes of the 1/0 space even 
though the address lines will be valid. 

CE -Chip Enable: A status output which indicates 
direction of data flow with respect to external 
or internal memory space). A read of internal 
memory or 1/0 will place data on the external 
data bus. When addressing external memory, 
this Signal in conjunction with OE, will enable 
a READ access from a piggyback EPROM. 

0000---
PORT A DATA REGISTER $00 

$01 

$02 

$03 

$04 

S05 

S08 

S07 

S08 

$09 

SOA 

SOB 

soc 
SOD 

$OE 

SOF 

SID 

$11 

$12 

$13 

S14 

$15 

S16 

S17 

$18 

$19 

$IA 

$IB 

$IC 

$ID 

$IE 

$1 F 

0031 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

PORT B DATA REGISTER 

PORT C DATA REGISTER 

PORT D DATA REGISTER 

PORT A DATA DIRECTION REGISTER 

PORT B DATA DIRECTION REGISTER 

PORT C DATA DIRECTION REGISTER 

PORT D DATA DIRECTION REGISTER 

UNUSED 

UNUSED 

SERIAL PERIPHERAL CONTROL REGISTER 

SERIAL PERIPHERAL STATUS REGISTER 

SERIAL PERIPHERAL DATA 1/0 REGISTER 

UNUSED 

UNUSED 

UNUSED 

UNUSED 

UNUSED 

TIMER CONTROL REGISTER 

TIMER STATUS REGISTER 

INPUT CAPTURE HIGH REGISTER 

INPUT CAPTURE LOW REGISTER 

OUTPUT COMPARE HIGH REGISTER 

OUTPUT COMPARE LOW REGISTER 

COUNTER HIGH REGISTER 

COUNTER LOW REGISTER 

ALTERNATE COUNTER HIGH REGISTER 

ALTERNATE COUNTER LOW REGISTER 

UNUSED 

UNUSED 

SPECIAL PORT CONTROL/STAT REGISTER 

UNUSED 

92CM-42535 f . OE ACTIVE IN THIS SPACE 
Fig. 2 - Address map. 
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IRQ (Ma,kable Interrupt Reque't) 

Interrupt input which is ~tive edge and level sensitive. 
Either type of inputto the fRU pin will produce the interrupt. 
The MCU completes the current instruction before it 
responds to the interrupt request. When the IRQ pin goes 
low for at least one t.L.H as defined in the CDP68HC05D2 
data sheet, a logic one Is latched Internally to signify that an 
interrupt has been requested. When the MCU completes it's 
current instruction, the interrupt latch is tested. If the 
interrupt latch contains a logic one, and the interrupt mask 
bit (I bit) in the condition code register is clear, the MCU 

ascI 

CDP68EM05D2 

then begins the interrupt sequence. The IRQ Input requires 
an external resistor to VDD for "wire-OR" operation. 

OSC1,OSC2 

A NAND gate Is connected between these two pads (OSC2 
= output) for use as a crystal or ceramic resonator oscillator 
with a STOP clock mode. The internal clocks are derived by 
a divide-by-2 of the internal oscillator frequency (fole). 

Alternatively, an external clock may be used by applying the 
external clock signal to the OSC1 input with the OSC2 input 
not connected. 

[ [ [ ['NTERNAL[ I ['NTERNAL[ \ FETCH READ READ WRITE FETCH READ WRITE FETCH 

ADDR::X::::JC::::X::::JC::::JC::::X::::)C::::X::: 

OBO-D87 _r-"-JUr-,-<"-J -'-"\oJ 

BUS DRIVERS DATA VALID 
TURN ON 

Fig, 3 - Typical cycle timing for the CDP6BEM05D2 emulator. 

I--TCPL-I ~TcPH-1 
csc 1 

REAO CYCLE 

i------TRC---

AO-A12 =:t=========~~= 

92CS-42432 

Fig. 4 - Control timing diagram for the CDP6BEM05D2 emulator, 
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CDP68EM05D2 
CDP88EMOSD2 EMULATION CHIP READ CYCLE TIMING OBJECTIVE SPECIFICATIONS: 
Voo = S.O V ± 10%, Vss = 0 V, TA = 2SoC 

PARAMETER 
MIN. 

External Input Oscillator Pulse Width, Low or High TCPL,TcPH 90 

Read Cycle TRC(P) 476 

Address Before OE TOA(P) 50 

Access Time From OE TAO(M) -
Access Time From Stable Address TAA(M) -
Access Time From CE TAA(M) -
Data Bus Driven From OE TEX(M) 0 

Address Hold Time After OE TAH(P) 0 

Data Hold Time After Address TOH(M) 0 

Data Hold Time After OE TDH(M) 0 

OE High to Data Bus Not Driven THZ(M) 0 

ANALOG SIQNALS 

ss 
PORT 1------+1 

COP 

88EMOSD2 ~~~~~I~~~~tf~~~JJ 
SCK 

MOSl 
MISD 
PORT 
PORT 

92CS·42433 

Fig. 5 - Emulation with the serial peripheral interface (SPI) bus 
system. 

CE CE 

OE OE 
COP 2764 

68EM05D2 EPROM 

... 
Ao-A12 ADDR 

~ 

A " OBO'DB7 DATA 
~ 

92CS-42S33 

Fig. 6 - CDP68EM05D2 emulator interfaced with 2764 EPROM. 

LIMITS 
UNITS 

MAX. 

-
-
-

200 

350 

350 ns 

-

-
-
-
60 
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r--
r--
r--

PORT 
4 A , 
3 

> 2 , 
1 , 
0 , 

-
-
-

PORT -

d 3 

-+--

KEYBOARD 1 
INTERRUPT 

> >-, , 
> > 
> > 
> , 

> , 
> 
> 
> 

+ 

lOPEN DRAIN 
SOFTWARE 
PROGRAMMABLE 
OUTPUTS 

92CS -37512RI 

CDP68EM05D2 

Fig. 7 - Keyboard interface to illustrate use of Open Drain Output 
Port. 

OPERATING AND HANDLING CONSIDERATIONS 

1. Handling 
All inputs and outputs of RCA CMOS devices have a 
network for electrostatic protection during handling. 
Recommended handling practices for CMOS devices 
are described in ICAN-6525. "Guide to Better Handling 
and Operation of CMOS Integrated Circuits." 

2. Operating 
Operating Voltage 

During operation near the maximum supply voltage 
limit. care should be taken to avt ~ or suppress power 
supply turn-on and turn-off transients. power supply 
ripple. or ground noise; any of these conditions must 
not cause Voo - Vss to exceed the absolute maximum 
rating. 

Input Signals 
To prevent damage to the input protection circuit. input 
signals should never be greater than Vee nor less than 
Vss. Input currents must not exceed 10 mA even when 
the power supply is off. 

Unused Inputs 
A connection must be provided at every input terminal. 
All unused input terminals must be connected to either 
Vee or Vss. whichever is appropriate. 

Output Short Clrculta 
Shorting of outputs to VDD• Vee or Vss may damage 
CMOS devices by exceeding the maximum device 
dissipation. 
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CMOS ·Peripherals 
Technical Data 

RCA CMOS peripherals represent the industry's largest number of CMOS peripherals 
with the broadest range of functions. Most of these devices can interface with 8-bit 
CMOS or NMOS micros with either multiplexed or non-multiplexed bus structures. 
There are many that can be interfaced directly without the need for additional "glue 
parts". The chart on the following page shows a listing of RCA CMOS peripherals 
and how they can be mixed and matched to bus structures other than the RCA 
CDP1800- series Micros. 

RCA CMOS peripherals provide significant advantages in the requirements for space, 
weight, power, cost, and cooling when compared to typical NMOS microcomputer 
systems. 
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RCA CMOS Peripherals 
Can be used with CMOS and NMOS Processors 

MICROPROCESSOR BUS 

MULTIPLEXED NON-MULTIPLEXED 

DESCRIPTION RCAI INTEL! FANOUT2 
RCA INPUT 

AND RCA MOTOROLA INTEL NSC ZILOG ROCKWELL (TTL 
1/0 TYPE LEVELS 

FUNCTION 8048,8051 LOADS) 

OC48,80C51 8085 

1800 68HC05 8049,80C49 80C85 6502 

SERIES 6805 8088 NSC800 Z80 65C02 

1/0 PORTS 

CDP1851 PROGRAMMABLE 1/0 PORT YES NOTE 1 NOTE 1 NOTE 1 YES YES CMOS 1 
CDP1852 BYTE-WIDE 1/0 PORT YES YES YES YES YES YES CMOS 1 

CDP1872 8-BIT INPUT PORT YES YES YES YES YES YES CMOS 3 
CDP1874 8-BIT INPUT PORT YES YES YES YES YES YES CMOS 3 

CDP1875 8-BIT INPUT PORT YES YES YES YES YES YES CMOS 3 
CDP8823 PARALLEL INTERFACE NO YES YES YES NO NO CMOS 1 

(MOTEL BUS) 

MEMORY 1/0 

DECODERS 

CDP1853 N-BIT 1 OF 8 DECODER YES YES YES YES YES YES CMOS 1 

CDP1881 6-BIT LATCHIDECODER YES YES YES YES YES YES CMOS 1 

CDP1882 6-BIT LATCHIDECODER YES YES YES YES YES YES CMOS 1 

CDP1883 7-BIT LATCHIDECODER YES YES YES YES YES YES CMOS 1 

SERIAL 1/0 

CDP1854A' UART YES NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 CMOS 1 

CDP6402 UART NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 CMOS 1 

CDP65C51 UART (WITH BAUD RATE GEN.) NOTE 1 USE 6853 USE 6853 USE6853 NOTE 1 YES TTL 1 

CDP6853 UART (MOTEL BUS, WITH USE YES YES YES USE USE TTL 1 

BAUD RATE GEN.) 65C51 65C51 65C51 

SPII/O 

CDP68HC68A2 SPI AID CONVERTER NOTE 1 YES YES NOTE 1 NOTE 1 NOTE 1 CMOS 1 

CDP68HC68Pl SPI SINGLE PORT 1/0 NOTE 1 YES YES NOTE 1 NOTE 1 NOTE 1 CMOS 1 

CDP68HC68Rl SPI RAM 128 x 8-BIT NOTE 1 YES YES NOTE 1 NOTE 1 NOTE 1 CMOS 1 

CDP68HC68R2 SPI RAM 256 x 8-BIT NOTE 1 YES YES NOTE 1 NOTE 1 NOTE 1 CMOS 1 

CDP68HC68Tl SPI REAL-TIME CLOCK NOTE 1 YES YES NOTE 1 NOTE 1 NOTE 1 CMOS 1 

MULTIPLYI 

DIVIDE 

CDP1855 8-BIT PROGRAMMABLE MDU YES NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 CMOS 1 

KEYBOARD 

INTERFACE 

CDP1871A KEYBOARD ENCODER YES NOTE 1 NOTE 1 NOTE 1 NOTE 1 NOTE 1 CMOS 

TIMER 

FUNCTIONS 

CDP1878 DUAL COUNTER-TIMER YES NOTE 1 NOTE 1 NOTE 1 YES YES CMOS 1 

CDP1879 REAL-TIME CLOCK YES USE 6818 USE 6818 USE 6818 YES YES CMOS 1 

CDP6818 REAL-TIME CLOCKIRAM NOTE 1 YES YES YES NOTE 1 NOTE 1 CMOS 1 

(MOTEL BUS) 

INTERRUPT 

CONTROL 

CDPI877 PROGRAMMABLE INTERRUPT YES NO NO NO NO NO CMOS 1 

CONTROLLER (PIC) 

"Operating in 1800 compatible mode (mode 1). Otherwise see CDP6402 for mode 0 information. NOTES: 
1. Yes but requires additional "glue parts" 
2. 1 TTL load, i.e., :s 0.4 V at 1.6 rnA. 
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CDP1851, CDP1851C 
TERMINAL ASSIGNMENT 

CL.OCI( VDD 
cs RD/WE 

RAD WR/liE 
RAI ". CMOS Programmable 1/0 Interface 

BUSO A ROY 
BUSI A STROBE 
BUS2 AD 
BUS3 AI 
BUS4 .A2 Features: 
BUS5 A3 

A4 • 20 Programmable 110 Lines 
All 
A6 • Programmable for Operation in Four Modes: 

e STROBE .0 ., 
A7 .7 
•• . , .. ., 

Input 
Output 
Bidirectional 
Bit-programmable 

V55 .2 

TOP VIEW 9~CS~31926 
• Operates in Either I/O or Memory Space 

4G-LEAO OIL PACKAGES 

The RCA CDP1851 and CDP1851C are CMOS program­
mable two-port I/Os designed for use as general-purpose 
1/0 devices. They are directly compatible with CDP1800 
series microprocessors functioning at maximum clock 
frequency. Each port can be programmed in either byte-I/O 
or bit-programmable modes for interfacing with peripheral 
devices such as printers and keyboards. 

Both ports A and B can be separately programmed to be 8 
bit input or output ports with handshaking control lines, 
ROY and STROBE. Only port A can be programmed to be a 
bidirectional port. This configuration provides a means for 
communicating with a peripheral device or microprocessor 
system on a single 8 bit bus for both transmitting and 
receiving data. Handshaking signals are provided to 
maintain proper bus access control. Port A handshaking 

CDP1851 Progrsmmlng Modes 

(8) (2) 

PortA PortA 

lines are used for input control and port B handshaking 
lines are used for output; therefore port B must be in the 
bit-programmable mode where handshaking is not used. 

Ports A and B can be separately bit programmed so that 
each individual line can be designated as an input or output 
line. The handshaking lines may also be individually 
programmed as input or output when port A is not in 
bidirectional mode. 

The CDP1851 has a supply-voltage range of 4 to 10.5 V, and 
the CDP1851C has a range of 4 to 6.5 V Both types are 
supplied in 40-lead dual-in-line plastic (E suffix) or hermetic 
ceramic (0 suffix) packages. The CDP1851 C is also available 
in chip form (H suffix). 

(8) (2) 

Port B Port B 

Mode Dala Pins Handshaking Pins Dala Pins Handshaking Pins 
Input Accept input data READY, STROBE Accept input data READY, STROBE 

Output Output data READY, STROBE Output data READY, STROBE 

Bidrectional Transfer input! Input handshaking Must be Output handshaking 

(Port A only) output data for Port A previously set to for Port A 

bit-programmable mode 

Bit- Programmed Programmed Programmed Programmed 

Programmable individually as individually as individually as individually as 

inputs or outputs inputs or outputs inputs or outputs inputs or outputs 

File Number 1056 
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CDP1851, CDP1851 C 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltage referenced to VSS Terminal) 
CDP1851 •..•..••....•..•.•.••..•.•.......•••......•..•.................•....•....•.....•.....................•. -0.5 to +11 V 
CDP1851C •..•..•••••..•..••..••.......••....................•.................•...•...•.•............•....••••.. -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ...•....•......•..•........••......................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ....................................................•...•...•.....•....••..•••.. ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60·C (PACKAGE TYPE E) ........•.............................•........•..•...•...................• 500 mW 
ForTA = +60 to +85·C (PACKAGE TYPE E) ....•..•.........•....•................•..... Derate Lineary at 12 mW/·C to 200 mW 
For TA = -55 to 1OO·C (PACKAGE TYPE D) •..............•......•................•.......•..•..•...•...........•..... 500 mW 
For TA = +100 to +125·C (PACKAGE TYPE D) ....................•................•...•. Derate Lineary at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Type) .......•......•.................................. 40 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0, H .•..••.••...•..••......••..•.....................•.................•......•..•........... -55 to +125·C 
PACKAGE TYPE E •....•..•.....••....•......................................................................... -40 to +85·C 

STORAGE TEMPERATURE RANGE (Tstg) .......•................................................................ -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .•................................................. +265·C 

OPERATING CONDITIONS It T A = Full Plcklge-Temperlture Ringe. For mlxlmum relllblllty, operating conditions should 
be lelected 10 thlt operltlon II IlwlYI within the 'ollowlng rlngel: 

CHARACTERISTIC 

OC Operating Voltage Range 

Input Voltage Range 

DATA 
BUS 

CLOCK 

CS 
RAO 
RAI 
WR/ml 
RDI 
TPB 

A TNT 

B TNT 

MIN. 

4 

VSS 

DATA 
BUS 

BUFFER 

ADDRESS 
DECODE 

AND 
READI 
WRITE 
LOGIC 

INTERRUPT 
MASKING 

AND 
LOGIC 

LIMITS 

CDP1851 CDP1851C 

MAX. MIN. MAX. 

10.5 4 6.5 

VOO VSS VOD 

92CM-34326RI 

Fig. 1 - Functional diagram for CDP1851 and CDP1851C. 

UNITS 

V 
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CDP1851, CDP1851C 
STATIC ELECTRICAL CHARACTERISTICS It TA = -40 to +85°C, VDD ± 5%, ExeepUI noted 

CONDITIONS 
CHARACTERISTIC Vo VIN 

(V) (V) 

Quiescent Device Current IDD 
- 0,5 

- 0, 10 
Output Low Drive 0.4 0,5 

(Sink) Current IOL 0.5 0, 10 
Output High Drive 4.6 0,5 

(Source) Current IOH 9.5 0, 10 
Output Voltage - 0,5 

Low-Level VOL:j: - 0, 10 

Output Voltage - 0,5 
High Level VOH:j: - 0, 10 

VIL 
0.5,4.5 -

Input Low Voltage 
0.5,9.5 -

Input High Voltage VIH 
0.5,4.5 -
0.5,9.5 -

Input Leakage Current liN 
Any 0,5 

Input 0,10 

3-State Output Leakage 0,5 0,5 

Current lOUT 0, 10 0, 10 

IDD1 '" - 0,5 
Operating Current - 0, 10 

Input Capacitance CIN - -
Output Capacitance .COUT - -

-Typical values are for TA = 25°C and nominal VDD. 

:j:IOL = IOH = 1 pA. 

VDD 
(V) 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

-
-

Min. 

-
-
1.6 

2.6 

-1.15 

-2.6 

-
-
4.9 

9.9 

-
-
3.5 

7 

-
-
-
-
-
-
-
-

LIMITS 

CDP1851 CDP1851C UNITS 
Typ.- MIx. Min. Typ.- MIx. 

0.01 50 - 0.02 200 
pA 

1 200 - - -
3.2 - 1.6 3.2 -
5.2 - - - -

mA 
-2.3 - -1.15 -2.3 -
-5.2 - - - -

0 0.1 - 0 0.1 

0 0.1 - - -
5 - 4.9 5 -
10 - - - -

V 
- 1.5 - - 1.5 

- 3 - - -
- - 3.5 - -
- - - - -
- ±1 - - ±1 

- ±2 - - -
- ±1 ±1 

pA - -
- ±1 - - -
1.5 3 - 1.5 3 

6 12 -
mA - -

5 7.5 - 5 7.5 

10 15 - 10 15 
pF 

"'Operating current is measured at 200 kHz for VDD = 5 V and 400 kHz for VDD = 10 V, with open outputs (worst-case 

frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 

FUNCTIONAL DESCRIPTION 

The CDP1851 has four modes of operation: input, output, 
bidirectional, and bit-programmable. Port A is program­
mable in all modes; port B is programmable in all but the 
bidirectional mode. A control byte must be loaded into the 
control register to program the ports. In the input and 
output modes, each port has two handshaking signals, 
STROBE and RDY. In the bidirectional mode, port A has 
four handshaking signals: A RDY and A STROBE for input, 
B RDY and B STROBE for output. If port A is programmed in 
the bidirectional mode, port B must be programmed in the 
bit-programmable mode. Each terminal of port A or B may 
be individually programmed for input or output in the bit­
programmable mode. Since handshaking is not used in this 
mode, the RDY and STROBE lines may also be used for 
bit-programming if port A is not in the bidirectional mode. 

Input Mode 
When a peripheral device has data to input, it sends a 

ST,ROBE pulse to the PIO. The leading edge of this pulse 
clears the RDY line, inhibiting further transmission from the 
peripheral. The trailing edge of the STROBE pulse latches 
the data into the PIO buffer register and also activates the 
T1iJT lineto signal the CPU to read this data. The iiiIT pin can 
bewired to the TIi!'t pin olthe CPU or therFlines for polling. 
The CPU then executes an input or a load instruction, 
depending on the mapping technique used. In either case 
the proper code must be asserted on the RAO, RA 1, and CS 
lines to read the buffer register (see Table VI). 

The INT line is deactivated on the leading edgeofTPB. The 
trailing edge of TPB sets the ROY line to signal the 
peripheral thatthe P01t is ready to be loaded with new data. 
If RDY is low when the input mode is entered (I.e. after a 
reset), a "dummy" read must be done to set RDY high and 
signal the peripheral device that the port is ready to be 
loaded. 
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FUNCTIONAL DESCRIPTION (Confd) 

Output Mode 

A peripheral STROBE pulse sent to the PIO generates an 
interrupt to signal the CPU that the peripheral device is 
ready for data. The CPU executes the proper output or store 
instruction. Data are than read from memory and placed on 
the bus. The data are latched into the port buffer at the end 
of the window when REIWE = 0 and WRmE = 1. The ROY 
line is also set at this time, indicati~to the peripheral that 
there is data in the port buffer. The rNi line is deactivated at 
the beginning of the window. After the peripheral reads 
valid port data, it can send another STROBE pulse, clearing 
the RDY line and activating the INT line as in the input 
mode. 

Bidirectional Mode 

This mode programs port A to function as both an input and 
output port. The bidirectional feature allows the peripheral 
to control port direction by using both sets of handshake 
signals. The port A handshaking pins are used to control 
input data from peripheral to PIO, while the port B 
handshaking pins are used to control output data from PIO 
to peripheral. Data are transferred in the same manner as 
the input and output modes. Since A"Tm is used for both 

TPB 

MRli 
MWR 

TPA 

AD 

AI 

A2 

CDPI80D A3 
FAM ILY A4 -

!,-P 
A5 -
AS -
A7 

VDD 

10 k!1 

INT 

BUS 0-7 

I 

--
ADDRESS REGISTER 

ADDRESS SELECTS 

NO ! CONTROL/ 
8001 STATUS REG 

8002 NO I PDRT A 

8003 NO I PORT B 

NO.2 CONTRDLI 
8004 STATUS REG 

8008 NO.2 PORT A 

80DC NO.2 PORT B 

input and output, the status retstl! must be read to 
determine what condition caused IN to be activated (see 
Table V). 

Bit-Programmable Mode 

This mode allows individual bits of port A or port B to be 
programmed as inputs or outputs. To output data to bits 
programmed as outputs, the CPU loads a data byte into the 
8 bit port as in the output mode (no handshaking). Only bits 
programmed for outputs latch this data. Data must be stable 
when reading from bits programmed as inputs, since the 
input bits do not latch. When the CDP1851 inputs data to the 
CPU the CPU also reads the output bits latched during the 
last output cycle. The ROY and STROBE lines may be used 
for 1/0 by using the STROBEIRDY 1/0 control byte in table 
II. An additional feature available in the bit-programmable 
mode is the ability to generate interrupts based on 
input/output byte combinations. These interrupts can be 
programmed to occur on logic conditions (AND, OR, 
NAND, and NOR) generated by the eight I/O lines of each 
port (The STROBE and ROY lines cannot generate 
interrupts). 

TPB 

~ wRiRE 

RDiwE 

~ CLDCK 

RAD 

RAI F=) 
PIC 
NO. I 

F=) CDPI851 

CS 

r- BiNT 
A INT 

BUS D-7 

LTPB 

;,. 
BUS 0 7 --- WR/RE --RD/WE :== CLOCK 

RAO 

=) RAI 

CS 

'ATNT 
L BiNT ~ 

PIO 
ND 2 

CDPI851 

92CM- 3 1924 

A ROY 

B ROY 
A STROBE 

B STROBE 

PORT AO-A7 

PORT BO-B7 

A ROY 

B ROY 

A STROBE 

B STROBE 

PORT AO -A7 

PORT 90-87 

Fig. 2 - Memory space 110. This configuration allows up to four CDP1851s to occupy 
memory space 8XXX with no additional hardware (A4 - AS and A6 - A7 are used as 
RAO and RAt on the third and fourth PIO's). 

366 ________________________________________________________________ _ 



PROGRAMMING 

1. Initialization and Control. 
TI!!..QPP1851 PIO must be cleared by a low on the 
CLEAR Input during power-on to set ilfor programming. 
Once programmed, modes can be changed without 
clearing except wh~ing the bit-programmable 
mode. A low on the CLEAR input sets both ports to the 
input modes, disables interrupts, unmasks all bit­
programmed interrupt bits, and resets the status 
register, A ROY, and B ROY. 

2. Mode SeUlng 

CMOS Peripherals 

CDP1851, CDP1851 C 

table II. Input data on the STROBE and ROY lines is 
detected by reading the status register. When using the 
STROBE or ROY lines for output. the control byte must 
be loaded every time output data is to be changed. To 
program logical conditions that will generate an 
interrupt, the interrupt control byte of table III must be 
loaded. An interrupt mask of the eight 1/0 lines may be 
loaded next, if bit 04 (mask follows) of the interrupt 
control byte = 1. The 1/0 lines are masked if the 
corresponding bit of the interrupt mask register is 1, 
otherwise it is monitored. Any combination of masked 
bits are permissable, except all bits masked (mask = 
FF). 

The control register must be sequentially loaded with 
the appropriate mode set control bytes in order as 
shown in table I (i.e. input mode then output mode, 
etc.). Port A is set with the SET A bit = 1 and port Bisset 
with the SET B bit = 1. If a port is set to the bit­
programmable mode, the bit-programming control byte 
from table II must be loaded. A bit is programmed for 
output with the 1/0 bit = 1 and for input with the 1/0 bit = 
O. The STROBE and ROY lines may be programmed for 
input or output with the STROBEIROY control byte of 

3. INT Eneble/Dlaable 
To enable or disable the INT line in all modes, the 
interrupt ENABLEIOISABLE byte must be loaded (see 
Table IV). Interrupts can also be detected by reading 
the status register see table V. All interrupts should be 
disabled when programming or false interrupts may 
occur. The INT outputs are open drain NMOS devices 
that allow wired ORing (use 10K pull-up registers). 

A FLOW CHART GUIDE TO CDP1851 MODE PROGRAMMING 

REPEAT FOR EACH 
BIT-PROGRAMMABLE 
PORT 

REPEAT FOR EACH 
BIT- PROGRAMMABLE 
PORT 

NOTES 

NO 

SET MASTER INTERUPT 
ENABLE I DISABLE 
USING TABLE Dr 

I. STROBE I READY :I/O CONTROL BYTE (TABLE II I 
IS ALSO USED TO OUTPUT DATA TO STROBE AND 
READY LINES WHEN BIT-PROGRAMMED. 

2· STATUS REGISTER (TABLE III IS USED TO 
INPUT DATA FROM STROBE AND READY LINES 
WHEN BIT-PROGRAMMED· 

3.INTERRUPT STATUS IS ALSO READ FROM 
STATUS REGISTER. 

92CM- 34508 
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TABLE I [RA1=O, RAO=1] 

MODE SET * 7 6 5 4 3 2 1 
Input 0 0 X Set B Set A X 1 
Output 0 1 X Set B Set A X 1 
Bit-Programmable 1 1 X Set B Set A X 1 
Bidirectional 1 0 X X Set A X 1 

• Modes should be set in order as shown in Table I 

If either port is set for bit-programmable mode, the two following control bytes should immediately follow: 

TABLE II [RA1=O, RAO=1] 

Bit-Programming 

STROBE/RDY 1/0 Control A 

AOutput = 1 

Alnput = 0 

(D1) 0 = Port A, 1 = Port B 

7 

1/07 

D7 

6 5 4 

1/06 1/05 1/04 

D6 D5 D4 

(D2) 0 = No change to RDY line function, 1 = Change per bit (D6) 

(D3) 0 = No change to STROBE line function, 1 = Change per bit (D7) 

(D4) RDY line output data 

(D5) STROBE line output data 

(D6) RDY line used as: 

Output = 1 

Input=O 

(D7) STROBE line used as: 

Output = 1 

Input = 0 

3 2 

1/03 1/02 

D3 D2 

If interrupts will be used for either bit-programmed port, the following control bytes should be loaded: 

TABLE III [RA1=O, RAO=1] 

INTERRUPT CONTROL 

Logical Conditions and Mask 

(D3) 0 = Port A, 1 = Port B 

(D4) 0 = No change in mask, 1 = Mask follows (See TABLE lila) 

(D5) (D6) 0,0= NAND; 1, 0 = OR; 0,1 = NOR; 1, 1 = AND 

TABLE lila [RA1=O, RAO=1] 

INTERRUPT CONTROL 7 6 5 

Mask Register B7 B6 B5 
(if D4 = 1) Mask Mask Mask 

if Bn Mask = 1 then mask ,Bit (for n = 0 to 7) 

4 3 2 

B4 B3 B2 
Mask Mask Mask 

1 

1/01 

D1 

1 

B1 
Mask 

0 

1 

1 

1 

1 

0 

1/00 

DO 

0 

BO 
Mask 
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TABLE IV [RA1=O, RAO=1] 

7 6 
Interrupt INT 
Enable/Disable Enable 

X 

INT Enable = 1, INT Enabled 

= 0, INT Disabled 

TABLE V [RA1=O, RAO=1] 

Status Register 

(DO) 'BiiiIT status (1 means set) 

(01) A INT status (1 means set) 

7 

07 

AlB = 0, Port A 

= 1, Port B 

6 

06 

i All Modes 

5 

X 

5 

05 

CDP1851, CDP1851 C 

4 3 2 1 0 

X A/B 0 0 1 

4 3 2 1 0 
04 03 02 01 DO 

(04) A ROY input data 

(05) A STROBE input data Bit-Programmable 
(02) 1 = A INT was caused by A STROBE I Bidirectional Mode (06) B ROY input data l Mode 

(03) 1 = A INT was caused by B STROBE Only (07) B STROBE input data 

TABLE VI - CPU CONTROLS 

CS' RA1 RAO RD/WE WR/RE Action 
0 X X X X No-op bus 3-stated 
X 0 0 X X No-op bus 3-stated 
X X X 0 0 No-op bus 3-stated 
X X X 1 1 No-op bus 3-stated 
X X X 1 1 No-op bus 3-stated 
1 0 1 1 0 Read • status register 
1 0 1 0 1 Load control register 
1 1 0 1 0 Read' port A 
1 1 0 0 1 Load port A 
1 1 1 1 0 Read' port B 
1 1 1 0 1 Load port B 

• Read = RO/WE = 1 and WR/RE = 0 is latched on trailing edge of CLOCK. 

TABLE VII - MEMORY I/O USE 

RD/WE Input WR/RE Input TPB Input 1 PIO Terminals 
I/O Space MRO TPB TPB 
Memory Space MWR --MRO TPB 

1 CPU Terminals 

FUNCTION PIN DEFINITJON 

CLOCK (Input): 

Positive input pulse that latches READ and CS on Its trailing 
edge. 

CS - CHIP SELECT (Input) 

A high-level voltage at this input selects the COP1851 PIO. 

RAO - REGISTER ADDRESS 0 (Input): 

This input and RA 1 are used to select either the ports or the 
control/status registers. 

RA1 - REGISTER ADDRESS 1 (Input): 

See RAO 

BUS 0 - BUS 7: 

Bidirectional CPU data bus. 

CLEAR (Input) 

A low-level voltage at this input resets both ports to the 
input mode, and also resets the status register. A ROY, B 
ROY, and interrupt enable (disabling interrupts). 

"AiNf - A INTERRUPT (Output): 

A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed In Table III. This 
output Is an open-drain NMOS device (to allow wired 
ORing) and must be tied to a pullup resistor, normally 10 
kCl. 
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FUNCTION PIN DEFINITION (Conrd) 

B INT - B INTERRUPT (Output): 

A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table III. This 
output is also an open-drain NMOS device and must be tied 
to a pullup resistor. 

B ROY - B READY (Output): 

This output is a handshaking or data bit I/O line in the 
bit-programmable mode. 

B STROBE (Input): 

An input handshaking line for port B in the input and output 
modes, and for port A when it is in the bidirectional mode. It 
can be used as a data bit I/O line in the bit-programmable 
mode except when port A is not programmed as 
bidirectional. 

BO-B7: 

Data input or output lines for port B. 

Vss: 
Ground 

NO 

NI 
N2 

TPA 
-
MRD 
TPB 

CDPISQ2 1'\7 IDD 
10 kfi 

-
IflT 

BUS 0-7 

It 

AO-A7: 

Data input or output lines for port A. 

A STROBE (Input): 

An input handshaking line for port A in the input, output, 
and bidirectional modes. It can also be used as a data bit liD 
line when port A is in the bit-programmable mode. 

A ROY - A READY (Output): 

A output handshaking line or data bit liD line. 

TPB (Input): 

A positive input pulse used as a data load, set, or reset 
strobe. 

WRIRE - WRITEIREAD ENABLE (Input): 

A positive input used to write data from the CDP1851 to the 
CPU bus. 

RDlW! - READIWRITE ENABLE (Input): 

A positive input used to read data from the CPU bus to the 
CDP1851 bus. 

VDD: 

Positive supply voltage. 

RAO 

RA I 
cs 
CLOCK 

RO/WE 

L 
WR/RE 

TPe 

CDPl851 

B INT 

L AINT 

BUS 0-7 

L ;:>. 
"-

LRAO 

V 

, 7 
BUS 0-7 

~ RAI 

cs 
CLOCK 

-
RD/WE 

WR/RE 

L TPB 

CDPl951 
-
A INT 

L BINT 

r--------. A r--------. e 

ROY 

ROY 
STROBE 

STROBE 
I--A 

~B 

~P ORT AO-A7 

~ 

r------+ 
~ --

PORT 80-87 

A ROY 

B ROY 

A STROBE 

e STROBE 

~ PORT AO-A7 

~ PORT BO-87 

92CM-31925 

Fig. 3 -liD space I/O. 
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CDP1851, CDP1851 C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +8S0C. VDD ± S"Io. 
t,. tt = 20 ns. VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

CHARACTERISTIC VDD CDP18S1 

(V) Min. Typ.-

Input Mode ... Fig .. 4 and S 

Minimum Setup Times: 5 - 50 

Chip Select to CLOCK tCSCL 10 - 25 

5 - 75 

RD/WE to CLOCK tRWCL 10 - 40 

5 - 75 -WR/RE to CLOCK tWRCL 10 - 40 

5 - 75 

Data in to STROBE tDIST 10 - 40 

Minimum Hold Times: 5 - 75 

Chip Select After CLOCK tHCSCL 10 - 40 

5 - -50 

Address After TPB THATPB 10 - -25 

5 - 50 

Data In After STROBE tHSTDI 10 - 25 

5 50 325 

Data Bus Out After Address tHADOH 10 25 165 

Propagation Delay Times: 5 - 200 

TPB to INT tPINT 10 - 100 

5 - 200 

STROBE to INT tSTINT 10 - 100 

5 - 250 

TPB to ROY tTPRDY 10 - 125 

5 - 260 

STROBE to ROY tSTRDY 10 - 130 

Minimum Pulse Widths: 5 - 75 

CLOCK tWCL 10 - 40 

5 - 75 

TPB tWTPB 10 - 40 

5 - 100 

STROBE tW!':T 10 - 50 

Access Time, Address to Data 5 - 325 

Bus Out tADA 10 - 165 

-Typical values are for T A = 25°C and nominal voltages. 

LIMITS 

Max.+ Min. 

75 -
"0 -
120 -
60 -
120 -
60 -
120 -
60 -
120 -
60 -
0 -
0 -
75 -
40 -
500 50 

250 -
300 -
150 -
300 -
150 -
375 -
200 -
400 -
200 -
120 -
60 -
120 -
60 -
150 -
75 -
500 -
250 -

+Maximum limits of minimum characteristics are the values above which ali devices function. 

CDP18S1C UNITS 

Typ.- Max.+ 

50 75 

- -
75 120 

- -
75 120 

- -
75 120 

- -
75 120 

- -
-50 0 

- -
50 75 

- -
325 500 

ns - -
200 300 

- -
200 300 

- -
250 375 

- -
260 400 

- -
75 120 

- -
75 120 

- -
100 150 

- -
325 500 

- -
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Ikn 

INPUT~ 
SIGNAL i :~ __ _ 

AiNi' f--f---4 ....... >------<::>A 

BrnT~~~------------{) ~I~% i ~ 
A,B I : 'PINT! I 

COPle51 150 PF -. I-'WINT /4tSTINT+1 

92CS-31927 

Fig. 4 - Interrupt signal propagation delay time test circuit and waveforms. 

ROY 

STROBE 

DATA-IN 

TPB 

CLOCK-(TPA) 

CS 

Ro/iVE-(MWih '---'RWCL ------l : 
RO/iVE.(MROJ ~ l 

I/O SPACE I 

WR/iiE.(TPB) -------------'nf-----­
RAIIRAO 

DATA BUS 

--: I--t HATPB 

Xr~"'~t7'L."lo"""PO"'RT......,A"o"'DR"'* 
_______ ~.I. 10 OR II 1''-------

~.AoA l-----J-'HAoOH ---c:=x C 

Fig. 5 - Input mode timing waveforms. 

92CM-31928 
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CDP1851, CDP1851C 

OYNAMIC ELECTRICAL CHARACTERISTICS al T A = -40 10 +850 C, VOO ± 5'10, 
Ir, II = 20 ns, VIH = 0.7 VOO, VIL = 0.3 VOO, CL = 100 pF 

CHARACTERISTIC VOO 

Oulpul Mode see Figs. 4 and 6 

Minimum Setup Times: 

Chip Select to CLOCK tCSCl 

-
RO/WE to CLOCK tRWCl 

WR/RE to CLOCK tWRCl 

Address to WRITE' tAW 

Data Bus to WRITE' tDW 
Minimum Hold Times: 

Chip Select After CLOCK tHCSCl 

Address After WRITE' tHAW 

Data Bus After WRITE' tHDW 
Propagation Delay Times: 

WRITE • to Data Out tWDO 

-
WRITE' to INT tWINT 

WRITE' to RDY tWRDY 

STROBE to INT tSTINT 

STROBE to RDY tSTRDY 
Minimum Pulse Widths: 

CLOCK tWCl 

STROBE tWST 

WRITE' tww 

• WRITE is the overlap of RD/WE = 0 and WR/RE = 1. 

-Typical values are for T A = 25 0 C and nominal voltages. 

(V) 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

COP1851 

Min. Typ.-

- 50 

- 25 

- 75 

- 40 

- 75 

- 40 

- 50 

- 25 

- 80 

- 40 

- 75 

- 40 

- 50 

- 25 

- 50 

- 25 

- 225 

- 125 

- 300 

- 150 

- 350 

- 175 

- 200 

- 100 

260 

- 130 

- 75 

- 40 

- 100 

- 50 

- 175 

- 90 

LIMITS 

Max.+ Min. 

75 -
40 -
120 -
60 -
120 -
60 -
75 -
40 -
120 -
60 -
120 -
60 -
75 -
40 -
75 -
40 -

350 -
200 -
450 -
225 -
525 -
275 -
300 -
150 -
400 

200 -
120 -
60 -
150 -
75 -
275 -
150 -

+Maximum limits of minimum characteristics are the values above which all devices function. 

COP1851C UNITS 

Typ.- Max.+ 

50 75 

- -
75 120 

- -
75 120 

- -
50 75 

- -
80 120 

- -
75 120 

- -
50 75 

- -
50 75 

- - ns 

225 350 

- -
300 450 

- -

350 525 

- -
200 300 

- -
260 400 

- -
75 120 

- -
100 150 

- -
175 275 

- -
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iNi' -------l! ~ 
tWINT i ~ tSTINT ~ .....--

ROY _______ +: _---\ ~ 
I I tSTRDY.J,-l: i I Ii I--tWRDY ~ 

~tWTPB I I 
:--------t-tWCL I I --< tWSTI----

CLOCK'(TPA) -.nL..... __ -+I __ if-________ . 
tHCSCL~ i: : 

cs~~ __ ~: __ -+I-----------
-i tcscq- 1 : 

OATA- OUT :: Xr-"'7.VA~L:-:,':'O:-:O:-:A':'TA:-:'OU:-:T:--
I ,I t-- tWRCL -j ~twoo 

STROBE 

WR/RE' (MRo)]J ! i! 
MEMORY SPAC~ i 11----------

RO/WE. (Mviiil : W 
I r---i--tWW* 

WR/RE.(TPBJ : n 
I/O SPACE: I I 

_ - -I tRWCLI I 
RO/WE·(MRD) n I I 

I I 
____ ,tAW--< ---: tHAWr-,-_____ ___ 

RAIIRAO * VALlDIJ'g~T, A,OOR Y<''-______ _ 

r---tOW : I tHOW 

DATA BUS ----<::::::J< VALID DATA *I.. _____ -:'~_: 
* WRITE IS THE OVERLAP OF WR/RE=I AND RD/WE=O 92CM-31920 

Fig. 6 - Output mode timing waveforms. 
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CSI!~ I • 24 VOO 
MODE 2 23 SR/SR 

OIO 3 22 0I7 Byte-Wide Input/Output Port 
000 4 21 007 
OIl 5 20 OI6 Features: 
001 6 19 006 
OI2 I. DI5 • Static silicon-gate CMOS circuitry 
002 17 DOS • Parallel B-bit data register and buffer 
0I3 9 16 OI4 
003 10 15 004 

• Handshaking via service request flip-flop 

CLOCK II I. CLEAR • Low quiescent and operating power 
VSS 12 

TOP VIEW 
13 CS2 • Interfaces directly with CDP1BOO-series 

microprocessors 
92C5-27572 • Single voltage supply 

CDP1852, CDP1852C 
TERMINAL ASSIGNMENT 

• Full military temperature 
range (-55°C to +125°C) 

The ACA-CDP1852 and CDP1852C are parallel, 8-bit, 
mode-programmable input/output ports. They are compat­
ible and will interface directly with CDP1800,eries micro­
processors. They are also useful as 8-bit address latches 
when used with the CDP1800 multiplexed address bus and 
as liD ports in general-purpose applications. 

The mode control is used to program the device as an input 
port (mode=O) or as an output port (mode=1). The Sl'!/SA 
output can be used as a signal to indicate when data is ready 
to be transferred. In the input mode, a peripheral device can 
strobe data into the CDP1852, and a microprocessor can 
read that data by device selection. In the output mode, a 
microprocessor strobes data Into the CDP1852, and hand­
shaking is established with a peripheral device when the 
CDP1852 is deselected. 

In the input mode, data at the data-In terminals (D10-D17) is 
strobed into the port's 8-bit register by a high (1) level on the 

----
AODR BUS ADDR BUS ----

TPA TPA -

ROM RAM 

MR5 MRO 

MWR 
CEO 

II 

clock line. The negative high-to-Iow transition of the clock 
latches the data in the register and sets the service request 
output low (SR/SA=O). When CS1/CS1 and CS2 are high 
(CS1/~ and CS2=1), the 3-state output drivers are 
enabled and data in the8-bit register appear at the data-out 
terminals (DOO-D07). When either CS1/CS1 or CS2 goes 
low (CS1/CS1 or CS2=O), the data-out terminals are tri­
stated and the service request output returns high 
(Sl'!/SA=1). 

In the output mode, the output drivers are enabled at all 
times. Data at the data-in terminals (D10-D17) is strobed 
into the 8-bit register when CS1/CS1 is low (CS1/CS1=O) 
and CS2 and the clock are high (1), and are present at the 
data-out terminals (DOO-D07). The negative high-to-Iow 
transition of the clock latches the data in the register. The 
SAlSA output goes high (SR/SR=1) when the device is 
deselected (CS1/CS1=1 or CS2=O) and returns low 
(SR/SA=O) on the following trailing edge of the clock. 

~ I"""""' NO-N2 MRO 

TPB 

0 

~ 
CPU seD SCI 'I/O 

~CONTROl> CDPIB02 INTERRUPT CDP18521' 

OMA-IN MA-OUT 

EFt EF4 

[I 
BIDIRECTIONAL DATA BUS Jf 

l2:"'-?~'-' 

Fig. 1 - Typical CDP1802 microprocessor system. 

File Number 1166 
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CDP1852, CDP1852C 
A CLEAR control is provided for resetting 
the port's register (DOO-D07 = 0) and ser­
vice request flip-flop (in~t mode: SRI 
SR=1 and output mode: S"R/SR=O). 
The CDP1852 is functionally identical to 
the CDP1852C. The CDP1852 has a recom­
mended operating voltage range of 4 to 10.5 
volts, and the CDP1852C has a recom-

mended operating voltage range of 4 to 6.5 
volts. 
The CDP1852 and CDP1852C are supplied 
in 24-lead, hermetic, dual-in-line ceramic 
packages (D suffix), in 24-lead dual-in-line 
plastic packages (E suffix). The CDP1852C 
is also available in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 

(Vollage referenced 10 Vss Terminal 
CDP1852 ...................................................... ............... -0.510+11 V 
CDPI852C ...................................................................•• -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ....................................... -0.5 to Voo + 0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................. ± 10 mA 
POWER DISSIPATION PER PACKAGE (Po). 

For T. = -40 to +60°C (PACKAGE TYPE E) ......................................•.... 500 mW 
For T. = + 60 to + 85° C (PACKAGE TYPE E) ............ Derate Linearly at 12 mW/o C to 200 mW 
For T. = -55 to + 100°C (PACKAGE TYPE D) .......................................... 500 mW 
For T. = + 100 to + 125°C (PACKAGE TYPE D) ......... Derate Linearly at 12 mwrc to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T. = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............... 100 mW 

OPERATING-TEMPERATURE RANGE (T.): 
PACKAGE TYPES D, H ..................................................... -55 to + 125°C 
PACKAGE TYPE E .............................................................. -40 to + 85° C 

STORAGE TEMPERATURE RANGE (T .. ,) ......................................... -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING). 

At dlslance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max ................... + 265° C 

RECOMMENDED OPERATING CONDITIONS at T. = Full Package Temperature Range. 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 

LIMITS 
CHARACTERISTIC CDP1852 CDP1852C 

Min. Max. Min. 
DC Operating Voltage Range 4 10.5 4 

Input Voltage Range Vss VDD 

017 -"L. __ --.J 

Vss 

000 
001 
002 

00' 
00' 
00. 
006 

L-_--'-007 

PI 
P23 f---':::'-l--"""----j 

92C8- 27574R I 

Fig 2 - Block diagram of CDP1852. 

Max. 
6.5 

VDD 

UNITS 

V 
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DIO 

L ________ _ 

CDP1852, CDP1852C 

v~ 

;dp : 000 

3--+--0 
ttl = I 
Vss I 

1 

_ ---.J 

OIl ;-- - - - - - - - - - - - - - - - -! 001 

®------l t-® 

'" ~===-----==n=c~~-=~=----c=c-~ .. , 
@---l f-----@ 

L _________________________________ 1 

92CL-31293RI 

Fig 3 - CDP1852 logiC diagram 

STATIC ELECTRICAL CHARACTERISTICS at TA - -40 to +850 C -

CONDITIONS LIMITS 

CHARACTERISTIC Vo V,N Voo CDP1852 CDP1852C UNITS 

(V) (V) (V) Min. Typ." Max. Min. Typ." Max. 
Quiescent Device - 0,5 5 - - 10 - - 50 pA 

Current, 100 - 0,10 10 - - 100 - - -
Output Low Drive 0.4 0,5 5 1.6 3.2 - 1.6 3.2 -

(Sink) Current, 10L 0.5 0,10 10 3 6 - - - -
Output High Drive 

rnA 

(Source) Current, 4.6 0,5 5 -1 15 -2.3 - 1.15 -2.3 -
10H 9.5 0,10 10 -3 -6 - - - -

Output Voltage - 0,5 5 - 0 0.1 - 0 0.1 

Low Level, VOLt - 0,10 10 - 0 0.1 - - -
Output Voltage - 0,5 5 4.9 5 - 4.9 5 -

High Level, VOH - 0,10 10 9.9 10 - - - -
Input Low Voltage, 0.5,4.5 5 1.5 - 1.5 

V 
- - - -

V,L 0.5,9.5 - 10 - - 3 - - -
Input High Voltage, 0.5,4.5 - 5 3.5 - - 3.5 - -

V,H 0.5,9.5 - 10 7 - - - - -
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CDP1852, CDP1852C 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C (Cont'd) 

CONDITIONS LIMITS 

CHARACTERISTIC Va V,N Voo CDP1852 CDP1852C 

(V) (V) (V) Min. 
I nput Current. - 0.5 5 -

liN - 0,10 10 -
3-State Output 

Leakage Current, 0,5 0,5 5 -
louT 0,10 0,10 10 -

Operating - 0,5 5 -
Current, 1001 * - 0,10 10 -

Input 
Capacitance, C'N - - - -

Output 

Capacitance, COUT - - - -
·TYPlcal values are for T A = 25' C and nominal Voo. 
tlOL = 10" = 1 pA 

Typ.* Max. Min. Typ.* Max. 

- ±1 - - ±1 

- ±2 - - -

- ±1 - - ±1 

- ±2 - - -
130 300 - 150 300 

550 800 - - -

5 7.5 - 5 7.5 

5 7.5 - - -

tOperating current IS measured at 2 MHz in an CDP1802 system wIth open outputs and a 
program of 6N55, 6NAA, 6N55, 6NAA, """""". 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = - 40 to + 85° C, Voo = ± 5%, 
t" t, = 20 ns, V,H = 0.7 Voo, V'l = 0.3 Voo, Cl = 100 pF, and 1 TTL Load 

CHARACTERISTIC Voo LIMITS 

(V) Min. Typ.* Max. 

MODE 0 - Input Port (Fig. 4) 

MInimum Select Pulse Width, tsw 5 - 180 

10 - 90 

Minimum Write Pulse Width, tww 5 - 90 
10 - 45 

Mtnimum Clear Pulse W,dth, IelR 5 - 80 

10 - 40 

Minimum Data Setup Time, tos 5 - -10 

10 - -5 

Mtninum Data Hold Time, tOH 5 - 75 

10 - 35 

Data Out Hold Time, tOOHt 5 30 185 

10 15 100 

Propagation Delay Times, tFlH, tpHl: 5 30 185 

Select to Data Outt, tsoo 10 15 100 
Clear to SR, TRsR 5 - 170 

10 - 85 

Clock to SR, IeSR 5 - 110 

10 - 55 

Select to SR, IssR 5 - 120 
10 - 60 

tMlnlmum value IS measured from CS2, maximum value is measured from CS1/Cs1 
·TYPlcal values are for TA = 25' C and nominal Voo 

INPUT PORT MODE 0 - TYPICAL OPERATION 

360 

180 

1110 
90 

160 

80 

0 

0 

150 

75 

370 

200 

370 

200 

340 

170 

220 

110 

240 

120 

UNITS 

/JA 

pF 

UNITS 

ns 

General Operation 

When the mode control IS tied to VSS, the 
CDP1852 becomes an input port. In this 
mode, the peripheral device places data 
into the CDP1852 with a strobe pulse and 
the CDP1852 signals the microprocessor 
that data is ready to be transferred on the 

strobe's trailing edge via the SR output line. 
The CDP1802 then issues an input instruc­
tion that enables the CDP1852 to place the 
tnformatlon from the peripheral device on 
the data bus to be entered into a memory 
location and the accumulator of the 
microprocessor. 
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CDP1852, CDP1852C 
, 

CS I-C82 * fo--tsw~ 

CL.OCK 
'f.--tww-~ 

'it 
ID~ 

x: 
-Ftos~ 

HIGH I-tsoo1 IDO~ 

IMPEDANCE r ~ 1 I-tss~l 
tRSR..j ICS.r\ 

DATA IN 

DATA BUS 

1 "I 
---, 1 

~ 
.. CS1'CS2 IS THE OVERLAP OF CSI-I AND C52-' 

MODE 0 TRUTH TABLE 

CLOCK tCS1·CS2 C't"E1ilf Oal. Oul Equills 
X 0 X High Impedance 

o 

92CM-31292R2 

Fig. 4 - MODE a Input port timing waveforms and truth tables. 

MEMORY 

STROBE-----' 

PERIPHERAL 
DATA-----' 

ADDRESS 

LINES 

~/SR----+--, 

NX 

CDPl802 

NX 

MRD 

EFX 

VSS 

DATA BUS 

MRD -----------i1---' 

DATA BUS __________ --;'1---' 

COPI852 

CS2 
CLOCK 

CSI 

SA 
01 

MODE 
DO 

JL 
STROBE 

DATA FROM 
PERIPHERAL 

1 
PERIPHERAL DEVICE 
PLACES DATA IN CDPI852 
AND CDPI852 SIGNALS 
CDPI802 THAT DATA IS READY 

1 CDPI802 SELECTS 
CDPIB52 AND DATA 
I S TRANSFERRED 
TO MEMORY AND 
THE MICRQPROCCESSOR 

92CM- 33205 

Fig. 5 - Input port mode a functional diagram and waveforms - tYPICal operation. 

Detailed Operation (See Fig. 5) 

The STROBE from the peripheral device 
places DATA into the 8-bit register of the 
CDP1852 when it goes high and latches the 
DATA on its trailing edge. The SR output is 
set low on the strobe's trailing edge. This 
output is connected to a flag line of the 
CDP1802 microprocessor and software 
polling will determine that the flag line has 
gone low and peripheral data is ready to be 
transferred. The CDP1802 then issues an 
input instruction that places an N, line high. 
With the MRD line also high, the CDP1852 
is selected and its output drivers pJace the 

DATA from the peripheral device on the 
DATA BUS. When the CDP1802 selected 
the CDP1852, it also selected and ad­
dressed the memory via one of the 16 inter­
nal address registers selected by an inter­
nal"X" register. The data from the CDP1852 
is therefore entered into the memory [Bus 
- M(R(X))J. The data is also transferred to 
the D register (accumulator) in the micro­
processor (Bus - Dj. When the CDP1802's 
execute cycle is completed, the CDP1852 is 
deselected by the Nx line returning low and 
its data output pins are tri-stated. The SA 
output returns high. 
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CDP1852, CDP1852C 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo = ±5%, 
t" tf = 20 ns, V,H = 0.7 Voo, V,l = 0.3 Voo, Cl = 100 pF, and 1 TTL Load 

CHARACTERISTIC Voo LIMITS UNITS 

(V) Min. Typ." Max. 

MODE 1 Output Port (Fig. 6) 
Minimum Clock Pulse Width, tClK 5 130 260 

10 - 65 130 

Minimum Write Pulse Width, tww 5 130 260 

10 - 65 130 

Minimum Clear Pulse Width, IclR 5 - 60 120 

10 - 30 60 

Minimum Data Setup Time, tos 5 - -10 0 

10 - -5 0 

Mintmum Data Hold Time, tOH 5 - 75 150 

10 - 35 75 ns 

Minimum Select-alter-Clock 5 10 0 

Hold Time, tSH 10 - -5 0 

Propagation Delay Times, tPlH, tpHl: 5 - 140 280 

Clear to Data Out, tROO 10 - 70 140 

Write to Data Out, twoo 5 - 220 440 

10 - 110 220 

Data In to Data Out, tooo 5 100 200 

10 - 50 100 

Clear to SR, tRSR 5 - 120 240 

10 - 60 120 

Clock to SR, tCSR 5 120 240 

10 - 60 120 

Select to SR, tSSR 5 120 240 

10 - 60 120 

'TYPlcal values are for T. = 25° C and nomtnal Voo 

OUTPUT PORT MODE 1 - TYPICAL OPERATION 

General Operation 

Connecting the mode control to Voo config­
ures the CDP1852 as an output port. The 
output drivers are always on in this mode, 
so any data In the 8-bit register will be pres­
ent atthe data-out lines when the CDP1852 
IS selected. The N line and MRD connec­
tions between the CDP1852 and CDP1802 
remain the same as in the input mode con­
figuration, but now the clock Input of the 
CDP1852 is tied to the TPB output of the 

CDP1802 and the SR output of the 
CDP1852 will be used to signal the periph­
eral device that valid data is present on ite 
input lines. The microprocessor issues an 
output instruction, and data from the mem­
ory IS strobed Into the CDP1852 with the 
TPB pulse. When the CDP1852 is de­
selected, the SR output goes high to signal 
the peripheral device. 
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CDP1852, CDP1852C 

csl.csz*'--------JI 

CLOCK ________ .I! 

DATA IN 

DATA OUT 

--+-----~_+---JI~-Jr~----------------~-----

SR 

* CSt, CS2 IS THE OVERLAP OF ESi cO AND CS2. I 
.. WRITE IS THE OVERLAP QFCSI'CS2 AND CLOCK SERVICE REQUEST TRUTH TABLE 

MODE 1 TRUTH TABLE 

CLOCK 'CS1-CS2 CLEAR Oa.a Out Equals 
o X 0 0 

o CS2 1 

92CM-3t295RI 

Fig 6 - MODE 1 output port timing waveforms and truth tables 

TPB 

DATA 
BUS 

DATA TO 

MEMORY 

II 

COPIB02 NX 

ADDRESS 
MilO 

LINES TP8 

DATA BUS 

PER~~fttL-------------" 

VDD 

SR/SR-----------------' 

CDPI852 
CS2 

CSI 

CLOCK DATA 
OUT 

MODE SR 

OATAIN 

DATA OUT TO 
PERIPHERAL DEVICE 

SIGNAL THAT 
INOI CATES DATA 
IS READY 

CDPIB52 IS SELECTED 
AND DATA IS 
STROBED INTO 
IT'S REGISTER 
WITH TP8 

} 

DATA IS OUTPUTTED 
FROM THE CDPI852 
AND THE PERIPHERAL 
DEVICE IS SIGNALED. 

92CM-33204 

Fig. 7 - Output port mode 1 functIOnal diagram and waveforms - tYPical operation 

Detailed Operation (See Fig 7) 

The CDP1802 issues an output instruction 
The N, line goes high and the MRD line 
goes low. The memory is accessed M(R(X)) 
- BUS and places data on the DATA BUS 
This data are strobed Into the 8-blt register 
of the CDP1852 when TPB goes high and 
latched on the TPB's trailing edge. The 

valid data thus appears on the CDP1852 
output lines. When the CDP1802 OU[put in­
struction cycle is complete, the N, line goes 
low and the SR output goes high SR will 
remain high until the trailing edge of the 
next TPB pulse, when It will return low. 
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CDP1852, CDP1852C 

~~------------------~/ 

"--
NI-----------------------------------------------------------------

"-----
SELECT __ _£~ _______ 6_D ______ _£~ _____________________________________________ "'~ ___ 

SR =---"- / 
92CM- 31293RI 

FIg. 8 - ExecutIon of a "65" output Instruction .~howlng momentary selectIon of Input port "0". 

Application Information 

In a CDP1800 series microprocessor-based 
system where MRD is used to distinguish 
between INP and OUT instructions, an INP 
instruction is assumed to occur at the be­
ginning of every I/O cycle because MRD 
starts high Therefore, at the start of an 
OUT instruction, which uses the same 3-blt 
N code as that used for selection of an input 
port, the input device is selected for a short 
time (see Fig. 8). This condition forces SR 
low and sets the internal SR latch (see Fig. 
3). In a small system with unique N codes 

TPA 

TPB 

EN'" 

OUTPUT 

• OUTPUT ENABLED WHE~ EN = HIGH 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG !l 

92CS-29024 

FIg 9 - CDP1853 tIming waveforms 

for inputs and outputs, this situation does 
not arise. Using the CDP1853 N-bit decoder 
or equivalent logic to decode the N lines 
after TPA prevents dual selection in larger 
systems (see Fig. 9 and Fig. 10). 

4 OUT 0 
NO 5 OUT I 

IOF8 ~ OUT 2 
DECODER 

NI 12 OUT 3 

" g~~ ~ 
10 OUT 6 

EN 
9 OUT 7 

CLOCK A I 
(TPAI 

92CS-29022 

FIg 10 - CDP1853 functIonal dIagram. 
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__________________________ CMOS Peripherals 

CDP1853, CDP1853C 
TERMINAL ASSIGNMENT 

N-Bit 1 of 8 Decoder 
CLOCK A I. Voo Features: 

NO 
NI 

our a • ouT I • 

,. 
I. 

" 12 

CLOCK B 

N' 
C. 
OUT4 

• Provides direct control of up to 
7 input and 7 output devices 

ouT 2 • " OUT 3 10 
Vss 9 

OUT' 
OUT 6 
our 7 

• CHIP ENABLE (CE) allows easy 
expansion for multi-level I/O systems 

TOP VIEW 

The RCA-CDP1853 and CDP1853C are 1 of 8 decoders 
designed for use in general purpose microprocessor 
systems. These devices, which are functionally identical, 
are specifically designed for use as gated N-bit decoders 
and interface directly with the 1800-series microprocessors 
without additional components. The CDP1853 has a 
recommended operating voltage range of 4 to 10.5 volts, 
and the CDP1853C has a recommended operatinQ voltage 
range of 4 to 6.5 volts. 

When CHIP ENABLE (CE) is high, the selected output will 
be true (high) from the trailing edge of CLOCK A (high-to­
low transition) to the trailing edge of CLOCK B (high-to-Iow 
transition). All outputs will be low when the device is not 

.,2..(>-

N2 14 

I OF 8 
DECODER 

CLOCK A -'-' --f',.....=c=:::a;~1 
(TPM 

"-OUT 0 
5 OUT I 
6 OUT 2 

I~ ~~~: 
II OU15 
10 OUT 6 
9 OUT 7 

CLOCK B 15 
(TPB) ---" /"'~-_____ ~_~ ____ -' 

Fig. 1 - CDPI853 functional diagram. 

selected (CE=O) and during conditions of CLOCK A and 
CLOCK B as shown in Fig. 2. The CDP1853 inputs NO, Nl, 
N2, CLOCK A, and CLOCK B are connected to an 1800 
series microprocessor outputs NO, Nl, N2, TPA, and TPB 
respectively, when used to decode I/O commands as shown 
in Fig. 5. The CHIP ENABLE (CE) input provides the 
capability for multiple levels of decoding as shown in Fig. 6. 

The CDP1853 can also be used as a general 1 of 8 decoder 
for I/O and memory system applications as shown in Fig. 4. 

The CDP1853 and CDP1853C are supplied in hermetic 16-
lead'dual-in-line ceramic (0 suffiX) and plastiC (E suffiX) 
packages. 

TRUTH TABLE 

CE CLA CL B EN 

1 0 0 On-l* 

1 0 1 1 

1 1 0 0 

1 1 1 1 

0 X X 0 

N2 N1 NO EN 0 1 2 3 4 5 6 7 

0 0 0 1 1 0 0 0 0 0 0 0 

0 0 1 1 0 1 0 0 0 0 0 0 

0 1 0 1 0 0 1 0 0 0 0 0 

0 1 1 1 0 0 0 1 0 0 0 0 

1 0 0 1 0 0 0 0 1 0 0 0 

1 0 1 1 0 0 0 0 0 1 0 0 

1 1 0 1 0 0 0 0 0 0 1 0 

1 1 1 1 0 0 0 0 0 0 0 1 

X X X 0 0 0 0 0 0 0 0 0 

1 = High level 0 = Low level X = Don't care 
* On-1 = Enable remains In previous state. 

File Number 1189 
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CDP1853, CDP1853C 
MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY·VOL TAGE RANGE, (V DO) 
(All voltage values referenced to V SS terminal 
CDP1853 ............................................................ -0.5to+ll V 
CDPI853C .. ......................................................... -0.6 to + 7 V 

INPUT VOLTAGE RANGE, ALL INPUTS.. . .. . . . .................. -0.5 to VDD + 0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ...... .................................... ± 10 mpt 
OPERATlNG·TEMPERATURE RANGE (TA): ° 

CERAMIC PACKAGES (0 SUFFIX TYPES) .............................••. -55 to + 125oC 
PLASTIC PACKAGES (E SUFFIX TYPES) .................................. -40to+85oC 

STORAGE TEMPERATURE RANGE (T til) ......• • ..•••..................... -65 to + 160 C 
LEAD TEMPERATURE (DURING SOLdERING): ° 

At distance 1/16 ±1/32 inch (1.59±o.79 mm) from case for 10 s max •.............•....... +265 C 

STATIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85°C. Except as noted 

CONDITIONS LIMITS 

CHARACTER ISTIC COP1853 CDP1853C 

vo VIN VDD 
Typ.t t 

(V) (V) (V) Min. Max. Min. Typ. Max. 

Qu iescent Device - - 5 - 1 10 - 5 50 
Current,l L - - 10 - 10 100 - - -

Output Low Drive 
(Sink) Current, 0.4 0,5 5 1.6 3.2 - 1.6 3.2 -

IOL 0.5 0,10 10 2.6 5.2 - - - -
Output High Drive 

(Source Current) 4.6 0,5 5 ·1.15 ·2.3 - ·1.15 ·2.3 -
IOH 9.5 0,10 10 ·2.6 ·5.2 - - - -

Output Voltage 
Low· Level .. - 0,5 5 - 0 0.1 - 0 0.1 

VOL - 0,10 10 - 0 0.1 - - -
Output V,oltage 

High Level - 0,5 5 4.9 5 - 4.9 5 -
VOH - 0,10 10 9.9 10 - - - -

Input Low Voltage 0.5,4.5 - 5 - - 1.5 - - 1.5 
V IL 1,9 - 10 - - 3 - - -

Input High Voltage 0.5,4.5 - 5 3.5 - - 3.5 - -
V IH 1,9 - 10 7 - - - - -

Input Leakage Any 0,5 5 - - ±1 - - ±1 

Current liN Input 0,10 10 - - ±1 - - -
Operating Current 0,5 0,5 5 - 50 100 - 50 100 

1001 
. 

0,10 0,10 10 - 150 300 - - -
Input Capacitance - - - - 5 7.5 - 5 7.5 

CIN 

Output Capacitance 
10 15 10 15 COUT 

- - - - -

t TYPical values are for T A = 25°C and nom mal voltage . 
• Operating current measured In a CDP1802 system at 2MHz with outputs floating . 

.. IOL = IOH= llJ.A 

UNITS 

IJ.A 

mA 

rnA 

V 

V 

IJ.A 

IJ.A 

pF 

pF 
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CMOS Peripherals 

CDP1853, CDP1853C 
OPERATING CONDITIONS at T A = Full Package-Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation is always within 
the following ranges: 

LIMITS 

CHARACTERISTIC CDP1853 CDP1853C UNITS 

Min. Max. Min. Max. 

Supply· Voltage Range 4 10.5 4 6.5 V 

Recommended Input Voltage Range VSS VDD VSS VDD V 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85°C, VDD=± 5%, 

VIH = 0.7 VDD, V il = 0.3 VDD, t r, ~ = 20 ns, Cl = 100pF 

CHARACTERISTIC VDD LIMITS UNITS 
(V) 

CDP1853 CDP1853C 

Typ. Max. Typ. Max. 

Propagation Delay Time: 5 175 275 175 275 ns 

CE to Output, tEOH' tEOl 10 90 150 - -
5 225 350 225 350 ns 

N to Outputs, tNo H' tNO l 10 120 200 - -
5 200 300 200 300 ns 

Clock A to Output, tAO 10 100 150 - -

Clock B to Output, tBo 5 175 275 175 275 ns 
10 90 150 - -

Minimum Pulse Widths: 5 50 75 50 75 

Clock A, tCACA 10 25 50 - -

Clock B, tCBCB 5 50 75 50 75 
ns 

10 25 50 - -

Note 1: Maximum limits of minimum characteristics are the values above which all devices 
function. 

Note 2: Typical values are for T A = 25°C and nominal voltages. 

~CACA--1 
CLOCK A IAO~ 

OUTPuT 'EO~"" .. - 'EO 

C'~ 
OUTPUT~ 

cl CLOCK A TO OUTPUT (0-7) DELAY TIME 

01 CE TO OUTPUT (O-f) DELAY TIME =3'CBCB3-
CLOC< B 'BO 

OUTPUT 

'NO---+-"~ ~-t 'NO 

N~' ~ 
OUTPUT~ 

b) N LINES TO OUTPUT (0-71 DELAY TIME d) CLOCK B TO OUTPUT (0-7) DELAY TIME 

FIg 2 ~ PropagatIon delav tIme dIagrams. 

TPA 

OUTPUT 

• OUTPUT ENABLED WHEN EN' HIGH 
INTERNAL SIGNAL SHOWN FOR REFERENCE ONLY (SEE FIG I) 

Fig. 3 - Tlmmg dIagram. 

NO OUT I 
NI 
N2 

CHIP ENABLE CE 

Voo 

Fig. 4 - N-blt decoder used as a 1 of 8 
decoder. 

_______________________________________________________________ 385 

.. 



CMOS Peripherals 

CDP1853, CDP1853C 

FIg, 5 - N-blt decoder In a one-level I/O system. 

NOTE SYSTEM SHOWN WILL SELECT 
UP TO 56 INPUT AND 48 OUTPUT 
PORTS WITH ADDiTiONAL DECOOING 

,---------, THE TOTAL NUMBER OF INPUT 

NO, NI, N2 

AND OUTPUT PORTS CAN BE 
FURTHER EXPANDED 

INTERCONNECTED 
AS IN FIGURE 4 

t-+-+--+--ICLOCK A 
t--j----t----1CLOCK B 

CE 

, 

VO 
7 INPUT, 

S OUTPUT 

PORTS 

vo 
,-_N",O,,-, ",N'-,-, N",2~-+_l-r ___ " ~~:~8:F~' 

INST 

SECTIONS 3-7 

VO 
7 INPUT, 

6 OUTPUT 

Fig. 6 - Two·levelllO uSing CDP1853 and CDP1852. 
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CMOS Peripherals 

CDP1854A, CDP1854AC 
'00 . 

MOO(I"oo) " 'ss " "" " Raus 1 " R aus 6 " Raus !i , ,. 

T CLOCK 
m 

" PsI 

" '" ROIWR 

Programmable Universal Asynchronous 
Receiver/Transmitter (UART) 

R8US4 , 
" TSUS7 

Raus l 9 " TSUS6 Features: 
Raus 2 '0 " T8US5 
Reus I " ,0 • Two operating modes: 
R BUS 0 12 29 

iNT " " " " PEiOE " 26 
RSEL " " RCLOCK " " '" " " " " " SO, '0 ZI 

TOP VIEW 

TBUS3 
Teusz 
TaUSI 
T 8USO 
SOO 
m 
'" THRE 

C'LEAii" 

Mode O-functionally compatible with 
industry types such as the TR1602A 
Mode 1-interfaces directly with 
CDP1800-series microprocessors 
without additional components 

• Baud rate-DC to 200 K bits/sec 
@ VDD=5 V 
DC to 400 K bits/sec 
@ VDD=10 V 

• Fully programmable with externally se­
lectable word length (5-8 bits), parity 
inhibit, even/odd parity, and 1, 1V" or 
2 stop bits 

NC-NO CONNECTION 

• Full- or half-duplex operation 
Mode 1 

Terminal Assignment 
• Parity, framing, and overrun error 

detection • False start bit detection 

The RCA CDP1854A and CDP1854AC are silicon-gate 
CMOS Universal Asynchronous Receiver/Transmitter 
(UART) Circuits. They are designed to provide the necessary 
formatting and control for interfacing between serial and 
parallel data. For example, these UARTs can be used to 
interface between a peripheral or terminal with serial I/O 
ports and the 8-bit CDP1800-series microprocessor parallel 
data bus system. The CDP1854A is capable of full duplex 
operation, i.e., simultaneous conversion of serial input data 
to parallel output data and parallel input data to serial 
output data. 

The CDP1854A UART can be programmed to operate in 
one of two modes by using the mode control input. When 
the mode input is high (MODE=1), the CDP1854A is 

Voo 40 T CLOCK 
*MOOE(VSS) 39 EPE 

VSS 38 WLS I 
RRo 4 37 WLS 2 

R BUS 7 5 36 SBS 
R BUS 6 6 35 PI 
R BUS 5 7 34 CRL 

R BUS 4 33 T BUS 7 
R BUS 3 32 T BUS 6 
R BUS 2 10 31 T BUS 5 
R BUS 1 II 30 T BUS 4 
R BUS 0 12 29 T BUS 3 

PE 13 28 T BUS 2 

FE 14 27 T BUS I 
OE 15 26 T8US 0 

SFo 16 25 SOO 
RCLOCK 17 24 TSRE 

iiJilj 18 23 THlf[ 

oA 19 22 THRE 
SOl 20 21 MR 

TOP VIEW 
* PIN 2 NO CONNECTION 

ON CDP6402 92CS-2B456RI 

Mode 0 
Terminal Assignment 

directly compatible with the CDP1800-series micro­
processor system without additional interface circuitry. 
When the mode input is low (MODE=O), the device is 
functionally compatible with industry standard UART's 
such as the TR1602A. It is also pin compatible with these 
types, except that pin 2 is used for the mode control input 
instead of a VGG=-12 V supply connection. 

The CDP1854A and the CDP1854AC are functionally 
identical. The CDP1854A has a recommended operating- .. 
voltage range of 4-10.5 volts, and the CDP1854AC has a • 
recommended operating-voltage range of 4-6.5 volts. 

The CDP1854A and CDP1854AC are supplied in hermetic 
40-lead dual-in-line ceramic packages (D suffix). in 40-lead 
dual-in-line plastic packages (E suffix), and in 44-lead 
plastic chip-carrier packages (0 suffix). The CDP1854AC is 
also available in chip form (H suffix). 

R BUSS 

Raus 5 
R 8US 4 

TERMINAL ASSIGNMENT 

39 F'I(CS31 

38 CRLIRD/ViR} 

37 T 8US 7 

R BUS3 10 36 T8US6 

R 8US 2 

NC 

R 8US1 

NOTE 

" 40P VIEW 35 

::--- FILE NO-'~- -:: 

M ~ 

15 31 

T BUS 5 

NC 

T BUS4 

T BUS3 

T BUS 2 

" 
17 

30 T BUS 1 

29 TSUSO 

18 19 20 21 22 23 24 25 26 27 28 

MODE O(MODE 11 ~ g ~ ~ 
g ~ f I~ 
~ t: 

44-Lead Plastic Chip-Carrier Package 
(Q Suffix) 

File Number1193 
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CDP1854A, CDP1854AC 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to Vss terminal) 

CDPl854A ....................................................................................... -0.5 to +11 V 
CDP1854AC ....................................................................................... -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ........................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = -40 to +60° C (PACKAGE TYPE E) .............................................................. 500 mW 
For TA = +60 to +85° C (PACKAGE TYPE E) ................................ Derate Linearly at 12 mW/o C to 200 mW 
For TA = -55 to 100°C (PACKAGE TYPE D) ............................................................... 500 mW 
For TA = +100 to +125°C (PACKAGE TYPE D) ....................... , ...... Derate Linearly at 12 mW/oC to 200 mW 
For TA = -40 to +85°C (PACKAGE TYPE Q)' ............................................................. 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D ............................................................................... -55 to +125°C 
PACKAGE TYPE E and Q .......................................................................... -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T.to ) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s maximum .................................... +265°C 
• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick Gl0 epoxy glass, or equivalent. 

Mode Input High (Mode = 1) 

soo 
25 

TRANSMITTER SECTION 
l< 
u 
o 

~ I~ 

I 
_.J 

r 

I 
I 
I 

I 
I 

RE.CEIVER~ SECTION 

II'" I~ j"' 0-

g 
oJ 
U 

I 2 

'-:==~J I ~ I~ ;;; I! I I~ ~ ~ I~ 

1,2·VOO 
3- VSS 

21- CLEAR 
36- NC 

r * I (')u I~ ~ * 
TRANSMITTER BUS I RECEIVER BUS 

(26-33) * (5-,,2) 

LL-=-=--_-~.:: =-:...-...:--=--= = =,-;:= -== == ~..::::: -= =":::::~..J 
*USER INTERCONNECT I I 92CM-284~9R3 

Fig. 1 - Mode 1 block diagram (CDPI800-series microprocessor compatible). 

so. 
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CDP1854A, CDP1854AC 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, unless otherwise noted. 

CONDITIONS LIMITS 

CHARACTERISTIC Vo VIN VDD CDP1854A CDP1854AC UNITS 

(V) (V) (V) Min. Typ." Max. Min. Typ." Max. 

- 0,5 5 - 0.Q1 50 - 0.02 200 
Quiescent Device Current, IDD 

0, 10 10 1 200 - - - - -

Output Low Drive (Sink) Current, IOL 0.4 0,5 5 1 2 - 1 2 -
(Except pins 24 and 25) 0.5 0, 10 10 2 4 - - - -

Output High Drive (Source) Current, IOH 4.6 0,5 5 -0.55 -1.1 - -0.55 -1.1 -
9.5 0,10 10 -1.3 -26 - - - -

Output Low Drive (Sink) Current, IOL 0.4 0, 5 5 1.6 3.5 - 1.6 3.5 -
Pins 24 and 25 0.5 0,10 10 3.2 7 - - - -

- 0, 5 5 - 0 0.1 - 0 0.1 
Output Voltage Low-Level, VOL* o 10 10 - 0 0.1 - - --

- 0, 5 5 4.9 5 - 4.9 5 -
Output Voltage High-Level, VOH " 

- 0,10 10 9.9 10 - - - -

0.5,4.5 - 5 - - 1.5 - - 1.5 
Input Low Voltage, VIL 

0.5,9.5 - 10 - - 3 - - -

0.5,4.5 - 5 3.5 - - 3.5 - -
Input High Voltage, VIH 

0.5,9.5 - 10 7 - - - - -
- 0,5 5 - - ±1 - - ±1 

Input Current, liN 
- 0, 10 10 - - ±2 - - -

0,5 0, 5 5 - - ±1 - - ±1 
3-State Output Leakage Current, lOUT 

0, 10 0, 10 10 - - ±10 - - -

- 0,5 5 - 1.5 - - 1.5 -
Operating Current, IDD1# 

- 0,10 10 - 6 - - - -

Input Capacitance, CIN - - - - 5 7.5 - 5 7.5 

Output Capacitance, COUT - - - - 10 15 - 10 15 

"Typical values are for TA=25°C. *IOL =IOH=1 /lA. 
#Operating current is measured at 200 kHz for VOO=5 V and 400 kHz for VOO=10 V in a COP1800-series microprocessor system, 

with open outputs 

RECOMMENDED OPERATING CONDITIONS at TA=Fuli Package Temperature Range 

iJA 

mA 

mA 

mA 

V 

V 

iJA 

iJA 

mA 

pF 

For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 

CONDITIONS LIMITS 
CHARACTERISTIC VDD CDP1854A CDP1854AC UNITS 

V Min. Max. Min. Max. 
DC Operating-Voltage Range - 4 10.5 4 6.5 V 
Input Voltage Range - VSS VDD VSS VDD V 

Baud Rate (Receive or Transmit) 5 - 200 - 200 K bits 
10 - 400 - - /sec 
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CDP1854A, CDP1854AC 
Functional Definitions for CDP1854A Terminals 
Mode 1 
CDP1800-Serles Microprocessor Compatible 
SIGNAL: FUNCTION 
VOO: 
Positive supply voltage 

MODE SELECT (MODE): 
A high-level voltage at this input selects COP1800-series 
microprocessor Mode operation. 

VSS: 
Ground 

CHIP SELECT 2 (CS2): 
A low-level voltage at this input together with CS1 and CS3 
selects the CDP1854A UART. 

RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs (may be externally connected 
to corresponding transmitter bus terminals). 

INTERRUPT (I NT): 
A low-level voltage at this output indicates the presence of 
one or more of the interrupt conditions listed in Table I. 

FRAMING ERROR (FE): 
A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. 

PARITY ERROR or OVERRUN ERROR (PE/OE): 
A high-level voltage at this output indicates that either the 
PE or OE bit in the Status Register has been set (see Status 
Register Bit Assignment, Table II. 

REGISTER SELECT (RSEL): 
This input is used to choose either the Control/Status 
Registers (high input) or the transmitter/receiver data 
registers (low input) according to the truth table in Table III. 

RECEIVER CLOCK (RCLOCK): 
Clock input with a frequency 16 times the desired receiver 
shift rate. 

TPB: 
A positive input pulse used as a data load or reset strobe. 

DATA AVAILABLE (DA): 
A low-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 

SERIAL DATA IN (SOl): 
Serial data received on this input line enters the Receiver 
Shift Register at a point determined by the character 
length. A high-level input voltage must be present when 
data is not being received. 

CLEAR (CLEAR): 
A low-level voltage at this input resets the Interrupt Flip­
Flop, Receiver Holding Register, Control Register, and 
Status Register, and sets SERIAL DATA OUT (SDO) high. 

TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
A low-level voltage at this output indicates that the Trans­
mitter Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. 

CHIP SELECT 1 (CS1): 
A high-level voltage at this input together with CS2 and CS3 
selects the UART. 

REQUEST TO SEND (RTS): 
This output signal tells the pe~eral to get ready to 
receive data. CLEAR TO SEND (CTS) IS the response from 
the peripheral. RTS issettoa low-level voltage when data is 
latched in the Transmitter Holding Register or TR is set 
high, and is reset high when both the Transmitter Holding 
Register and Transmitter Shift Register are empty and TR is 
low. 

SERIAL DATA OUTPUT (SOO): 
The contents of the Transmitter Shift Register [start bit, 
data bits, parity bit, and stop bit(s)] are serially shifted out 
on this output. When no character is being transmitted, a 
high level is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 

TRANSMITTER BUS (T BUS 0 - T BUS 7): 
Transmitter parallel data input. These may be externally 
connected to corresponding Receiver bus terminals. 

RO/WR: 
A low-level voltage at this input gates data from the 
transmitter bus to the Transmitter Holding Register or the 
Control Register as chosen by register select. A high-level 
voltage gates data from the Receiver Holding Register or 
the Status Register, as chosen by register select, to the 
receiver bus. 

CHIP SELECT 3 (CS3): 
With high-level voltage at this input together with CS1 and 
CS2 selects the UART. 

PERIPHERAL STATUS INTERRUPT (PSI): 
A high-to-Iow transition on this input line sets a bit in the 
Status Register and causes an INTERRUPT (INT=low). 

EXTERNAL STATUS (ES): 
A low-level voltage at this input sets a bit in the Status 
Register. 

CLEAR TO SEND (CTS): 
When this input from peripheral is high, transfer of a 
character to the Transmitter Shift Register and shifting of 
serial data out is inhibited. 

TRANSMITTER CLOCK (TCLOCK): 
Clock input with a frequency 16times thedesired transmitter 
shift rate. 
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CDP1854A, CDP1854AC 
T bl I I t a e n errup t Set and Reset Conditions 

SET' (INT = LOW) RESET (INT = HIGH) 

CAUSE CONDITION TIME 

DA Read of data TPB leading edge 

(Recei pt of data) 

THRE* Read of status or TPB leading edge 

(Ability to reload) write of character 

THRE·TSRE Read of status or TPB leading edge 

(Transmitter done) write of character 

PSI Read of status TPB trailing edge 

(Negative edge) 

CTS Read of status TPB leading edge 

(Positive edge when THRE . TSRE) 

'Interrupts will occur only after the IE bit in the Control Register (see Table IV) has been set. 
*THRE will cause an Interrupt only after the TR bit In the Control Register (see Table IV) has been set 

Table II - Status Register BII Assignment 

Bit 7 6 5 

Signal THRE TSRE PSI 

Also Available at Terminal 22" 

'Polarity reversed at output terminal. 

Bit Signal: Function 

O-DATAAVAILABLE (DA): 

-

When set high, this bit indicates that an entire character has 
been received and transferred to the Receiver Holding 
Register. This signal is also available at Term. 19 but with its 
polarity reversed. 

1-0VERRUN ERROR (OE): 
When set high, this bit indicates that the Data Available bit 
was not reset before the next character was transferred to 
the Receiver Holding Register. This signal OR'ed with PE is 
output at Term. 15. 

2-PARITY ERROR (PE): 
When set high, this bit indicates that the received parity bit 
does not compare to that programmed by the EVEN 
PARITY ENABLE (EPE) control. This bit is updated each 
time a character is transferred to the Receiver Holding 
Register. This signal OR'ed with OE is output at Term. 15. 

3-FRAMING ERROR (FE): 

-

4 3 2 1 0 

ES FE PE OE DA 

- 14 15 15 19' 

4-EXTERNAL STATUS (ES): __ 
This bit is set high by a low-level input at Term. 38 (ES). 

5-PERIPHERAL STATUS INTERRUPT (PSI): 
This bit is set high by a high-to-Iow voltage transition of 
Term. 37 (f§.!). The INTERRUPT output (Term. 13) is also 
asserted (INT=low) when this bit is set. 

6-TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
When set high, this bit indicates that the Transmitter Shift 
Register has completed serial transmission of a full 
character including stop bit(s). It remains set until the start 
of transmission of the next character. 

7-TRANSMITTER HOLDING REGISTER EMPTY (THRE): 

When set high, this bit indicates that the received character 
has no valid stop bit, i.e., 'the bit following the parity bit (if 
programmed) is not a high-level voltage. This bit is updated 
each time a character is transferred to the Receiver Holding 

IReglster. This signal is also available at Term. 14. 

When set high, this bit indicates that the Transmitter 
Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. Setting this bit also sets the THRE output (Term. 
22) low and causes an INTERRUPT (INT=low), if TR is 
high. 

I 
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CDP1854A, CDP1854AC 
Oescrlptlon of Mode 1 Operation COP1800-Serles Micro­
processor Compatible (Mode Input=VOO) 

1. Initialization and Controls 

In the CDP1800-series microprocessor compatible mode, 
the CDP1854A is configured to receive commands and 
send status via the microprocessor data bus. The register 
connected to the transmitter bus or the receiver bus is 
determined by the RDIWR and RSEL inputs as follows: 

Table III - Register Selection Summary 

RSEL RO/WR Function 

Low Low Load Transmitter Holding Register from 
Transmitter Bus 

Low High Read Receiver Holding Register from 
Receiver Bus 

High Low Load Control Register from Transmitter 
Bus 

High High Read Status Register from Receiver Bus 

In this mode the CDP1854A is compatible with a bidirec­
tional bus system. The receiver and transmitter buses are 
connected to the bus. CDP1800-series microprocessor 1/0 
control output signals can be connected directly to the 
CDP1854A inputs as shown in Fig. 2. The CLEAR input is 
pulsed, resetting the Control, Status, and Receiver Holding 
Registers and setting SERIAL DATA OUT (SDO) high. The 
Control Register is loaded from the Transmitter Bus in 
order to determine the operating configuration for the 
UART. Data is transferred from the Transmitter Bus inputs 
to the Control ~ister during TPB when the UART is 
selected (CS1 . CS2' CS3::!l and the Control Register is 
designated (RSEL=H, RD/WR=L). The CDP1854A also has 
a Status Register which can be read onto the Receiver Bus 
(R BUS 0 - R BUS 7) in order to determine the status of the 
UART. Some of these status bits are also available at 
separate terminals as indicated in Table II. 

2. Transmitter Operation 

Before beginning to transmit, the TRANSMIT REQUEST 
(TR) bit in the Control Register (see bit assignment, Table 
IV) is set. Loading the Control Register with TR=1 (bit 
7=high) inhibits changing the other control bits. Therefore 
two loads are required: one to format the UART, the second 
to set TR. When TR has been set, a TRANSMITTER 
HOLDING REGISTER EMPTY (THRE) interrupt will occur, 
signalling the microprocessor that the Transmitter Holding 
Register is empty and may be loaded. Setting TR also 
causes assertion of a low-level on the REQUEST TO SEND 
(RTS) output to the peripheral. It is not necessary to set TR 
for proper operation for the UART. If desired, it can be used 
to enable THRE interrupts and to generate the RTS signal. 
The Transmitter Holding Register is loaded from the bus by 
TPB during execution of an oU..!E..!!t instruction. The 
CDP1854A is selected by CS1 . CS2 . CS3=1, and the 
Holding Register is selected by RSEL=L and RD/iiim=L. 
When the CLEAR TO SEND (C'FSj input, which can be 
connected to a peripheral device output, goes low, the 
Transmitter Shift Register will be loaded from the Trans­
mitter Holding Register and data transmission will begin. If 
CTS is always low, the Transmitter Shift Register will be 
loaded on the first high-to-Iow edge of the clock which 
occurs at least 1/2 clock period after the trailing edge of 
TPB and transmission of a start bit will occur 1/2 clock 
period later (see Fig. 3). Parity (if programmed) and stop 
bit(s) will be transmitted following the last data bit. If the 
word length selected is less than 8 bits, the most significant 
unused bits in the transmitter shift register will not be 
transmitted. 

One transmitter clock period after the Transmitter Shift 
Register is loaded from the Transmitter Holding Register, 
the THRE signal will go low and an interrupt will occur (INT 
goes low). The next character to be transmitted can then be 
loaded into the Transmitter Holding Register for trans­
mission with its start bit immediately following the last stop 
bit of the prevIous character. This cycle can be repeated 
until the last character is transmitted, at which time a final 
THRE' TSRE interrupt will occur. This interrupt signals the 
microprocessor that TR can be turned off. This is done by 
reloading the original control byte in the Control Register 
with the TR bit = 0, thus terminating the REQUEST TO 
SEND (RTS) signal. 

SERIAL DATA OUT (SDO) can be held low by setting the 
BREAK bit in the Control Register (see Table IV). SDO is 
held low until the BREAK bit is reset. 

NO RSEL 

NI CS I 
VSS RTS 
0 

m~ N2 
CS2 

0 
CS 3 

MRO 
VDD 

RD/WR 

TPB TPB UART I 
CPU 'iN'T --0, 

CDPIB54A 

TNT 
EF, --<f 

EFl( T'HRE 
EFJ( -- --- DA 

p--- FE 

IT); ---0:: SDI 
"''0-- - - PEIOE 

SDO 

BUS T BUS 

R BUS 
CL:'EAR CLEii.R MODE 

92CS-28460R! 

Fig. 2 - Recommended CDPl800-series connection, 
Mode 1 (non-interrupt driven system). 

3, Receiver Operation 

The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After detection of the first 
high-to-Iow transition on the SDI line, a valid start bit is 
verified by checking for a lOW-level input 7-1/2 receiver 
clock periods later. When a valid start bit has been verified, 
the following data bits, parity bit (if programmed) and stop 
bit(s) are shifted into the Receiver Shift Register by clock 
pulse 7-112 In each bit time. The parity bit (if programmed) 
is checked and receipt of a valid stop bit is verified. On 
count 7-1/2 of the first stop bit, the received data is loaded 
into the Receiver Holding Register. If the word length is less 
than 8 bits, zeros (low output level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (OA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) status bit is 
set. One half clock period later, the PARITY ERROR (PE) 
and FRAMING ERROR (FE) status bits become valid for the 
character in the Receiver Holding Register. At this time, the 
Data Available status bit is also set and the DATA 
AVAILABLE (DA) and INTERRUPT (INT) outputs go low, 
signalling the microprocessor that a received character is 

392 ____________________________________________________________ _ 



--------------------------- CMOS Peripherals 

ready. The microprocessor responds by executing an input 
instruction. The UART's 3-state bus drivers are enabled 
when the UART is selected (CS1 . CS2 . CS3=1) and 
RD/WR=high. Status can be read when RSEL=high. Data 
is read when RSEL=low. When reading data, TPB latches 
data in the microprocessor and resets DATA AVAILABLE 
(DA) in the UART. The preceding sequence is repeated for 
each serial character which is received from the peripheral. 

4. Peripheral Interlace 

In addition to serial data in and out, four signals are 

CDP1854A, CDP1854AC 
provided for communication with a peripheral. The 
REQUEST TO SEND (RTS) output signal alerts the 
~heral to get ready to receive data. The CLEAR TO 
SEND (CTS) input signal is the response, signalling that 
the peripheral is ready. The EXTERNAL STATUS (ES) 
input latchesa peripheral status level, and the PERIPHERAL 
STA10S INTERRUPT (l5"Si) input senses a status edge 
(high-to-Iow) and also generates an interrupt. For example, 
the modem DATA CARRIER DETECT line could be 
connected to the PSI input on the UART in order to signal 
the microprocessor that transmission failed because of 
loss of the carrier on the communications line. The PSI and 
ES bits are stored in the Status Register (see Table II). 

Table IV - Control Register Bit Assignment 

I Bit 

I Signal 

Bit Signal: Function 

a-PARITY INHIBIT (PI): 

a I 
I TR I BREAK I IE I WLS21 WLS1 I SBS I EPE I PI I 

5-INTERRUPT ENABLE (IE). 
When set high parity generation and verification are 
inhibited and the PE Status bit is held low. If parity is 
inhibited the stop bit(s) will immediately follow the last data 
bit on transmission, and EPE is ignored. 

When set high THRE, DA, THRE . TSRE, CTS, and PSI 
interrupts are enabled (see Interrupt Conditions, Table I). 

6-TRANSMIT BREAK (BREAK): 
Holds SDO low when set. Once the break bit in the control 
register has been set high, SDOwili stay low until the break 
bit is reset low and one of the following occurs: CLEAR 
goes low; CTS goes high; or a word is transmitted. (The 
transmitted word will not be valid since there can be no start 
bit if SDO is already low. SDO can be set high without 
intermediate transitions by transmitting a word conSisting 
of all zeros). 

1-EVEN PARITY ENABLE (EPE): 
When set high, even parity is generated by the transmitter 
and cheCked by the receiver. When low, odd parity IS 
selected. 

2-STOP BIT SELECT (SBS): 
See table below. 

3-WORD LENGTH SELECT 1 (WLS1): 
See table below. 

4-WORD LENGTH SELECT 2 (WLS2): 
See table below. 

Bit 4 Bit 3 

WLS2 WLS1 

a a 
a a 
a 
a 1 

a 
a 

Bit 2 

SBS 

a 
1 

a 
1 

a 
1 

a 

7-TRANSMIT REQUEST (TR): 
When set high, RTS is set low and data transfer through the 
transmitter is initiated by the initial THRE interrupt. (When 
loading the Control Register from the bus, this (TR) bit 
inhibits changing of other control flip-flops) 

Function 

5 data bits, 1 stop bit 

5 data bits, 1.5 stop bits 

6 data bits, 1 stop bit 

6 data bits, 2 stop bits 

7 data bits, 1 stop bit 

7 data bits, 2 stop bits 

8 data bits, 1 stop bit 

8 data bits, 2 stop bits 
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CDP1854A, CDP1854AC 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ±5'1o, tr,t,=20 ns, VIWO.7 VDD, Vil =0.3 VOD, 
Cl =100 pF, see Fig. 3. 

liMITS 

CHARACTERISTIC VDD CDP1854A CDP1854AC 

(V) Typ.t 

Transmitter Timing -- Mode 1 

5 250 
Minimum Clock Period tcc 

10 125 
Minimum Pulse Width: 5 100 

Clock low level tCl 10 75 

5 100 
Clock High level tCH 

10 75 

5 100 
TPB ITT 

10 50 
Minimum Setup Time: 5 175 

TPB to Clock tTC 10 90 
Propagation Delay Time: 5 300 

Clock to Data Start Bit tCD 10 150 
-- 5 200 

TPB to THRE tTTH 
10 100 

-- 5 200 
Clock to THRE tCTH 

10 100 

tTypical values are for TA=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function 

TRANSMITTER HOLDING* 
REGISTER LOADED 

T CLOCK 

TRANSMITTER SHIFT * * 
REGISTER LOADED 

7 

Max.* Tvp.t 

310 250 
155 -
125 100 

100 -
125 100 

100 -
150 100 
75 -
225 175 
150 -

450 300 

225 -
300 200 

150 -
300 200 

150 -

I I 
tTC l I --+i I--tCD 

Max.* 

310 

-
125 

-
125 
-

150 

-
225 

-
450 

-
300 

-
300 

-

WRITEt~ II : 
(TPB) L!IIJ~t---;i-+i-~---tC-T-H----------------~~------------4:------------

~ T~:~I : 
THRE ~L_----------------~I~-----------Ir_----------

I I 
~ j-tCD I 

SDO------------~LI ______________________ _<,------------~)-I~S-T~D=AT~A~BI~T __ __ 

* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF TPB 

* * THE TRANSMITTER SHIFT REGISTER IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 1/2 CLOCK PERIOD + tTC AFTER THE TRAILING EDGE OF TPB, AND 
TRANSMISSION OF A START BIT OCCURS 112 CLOCK PERIOD + teo LATER 

t WRITE IS THE OVERLAP OF TPB, CSt, ANO CS3 = I AND CS3, RD I WR: = 0 92CM - 31878 

Fig. 3 - Transmitter timing diagram - Mode 1. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CDP1854A, CDP1854AC 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ±50J0, tr,t,=20 ns, VIWO.7 VDD, VIL=0.3 VDD, 
CL=100 pF, see Fig. 4. 

LIMITS 
CHARACTERISTIC VDD CDP1854A CDP1854AC 

(V) "!H:t Max.* Typ.t 
Receiver Timing - Mode 1 

Minimum Clock Period 
5 250 310 250 

tcc 
10 125 155 -

Minimum Pulse Width: 5 100 125 100 
Clock low level tCl 10 75 100 -

5 100 125 100 Clock High level tCH 
75 100 10 -

TPB 5 100 150 100 
tTT 

75 10 50 
Minimum Setup Time: 5 100 150 100 

Data Start Bit to Clock toc 10 50 75 -
Propagation Delay Time: 5 220 325 220 

TPB to DATA AVAilABLE tTDA 10 110 175 -
5 220 325 220 Clock to DATA AVAilABLE tCDA 
10 110 175 -

Clock to Overrun Error 5 210 300 210 
tCOE 

10 105 150 -

Clock to Parity Error 
5 240 375 240 

tCPE 
10 120 175 -
5 200 300 200 Clock to Framing Error tCFE 
10 100 150 -

tTypical values are for T A=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which ali devices function. 

R CLOCK 

--i I+- tDC" 
I 

SOl --, START BIT 

CLOCK 7 1/2 
SAMPLE CLOCK 71;2 LOAD HOLDING REGISTER 

I 
I 

Max.* 

310 

-
125 

-
125 

-
150 

150 

-
325 

-
325 

-
300 

-
375 

-
300 

-

Pl>JmY1 STOP BI T I 
I~ 

I I 

j4-tTDA--' !---l ,...tCDA 

DA : ,r-----------------------------------------+~! \ 

READ·* ____ LI ______ ~I ~------------~\~------------------------------_t~l~---
~~ I 

TPB __________ ~! IL. -----------------.--------_______________ ....: I .-tCOE 

OEt C-
------------------------------------------------------------~i~t-CP-E--

PEl ------------------------------------------__________________ ~!~,-Li::-'-
FE __________________________________ _ 

" IF A START BIT OCCURS AT A TIME LESS THAN t Dc BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 
THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH -TO-LOW TRANSITION OF THE CLOCK. 
THE START BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK. 

"" READ IS THE OVERLAP OF CSI, CS3, RDI ViR· I AND CS2. O. 
IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE 
TIME A NEW WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE OE SIGNAL WILL COME TRUE 

: tCFE 

;' t-
92CM-31880 

I OE AND PE SHARE TERMINAL 15 AND ARE ALSO AVAILABLE AS TWO SEPARATE BITS IN THE STATUS REGISTFR 

Fig. 4 - Mode 1 receiver timing diagram. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CDP1854A, CDP1854AC 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo ±5%, tr,t,=20 ns, VIWO.7 Voo, Vil =0.3 VOO, 
Cl =100 pF, see Fig. 5. 

liMITS 

.CHARACTERISTIC VOO COP1854A COP1854AC UNITS 

(V) Typ.t Max.* Typ.t Max.* 

CPU Interface - WRITE Timing - Mode 1 

Minimum Pulse Width: 5 100 150 100 150 

TPB tTT 10 50 75 - ns 
-

Minimum Setup Time: 5 50 75 50 75 

RSEL to Write tRSW 10 25 40 -
ns 

-
5 -30 0 -30 0 Data to Write tDW -1.5 Q 

ns 
10 - -

Minimum Hold Time: 5 50 75 SO 75 
ns 

RSEL after Write tWRS 10 25 40 - -
5 75 125 75 125 

Data after Write tWD ns 
10 40 60 - -

tTypical values are for T A=25° C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VOO ±5%, tr,t,=20 ns, VIWO.7 VOO, Vil =0.3 VOO, 
Cl =100 pF, see Fig. 6. 

LIMITS 

CHARACTERISTIC VOO COP1854A COP1854AC UNITS 

(V) Min. Typ.t Max.* Min. Typ.t Max.* 

CPU Interface - READ Timing - Mode 1 

Minimum Pulse Width: 5 - 100 150 - 100 150 
ns 

TPB tTT 10 - 50 75 - - -
Minimum Setup Time: 5 - 50 75 - 50 75 

ns 
RSEL to TPB tRST 10 - 25 40 - - -

Minimum Hold Time: 5 - 50 75 - 50 75 
ns 

RSEL after TPB tTRS 10 - 25 40 - - -
5 - 200 300 - 200 300 

Read to Data Access Time tRDDA ns 
10 - 100 150 - - -

5 - 200 300 - 200 300 
Read to Data Valid Time tRDV ns 

10 - 100 150 - - -
5 - 150 225 - 150 225 

RSEL to Data Valid Time tRSDV ns 
10 - 75 125 - - -

Hold Time: 5 50 150 - 50 150 -
ns 

Data after Read tRDH 10 25 75 - - - -

tTypical values are for TA=25°C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1854A, CDP1854AC 
:---t TT---j 

TPB* ____________________________________ ~I ~I-------------

!+---tRSW-----l :'-tWRS ----1 

-----------------------------' , ,~------
RSEL X:: : : X'--__ 

~tDW-------l ,Lt WD ---*1 _____________________________ , I ,-____ __ 

i ~~~ ~ - X I *'-______ _ 

RD/WR,CS2*~ 

* WRITE IS THE OVERLAP OF TPB, CSI, CS3= I AND CS2, RD/WR=o 

Fig. 5 - Mode 1 CPU interface (WRITE) timing diagram. 

I 
I , 

92CM-31879 

"---tTT----"" 

TPB ____________________________________ ~i ~j---------------------
~tRST----l !--tTRS-: 

RSEL -----------------------------..* :: : *r--------------
----------------------~, I 

!.-tRSDV~ I 

R BUSO- ~!~===t±=>.--------RBUS7 ~!-' ), 
--1 tRDDA .-- I I I 

_* ~tRDV------l i tRDH 14-

~~(~;3~ "~ 

u 

* READ IS THE OVERLAP OF CSI, CS3, RO/WR = I AND CS2 = 0 

I 
I 
I 

92CM-318el 

Fig. 6 - Mode 1 CPU interface (READ) timing diagram. 

Mode Input Low (Mode = 0) 
1= VDO 

2,3= VSS 

21 = MR T CLOCK R CLOCK 

Soo 

0 N ~ ~ ~ ~ ~ H ~ W - N W W W W W ~ ~ ~ ~ ~ ~ 

~ 

~ 
~ 

~ 
~ ~ 

~ 
~ 23 ~ m ~ ~ ~ ~ ~ ~ ~ 0 

~ 
~ ~ 

~ 
~ 

~ iil ~ iil ~ ~ w ~ 

~ 
I i" ~ ~ ~ 

m m m THRl ~ CAL I SFD 
~ DAR m m m 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

TRANSMITTER I RECEIVER 
BUS BUS 

TRANSMITTER SECTION I RECEIVER SECTION 

I 

Fig. 7 - Mode 0 block diagram (industry standard compatible). 
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CDP1854A, CDP1854AC 
Functional Definitions for CDP1854A Terminals 
Standard Mode 0 

SIGNAL: FUNCTION 

VDD: 
Positive supply voltage. 

MODE SELECT (MODE): 
A low-level voltage at this input selects Standard Mode 0 
Operation. 

VSS: 
Ground. 

RECEIVER REGISTER DISCONNECT (RRD): 
A high-level voltage applied to this input disconnects the 
Receiver Holding Register from the Receiver Bus. 

RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs. 

PARITY ERROR (PE): 
A high-level voltage at this output indicates that the 
received parity does not compare to that programmed by 
the EVEN PARITY ENABLE (EPE) control. This output is 
updated each time a character is transferred to the Receiver 
Holding Register. PE lines from a number of arrays can be 
bused together since an output disconnect capability is 
provided by the STATUS FLAG DISCONNECT (SFD) line. 

FRAMING ERROR (FE): 
A high-level voltage at this output indicates that the 
received character has no valid stop bit, i.e., the bit 
following the parity bit (if programmed) is not a high-level 
voltage. This output is updated each time a character is 
transferred to the Receiver Holding Register. FE lines from 
a number of arrays can be bused together since an output 
disconnect capability is provided by the STATUS FLAG 
DISCONNECT (SFD) line. 

OVERRUN ERROR (OE): 
A high-level voltage at this output indicates that the DATA 
AVAILABLE (DA) flag was not reset before the next 
character was transferred to the Receiver Holding Register. 
OE lines from a number of arrays can be bused together 
since an output disconnect capability is provided by the 
STATUS FLAG DISCONNECT (SFD) line. 

STATUS FLAG DISCONNECT (SFD): 
A high-level voltage applied to this input disables the 3-
state output drivers for PE, FE, OE, DA, and THRE, allowing 
these status outputs to be bus connected. 

RECEIVER CLOCK (RCLOCK): 
Clock input with a frequency 16 times the desired receiver 
shift rate. 

DATA AVAILABLE RESET (DAR): 
A low-level voltage applied to this input resets the DA 
flip-flop. 

DATA AVAILABLE (DA): 
A high-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 

SERIAL DATA IN (SOl): 
Serial data received at this input enters the receiver shift 
register at a point determined by the character length. A 
high-level voltage must be present when data is not being 
received. 

MASTER RESET (MR): 
A high-level voltage at this input resets the Receiver 
Holding Register, Control Register, and Status Register, 
and sets the serial data output high. 

TRANSMITTER HOLDING REGISTER EMPTY (THRE): 
A high-level voltage at this output indicates that the 
Transmitter Holding Register has transferred its contents 
to the Transmitter Shift Register and may be reloaded with 
a new character. 

TRANSMITTER HOLDING REGISTER LOAD (THRL): 
A low-level voltage applied to this input enters the character 
on the bus into the Transmitter Holding Register. Data is 
latched on the trailing edge of this signal. 

TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 
A high-level voltage at this output indicates that the 
Transmitter Shift Register has completed serial transmission 
of a full character including stop bit(s). It remains at this 
level until the start of transmission of the next character. 

SERIAL DATA OUTPUT (SDO): 
The contents of the Transmitter Shift Register (start bit, 
data bits, parity bit, and stop bit(s» are serially shifted out 
on this output. When no character is being transmitted, a 
high-level is maintained. Start of transmission is defined as 
the transition of the start bit from a high-level to a low-level 
output voltage. 

TRANSMITTER BUS (T BUS 0 - T BUS 7): 
Transmitter parallel data inputs. 

CONTROL REGISTER LOAD (CRL): 
A high-level voltage at this input loads the Control Register 
with the control bits (PI, EPE, SBS, WLS1, WLS2). This line 
may be strobed or hardwired to a high-level input voltage. 

PARITY INHIBIT (PI): 
A high-level voltage at this input inhibits the parity genera­
tion and verification circuits and will clamp the PE output 
low. If parity is inhibited the stop bit(s) will immediately 
follow the last data bit on transmission. 

STOP BIT SELECT (SBS): 
This input selects the number of stop bits to be transmitted 
after the parity bit. A high-level selects two stop bits, a 
low-level selects one stop bit. Selection of two stop bits 
with five data bits programmed selects 1.5 stop bits. 

TPA~-"'-"", 

T CLOCK R CLOCK 

THRL 
UART 

PI 

SBS 

WLSI 

WLS2 

EPE 

C oPI854A 
i-------iTSRE 

oA 

SoI 

soo 

92CS-34506 

Fig. 8 - Mode 0 connection diagram. 
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WORD LENGTH SELECT 2 (WLS2): 
WORD LENGTH SELECT 1 (WLS1): 
These two inputs select the character length (exclusive of 
parity) as follows: 

WLS2 WLS1 Word Length 

Low Low 5 Bits 

Low High 6 Bits 

High Low 7 Bits 

High High 8 Bits 

EVEN PARITY ENABLE (EPE): 
A high-level voltage at this input selects even parity to be 
generated by the transmitter and checked by the receiver. A 
low-level input selects odd parity. 

TRANSMITTER CLOCK (TCLOCK): 
Clock input with a frequency 16times the desired transmitter 
shift rate. 

Description of Standard Mode 0 Operation 
(Mode Input=VSS) 

1. Initialization and Controls 

The MASTER RESET (MR) input is pulsed, resetting the 
Control, Status, and Receiver Holding Registers and setting 
the SERIAL DATA OUTPUT (SDO) signal high. Timing is 
generated from the clock inputs, Transmitter Clock 
(TCLOCK) and Receiver Clock (RCLOCK), at a frequency 
equal to 16 times the serial data bit rate. When the receiver 
data input rate and the transmitter data output rate are the 
same, the TCLOCK and RCLOCK inputs may be connected 
together. The CONTROL REGISTER LOAD (CRL) input is 
pulsed to store the control inputs PARITY INHIBIT (PI), 
EVEN PARITY ENABLE (EPE), STOP BIT SELECT (SBS), 
and WORD LENGTH SELECTs (WLS1 and WLS2). These 
inputs may be hardwired to the proper voltage levels (VSS 
or VDD) instead of being dynamically set and CRL may be 
hardwired to VDD. The CDP1854A is then ready for 
transmitter and/or receiver operation. 

2. Transmitter Operation 

For the transmitter timing diagram refer to Fig. 10. At the 
beginning of a typical transmitting sequence the Transmitter 
Holding Register is empty (THRE is HIGH). A character is 
transferred from the transmitter bus to the Transmitter 

CDP1854A, CDP1854AC 
holding Register by applying a low p-ulse to the TRANS­
MITTER HOLDING REGISTER LOAD (THRL) input causing 
THRE to go low. If the Transmitter Shift Register is empty 
(TSRE is HIGH) and the clock is low, on the next high-to­
low transition of the clock the character is loaded into the 
Transmitter Shift Register preceded by a start bit. Serial 
data transmission begins 1/2 clock period later with a start 
bit and 5-8 data bits followed by the parity bit (if pro­
grammed) and stop bit(s). The THRE output signal goes 
high 1/2 clock period later on the high-to-Iow transition of 
the clock. When THRE goes high, another character can be 
loaded into the Transmitter Holding Register for trans­
mission beginning with a start bit immediately following the 
last stop bit of the prevIous character. This process is 
repeated until all characters have been transmitted. When 
transmission is complete, THRE and Transmitter Shift 
Register Empty (TSRE) will both be high. The format of 
serial data is shown in Fig. 12. Duration of each serial 
output data bit is determined by the transmitter clock 
frequency (fCLOCK) and will be 16/f CLOCK. 

3. Receiver Operation 

The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SOl) input. After the detection of a 
high-to-Iow transition on the SOl line, a divide-by-16 
counter is enabled and a valid start bit is verified by 4 
checking for a low-level input 7-1/2 receiver clock periods 
later. When a valid start bit has been verified, the following 
data bits, parity bit (if programmed), and stop bit(s) are 
shifted into the Receiver Shift Register at clock pulse 7-1/2 
in each bit time. If programmed, the parity bit is checked, 
and receipt of a valid stop bit is verified. On count 7-1/2 of 
the first stop bit, the received data is loaded into the 
Receiver Holding Register. If the word length is less than 8 
bits, zeros (low output voltage level) are loaded into the 
unused most significant bits. If DATA AVAILABLE (DA) 
has not been reset by the time the Receiver Holding 
Register is loaded, the OVERRUN ERROR (OE) signal is 
raised. One-half clock period later, the PARITY ERROR 
(PE) and FRAMING ERROR (FE) signals become valid for 
the character in the Receiver Holding Register. The DA 
signal is also raised at this time. The 3-state output drivers 
for DA, OE, PE and FE are enabled when STATUS FLAG 
DISCONNECT (SFO) is low. When RECEIVER REGISTER 
DISCONNECT (RRD) goes low, the receiver bus 3-state 
output drivers are enabled and data is available at the 
RECEIVER BUS (R BUS 0 - R BUS 7) outputs. Appl~a 
negative pulse to the DATA AVAILABLE RESET (DAR) 
resets DA. The preceding sequence of operation is repeated 
for each serial character received. A receiver timing diagram 
is shown in Fig. 11. 
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CMOS Peripherals --------------------------

CDP1854A, CDP1854AC 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ±5%, tr,tf=20 ns, VIWO.7 VDD, Vll=0.3 VDD, 
Cl =100 pF, see Fig. 9. 

liMITS 

CHARACTERISTIC VDD CDP1854A CDP1854AC UNITS 
(V) Typ.t Max.* Typ.t Max.* 

Interface Timing - Mode 0 

Minimum Pulse Width: 5 100 150 100 150 
CRl ns 

tCRl 10 50 75 - -
Minimum Pulse Width: 5 200 400 200 400 

ns MR tMR 10 100 200 - -
Minimum Setup Time: 5 40 80 40 80 

Control Word to CRl ns 
tcwc 10 20 50 - -

Minimum Hold Time: 5 100 150 100 150 
Control Word after CRl 

ns 
tccw 10 50 75 - -

Propagation Delay Time: 5 200 300 200 300 
ns SFD High to SOD tSFDH 10 100 150 - -

SFD low to SOD 
5 75 120 75 120 

tSFDl ns 
10 40 60 - -

RRD High to Receiver Register 5 200 300 200 300 
ns High Impedance tRRDH 10 100 150 - --

RRD low to Receiver Register Active 
5 100 150 100 150 

tRRDl ns 
10 50 75 - -

tTypical values are for T A=25° C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which all devices function. 

CONTROL INPUT WORD TIMING 

~:::OLWORO~~ ________________ ~------------~~--~¥L __ -------
:.. tcwc-----r-tccw-: 

I 

CRL ------1/~--- ____ \..j------i. t CRL- .1 

STATUS OUTPUT TIMING 

6~~;~~S, ______________ ____'~L-----------~:~-----------~~ 
_-l--tSFOH --I tSFOLi--
I I 
I I 
I R I 

SFO ______ ---'1 LI ____ _ 

RECEIVER REGISTER DISCONNECT TIMING 

~:~~~- __________ ~~~ ________________ ~:._----------~¥L __ ---
---1tRRDH~ :"tRRDL~ 

RRO ____ ~I I IL.-' ______ _ 

92CM-31875 

Fig. 9 - Mode a mterface timmg diagram. 
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CMOS Peripherals 

CDP1854A, CDP1854AC 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VOO ±5%, tr,tf=20 ns, V'WO.7 VOO, V'l=0.3 VOO, 
Cl =100 pF, see Fig. 10. 

liMITS 
CHARACTERISTIC VOO COP1854A COP1854AC 

(V) Typ.t Max.* Typ.t 
Transmitter Timing - Mode 0 

5 250 310 250 Minimum Clock Period tcc 
10 125 155 -

Minimum Pulse Width: 5 100 125 100 
Clock low level tCl 10 75 100 -

5 100 125 100 Clock High level tCH 
10 75 100 -

THRl 5 100 150 100 
tTHTH 

10 50 75 -
Minimum Setup Time: 5 175 275 175 

THRl to Clock tTHC 10 90 150 -

Data to THRl 5 20 50 20 
tDT 

10 0 40 -
Minimum Hold Time: 5 80 120 80 

Data after THRl tTD 10 40 60 -
Propagation Delay Time: 5 300 450 300 

Clock to Data Start Bit tCD 10 150 225 -
5 200 300 200 Clock to THRE tCT 
10 100 150 -

THRl to THRE 5 200 300 200 
tTTHR 

10 100 150 -
5 200 300 200 Clock to TSRE tTTS 
10 100 150 -

tTYPlcal values are for TA=25'C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which ali devices function. 

*TRANSMITTER HOLDING 
REG ISTER LOAOED 

tcc 

tCHi'1 '!tCL 

T CLOCK 

** TRANSMITTER SHIFT 
REGISTER LOAOEO 

7 

~ : I 
t I I 
I I I 

Max.* 

310 

-
125 
-

125 
-

150 

275 
-
50 
-

120 
-

450 
-

300 
-

300 
-

300 
-

I : I 1 
l--t t1- t CD --! ...-tCD ! II t 

SDO i I I: ,'ST DATA BIT 
I I ~I~----------------------'~----------~~~~---

__________ t_TT_H_R_~_+:~r+ ~ ,r-__ tC_T __________________ ~.---------------------
THRE ~~ 

I ..... [tTTS 
TSRE 

L'DT~'TD --+j, 
-----,I~ ---------------~:'~',----------------+ ~~~ ~- X DATA X- .. 

* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF THRL 

** THE TRANSMITTER SHIFT REGISTER,IF EMPTY,IS LOADED ON THE FIRST HIGH-TO-LOW TRANSITION OF THE 
CLOCK WHICH OCCURS AT LEAST 112 CLOCK PERIOQ+tTHcAFTER THE TRAILING EDGE OF THRL, AND TRANS­
MISSION OF A START BIT OCCURS 112 CLOCK PERIOD + teo LATER 

92CM-31B16RI 

Fig. 10 - Mode 0 transmitter timing diagram. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CDP1854A, CDP1854AC 
OYNAMIC ELECTRICAL CHARACTERISTICS al TA = -40 to +85 0 C, Voo ±5%, tr,tf=20 ns, VIWO.7 Voo, VIL =0.3 Voo, 
CL=100pF see Fig 11 , 

LIMITS 

CHARACTERISTIC VOO COP1854A COP1854AC UNITS 

(V) Typ.t Max.* Typ.t Max.* 

Receiver Timing - Mode 0 

5 250 310 250 310 
Minimum Clock Period tcc ns 

10 125 155 - -
Minimum Pulse Width: 5 100 125 100 125 

ns 
Clock Low Level tCL 10 75 100 - -

5 100 125 100 125 
Clock High Level tCH ns 

10 75 100 - -
5 50 75 50 75 

DATA AVAILABLE RESET too ns 
10 25 40 - -

Minimum Setup Time: 5 100 150 100 150 
ns 

Data Start Bit to Clock tDC 10 50 75 - -
Proeagation Dela~ Time: 

DATA AVAILABLE RESET to 5 150 225 150 225 
ns 

Data Available tDDA 10 75 125 - -

5 225 325 225 325 
Clock to Data Valid tCDV ns 

10 110 175 - -
5 225 325 225 325 

Clock to Data Available tCDA ns 
10 110 175 - -
5 210 300 210 300 

Clock to Overrun Error tCOE ns 
10 100 150 - -
5 240 375 240 375 

Clock to Parity Error tCPE ns 
10 120 175 - -

5 200 300 200 300 
Clock to Framing Error tCFE ns 

10 100 150 - -

tTypical values are for TA=25'C and nominal voltages. 
*Maximum limits of minimum characteristics are the values above which ali devices function. 
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CLOCK 7 Y2 
SAMPLE 

CMOS Peripherals 

CDP1854A, CDP1854AC 

CLOCK 71;2 LOAD HOLDING REGISTER 

R CLOCK 1 2 

...., l.-tDC" 
I 

SDI~~ __________ ~S~TA~R~T_B~I~T ________ ~P~~ i I 
I I 

STOP BIT I 

:-J---.-tCDV 

~~~~~- ------------------------------------------------------------------~:-4i--~ 

DA 

I I 
I I 
I I 

r--f.--tDDA :i I+JCDA 

I l : 
\ I : I 
l.-too--------l tCOE~ 

OE** 1r= ____________________________________________________________ -ll, ____ ___ 

tCPE--+--: 
PE ________________________________________________________ ~i __ ~r===L_ __ 

FE 

I 

tCFE--+--: : r--
* IF A START BIT OCCURS AT A TIME LESS THAN toe BEFORE A HIGH-TO-LOW TRANSITION OF THE CLOCK, 

THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO-LOW TRANSITION OF THE CLOCK THE START 
BIT MAY BE COMPLETELY ASYNCHRONOUS WITH THE CLOCK 

*' * IF A PENDING OA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING REGISTER BY THE TIME A NEW 
WORD IS LOADED INTO THE RECEIVER HOLDING REGISTER, THE DE SIGNAL WILL COME TRUE 

92CM- 31877 

Fig. 11 - Mode 0 receiver timing diagram. 

1--'6 I f CLOCK 

NEXT DATA WORD 

5-8 DATA BITS / I --.! r-STOP BITS 

DATA _-.j i PARITY I, I 112 OR 2 
MSB i'f- BIT 

92CS-28463 

Fig. 12 - Serial data word format. 
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CDP1855, CDP1855C 

eE 28 Vee 
CLEAR 27 CNe 

ell 
co/OF 4 

Yl 5 
ZL 6 

mnn 7 

26 
25 
24 
23 
22 

CN I 
cr 
YR 
ZR 
BUS 7 

8-Bit Programmable 
Multiply/Divide Unit 

elK 8 21 BUS 6 
ST8 9 20 BUS 5 

Features: 
ROI'W"E: 10 19 BUS 4 

18 
• Cascadable up to 4 units for 32-bit by 32-bit multiply or64 -7- 32 bit divide 

RA 2 II BUS 3 
RAI 12 17 BUS 2 

• 8-blt by 8-bit multiply or 16 -7- 18 bit divide in 5.6 jJs at 5 Vor 2.8 jJs at 10 V 
RAil 13 16 suS I • Direct interface to CDP1800 series microprocessors 
VSS 14 15 BUSg • Easy interface to other 8-bit microprocessors 

TOP VIEW 
92CS- 2996!5R2 

• Significantly increases throughput of microprocessor used for 
arithmetic calculations 

TERMINAL ASSIGNMENT 

The RCA-CDP1855 and CDP1855C are CMOS 8-bit 
multiply/divide units which can be used to greatly increase 
the capabilities of 8-bit microprocessors. They perform 
multiply and divide operations on unsigned, binary 
operators. In general, microprocessors do not contain 
multiple or divide instructions and even efficiently coded 
multiply or divide subroutines require considerable memory 
and execution time. These multiply/divide units directly 
interface to the CDP1800 series microprocessors via the 
N-lines and can easily be configured to fit in either the 
memory or I/O space of other 8-bit microprocessors. 

1 
j 

CLEAR 
XTAl 

NO 
NI 

N2 
TPB 
MRD 

The multiple/divide unit is based on a method of multiplying 
by add and shift right operations and dividing by subtract 
and shift left operations. The device is structured to permit 
cascading identical units to handle operands up to 32 bits. 

The CDP1855 and CDP1855C are functionally identical. 
They differ In that the CDP1855 has a recommended 
operating voltage range of4 -10.5 volts, and the CDP1855C, 
a recommended operating voltage range of 4 - 6.5 volts. 

The CDP1855 and CDP1855C types are supplied in a 28-
lead hermetic dual-in-line ceramic package (D suffix) and 
in a 28-lead dual-in-line plastic package (E suffix). The 
CDP1855C is also available in chip form (H suffix). 

+v 

• CLEAR 
ClK CE 
RAO CI 
RAI CNO 
RA2 CNI 
STB 
RD/WE 

CDPI802 

E 
YL CDPI855 
ZR 
CTl 

IT CO 

C 
YR 
Zl 

BUS BUS 

s I 92CM-34331 

FIg. 1 - CIfCUlt confIguratIOn for MDU addressed as an 110 deVIce. 

File Number 1053 
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-------------------------- CMOS Peripherals 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltage referenced to VSS Terminal) 

CDP1855, CDP1855C 

CDPI855 ................................................................. " ..................................... -0.5 to +11 V 
CDPI855C ....••..••....•..•.......•......•...•••.....••..•..••.•..••..••..•...••....•••....•••••••.•••••••.••••• -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS •...•..•••..•••...•••.•.•.•••.•.....••...••...•••.•..•....•••••.....•••• -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..•••.••••..••..•.••..•...••....•...••...•....•••••. '" .•.•••••.•••••••••••••••••• ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For TA = -40 to +60·C (PACKAGE TYPE E) .............................................................................. 500 mW 
ForTA = +60 to +85·C (PACKAGE TYPE E) ••....••..•••...•..••.••••..•..•....••..•.•••••• Derate Lineary at 12 mW/·C to 200 mW 
For T A = -55 to 100· C (PACKAGE TYPE D) .............................................................................. 500 mW 
For TA = +100 to +125·C (PACKAGE TYPE D) ............................................. Derate Lineary at 12 mwrc to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................. 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D ......•........•..••.•••...•••..•..••....••.•..••.....•.....••..•....•..•••...•..•.•••...••••.. -55 to +125·C 
PACKAGE TYPE E ......•.......••..•......•.••..••..•.....••••.•••.••.••..•••.......•..••••...........•....••••.•• -40 to +85·C 

STORAGE TEMPERATURE RANGE (Tstg) .......................................................................... -85 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ...................................................... +265·C 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ± 10%, Except aa noted 

CONDITIONS 
CHARACTERISTIC Vo VIN VDD 

(V) (V) (V) 
Quiescent Device - 0,5 5 

Current 100 - 0, 10 10 
Output Low Drive 0.4 0,5 5 

(Sink) Current 1m 0.5 0, 10 10 
Output High Drive 4.6 0,5 5 

(Source) Current IOH 9.5 0,10 10 
Output Voltage - 0,5 5 

Low-Level Vall - 0, 10 10 
Output Voltage - 0,5 5 

High Level VOH± - 0, 10 10 
Input Low 0.5,4.5 - 5 

Voltage VIL 0.5,9.5 - 10 
Input High 0.5,4.5 - 5 

Voltage VIH 0.5,9.5 - 10 
Input Leakage - 0,5 5 

Current liN - 0, 10 10 
3-State Output Leakage 0,5 0,5 5 

Current lOUT 0, 10 0, 10 10 

Operating Current 1001# 
U,lI l) 

- 0, 10 10 
Input Capacitance CIN 
Output Capacitance COUT 

-Typical values are for T A = 25° C and nominal VDD. 

#Operating current is measured at 3.2 MHz with open outputs. 

:j:IOL = IOH = lpA. 

LIMITS 
CDP1855 CDP1855C 

Min. Typ.- Max. Min. Typ.-
- 0.D1 50 0.02 
- 1 200 - -
1.6 3.2 - 1.6 3.2 
2.6 5.2 - - -

' -1.15 -2.3 - -1.15 1-2.3 
-2.6 -5.2 - - -

0 0.1 0 
- 0 0.1 - -
4.9 5 - 4.9 5 
9.9 10 - - -
- - 1.5 -
- - 3 - -
3.5 - - 3.5 -
7 - - - -

±1 
- - ±1 - -

±1 
- - ±10 - -

1.1I 1.0 

- 6 12 - -
5 7.5 5 
10 15 lU 

UNITS 
Max. 
200 

pA -
-
- mA -
-
0.1 

-
-
1.5 

V 

-
-
-
±1 
-
±1 

pA 

-
" mA -

7.5 
pF 

III 
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CMOS Peripherals -------------------------

CDP1855, CDP1855C 
OPERATING CONDITIONS at TA = Full Package· Temperature Range. For maximum reliability, operating condltlon88hould 
be .elected so that operation Is always within the following range.: 

CONDITIONS 
CHARACTERISTIC VDD 

m 
DC Operating Voltage Range -
Input Voltage Range -
Maximum Input Clock 5 

Freauencv 10 
Minimum 8 x 8 Multiply . 5 

(16 + 8 Divide) Time 10 

C E RA2 RAI RAQI 

CLOCK 

8}--r~-rt------++--

CNI 

2'~-++t-+-t+I 
CN~ 

2~+t-+++ ... 

ST. 

CDP1855 
Min. Max. 

4 10.5 
Vss Vee 
3.2 
6.4 -
- 5.6 
- 2.8 

Fig. 2 - Block diagram of CDPl855 and CDPl855C. 

LIMITS 
CDP1855C UNITS 

Min. Max. 
4 6.5 

V 
Vss Vee 
3.2 

MHz - -
- 5.6 

/is 

YR 

92CL-31861 
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_________________________ CMOS Peripherals 

CDP1855, CDP1855C 

FUNCTIONAL DESCRIPTION 
The CDP1B55 is a multiply-divide unit (MDU) designed to When multiple MDU's are cascaded, the looding of each 
be compatible with CDPl BOO series microprocessor register is done sequentially. For example, the firstselection 
systems. It can, in fact, be interfaced to most B-bit of register X for loading loads the most significant CDP1B55, 
microprocessors (see Fig. 5). The CDP1B55 performs binary the second loads the next significant, and so on. Registers 
multiply or divide operations as directed by the micro- are also read out sequentially. This Is accomplished by 
processor. It can do a 16N-bit by BN-bit divide yielding aD- mternal counters on each MDU which are decremented by 
BN-blt result plus and BN-blt remainder. The multiply is an STB during each register selection. When the counter 
BN-bit by BN-bit operation with a 16N-bit result. The "N" matches the chip number (CN1, CNO lines), the device is 
represent the number of cascaded CDP1B55's and can be 1, selected. These counters must be cleared with a clear on 
2, 3 or 4. All operations require BN + 1 shift pulses (See pin 2 or with bit B in the control word (See "CONTROL 
"DELAVNEEDEDWITHANDWITHOUTPRESCALER"Pg. REGISTER BIT ASSIGNMENT TABLE") in order to start 
'1). each sequence of accesses with the most significant device. 

The CDP1B55 contains three registers, X, V, and Z, which 
are loaded With the operands prior to an operation and 
contam the results at the completion. In addition, the 
control register must be loaded to Inillate a multiply or 
diVide There IS also a status register which contains an 
overllow lIag as shown In the "CONTROL REGISTER BIT 
ASSIGNMENT TABLE" The register address lines (RAO­
RA 1) are used to select the appropriate register for loading 
or reading. The RD/WE and STB lines are used In 
coni unctIOn With the RA lines to determine the exact MDU 
response (See "CONTROL TRUTH TABLE") 

The CDP1B55 has a built in clock prescaler which can be 
selected via bit 7 in the control register, The prescaler may 
be necessary in cascaded systjlms operating at high 
frequencies or in systems where a suitable clock frequency 
is not readily available. Without the prescaler select, the 
shift frequency is equal to the clock input frequency. With· 
the prescaler selected, the rate depends on the number of 
MDU's as defined by bits 4 and 5 of the control word (See 
"CONTROL REGISTER BIT ASSIGNMENT TABLE"). 
1 For one MDU, the clock frequency is divided by 2. 
2. For two MDU's the clock frequency is divided by 4. 
3. For 3 or 4 MDU's, the clock frequency is divided by B. 

OPERATION 
1. Initialization and Controls 

The CDP1B55 must be cleared by a low on pin 2 during 
power-on which prevents bus contention problems at the 
VL, VR and ZL, ZR terminals and also resets the sequence 
counters and the shift pulse generator. 

Prior to loading any other registers the cont(ol register must 
be loaded to speCify the number of MDU's being used (See 
"CONTROL REGISTER BIT ASSIGNMENT TABLE"). 

Once the number of devices has been speCIfied and the 
sequence counters cleared with a clear pulse or bit 6 of the 
control word, the X, V, and Z registers can be loaded as 
defined In the "CONTROL TRUTH TABLE". All bytes of the 
X reg,ster can be loaded, then all bytes of the V, and then all 
bytes of the Z, or they can baloaded randomly. Succcessive 
loads to a given register Will always proceed sequentially 
from the most significant byte to the least Significant byte, 
as previously deSCribed Resetting the sequence counters 
select the most Significant MDU. In a four MDU system, 
loading all MDU's results In the sequence counter pOinting 
to the first MDU again In all other configurations (I, 2, or 3 
MDU'sj, the sequence counter must be reset prior to each 
series of register reads or writes. 

2, Divide Operation 

For the divide operation, the diVisor IS loaded m the X 
register The dividend is loaded In the V and Z registers with 
the more Significant half In the V register and the less 
Significant half In the Z register. These registers may be 
loaded In any order, and after loading is completed, a 
control word IS loaded to speCify a diVide operation and the 
number of MDU's and also to reset the sequence counters 
and V or Z register and select the clock option if desired. 
Clearing the sequence counters with bit 6 will set the MDU's 
up for reading the results. 

The X register Will be unaltered by the operation. The 
quotient will be In the Z register while the remainder Will be 
In the V register. An overllow Will be indicated by the 
C07O""F of the most Significant MDU and can also be 
determined by reading the status byte 

While the CDP1B55 is specified to perform 16 by B-bit 
divides, if the quollent of a divide operation exceeds the size 
of the Z register(s) (BN-bits - where N is the number of 

cascaded CDPI B55's) the overflow bit In the Status Register 
Will be set. Neither the quotient In Z nor the remainder In V 
will represent a valid answer ThiS Will always be the result 
of a diVision performed when the diVisor (X) IS equal to or 
less than the most Significant BN-bits of the diVidend (V) 

The MDU can still be used tor such computations If the 
diVide IS done in two steps The dividend IS split Into two 
parts-the more Significant BN-blts and the less Significant 
BN-blts-and a divide dono;l on each part Each step Yields 
an BN-bIt result for a total quollent of 16N-blts. 

The first step consists of dividmg the more Significant BN­
bits by the diVisor ThiS is done by clearing the V reglster(s), 
loading the Z register(s) with the more Significant BN-blts of 
the diVidend, and loading the X reglster(s) With the divisor 
A diVISion IS performed and the resultant value in Z 
represents the more significant aN-bits of the final quotient 
The Z register(s) value must be unloaded and saved by the 
processor 

A second diVision is performed uSing the remainder from 
the first diVISion (In V) as the more Significant BN-blts of the 
diVidend and the less Significant half of the Original dividend 
loaded into the Z register The diVisor in X remains unaltered 
and is, by definition, larger than the remainder from the first 
d,vosoon which IS on Y The resultong value In Z becomes the 
less Significant BN-bits of the final quotient and the value in 
V os, as usual, the remainder 

Extending thiS technique to more steps allows diVISion of 
any size number by an BN-bit diVisor . 

Note that division by zero is never permitted and must be 
tested for and handled In software 

The following example illustrates the use of thiS algorithm 

Example: 
Assume three MDU's capable of a by 24-bit diVISion The 
problem IS to diVide 00F273,491C06H by 0003B4H 

Step 1 000000 OOF273 / ooo3B4 000041 R=ooOI BF 
V Z(MS) X ZI VI 

Step 2' 0001BF 
VI 

Result: 000041 
Zl 

491C06 
Z(LS) 

78C936 
Z2 

000384 78C936 R=OoooOE 
X Z2 Y2 

R=OOOOOE 
V2 
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CDP1855, CDP1855C 
OPERATION (Cont'd) 

The Z register can simply be reset using bit 2 of the control 
word and another divide can be done in order to further 
divide the remainder. 
3. Multiply Operation 

For a multiply operation the two numbers to be multiplied 
are loaded in the X and Z registers The result is In the Yand 

Z register with Y being the more significant half and Z the 
less significant half. The X register will be unchanged after 
the operation IS completed 

The original contents of the Y register are added to the 
product of X and Z Bit 3 of the control word will reset 
register Y to 0 If desired. 

CE - CHIP ENABLE (Input): 

FUNCTIONAL DESCRIPTION OF CDP1855 TERMINALS 

CLK - CLOCK (Input): 

A high on this pin enables the CDP1855 MDU to respond to 
the select lines. All cascaded MDU's must be enabled 
together. CE also controls the tristate C.O.lO.F., output of 
the most significant MDU. 

CLEAR (Input): 

The CDP1855 MDU(s) must be cleared upon power-on with 
a low-on this pin. The clear signal resets the sequence 
counters, the shift pulse generator, and bits 0 and 1 of the 
control register. 

CTL - CONTROL (Input): 

This isan input pin. All CTL pins must be wired together and 
to the YL of the most significant CDP1855 MDU and to the 
ZR of the least significant CDP1855 MDU. This signal is 
used to indicate whether the registers are to be operated on 
or only shifted. 

C.O.lO,F, - C:'A""R""'R"'Y""'O-=-=U=T /""O""'V-::E::':R""F"'L""'O""W"'" (Output): 

This is a tristate output pin. It is the CDP1855 Carry Out 
signal and is connected to Ci (CARRY-IN) of the next more 
significant CDP1855 MDU, except for on the most significant 
MDU. On that MDU it isan overflow indicator and is enabled 
when chip enables is true. A low on this pin indicates that an 
overflow has occured. The overflow signal is latched each 
time the control register is loaded, but is only meaningful 
after a divide command. 

YL, YR - Y-LEFT, Y-RIGHT: 

These are tristate bi-directional pins for data transfer 
between the Y registers of cascaded CDP1855 MDU's. The 
YR pin is an output and YL is an input during a multiply and 
the reverse is true at all other times. The YL pin must be 
conneCted to the YR pin of the next more significant MDU. 
An exception is that the YL pin of the most significant 
CDP1855 MDU must be connected to the ZR pin olthe least 
significant MDU and to the CTL pins of all MDU's. Also the 
YR pin of the least significant MDU is tiexd to the ZL pin of 
the most significant MDU. 

ZL. ZR - Z-LEFT, Z-RIGHT: 

These are tristate bi-directional pins for data transfers 
between the "Z" registers of cascaded MDU's. The ZR pin is 
an output and ZL is an input during a multiply and the 
reverse is true at all other times. The ZL pin must be tied to 
the YR pin of the next more significant MDU. An exception 
is that the ZL pin of the most significant MDU must be 
connected to the YR pin of the least significant MDU. Also, 
the ZR pin olthe least significant MDU is tied to the YL of the 
most significant MDU. 

SHIFT - SHIFT CLOCK: 

This is a tristate bi-directional pin. It is an output on the 
most significant MDU. And an input on all other MDU's. It 
provides the MDU system timing pulses. All SHIFT pins 
must be connected together for cascaded operation. A 
maximum of the 8N +1 shifts are required for an operation 
where "N" equals the number of MDU devices that are 
cascaded. 

This pin should be grounded on all but the most Significant 
MDU. There is an optional reduction of clock frequency 
available on this pin if so desired, controlled by bit 7 of the 
control byte. 

STB - STROBE (Input): 

When RD/WE is low data is latched from bus lines on the 
falling edge of this signal. It may be asynchronous to the 
clock. Strobe also increments the selected register's 
sequence counter dUring reads and writes. TPB would be 
used in CDP1800 systems. 

RD/WE - READ/WRITE ENABLE (Input): 

This signal defines whether the selected re~r is to be 
read from or written to. In 1800 systems use MRD if MDU's 
are addressed as 1/0 devices, MWR is used if MDU's are 
addressed as memory devices. 

RA2, RA1, RAO - REGISTER ADDRESS (Input): 

These Input signals define which register is to be read from 
or written to. It can be seen In the "CONTROL TRUTH 
TABLE" that RA2 can be used as a chip enable. It IS 
identiflcal to the CE pin, except only CE controls the tristate 
C O.lO.F on the most significant MDU. In 1800 systems use 
N lines if MDU's are used as 1/0 devices, use address lines 
or function of address lines if MDU's are used as memory 
deVices. 

BUS 0 - BUS 7 - BUS LINES: 

Tristate bl-directional bus for direct interface With CDP1800 
series and other 8-bit microprocessors. 

ZR - Z-RIGHT: 

See Pin 6. 

YR - Y-RIGHT: 

See Pin 5. 

CI - CARRY IN (Input): 

ThiS is an input for the carry from the next less significant 
MDU. On the least significant MDU it must be high (VDD) 
on all others it must be connected to the CO pin of the next 
less significant MDU 

CN1, CNO - CHIP NUMBER (Input): 

These two input pins are Wired high or low to indicate the 
MDU position in the cascaded chain. Both are high for the 
most significant MDU regardless of how many CDP1855 
MDU's are used. Then CN1 = high and CNO = low for the 
next MDU and so forth. 

VSS - GROUND: 

Power supply line. 

VDD -V+' 

Power supply line. 
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__________________________ CMOS Peripherals 

CDP1855, CDP1855C 
CONTROL TRUTH TABLE 

INPUTS· 
RA2 RA1 RAO RD/WE STB RESPONSE 

CE (N2) ~N!l JNIl) (MRDI (TPBI 
0 X X X X X NO ACTION (BUS FLOATS) 
X 0 X X X X NO ACTION (BUS FLOATS) 
1 1 0 0 1 X X TO BUS! INCREMENT SEQUENCE 
1 1 0 1 1 X Z TO BUS COUNTER WHEN 
1 1 1 0 1 X Y TO BUS STB AND RD = 1 
1 1 1 1 1 X STATUS TO BUS 
1 1 0 0 0 1 LOAD X FROM BUS! INCREMENT 
1 1 0 1 0 1 LOAD Z FROM BUS SEQUENCE 
1 1 1 0 0 1 LOAD Y FROM BUS COUNTER 
1 1 1 1 0 1 LOAD CONTROL REGISTER 
1 1 X X 0 0 NO ACTION (BUS FLOATS) 

• ( ) = 1800 system signals. 1 = High Level, 0 = Low Level, X = High or Low Level. 

CONTROL REGISTER BIT ASSIGNMENT TABLE 

I BUS 7 I BUS 6 BUS51 BUS41 BUS3 I BUS2 I BUS1 I BUSO I 
+ + 

.. 
, , 

B1 BO OPERATION SELECT 

REGISTER 
0 0 NO OPERATION 

RESET 0 1 MULTIPLY 
r ......---- 1 0 DIVIDE 

1 1 ILLEGAL STATE 

B2 = 1, RESET Z REGISTER 

B3 = 1, RESET Y REGISTER 

B5 B4 # of MDU's 

1 1 ONE MDU 

1 0 TWO MDU's 

0 1 THREE MDU's 

0 0 FOUR MUD's 
# OF MDU's SHIFT RATE 

1 CLOCK + 2 

B6 = 1, RESET SEQUENCE COUNTER 2 CLOCK + 4 

3 CLOCK + 8 
B7 = 1, SELECT SHIFT RATE OPTIONS: .. 
B7 - 0, SHIFT = CLOCK FREQUENCY RATE 

4 CLOCK + 8 

STATUS REGISTER 

Status Bvte 
Bit 7 6 5 4 3 2 1 0 
Output 0 0 0 0 0 0 0 O.F. 

O.F. = 1 if overflow (only valid 
after a divide has been done) 

NOTE: Bits 1 - 7 are read as 0 always 
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CMOS Peripherals --------------------------

CDP1855, CDP1855C 
DELAY NEEDED WITH AND WITHOUT PRESCALER 

SN+1 Shifts/Operation at 1 Clock Cycle/Shllt 
N = Number 01 MDU's S = Shllt Rate 

No Prescaler With Prescaler 
Number Machine Machine 

01 Shilts = SN+1 Cycles Shilts = S (SN+1) Cycles Shift 
MDU'. Needed Needed" Needed Needed" Rate 

1 9 2 (1 NOP) 18 3 (1 NOJ:L 2 
2 17 2 (1 NOP) 68 9 (3 NOP~ 4 
3 25 3 (1 NOP) 200 25 (9 NOPtl ...a 
4 33 4 (2 NOPs) 264 33 (11 NOPs) 8 

·NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used. 

CDP1S55 INTERFACING SCHEMES 

CLEAR 
XTAL 1----------.( 
MAO 1----------.( 
MAt j---;::==:::::;-~ 

MAX 

!!.Qg 
TPA I---~ 

MWR 1--_-------.( 

MRD r----<L~ 
TPBI------~ 

CLEAR 
CLOCK 
RAO 
RAt 

REIWE' 

CE 

STB 
BUS EF ~-----___1 

'----T'-i---' 

+Voo 

92CS-33173RI 

Fig. 3 - Required connection for memory 
mapped addressing of the MOU. 

CDPla55 
MDU 

Yl 
ZR 

BUS 7 

"~ BUS 6 21 

BUS 5 
20 < DATA BUS 

BUS 4 
19 

DATA 
crm BUS 3 

18 BUS 

a 
BUS 2 

17 
ClK 

16 10 RDIi'll 
15 

'-t-------- A8 
'--t----------A9 

'--+---4--------I~M 

L-~r_--_=~------~ 

~---~~-----------~ 
1/4 CD4011 

'--------------ClK(OUTt 

RESET OUT 

1/4 CD4QII 92CS-31870 

Fig. 4 - Interfacing the COP1855 to an 8085 
microprocessor as an 110 device. 

-' 

'" z 

'" iii 

"' <Xl 

g 
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_________________________ CMOS Peripherals 

CDP1855, CDP1855C 
PROGRAMMING EXAMPLE FOR MULTIPLICATION 

,,"or a 24-bit x 24-bit multiply using the system shown in Figure 5, the following Is an assembly listing of a program to multiply 
201F7C16 by 723C0916: 

MEMORY OP LINE ASSEMBLY 
LOCATION CODE NO. LANGUAGE 

CH,IO() t=S700; (1001 LDI ()~()H 

oou:;~ A:'= ooo~ PLO R2 • • LOAD 30 INTO R2.0 
Qnn-:; F800~ (HIO::. LDI IIOH 
0005 13'2= t)(J04 PHI R2 • • LOAD 00 INTO R2.1 (R2=00:::0) 
0006 <'>758; Ollt)5 our 7. DC 058H •• LOAD CONTROL REGISTERS 
uU08 u006 • • SPECIFYING THREE MDU'S. 
OU08 OUO} • • RESET THE 'f REGISTER AND 
Ou08 u008 • • SEQUENCE CllUNTER 
uou8 6420; uuv9 (JUT 4~ DC u20H • • LUAD Mse OF x REGISTER 
OOOA oulO • • WITH ~o 
OlltlA 641F~ 001 I OUT 4; DC II1FH • .LOAD NEXT Mse OF X REG 
uooc II01'~' • • WITH lF 
OllOC 647C:~ uOl:' OUT 4~ DC 07CH • • LOAD Lse OF X REGISTER 
oouE 0014 • .WITH 7e 
tlllOE 657~; 0015 OUT 5; DC 07~H • .LOAD MBa OF z REGISTER 
0010 u016 • .WITH 7" 
0010 653C; 0017 UU r 5= DC II~,CH • .LUAD NEXT Mse OF z REC, 
003::: 0018 • .WlTH !.c 
tu)12 650<;l~ u()l~ WilT ~= Dc.. 1.19H • • LOAI) LSI< OF Z RE13ISTER 
(1014 (1(1:"0 • • WITH 0<;1 
tIll 14 675'1; CJn~l OU r /; DC. ub9H • .LIlAD CONTROL REGISTERS 
01136 ()O:2'~ • • RESETTING Y REGISTERS 
01116 (uJ:l ~ • .AND SEQUENCE COUNTERS 
Ou3<'> 1.10:'4 • • AND STARTING MULTIPL,Y 
ulll6 ot,,)2'5 • .OPE:RATION 

DELAY FOR MULTIPLY TO FINISH 
0016 E'" OU~6 

""17 6E6o; on'..! 7 
(H,I, l.f (J('):'B 

"019 6E60; ()(J'C::9 

ulllB 6E60; 0030 
u\11D 6D60; 01131 
001F 6D6tl, Oll3~' 

(J021 6D; Otl:'3 
OU22 ou:;'1 
t..)U~:.' u035 
002': ; lIu36 
01.12:.1 30~2= 0(1~7 STOP 
Otl24 tl038 
(IIJUtl 

The result of 201F7C16 x 723C0916 is OE558DBA2B5C = 
1576061279727610. It will be stored in memory as follows: 

LOC BYTE 
0030 OE 

31 55 
32 80 
33 BA 
34 2B 
35 5C 

SEX 
lNP 

[NP 
INP 
INP 
INP 
INP 

BR 
END 

Fl~ 
6; IRX • .Mse OF RESULTS IS STORED 

• .AT LOCATION 0030 
6; IRX 
6; IRX 
5; IF<X 
5; IRX 
5 • • COMPLETE LOADING RESULT 

•• INTO MEMORY LOCATIONS 
• .0(1'30 TO 0035 
•• RESULTS=OE558DB~2B5C 

i::lTOP 

BEFORE MULTIPLY 

MDU1 MDU2 MDU3 
Register X 20 1F 7C 
Register Y 00 Illl gg 
Register Z 72 3C 09 

AFTER MULTIPLY 

MDU1 MDU2 MDU3 
Register X 20 1F ZQ 
Register Y OE 55 80 
Register Z BA 2B 5C 
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CMOS Peripherals -------------------------__ 

CDP1855, CDP1855C 
PROGRAMMING EXAMPLE FOR DIVISION 

MEMORY OP LINE ASSEMBLY 
LOCATION CODE NO, LANGUAGE 

0000 0001 Program example for a 16 bit by 8 bit divide usmg 1 CDP1855 MDU 
0000 0002 Gives a 16 bit answer with 8 bit remamder 
0000 0003 
0000 68C22000; 0004 RLDI R2,2000H ' Answer IS stored at 2000 hex 
0004 0005 Register 2 points to it 
0004 68C33000; 0006 RLDI R3,3000H Dividend is stored at 3000 hex 
0008 0007 Register 3 pOints to it 
0008 68C44000, 0008 RLDI R4,4000H Divisor is stored at 4000 hex 

OOOC 0009 Register 4 points to it 
OOOC 0010 
OOOC E067FO; 0011 SEX RO, OUT 7; DC OFOH Wnte to the control register to use 

OOOF 0012 clock / 2; 1 MDU; reset sequence 

OOOF 0013 counter, and no operation 

OOOF 0014 
OOOF E464; 0015 SEX R4, OUT 4 Load the divisor mto the X register 
0011 0016 
0011 E06600; 0017 SEX RO; OUT 6; DC 0 Load 0 into the Y register 
0014 E365; 0018 SEX R3, OUT 5 Load the most significant 8 bits of 

0016 0019 the dividend into the Z register 

0016 0020 
0016 E067F2; 0021 SEX RO; OUT 7, DC OF2H Do the first divide, also resets the 

0019 0022 . sequence counter 

0019 0023 
0019 E26D60; 0024 SEX R2, INP 5; IRX Read and store the most significant 

001C 0025 8 bits of the answer at 2000 hex 

001C 0026 
001C E067FO; 0027 SEX RO; OUT 7, DC OFOH , Reset the sequence counter 

001F 0028 
001F E365, 0029 SEX R3, OUT 5 Load the 8 least significant 8 bits 
0021 0030 of the origmal dividend into the Z 

0021 0031 register 
0021 0032 
0021 E067F2; 0033 SEX RO, OUT 7; DC OF2H Do the second division 

0024 0034 
0024 E26D60, 0035 SEX R2, INP 5, IRX Read and store the least significant 

0027 0036 8 bits of the answer at 2001 hex 

0027 6E, 0037 INP6 Read and store the remamder at 2002 

0028 0038 hex 

0000 
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------------------_______ CMOS Peripherals 

CDP1855, CDP1855C 
For the divide operation (Fig. 5), the formula is: 

V,V2Y'Z,Z.Z, V,Y.Y, 
--'-=---'--'--"---- = Z,Z.Z, + -------

X,X.X, x,x.x, 

8 

lr:B:":u~s"'B-!~~--:!-¥-,j:!ol' trB~u~s"'8-!~~...,s:!-... ~h v r!Bf,;U!o's8'---!R;-""~~""lh 
[~:I~ t B R:g I" ~:¢ f ~ R:~ r I ~:Ig i B R:~ 

CLOCK I---- ClK RAI r-- .,t- ClK RAI - 1 ClK RAIr--

I-- S'HiFi' RA2 r-- =!llli'f RA2 - SHIFT RA2r-

U) BUS 

r- Yl YR i---Hvl YR f----HYl 

Zl ZR Zl ZR Zl 
OF eI co c:r 'C"ll' 

L-~CTE~~C,T~l_j L_C,E~_~CrTl~~ 

Voo 
L-------f--+--------t--~-----.. OR 

IIO SELECT 
MOST SIGNIFICANT lEAST SIGNIFICANT 

92CM-31B50 

Fig. 5 - Cascading three MDU's (CDP1855) in an 1800 system with MDU's being accessed 8. 
110 ports In programming example. 

rifilfiii CLOCK 

EFI 
DATA BUS 

iRo 

W TPB 
CLEAii 
N2 
NI 
N0 

Voo BUS ~ ~ r voo BUS m v BUS m BUS ~ft 
~ LBR .- LBR DO ISR LBR 

eNI ~ L... CNI ~ ~ CNI W eNI ~ 
CN0 RA0 I eN0 RAe eN" RA0 CNI!) RAe 

---I eLK RAI- ... elK RAq ....... - elK RAIr- elK RAI-
----.- SHIFT RA2 - .... SHIFT RA2r-- - SHIFT RA2~ SHiFT RA2--y 
'-Yl YR- Yl YR'---- Yl YRr-- Yl YR- DO 

ZL ZR- ZL ZR- =.t. ZRr-- ZL ZRi 
OF Cl- co Cl- CO Clr-- co Cl 

COPI8S5 COPleS5 cOPless COPle55 

--TT --t-T ~ IT-
L~=~~~~~i~~~~~~~E~~~~~~=±~~~~92CS-34407 

MOST SIGNIFICANT LEAST SIGNIFICANT 

Fig. 6 - Cascading four MDU's (CDP1856). 
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CMOS Peripherals ------------------------...,.".... 

CDP1855, CDP1855C 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +850 C. VDD ±5"1e tro tf = 20 nl. VIH = 0.7 VDD. VIL = 0.3 VDD. 
CL = 100 pF (S .. Fig. 7) 

LIMITS 
CHARACTERISTIC- VDD CDP1855 CDP185&C 

(V) Min., TYP.., Mu. Min. , Typ.. , MIX. 

Operation Timing 

Maximum Clock Frequency+ 
5 3.2 4 - 3.2 
10 6.4 8 - -

Maximum Shift Frequency 5 1.6 2 - 1.6 
(1 Device)A 10 3.2 4 - -

Minimum Clock Width tCLKO 5 - 100 150 
tCLK1 10 - 50 75 -

Minimum Clock Period tCLK 
5 - 250 312 -
10 - 125 156 -

Clock to Shift Prop. Delay tCSH 
5 - 200 300 -
10 100 150 -

Minimum C.1. to Shift Setup tsu 
5 - 50 67 -
10 - 25 33 -

C.O. from Shift Prop. Delay tpLH 5 - 450 600 -
tPHL 10 - 225 300 -

Minimum C.1. from Shift Hold tH 5 - 50 75 
10 25 40 - -

Minimum Register Input Setup tsu 
5 - -20 10 -
10 - -10 10 -

Reg ister after Sh ift Delay tPLH 5 - 400 600 -
tPHL 10 - 200 300 -

Minimum Register after Shift Hold tH 5 50 100-
10 - 25 50 -

C.O. from C.1. Prop. Delay tPLH 5 - 100 150 -
tPHL 10 - 50 75 -

Register from C.1. Prop. Delay tPLH 5 - 80 120 -
tpHL 10 - 40 60 

-Maximum limits of minimum characteristics are the values above which all devices function. 

·Typical values are for T A = 250 C and nominal voltages. 

4 -
- -
2 -
- -
100 150 

- -
250 312 
- -

200 300 
- -
50 67 

- -
450 600 
- -
50 75 
- -
-20 10 

- -
400 600 
- -
50 'fO!r 
- -

100 150 
- -
80 120 
- -

UNI'J'S 

MHz 

ns 

+Clock frequency and pulse width are given for systems using the Internal clock option of the CDP1855. Clock frequency 
equals shift frequency for systems not using the Internal clock option. 

AShift period for cascading of devices Is Increased by an amount equal to the lIT. to c,o. Prop. Delay for each device added. 

Fig. 7 - Operation timing diagram. 
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------------------------- CMOS Peripherals 

CDP1855, CDP1855C 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +15° C. VDD ±5'1i tr. tf = 20 nl. VI ... = 0.7 VDD. VIL = 0.3 VDD. 
CL = 100 pF (S. Fig. I) 

LIMITS 
CHARACTERISTIC- VDD CDP1155 I CDP1155C 

(¥) Min. \ TyP··l MIK'l Mln'l Typ •• I Ma •• 

Write Cycle 

Minimum Clear Pulse Width tClR 5 - 50 75 -
10 - 25 40 -

Minimum Write Pulse Width tww 5 - 150 225 -
10 - 75 115 -

Minimum Data-In Setup tosu 5 - -75 0 -
10 -40 0 

Minimum Oata-In-Hold tOH 5 - 50 75 -
10 - 25 40 -

Minimum Address to Write Setup tASU 5 - 50 75 -
10 - 25 40 -

Minimum Address after Write Hold tAH 5 - 50 75 -
10 - 25 40 -

-Maximum limits of minimum characteristics are the values above which all devices function. 

'Typical values are for T A = 25° C and nominal voltages. 

§Q.. 

-
150 
-
-75 

50 

50 
-
50 
-

j CCLR 
CLEAR ~--------------------------------------------~ 

CE 1/ \\\ 

RD/WE \'\ (II 

STB I) t\\ 
'ww 

'in V// 1J. / ////// / / // //// /LL 
'osu I- ~tDH * WRITE IS OVERLAP OF 

CE'I,RIlIWt .~,AND STB·I. 

----.. 
RA~-2 
~ I 
'ASU"- ~~ 92CM-;,4841 

-'AH 

Fig. 8 - Write timing dIagram. 

75 
-

225 
-
0 

75 

75 
-
75 
-

UNITS 

ns 
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CMOS Peripherals 

CDP1855, CDP1855C 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85° C. VDD ±5"1a t,. tf = 20 nl. VIH = 0.7 VDD. VIL = 0.3 VDD. 
CL = 100 pF (SN Fig. 8) 

LIMITS 
CHARACTERISTIC- VDD CDP1855 

(V) Min. I Typ." I Max. Min. 

Read Cycle 

CE to Data Out Active tCDO 5 - 200 300 -
10 - 100 150 -

CE to Data Access tCA 5 - 300 450 -
10 - 150 225 -

Address to Data Access tAA 5 - 300 450 -
10 - 150 225 -

Data Out Hold after CE tDOH 5 50 150 225 50 
10 25 75 115 -

Data Out Hold after Read tDOH 5 50 150 225 50 
10 25 75 115 -

Read to Data Out Active tRDO 5 200 300 
10 - 100 150 -

Read to Data Access tRA 5 - 200 300 -
10 - 100 150 -

Strobe to Data Access tSA 5 50 200 300 50 
10 25 100 150 -

Minimum Strobe Width tsw 5 - 150 225 -
10 - 75 115 -

-Maximum limits of minimum characteristics are the values above which all devices function. 

"Typical values are for T A = 25° C and nominal voltages. 

Typ." 

200 

-
300 
-

300 
-

150 
-

150 
-

200 
-

200 
-

200 
-

150 
-

CE--~" \~--
I I 

~/WE--------+--------------------~,-_______ Vr------~:-------
~A~- ~ I 

ST8 _______ .!--_~-' E,::NCE COUNTER i ! 

RA~-2 =x ! ¥r---li--I--~--;!:;:·==:i~::i';;;;DDH 
1 -I 'SA r r-'AA-j --j 'DCHi-- lril __ I 

DOUT __ -+! ~~ ~,----+-...J~-II!O: ~ 
'COO--: r- I 1 'ROoi I- : I 

!\40--0+-1 'CA I-----[-'RA 
92CM-318S2 

Fig. 9 - Read timing diagram. 

UNITS 
Max. 

300 
-

450 
-

450 
-

225 
-

225 
ns -

300 
-

300 
-

300 
-

225 

-
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__________________________ CMOS Peripherals 

CDP1871A,CDP1871AC 
~VDD 
, "t SliiFT 
J 38 1 CONTROL 

4 37t--- ALPHA 

3'5f-- DEBOUNCE CMOS Keyboard Encoder 
06-- 6 

" Features: 33 ............. DA 

32f-- BUS 7 

31 f-- BUS (; 

3O~BUS" 
29>-- BUS 4 

2Bf-- BlJS 3 

• Directly interfaces with COP1BOO-series microprocessors 
• Low power dissipation 
• 3-state outputs 

" " 
"'E BUS2 26 - BUS! • Scans and generates code for 53 key ASCII keyboard plus 32 HEX keys 

::3::' -~~; 0 

(SPST mechanical contact switches) 
• Shift, control, and alpha lock inputs 

19 22 C52 

20 21 e5i 
• RC-controlled debounce circuitry 

TOP VIEW • Single 4 to 10.5 V supply (COPIB71A); 4 to 6.5 V (COPIB71AC) 
TERMINAL ASSIGNMENT • N-key lockout 

The RCA-CDP1871A is a keyboard encoder designed to 
directly interface between a CDP1800-series micro­
processor and a mechanical keyboard array, providing up 
to 53 ASCII coded keys and 32 HEX coded keys, as shown in 
the system diagram (Fig. 1). 

The keyboard may consist of simple single-pole single­
throw (SPST) mechanical switches. Inputs are provided for 
alpha-lock, control, and shift functions, allowing 160 unique 
codes. An external R-C input isavailable for user-selectable 
debounce times. The N-key lock-out feature prevents 

CDP1800- SE'RIES 
CPU 

BUSO - BUS-' 

TP' f---_..,34~TP' 

CDPIB71A 

V~DD .-L4SHIFT 

~TROLI 
~CONTROL 

ALPHA LOCK I 
'---<> ' 

37 
ALPHA 

unwanted key codes if two or more keys are pressed 
si multaneously. 

The CDP1871A and CDP1871AC are functionally identical. 
They differ in that the CDP1871A has a recommended 
operating voltage range of 4 to 10.5 volts, and the 
CDP1871AC has a recommended operating voltage range 
of 4 to 6.5 volts. These types are supplied in 40-lead dual-in­
line ceramic packages (D suffix), and 40-lead dual-in-line 
plastic packages (E suffix), and 44-lead plastic chip-carrier .. 
packages (Q suffix). ... 

92CL-35 

Fig. 1 - Typical COP1BOO-series microprocessor system using the COP1871A. 

File Number 1374 
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CMOS PerlpheraI8 ________________________ _ 

CDP1871 A, CDP1871 AC 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to Vss terminal) 

CDP1871 A ..........•.....•••.........................•.......••••....•.............•.•.......•.. -0.5 to +11 V 
CDP1871AC ••..............•.....................•.....•..•...........••...•..•.•......•.......... -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ••••.••...•...............•.......•...........•.........•.. -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ...............•••••..•••.•......•...•.....•.........•.............• ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = -40 to +60°C (PACKAGE TYPE E) .........•....•....••.•••..•......•••..•.••..••............... 500 mW 
For T A = +60 to +85° C (PACKAGE TYPE E) ....•....•..•••••••.•......•.... Derate Linearly at 12 mW/o C to 200 mW 
ForTA=-55 to +100°C (PACKAGE TYPE D) ..........•.....................................•......•••.•. 500mW 
For TA = +100 to +125°C (PACKAGE TYPE D) ..........•.......•........... Derate Linearly at 12 mW/oC to 200 mW 
For TA = -40)0 +85°C (PACKAGE TYPE 0)· ............................................................. 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE .•...•••...•.•........•.•.......•...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D .•.......•.•.........................•....••.....•...........•.•.•••.••.•...•.. -55 to +125°C 
PACKAGE TYPE E and 0 .......................................................................... -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T ... ) ............•............•.•••..•.•.....••••..••.•........... -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 In. (1.59 ± 0.79 mm) from case for 10 s maximum ................•.••........•......• +265°C 
• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G10 epoxy glass, or equivalent. 

RECOMMENDED OPERATING CONDITIONS at TA = -40 to +85° C 
For maximum reliability, operating conditions should be selected so that operation is always within the following ranges: 

CDP1871AD 

CHARACTERISTIC Voo CDP1871AE 

(V) MIN. MAX. 

Supply-Voltage Range 4 10.5 

Recommended Input Voltage Range Vss Voo 

Clock Input Frequency, TPB 5 DC 0.4 
fCl 

(Keyboard Capacitance = 200 pF) 10 DC 0.8 

CSt 1'\---'"'--'" 

CS2 

CS3 

TPB M·----.t 

VOO 

RX OEBOUNCE 

iiA~_----1 

ffi(3$o---; 

LIMITS 

CDP1871ACD 

CDP1871ACE 

MIN. MAX. 

~ 6.5 

Vss Voo 

DC 0.4 

- -

~,,-=8USO 

VOO-@ 

vss-@ 

011 ALPHA SHIFT CONTROL 

92CM·34&22 

UNITS 

V 

V 

MHz 
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STATIC ELECTRICAL CHARACTERISTIC at T. = -40 to +85°C. except as noted 

CONDITIONS LIMITS 

CHARACTERISTIC CDP1871AD CDP1871ACD 

Vo VIN Voo CDP1871AE CDP1871ACE 

(V) (V) (V) MIN. TYP.* MAX. MIN. TYP.* MAX. 

Quiescent Device - 0,5 5 - 0.1 
Current 100 - 0,10 10 - 1 

Output Low Drive (sink) Current 0.4 0,5 5 0.5 1 
(except debounce and D1-D11) 10L 0.5 0,10 10 1 2 

0.4 0,5 5 0.75 15 

Debounce 10L 0.5 010 10 1 2 

0.4 0,5 5 .05 0.1 
01-011 10L 0.5 0.10 10 0.1 0.2 

Output High Drive (Source) Current 4.6 0,5 5 -0.3 -0.6 

10H 9.5 0.10 10 -0.75 -1.5 
Input Low Voltage 0.5,4.5 - 5 - -

(except Debounce) V,L 1,9 - 10 - -
Input High Voltage 0.5,4.5 - 5 3.5 -

(except Debounce) V,H 1,9 - 10 7 -
Debounce Schmitt Trigger 

Input Voltage 0.4 - 5 2.0 3.3 
Positive Trigger Voltage Vo 0.5 - 10 4.0 6.3 

0.4 - 5 0.8 1.8 

Negative Trigger Voltage VN 0.5 - 10 1.9 4.0 

0.4 0,5 5 0.3 1.6 

Hysteresis VH 0.5 0,10 10 0.7 2.3 

Output Voltage Low Level - 0,5 5 - 0 

VOL - 0,10 10 - 0 

Output Voltage High Level - 0,5 5 4.95 5 

VOH - 0.10 10 9.95 10 

Input Leakage Current - 0,5 5 - - .01 

(except 51-58, Shift, Control) liN - 0,10 10 - .01 

3-State Output Leakage Current 0.5 0,5 5 - .01 

louT 0,10 0,10 10 - .02 

Pull-Down Resistor Value 
7 14 - - -

(51-58, Shift, Control) Rpo 

Operating Current loper 

(All-outputs fcc = 0.4 MHz 0.5,4.5 0,5 5 - 0.6 

unloaded) fcc = 0.8 MHz 1,9 0.10 10 - 2.7 

"Typical values are for T. = +25° C. and nominal Voo 

TERMINAL ASSIGNMENT 
:;: ~ ~ 

~~~:;:~g?~§~~ 

& !) .. , 2. , 444' 42 .. , 40 

06
1 0 ::iPT 

'1 TPB 

n liA 

CDP1871A 

18192021 22n 24211 26 2128 

44-Leed Plaatle Chip-Carrier Paekllge , 
(Q aufflx) 

50 - 1 200 

200 - - -
- 0.5 1 -
- - - -
- 075 1.5 -
- - - -
- .05 0.1 -
- - - -
- -0.3 -0.6 -
- - - -
1.5 - - 1.5 

3 - - -
- 3.5 - -
- - - -

4.0 2.0 3.3 4.0 

8.0 - - -
3.0 0.8 1.8 3.0 

6.0 - - -
2.6 0.3 1.6 2.6 

4.7 - - -
.05 - 0 .05 

.05 - - -
- 4.95 5 -
- - - -
1 - .01 1 

1 - - -
1 - .02 2 

2 - - -
24 7 14 24 

- - 0.6 -
- - - -

UNITS 

IlA 

mA 

V 

IlA 

kO 

rnA 
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CDP1871 A, CDP1871 AC 
FUNCTIONAL DESCRIPTION OF CDP1871A TERMINALS 

01 - 011 (Outpuls): 

Drive lines for the 11 x 8 keyboard switch matrix. These 
outputs are connected through the external switch matrix 
to the sense lines (S1 - S8). 

S1 - S8 (Inputs): 

Sense lines for the 11 x 8 keyboard maxtrix. These inputs 
have internal pull-down resistors and are driven high by 
appropriate drive line when a keyboard switch is closed. 

CS1, CS2, CS3, CS4 (Inputs): 

Chip select inputs, which are used to enable the tri-state 
data bus outputs (BUS 0 - BUS 7) and to enable the 
resetting of the status flag (DA), which occurs on the low­
to-high transition of TPB. These four i~s are normally 
connected to the N-lines (NO-N2) and MRTI output of the 
CDP1800-series microprocessor. (Table 2) 

BUS 0 - BUS 7 (Outputs): 

Tri-state data bus outputs which provide the ASII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS 0 - BUS 7 terminals of the CDP1800-
series microprocessor. 

DA (Outpul): 
The data available output flag which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871 A. 
This output is normally connected to a flag input (E11--EF4) 
of the CDP1800-series microprocessor. 

TPB (Input): 

The input clock used to drive the scan generator and reset 

the status flag (ITA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 

RPT (Output): 
The repeat output flag which is used to indicate that a key is 
still closed after data has been read from the CDP1871A 
(DA = high). It remains low as long as the key is closed and 
is used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1-EF4) of 
the CDP1800-series microprocessor. 

DEBOUNCE(lnput): 
This input is connected to the junction of an external resis­
tor to Voo and capacitor to V ••. It provides a debounce time 
delay (t '" RC) after the release of a key. If a debounce is not 
desired, the external pull-up resistor is still required. 

ALPHA, SHIFT, CONTROL (Inputs): 

A high on the SHIFT or CONTROL inputs will be internally 
latched (after the debounce time) and the drive and sense 
line decoding will be modified as shown in Table 3. They are 
normally connected to the keyboard, but produce no code 
by themselves. The SHIFT and CONTROL inputs have in­
ternal pull-down resistors to simplify use with momentary 
contact switches. The ALPHA input is not latched and is 
designed for a standard SPDT switch to provide an alpha­
lock function. When ALPHA = 1 the drive and sense line 
decoding will be modified as shown in Table 3. 

Voo, V •• : 
Voo is the positive supply voltage input. V •• is the most 
negative supply voltage terminal and is normal connected 
to ground. All outputs swing from V •• to Voo. The recom­
mended input voltage swing is from V •• to Voo. 

TABLE 1 - SWITCH INPUT FUNCTIONS 

CONTROL SHIFT ALPHA KEY FUNCTION 

0 0 0 NORMAL 

1 X X CONTROL 

0 1 X SHIFT 

0 0 1 ALPHA 

x = DON'T CARE 

TABLE 2 - VALID N-LINE CONNECTIONS 

CPU CDP1871A SIGNAL CPU INPUT 

CS4 CS3 CS2 CS1 INSTRUCTION 

CDP1800- MRD N2 NO N1 INP5 

SERIES MRD NO N1 N2 INP3 

SIGNAL MRD N2 N1 NO INP6 
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CDP1871 A, CDP1871 AC 
TABLE 3 - DRIVE AND SENSE LINE KEYBOARD CONNECTIONS* 

SENSE DRIVE LINES 
LINES 0 0 0, 04 D. D. 0 7 

S, 
SP 0 ( 8 @ H H P P X X 

SPACE 
0 :,', :,' ", 

8 .... : .... @ NUL h BS P DLE X CAN .... : ... :'.': 

S2 
! 1 ) 9 A A I I Q Q Y Y 

......... 
1 .:.',';",:' 9 a SOH i HT q DC1 Y EM 

" 2 . : B B J J R R Z Z LINE 
S, 

2 I: b STX j LF r DC2 z SUB FEED 

S4 
# 3 + ; C C K K S S I [ 

ESCAPE 
3 ; c ETX k VT 5 DC3 [ ESC 

$ 4 < D D L L T T 
, 

\ 
S. 

, 
4 

.... 
d EOT I FF t DC4 \ FS 

% 5 = - E E M M U U I I CARRAIGE 
S. 

5 - e ENQ m CR u NAK I GS RETURN 

& 6 > F F N N V V - I 
S7 

6 f ACK n SO v SYN I RS 

S. 
7 ? / G G 0 0 W W DEL -

DELETE 
7 / 9 BEL 0 SI w ETB - US 

'CONTROL overrides SHIFT and ALPHA D = NO RESPONSE 

:j:Showlng ASCII outputs for all combinations With and Without SHIFT, ALPHA LOCK and CONTROL 
tDrive lines 8, 9,10, and 11 generate non-ASCII hex values which can be used for special codes 

b4 

o 
o 
o 
o 
o 
o 
o 

LSD o 

BITS 

b3 b2 

o 0 
o 0 
o 1 
o 1 

1 0 

1 0 

1 1 

1 1 

o o 
o o 
o 
o 

o 
o 

TABLE 4 - HEXIDECIMAL VALUES OF ASCII CHARACTERS 

MSD 

b7- 0 0 o o 
b6--. 0 0 o 

bS" 0 1 o o 
Ht:A 

b1 r- 0 1 2 3 4 

o 0 NUL DLE SP o @ 

1 1 SOH DC1 A 

o 2 STX DC2 2 B 
1 3 ETX DC3 # 3 C 

o 4 EOT DC4 $ 4 D 

1 5 ENQ NAK % 5 E 

o 6 ACK SYN & 6 F 
1 7 BEL ETB 7 G 

o 8 BS CAN B H 

9 HT EM } 9 

o A LF SUB 

B VT ESC + K 

o C FF FS < L 

D CR GS M 

o E SO RS > N 

F SI US ? o 

o 

Oat D9t D,ot D11t 

80,. 88,. 90,. 98,. 

81,. 89,. 91,. 99,. 

82,. 8A,. 92,. 9A,. 

83,. 8B,. 93,. 9B,. 

84, • 8C,. 94,. 9C,. 

85,. 8D,. 95,. 9D,. 

86,. BE,. 96,. 9E,. 

87,. BF,. 97,. 9F,. 

1 

1 

o 

S 6 7 

P \ p 
Q a q 
R b 

S c 5 

T d 

U e u 
V v 
w 9 w 
X h x 

Y y 

z z 
k 

\ 

m 
n 

o DEL 
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CDP1871 A, CDP1871 AC 
OPERATION 

The CDP1871A is made up of two major sections: the is removed, allowing the scancounters to advance on the 
counter/scan-selection logic and the control logic (Fig, 2), following high-to-Iow transitions of TPB, This provides an 
The counter and scan-selection logic scans the keyboard N-key lockout feature, which prevents the entry of errone-
array using the drive lines (D1-D11) and the sense lines ous codes when two or more keys are pressed simulta-
(S1-S8), The outputs of the internalS-stage scancounter neously, The first key pressed in the scanning order is 
are conditionally encoded by the ALPHA, SHIFT, and CON- recognized, while all other keys pressed are ignored until 
TROL inputs (Table 1, Table 3) and are used to drive the the first key is released and read by the CPU, at which time 
D1-D11 output lines high one ata time, Each D1-D11 output the next key pressed in the scanning order is detected. If the 
may drive up to eight keys, which are sampled by the sense first key remains closed after the CPU reads the data and 
line inputs (S1-S8), The S1-S8 inputs are enabled by the resets the DA output, on the low-to-high transition of TPB, 
internal 3-stage scancounter. an auxiliary signal (RPT) is generated and is available to the 
The control logic interfaces with the CDP1800-series 110 CPU to indicate an auto-repeat condition, The RPT output 
and timing signals to establish timing and status conditions is reset high at the end of the debounce delay after the 
for the CDP1871A, depressed key is released. 

The TPB input clocks the scanc.Q!Lnters and is also used to The DEBOUNCE input provides a terminal connection for 
reset the Data Available output (DA). When a valid keydown an external user-selected RC circuit to eliminate false de-
condition is detected on a sense line, the control logic tection of a keydown condition caused by keyboard noise. 
inhibits the clock to the scancounters on the next low-to- The operation of the DEBOUNCE circuit is shown in Fig. 2 
high transition of TPB and the DA output is set low, The (Pin 36). When a valid keydown is detected, the on-chip 
scancounter outputs (C1-C8) represent the ASCII and HEX active-resistor device (R N ) is enabled and the external ca-
key codes and are used to drive the BUS 0 - BUS 7 outputs, pacitor (Cx) is discharged, providing a key closure de-
which interface directly to the CDP1800-Series data bus, bounce time"" RNCX, This discharge is ser:ll!!!d by the 
The BUS 0 - BUS 7 outputs, which are normally tri-stated, Schmitt-tigger inverter, which clocks the DA flip-flop 
are enabled by decoding the CS inputs during a CPU input (latch!!!9 the DA output low and inhibiting the scan clock), 
instruction (Table 2), The low-to-high t@!)sition of TPB (The DA F/F is reset by the low-to-high transition of TPB 
during thunput instructIOn resets the DA output high, when the CS inputs are enabled), When a valid key-release 
Once the DA output has been reset, it cannot go low again is detected RN is disabled and Cx begins to charge through 
until the present key is released and a new keydown condi- the external resistor (Rx). providing a key-release debounce 
tion is detected, (This prevents unwanted repeated keycode time"" RxCx, This charge time is again sensed by the 
outputs which may be caused by fast software routines), Schmitt-trigger inverter, enabling the scan clock to con-
After the depressed key is released and the debounce delay tinue on the next high-to-Iow transitions of TPB, after the 
(determined by RX, CX) has occurred, the scan clock inhibit current keycode data is read by the CPU, 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA -40 to +85° C Voo ±5% 

CHARACTERISTIC Voo 

J"'l 
Clock Cycle Time 5 

tee 10 
Clock Pulse Width High 5 

tewH 10 
Data Available Valid 5 
Delay tOAL 10 
Data Available Invalid 5 
Delay tOAH 10 
Scan Count Delay 5 
(Non-Repeat) teol 10 
Data Out Valid Delay 5 

teov 10 

Data Out Hold Time 5 

teoH 10 

Repeat Valid Delay 5 

tAPL 10 

Repeat I nvalid Delay 5 

t"PH 10 

"TYPical Values are for TA - + 25°C and nominal Voo 
Note 1" tee = tcWH -+- tCWL 

tCWL = tCD1 + KC 
k = O,g ns per pF 
c = keyboard capacitance (pF) 

MIN. 
-
-

100 
50 

-
-
-
-
-
-
-
-
-
-
-
-
-
-

LIMITS 
CDP1871AD 
CDP1871AE 

TYP.- MAJ(. MIN. 
- - -
- - -
40 - 100 

20 
260 500 -
130 250 -
70 150 -
35 75 -
850 1900 
425 950 -
120 250 -
60 125 -
100 200 -
50 100 -
150 400 -
75 200 -

350 700 -
170 350 -

CDP1871ACD 
CDP1871ACE 

TYP.- MAX. 
- -
- -
40 -

260 500 

- -
70 150 

- -
850 1900 

-
120 250 
- -
100 200 
- -
150 400 
- -

350 700 
- -

UNITS 

NOTE 
1 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CDP1871 A, CDP1871 AC 

r-tcc-1 
TPB ~tCWL~ JI II 

I I 
I I 

KEY CLOSURE ---.J I II K 

~ CLOSED 

l_tDA~ 
U 

D1 : ~ II II 0 

~ ________ ~r-l~ ____ _ 
I 
I 
I 
I I 

RPT II II II I II 

I I 

~::j r-RXCx-1 
oEBOUNCE -----II II I 

-, tco, r-
01-011 PRESENT: COUNT : : : _____ ~~~~~~ ______ ~--------~------~------------------------~NT 

CS* 
II II II II 

BUSO-BUS7 II II II & 

-I tcovi-

--------~------~----~----~------~< 
~ tCoH I-

VALID ">-- • * -CS· CSI.CS2.CS3-CS4 
CSI, CS2, CS3 • CPU N-LiNES 
CS4 cMRiil IS HIGH FOR CPU INPUT INSTRUCTION 

92CM-35006 

Fig 3 - CDP1871A dynamiC tlmmg diagram (non-repeat) 

TPB n /1--« I 
II 

______ ~r-l~ ______ _ 

KEY II 
DEPRESSED I 

CLOSED 
U 

OPEN 

~ r-'DAH 
15A II II 

I 

--1 r-'RPL ~'RP~ 
RPT I 

: u-1 II 

f-RxCx:...j 

oEBOUNCE ~ II 

01-011 PRESENT COUNT : : _______________________ ~----------~----~X~--N~E~X~T~C~O~UN~T~----------

Cs* ---.J I II II 

-j'CDV I- -j'CoH r-
eusO-BUS? ------<: VALID > II II 

* CS=m.CS2 _C53_CS4 92CM-3!5007 
CS· m, CS2 ,CS3' CCPU N-LiNESI 
CS4 C MRol IS HIGH FOR CPU INPUT INSTRUCTION 

Fig 4 - CDP1871A dynamiC tlmmg diagram (repeat). 
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424 

92CM- 32530RI 

Fig. 5 - Tvplcal system software flowchart 
for CDP1871A, CDP1871AC 
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CDP1872C, CDP1874C, CDP1875C 

(51 22 VDD 
010 21 017 
000 20 007 

High-Speed 8-Bit Input and Output Ports 
01 I 19 016 
DO I 18 006 Features: 
012 - 17 oro 
002 16 005 • Parallel 8-bit input/output register with buffered outputs 
Dt3 ~ 8 15 014 
003 --- 14 004 

CLOCK ~~~ 13 - CLR 

• High-spead data-in to data-out: 
85 ns (max.) at Vee = 5 V 

Vss ---~ ___ I.T- C52 • Flexible applications in microprocessor systems as 
buffers and latches 

TOP vIE W • High order address-latch capability in CDP1800 series 
microprocessor systems 

CDP1872C Input Port 
TERMINAL ASSIGNMENT 

• Output sink current = 5 mA (min.) at Vee = 5 V 
• 3-state output - CDP1872C and CDP1874C 

The RCA-COP1872C, COP1874C and COP1875C devices 
are high-speed 8-bit parallel input and output ports designed 
for use in the COP1800 microprocessor system and for 
general use in other microprocessor systems. The 
CDP1872C and COP1874C are 8-bit input ports; the 
COP1875C is an 8-bit output port. 

These devices have flexible capabilities as buffers and data 
latches and are reset by CLR input when the data strobe is 
not active. 

The CDP1872C and CDP1874C are functionally identical 
except for device selects. The CDP1872C has one active 
low and one active high select; the COP1874C has two 

CSI 22 VDD 
010 21 017 
DOD 20 007 
01 I 4 19 016 
001 5 18 006 
012 17 015 
002 16 005 
013 15 014 
003 14 004 

CLOCK 10 13 eLR 
VSS " 12 CS2 

TOP VIEW 

92CS- 33011 

CDP1874C Input Port 
TERMINAL ASSIGNMENT 

active high device selects. These devices also feature 3-
state outputs when deselected. Data is strobed into the 
register on the leading edge of the CLOCK and latched on 
the trailing edge of the CLOCK. 

The CDP1875C is an output port with data latched into the 
registers when the device selects are active. There are two 
active high and one active low selects. The output buffers 
are enabled at all ti meso 

These devices are supplied in 22-lead hermetic, dual-in-line 
side-brazed ceramic packages (0 suffix) and in 22-lead 
dual-in-line plastic package (E suffix). 

,--~ 

CSi ~I 22 "'DO 
010 2 21 017 
000 3 20 007 

OIl ~4 19 016 
001 5 18 006 
012 --.-J6 17 015 
002 17 16 005 

DI3~15 014 
003 9 14 - 004 
C53 10 13 CLR 
Yss II 12 C52 

TOP VIEW 

92CS-33010 

CDP1875C Output Port 
TERMINAL ASSIGNMENT 

File Number 1255 
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CDP1872C, CDP1874C, CDP1875C 
MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo) .................................................................................. -o.S to +7 V 
(Voltage referenced to Vs. Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS ...•...................................................................... -O.S to Voo +O.S V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 rnA 
POWER DISSIPATION PER PACKAGE (Po). 

For T. = -40° C to +60° C (PACKAGE TYPE E) ............................................................................ SOO mW 
For T. = +60°C to +8SoC (PACKAGE TYPE E) .............................................. Derate Linearly at 12 mWI'C to 200 mW 
For T. = -SsoC to +100'C (PACKAGE TYPE D) ........................................................................... SOO mW 
For T. = +100'C to +12S'C (PACKAGE TYPE D) ............................................ Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T. - FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................. 100 mW 

OPERATING-TEMPERATURE RANGE (TA)' 

PACKAGE TYPE D ............................................................................................. -SS'C to +12S'C 
PACKAGE TYPE E .............................................................................................. -40'C to +8S'C 

STORAGE TEMPERATURE RANGE (T."') .......................................................................... -6S'C to +1S0'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.S9 ± 0.79 mm) from case for 10 s max. ....................................................... +26S' C 

RECOMMENDED OPERATING CONDITIONS at TA = -40°C to +85'C. 
For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

UNITS 
ALL TYPES 

DC Operating-Voltage Range 4to 6.5 
V 

Input Voltage Range Vss to Voo 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40°C to +85°C, Voo ± 5%, except as noted 

CHARACTERISTIC 

Quiescent Device Current 

Output Low Drive (Sink) Current 

Output High Drive (Source) Current 

Output Voltage Low-Level * 

Output Voltage High-Level * 

Input Low Voltage 

Input High Voltage 

Input Leakage Current 

3-State Output Leakage Current # 

Input CapaCitance 

Output Capacitance # 

• Typical values are for TA = 25°C and Voo ±5%. 
* 10L = IOH = 1 /lA. 
# For CDP1872C and CDP1874C only. 

100 

10L 

10H 

VOL 

VOH 

V,L 

V,H 

I,N 

lOUT 

C'N 

COUT 

TEST CONDITIONS 

Vo V,N Voo 
(V) (V) (V) 

- 0,5 5 

0.4 0,5 5 

4.6 0,5 5 

- 0,5 5 

- 0,5 5 

0.5,4.5 - 5 

0.5,4.5 - 5 

- 0,5 5 

0,5 0,5 5 

- - -

- - -

LIMITS 
ALL TYPES 

MIN. TYP •• MAX. 

- 25 50 

5 10 -

-4 -7 -

- a 0.1 

4.9 5 -

- - 1.5 

3.5 - -

- - ±1 

- - ±5 

- 15 -

- 15 -

UNITS 

/lA 

rnA 

V 

/lA 

pF 
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CDP1872C, CDP1874C, CDP1875C 
CSi _..r------. 

CS2 /----------, 

DI--------i 

CLOCK --t-------i DO 

92CS-33008 

CSI 
CS2 

DI------~D 

CLOCK --t-------i DO 

92cs-nOO9 

Fig. 1 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1872C. 

Fig. 2 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1874C. 

es; 
CS2 
CS3 

DI 
DO 

92CS~33007 

Fig. 3 - Equivalent logic diagram (1 of 8 latches shown) 
for CDP1875C. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Yoo = 5 Y, t" tt = 10 ns, YIH = 0.7 Yoo, 
Yll = 0.3 Yoo, Cl = 150 pF 

LIMITS 

CDP1872C 
CHARACTERISTIC CDP1874C 

TYP •• MAX·t 

Input Port (Fig. 4) 

Output E: '1ble tEN 45 90 

Output Disable tOIS 45 90 

Clock to Data Out tOLO 45 90 

Clear to Output tCRO 80 160 

Data I n to Data Out tOIO 50 85 

Minimum Data Setup Time tosu 10 30 

Data Hold Time tOH 10 30 

Minimum Clock Pulse Width tel 30 60 

Minimum Clear Pulse Width tCR 30 60 

UNITS 

ns 

• Typical values are for T A = 25° C and Voo ±5%. t Maximum values are for TA = 85° C and Voo ±5%. 
,------------------------, 

C§i'CS2 ~ ~ (CDPI872CI 

CSI' CS2 fftjlDSU i : IDH (CDPI874CI ' ~ I 

---T---- _-----JII ~'--:I-_ 
I-lcL--i 

--,---O~'--I ~-
CLOCK I 

I 
DATA IN I 

: tCLol p ~tDIS~ 

'"----;---,.JJ ~ 1"1....-----
M 92CM'33(106 

DATA BUS rIEN
\ (HIGH Z) 

CLR 

Fig. 4 - Timing waveforms for CDP1872C and CDP1874C (Input-port types). 
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CDP1872C, CDP1874C, CDP1875C 
DYNAMIC ELECTRICAL CHARACTERISTICS al TA = 25·C, Voo = 5 V, I" If = 10 ns, V,H = 0.7 Voo, 
V,l = 0.3 Voo, Cl = 150 pF 

LIMITS 

CHARACTERISTIC CDP1875C 

TYP.- MAX.t 

Oulpul Port (Fig. 5) 

Clock to Data Out tClO 50 

Clear to Output tCRO 80 

Data In to Data Out tOlD 50 

Minimum Data Setup Time tos 10 

Data Hold Time tOH 10 

Minimum Clear Pulse Width tCR 30 

- Typical values are for TA = 25· C and Voo ±5%. 
t Maximum values are for TA = 85·C and Voo ±5%. 
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~'CS2'~ '\ 

I ~ 'DS ---: '---------

I I C-IDWi 

____ -+I __ ~: Ir-____ __ 

DATA IN : X X'-____ _ 
I ~- tOIO------1 

I v-----V 'i 
: ~........,. __ ....JIrL_ 
I-- 'ClO --I ICR0r--' Jr--

~ 

DATA OUT 

92CM-33005 

Fig. 5 - Timing waveforms for CDP1875C (output port). 

CLOCK I--

[ 
CSI 

r-- DO DI P ,--
MRo CDPI874C 

DATA IN 

TPA CLOCK 
001--- r- CS2 
01 r-

ADDRESS 
Dn-
0' r-M~a aus -" CDPI874C 04 r-

MAI5 05"-

CDPIB02 
06, CDPI875C 

07- f- CS2 

CSI CS2 

I 
r- CS3 

To := DI DO =:)1 TPa DATA OUT 

DATA aus 
0-7 CSi 

~l DATA BUS 

I 92CM- 33004 

Fig. 6 - CDP1874C used as an input port and address latch with 
CDP1875C used as an output port. 
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160 

85 

30 
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CDP1872C, CDP1874C, CDP1875C 
CLOCK I--

CS2 
DATA BUS 

~ I~ CDPl872C - DATA IN 

DO -07 
Y, CSi 
n-
y,-
-

NO- I-- AO Y4-

NI- l-- AI Y5-
'----- MRO N2- I-- A2 Ts- CLOCK ~ 

Y7- '-- CS2 

~ CSi 
CD74HC138 

~ CDPl802A DATA BUS CDPI872C 
DATA IN 

.--
92CS-33003R2 

Fig. 7 - CDP1872C used as an input port and selected by CD74HC138. 

MRD 

CDPIB02 

,--- NO NI N2 00-07 

1 
I 

CSI CSI 
CS2 CS2 

III 
TPB- CS3 

DATA IN ~ Dr DO Dr DO DATA OUT 

CDPIB74C CDPIB75C 

CSI CSI 
CS2 CS2 

DATA IN c=:) DI DO Dr DO DATA OUT 

TPB- CS3 
CDPI874C CDPI875C 

MEMORY 
92C$-33002 

Fig. 8-CDP1874C and CDP1875C used as mput/output buffers. 
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CDP1877, CDP1877C 
CASCAi5E I 28 VDD 

iR7 2 27 8US7 
iRS 3 26 8US6 
iRS 

Programmable Interrupt Controller (PIC) 
4 25 BUS 5 

IR4 5 24 8US4 
iR3 6 23 8US 3 
iRl! 7 22 8US2 Features: 
iRi 8 21 BUSI 
iRO 

• Compatible with CDP1800 series 
9 20 BUSO 

TPA 10 19 CS/Ax 
• Programmable long branch vector address and vector interval 

TPB II 18 CS/Ay • 8 levels of interrupt per chip 
MWR 12 17 CS • Easily expandable 
MRD 13 16 cs 
VSS 14 15 iNT 

• Latched interrupt requests 
• Hard wired interrupt priorities 

TOP VIEW 
92CS-34371 • Memory mapped 

TERMINAL ASSIGNMENT 
• Multiple chip select inputs to minimize address space requirements 

The RCA-COP1877 and CDP1877C. are programmable 8-
level interrupt controllers designed for use in CDP1800-
series microprocessor systems. They provide added 
versatilty by extending the number of permissible interrupts 
from 1 to N in increments of 8. 

When a high to low transition occurs on any of the PIC 
interrupt lines (IRO to TR'f). it will be latched and, unless the 
request is masked, it will cause the INTERRUPT line on the 
PIC and consequently the INTERRUPT input on the CPU to 
go low. 

The CPU accesses the PIC by having interrupt vector 
register R(1) loaded with the memory address of the PIC. 
Afterthe interrupt S3 cycle, this register value will appear at 
the CPU address bus, causing the CPU to fetch an 
instruction from the PIC. This fetch cycle clears the interrupt 
request latch bit to accept a new high-to-Iow transition, and 
also causes the PIC to issue a long branch instruction (CO) 
followed by the preprogrammed vector address written into 
the PIC's address registers, causing the CPU to branch to 
the address corresponding to the highest priority active 
interrupt request. 

• Formerly RCA-Oev. Type No. TA10911 and TA10911C, 
respectively. 

Programmable Interrupt Controller (PIC) Programming Model 

If no other unmasked interrupts are pending, the 
INTERRUPT output of the PIC will return high. When an 
interupt is requested on a masked interrupt line, it will be 
latched but it will not cause the PIC INTERRUPT output to 
go low. All pending interrupts, masked and unmasked, will 
be indicated by a "1" in the corresponding bit of the status 
register. Reading of the status register will clear all pending 
interrupt request latches. 

Several PICs can be cascaded together by connecting the 
INTERRUPT output of one chip to the CASCADE input of 
another. Each cascaded PIC provides 8 additional interrupt 
levels to the system. The number of units cascadable 
depends on the amount of memory space and the extent of 
the address decoding in the system. 

Interrupts a~ioritized in descending order; IR7has the 
highest and IRO has the lowest priority. 

The COP1877 and CDP1877C are functionally identical. 
They differ in that the COP1877 has a recommended 
operating voltage range of4 to 10.5 volts, and the CDP1877C 
has a recom mended operati ng voltage range of 4 to 6.5 
volts. They types are supplied in 28-lead dual-in-line ceramic 
packages (D suffix). and 28-lead dual-in-line plastic 
packages (E suffix). 

WRITE ONLY 

CONTROL REGISTER I WRITE ONLY B7 B6 B5 B4 I B3 82 B1 eo 
BUS 7 BUS 0 

MASK REGISTER I WRITE ONLY M7 M6 M5 M4 I M3 M2 M1 MO 

BUS 7 BUS 0 
STATUS REGISTER I READ ONLY S7 S6 S5 S4 I S3 S2 S1 so 

BUS 7 BUS 0 
POLLING REGISTER 

po ] READ ONLY P7 P6 P5 P4 I P3 P2 P1 

File Number 1319 
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CDP1877, CDP1877C 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltage referenced to VSS terminal) 

CDP1877 ..............................................................................•.....••..•.•...•...••... -0.5 to +11 V 

CDP1877C ........................................................................•............•....•........•.. -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS .....................................................................• -0.5 to VDD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ...................................... , ...................................••....• ±10 rnA 

POWER DISSIPATION PER PACKAGE (PO): 

For TA=-40 to +60°C (PACKAGE TYPE E) .........................................................................•.• 500 mW 

For TA=+60 to +85°C (PACKAGE TYPE E) ............................................. Derate linearly at 12 mW/oC to 200 mW 

For TA=-55 to +100°C (PACKAGE TYPE D) .......................................................••..............••. 500 mW 

For TA=+l00 to 125°C (PACKAGE TYPE D) ............................................ Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............................................••• 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 

PACKAGE TYPE 0 ............................................................................................ -55 to +l25°C 

PACKAGE TYPE E .............................................................................................. -40 to +85°C 

STORAGE-TEMPERATURE RANGE (Tstg) ........................................................................ -65 to +l50°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max .................................................... +286°C 

STATIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85°C, VDD ±5%, Except. noted 

CONDITIONS LIMITS 

CHARACTERISTIC Vo VIN VOO CDf'1877 

(V) (V) (V) Min. Typ. 0 
Max. 

Quiescent Device - 0,5 5 - 0.01 50 

Current IDD - 0, 10 10 - 1 200 

Output Low Drive 0.4 0,5 5 1.6 3.2 -
(Sink) Current IOl 0.5 0, 10 10 2.6 5.2 -

Output High Drive 4.6 O. 5 5 -1.15 -2.3 -
(Source) Current IOH 9.5 0, 10 10 -2.6 -5.2 -

Output Voltage - 0,5 5 - 0 0.1 

Low-Level VOLt - o. 10 10 - 0 0.1 

Output Voltage - 0,5 5 4.9 5 -
High Level VOH* - 0, 10 10 9.9 10 -

Input Low 0.5,4.5 - 5 - - 1.5 

Voltage VIL 0.5,9.5 - 10 - - 3 

Input High 0.5,4.5 - 5 3.5 - -
Voltage VIH 0.5,9.5 - 10 7 - -

Input leakage Any 0,5 5 - - ±1 

Current liN Input 0, 10 10 - - ±2 

3-State Output leakage 0,5 0,5 5 - ±10 4 ±1 

Current lOUT 0, 10 0, 10 10 - ±10-4 ±10 

Input Capacitance CIN - - - - 5 7.5 

Output Capacitance COUT - - 10 15 

Operating Device 5 - 0.5 1.0 
Current IOPER# 

10 1.9 3.0 -

°Typical values are for TA=25°C and nominal VDD. *IOL =IOH=lIlA. 
# Operating current measured under worst-case conditions in a 3.2-MHz CDP1802A system: 

one PIC access per instruction cycle. 

Min. 

-
-
1.6 

-

-1.15 

-
-
-
4.9 

-
-
-
3.5 

-
-
-
-
-
-
-
-
-

:l)P1877 UNITS 

Typ." Max. 

0.02 200 
p.A 

- -
3.2 -
- -

mA 
-2.3 -
- -
0 0.1 

- -
5 -
- -
- 1.5 

V 

- -
- -
- -
- ±1 

- -
±10 -4 ±1 

p.A 

- -
5 7.5 

10 15 
pF 

0.5 1.0 
mA - -
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CDP1877, CDP.1877C 
OPERATING CONDITIONS at TA=Full Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation Is always within the following ranges: 

LIMITS 

CHARACTERISTIC CDP1877 CDP1877C UNITS 

Min. Max. Min. Max. 

DC Operating Voltage Range 4 10.5 4 6.5 
V 

Input Voltage Range VSS VDD VSS VDD 

me 
READ 

STATUS WRITE WRITE 
REGISTER MASK PAGE READ 

REGISTER REGISTER LONG BRANCH 

EN EN 

HIGH 
VECTOR 

PRIORITY ADDRESS LONG 
INTERRUPT ENCODERI BRANCH 

ill 
LATCH I MASK 
STATUS REGISTER VECTO~ 

rm! 
REGISTER ADDRESS 

GENERATION 

INSTRUCTION 
GENERATE 

LOGIC 

m 
IR4 
I1i3 

MWR MRD 

'fR2 
m BUSO 

IRQ INTERVAL BUSI 

DATA BUS2 
BUS BUS3 BUFFERS 

BUS4 

BUSS 
WRITE 

BUSS CONTROL CONTROL REGISTER 
REGISTER 

BUS7 

Fig. 1 - Functional diagram lor CDP1877. 
92CL-34372 

Functional Definitions for CDP1877 and CDP1877C Terminals 

TERMINAL USAGE TYPE 

VOO-VSS Power 

BUSO-BUS7 Data bus-Communicates information to and from CPU Bidirectional 

iRa-IR7 Interrupt Request Lines Input 

INTERRUPT Interrupt to CPU Output 

MAD, MWR Read/Write controls from CPU Input 

TPA,TPB Timing pulses from CPU Input 

CS,CS Chip selects, Enable Chip if valid during TPA Input 

CS! Ax, CS! Ay Used as a Chip Select during' TPA and as a Register address during 
Read/Write Operations Input 

CASCADE Used for cascading several PIC units. The INTERRUPT output from a higher 
priority PIC can be tied to this input, orthe input can betied to Vdd if cascading 
is not used. Input 
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PIC Programming Model 

INTERNAL REGISTERS 

The PIC has three write-only programmable registers and 
two read-only registers. 

Page Register 
This write only register contains the high order vector 
address the device will issue in response to an interupt 
request. This high-order address will be the same for any of 

BUS 7 

CDP1877, CDP1877C 

the 8 possible interrupt requests; thus, interrupt vectoring 
differs only in location within a specified page. 

BUSO 
pAGE REGIsTER BITS I 

L-_-.-:.A.:..;1..:.5_..l---..:A..:.1:...;4_-J-_:...;A..:.13=----'-_..:..A:..:.1::.2 _.LI_....:.A..:;1:...:1_---1_A:..:..;.;1 O=----L_....:.A,::9:.....---L._....:A:...:8:--I WR ITE ONLY 

Control Register 
The upper nibble of this write-only register contains the low 
order vector address the device will issue in response to an 

interrupt request. The lower nibble is llsed for a master 
interrupt reset, master mask reset and for interval select. 

WRITE ONLY 

INTERVAL SELECT 
DETERMINES NUMBER OF 
BYTES ALLOCATED TO EACH 
INTERRUPT SERVICE ROUTINE 

Bit1 
o 
o 
1 
1 

Bit 0 
o 
1 
o 

Intenal 
2 
4 
8 
16 

MASTER MASK RESET 
o RESETS ALL MASK REGISTER BITS 
1 NO CHANGE 

MASTER INTERRUPT RESET 
o RESETS ALL INTERRUPT LATCHES 

CLEARS ANY PENDING INTERRUPTS 
1 NO CHANGE 

SETS UPPER BITS OF THE LOW ORDER 
VECTOR ADDRESS AS A FUNCTION OF THE 
INTERVAL SELECT 

THE LOW ORDER VECTOR ADDRESS WILL BE SET ACCORDING TO THE TABLE BELOW: 

INTERVAL SELECTED- LOW ADDRESS BITS 
NO. OF BYTES BIT B7 BIT B6 BIT B5 BITB4 

2 SETS A7 SETS A6 SETS A5 SET A4 
4 SETS A7 SETS A6 SETS A5 X 
8 SETS A7 SETS A6 X X 
16 SETS A7 X X X 

X=DON'T CARE 
NOTE: All DON'T CARE Addresses and Addresses AO-A3 are determined by interrupt request. 
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CDP1877, CDP1877C 
Malk Regllter 
A "1" written into any location in this write only register will 
mask the corresPOndin%interrupt request line. All interrupt 
inputs (except CASCA E) are maskable. 

BUS 7 BUS 0 

MASK BITS I WRITE ONLY 
~ ____ M_7 __ ~ ___ M~6~~ ___ M~5~~ ___ M~4 ___ '~I __ ~M~3 ____ ~_M_2 __ ~ ___ M_1 __ ~ ___ M_0--J_ 

Status Register 
In this read only register a "1" will be present in the 
corresponding bit location for every masked or unmasked 
pending interrupt. 

BUS 7 BUS 0 
STATUS BITS I READ ONLY S7 S6 S5 S4 I S3 S2 S1 SO 

Polling Register 
This read only register provides the low order vector 
address and is used to identify the source of interrupt if a 
polling technique. rather than interrupt servicing. is used. 

BUS 7 BUS 0 

P7 P6 P5 
POLLljG BITS 
P4 P3 P2 P1 PO I READ ONLY 

RESPONSE TO INTERRUPT (AFTER S3 CYCLE) 
The PIC's response to interrogation by the CPU is always 3 
bytes long. placed on the data bus in consecutive bytes in 
the following format: 

First (Instruction) Byte: 
LONG BRANCH INSTRUCTION - CO (Hex) 

BUS 7 BUS 0 

0 0 0 0 0 0 

Second (High-Order Addre .. ) Byte 
This byte is the High-Order vector Address that was written 
into the PIC's Page Register by the user. The PIC does not 
alter this value in any way. 

High-Order Vector Addre88 

BUS7 BUS 0 

A15 A14 A13 A12 A11 A10 A9 A8 
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CDP1877, CDP1877C 
Third (Low-Order Addre18) Byte. 

INTERVAL 2 
BUS 7 

A7 I 
INTERVAL 4 
BUS 7 

A7 

INTERVAL 8 
BUS 7 

A7 

INTERVAL 1b 
BUS 7 

A7 

AS 

AS 

AS 

AS A4 

AS 

o 

o o 

Indicates active interrupt input number (binary 0 to 7). 

Bits indicated by Ax (x=4 to 7) are the same as programmed 
into the Control Register. All other bits are generated by the 
PIC. 

REGISTER ADDRESSES 

BUSO 

o 

BUSO 

o o 

BUSO 

o o 

BUS 0 

o o 

I n order to read/write or obtai n an interrupt vector from !!!y 
PIC in the system, all chip selects (CS/Ax, CS/Ay, CS, CS) 
must be valid during TPA. 

CSt Ax and CSt Ay are multiplexed addresses; both must be 
high during TPA, and set according to this table during TPB 
to access the proper register. 

CS/Ax CS/Ay RD WR ACTION TAKEN 

1 0 0 1 READ Long Branch instruction and vector for highest priority unmasked 
interrupt pending. 

1 0 1 0 WRITE to Page Register 

0 1 1 0 WRITE to Control Register 

0 0 0 1 READ Status Register 

0 0 1 0 WRITE to Mask Register 

0 1 0 1 READ Polling Register (Used to identify INTERRUPT source If Polling tech-
nique rather than INTERRUPT service Is used.) 

1 1 X X Unused condition 
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CDP1877, CDP1877C 
PIC Application Examples 

Example I-Single PIC Application 
Fig. 2 shows all the connections required between CPU and 
PIC to handle eight levels of interrupt control. 

MA7 

MA6 

MA5 

MA4 

CPU MwR 

MRD 

TPA 

TPB 

-
INT 

CDPIB02 

BUS~ ~ 

CS/Ax 

CS/Ay 

CS 

cs 

MWR PIC 

MRi5 

TPA 

TPB 

INT 
CDPIB77 

BUS 

CASC f--

f--

----:= -
IR3 

iR2 
iRT 
IRO 

92CS- 34376 

Fig. 2 '- PIC and CPU connection diagram. 

Programming 
Programming the PIC consists of the following steps: 

1. Disable interrupt at CPU. 
2. Reset Master Interrupt Bit, B3, of Control Register. 
3. Write a "1" into the Interrupt Input bit location of the 

Mask Register, if masking is desired. 
4. Write the High-Order Address byte into the Page 

Register. 
5. Write the Low-Order Address and the vector Interval 

into the Control Register. 
6. Program R(1) of the CPU to point to the PIC so that the 

Long Branch instruction can be read from the PIC 
during the Interrupt Service routine. 

Table I - Register Address Values 

REGISTER REGISTER ADDRESS 

MASK EOOOH 

CONTROL E040H 

PAGE E080H 

STATUS EOOOH 

POLLING E040H 

R(1) (IN CPU) E080H 

Values for Example I with LOCATION 84EO arbitrarily 
chosen as the Vector Address with interval of eight bytes, 
IR4 pending, is shown in Table I. 

In deriving the above addresses, all DON'T CARE bits are 
assumed to be O. 

When an INTERRUPT (IR4) is received by the CPU, it will 
address the PIC and will branch to the interrupt service 
routine. 

The three bytes generated by the PIC will be: 
1st Byte=COH 
2nd Byte=84H 
3rd Byte=EOH 

OPERATION DATA BYTE 

WRITE OOH 
WRITE CEH 
WRITE 84H 
READ 10H 
READ EOH 

- -
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Example II-Multi-PIC Application 
Fig. 3 shows all the connections required between CPU and 
PICs to handle sixteen levels of interrupt control. 

CPU 
MA7 

MA6 

MAS 

MAl 

MAO 
llWI' 

MlRI 
TPA 

TPB 1 
iNT U /I 
BUS IV-- I I I I I 

CDPI802 

~ 
I I I I I 

.-

~ 

" v 

CDP1877, CDP1877C 

+v 
CStAx 

CS/Ay 

CS l:ASl: 
CS 

m := "!!WI! ffi 
MRo Tlf! 4--

TPA m 
~ TPB m 

rNf ilf2 ~ 
BUS nIT ~ 

TR6 I-PIC I 
COPle77 

CS/Alt l:ASl:~ 
CS/Ay 

CS IR7 

~ es TA6 
MWR IRs 

~ MRO TR4 
TPA m 

~ TPB Tiff 
iNT Tifi ~ 

HIGHEST 
PRIORln 
INTERRUPT 

PIC 2 IRO ~I LOWEST 
PRIORITY 
NTERRUPT BUS I 

COPla77 

92CM-34375 

Fig. 3 - PICs and CPU connection diagram. 

Register Address AsSignments 
The low-byte register address for any WRITE or READ 
operation is the same as shown in Table I. 

The high-byte register differs for each PIC because of the 
linear addressing technique shown in the example: 

PIC 1=111XXX01 (E1H FOR X=O) 
PIC 2=111XXX10 (E2H FOR X=O) 

The R(1) vector address is unchanged. This address will 
select both PICs simultaneously (R(1).1 =111 XXXOO=EOH). 
Internal CDP1877 logic controls which PIC will respond 
when an interrupt request is serviced. 

Additional PIC Application Comments . 
The interval select options provide significant fleXibility for 
interrupt routine memory allocations: 

• The 2-byte interval allows one to dedicate a full pageto 
interrupt servicing, with variable space between 
routines, by speCifying indirect vectoring with 2 byte 
short branch Instructions on the current page . 

• The 4-byte interval allows for a 3 byte long branch to 
any location in memory where the interrupt service 

routine is located. The branch can be preceded by a 
Save Instruction to save previous contents of X and P 
on the stack. 

• The 8-byte and 16-byte intervals allow enough space to 
perform a service routine without indirect vectoring. 
The amount of interval memory can be increesed even 
further if ali 8 INTERRUPTS are not required. Thus a 4-
level interrupt system could use alternate m- Inputs, 
and expand the interval to 16 and 32 bytes, respectively. 

The 4 Chip Selects allow one to conserve total allotted 
memory space to the PIC. For one chip, a total of 4 
address lines could be used to select the device, 
mapping it into as little as 4-K of memory space. Note 
that this selection technique is the only one that allows 
the PIC to work properly in the system: I/O mapping 
cannot be used because the PIC must work within the 
CDP1800 interrupt structure to define the vector 
address. Decoded signals also will not work because 
the chip selects must be valid on the trailing edge of 
TPA. 
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CDP1877, CDP1877C 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA=-40 to +850 C, VDD ±5"1o, 1,,1,=20 ns, 
VIH=O 7 VDD VIL =0 3 VDD CL =50 pF , , 

LIMITS 
CHARACTERISTIC VDD CDP1877 I"!DP1871 UNITS 

(V) Min, Typ,· Ma., Min, Typ,· Ma., 

Address 10 TPA Setup Time 5 60 60 
tAS 

10 40 - - - - -
Addre88 10 TPA Hold Time 5 60 - - 60 

tAH 
10 40 - - - - -

Dala Valid atter TPB 5 370 - - 370 
tDTPB 10 210 310 - - - -

Dala Hold Time from Write 5 30 - 30 
tHW 

10 40 - - - - -
Address to Valid Data Access Time 5 - 340 490 - 340 490 ns tOR 

10 - 125 230 - - -
Oala Selup Time 10 Write 5 0 - - 0 - -

tosu 
10 0 - - - - -

Addre88 Hold from TPB 5 80 80 
tHTPB 10 40 - - - - -

Minimum MWR Pulse Width tMWR 5 130 130 
10 60 - - - - -
5 130 - 130 -

Minimum IR Pulse Width tiRX 
10 60 - - - - -

• Typical values are for T A=25°C and Vee ±5%. 

TPA~~ __ 

I--tAS -tAH 

MEMORY ADDRESS HIGH BYTE LOW BYTE 

--00 I--

TPB r-
Milo \ 

I--t DR - t 1 ~''' .. ~ DATA FROM PIC TO BUS 

l-tm}I----
l== ~ 92CM-34804 

Fig. 4 - Timing waveforms for CDP1877. 
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CDP1878, CDP1878C 
TNT 28 VDD 

TAO 27 DB7 
TAO 3 26 DB6 CMOS Dual Counter-Timer 
TAG 4 25 DBS 

TACL 24 DB4 
Rii 23 DB3 Features: 

X-OIMEM 7 22 OB2 
TPBiWR 8 21 OBI 

TPA 9 20 DBO 

• Compatible with general-purpose and CDP1BOO-series 
microprocessor systems 

CS 10 19 TBO 
AO II 18 TIll 
AI 12 17 TBG 
A2 13 16 TBCL 

VSS 14 IS mET 

• Two 16-bit down-counters and two B-bit control registers 
• 5 modes including a versatile variable-duty cycle mode 
• Programmable gate-level select 
• Two-complemented output pins for each counter-timer 

TOP VIEW 
92CS-34626 

• Software-controlled interrupt output 
• Addressable in memory space or CDP1BOO-series I/O space 

TERMINAL ASSIGNMENT 

The RCA-CDP1878 and CDP1878C8 are dual counter­
timers consisting of two 16-bit programmable down 
counters that are independently controlled by separate 
control registers. The value in the registers determine the 
mode of operation and control functions. Counters and 
registers are directly addressable in memory space by any 
general-industry-type microprocessors, in addition to 
input/output mapping with the CDP1800-series micropro­
cessors. 

counter-timer has software control of a common interrupt 
output with an interrupt status register Indicating which 
counter-timer has timed out. 

In addition to the interrupt output, true and complemented 
outputs are provided for each counter-timer for control of 
peripheral devices. 

The CDP1878 and CDP1878C are functionally identical. 
They differ in that the CDP1878 has a recommended 

Each counter-timer can be configured in five' modes with 
the additional flexibility of gate-level control. The control 
registers in addition to mode formatting, allow software 
start and stop, interrupt enable, and an optional read 
control that allows a stable readout from the counters. Each 

operating voltage range of 4 to 10.5 volts, and the 4 
CDP1878C has a recommended operating voltage range of 
4 to 6.5 volts. These types are supplied in 28-lead dual-in-
line ceramic packages (0 suffix), and 28-lead dual-in-line 
plastic packages (E suffix). 

toFormerly RCA Dev. Type No. TA1098l and TA10981C, respectivel' 

Table I - Mode Description 

Mode Function Application 
1 Timeout Outouts chance when clock decrements counter to "0" Event counter 
2 Timeout Strobe One clockwide output pulse when clock decrements Trigger pulse 

counJer to "0" 
3 Gate-Controlled One Shot Outputs c,hange when clock decrements counter to "0". Time-delay generation 

Retriggerable 
4 Rate Generator Reoetitive clockwide outout oulse Time-base....9.enerator 
5 Variable-Duty Cycle Repetitive output with programmed duty cycle Motor control 

OPERATING CONDITIONS at TA=Full Package-Temperature Range. For maximum reliability. 
operating condition. should be selected 10 that operation II alwaYI within the following range.: 

LIMITS 
CHARACTERISTIC CDP1878 CDP1878C UNITS 

Min. Max. Min. Max, 
DC Operating Voltage 8ange 4 10.5 4 6.5 

V 
Input Voltage Range V!,:!,: VDD Vss VjID 
Maximum Clock Input Rise or 

- 5 - 5 ps 
Fall Time tr,tf 

Minimum Clock Pulse Width tWL, tWH 200 200 ns 
Maximum Clock Input Frequency, fCl DC 1 DC 1 MHz 

File Number 1341 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltage referenced to VSS terminal) 

CDPI878 .......................................................................................................... -0.5 to +11 V 

CDP1878C ........................................................................................................ -0 5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS ........................................................................ -0.5 to VDD +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT .................................................................................. ±10 mA 

POWER DISSIPATION PER PACKAGE (PO)· 

For TA=-40 to +60° C (PACKAGE TYPE E) ............. , ................................................................. 500 mW 

For TA=+60 to +85° C (PACKAGE TYPE E) ................................................. Derate Linearly at 12 mW/oC to 200 mW 

For TA=-S5 to +100°C (PACKAGE TYPE D) ............................................................................. 500 mW 

For TA=+100 to 125°C (PACKAGE TYPE D) ............................................... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA). 

PACKAGE TYPE D ............................................................................................... -55 to +125°C 

PACKAGE TYPE E ................................................................................................ -40 to +85°-C 

STORAGE-TEMPERATURE RANGE (Tstg) .......................................................................... -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING). 

At distance 1/16 ± 1/32 In. (1 59 ± 0.79 mm) from case for 10 s max ..................................................... +265"C 

STATIC ELECTRICAL CHARACTJ;RISTICS at TA=-40 to +8S"C, VOO ±S%, Except as noted 

CONDITIONS LIMITS 

CHARACTERISTIC Vo VIN VOO COP1878 COP1878C UNITS 
(V) (V) (V) Min. Typ.- Max. Min. Typ.- Max.. 

QUiescent Device Current IDD 
- 0, 5 5 - 0.01 50 - 0.02 200 

pA 
- 0, 10 10 - 1 200 - - -

Output Low Drive 0.4 0,5 5 1.6 3.2 - 1.6 3.2 -
(Sink) Current IOL 0.5 0, 10 10 2.6 5.2 - - - -

rnA 
Output High Drive 4.6 0, 5 5 -1.15 -2.3 - -1.15 -2.3 -

(Source) Current IOH 9.5 0, 10 10 -2.6 -5.2 - - - -
Output Voltage - 0,5 5 - 0 0.1 - 0 0.1 

Low-Level VOL:j: - 0, 10 10 - 0 0.1 - - -
Output Voltage - 0, 5 5 4.9 5 - 4.9 5 -

High Level VOH:j: - 0, 10 10 9.9 10 - - - -
V 

Input Low Voltage 0.5,4.5 - 5 - - 1.5 - - 1.5 
VIL 

0.5,9.5 - 10 - - 3 - - -

Input High Voltage VIH 
0.5,4.5 - 5 3.5 - - 3.5 - -
0.5,9.5 - 10 7 - - - - -

Input Leakage Current liN 
Any 0,5 5 - - ±1 - - ±1 

pA 
Input 0, 10 10 - - ±2 - - -

Operating Current IDD1A 
- 0, 5 5 - 1.5 3 - 1.5 3 

o 10 10 6 12 
rnA - - - - -

Input Capacitance CIN - - - - 5 7.5 - 5 7.5 
Output Capacitance COUT - - - - 10 15 - 10 15 

pF 

"Typical values are for TA=25" C and nominal VDD *IOL =IOH=II'A. 

t.Operating current is measured at 200 kHz for VDD=5 Vand 400 kHz for VDD=10 V, with open outputs (worst-case frequencies for 

CDP1802A system operating at maximum speed of 3.2 MHz) 
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RESET 

lfIj 

TPB/YiR 
I-o/iifil 

TPA 

CS 
A2 

AI 

AO 

8-81T 
EXTERNAL 

BUS 

I-O 
CONTROL 

AND 
LOGIC 

DATA 
BUS 

DRIVERS 

CDP1878, CDP1878C 

INT AND 
STATUS REGISTER 

GATE A 

GATE B 

.-------L-"1-.. T80 

m 
CLOCK B 

92CL-34627 

Fig. 1 - Functional diagram CDP1878 and CDP1878C. 

FunctIonal Oellnltlonllor COP1878 and COP1878C Termlnall 

TERMINAL USAGE TERMINAL USAGE 

VDD-VSS Power 
DBO-DB7 Data to and from device CS Active high input that enables device 

TPB/wrI, J!rn Directional control signals '1m' Low when counter is "0" 
AO, A1, A2 Addresses that select counters Rffii' When active, TAO, TBO are low, 

or registers TAb, rna are high. Interrupt status 
TACL, TBCL Clocks used to decrement counters register is cleared 
TAG, TBG Gate inputs that control counters I-O/MEM Tied high in CDP1800 input/output 
TAO,TAO Complemented outputs of Timer A mode, otherwise tied low 
TBO, i'BO Complemented outputs of Timer B 

TPA Used with CDP1800-series processors, 
tied high otherwise 
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REGISTER TRUTH TABLE 

ADDRESS ACTIVE 

A2 A1 AO TPI/WR 

1 1 0 X 
1 1 0 

0 1 0 X 
0 1 0 
1 0 0 X 
1 1 1 X 
1 1 1 

0 1 1 X 
0 1 1 

1 0 1 X 
1 0 0 

1 0 1 

0 0 0 

0 0 1 

PROGRAMMING MODEL 

Counter A Registers 

BUS 7 BUS 0 

I ~O~+~R~++ I 
WRITE ONLY 

I HOLDING RI;GISTER lS~ I H+++RH I 
READ ONLY WRITE ONLY 

I HOLDING REGISTER Msal I :A~ R~GI:ST~R ~sf I 

AD REGISTER OPERATION 

Write Counter A MSB 

X Read Counter A MSB 

Write Counter A LSI 

X Read Counter A LSil 

Control R~lter A 

Write Counter B MSB 

X Read Counter I MSB 

Write Counter B LSI 

X Read Counter B LSI 

Control R~lter B 

X 
X 

Interrupt StatuI Regllter 

Not Uled 

Not Used 

Counter B Registers 

BUS7 BUSO 

I CONTROL REGISTER I 

I HOLDING REGISTER ~~ 
READ ONLY 

I HOLDING REGISTER MS~ 

WAITE ONLY 

Interrupt Status Regllter 

BUS7 BUS 0 

WRITE ONLY 
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Functional Description-See Fig. 1 

The dual counter-timer consists of two programmable 16-
bit down counters. separately addressable and controlled 
by two independent 8-bit control registers. The word in the 
control register determines the mode and type of operation 
that the counter-timer performs. Writing to or reading from 
a counter or register is enabled by selective addressing 
during a write or read cycle. The data is placed on the data 
bus by the microprocessor during the write cycle or read 
from the counter during the read cycle. Data to and from 
the counters and to the control registers is in binary format. 

Each counter-timer consists of three parts. The first is the 
counter itself, a 16-bit down counter that is decremented on 
the trailing edge of the clock input. The second is the jam 
register that receives the data when the counter is written 
to. The word in the control register determines when the 
jam register value is placed into the counter. The third part 
is the holding register that places the counter value on the 
data bus when the counter is read. 

When the counter has decremented to zero, three events 
occur. The first involves the common interrupt output pin 
that, if enabled, becomes active low. The second is the 
setting of a bit in the interrupt status register. This register 
can be read to determine which counter-timer has timed 
out. The third event is the logic change of the complemented 
output pins. 

In addition to the clock input used to decrement the 
counter, a gate input is available to enable or initiate 
operation. The counter-timers are independent and can 
have different mode operations. 

Write Operation 

The counters and registers are separately addressable and 
are programmed via the data bus when the chip is selected 
with the TPB/WR pin active. Normal sequencing requires 
that the counter jam register. be loaded first with the 
required value (most significant and least significant byte 

Control Register 

CDP1878, CDP1878C 
in any order), and then the control register be accessed and 
loaded with the control word. The trailing edge of the 
TPB/WR pulse will latch the control word into the control 
register. The trailing edge of the first clock to occur with 
gate valid will cause the counter to be jammed with Its initial 
value. The counter will decrement on the trailing edge of 
succeeding clocks as long as the gate is valid, until it 
reaches zero. The output levels will then change, and if 
enabled, the interrupt output will become active and the 
appropriate timer bit will be set in the interrupt status 
register. The interrupt output and the interrupt status 
register can be cleared (to their inactive state) by addressing 
the control register with the TPB/WR' line active. For 
example, if counter A times out, control register A must be 
accessed to reset the interrupt output high and reset the 
timer A bit in the status register low. Timer B bit in the status 
register will be unaffected. 

Read Operation 

Each counter has a holding register that is continuously 
being updated by the counter and is accessed when the 
counter is addressed during read cycles. Counter reads are 
accomplished by halting the holding register and then 
reading it, or by reading the holding register directly. If the 
holding register is read directly, data will appear on the bus 
if the counters are addressed with the RD line active. 
However, if the clock decrements the counter between the 
two read operations (most and least significant byte). an 
inaccurate value will be read. To preclude this from 
happening, writing a "1" into bit 60f the control register and 
then addressing and reading the counter will result in a 
stable reading. This operation prevents the holding register 
from being updated by the counter and does not affect the 
counter's operation. 

The interrupt status register is read by addressing either 
control register with the RD line active. A "1" in bit 7 
indicates Timer A has timed out and a "1" in bit 6 indicates 
Timer B has timed out. Bits 0-5 are zeros. 

Jem Ene.le ~ J 1=Enabled 
O=DI •• bled 

Lt '---....------' 
Gate Level Select 
1=Posltlve (High) 
O=Neg.tlve (Low) 

Interrupt Enable 
1=Enabl.d 
O=Olsabled 

Mode Select 
001=Mode 1 
010-Mode 2 

·011=Mode 3 
100=Mode 4 
101=Mode 5 

·Plus Bit 7=0 

Holding Reglater Control 
1=Fre.ze Holding Register 
0= Update Continuously 

Start/Slop Control 
1=918rt Counter -----' 
O"Stop Count.r 

Bltl 0, 1 and 2 - Mode Selects-See Mode Timing Diagrams (Figs. 2, 3, 4, 5 and 6). 

Mode 1 - Timeout 
Mode 2 - Timeout Strobe 
Mode 3 - Gate Controlled One Shot 
Mode 4 - Rate Generator 
Mode 5 - Variable-Duty Cycle 

No Mode selected. Counter outputs unaffected. 

Note: When selectinll...!..!!!ode, the timer outputs TAO and 
TBO are set low, and TAO and ftiO are set high. If bits 0,1 
and 2 are all zero's when the control register is loaded, no 

Bit 7 Bit 2 BI11 BIIO 
- 0 0 1 
- 0 1 0 
0 0 1 1 
- 1 () 0 
- 1 0 1 

- 0 0 0 

mode is selected, and the counter-timer outputs are 
unaffected. Issuing mode 6 will cause an indeterminate 
condition of the counter, issuing mode 7 is equivalent to 
issuing mode 5. 
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CDP1878, CDP1878C 
Bit 3-Gate level select-All modes require an enabling 
signal on the gate to allow counter operation. This enabling 
signal is either a level or a pulse (edge). Positive gate level 
or edge enabling is selected by writing a "1" into this bit and 
negative (low) enabling is selected when bit 3 is "0". 

BlI4-lnterrupt enable-Setting this bit to "1" enables the 
i1ii'f output, and setting it to "0" disables it. When reset, the 
J1ij'f output is at a high level.lfthe interrupt enable bit in the 
control r~ter is enabled and the counter decrements to 
zero, the lNT output will go low and will not return high until 
the counter-timer is reset or the selected control register is 
written to. Example: If timer B times out, control register B 
must be accessed to reset the INT output high. If the 
interrupt enable bit is set to "0", the counter's timeout will 
have no effect on the INT output. 

In mode 5, the variable-duty cycle mode, the INT pin will 
become active low when the MSB in the counter has 
decremented to zero. 

BIIS-Start/stop control-This bit controls the clock input 
to the counter and must be set to "1" to enable it. Writing a 
"0" into this location will halt operation of the counter. 
Operation will not resume until the bit is set to "1". 

BlI6-Holding register control-Since the counter may be 
decrementing during a read cycle, writing a "1" into this 
location will hold a stable value in the hold register for 

MODE DESCRIPTIONS 

subsequent read operations. Rewriting a "1" into bit 6 will 
cause an update in the holding register on the next trailing 
clock edge. If this location contains a "0", the holding 
register will be updated continuously by the value in the 
counter. 

B1I7-Jam enable-When this bit is set to "1" during a write 
to the control register, the 16-bit value in the jam register 
will be available to the counter; TAO and TBO are reset low 
and 'TAO andTBO are set high. On the trailing edge of the 
first input clock signal with the gate valid this value will be 
latched in the counter, the counter outputs TAO and TBO 
will be set high and the 'TAO and TEfO will be reset low. 
Setting bit 7 to "0" will leave the counter value unaffected. 
This location should be set to "0" any time a write to the 
control register must be performed without changing the 
present countervalue. Ifthe value in the jam register has not 
been changed, writing a "1" into bit 7 of the control register 
with zeros in bits 0,1, and 2 (mode select) will reload the 
counter with the old value and leave the mode unchanged. If 
the value in the jam register is changed, then the next write 
to the control register (with bit 7 a "1") must include a valid 
mode select (i.e., at least 1 olthe bitsO, 1, or2 must bea "1"). 

I n mode 3, the hardware start is enabled by writing a "0" into 
bit 7. If a "1" is written to bit 7, the timeout will start 
immediately and mode 3 will resemble mode 1. 

Mode Control Realster Gate Control 

Ixlxlxlxlxl ololll 
Selectable 

1 
Timeout High or Low Level 

Enables Operation 
BUS7 

Mode 1: 
After the count is loaded into the jam register and the 
control register is written to with the jam-enable bit high on 
the trailing edge of the first clock after the gate is valid, TXO 
goes high and TIm goes low. The input clock decrements 
the counter as long as the gate remains valid. When it 
reaches zero, TXO goes low and 'i'XO goes high, and if 

COUNTER VALUE 

CLOCK 

WR 
CONTROL 
REGISTER 

BUSO 

enabled, the interrupt output is set low. Writing to the 
counter while it is decrementing has no effect on the 
counter value unless the control register is subsequently 
written to with the jam-enable bit high. After timeout the 
counter remains at FFFF unless reloaded. 

STALL COUNTER 

~ 

r-----~~------------------, ~-------

GATE 

TXO 

LOAD COUNT' 5 

92CM¥34628R3 
Fig. 2 - Timeout (mode 1) timing waveforms. 
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CDP1878, CDP1878C 

Mode Control Reallter Gate Control 

\x\xlx\x\x\oI1\O\ 

Selectable 

2 
Timeout Strobe High or Low Level 

Enables Operation 
BUS7 

Mode 2: 
Operation of this mode is the same as mode 1, except the 
outputs will change for one clock period only and then 

CLOCK 

Wli 
CONTROL 

REGISTER 

GATE 

TKO 

* WRITE TO CONTROL REGISTER WITH 
MODE SELECTS'O 

BUSO 

return to the condition of TXO high andTXO low, and the 
counter is reloaded. 

LOAD COUNT' 3 
92CM-34629R2 

Fig. 3 - Timeout strobe (mode 2) timing waveforms. 

Mode Control Reallter Gate Control 
~, Selectable 

lolxlxlxlx\oI111\ 

Positive or Negative 

3 
Gate Controlled One Shot ~Oing Edge In1tiates 

Operation 
BUS7 

Mode 3: 
After the jam register is loaded with the required value, the 
gate edge will initiate this mode. TXO will be set high, and 
1m will be set low. The clock will decrement the counter. 
When zero is reached, TXO will go low and"TiO' will be 
high, and the interrupt output will be set low. The counter is 

COUNTER VALUE 

CLOCK 

CON~OL-----'" 
REGISTER (L----f-.J ....-___ ., 

GATE 

TKO 

BUSO 

retriggerable: While the counter is decrementing, a gate 
edge or write to the control register with the jam-enable bit 
high, will load the counter with the jam register value and 
restart the one-shot operation. 

o 2 

92CM- 34630R2 

Fig. 4 - Gate controlied one-shot (mode 3) timing waveforms. 
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Mode Control Realater Gate Control 

I xlxlxlxlxl11olo1 
~electable 

4 
Rate Generator High or Low Level 

Enables Operation 
BUS 7 BUSO 

Mode 4: 
A repetitive clock-wide output pulse will be output, with the 
time between pulses equal to the counter's value, (trailing 
edge to leading edge). This model is software started with a 
write to the control register if the gate level is valid. If the 
counter is written to while decrementing, the new value will 

not affect the counter's operation until the present timeout 
has concluded, unless the control register is written to with 
the jam-enable bit high. If the gate input (TAG or TBG) is 
used to start this mode. The first cycle following the gate 
going true IS indeterminate. 

COUNTER VALUE 

CLOCK 

WR 
CONTROL 
REGISTER 

GATE 

TXO 

5 

ModeS: 

o 

LOAD COUN T' , 

Fig. 5 - Rate generators (mode 4) timing waveforms. 

Mode Control Register 

Variable Duty Cycle I xlxlxlxlxl11 0 111 
BUS 7 BUSO 

N 

92CM- 34631R2 

Gate Control 
Selectable 

High or Low Level 
Enables Operation 

After the mode is initiated, the outputs will remain at one 
level until the clock decrements the least significant byte of 
the counter to N+1. The outputs will then change level and 
the counter decrements the most significant byte to N+1. 
The process will then repeat, resulting in a repetitive output 

with a duty cycle directly controlled by the value in the 
counter. The output period will be equal to LSB+MSB+2. 

COUNTER VALuE 

CLOCK 

WI! 
CONTROL 

REGISTER 

GATE 

TXO 

The Interrupt output will become active after the MSB is 
loaded into the counter and decrements to zero. 

o o 

o o 

LSB 

LOAO COUNT LSB -2 ANO MSB' I 

Fig. 6 - Variable-duty cycle (mode 5) timing waveforms. 

Note: 
In order to avoid unwanted starts when selecting mode 3 or 
4, the gate signal must be set to the opposite level that will 
be programmed. 

o 

o 

LSB 

92CM-34632R2 
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SeHlnglhe Conlrol Regl,"r 

The following will illustrate a counter write and subsequent 
reads that places stable, accurate values on the data bus 
from the counter-timer. 

The counter is addressed and the required values are 
loaded with a write operation. The control register is 
addressed next and loaded with B9H. 

BUS 7 auso 

I, I 0 I, I, I, I 0 I 0 I, I 
J 1 II '--------'t Conlro! R"III."r~a'H 

Load counter with 

...... .......... Mode 1 .elected 

Po.ltlv. gil" enabll"l 
Holding .... 1 ... ' conIIRuou.l, required 
updll" by counte, 

Interrupt output enlbled 

Counter I.,rt 

The counter will now decrement with each input clock pulse 
while the gate is valid. Assuming the counter has not 
decremented to zero and its value is to be read without 
affecting the counter's operation, a write to the control 
register is performed. 78H is loaded into the control 
register. 

BUS7 auso 

I 0 I, I, I, I, I 0 I 0 I 0 I 
f ) T~f Conlrol r.gi.'.r~7'H 

Counter value Unchanged 

unanected Counter outputl unaHected 

Freeze holding regllter 

The counter is addressed and read operations are per­
formed. 

CDP1878,CDP1878C 
Funcllon Pin Deflnlllon 

DB7-DBO-8-bit bidirectional bus used to transfer binary 
information between the microprocessor and the dual 
counter-timer. 
VDD. Vss-Power and ground for device. 
AO, Al, and A2-Addresses used to select counters or 
registers. 
TPBIWR, RD-Directional signals that determine whether 
data will be placed on the bus from a counter or the 
interrupt status register (FIn active) (memory mapped), or 
data on the bus will be placed into a counter or control 
register (TPB/WR active). The following connections are 
required between the microprocessor and the counter­
timer in the CDP1800-series input/output mapping mode. 

Mlcroprocellor 

MRD 

TPB 

TPA 

N Lines 

and I-O/MEM to VDD. 

Counler-Timer 

TPBIWR 

TPA 

Address Lines 

During an output instruction, data from the mem~ is 
strobed into the counter-timer during TPB when RIr is 
active, and latched on TPB's traili ng edge. Data is read from III 
the counter-timer when mr is not active between the • 
trailing edges of TPA and TPB. (See Figs. 10, 11, and 12.) 

TACL, TBCL-Clocks used to decrement the counter. 
TAG, TBG-Gate inputs used to control counter. 
TAO, !!Q-Complemented outputs of Timer A. 
TBO, TBO-Complemented outputs of Timer B. 
iiii't-Common interrupt output. Active when counter 
decrements to zero. 
RESET-Active low sl!l!!!! that resets counter outputs 
(TAO, TBO low, TAO, TBO high). The interrupt output is 
set high and the status register is cleared. 
I-O/Ill!1ll-Tied high in CDP1800-series input/output mode, 
otherwise tied low. 
TPA-Tied to TPA ofthe CDP1800-series microprocessors. 
During memory mapping, it is used to latch the high order 
address bit for the chip select. In the CDP1800 input/output 
mode, it is used to gate the N lines. When the counter-timer 
is used with other microprocessors, or when the high order 
address of the CDP1800-series microprocessors is ex­
ternally latched, it is connected to VDD. 
CS-An active high signal that enables the device. 
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r~1 
CLOCK XTAL 

4 TACL,TBCL +--
CLEAR RESET 

MwR TPB/WR +--
MRD RD 
TPA TPA r-

< MAO AO 

MAl AI r--ADDRESS 
LINES MA2 A2 

MA7 CS r--
VSS-4 I-O/MEM 

ffi INT r--
MEMORY CDPle02 

COUNTER-TIMER 
DBO-DB7 

DATA BUS H",···· 
Fig. 7 - Typical CDP1802 memory-mapped system. 

TPA 

ADDRESS 

TPB/WR 

DATA FROM CPU 
TO COUNTER-TIMER 

LATCH HI- ORDER 

___ ...Jr--r:ADDRESS FOR CS 

H 1- BYTE LOW BYTE 

VALID DATA 

92CS-34634 

TAG 
GATE 

INPUTS 
TeG 

TAO 

TBO 

TIMER 
OUTPUTS 

Fig. 8 - CDP1800-series memory-mapping write cycle timmg waveforms. 

TPA __ -...Jrl~ ______________ __ 
ADDRESS HI-BYTE LOW BYTE 

OUTPUT DRIVERS 

RDJ r--ENABLED DISABLE0:i 

DATA FROM ------tF777J 
COUNJ6~;~MER~ ~~~~ ____ V_A_L_I_D_D_A_T_A ____ ...J 

92CS-3483!1 

Fig. 9 - CDP1800-series memory-mapping read cycle timing waveforms. 
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TAG 

CLEAR GATE 
IN PUTS 

TPA TBG 

MRD Rii 
TPB TPB/Wil TAD 

NO AD 

NI AI TAO 
ADDRESS TIMER 

LINES N2 A2 OUTPUTS 

VOD CS TBO 

~-O/MEM 

INT ~NT TBO 

MEMORY CDPI802 

.. DATA BUS 

Fig 10 - TYPical CDP1B02 Input/output-mapped system. 

TPA ~L ________________________ ___ 

N LINES J L 

92CM- 34637 

Fig. 11 - CDP1800-series input/output-mapping timing waveforms with output Instruction. 

TPA ~OUTPUT DRIVERS ENABLED 

TPB/WR ____________ ---Irr-0UTPUT DRIVERS DISABLED 

DATA FROM ~ 
COUNTER-TIMER -------; VALID DATA TO MEMORY ~ _________ ~ 92CM- 34638 

Fig. 12 - CDP1BOO-series input/output-mapping timing waveforms with Input instruction. 
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CDP1878, CDP1878C 
DYNAMIC ELECTRICAL CHARACTERISTICS al TA=-40 10 +850 C, VDD=5 v ± 5"10, 

Inpull"I,=10 ns; CL =50 pF and 1 TTL Load 

CHARACTERISTIC 

Read Cycle Time. (see Fig 13) 

Data Access from Address tDA 
Read Pulse Width tRD 
Data Access from Read tOR 
Address Hold after Read tRH 
Output Hold after Read tDH 
Chip Select Setup to TPA tcs 

tTlme required by a limit device to allow lor the indicated Iunctlon. 
"Typical values are lor T A=25° C and nominal VOO. 

TPA J n 

liMITS 
Mln.t Typ.· 

- 350 
400 -
- 250 

0 -
50 -
50 -

Max. 

-

-
-
-
-

-- r- tcs I--t RH-

ADDRESS/CHIP SELECT 
\1/ W 
JI\ )1\ 

tRo 
READ , 1/ 

I 

DATA TO CPU 
\II 
1'\ 

tOR 

\/ 
\ 

t oA - i---- t oH -

Fig. 13 - Read cycle timing waveforms. 

UNITS 

ns 

92CM-34639 
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CDP1878, CDP1878C 
DYNAMIC ELECTRICAL CHARACTERISTICS al T A=-40 to +850 C, VDD=5 v ± 5"10, 
Input tr,t,=10 na; CL =50 pF and 1 TTL Load 

CHARACTERISTIC 

Write Cycle Tlmaa (a •• Fig 14) 

Address Setup to Write tAS 
Write Pulse Width tWR 
Data Setup to Write tDS 
Address Hold after wnte tAH 
Data Hold a'ter Write tWH 
Chip Select Setup to TPA tcs 

tTime required by a limit device to allow for the indicated function. 
"Typical values are for T A=2So C and nominal VOO. 

TPA I n -- r-- tcs 

ADDRESS/CHtP SELECT 
\V 
11\ 

j4--tAS 

DATA TO COUNTER TIMER 

150 -
150 -
200 -
50 -
&0 
50 

tWR 

II 

jl\ 

~tDS-

Fig. 14 - Write cycle tIming waveforms. 

-
-
-

ns -

~tAH-

\V 
JI\ 

--

'" ..J 

tWH f--
92CM-~4640 
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iN'f I 24 VDD 

RESET 2 23 XTAL 

POWER DOWN 5 22 XTAL 

iii) 4 21 CLOCK 
OUT 

X-O/MEM 5 20 DB7 

TPB/Wii 6 19 DBS 

TPA 7 IB DBS 

CS B 17 OB4 

A2 9 16 OB3 

AI 10 15 OB2 

AD II 14 OBl 

VSS' 12 15 OBO 

92CS-54345RI 

TERMINAL ASSIGNMENT 

CMOS Real-Time Clock 
Features 
• CPU interface for use with general-purpose microprocessors 
• Time of day/calendar 
• Reads seconds, minutes, hours 
• Reads day of month and month 
• Alarm circuit with seconds, minutes or hours operation 
• Power down mode 
• Separate clock output selects 1 of 15 square wave signals 
• Interrupt output activated by clock output and/or alarm circuit 
• Data integrity sampling for clock rollover eliminated 
• On-board oscillator 4.19 MHz, 2.09 MHz or 1.048 MHz 

@ 10 V (CDP1879) crystal operation 
4.19 MHz, 2.09 MHz, 1.048 MHz or 32 kHz @ 5 V 

(CDP1879C-1) crystal operation 
4.19 MHz, 2.09 MHz, 1.048 MHz or 32 kHz 

@ 10 V or 5 V external clock operation 
• Addressable in memory space or CDP1800 series I/O mode 
• Low standby (timekeeping) voltage with external clock 

The CDP1879 real-time clock supplies time and calendar 
information from seconds to months in BCD format. It 
consists of 5 separately addressable and programmable 
counters that divide down an oscillator input. The clock 
input can have anyone of 4 possible frequencies, allowing 
flexibility in the choice of crystal or external clock sources. 
Using an external 32-kHz clock source, timekeeping can be 
performed down to 2.5 V (see Standby (Timekeeping) 
Voltage Operation). 

Fifteen selectable square-wave signals are available as a 
separate clock output signal and can also activate the 
interrupt output. A status register is available to indicate the 
interrupt source. The value in an 8-bit control register 
determines the operational characteristics of the device, by 
selecting the prescaler divisor and the clock output, and 
controls the load and alarm functions. 

A transparent "freeze" circuit precludes clock rollover 
during counter and latch access times to assure stable and 
accurate values in the counters and alarm latches. The device can be memory-mapped for use with any 

general-purpose microprocessor and has the additional 
capability of operating in the CDP1800-series input/output 
mode. 

The real-time clock functions as a time-of-day/calendar 
with an alarm capability that can be set for combinations of 
seconds, minutes or hours. Alarm time is configured by 
loading alarm latches that activate an interrupt output 
through a comparator when the counter and alarm latch 
values are equal. 

CDP1879 MODES OF OPERATION 

OPERATION FUNCTION 

The CDP1879 is functionally identical to the CDP1879C-l. 
The CDP1879 has a recommended operating voltage range 
of 4 to 10.5 volts, and the CDP1879C-1 has a recommended 
operating voltage range of 4 to 6.5 volts. The CDP1879 and 
the CDP1879C-1 are supplied in 24-lead hermetic dual-in­
line side-brazed ceramic packages (0 suffix) and 24-lead 
dual-in-line plastic packages (E suffix). 

Read 1. Seconds, minutes, hours, date and month counters 

2. Status register to identify interrupt source 

Write 1. Control register to set device operation 

2. Seconds, minutes, hours, date and month counters 

3. Alarm latches for alarm time 

1. Tri-state interrupt output with active alarm or clock out circuitry for wake-up 
Power Down control. 

2. Data bus and address inputs are "DON'T CARE". 

Interrupt 1. Clock out as source 

2. Alarm time as source 

3. Either ·interrupt can occur during normal or power down· mode 

File Number 1360 
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__________________________ CMOS Peripherals 

CDP1879, CDP1879C·1 
MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Vee) 
(Vollage referenced 10 Vss Terminal) 
CDP1879 ........................................................................................................... -0.5 10 +11 V 
CDPI879C-l ........................................................................................................ -0.510 +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS .......................................................................... -0.510 Vee +05 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Pe) 

For TA = -4010 +60· C (PACKAGE TYPE E) ............................................................................... 500 mW 
For TA = +6010 +85·C (PACKAGE TYPE E) ................................................. Derale Linearly al12 mW/·C 10 200 mW 
For TA = -5510 +100· C (PACKAGE TYPE D) ........•...............................•..................................... 500 mW 
ForTA = +100 10 +125·C (PACKAGE TYPE D) .............................................. Derale Linearly al12 mW/·C 10 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................... 40 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D, H ............................................................................................. -5510 +125·C 
PACKAGE TYPE E ....................................................................................... . ..... -40 10 +85· C 

STORAGE TEMPERATURE RANGE (TO'9) ........................................................................... -6510 +150·C 
LEAD TEMPERATURE (DURING SOLDERING) 

AI dislance 1/16 ± 1/32 in (1.59 ± 0 79 mm) from case for 10 s max ..................................................... +265·C 

OPERATING CONDITIONS at T A=Full Package-Temperature Range, unle •• otherwise noted. 
For maximum reliability, operating condition. Ihould be selected 10 that operation II alwaYI within the following rangel: 

LIMITS 
CHARACTERISTIC CDP1879 CDP1879C-l 

Min. Max. Min. 
DC Operating Voltage Range 4 10.5 4 
Input Voltage Range Vss Voo Vss 
DC Standby (Timekeeping) Voltage" Vs,.v 
T A = -40° to +85° ct 3 - 3 
TA = 0° to +70°C 2.5 - 2.5 

Clock Input Rise or Fall Time t"t, 
Voo = 5 V - 10 -
Voo= 10V - 1 -

"Timekeeping funclion only, no READ/WRITE accesses, 32-kHz exlernal frequency source only, 
no cryslal operation. 

tSee Standby (Timekeeping) Voltage Operalion, Page ". 

Max. 
6.5 

Voo 

-
-

10 
-

UNITS 

V 

V 

ps 

___________________________________________ 453 



CMOS Peripherals 

CDP1879, CDP1879C-1 

A2 -TPA 

I-O/MEM 
ADDRESS DECODE 

AND 
CONTROL LOGIC 

TPB/W""A" 

CS 

POWER DOWN 

TABLE I 

Control Register Bit Assignment 

Bit 1, 0 

Frequency 00 
Select 01 

10 
11 

Blt2 
Start/Stop 

Blt3 
Counter/Latch Control 
"0" = Write to counter and 
disable alarm 
"1" = Write to & enable alarm 
Clock Select 
Bits 7, 6, 5, 4 
0000 - disable J1S 
0001 - 488.2 J1S 
0010 - 976.5 J1S 
0011 - 1953.1 J1S 
0100 - 3906.2 J1S 
0101 - 7812.5 J1S 
0110 - 15.625 ms 
0111 - 31.25 ms 

32768 Hz 
1.048576 MHz 
2.097152 MHz 
4.194304 MHz 

1 = Start 
o = Stop 

1000 - 62.5 ms 
1001 - 125 ms 
1010 - 250 ms 
1011 - 500 ms 
1100 - sec. 
1101 - min. 
1110 - hour 
1111 - day 

Fig. 1 - Real-tIme clock functional diagram. 

TABLE II 

Addresses A2 A1 AO 

Latch, Counter Seconds 0 1 0 

Latch, Counter Minutes 0 1 1 

Latch, Counter Hours 1 0 0 

Counter, Day 1 0 1 

Counter, Month 1 1 0 

Control, Register 1 1 1 

Status Register 1 1 1 

MSB of hours counters (Bit 7) is an AM-PM bit. 0 = AM; 

1 = PM. 

Bit 6 of hours counter controls 12/24 hr. 1 = 12 hr: 

0= 24 hr. 

Status Register: Bit 7 MSB = alarm 

Interrupt Source: Bit 6 = clock 

MSB of Month Counter (Bit 7) is a Leap Year Bit 0 = No, 

1 = Yes. 
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_________________________ CMOS Peripherals 

CDP1879, CDP1879C-1 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +850 C VDD ± 5%, Except al noted 

CONDITIONS 

CHARACTERISTIC Vo VIN 
(V) (V) 

Quiescent Device Current 100 0, 5 

0, 10 
Output Low Drive (Sink) 0.4 0,5 
Current, Data Bus & INT IOL 0.5 0, 10 

Output High Drive (Source) 4.6 0,5 

Current, Data Bus &liiiT IOH 9.5 0, 10 
Output Low Drive (Sink) 0.4 0,5 
Current, Clock Out IOL 0.5 Q, 10 

Output High Drive (Source) 4.6 o 5 
Current Clock Out IOH 9.5 o 10 
Output Low Drive (Sink) 0.4 0,5 

Current XTAL Out IOL 0.5 0, 10 
Output High Drive (Source) 4.6 05 
Current XTAL Out IOH 9.5 0, 10 
Output Voltage - 0, 5 
Low-Level VOL:!: - 0, 10 
Output Voltage - 0,5 
High Level VOH:j: - 0, 10 

0.5,4.5 -
Input Low Voltage VIL 

0.5,9.5 -
0.5,4.5 -

Input High Voltage VIH 
0.5,9.5 -

Input Leakage Current liN 
Any 0,5 
Input 0, 10 

3-State Output 0,5 0,5 
Leakage Cu rrent lOUT 0, 10 0, 10 
Operating Current' 

External Clock 32 kHz - -
1 MHz - -
2 MHz - -
4MHz - -
32 kHz - -
1 MHz - -
2 MHz - -
4 MHz - -

XTAL Oscillator" 32 kHz - -
1 MHz - -
2MHz - -
4MHz - -
1 MHz - -
2 MHz - -
4MHz - -

Input Capacitance CIN - -
Output Capacitance COUT - -
Maximum Clock Rise tr,tt - -
and Fall Times - -
-Typical values are for TA = 250 C and nominal Voo. 
:J:IOL = IOH = 1 pA. 

VDD 
(V) 

5 

10 
5 
10 

5 
10 
5 
10 

5 
10 
5 
10 
5 
10 
5 
10 
5 
10 
5 
10 
5 
10 
5 
10 

5 
10 

5 
5 
5 
5 
10 
10 
10 
10 
5 
5 
5 
5 
10 
10 
10 
-
-
5 

10 

LIMITS 

CDP1879 CDP1879C-1 UNITS 

Min. Typ.- Max. Min. Typ.- Max. 

- 0.01 50 - 0.02 200 
pA - 1 200 - - -

1.8 4 - - - -
3.6 7 - - - -
-1.1 -2.3 - -1.1 -2.3 -
-2.6 -4.4 - - - -
0.6 1.4 - 0.6 1.4 -
1.2 3 - - - -

mA 
-1.1 -2.3 - -1.1 -2.3 -
-2.6 -4.4 - - - -
0.2 0.9 - 0.2 0.9 -
0.4 2 - - - -

-0.15 -0.4 -0.15 -0.4 -
-0.3 -0.7 - - - -
- 0 0.1 - 0 0.1 
- 0 0.1 - - -
4.9 5 - 4.9 5 -
9.9 10 - - - -

1.5 1.5 
V - - - -

- - 3 - - -
3.5 - - 3.5 - -
7 - - - - -

±1 ±1 

- - ±2 - - -
pA 

- - ±1 - - ±1 

- - ±1 - - -

- 0.Q1 0.15 - 0.01 0.15 

- 0.2 1 - 0.2 1 

- 0.35 1.5 - 0.35 1.5 

- 0.7 2 - 0.7 2 
- 0.03 0.25 - - -
- 0.4 2 - - -
- 0.8 3 - - -
- 1.6 4.5 - - - mA 

- 0.1 0.25 - 0.1 0.25 

- 0.3 0.5 - 0.3 0.5 
- 0.4 O.L - 0.4 0.6 

- 0.6 0.8 - 0.6 0.8 
- 1.6 3 - - -
- 1.8 3.5 - - -
- 2 5 - - -
- 5 7.5 - 5 7.5 

10 15 - 10 15 
pF -

- - 10 - - 10 

- - 1 - - p.s -
'Operating current measured with clockout = 488.2 ps and no load; 

•• See Table III and Fig. 6 for oscillator circuit information. 
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CDP1879, CDP1879C-1 
PROGRAMMING MODEL 

WRITE AND READ REGISTERS 

BCD FORMAT 
DB7 DBO 

~ENS ~-5 :UNIT~ 0-9: 

SECONDS COUNTER (00-59) 

DB7 DBO 

'I 'TEN~ 0-5 'UNIT~ 0-9 I I 
III II-L-J 
MINUTES COUNTER (00-59) 

DB7 DB6 DBO 

T~NS I 
0-2 

I I I I' 

UNITS 0-9 ...J 

I I I J ! 

HOURS COUNTER (01-12 or 00-23) 
DB7 O=AM, 1=PM 
DB6 0=24 HR, 1=12 HR 

DB7 DBO 
1-'--1 1 1 1 1 I 
I TENS 0-3 UNITS 0-9 
~IIII 1 
DAY OF MONTH COUNTER 
(01-28,29,30,31) 

DB7 DBO 

~NIT~~ , , , , 
MONTH COUNTER 

(JAN=1 DEC=12) 
DB7 O=NO LEAP YEAR 

1=LEAP YEAR 

REGISTER TRUTH TABLE 

ADDRESS ACTIVE SIGNAL 

A2 A1 AD TPB/WR RD 

0 1 0 X -
0 1 0 - X 

0 1 1 X -
0 1 1 - X 

1 0 0 X -
1 0 0 - X 

1 0 1 X -
1 0 1 - X 

1 1 0 X -
1 1 0 - X 

0 1 0 X -

0 1 1 X -

1 0 0 X -

1 1 1 X -

1 1 1 - X 

WRITE ONLY REGISTERS 

DB7 DBO 

3 2 

CONTROL REGISTER 

DBO-DB1 - FREQUENCY SELECT 
DB2 - START/STOP 
DB3 - COUNTER/ALARM LATCH CONTROL 
DB4-DB7 - CLOCK OUTPUT SELECT 

DB7 DE30 

SECONDS ALARM LATCH (00-59) 

DB7 DBO 

UEN~0-5; UNIT~0-9 1 J 
ill 

MINUTES ALARM LATCH (00-59) 
D~ OM 000 

/xTxlx --T-E~'N-S-,I---,~-N-,T-S'10---9'1---, 
0-2 

.--,---'--_-'--_ , . I I I 
HOURS ALARM LATCH (01-12 or 00-23) 
12 HR, DB7=0 AM, 1=PM 
24 HR, DB7=X 

READ ONLY REGISTER 

DB7 DB6 DBO 

Ix I x I 0 I 0 I 0 I 0 I 0 I 0 I 
INTERRUPT STATUS REGISTER 
DB7=1 ALARM CIRCUIT ACTIVATED INT. 
DB6=1 CLOCK OUTPUT ACTIVATED INT. 

BIT3 

CONTROL REGISTER OPERATION 

REGISTER 

0 Write Seconds Counter 

0 Read Seconds Counter 

0 Write Minutes Counter 

0 Read Minutes Counter 

0 Write Hours Counter 

0 Read Hours Counter 

0 Write Date Counter 

0 Read Date Counter 

0 Write Month Counter 

0 Read Month Counter 

1 Write Seconds Alarm Latch 

1 Write Minutes Alarm Latch 

1 Write Hours Alarm Latch 

- Write Control Register 

- Read Int. Status Register 
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___________________________ CMOS Peripherals 

GENERAL OPERATION 

The real-time clock contains seconds, minutes, and hours, 
date and month counters that hold time of day/calendar 
information (see Fig. 2). The frequency of an intrinsic 
oscillator is divided down to supply a once-a-second signal 
to the counter series string. The counters are separately 
addressable and can be written to or read from 

The real-time clock contains seconds, minutes and hour 
write-only alarm latches that store the alarm time (see Fig. 
3). When the value of the alarm latches and counters are 
equal, the interrupt output is activated. The Interrupt output 
can also be activated by a clock output transition The clock 
output is derived from the prescaler and counters and can 
be one of 15 square-wave signals. The value in the read­
only interrupt status register identifies the interrupt source 

ill 
I • 

CLOCI< OUT 

VDD 
0--
~ 

AD 

AI 

A2 

TPA 

I.-O/ME"M 

TPB/WR 

cs 

POWER DOWN 

ADDRESS OECODE 
AND 

CONTROL LOGIC 

CDP1879, CDP1879C-1 
Operational control of the real-time clock is determined by 
the byte in a write-only control register. The 8-bit value in 
this register determines the correct divisor for the prescaler, 
a data direction and alarm enable bit, clock output select, 
and start/stop control (see Fig. 4). 

Data transfer and addressing are accomplished In two 
modes of operation, memory mapping and I/O mapping 
using the CDP1800-senes microprocessors. The mode is 
selected by the level on an input pin. (I-O/MEM). Memory 
mapping implies use of the address lines as chip selects and 
address inputs using linear selection or partial or full 
decoding methods. I/O mapping with the CDP1800-series 
microprocessors involves use of the N line outputs In 

conjunction with input and output instructions to transfer 
data to and from memory. 

92CL-34913 

Fig. 2 - Functional diagram - time counters highlighted. 
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CDP1879, CDP1879C-1 

.flfL OOC~L!'!O~CK-O-U-T ..... 
L- INT 

RESET 

AO 

AI 

A2 

TPA 

I-O/MEM 

TPB/WR 

CS 

ADDRESS DECODE 
AND 

CONTROL LOGlC 

92CL- :34914 

Fig. 3 - Functional diagram - alarm ClfCUlt, clock output, interrupt, and status registers highlighted 

OPERATIONAL SEQUENCE 

Power is applied and the real-time clock is reset. This sets 
the interrupt output pin high. After the CS pin issei high and 
with address 7 on the address input Imes, the control 
register is loaded via the data bus to configure the clock. 

With selective addressing, the seconds through month 
counters are then written to and loaded to set the current 
time. The real-lime clock will now hold the current "wall 
clock" time, with an accuracy determined by the crystal or 
external clock used. If the alarm function is desired, the 
control register is accessed and loaded again. This new 
byte will allow subsequent time data to be entered into the 
seconds, minutes and hours alarm latches. This sequence 
is also used when selecting one of the 15 available clock-out 
signals. 

If the alarm function was selected, the interrupt output pin 
will be set low when the values in the seconds, minutes and 
hour alarm latches match those In the seconds, minutes and 
hour counters. 

If one of the 15 sub second-to-day clock outputs is selected 
by the byte in the control register, the clock output pin 
toggles at that frequency (50% duty cycle). The interrupt 

output will also be set low on the first clock out negative 
transition. The interrupt source (alarm or clock out) can be 
determined by reading the interrupt status register. The 
clock output can be deselected by placing zero in the upper 
nibble of the control register if the alarm function is selected 
as the only interrupt source. ' 

COUNTERS (See Fig. 2) 

The counter section consists of an on-board oscillator, a 
prescaler and 5 counters that hold the time of day/calendar 
information. 

1 of 4 possible external crystals determine the frequency of 
the on-board oscillator (32,768 Hz, 1.048576 MHz, 2.097152 
MHz, 4.194304 MHz). The oscillator output is divided down 
by a prescaler that supplies a once-a-second pulse to the 
counters. The seconds counter divides the pulse by 60 and 
its output clocks the minute counter every 60 seconds. 
Further division by the minutes, hours, day of month and 
month counters result in 5 counters holding data that 
reflects the time/calendar from seconds to months. The 
counters are addressed separately and BCD data is 
transferred to and from via the data bus. The most significant 
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TPA 

TPB/WIf 

CS 

POWER DOWN 

ADDRESS DECODE 
AND 

CONTROL LOGIC 

CMOS Peripherals 

CDP1879, CDP1879C-1 

92CL-3491 & 

Fig. 4 - Functional diagram - control register highlighted. 

bit of the hours counter (Bit 7) is user programmed to 
indicate AM orPM and will be inverted every 12th hour. (0= 
AM,1 = PM). Bit 6 of the hours counter is user programmed 
to enable the hours counter for 12 or 24 houroperation. (0 = 
24, 1 = 12). If 24-hour operation is selected, the AM-PM bit is 
"don't care", but still toggles every 12th hour. Writing to the 
seconds counter resets the last 7 stages of the prescaler, 
allowing time accuracy to approximately 1/1000f a second. 

The most significant bit of the month counter is a Leap Year 
bit. If it is set to "1", the counter will count to February 29, 
then roll to March 1. If set to "0" It will go to March 1st after 
February 28th. 

ALARM AND INTERRUPT STATUS REGISTER (See Fig. 3) 

The alarm circuit consists of 1) seconds, minutes and hour 
alarm latches that hold the alarm time, 2) the outputs of the 
seconds. minutes and hour counters, and 3) a comparator 
that drives an interrupt output. The comparator senses the 
counter and alarm latch values and activates the interrupt 
output (active low) when they are equal. 

The write-only alarm latches have the same addresses as 
their comparable counters. Bit 3 in the control register 

determines data direction to the latches or counters and 
alarm enabling. For example. during a write cycle, if bit 3 in 
the control register is a "1", addressing the seconds counter 
or alarm latch will load the seconds alarm latch from the 
data bus and will enable the alarm function. Conversely, if 
bit 3 in the control register is a "0", addressing the seconds 
counter or alarm latch during a write cycle will place the 
value on the data bus into the seconds counter and will 
disable the alarm function. The interrupt output can be 
activated by the alarm circuit or the clock output. When an 
interrupt occurs, the upper two bits of the interrupt status 
register identify the interrupt source. The interrupt status 
register has the same address as the control ~ster. 
Addressing the interrupt status register with the"RD line 
active will place these register bits on the data bus. Bits 0-5 
are held low. A "1" in bit 6 represents a clock output 
transition as the interrupt source. A "1" in bit 7 will identify 
the alarm circuit as the interrupt source. 

Activating the reset pin (active low) resets the hour latch to 
"30" whIch prevents a match between alarm and time 
registers during an initialization procedure. Activating the 
reset pin or writing to the control register resets the 
interrupt output (high) and clears the interrupt status 
register. 
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CDP1879, CDP1879C-1 
CLOCK OUTPUT (See Table I and Fig. 3) 

One of 15 counter and prescaler overflows can be selected 
as a 50% duty cycle output signal that is available at the 
"clock out" pin. The frequency is selected by the upper 
nibble in the control register. For example, selecting a one­
second clock output will result in a repetitive signal that will 
be high for 500 ms and low for the same period. The high-to­
low transition of the output signal will set the clock bit in the 
status register and activate the interrupt output. The level of 
the "clock out" signal is derived from the value in the 
count .. r. Example: if hours clock is selected and the minutes 
counter holds 4 minutes, the clock out will be low for 26 
minutes and high for 30 minutes. Thereafter, the clock out 
will toggle at a 50% duty cycle rate. 

CONTROL REGISTER (See Table I and Fig. 4) 
BIT BIT 

7 6 I 5 I 4 I 3 2 o 

CONTROL REGISTER BYTE 

The 8-bit value in the control register determines the 
following: 
1. Bit Oand 1 - Frequency Select - Since there are one of 

4 possible crystals the oscillator in the real-time clock 
can operate with, these bit levels determine the prescaler 
divisor so that an accurate one second pulse is supplied 
to the counter series string. 

BIT 1 

o 
o 
1 
1 

BITO 

o 
1 
o 
1 

FREQUENCY 

32,768 Hz 
1.048576 MHz 
2.097152 MHz 
4.194304 MHz 

2. Bit 2 - Start-Stop Control - Counter enabling is 
controlled by the value at this location. A "1" will allow 
the counters to function and a "0" in this location will 
disable the counters. 

3. Bit 3 - Counter/Latch Control - The level at this 
location controls two functions. It is required since the 
counters and alarm latches have the same addresses. 
1) A "0" in bit 3 will direct subsequent data to or from 

the counter selected and the alarm function will be 
disabled. 

2) A "1" in bit 3 will direct subsequent data to orfrom 
the alarm latch and will enable the alarm. 

4. Bits 4 to 7 - Clock Select - These bits select one of 15 
square-wave signals that will be present at the "clock­
out" pin. If bits 4 to 7 are zero's, the clock output pin will 
be high. If a clock is selected, the first high-to-Iow clock 
out transition will activate the interrupt pin (active low) 
and place a "1" in bit 6 of the status register. Writing to 
the control register or activating the reset pin will setthe 
interrupt pin high and resetthe interrupt status register. 

Normal operation requires the control register to be written 
to and loaded first with a control word. However, subsequent 
writing to a counter if a "clock out" isselected may cause an 
interrupt out signal. Therefore, "clock-out" should be 
deselected by writing zero's into bits 4 through 7 if the 

interrupt is used. When the counters are loaded, the control 
register is again written to with the value in the upper nibble 
selecting the "clock out" signal. See Table I. 

READ AND WRITE SIGNALS 

When the I-O/MEM pin is low, the real-time clock is enabled 
for memory mapped operation. Data on the bus is placed in, 
or read from a counter, alarm latch or register by 1) placing 
the C~in high, 2) selective addressing, :ll.,placing the 
TPB/WR pin low during a write cycle with the RD pin high or 
4) setting the RD pin low during a read cycle with the 
TPB/WR pin high. 

The 1/0 mapping mode used with the CDP1800 series 
microprocessor is selected by setting the I-O/MEM pin 
high. The TPB/WR pin on the real-time clock is connected 
to the TPB output pin of the microprocessor. Data on the 
bus is written to or read from the counters, latches and 
registers by 1) placing the CS pin high, 2) selective 
addressing utilizing the microprocessor N lines and 1/0 
instructions, 3) plaCing the TPB/WR Pin high with theRD 
pin low during an output or write operation (data is latched 
on TPB's trailing edge), 4) setting the RD line high during an 
input or read operation. Data is placed on the bus by the 
real-time ciock between the trailing edges of TPA and TPB. 

FREEZE CIRCUIT 

Since writing to or reading from the counters or alarm 
latches is performed asynchronously, the once-a-second 
signal from the prescaler may pulse the counter series 
string during these operations. This can result in erroneous 
data. To avoid this occurring, a transparent "freeze" circuit 
is incorporated into the real-time clock. This circuit is 
designed to trap and hold the one-second input clock 
transition if it occurs during access times. When the 
operations are completed, it is inserted into the counter 
series string. To utilize the "freeze" circuit, address "1" (AO = 
1, AI = 0, A2 = 0) is selected first while performing a write 
operation. Read or write accesses may now be performed 
with assurance the data is stable. All operations must be 
concluded within 250 ms of the address "1" access. " 
memory mapping any dummy write operation after selecting 
address "1" will set the "freeze" circuit. " using the 1/0 
mode, a 61 output instruction will perform the same 
function. There is no time restriction on subsequent 
accesses as long as the read or write operations are 
preceded by selecting address "1 ". 

POWER DOWN 

Power down operation is initiated with a low signal on the 
"POWER DOWN" input pin. In conjunction with the interrupt 
output, it is used to supply external control circuits with a 3 
level control signal. The operating current is not appreciably 
reduced during "POWER DOWN" operation. When power 
down is initiated, any inputs on the address or data bus are 
ignored. The clock output is set low. The interrupt output is 
tri-stated. "enabled previously, the alarm circuitry is active 
and will set the interrupt output pin low when alarm time 
occurs. The interrupt output will also go low if a clock was 
selected and an internal high-to-Iow transition occurs 
during power down. The clock output pin will remain low. " 
power down is initiated in the middle of a read or write 
sequence, it will not become activated until the read or write 
cycle is com pleted. 
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CDP1879, CDP1879C-1 
PIN FUNCTIONS 

Voo, vss - Power and ground for device. 

DBO - DB7 - DATA BUS - 8-bit bidirectional bus that 
transfers BCD data to and from the counters, latches and 
registers. 

AO, A1, A2 - Address inputs that select a counter, latch or 
register to read from or write to. 

TPA - Strobe input used to latch the value on the chip 
select pin. CS is latched on the trailing edge of TPA. During 
memory mapping, it is used to latch the high order address 
bit used forthe chip select. When the real-time clock is used 
with other microprocessors, or when the high order address 
of the CDP1800 series microprocessor is externally latched, 
it is connected to VDD. In the input/output mode, it is used to 
gate the N lines. 

I-O/MEM - Tied low during memory mapping and high 
when the input/output mode of the CDP1800 series 
microprocessor is used. 

RD, TPB/WR - DIRECTION SIGNALS - Active signals 
that determine data direction flow. In the memory mapped 
mode, data is ~ed on the bus from the counters or status 
register when RD pin is active. 

Data is transferred to a counter, latch or the control register 
when RD is high and TPB/WR is active and latched on the 
trailing edge (low to high) of the TPB/WR signal. 

In the input/output mode, dataElaced on the bus from a 
counter orstatus register when RD is not active between the 
trailing edges of TPA and TPB. Data on the bus is written to 
a counter, latch, or the control register during TPB when RD 

is active and latched on TPB's trailing edge. The following 
connections are required between the microprocessor and 
real-time clock in the CDP1800 series 1/0 mode. 

MICROPROCESSOR REAL-TIME CLOCK 

"'fiii"RD ................ RD 
TPB ................. TPB/WR 
TPA ................. TPA 
N LINES ............. ADDRESS LINES 
I-O/MEM ............ VDD 

CS - CHIP SELECT - Used to enable or disable the inputs 
and outputs. TPA is used to strobe and latch a positive level 
on this pin to enable the device. 

XTALAND XTAL- Thefrequency of the internal oscillator 
is determined by the value of the crystal connected to these 
pins. "XTAL" may be driven directly by an external frequency 
source. 

CLOCK OUT -1 of 15 square wave frequencies will appear 
at this pin when selected. During power down, this pin will 
be placed low, and will be high during normal operation 
when the clock is deselected. 

POWER DOWN - POWER DOWN CONTROL - A low on III 
this pin will place the device in the power down mode. ~ 
INT - Interrupt Output - A low on this pin indicates an 
active alarm time or high-to-Iow transition of the "clock out" 
signal. 

RESET - A low on this pin clears the status register and 
places the interrupt output pin high. 

FREQUENCY INPUT REQUIREMENTS 

The Real-Ti me Clock operates with the following frequency 
input sources: 

1. An external crystal that is used with the on-board 
oscillator. The oscillator is biased by a large feedback 
resistor and oscillates at the crystal frequency (see Fig. 
6, Table Ill). 

2. An external fregcency input that is supplied at the 
XTAL input. XTA is left open (see Fig. 5). A typical 
external oscillator circuit is shown in Fig. 7 in section, 
"Standby (Timekeeping) VOLTAGE OPERATION". 

TABLE III - Typical Oscillator Circuit Parameters for Suggested Oscillator Circuit, see Fig. 6 

PARAMETERS 4.197 MHz 2.097 MHz 1.049 MHz 32768 Hz' UNITS 
R, 22 22 22 22 MO 

Co 39 39 39 39 pF 
CI 5 5 5 5 pF 
Rs - - - 200 KO 
CL - - - 91 pF 

Crystal Impedance 73 200 200 50K (max.) 0 

'CDP1879C-1only 
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CDP1879, CDP1879C-1 
FREQUENCY INPUT REQUIREMENTS (Cont'd) 

Design Considerations for Stable Crystal Oscillation 

1. Stray capacitances should be minimized for best 
oscillator performance. Circuit board traces should be 
kept to a maximum of 1 inch, and there should be no 
parallel traces. 

COPle79 

_~X_T_AL-+'p-"IN"'2"'34 ~~;5~~~~y 
SOURCE 

PIN22 

XTAL 

92CS~36B86 

Fig. 5 - Connections for an external-frequency source 
applied to real-time clock. 

2. A signal line or power source line must not cross or go 
near the oscillator circuit line. 

3. It is advisable to put a 0.1-microfarad capacitor between 
voo and vss of the CDP1879. 

COPle79 

XTAL PIN23 

PARALLEL 
RESONANT 
CRYSTAL 

~~P~IN~2=2~~~~~~IO 
R. 

92CS-36885RI 

Fig. 6 - Suggested oscillator clfcuit applied to real-time 
clock (see Table Ill). 

STANDBY (TIMEKEEPING) VOLTAGE OPERATION 

When anyone of the four specified crystals is used with the 
on-board oscillator, the Real-Time Clock. can operate at a 
minimum of 4 volts Voo. However, at 32 kHz the clock will 
run (timekeeping only, no device READ/WRITE accesses) 
down to 3 volts at -40 0 to +85 0 C and 2.5 volts at 00 to +700 C. 
To achieve this low voltage operation, an external 32-kHz 

clock source must be supplied at the XTAL input (see Fig. 
7). The standby requirements for CHIP SELECT/DESELECT 
are listed in Table IV, and Fig. 8 indicates the timing 
waveforms. Fig. 9 illustrates the typical timekeeping curve 
over the full temperature range. 

+3V 

r-----[.14~--1-.~~ 

5pF 

1/.3 CD54/74HC04 COP 1879 

92C$- 37290 

Fig. 7 - Typical external clock-source CIfCUIt. 

Table IV - Standby (Timekeeping) Characteristics at Full-Temperature Range 

LIMITS 
CHARACTERISTIC VDD VSTBY CDP1879 CDP1879C-1 UNITS 

(V) (V) Min. Max. Min. Max. 
Chip Deselect to Standby 

tCSTBV 
5 2.5,3 2 - 2 -

(Timekeeping) Voltage Time 10 2.5,3 1 - - - /1S 
Recovery to Normal 5 2.5,3 2 - 2 -
Operation Time 

tRC 
10 2.5,3 1 -- -
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CDP1879, CDP1879C-1 
STANDBY (TIMEKEEPING) VOLTAGE OPERATION (Conl'd) 

V DO 

'~:' t ~~ ______________________ V~I~L~ cs 

*tr, If ~1"s 
92CM-37UI 

Fig. 8 - Standby (timekeeping) voltage- and timing-waveforms. 

92CS- 31292 

Fig. 9 - Typical standby (timekeeping) voltage vs. full-temperature range. 

APPLICATIONS 

A tYPical application forthis real-time clock is as a wake-up 
control to a CPU to reduce total system power in inter­
mittent-use systems. A hookup diagram illustrating this 
feature is shown in Fig. 10. In this configuration, the alarm 
and power-down features of the CDP1879are utilized in the 
control of the sleep and wake-up states of the CPU. A 
typical shu:-down/start-up sequence for this system could 
proceed as follows: 

1. The CPU has finished a current task and will be inactive 
for the next six hours. 

2. The CPU loads the CDP1879 alarm registers with the 
desired wake-up time. 

3. The CDP1800 Q output is set high, which stops the 
CPU oscillator (as an alternative, in an NMOS system, 
power to all components except the clock chip could be 
shut off). 

4. This Q output signal is received by the CDP1879 as a 
power-down signal. 

5. The CDP1879 tri-states the interrupt output pin. 
6. The CDP1879 eventually times out, and sets an alarm 

by driving the TIiIT output low. 
7. The alarm signal resets the CPU (to avoid oscillator 

start-up problems) and flags the processor for a warm­
start routine. 

NO I---------------~ 
NI A I 

N2 A2 

CDPl800 CDPIB79 

1+---------+---_....., INT 

92CS-34138R3 

8. The CPU, once into its normal software sequence, 
writes to the CDP1879 control register to reset the 
interrupt request. 

Fig. 10 - CPU wake-up cIrcuit using the CDP1879 real-time clock. 
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APPLICATIONS (Cont'd) 

~o~ 
XTAL Xl'A1. 

'CTE"AR RESET C58iK --+ 
MWR TPS/ViR 

MAli Ali 

,/' 
TPA TP' 

INTERRUPT TNTERRiJPr 
- MAO AO 

AOvRESS 
MAl A I LINES 
MA2 A2 

MA7 CS I-O/~ -
CDPI879 

MEMORY CDPI802 DBO - DB? 

DATA BUS 
n 

92CM- 34909 

Fig. 11 - Typical COP1802 memory-mapped system. 

TPA 

ADDRESS 

TPB/WR 

LATCH HI-ORDER 

___ ....J~ADDRESS FOR CS 

'HI- BYTE LOW BYTE 

92CS-34910 

Fig. 12 - COPl800-series memory-mapped write-cycle timing waveforms. 

TPA __ ~Il~ ________________ _ 
ADDRESS HI-BYTE LOW BYTE 

OUTPUT DRIVERS 

RBJ t--ENABLED DISABLED =:t 
DATA FROM REAL ~ 
TiME CLOCK TO -----i VALID DATA CPU ~ ______ ~~~ ________________ ~ 

FIg. 13 - COPl800-senes memory-mapped read-cycle timing waveforms. 
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APPLICATIONS (Conl'd) rOl 

XTAL XiA[ 
1-+ CLOCK 

C.LEAR RESET OUT 

TPA TPA 

MRD AD 

V' 
TPB TPB/~ 

I NT ERRUPT iNTERRUPT 
f-.-" 

NO AO 
ADDRESS 

LINES NI A I 

N2 A2 

I-D/f.1rn r CS 

CDP1879 

MEMORY CDPI802 DBC-DB7 

j\ 

~ ~ 
M 

92CM- 3490~ 

Fig. 14 - TYPIcal CDP1802 input/output-mapped system. 

TPA~ ____________________________ __ 

N LINES J 
TPB/ViR 

DATA FROM MEMORY 
TO REAL TIME CLOCK 

L 

92CM- 34906 

DO 

FIg. 15 - CDP1800-serJes Input/output-mapping timIng waveforms WIth output instructIon 

TPA ~OUTPUT DRIVERS ENABLED 

RDJ 
TPB/WR _______________________ ... Ir= OUTPUT DRIVER,S DISABLE 0 

N LINES J 
DATA FROM REAL TIME 
CLOCK TO MEMORY ----I VALID DATA I '---___ ~r 92CM-34907 

Fig, 16 - CDP1800-serJes input/output-mapping tIming waveforms WIth input instructIon 
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CDP1879, CDP1879C-1 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85 0 C, 
Input tr,t, = 10 ns, CL = 50 pF 

CHARACTERISTIC VDD 

LIMITS 

CDP1879 CDP1879C-1 

Read Cycle Times (see Fig. 17) (V) Mln.t Max. Mln.t Max. 

Data Access from Address 
5 - 400 - 400 

tDA 
10 190 - - -

-- 5 270 - 270 -
Read Pulse Width tRD 

10 160 - - -
Data Access from Read 

5 - 375 - 375 
tOR 

10 170 - - -

Address Hold after Read 
5 0 - 0 -

tRH 
10 0 - - -

Output Hold after Read tDH 
5 50 230 50 230 
10 40 130 - -

Chip Select Setup to TPA 
5 50 - 50 -

tes 
10 30 - - -

tTlme required by a limit device to allow for the indicated function 

TPA 
I' h -- I--t cs !---t RH-

ADDRESS/CHIP SELECT 
\I \11 
1 11\ 

--tRD 

, :\ 

DATA TO CPU 
\11 \/ 
JI\ 1\ 

tOR 

tDA- -tDH -

Fig. 17 - Read-cycle timing waveforms. 

UNITS 

ns 

92CM- 34639 
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CDP1879, CDP1879C·1 
DYNAMIC ELECTRICAL CHARACTERISTICS el T A = -4010 +850 C, 
Inpull"I, = 10 ns, CL = 50 pF 

LIMITS 

CHARACTERISTIC VDD CDP1879 CDP1879C-1 

Wrlle Cycle Time. (lie Fig. 18) (V) Mln.t Mex. Mln.t MIX. 

Address Selup to W'iii8 5 225 - 225 -
lAS 

10 110 - - -
Write Pulse Width 

5 150 - 150 -tWR 
10 70 - - -

Data Setup to Wii'ie 5 65 - 65 -tDS 
10 30 - - -

Address Hold after Write 
5 0 - 0 -tAH 
10 0 - - -

Data Hold after Write 
5 150 - 150 -tWH 
10 80 - - -

Chip Select Setup to TPA 
5 50 - 50 -tes 
10 30 - - -

tTime required by a limit device to allow for the indicated function. 

TPA 
I I - rtcs -tAH-

\1/ \I 
ADDRESS/CHIP SELECT 

Jr>. J\ 
f--t AS tWR 

~ 
f-

J 

\I " CK DATA TO REAL TIME CLO 

/\ J\ 

i---tos- tWH - 92CM- 34908 

Fig. 18 - Write-cycle timing waveforms. 

UNITS 

ns 
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CDP1881, CDP1881C, 
CDP1882, CDP1882C 

CLOCK 20 Voo 
CMOS 6-Bit Latch and Decoder 

MA5 19 A8 Memory Interfaces 
MA' 18 A9 CLOCK 18 Voo 
MA3 17 Ala MAS 17 A8 

MA2 16 All Features MA' I. A9 

MAl 15 eso • Performs memory address latch and MA' 15 A 10 

ffl MA2 MAO 
" 

decoder functions multiplexed or I. All 

MAl eso 
MRO " eS2 non-multiplexed " 
MWR CS3 • Decodes up to 16 K-bytesofmemory MAO 12 CST 

12 
IT CS2 

vss 10 " CE • Interfaces dlfectly wIth CDP1800-
"ss 10 m series microprocessors at 

TOP VIEW maximum clock frequency TOP VIEW 
92CS-34999 

92CS- 3499BRI • Can replace existing CDP1866 and 
CDP1881, CDP1881C CDP1882,·CDP1882C 

TERMINAL ASSIGNMENT 
CDP1867 (upward speed and 

TERMINAL ASSIGNMENT function capability) 

The RCA-CDP1881 and CDP1882 are CMOS 6-bit memory 
latch and decoder circuits intended for use in CDP1800 
series microprocessor systems. They can interface directly 
with the multiplexed address bus of this system at maximum 
clock frequency. and up to four 4K x 8-bit memories to 
provide a 16K-byte memory system. With four 2K x 8-bit 
memories an 8K-byte system can be decoded. 

The devices are also compatible with non-multiplexed 
address bus microprocessors. By connecting the clock 
input to VDD, the latches are in the data-following mode and 
the decoded outputs can be used in general-purpose 
memory-system applications. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to Vss terminal) 

The COP1881 and CDP1882 are intended for use with 2K or 
4K-byte RAMs and are identical except that in the CDP1882 
MWJ'.! and MRO are excluded. 

The CDP1881 and CDP1882 are functionally identical to the 
CDP1881C and the CDP1882C. They differ in that the 
COP1881 and COP1882 have a recommended operating 
voltage range of 4 to 10 5 volts and their C versions have a 
recommended operating voltage range of 4 to 6.5 volts. 

The COP1881 and CDP1882 are supplied in 20-lead and 
18-lead packages, respectively. The COP1881 is supplied 
only in a dual-in-line plastic package (E suffix). The 
COP1882 is supplied in dual-in-line, hermetic side-brazed 
ceramic (0 suffix) and in plastic (E suffix) packages. 

CDP1881 and CDP1882 ............................................................................................. -0.5 to +11 V 
CDP1881C and CDPI882C ......................................................................... · ....... ·· ........ -0.5 to +7 V 

INPUT VOL TAGE RANGE, ALL INPUTS .......................................................... ·· ...... ·.· ..... -05 to Voo +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po) 

ForTA: -40 to +60'C (PACKAGE TYPE E) .............................................................................. 500 mW 
For Tf' : +60 to +85' C (PACKAGE TYPE E) ................................................. Derate Linearly at 12 mW/' C to 200 mW 
For TA -55 to +loo'C (PACKAGE TYPE D) ............................................................................... 500 mW 
For TA: +100 to 125'C (PACKAGE TYPE D) ............................................... Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA: FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D ............................................................................................... -55 to +125' C 
PACKAGE TYPE E ................................................................................................. -40 to +85'C 

STORAGE-TEMPERATURE RANGE (Tstg) ........................................................................... -65 to +150'C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1116 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max ....................................................... +265'C 

File Number 1367 
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CDP1881, CDP1881 C, 
CDP1882, CDP1882C 

OPERATING CONDITIONS at TA = Full Package-Temperature Range. 
For maximum rellbillty, operating conditions should be selected so that operation Is always within the following ranges: 

LIMITS 

CHARACTERISTIC CDP1881, CDP1882 CDP1881C, CDP1882C UNITS 

Min. Max. Min. 

DC Operating Voltage Range II 10.5 4 

Input Voltage Range Vss Voo Vss 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo ± 5%, Except as noted 

CHARACTERISTIC 

Quiescent Device 

Current 100 

Output Low Drive 

(Sink) Current IOL 

Output High Drive 

(Source) Current IOH 

Output Voltage 

Low-Level VOLt 

Output Voltage 

High-Level VOHt 

Input Low 

Voltage VIL 

Input High 

Voltage VIH 

Input Leakage 

Current liN 

I nput CapaCitance CIN 

Output Capacitance COUT 

Operating Device 

Current loo1/!; 

Minimum Data 

Retention Voltage VOR 

Data Retention 

Current lOR 

'Typical values are for TA = 25° C 
tlOL = IOH = 1 pA 

CONDITIONS 

Vo VIN voo 
(V) (V) (V) 

- 0,5 5 

- 0, 10 10 

04 0,5 5 

0.5 0, 10 10 

4.6 0, 5 5 

9.5 0, 10 10 

- 0, 5 5 

- 0, 10 10 

- 0,5 5 

- 0, 10 10 

0.5,4.5 - 5 

1,9 - 10 

05,4.5 - 5 

1,9 - 10 

Any 0, 5 5 

Input 0, 10 10 

- - -
- - -

0, 5 0, 5 5 

0,10 0, 10 10 

Voo = VOR 

Voo = 2.4 V 

LIMITS 

CDP1881 
CDP1882 

Min. Typ." Max. Min . 

- 1 10 -
- 10 100 -

1.6 3.2 - 1.6 

3.2 64 - -

-1.15 -23 - -1.15 

-2.3 -4.6 - -
- 0 0.1 -
- 0 0.1 -

4.9 5 - 4.9 

9.9 10 - -

- - 15 -
- - 3 -
3.5 - - 3.5 

7 - - -
- - ±1 -

- - ±2 -

- 5 7.5 -

- 10 15 -
- - 2 -

- - 4 -

- 2 24 -

- 0.01 1 -

Max. 

6.5 

Voo 

CDP1881C 
CDP1882C 

Typ." Max. 

5 50 

- -
3.2 -
- -

-2.3 -
- -
0 0.1 

- -
5 -
- -

- 1.5 

- -
- -
- -
- ±1 

- -
5 7.5 

10 15 

- 2 

- -

2 2.4 

0.5 5 

/!;Operating current is measured at 200 kHz for Voo = 5 V and 400 kHz for Voo = 10 V, with outputs open circuit. 
(EqUivalent to tYPical CDP1800 system at 3.2 MHz, 5-V; and 6.4 MHz, 10-V). 

V 

UNITS 

pA 

mA 

V 

pA 

pF 

mA 

V 

pA 

____________________________________________________________ 469 

.. 



CMOS Peripherals _________________________ _ 

CDP1881, CDP1881 C, 
CDP1882, CDP1882C 

CLOCK ) 

c VDD = @ 
Vss= ® 

92CS- 35000 

Fig. I - Functional diagram for the COPIBBI, COPIBBIC. 

CLOCK I 

Jr-HID'J)--------{>----@ All 

Voo'@ 
VSS' 0 

92CS-35001 

Fig. 2 - Functional diagram for the COPIBB2, COPIBB2C. 

TRUTH TABLES for the CDP1881, CDP1881C and CDP1882, CDP1882C. 

INPUTS OUTPUTS 

MWRA MRDA CE --
CS1 

-- --ClK MA4 MAS CSO CS2 CS3 

1 1 X X X X 1 1 1 1 

X X 1 X X X 1 1 1 1 

0 X 0 1 0 0 0 1 1 1 

0 X 0 1 1 0 1 0 1 1 

0 X 0 1 0 1 1 1 0 1 

0 X 0 1 1 1 1 1 1 0 

0 X 0 0 X X PREVIOUS STATE 

X 0 0 1 0 0 0 1 1 1 

X 0 0 1 1 0 1 0 1 1 

X 0 0 1 0 1 1 1 0 1 

X 0 0 1 1 1 1 1 1 0 

X 0 0 0 X X PREVIOUS STATE 

ACDP1881, CDP1881C Only 

INPUTS OUTPUTS 
1------

MAO, MA1, A8, A9, -
CE ClK MA2, MA3 A10, A11 

X 1 1 1 

X 1 0 0 

X 0 X PREVIOUS 
STATE 

Logic 1 = High, Logic 0 = Low, X = Don't Care 
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CDP1881, CDP1881C, 
CDP1882, CDP1882C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ± 5%, tr, If = 20 n8, 
VIH = 0.7 VDD, VIL = 0.3 VDD, CL = 100 pF, See Fig. 3. 

LIMITS 

CHARACTERISTIC CDP1881, CDP1882 CDP1881C, CDP1882C 
VDD 
(V) Min. Typ.- Max.~ Min. 

!v1lnlmum Setup Time, 5 - 10 35 -
Memory Address to CLOCK, tMACL 10 - 8 25 -
Minimum Hold Time, 5 - 8 25 -
Memory Address After CLOCK. tCLMA 10 8 25 

5 - 50 75 -
Minimum CLOCK Pulse Width tCLCL 

10 - 25 40 -
Propagation Delay Times' 5 - 75 150 -

Chip Enable to Chip Select tCECS 10 - 45 100 -

5 - 75 150 -
MRD or MWR to Chip Select" tMCS 

10 - 40 100 -
5 - 100 175 -

CLOCK to Chip Select tCLCS 
10 - 65 125 -
5 - 100 175 -

CLOCK to Address tCLA 
10 - 65 125 -

5 - 100 175 -
Memory Address to Chip Select tMACS 

10 - 75 125 -
5 - 80 125 -

Memory Address to Address tMAA 
10 - 40 60 -

-TYPical values are for TA = 25° C. 
~Maxlmum limits of minimum characteristics are the values above which all devices function. 
"For the CDP1881 and CDP1881C types only. 

Typ.-

10 

-
8 

50 

-
75 

-
75 

-
100 

-
100 

-
100 

-
80 

-

b VALID CHIP ENABLE r 
~~~_9'CECS 

cso. CSi.c S2. CS3 

(a) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 

ffi. CSI. rn.CS3 

Max.~ 

35 

-
25 

75 

-
150 

-
150 

-
175 

-
175 

-
175 

-
125 

-

(b)MRD OR MWii TO CHIP SELECT PROPAGATION DELAY (CDPIB81.CDPI88IC ONLY) 

MAO- MA5 -it MACL I * fCLMA -L 5· • • ~ 
~I----__ ......J 

'CLCl f ClCS 

CLOCK 

CSO.CSI.CS2.CS3 ______ +-________ ~----~~--------------~--~_4----~--

A B - All 

(e) MEMORY ADDRESS SETUP AND HOLD TIME 
92CM- 372915 

Fig. 3 - CDP1BBl and CDP1BB2 timing waveforms. 
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CMOS Peripherals ________________________ _ 

CDP1881, CDP1881 C, 
CDP1882, CDP1882C 

SIGNAL DESCRIPTIONS/PIN FUNCTIONS 

CLOCK: Latch-Input Control - a high at the clock input 
will allow data to pass through the latch to the output pin. 
Data is latched on the high to low transition of the clock 
input. This input is connected to TPA in CDP1800-series 
systems. 

MAO-MA3: Address inputs to the high-byte address 
latches. 

MA4. MAS: I:!!ah-2address inputs decoded to produce 
chip selects CSO - CS3. 

MRD. MWR: MEMORY READ (Mi'i5i and MEMORY WRITE 
(MWR) signal inputs on the CDP1881, CDP1881C A low at 
either input, when the CE pin IS low, will enable the decoder 
chip select outputs (CSO - CS3). 

CE: CHIP ENABLE Input - a low at the CElnput of 
CDP1882, CDP1882C will enable the chip select decoder A 
low at the CElnput of CDP1881, CDP1881C, coinCident 
with a low at either the MRD or MWR pin, will enable the 
£!!!.E select decoder A high on this pin forces CSO, CS1, 
CS2, and CS3 to a high (false) state. 

A8-A11: Latched high-byte address outputs. 

cso-CSi: One of four latched and decoded Chip Select 
outputs. 

VDD. Vss: Power and ground pinS, respectively. 

WAiT TPA TPA 

iii 
CDPI800 CDPI833 
SERI ES IK .8 

CPU ROM 

CEO 

IlIrn MRD 

iiWR -----

APPLICATION INFORMATION 

The CDP1881 and CDP1882 can interface directly with the 
multiplexed address bus of the CDP1800-series 
microprocessor family at maximum clock frequency. A 
single CDP1881 or CDP1882 is capable of decoding up to 
16K-bytes of memory. 

The CDP1881 is provided with MRiS andMWR inputs for 
controlling bus contention, and is especially useful for 
interfacing with RAMs that do not have an output enable 
function TO'Ei. Fig. 4 shows the CDP1881 in a minimum 
system configuration which includes the CDP1833 ROM 
(1 K x 8) and two 2K x 8 RAMS. The CDP1881, in this 
example performs the following functions: 

(1) Latch and decode high-order address bits for use as 
chip selects. 

(2) Gate chip selects with MRD and MWR to prevent bus 
contention with the CPU 

(3) Latch high-order address bits A8 to A11. 

A system using the CDP1882 is shown in Fig. 5. The 
CDP1882 performs the memory address latch and decoder 
functions. Note that the RAM has an output enable (OE) pin 
which eliminates the need for MR'b and MWR inputs on the 
latch/decoder. Instead, the MRD line is connected directly 
to the RAM output enable (aE) pin 

In Fig. 6 the CDP1882 is used to decode a 16K-byte ROM 
system conSisting of four CDM5332s. 

CLK (2) 2K.8 
RAMS 

CDPI881 
LATCHI 

DECODER 
All 

CS 

R/W 

DATA SUS 

92CM-37294RI 

* CEA • CE RAM No I 
ns·n RAM No 2 

FIg. 4 - Mmimum 1800-system usmg the CDP1881 
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TPA 

co PISOO 
SERIES 

CPU 

COP I BB2 
LATCHI 

DECODER 

m .-------+1 Cll< 

ADDRESS BUS 

CDM5332 
4KIt 8 

ROM 

CDP1881, CDP1881C, 
CDP1882, CDP1882C 

1 TD OTHER 
\ CHI P SELECTS 

CDM6116A 
2K 1t8 

RAM 

MRDI--------1~CSI/OE liE 
MwRI--------I- - ---I-------~WE 

DATA BUS 

Fig. 5 - CDPl800-senes system usmg the CDP1882. 

CDPI882 
LATCHI 

DECODER 

CS3 

CS2 
CLK 

C§i 

,---. CE CSO -

--=l MAO-
MA5 

A8-AII 

WAIT I 
CLR ADDRESS BUS 

~l fll ~J u U 
A8 All A8 All A8 All A8-AII 

TPA I--

CS2 k CS2 

~ 
~ 

~ 
en ~ 

ADDRESS Btrs\ AD-A7 AO-A? AO-A? AO-A? 

V Ii/ I~ r------v 
CDPI800 CDM5332 CDM5332 CDM5332 CDII5332 
SERIES 4KxB 4Kx8 4Kx8 4K.8 CPU 

ROM ROM ROM ROM 

MRD CSI/OE CSI/OE ~ C§i/0E CSI/OE 

II I II II I 
DATA BUS 

Fig. 6 - 16K-byte ROM systems usmg the CDP1882. "CN-snn 
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CDP1883, CDP1883C 
CLOCK 20 VDD 

01'0 I. 

"" 18 

... 2 17 

"'3 I. 

A8 

A. 

AID 

'" 

CMOS 7-Bit Latch and Decoder 
Memory Interfaces 

01" ,. "2 
.. A. 

" 
m Features: .... 13 

IT 12 

10 " 

CST 
CS2 

en 

• Performs memory address latch and decoder functions multiplexed or 
non-multiplexed 

VSS • Interfaces directly with the CDP1800-series microprocessors 
TOP VIEW • Allows decoding for systems up to 32K bytes 

92CS-37283 

CDP1883, CDP1883C 
TERMINAL ASSIGNMENT 

The RCA-CDP1883 IS a CMOS 7-blt memory latch and 
decoder Circuit Intended for use In CDP1800-series micro­
processor systems It can serve as a direct Interface 
between the multiplexed address bus of thiS system and up 
to four 8K x 8-blt memories to Implement a 32K-byte 
memory system With four 4K x 8-blt memOries, a 16K-byte 
system can be decoded 

Thedevice is also compatible with non-multiplexed address 
bus microprocessors By connecting the clock inputto Vee, 
the latches are In the data-following mode and the decoded 
outputs can be used In general-purpose memory-system 
applications 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPL Y-VOL TAGE RANGE, (VDD) 
(Voltage referenced to VSS terminal) 

The CDP1833 IS compatible with CDP1800-series micro­
processors operating at maximum clock frequency. 

The CDP1883 and CDP1883C are functionally identical. 
They differ in that the CDP1883 has a recommended 
operallng voltage range of 4 to 10.5 volts and the C version 
has a recommended operating voltage range of 4 to 6.5 
volts 

The CDP1883 and CDP1883C are supplied in 20-lead, dual­
in-line plastiC packages (E suffix). 

CDP1883........... .. ......................................................................................... -05to+11 V 
CDP1883C .................................................................................................... -05to+7V 

INPUT VOLTAGE RANGE, ALL INPUTS. . ................................................................... -0 5 to VDD +05 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................ ±10 mA 
POWER DISSIPATION PER PACKAGE (PO) 

For TA;-40 to +60·C (PACKAGE TYPE E) .. ............................. .. ........................................ 500 mW 
For TA;+60 to +85·C (PACKAGE TYPE E) .... ....... . .......... . ..................... Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA;FULL PACKAGE-TEMPERATURE RANGE ...................................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (T A) 
PACKAGE TYPE E ................................................................................................ -40 to +85·C 

STORAGE-TEMPERATURE RANGE (Tstg) .......................................................................... -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 In (159 ± 0 79 mm) from case for 10 s max ..................................................... +265·C 

File Number 1507 
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CDP1883, CDP1883C 
OPERATING CONDITIONS at TA=Full Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation Is always within the following ranges: 

LIMITS 
CHARACTERISTIC CDP1883 CDP1883C 

Min. I Max. Min. I Max. 
DC Operating Voltage Range 4 I 10.5 4 I 6.5 
Input Voltage Range VSS I VDD VSS I VDD 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ± 5%, Except as Noted 

CONDITIONS LIMITS 

UNITS 

V 

CHARACTERISTIC Va V,N Voo CDP1883 CDP1883C UNITS 

Quiescent Device 
Current 
Output Low Drive 
(Sink) Current 
Output High Drive 
(Source) Current 
Output Voltage 
Low-Level 
Output Voltage 
High-Level 

Input Low Voltage 

Input High Voltage 

Input Leakage Current 

I nput Capacitance 
Output Capacitance 
Operating Device 
Current 
Minimum Data 
Retention Voltage 
Data Retention 
Current 

'Typical values are for T A = 25' C 
=l=IOL = 10" = 1 /lA 

100 

10l 

10H 

VOl* 

VOH* 

V,l 

V,H 

I'N 

C'N 
COUT 

lao,,:::', 

VOR 

lOR 

(V) (V) (V) 
- 0,5 5 
- 0, 10 10 
0.4 0,5 5 
0.5 O. 10 10 
4.6 0,5 5 
9.5 0.10 10 
- 0,5 5 
- O. 10 10 
- 0, 5 5 
- 0, 10 10 

0.5,4.5 - 5 
0.5,9.5 - 10 
0.5,4.5 - 5 
0.5,9.5 - 10 

Any 0,5 5 
Input 0, 10 10 
- - -
- - -

0,5 0,5 5 
0,10 0, 10 10 

Voo = VOR 

Vee = 24 V 

Min. Typ.· Max. Min. 
- 1 10 -
- 10 100 -
1.6 3.2 - 1.6 
3.2 6.4 - -

-1.15 -2.3 - -1.15 
-2.3 -4.6 - -
- 0 0.1 -
- 0 0.1 -
4.9 5 - 4.9 
9.9 10 - -
- - 1.5 -
- - 3 -
3.5 - - 3.5 
7 - - -
- - ±1 -
- - ±2 -
- 5 7.5 -
- 10 15 -
- - 2 -
- - 4 -
- 2 2.4 -

- 0.01 1 -

AOperating current ,s measured at 200 kHz for Vo" = 5 V and 400 kHz for Voo = 10 V, w,th outputs open circu,t. 

Typ.· Max. 
5 50 

pA - -
3.2 -
- -

-2.3 
mA 

- -
0 0.1 
- -
5 -
- - V - 1.5 
- -
- -
- -
- ±1 

pA - -
5 7.5 

pF 
10 15 
- 2 

mA - -
2 2.4 V 

0.5 5 pA 
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CDP1883, CDP1883C 

voo o @ 

vsso@ 92CM- 37285 

FIg. 1 - FunctIonal dIagram for the CDP1883, CDP1883C. 

TRUTH TABLES FOR CDP1883. CDP1833C 

SIGNAL DESCRIPTIONS/PIN FUNCTIONS 

CLOCK: latch Input Control-a high on the clock input 
will allow data to pass through the latch to the output pin 
Data is latched on the hlgh-to-Iow transition of the clock 
input. ThiS pin is connected to TPA In the CDP1800 system 
and tied to Voo for other applications. 

MAO-MA4: address inputs to the high byte address latches 

MAS-MA6: IJ..i..9.I:!. ~ address Inputs decoded to produce 
chip selects "CSO-'CS3 
cE: CHIP ENABLE input A low on thiS pin will enable the 
.£!!!Eselect decoder. A high on this pin forces the CSQ, CS1 , 
"CS2, and ~ outputs to a high (false) state. 

A8-A12: latched high-byte address outputs. 

CSO-CS3: one of four latched and decoded Chip Select 
outputs. 

Voo. Vss: power and ground pins, respectively. 

INPUTS 
~ ClK MAS MA6 

0 1 0 0 
0 1 1 0 
0 1 0 1 
0 1 1 1 
0 0 X X 
1 X X X 

INPUTS 
~ ClK MAO-4 

X 1 1 
X 1 0 
X 0 X 

X = DON'T CARE 

OUTPUTS 
csn ~ ~ CS3 

0 1 1 1 
1 0 1 1 
1 1 0 1 
1 1 1 0 

PREVIOUS STATE 
1 1 11 11 1 

OUTPUTS 
A8-A12 

1 
0 

PREVIOUS STATE 
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_________________________ CMOS Peripherals 

CDP1883, CDP1883C 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA=-40 to +850 C, VDD ± SOfa, tr,tr=20 ns, 
VIWO.7 VDD, VIL =0.3 VDD, CL =100 pF. See Fig. 2. 

LIMITS 
CHARACTERISTIC VDD CDP1883 CDP1883C 

(V) Min. Typ.· Max.ll. Min. Typ.· Max.ll. 
Minimum Setup Time, 5 - 10 35 - 10 35 
Memory Address to CLOCK tMACL 10 - 8 25 - - -
Minimum Hold Time, 5 - 8 25 - 8 25 
Memory Address After CLOCK tCLMA 10 - 8 25 - - -

5 - 50 75 - 50 75 
Minimum CLOCK Pulse Width tCLCL 

10 25 40 - -- -
Propagation Delay Times: 5 - 75 150 - 75 150 
Chip Enable to Chip Select teEcs 10 - 45 100 - - -

5 100 175 100 175 
CLOCK to Chip Select teLcs 

10 - 65 125 - - -
5 - 100 175 - 100 175 

CLOCK to Address, teLA 
10 - 65 125 - - -
5 100 175 100 175 

Memory Address to Chip Select tMACS 
10 - 75 125 - - -
5 - 80 125 - 80 125 

Memory Address to Address tMAA 
10 - 40 60 - - -

oTYPlcal values are for TA = 250 C 
t.Maxlmum limits of mmlmum characteristics are the values above which all deVices function 

, VALID CHIP ENABLES d 
~----J:-----t~CE~C~S~~~~~~-------tC-E-C--S ~ 

CSO,CSI,CS2,CS3 ---------....:....--'£:=_----....;,,------------------~;;,;;,,--.:.....-rr----

(0) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 

MAO-MA6-~~------~v---------R---------------~~--~~-----

CLOCK 

AB-AI2 _______________ ~------e-------------------~~----~~ 

(b) MEMORY ADDRESS SETUP ANO HOLD TIME 

92CM~~7284 

Fig. 2 - CDP1883 tlmmg waveforms. 

UNITS 

ns 
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CDP1883, CDP1883C 
APPLICATION INFORMATION 

The CDP1883 and CDP1883C can be interfaced, without 
external components, with CDP1800-series microprocessor 
systems. These microprocessors feature a multiplexed 
address bus and provide an address latch signal (TPA) that 
is used as the Clock input of the CDP1883 

This signal is used to latch 7 bits of the high-order address. 
The lower five high-order address inputs are latched and 
held to be used with the eight lower-order address inputs to 

WATT 
m 

COP 1800 CDPI837C SERIES 4K II. 8 CPU 
ROM 

'iiRli iiRo 
Mii1f 

access an 8K x 8-bit memory. The two upper high-order 
address inputs are latched and decoded for use as chip 
selects. 

The latched address and decoding functions of the CDP1883 
and CDP1883C allow them to operate with 32K-byte memory 
systems. In addition, smaller memory systems can be 
configured with 4K x 8-bit or smaller memories, or a mix of 
memory sizes up to 8K x 8-bit. 

CLK A8-A12 
COPI883 

LATCH I 
DECODER 

m 
CSi CE 
rn 
ill 

llr 
---- WE" 

92CM- 37281 

Fig. 3 - Mmlmum 1800-system using the CDPl883 to mterface WIth an 8K x 8-bit memory. 

TPA 

CDPIBOO 
BERI ES 

CPU 

CDPI883 
LATCHI 

DECODER 

.-------~CLK ~r_--------------------------------------__; 
,..----"Irr ml---------------, 

ADDRESS BUS 

~~-------------
CSO 

CDM5364 
SKx8 
ROM 

COM53&4 
SKxS 
ROM 

CDM5364 
SKxS 

ROM 

FIg 4 - 32K-byte ROM system using the CDP1883. 

CDM5364 
SKitS 
ROM 

92CM-37282 
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VDD TRC 
NC 'PE 

GND CLSI 
RRD - CLS2 

RBRe S8S 
RBR7 PI 
RBR6 CRL 
RBR5 T8RS 
RBR4 TBRl 

RSR3 TeR6 
ReR2 T8R5 

RBR' TBR4 
PE TeR 3 

FE TBR2 
DE T8Rl 

SFD TRO 
RRC TRE 
~ TBRl 

OR TBRE 
RRI MR 

TOP VIEW 92CS-34552 

TERMINAL ASSIGNMENT 

CDP6402, CDP6402C 

CMOS Universal Asynchronous 
Receiver/Transmitter (UART) 
Features: 
• Low-power CMOS circuitry -

7.5 mW typo at 3.2 MHz 
(max. freq.) at VDD = 5 V 

• Baud rate - DC to 200K bits/sec (max.) 
at VDD = 5 V, 85°C 

DC to 400K bits/sec (max.) 
at VDD = 10 V,85°C 

• 4 V to 10.5 operation 
• AutomatIc data formatting and 

status generation 

• Fully programmable with externally 
selectable word length (5-8 bits), 
parity inhibit, even/odd parity, and 
I, 1.5,or 2 stop bits 

• Operating-temperature range: 
(CDP6402D, CD) -55 to +125° 
(CDP6402E, CE) -40 to +85° C 

• Replaces industry types IM6402 
and HD6402 

The RCA CDP6402 and CDP6402C are silicon-gate CMOS 
Universal Asynchronous Receiver/Transmitter (UART) 
circuits for interfacing computers or microprocessors to 
asynchronous serial data channels. They are designed to 
provide the necessary formatting and control for interfacing 
between serial and parallel data channels. The receiver 
converts serial start, data, parity, and stop bits to parallel 

data verifying proper code transmission, parity and stop 
bits. The transmitter converts parallel data into serial form 
and automatically adds start parity and stop bits. 

The data word can be 5, 6, 7 or 8 bits in length. Parity may be 
odd, even or inhibited. Stop bits can be 1, 1.5, or 2 (when 
transmitting 5-bit code). 

TRE +-r--------, 

TRC 

L---------------j-+TRO 

ClSI-~--+_-----+_--------~--~~--~----------------------------------------------_t-SBS 
CLS2 EPE 

CRL--r---t---------t---------~ __ _.----~----------------------------------------------_t-Pl 

MR 

,-----------------------------------------~_+--4__RRI 

SFD ~----------.;__ RRD 

DR OE TBRE FE PE RBRe (MSBI RBRI (LSB) 92CL-34553 

Fig. 1 - Functional block diagram. 

File Number 1328 
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CDP6402, CDP6402C 
The CDP6402 and CDP6402C can be used in a wide range 
of applications including modems, printers, peripherals, 
video terminals, remote data acquisition systems, and serial 
data links for distributed processing systems. 

The CDP6402 and CDP6402C are functionally identical. 
They differ in that the CDP6402 has a recommended 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltage referenced to VSS Terminal) 

operating voltage range of 4 to 10.5 volts, and the CDP6402C 
has a recommended operating voltage range of 4 to 6.5 
volts. Both types are supplied in 40-lead dual-in-line ceramic 
packages (0 suffix), and 40-lead dual-in-line plastic 
packages (E suffix). 

CDP6402 ....................................................................................... -0.5to+11 V 
CDP6402C .. '" ...........................................................••••.••.••..•.......••• -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ........................................................ -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................. ± 100pA 
POWER DISSIPATION PER PACKAGE (PO): 

For TA = -40 to +60°C (PACKAGE TYPE E .............................................................. 500 mW 
For TA = +60 to +85°C (PACKAGE TYPE E) ............................... Derate Lineary at 12 mW/oC to 200 mW 
For TA = -55 to 100°C (PACKAGE TYPE D) ............................................................. 500 mW 
For TA = + 100 to +125°C (PACKAGE TYPE D) ............................ Derate Lineary at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ....................••••..••..••• 100 mW 

OPERATING-TEMPERATURE RANGE (TA). 
PACKAGE TYPE 0 .............................................................................. -55 to +125°C 
PACKAGE TYPE E ...................................................••.••.....•.................. -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg)' ......................................................... -85 to +150° C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0 79 mm) from case for 10 s max ..................................... +265°C 

OPERATING CONDITIONS at TA = Full Package-Temperatura Range. For maximum reliability, operating condlUonl 
Ihould be lelectad 80 that operation II alwaYI within the following rangel: 

LIMITS 
CHARACTERISTIC CDP6402 CDP6402C UNITS 

Min. Max. Min. Max. 
DC Operating Voltage Range 4 10.5 4 6.5 V Input Voltage Range VSS VDD VSS VDD 

STATIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85°C, VDD ±100f0, Except al noted 

CONDITIONS LIMITS 
CHARACTERISTIC ~~ ~~ ~~r CDP6402 CDP6402C UNITS 

Min. Typ.- Max. Min. TVD.· Max. 
Quiescent Device 0,5 5 0.01 50 0.02 200 pA 

Current IDD - 0, 10 10 - 1 200 - - -
Output Low Drive 0.4 

0°'150 150 
2 4 1.<! 2.4 

_'-Sink) Current IOL 0.5 5 7 - - - - mA 
Output High Drive 4.6 0,5 5 -0.55 -1.1 -0.55 -1.1 

(Source) Current IOH 9.5 0, 10 10 -1.3 -2.6 - - - -
uutput Voltage 0,5 5 0 0.1 U U.l 

Low-Level VOLt - 0, 10 10 - 0 0.1 - - -
output voltage 

VOHt 
0,5 

150 
4.9 

150 
4.9 5 

High Level - 0, 10 9.9 - - - - V 
Input Low 0.5,4.5 - 5 P.~ifoD 

o.s 
Voltage Vil 0.5,9.5 - 10 - - - - -

Input Mlgn U.:>, 4.:> :> VDD-2 WDD-2 
Voltage VI~ 0.5 9.5 - 10 7 - - - - -

Input Leakage Any 0,5 5 ±1o-" ±1 ±1 
Current liN Input o 10 10 - ±10-4 ±2 - - - pA 

3-State Output Leakage 0,5 0,5 5 ±1O-" ±1 ±1O-" ±1 
Current lOUT 0, 10 0, 10 10 - ±10-4 ±10 - - -

Operating Current, IDD1t ~'100 150 
1.0 1.0 mA 
10 

Input CapaCitance CIN - 5 7.5 - 5 7.5 pF 
Output Capacitance COUT - - - 10 15 10 15 

-Typical values are for TA=25°C and nominal VDD. tlOL =IOW 1pA. 
#Operating current is measured at 200 kHz or VDD = 5 V and 400 kHz for VDD = 10 V, with open outputs (worst-cal. 

frequencies for CDP1802A system operating at maximum speed of 3.2 MHz). 
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DESCRIPTION OF OPERATION 

Initialization and Controls 

A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets 
the serial output (TRO) High. Timing is generated from the 
clock inputs RRC and TRC at a frequency equal to 16 times 
the serial data bit rate. The RRC and TRC inputs may be 
driven by a common clock, or may be driven independently 
by two different clocks. The CONTROL REGISTER lOAD 
(CRl) input is strobed to load control bits for PARITY 
INHIBIT (PI), EVEN pARITY ENABLE (EPE), STOP BIT 
SELECTS (SBS), and CHARACTER lENGTH SELECTS 
(ClS1 and ClS2). These inputs may be hand wired to VSS 
or VDD with CRl to VDD. When the initialization is 
completed, the UART is ready for receiver and/or transmitter 
operations. 

Transmitter Operation 

The transmitter section accepts parallel data, formats it, 
and transmits it in serial form (Fig. 2) on the TRO terminal. 

5-8 DATA BITS 1,1-1/20R2STOPBITS 

STARTB""\ ,. I 1 ~ 

IL... '...J...IL--.JSB IL......L--.JL......L-...JL......L--.JIL...-MSB ...... I ~x=LLL 
*!F ENABLED PARITY 

92C5-34554 

Fig. 2 - Serial data format. 

Transmittertiming is shown in Fig. 3. (A) Data is loaded into 
the transmitter buffer register from the inputs TBR1 through 
TBR8 by a logic low on the TBRl input. Valid data must be 
present at least tDT prior to, and tTD following, the rising 
edge of "i'trnI. If words less than 8 bits are used, only the 
least significant bits are used. The character is right 
justified into the least significant bit, TBR1. (B) The rising 
edge of TBRl clears TBRE. V, to 1'h cycles later, depending 
on when the TBRl pulse occurs with respect to TRC, data is 
transferred to the transmitter register and TRE is cleared. 
TBRE is set to a logic High one cycle after that. 

Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on TBRl loads data into 
the transmitter buffer register Data transfer to the 
transmitter register is delayed until transmission of the 
current character is complete. (D) Data is automatically 
transferred to the transmitter register and transmission of 
that character begins. 

92CS-3B054Rt 

Fig. 3 - Transmitter timing waveforms. 

CDP6402, CDP6402C 
Receiver Operation 

Data is received in serial form at the RRI input. When no 
data is being received, RRI input must remain high. The 
data is clocked through the RRC. The clock rate is 16 times 
the data rate. Receiver timing is shown in Fig. 4. 

~ _,8112 TO 9112 
BEGINNING OF FiRST STOP BIT " CLOCK CYCLES 

RR I 

RBRI-B ,OE 

DR 

FE ,PE 

I DATA I l 

~~ 
I 

A -- ~ 112CLOC 
C C E CY L 

9ZCS -:!4ee'R2 

Fig. 4 - Receiver timing waveforms. 

K 

(A) A low level on DRR clears the DR line. (B) During the 

the RBRegister. If the word IS less than 8 bitS, the unused ~ 
first stop bit data is transferred from the receiver register to III 
most significant bits will be a logic low. The output 
character is right justified to the least significant bit RBR1. A 
logic high on OE indicates overruns. An overrun occurs 
when DR has not been cleared before the present character 
was transferred to the RBR. (C) 1/2 clock cycle later DR is 
set to a logic high and FE is evaluated. A logic high on FE 
indicates an invalid stop bit was received A logic high on 
PE indicates a parity error. 

Start Bit Detection 

The receiver uses a 16X clock for timing (Fig. 5) The start 
bit could have occurred as much as one clock cycle before it 
was detected, as indicated by the shaded portion. The 
center of the start bit is defined as clock count 7 1/2. If the 
receiver clock is a symmetrical square wave, the center of 
the start bit will be located within ±1/2 clock cycle, ±1/32 bit 
or ±3.125%. The receiver begins searching for the next start 
bit at 9 clocks into the first stop bit. 

CLOCK 

COUNT 7 1/2 
DEFINED CENTER 
OF START BIT 

RRI INPur----rn START 

! .. I.. 7112CLOC~ 14-- CYCLES 
8 1/2 CLOC K 

CYCLES 

92C$- 34558 

Fig. 5 - Start bit timing waveforms. 
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CDP6402, CDP6402C 
Table I - Control Word Function 

"wnRn 
CLS2 CLS1 PI EPE 

L L L L 
L L L L 
L L L H 
L L L H 
L L H X 
L L H X 
L H L L 
L H L L 
L H L H 
L H L H 
L H H X 
L H H X 
H L L L 
H L L L 
H L L H 
H L L H 
H L H X 
H L H X 
H H L L 
H H L L 
H H L H 
H H L H 
H H H X 
H H H X 

x = Don t Care 

Table II - Function Pin Definition 

PIN 
1 
2 
3 
4 

5 

6 
7 
8 
9 
10 
11 
12 
13 

14 

SYMBOL 
VDD 
N/C 
GND 
RRD 

RBR8 

RBR7 
RBR6 
RBR5 
RBR4 
RBR3 
RBR2 
RBR1 

PE 

FE 

DESCRIPTION 
Positive Power Supply 
No ConnectIOn 
Ground (VSS) 
A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register au puts RBR1-RBR8 to a high 
Impedance state 
The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs Word formats less than 8 

'1"':' :,': :"O:::'''.d '0 RBR 

A high level on PARITY ERROR 
Indicates that the received panty does 
not match panty programmed by control 
bits The output IS active until panty 
matches on a succeeding character 
When panty IS inhibited, thiS output 
IS low 
A high level on FRAMING ERROR 
indicates the 'flrst stop bit was invalid. 
FE Will stay active until the next valid 
character's stop bit IS received 

SBS 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

PIN 

15 

16 

17 

18 

19 

20 

21 

22 

DATA BITS PARITY BIT STOP BITeS} 
5 ODD 1 
5 ODD 1.5 
5 EVEN 1 
5 EVEN 1.5 
5 DISABLED 1 
5 DISABLED 1.5 
6 ODD 1 
6 ODD 2 
6 EVEN 1 
6 EVEN 2 
6 DISABLED 1 
6 DISABLED 2 
7 ODD 1 
7 ODD 2 
7 EVEN 1 
7 EVEN 2 
7 DISABLED 1 
7 DISABLED 2 
8 ODD 1 
8 ODD 2 
8 EVEN 1 
8 EVEN 2 
8 DISABLED 1 
8 DISABLED 2 

SYMBOL DESCRIPTION 

OE A high level on OVERRUN ERROR 
indicates the data received flag was not 
cleared before the last character was 
transferred to the receiver buffer 
register. The Error is reset at the next 
character's stop bit if DRR has been 
performed (i.e., DRR; active low). 

SFD A high level on STATUS FLAGS 
DISABLE forces the outputs PE, FE, OE, 
DR, TBRE to a high impedance state. 

RRC The RECEIVER REGISTER CLOCK is 
16X'the receiver data rate. 

DRJ!f" A low level on DATA RECEIVED RESET 
clears the data received output (DR), to 
a low level. 

DR A high level on DATA RECEIVED 
indicates a character has been received 
and transferred to the receiver buffer 
register. 

RRI Serial data on RECEIVER REGISTER 
INPUT is clocked into the receiver 
register. 

MR A high level on MASTER RESET (MR) 
clears PE, FE, OE and DR, and sets TRE, 
TBRE, and TRO. TRE is actually set on 
the first rising edge of TRC after MR 
goes high. MR should be strobed alter 
power-up. 

TBRE A high level on TRANSMITTER BUFFER 
REGISTER EMPTY indicates the 
transmitter buffer register has 
transferred its data to the transmitter 
register and IS ready for new data. 
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CDP6402, CDP6402C 
Table II - Function Pin Definition (Cont'd) 

PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION 
23 TBRL A low level on TRANSMITTER BUFFER 

REGISTER LOAD transfers data from 
inputs TBR1-TBR8 Into the transmitter 
buffer register. A low to high transition 
on TBRL requests data transfer to the 
transmitter register. If the transmitter 
register is busy, transfer is automatically 
delayed so that the two characters are 
transmitted end to end. 

24 TRE A high level on TRANSMITTER 
REGISTER EMPTY indicates completed 
transmission of a character including 
stop bits. 

25 TRO Character data, start data and stop bits 

34 CRL A high level on CONTROL REGISTER 
LOAD loads the control register. 

35 PI' A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low. 

36 SBS' A high level on STOP BIT SELECT 
selects 1.5 stop bits for a 5 character 
format and 2 stop bits for other lengths. 

37 CLS2' These inputs program the CHARACTER 
LENGTH SELECTED. (CLS1 low CLS2 
low 5-bits) (CLS1 high CLS210w 6-bits) 
(CLS110w CLS2 high 7-bits) (CLS1 high 
CLS2 high 8-bits). 

38 CLS1' See Pin 37 - CLS2 
appear serially at the TRANSMITTER 
REGISTER OUTPUT. 

26 TBR1 Character data IS loaded into the 
TRANSMITTER BUFFER REGISTER via 
inputs TBR1-TBR8 For character 

39 EPE' When PI IS low, a high level on EVEN 
PARITY ENABLE generates and checks 
evan parity A low level selects odd 
parity 

40 TRC The TRANSMITTER REGISTER 
formats less than 8-blts, the TBR8, 7, CLOCK is 16X the transmit data rate. 
and 6 Inputs are ignored corresponding 
to the programmed word length 

27 TBR2 

} 
28 TBR3 
29 TBR4 
30 TBR5 See Pin 28 - TBR1 
31 TBR6 
32 TBR7 
33 TBR8 

'See Table I (Control Word Function) III 
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CDP6402, CDP6402C 
DYNAMIC ELECTRICAL CHARACTERISTICS al T A = -4010 +850 C. VDD ± 5%. Ir• If = 20 ns. 

VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

LIMITS 

CDP6402 CDP6402C 

CHARACTERISTIC t VDD 
Typ.- I Typ.-I (V) Max.ll. 

Syslem Timing (See Fig. 6) 

Minimum Pulse Width: 5 50 150 50 
CRl tCRl 10 40 100 -

Minimum Setup Time 5 20 50 20 
Control Word to CRl tcwc 10 0 40 -

Minimum Hold Time 5 40 60 40 
Control Word after CRl tccw 10 20 30 -

Propagation Delay Time 5 130 200 130 
SFD High to SOD tSFDH 10 100 150 -

SFD low to SOD tSFDl 5 130 200 130 
10 40 60 -

RRD High to Receiver Register 5 80 150 80 
High Impedance tRRDH 10 40 70 -

RRD low to Receiver Register 5 80 150 80 
Active tRRDl 10 40 70 -

Minimum Pulse Width: 5 200 400 200 

MR 10 100 200 -

-Typical values for T A = 250 C and nominal VDD· 

ll.Maximum limits of minimum characteristics are the values above which all devices function. 

t All measurements are made at the 50% POint of the transition except tri-state measurements 

CONTROL INPUT WORD TIMING 

Max.ll. 

150 
-
50 
-

60 
-

200 
-

200 
-

150 
-

150 
-

400 

-

CONTROL wORO------'r--------~~~~~~~~------------~Ir_--------
INPUT CONTROL WORD BYTE 

1" tccw 

CRl _________ ~/~--------------~\~-------------
1 ......... ------tCRL --I 

~----------tcwc 

SFO ------------...... 

RECEIVER REGI'HER DISCONNECT TIMING 

~900/0 700/0* R BUS 0 

R BUS 7 -------I 10 % I 3 0/0 
t R R 0 H -, _........: _______________ --ft ______ """""""1---j 0 t RROL 

r- R 
RRO 

------I 

9<.CM - 38055 

Fig. 6 - System timing waveforms. 

UNITS 

ns 
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CDP6402, CDP6402C 
DYNAMIC ELECTRICAL CHARACTERISTICS al T A = -4010 +850 C. VDD ± 5%. Ir• If = 20 ns. 
VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pF 

LIMITS 

CHARACTERISTIC t 
CDP6402 1 CDP6402C 

~~p TVD.- I Max.t. I Typ.- I 
Transmitter Timing (See Fig. 7) 

Minimum Clock Period (TRC) tcc 5 250 310 250 
10 125 155 -

Minimum Pulse Width: 5 100 125 100 
Clock low level tCl 10 75 100 -

Clock High level tCH 5 100 125 100 
10 75 100 -

TBRT. tTHTH 5 80 200 80 
10 40 100 -

Minimum Setup Time: 5 175 275 175 
TBRl to Clock tTHC 10 90 150 -

Data to TBRl .JI 
r 

tOT 5 20 50 20 
10 0 40 -

Minimum Hold Time: 5 40 60 40 
Data after i'BFf[ _1f tTD 10 20 30 -

Propagation Delay Time: 5 300 450 300 
Clock to Data Start Bit tCD 10 150 225 -

Clock to TBRE tCT 5 330 400 330 
10 100 150 -

TBRL to TBRE tTTHR 5 200 300 200 
10 100 150 -

Clock to TRE tTTS 5 330 400 330 
10 100 150 -

-Typical values for T A = 250 C and nominal VDD. 

t.Maximum limits of minimum characteristics are the values above which all deVices function_ 
t All measurements are made at the 50% point of the transition except tn-state measurements. 

** TRANSMITTER SHIFT * TRANSMITTER BUFFER REGISTER LOADED 
REGISTER LOADEO 

TRC I 
I I I I 
I-+- I I 

I , I II 

Max.t. 

310 
-

125 
-

125 
-

200 
-

275 
-

50 
-

60 
-

450 
-

400 
-

300 
-

400 
-

I III : 

1-1 ~tco ~ L.-tCD 
TRO _______ ~I_+I--iil ) 

I I uP~----------~-----~~I-ST-=DA~T~A~B~IT I I -! ll-
tTTH~ ~ --J ~tCT 

TBRE _______ -+i_~~I~~r:T-T-S~~-------~ll~----------
TRE : I 

I ~----------~ll~----------
J:~::t Dr-t-tTD::! 

; ~~"s ~- ----;:ijATA X\..,..::::::::::::::::::::::::~:::::::::::::::::::::::::= 
* THE HOLDING REGISTER IS LOADED ON THE TRAILING EDGE OF Tl!Rl 

Fig. 7 - Transmitter timing waveforms. 

UNITS 

ns 
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CDP6402, CDP6402C 
DYNAMIC ELECTRICAL CHARACTERISTICS al T A = -40 10 +850 C. VOO ± 5%. Ir. If = 20 n8. 
VIH = 0.7 VOO. VIL = 0.3 VOO. CL = 100 pF 

LIMITS 

CHARACTERISTIC t 
COP6402 I COP6402C 

V~p (v TVD.- Max.~ I TVD.-
Hecelver Timing (5ee I'lg. II) 

Minimum Clock Period (RRC) tcc 5 250 310 250 
10 125 _15fi 

Minimum Pulse Width: 5 100 125 100 
Clock Low Level tCl 10 75 100 -
Clock High Level tCH 5 100 125 100 

10 75 100 -
DATA RECEIVED RESET too 

150 
50 75 50 
25 40 

I Minimum Setup Time: 5 100 150 100 
Data Start Bit to Clock !o.G 10 50 75 

I proQalla Ion e a:l Ime: 
DATA RECEIVED RESET to tDDA 5 150 250 150 
Data Received 10 75 125 -
Clock to Data Valid tCDV 5 275 400 275 

10 110 175 -
Clock to DR 

tCDA 5 275 400 275 
10 110 175 

Clock to Overrun Error tCOE 5 275 400 275 
10 100 150 

Clock to Parity Error tCPE 5 240 375 240 
10 120 175 

Clock to Framing Error tCFE 5 200 300 200 
10 100 150 -

-TYPical values for T A = 250 C and nominal VDD. 

~Maximum limits of minimum characteristics are the values above which all devices function. 
t All measurements are made at the 50% point of the transition except tri-state measurements. 

j,.-htcc CLOCK 71/2 
SAMPLE 

tCH H-t-tCL \.. 

RRC~R 

-J I-'DC* 
RRI 

START BIT PARITY 

CLOCK 71/2 LOAD 
HOLDING REGISTER 

M.x.~ 

310 

125 
-

125 

75 

150 

250 
-
400 
-
400 

400 

375 

300 
-

R euso-------------------------------------------------------rt~~~~ 
R BUS 7 

DR ---------------:~==================================~=+~----­--j !-'DDA 
DRR-------------T------------~------------------------~~-------

I-- 'Do---j 
OE**----------------------------------------------------f------

PE ----------------------------------------------------r-~---

FE--------______________________________________ ~----~-L---

I 92CM-345!5!5 * IF A START BIT OCCURS AT A TIME LESS THAN toc BEFORE A HIGH· TO-LOW TRANSITION 
OF THE CLOCK, THE START BIT MAY NOT BE RECOGNIZED UNTIL THE NEXT HIGH-TO­
LOW TRANSITION OF THe CLOCK THE START BIT MAY BE COMPLETELY ASYNCHRONOUS 
WITH THE CLOCK 

** IF A PENDING DA HAS NOT BEEN CLEARED BY A READ OF THE RECEIVER HOLDING 
REGISTER BY THE TIME It.. NEW WORD IS LOADED INTO THE RECEIVER HOLDING 
REGISTER, THE OE SIGNAL WILL COME TRUE 

Fig. 8 - Receiver timing waveforms. 

UNITS 

ns 
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Advance Information 

TERMINAL ASSIGNMENT 

vss 28 R/W 

CSO 27 ~2 

C51 26 !l!1l 

CDP65C51 
CMOS Asynchronous Communications 
Interface Adapter (ACIA) 

RES • 25 07 

2. D6 
Features: 

RxC 

XTLI 23 D5 • Compatible with 8-blt microprocessors 
XTL 7 

RTS 8 

22 

21 
0" 
03 

• Full duplex operation with buffered 
receiver and transmitter 

CTS 20 02 • Data set/modem control functions 
TxD 10 

DTR " 
I. 

18 

01 

DO 
• Internal baud-rate generator with 15 

programmable baud rates (50 to 19,200) 
RxO 12 17 

RSO 13 16 
RS I I. 15 

= 
DCD 

VDD 

• Program-selectable internally or externally 
controlled receiver rate 

TOP VIEW 92CS-36774 

The RCA-CDP65C51 Asynchronous Communications Inter­
face Adapter (ACIA) provides an easily implemented, 
program-controlled interface between 8-bit micropro­
cessor-based systems and serial communication data sets 
and modems. 

The CDP65C51 has an internal baud-rate generator. This 
feature eliminates the need for multiple component support 
circuits, a crystal being the only other part required. The 
Transmitter baud rate can be selected under program 
control to be either 1 of 15 different rates from 50 to 19,200 
baud, or 1/16 times an external clock rate. The Receiver 
baud rate may be selected under program control to be 
either the Transmitter rate, or at 1/16 times an external 
clock rate The CDP65C51 has programmable word lengths 
of 5,6,7, or 8 bits; even, odd, or no panty; 1, 1 V2, or 2 stop 
bits 

The CDP65C51 is designed for maximum programmed 
control from the CPU, to simplify hardware implementation. 
Three separate registers permit the CPU to easily select the 
CDP65C51 operating modes and data-checking parameters 
and determine operational status. 

The Command Register controls parity, receiver echo 
mode, transmitter interrupt control, the state of the RTS 
line, receiver interrupt control, and the state of the DTR line. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

• Operates at baud rates up to 250,000 via 
proper crystal or clock selection 

• Programmable word lengths, number of stop 
bits, and parity-bit generation and detection 

• Programmable interrupt control 
• Program reset 
• Program-selectable serial echo mode 
• Two chip selects 
• 4-MHz, 2 MHz or 1 MHz operation (CDP65C51-4, 

CDP65C51-2, CDP65C51-1, respectively) 
• Single 3 V to 6 V power supply 
• Full TTL compatibility 

The Status Register indicates the states of the IRQ, DSR, 
and DCD lines, Transmitter and Receiver Data Registers, 
and Overrun, Framing, and Panty Error conditions. 

The Transmitter and Receiver Data Registers are used for 
temporary data storage by the CDP65C51 Transmit and 
Receive circuits. 

The CDP65C51-1, CDP65C51-2, and CDP65C51-4 are 
capable of interfaCing with microprocessors with cycle 
times of 1 MHz, 2 MHz and 4 MHz, respectively. 

The CDP65C51 IS supplied in 28-lead, hermetic, dual-in-line 
side brazed ceramic packages (D suffix), in 28-lead, dual-in­
line plastiC packages (E suffix) and in 28-lead dual-ln-Iine 
small-outline (SO) packages (M) suffix. 

File Number 1470 
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CDP65C51 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VOO) 
(Voltage referenced to Vss terminal) .................................................................... -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po)' 

ForTA=-40to+60°C{PACKAGETYPEE) .............................................................. 500mW 
For TA = +60 to +85°C (PACKAGE TYPE E) ................................. Derate Linearly at 8 mW/oC to 300 mW 
ForTA = -55 to +100°C (PACKAGE TYPE D) ............................................................. 500 mW 
For TA = +100 to +125°C (PACKAGE TYPE D) ............................... Derate Linearly at 8 mW/oC to 300 mW 
For TA = -40 to +85°C (PACKAGE TYPE M), ............................................................. 425 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE .. TEMPERATURE RANGE (All Package Types) .................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0 ............................................................................... -55 to +125°C 
PACKAGE TYPE E and M .......................................................................... -40 to +85°C 

STORAGE-TEMPERATURE RANGE (Tstg) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 In. (1.59 ± 0.79 mm) from case for 10 s maximum .................................... +265°C 
• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick Gl0 epoxy glass, or equivalent. 

RECOMMENDED OPERATING CONDITIONS at TA = _40° to +85° C 
For maximum reliability, nominal operating conditioils should be selected so that operation is always 
within the following ranges: 

CHARACTERISTIC 
LIMITS 

Min. I Max. 
DC Operating Voltage Range 3 I 6 
Input Voltage Range Vss I Voo 

STATIC ELECTRICAL CHARACTERISTICS at TA = _40° to +85°C, Voo = 5V ± 5% 

CHARACTERISTIC 
LIMITS 

Min. Typ. Max. 
Quiescent Device Current 100 - 50 200 
Output Low Current (Sinking): VOL = 0.4 V 10L 

1.6 -
(00-07, TxD, RxC,RTS, DTR, IRQ 

-

Output High Current (Sourcing): VOH = 4.6 V 10H -1.6 - -
(00-07, TxD, RxC, RTS, DTR) 

Output Low Voltage: ILOAO = 1.6 mA VOL - - 0.4 
(00-07, TxO, RxC, RTS, DTR, IRQ) 

Output High Voltage: ILoAO - -1.6 mA VOH 4.6 - -
(00-D7,TxO, RxC, RTS, DTR) 

I nput Low Voltage V'L Vss - 0.8 
Input High Voltage V'H 
(Except XTLI and XTLO) 2 - Voo 
(XTLI and XTLO) 3 - Voo 

I nput Leakage Current: V'N = 0 to 5 V I'N - ±1 
(</J2, Riw, RES, CSO, CSt, RSO, RS1, CTS, RxO, DCD, DSR) 

-

Input Leakage Current for High Impedance State (00-07) Irs, - - ±1.2 
Output Leakage Current (off state): VOUT = 5 V (IRQ) 10FF - - 2 
I nput Capacitance (except XTLI and XTLO) C'N - - 10 
~. Capacitance COUT - - 10 

UNITS 

V 

UNITS 

/lA 

mA 

mA 

V 

V 

V 

V 

/lA 

/lA 
/lA 
pF 
pF 
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CDP65C51 
CDP65C51 INTERFACE REQUIREMENTS 

This section describes the interface requirements for the 
CDP65C51 ACIA. Fig. 1 is the Interface Diagram and the 
Terminal Diagram shows the pin-out configuration for the 
CDP65C51. 

00-07 

92CM-36860 

Fig. 1 - CDP65C51 interface diagram. 

MICROPROCESSOR INTERFACE 
SIGNAL DESCRIPTION 

RES (Reset) (4) 

eTs 

TxD 

DeD 

DSR 

Rxe 
XTLI 
XTLO 

During system initialization a low on the RES input will 
cause a hardware reset to occur. The Command Register 
and the Control Register will be cleared. The Status 
Registerwill be cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are 
externally controlled by the DSR and I5CD lines, and the 
transmitter Empty bit, which will be set. A hardware reset is 
required after power-up. 

</>2 (Input Clock) (27) 

The Input clock is the system </>2 clock and is used to clock 
all data transfers between the system microprocessor and 
the CDP65C51. 

R/W (Read/Write) (28) 

The R/W input, generated by the microprocessor, is used to 
control the direction of data transfers. A high on the R/W pin 
allows the processor to read the data supplied by the 
CDP65C51, a low allows a write to the CDP65C51. 

IRQ (Interrupt Request) (26) 

The I RQ pi n IS an interru pt output from the interru pt control 
logic. It is an open drain output, permitting several devices 
to be connected to the common TI'fQ microprocessor input. 
Normally at high level, IRQ goes low when an interrupt 
occurs. 

00-07 (Data Bus) (18-25) 

The DO-D7 pins are the eight data lines used to transfer data 
between the processor and the CDP65C51. These lines are 
bi-directional and are normally high-impedance except 
during Read cycles when the CDP65C51 is selected. 

CSO, CSl (Chip Selects) (2, 3) 

The two chip-select inputs are normally connected to the 
processor address lines either directly or through decoders. 
The CDP65C51 is selected when CSO is high and CS1 is 
low. 

RSO, RSl (Register Selects) (13, 14) 

The two register-select lines are normally connected to the 
processor address lines to allow the processor to select the 
various CDP65C51 internal registers. The following table 
shows the internal register-select coding. 

TABLE I 

RSl RSO Write Read 
0 0 Transmit Data Receiver Data 

Register Register 

0 1 Programmed Reset Status Register 
(Data is "Don't 

Care") 

1 0 Command Register 
1 1 Control Register 

Only the Command and Control registers are read/write. 
The Programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through 0 in the 
Command Register and bit 2 in the Status Register. The 
Control Register is unchanged by a Programmed Reset. It 
should be noted that the Programmed Reset is slightly 
different from the Hardware Reset (RES); these differences 
are shown in Figs. 3, 4 and 5. 

ACIA/MODEM INTERFACE 
SIGNAL DESCRIPTION 

XTLI, XTLO (Crystal Pins) (6, 7) 

These pins are normally directly connected to the external 
crystal (1.8432 MHz) used to derive the various baud rates 
(see "Generation of Non-Standard Baud Rates"). Alterna­
tively, an externally generated clock may be used to drive 
the XTLI pin, in which case the XTLO pin must float. XTLI is 
the input pin for the transmit clock. 

TxD (Transmit Data) (10) 

The TxD output line is used to transfer serial NRZ 
(nonreturn-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first data 
bit transmitted and the rate of data transmission is 
determined by the baud rate selected or under control of an 
external clock. This selection is made by programming the 
Control Register. 

RxD (Receive Data) (12) 

The RxD input line is used to transfer serial NRZ data into 
the ACIA from the modem, LSB first. The receiver data rate 
is either the programmed baud rate or under the control of 
an externally generated receiver clock. The selection is 
made by programming the Control Register. 
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CDP65C51 
CDP65C51 INTERFACE REQUIREMENTS (Cont'd) 

RxC (Receive Clock) (5) 

The RxC is a bidirectional pin which serves as either the 
receiver 16X clock input or the receiver 16X clock output. 
The latter mode results if the internal baud-rate generator is 
selected for receiver data clocking. 

RTS (Request to Send) (8) 

The RTS output pin is used to control the modem from the 
processor. The state of the RTS pin is determined by the 
contents of the Command Register. 

CTS (Clear to Send) (9) 

The CTS input pin is used to control the transmitter 
operation. The enable state IS with CTS low. The transm itter 
is automatically disabled if CTS is high. 

DTR (Data Terminal Ready) (11) 

This output pin is used to indicate the status of the 
CDP65C51 to the modem. A low on DTR indicates the 
CDP65C51 is enabled, a high indicates it is disabled. The 
processor controls this pin via bit 0 of the Command 
Register. 

DSR (Data Set Ready) (17) 

The DSR input pin is used to indicate to the CDP65C51 the 
status of the modem. A low indicates the "ready" state and a 
high, "not-ready". 

DCD (Data Carrier Detect) (16) 

The DCD input pin is used to indicate to the CDP65C51 the 
status of the carrier-detect output of the modem. A low 
indicates that the modem carrier signal is present and a 
high, that it is not. 

CDP65C51 INTERNAL ORGANIZATION 

This section provides a functional description of the 
CDP65C51 A block diagram of the CDP65C51 is presented 
in Fig. 2. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bidirectional. 
When the R/Wline is high and the chip is selected, the Data 
Bus Buffer passes the data to the system data lines from the 
CDP65C51 internal data bus. When the R/W line is low and 
the chip is selected, the Data Bus Buffer writes the data from 
the system data bus to the internal data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the micro­
processor to go low when conditions are met that require 
the attention of the microprocessor. The conditions which 
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can cause an interrupt will set bit7 and the appropriate bit of 
bits3 through 6 in the Status Register if enabled. Bits 5 and 6 
correspond to the Data Carrier Detect (DCD) logic and the 
Data Set Ready (DSR) logic. Bits 3 and 4 correspond to the 
Receiver Data Registerfull and the Transmitter Data Register 
empty conditions. These conditions can cause an interrupt 
request if enabled by the Command Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal 
registers in preparation for a data transfer on the internal 
data bus and the direction of the transfer to or from the 
register. 

The registers are selected by the Register Select and Chip 
Select and Read/Write lines as described in Table !, 
previously. 

TxO 

OCO 

OSR 

RxC 

XTLI 
XTLO 

OTR 

RTS 

RxO 

Fig. 2 - Internal organization. 92CM- 36890Rf 
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TIMING AND CONTROL 

The Timing and Control logic controls the timing of data 
transfers on the internal data bus and the registers, the Data 
Bus Buffer, and the microprocessor data bus, and the 
hardware reset features. 

Timing is controlled by the system q,2 clock input. The chip 
will perform data transfers to or from the microcomputer 
data bus during the q,2 high period when selected. 

All registers will be initialized by the Timing and Control 
Logic when the Reset (RES) line goes low. Seethe individual 
register description forthe state of the registers following a 
hardware reset. 

TRANSMITTER AND RECEIVER 
DATA REGISTERS 

These registers are used as temporary data storage for the 
CDP65C51 Transmit and Receive circuits. Both the Trans­
mitter and Receiver are selected by a Register Select 0 
(RSO) and Register Select 1 (RS1) low condition. The 
Read/Write line determines which actually uses the internal 
data bus; the Transmitter Data Register is write only and the 
Receiver Data Register is read only. 

Bit 0 is the first bit to be transmitted from the Transmitter 
Data Register (.Ieast significant bit first). The higher order 
bits follow in order. Unused bits in this register are "don't 
care". 

The Receiver Data Register holds the first received data bit 
in bit 0 (least significant bit first). Unused high-order bits 
are "0". Parity bits are not contained in the Receiver Data 
Register. They are stripped off after being used for parity 
checking. 

STATUS REGISTER 

Fig.3 indicates the format of the CDP65C51 Status Register. 
A description of each status bit follows. 

76543210 

I I I I I I I " 

L 
"---

76543210 

PARITY ERROR" 
0- NO PARITY ERROR 
1 - PARITY ERROR DETECTED 

FRAMING ERROR· 
a - NO FRAMING ERROR 
1 - FRAMING ERROR DETECTED 

OVERRUN' 
a - NO OVERRUN 
1 - OVERRUN HAS OCCURRED 

RECEIVER DATA REGISTER FULL 
a - NOT FULL 
1 - FULL 

TRANSMITTER DATA REGISTER EMPTY 
a - NOT EMPTY 
1 - EMPTY 

DATA CARRIER DETECT (0C0) 
0- 5C6 lOW (DETECn 
1 - iSCij HIGH (NOT DETECTED) 

DATA SET REAOY (DSR) 

~= g~= ~~~(~NE~~~EADy) 
INTERRUPT (IRQ) 
O· NO INTERRUPT (IAQ PIN HIGH) 
1 • INTERRUPT HAS OCCURRED (iJrn PIN LOW) 

"NO INTERRUPTS OCCUR FOR 
THESE CONDITIONS 

10 1-1-1'1 0 I a I °1 a I HAROWARE RESET (RES) 
,- ,-, - ,-,- ,0 ,- ,-, PROGRAM RESET 

92CM-367B3F11 

Fig. 3 - Status register format. 

Receiver Data Register Full (Bit 3) 

This bit goes to a "1" when the CDP65C51 transfers data 
from the Receiver Shift Register to the Receiver Data 
Register, and goes to a "0" when the processor reads the 
Receiver Data Register. 

Transmitter Data Register Empty (Bit 4) 

This bit goes to a "1" when the CDP65C51 transfers data 
from the Transmitter Data Register to the Transmitter Shift 
Register, and goes to a "0" when the processor writes new 
data onto the Transmitter Data Register. 

Data Carrier Detect (Bit 5) and 
Data Set Ready (Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to 
the CDP65C51. A "0" indicates a low level (true condition) 
and a "1" indicates a high (false). Whenever either of these 
inputs changes state, an immediate processor interrupt 
occurs, unless the CDP65C51 is disabled (bit 0 of the 
Command Register is a "0"). When the interrupt occurs, the 
status bits will indicate the levels of the inputs immediately 
after the change of state occurred. Subsequent level changes 
will not affect the status bits until the Status Register is 
interrogated by the processor. At that time, another interrupt 
will immediately occur and the status bits will reflect the 
new input levels. 

Framing Error (Bit 1), Overrun (Bit 2), and 
Parity Error (Bit 0) 

None of these bits causes a processor interrupt to occur, 
but they are normally checked atthe time the Receiver Data 
Register is read so that the validity of the data can be 
verified. 

Interrupt (Bit 7) 

This bit goes to a "0" when the Status Register has been 
read by the processor, and goes to a "1" whenever any kind 
of interrupt occurs. 

CONTROL REGISTER 

The Control Register selects the desired transmitter baud 
rate, receiver clock source, word length, and the n umber of 
stop bits. 

Selected Baud Rate (Bits 0, 1, 2, 3) 

These bits, set by the processor, select the Transmitter 
baud rate, which can be at 1/16 an external clock rate or one 
of 15 other rates controlled by the internal baud-rate 
generator as shown in Fig. 4. 

Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A "0" 
causes the Receiver to operate at a baud rate of 1/16 an 
external clock. A "1" causes the Receiver to operate at the 
same baud rate as is selected forthetransmitter as shown in 
Fig.4. 

Word Length (Bits 5, 6) 

These bits determine the word length to be used (5,6,7 orB 
bits). Fig. 4 shows the configuration for each numberof bits 
desired. 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A "0" 
always indicates one stop bit. A "1" indicates 1'12 stop bits if 
the word length is 5 with no parity selected, 1 stop bit if the 
word length is B with parity selected, and 2 stop bits in all 
other configurations. 
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Data Terminal Ready (Bit 0) 
7 5 4 3 1 

I,,~W-'-- I SBR 
I SaN ~ Res SBR3 SBR2 S8Al SBRO 

This bit enables all selected interrupts and controls the 
state of the Data Terminal Ready (OTR) line. A "0" indicates 
the microcomputer system is not ready by setting the OTR 
line high. A "1" indicates the microcomputer system is 
ready by setting the OTR line low. When the OTR bit issetto 
a "0", the receiver and transmitter are both disabled. 

L--.J 

1'----- SELECTED BAUD RATE (SBR) 
3,210 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

1/leX EXTERNAL CLOCK 
50 BAUD 
75 BAUD 
109.1n BAUD 
134.58 BAUD 
150 BAUD 
300 BAUD 
800 BAUD 
1200 BAUD 
1800 BAUD 
2400 BAUD 
3600 BAUD 
4800 BAUD 
7200 BAUD 
9800 BAUD 
19200 BAUD 

RECEIVER CLOCK SOURCE (RCS) 

0- EXTERNAL RECEIVER CLOCK 
1 - BAUD RATE 

'------------ WORD LENGTH (WL) 

~§ 
00 8 BITS 
01 7 BITS 
1 0 6 BITS 
11 5 BITS 

STOP BIT NUMBER (SBN) 
0-1 STOP BIT 

Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver from generating an interrupt 
when set to a "1". The Receiver interrupt is enabled when 
this bit is set to a "0" and Bit 0 IS set to a "1 ". 

Transmitter Interrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line 
and the Transmitter interrupt. Fig. 5 shows the various 
configurations of the RTS line and Transmit Interrupt bit 
settings. 

Receiver Echo Mode (Bit 4) 

This bit enables the Receiver Echo Mode. Bits 2 and 3 must 
be zero. In the Receiver Echo Mode, the Transmitter returns 
each transmission received by the Receiver delayed by Y, bit 
time. A "1" enables the Receiver Echo Mode. A "0" bit 
disables the mode. 

76543210 1 - 2 STOP BITS Parity Mode Enable (Bit 5) 
10 10 1° 1° 1° 1° 1° 1° I HARDWARE; REseT (RES) 

- - - - - - - PROGRAM RESET 

- 1'"'1/2 STOP BITS 
FOR WL=5 AND NO PARITY 

-18TOPBIT 
This bit enables parity bit generation and checking. A "0" 
disables parity bit generation by the Transmitter and parity 
bit checking by the Receiver. A "1" bit enables generation 
and checking of parity bits. 

FOR WL=8 AND PARITY 

92CM- 36781 

Fig. 4 - CDP65C51 control register. Parity Mode Control (Bits 6, 7) 

COMMAND REGISTER 

The Command Register controls specific modes and 
functions (Fig. 5). 

These bits determine the type of parity generated by the 
Transmitter, (even, odd, mark or space) and the type of 
parity check done by the Receiver (even, odd, or no check). 
Fig. 5 shows the possible bit configurations for the Parity 
Mode Control bits. 
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PMC : I TIC 
PMC1 PMCO PME I REfill TIC1 TlCO 

L....J 

IRD I OTR I 

L DATA TERMINAL READY (oTR) 

O· DATA TERMINAL NOT READY (OTR PIN HIGH) 
1· DATA TERMINAL READY (om PIN LOW) 

RECEIVER INTERRUPT CONTROL (IRD) 
0- RECEIVER INTERRUPT ENABLED 
1 - RECEIVER INTERRUPT DISABLED 

'------ TRANSMITTER INTERRUPT CONTROL (TIC) 
~2 _ 
a 0 RTS - HIGH, TRANSMIT INTERRUPT DISABLED' 
o 1 RTS - LOW, TRANSMIT INTERRUPT ENABLE 
10m - lOW, TRANSMIT INTERRUPT DISABLED 
1 1 RTB - LOW, TRANSMIT INTERRUPT DISABLED 

TRANSMIT BREAK ON T x 0 

'--------- RECEIVER ECHO MODE (REM) 
0- RECEIVER NORMAL MODE 
1 - RECEIVER ECHO MODE' 

'----------- PARITY MODE ENABLE (PME) 
0- PARITY MODE DISABLED 

NO PARITY BIT GENERATED 
PARITY CHECK DISABLED 

1 - PARITY MODE ENABLED 

'-------------- PARITY MODE CONTROL (PMC) 

I!! 
o 0 000 PARITY TRANSMITTED/RECEIVED 
o 1 EVEN PARITY TRANSMITTED/RECEIVED 
1 0 MARK PARITY BIT TRANSMITTED 

PARITY CHECK DISABLED 
1 1 SPACE PARITY BIT TRANSMITTED 

PARITY CHECK DiSABLED 

*BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODE RTS WILL BE LOW 

Fig. 5 - CDP65C51 command register. 



__________________________ CMOS Peripherals 

CDP65C51 
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TRANSMITTER AND RECEIVER 

Bits 0-3 of the Control Register select the divisor used to 
generate the baud rate for the Transmitter. If the Receiver 
clock is to use the same baud rate as the transmitter, then 
RxC becomes an output and can be used to slave other 
ci rcuits to the CDP65C51. Fig. 6 shows the Transmitter and 
Receiver layout. ~------------------------R'C 

XTLI 

XTLO 

CDP65C51 OPERATION 

TRANSMITTER AND RECEIVER OPERATION 

92CS-36791 

Fig. 6 - Transmitter receiver clock circuits. 

Continuous Data Transmit (Fig. 7) 
processor reads the Status Register of the CDP65C51, the 

I n the normal operating mode, the processor interrupt 
(IRQ) is used to signal when the CDP65C51 is ready to 
accept the next data word to be transmitted. This Interrupt 
occurs at the beginnning of the Start Bit When the 

interrupt is cleared. The processor must then identify that III 
the Transmit Data Register is ready to be loaded and must • 
then load it with the next data word. This must occur before 
the end of the Stop Bit, otherwise a continuous "MARK" will 
be transmitted. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 
/, ______ ..JI ______ ~,,/ I "/r----..JI-----~,,/ I " 

..--._ ... S~T:::O::;P STOP STOP STOP 

Tx ol GGI~GI:J I GGIGG I [%GI E1:J I [%GI_GEJ L 
START START START START 
I I I i 
I I I I 
I I 1 I 

iRc5 UlI LJlJ' /LJI] LlIJ 
PROCESSOR ) I l INTERRUPT PROCESSOR MUST 
(TRANSMIT DATA LOAD NEW DATA 
REGISTER EMPTY) IN THIS TIME 

PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 

INTERVAL, OTHERWISE, 
CONTINUOUS "MARK" 
IS TRANSMITTED 

TO CLEAR Fig. 7 - Continuous data transmit. 

92CM-36792R1 

L 

Continuous Data Receive (Fig. 8) 

Similar to the above case, the normal mode is to generate a 
processor interrupt when the CDP65C51 has received a full 

data word. This occurs at about the 8/16 point through the 
Stop Bit. The processor must read the Status Register and 
read the data word before the next interrupt, otherwise the 
Overrun condition occurs. 

CHAR #n CHAR #n+1 CHAR#n+2 CHAR #n+3 

/r------~-------,/ ,/ ,/,-------'1---------" 
'T""-.r--;:.ST.:,;O","P STOP STOP STOP 

Rx 0 l ~EL8iJ I roG[EE] I [%GTGEJ I [BOIBJ GI:J l 
~ !~ i~ i~ i 

LIT]' 1 /Lru Lrun-r----1L ) I ~~:~~~Of:IC~T~~~W,SE, 
PROCESSOR OVERRUN OCCURS 
INTERRUPT OCCURS 
ABOUT BI1BINTO 
LAST STOP BIT. 
PARITY, OVERRUN, 
AND FRAMING ERROR 
UPDATED, ALSO 

PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
TO CLEAR 

Fig. 8 - Continuous data receive. 

92CM·36793R1 
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Transmit Data Register Not Loaded 
By Processor (Fig. 9) 

If the processor is unable to load the Transmit Data Register 
in the allocated time, then the TxD line will go to the 
"MARK" condition until the data is loaded. When the 

processor finally loads new data, a Start Bit immediately 
occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. 

CHAR #n 
/r--------~I--------_" 

CONTINUOUS "MARK" CHAR#n+1 CHAR#n+2 

STOP STOP 

T,D n EfT]~L:J I 
[
START L CHARACTER---1 

1- TIME 1 

PROCEssoi INTERRUPT 
FOR DATA 
REGISTER 
EMPTY 

'~1 

PROCESSOR 
READS 
STATUS 
REGISTER 

INTERRUPTS 
CONTINUE AT 
CHARACTER RATE 
EVEN THOUGH 
NO DATA IS 
TRANSMITTeD 

/r--------~I----------'/r--------~I-------

STOP 

FJ"Bt"[:EEJ I rqq~H 
[START ISTART 

\ 
WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 
OCCURS, INDICATING TRANSMIT 
DATA REGISTER EMPTY 

nT"---

92CM-36794RI 

Fig. 9 - Transmit data register not loaded by processor. 

Effect of CTS on Transmitter (Fig. 10) 

CTS is the Clear-to-Send signal generated by the modem. It 
is normally low (true state) but may go high in the event of 
some modem problems. When this occurs, the TxD line 
immediately goes to the "MARK" condition. Interrupts 
continue at the same rate, but the Status Register does not 

CHAR#n CHAA#n+1 

indicate that the Transmit Data Register is empty. Since 
ther~o status bit for CTS, the processor must deduce 
that CTS has gone to the False (high) state. This is covered 
later. CTS is a transmit control line only, and has no effect 
on the CDP65C51 Receiver Operation. 

~=::::;~'::;::=::;::=:::;::=:::,v.r--_;::=:;::=~'~=::::;=::::;=:::::, / 
T, D E __ .. I_"_N~_p ........ 1 .TopISTARTI "0 I ", I _.LI_"_N-,-I __ p-,-I s_T_o_p~IS-T-AR-T..LI--"-o..JI--"-, ~1_"~2: 

CONTINUOUS "MARK" 
I 

_--;1 1 

CLEAR-To-SEND 

_/ 
eTS GOES HIGH. NEXT 
INDICATING MODEM PROCESSOR 
IS NOT READY TO INTERRUPT 
RECEIVE DATA, Tx I) AT NORMAL 
IMMEDIATELY GOES START BIT 
TO "MARK" CONOITION TIME 

NOT CLEAR·To-SEND 

PROCESSOR READS 
STATUS REGISTER. 
SINCE DATA REGISTER 
IS r!QJ EMPTY, PROCESSOR 
MUST DEDUCE THAT 
eft IS SOURCE OF 
INTERRUPT (THIS IS 
COVERED ELSEWHERE 
IN THIS NOTE). 

92CM-36795 

Fig. 10 - Effect of CfS on transmitter. 
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Effect of Overrun on Receiver (Fig. 11) 

If the processor does not read the Receiver Data Register in 
the allocated time, then, when the following interrupt 
occurs, the new data word is not transferred to the Receiver 

Data Register, but the Overrun status bit is set. Thus, the 
Data Register will contain the last valid data word received 
and all following data is lost. 

CHAR#n CHAR#n+1 CHAR#n+2 
I I I 

~ ,/ ,/ ,/ 
CHAR#n+3 

I 

STOP STOP STOP STOP 

RXOn G"GIG1:J I [8oI~]:~EJ I G:GIEEJ I ~~R 1- I~ ~ I~ 

.---------l PRoc1essoR =='== 
PROCESSOR READS 
INTERRUPT STATUS 
FOR RECEIVER REGISTER 
DATA REGISTER 
FULL 

RECEIVER DATA REGISTER 
NOT UPDATED BECAUSE 
PROCESSOR DID NOT READ 
PREVIOUS DATA. OVERRUN 
BIT SET IN STATUS 
REGISTER 

'----------,c-----' ~OVERRUN BIT seT IN 

STATUS REGISTER 

rn------

92CM-36796RI 

Echo Mode Timing (Fig. 12) 
Fig. 11 - Effect of overrun on receiver. 

I n Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by % of the bit time. 

RxO nSTART""'----'1 BO I----rB, 1 I BN I P ISTOP!STARTI "0 I B,! I BN I 

\\\\ \\ \\\ \\\\\ 
hO ~~ __ I BN 1 P ISTO+TARTI BO! B,! _I BN 1 P ISTOplSTARTR 

92CM-36797 

Fig. 12 • Echo mode timing. 

Effect of CTS on Echo Mode Operation (Fig. 13) 

See "Effect of CTS on Transmitter" for the effect of CTS on 
the Transmitter. Receiver operation is unaffected by CTS, 
so, in Echo Mode, the Transmitter is affected in the same 

way as "Effect of CTS on Transmitter". In this case however, 
the processor interrupts signify that the Receiver Data 
Register is full, sothe processor has no way of knowing that 
the Transmitter has ceased to echo. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 

~/ ) ~/ ! ,/ I ,/ I 

STOP STOP STOP STOP 

RxO n GGLEOEJ I [%8-:Ed::] I R?[~ I R3]~[ 
I~ I~ I~ I~ 

alii -uu LlO LlO LllJtTT""""--

ffi I 
--+-------------+---------~ 

STOP STOP I 
T x 0 3Ll~~:Gt I BN I P I I BO I B, I B211 

I 
START -'---'---L-I ~START ~) 

ffi GOES TO 
"FALSE" CONDITION 

RECEIVER DATA 

NOT·CLEAR-TG-SEND 

I '-- NORMAL ----.J 
L.-------------REGISTER FULL _____________ ..J 

INTERRUPTS 

Fig. 13 - Effect of CTS on echo mode. 
92CM-36198 
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Overrun in Echo Mode (Fig. 14) 

if Overrun occurs in Echo Mode, the Receiver is affected the 
same way as described in "Effect of Overrun on Receiver". 

CHAR #n 

~/~------~I--------~, 

For the re-transmitted data, when overrun occurs, the TxD 
line goes to the "MARK" condition until the first Start Bit 
after the Receiver Data Register is read by the processor. 

CHAR #x CHAR #x + 1 

/r--------LI------~,/~------~I-----
STOP STOP STOP STOP 

R'On R3_GliJ I GECEEJ I [%GII~~ I G"GII~E 
I~ ~ ~ ~ 

me ~I'=' ==;==:7]/LJI] !I LJ] LWrrr--

ISTOP I '~-.-----~/ 
START 

I'~-GE TIOn ~EG 
I START 

PROCESSOR 
INTERRUPT 
FOR RECEIVER 
DATA REGISTER 
FULL 

I
: PROCESSOR:I DOES r1QI 
READ RECEIVER 
DATA REGISTER 

PROCESSOR 
READS 
STATUS 
REGISTER 

OVERRUN OCCURS 
T x D GOES TO 
"MARK" 
CONDITION 

PROCESSOR FINALLY 
READS RECEIVER 
DATA REGISTER, 
LAST VALID 
CHARACTER (#n) 

1 
Tx 0 DATA 
RESUMES 

PROCESSOR 
INTERRUPT 
FOR CHAR #x 
IN RECEIVER 
DATA REGISTER 

92CM-36788 

Fig. 14 - Overrun in echo mode. 

Framing Error (Fig. 15) 

Framing Error is caused by the absence of Stop Bit(s) on 
received data. The status bit is set when the processor 

R,O 
(EXPECTED) 

RxO 
(ACTUAL) 

NOTES. 
1 FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION 
2 IF NEXT DATA WORD 15 OK 

FRAMING ERROR IS CLEARED 

interrupt occurs. Subsequent data words are tested for 
Framing Error separately, so the status bit will always 
reflect the last data word received. 

! 
PROCESSOR 
INTERRUPT, 
FRAMING 
ERROR 
BIT seT 

92CM-36799 

Fig. 15 - Framing error. 
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Effect of DCD on Receiver (Fig. 16) 

DCD is a modem output used to indicate the status of the 
carrter-frequency-detection circuit of the modem. This line 
goes high for a loss of carrier. Normally, when this occurs, 
the modem will stop transmitting data (RxD on the 
CDP65C51 some time later). The CDP65C51 will cause a 
processor interrupt whenever DCD changes state and will 
indicate this condition via the Status Register. 

Once such a change of state occurs, subsequent transitions 
will not cause interrupts or changes in the Status Register 
until the first interrupt is serviced. When the Status Register 
is read by the processor, the CDP65C51 automatically 
checks the level of the DCD line, and if it has changed, 
another interrupt occurs. 

,-~ __ ,S~T~D,P r--r __ r-~-r------CD-N-T-'-NU-D-U-S-"-M-AR-K-"------~S~T~D,P STOP 

RXDBOGET~J::J I I Bol B,I B211 G I rq;tI_GI:J L 
START I MODEM I I-MODEM -j START 

-~~1 I ~~ I 
r---~----------~ 

DCD __________________ ~----~I I~--------_+--------------------+_--

I I 
LIIrlJIll1'='-===::::;:1 ===::7JlJU 
t 1 AS LONG AS 1 

~~6'~E~LSOR ~F~R~~GEHR PROCESSOR 
INTERRUPT PROCESSOR INTERRUPTS 

INTERRUPT FOR RECEIVER INTERRUPT 
FOR DCI5 WI LL OCCUR FOR i5Co 
GOING HIGH GOING LOW 

IRQ 

Fig. 16 - Effect of DeD on receiver. 

III 
I It I 
L __ .lLl 

I 
NO INTERRUPT 
WILL OCCUR 
HERE, SINCE 
RECEIVER IS NOT 
ENABLED UNTIL 
FIRST START BIT 
DETECTED 

PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA 

92CM-36786 

Timing with 1'/' Stop Bits (Fig. 17) 

It IS possible to select 1 Y, Stop Bits, but this occurs only for 
5-bit data words with no parity bit. I n this case, the 

processor interrupt for Receiver Data Register Full occurs 
halfway through the trailing half-Stop Bit. 

CHAR#n 
I 

RxD 

un 
f 

PROCESSOR INTERRUPT 
OCCURS HALFWAY 
THROUGH THE 1/2 
STOP BIT 

CHAR#n+1 
I 

92CM- 36787 

L 

Fig. 17 - Timing with 1-112 stop bits. 

Transmit Continuous "BREAK" (Fig. 18) 

This mode is selected via the CDP65C51 Command Register 
and causes the Transmitter to send continuous "BREAK" 
characters after both the transmitter and transmitter-holding 
registers have been emptied. 

STOP STOP 

When the Command Register is programmed back to 
normal transmit mode, a Stop Bit is generated and normal 
transmission continues. 

/~------------~,/r-------

STOP STOP 

TxD n GEI~bEJ I ,80 81 I 
BN P STOP ~GG I ~ 

IRQ 

I START START 

NORMAL 
INTERRUPT 

1--------1-PERIOD DURING 
WHICH PROCESSOR 
SELECTS 
CONTINUOUS 
"BREAK" MODE 

rTART 

rn------i 

POINT AT WHI~ / 
PROCESSOR PROCESSOR 
SEl.ECTS INTERRUPT 
NORMAL TO LOAD 
TRANSMIT TRANSMIT 
MODE DATA 

92CM-36785 

Fig. 18 - Transmit continuous "BREAK". 
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CDP65C51 
CDP65C51 OPERATION (Cont'd) 

Receive Continuous "BREAK" (Fig. 19) 

I n the event the modem transmits continuous "BREAK" 
characters, the CDP65C51 will terminate receiving. Re-

ception will resume only after a Stop Bit is encountered by 
the CDP65C51. 

ST~~ CONTINUOUS "BREAK" STOP/ ~~TOP 
RxO E~~T-BN-r-P--r""'1 ,BO 181 BN P STOP -o:EIO::J I START I I I I' , I START -

FE[ 
I START 

----.[--fl Y;~l!:~ '< 
PROCESSOR I ,I:, NO 'NTERRUPT 

rr---

INTERRUPT PROCESSOR SINCE RECEIVER 
NORMAL 
RECIEVER 
INTERRUPT FOR INTERRUPT DISABLED UNTIL 

RECEIVER WITH FRAMING FIRST STOP BIT 
DATA REGISTER ERROR (PARITY 
FULL AND OVERRUN 

CHECKS NORMAL) 
92CM-36784 

Fig. 19 - Receive continuous "BREAK". 

STATUS REGISTER OPERATION MISCELLANEOUS NOTES ON OPERATION 

Because of the special func!ions of the various status bits, 
there IS a suggested sequence for checking them. When an 
interrupt occurs, the CDP65C51 should be interrogated, as 
follows: 
1. Read Status Register 

This operation automatically clears Bit 7 (IRQ). Sub­
sequent transitions on DSR and DCD will cause another 
interrupt 

2 Check IRQ Bit 

If not set, interrupt source is not the CDP65C51. 

3. Check DCD and DSR 

These must be compared to their previous levels, which 
must have been saved by the processor. If they are both 
"0" (modem "on-line") and they are unchanged then the 
remaining bits must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity. Overrun, and Framing Error (Bits 0-2) 

Only if Receiver Data Register is Full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above, then CTS must have gone to the 
False (high) state 

PROGRAMMED RESET OPERATION 

A program reset occurs when the processor performs a 
write operation to the CDP65C51 with RSO high and RS1 
low. The program reset operates somewhat different from 
the hardware reset (RES pin) and is described as follows: 

1. Internal registers are not completely cleared. The data 
sheet indicates the effect of a program reset on internal 
registers. 

2. The DTR line goes high immediately. 

3. Receiver and transmitter interrupts are disabled im­
mediately. If IRQ is low when the reset occurs, it ~s 
low until serviced, unless interrupt was caused by DCD 
or DSR transition. 

4. DCD and DSR interrupts disabled immediately. If'i"RO is 
low and was caused by DCD or DSR, then it goes high, 
also DCD and DSR status bits subsequently will follow 
the input lines, although no interrupt will occur. 

5. Overrun cleared, if set. 

1. If Echo Mode is selected, RTS goes low. 

2. If Bit a of Command Register is "0" (disabled), then' 
a) 6!!J.nterru~ disabled, including those caused by 

DCD and DSR transitions. 
b) Receiver disabled, but a character currently being 

received will be completed first. 
c) Transmitter is disabled after both the Transmit Data 

and Transmit Shift Registers have been emptied. 

3. Odd parity occurs when the sum of all the "1" bits in the 
data word (including the parity bit) is Odd. 

4. In the Receive Mode, the received parity bit does not go 
into the Receiver Data Register, but is used to generate 
parity error for the Status Register. 

5. Transmitter and Receiver may be in full operation 
simultaneously. This is "full-duplex" mode. 

6. If the RxD line inadvertently goes low and then high 
during the first 9 receiver clocks after a Stop Bit; a false 
Start Bit will result. 

For false Start Bit detection, the CDP65C51 does not 
begin to receive data, instead, only a true Start Bit 
initiates receiver operation. 

7. A precaution to consider with the crystal oscillator 
circuit is: 

The XTLI input may be used as a~ external clock 
input. The XTLO pin must be floating and may not be 
used for any other function. 

8. DCD and DSR transitions, although causing immediate 
processor interrupts, have no effect on transmitter 
operation. Data will continue to be sent, unless the 
processor forces transmitter to turn off. Since these are 
high-impedance inputs, they must not be permitted to 
float (un-connected). If unused, they must be terminated 
either to Gnd or Voo. 

GENERATION OF NON-STANDARD BAUD RATES 

Divisors 

The internal counter/divider circuit selects the appropriate 
divisor for the crystal frequency by means of bits 0-3 of the 
CDP65C51 Control Register. 

The divisors, then, are determined by bits 0-3 in the Control 
Register and their values are shown in Table II. 
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CDP65C51 
CDP65C51 OPERATION (Cont'd) 

Table II - Divisor Selection for the CDP65C51 

CONTROL DIVISOR SELECTED 
REGISTER FOR THE BAUD RATE GENERATED BAUD RATE GENERATED 

BITS INTERNAL COUNTER WITH 1.8432 MHz WITH FREQUENCY (F) 
3 2 1 0 
0 0 0 0 No Divisor Selected 1/16 of External Clock at Pin XTLI 1/16 of External Clock at Pin XTLI 

1.8432 x 10· F 
0 0 0 1 36.864 36.864 - 50 36864 

1.8432 x 10· F 
0 0 1 0 24.576 24.576 = 75 24576 

1.8432 x 10· F 
0 0 1 1 16.768 16~768 = 109.92 16768 

1.8432 x 10· F 
0 1 0 0 13.696 13696 = 134.58 13696 

1.8432 x 10· F 
0 1 0 1 12.288 12288 - 150 12288 

1.8432 x 10· F 
0 1 1 0 6.144 6144 = 300 6144 

1.8432 x 10· F 
0 1 1 1 3.072 3072 = 600 3072 

1.8432 x 10· F 
1 0 0 0 1.536 1536 = 1200 1536 

1.8432 x 10· F 
1 0 0 1 1.024 1.024 = 1800 1024 

1.8432 x 10· F 
1 0 1 0 768 768 = 2400 768 

1.8432 x 10· F 
1 0 1 1 512 512 = 3600 512 

1.8432 x 10· F 
1 1 0 0 384 384 = 4800 384 

1.8432 x 10· F 
1 1 0 1 256 256 = 7200 256 

1.8432 x 10· F 
1 1 1 0 192 192 = 9600 192 

1.8432 x 10· F 
1 1 1 1 96 96 = 19200 96 

Generating Other Baud Rates Furthermore. it is possible to drive the CDP65C51 with an 
off-chip oscillator to achieve the same thing. In this case. 
XTLI (pin 6) must be the clock input and XTLO (pin 7) must 
be a no-connect. 

By using a different crystal. other baud rates may be 
generated These can be determined by: 

Baud Rate = Crystal Frequency 
Divisor 

MICRO· 
PROCESSOR 

DIAGNOSTIC LOOP-BACK OPERATING MODES 

A simplified block diagram for a system incorporating a 
CDP65C51 ACIA is shown in Fig. 20. 

Fig. 20 • Simplified system diagram. 
TO DATA LINK 

92CS- 36859 
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CDP65C51 
CDP65C51 OPERATION (Cont'd) 

Occasionally it may be desirable to include in the system a 
facility for "loop-back" diagnostic testing, of which there 
are two kinds: 

1. Local Loop-Back 

Loop-back from the point of view of the processor. In this 
case, the Modem and Data Link must be effectively 
disconnected and the ACIA transmitter connected back 
to its own receiver, so that the processor can perform 
diagnostic checks on the system, excluding the actual 
data channel. 

2. Remote Loop-Back 

Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is disconnected 
and all received data is immediately retransmitted, so the 
system on the other end of the Data Link may operate 
independent of the local system. 

The CDP65C51 does not contain automatic loop-back 
operating modes, but they may be implemented with the 
addition of a small amount of eAternal circuitry. 

Fig. 21 indicates the necessary logic to be used with the 
CDP65C51. 

The LLB line is the positive-true signal to enable local loop­
back operation. Essentially, LLB = high does the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 

I RTS DTR TxD 

LL9 

3. Connects transmitter outputs to respective receiver 
inputs: 

a) TxD to RxD 

b) DTR to DCD 

c) RTS to CTS 

LLB may be tied to a peripheral control pin to provide 
processor control of local loop-back operation. In this way, 
the processor can easily perform local loop-back diagnostic 
testing. 

Remote loop-back does not require this circuitry, so LLB 
must be set low. However, the processor must select the 
following: 

1. Control Register bit 4 must be "1 ", so that the transmitter 
clock = receiver clock. 

2. Command Register bit 4 must be "1" to select Echo 
Mode. 

3. Command Register bits 3 and 2 must be "1" and "0", 
respectively, to disable transmitter interrupts. 

4. Command Register bit 1 must be "0" to disable 
receiver i nterru pts. 

I n this way, the system retransmits received data without 
any effect on the local system. 

CDP65C51 

RxD DCo CTs DSR 

SEL 1YJ 
2Yr--

.,;;:- STB 3Y 

CDHC157 4Y 

.5 

>-- 19 

29 

39 

~ 
49 

~ SEL 1Y 
2Y 

.,v- ST9 3Y 

CDHC157 4Yr--

E 
19 1A 

29 2A 

39 3A r--
- 49 4A r--

NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE. 
2. HIGH ON HC157 SELECT INPUT GATES "8" INPUTS 

TO "V" OUTPUTS; LOW GATES "A" TO "Y". 

1A 

2A 

3A 

4A 

Fig. 21 - Loop-back circuit schematic. 

RxD 

DCD 

CTS 

DSR 

-MODEM 

TxD 

DTR 

RTS 

92CM- 36799 
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DYNAMIC ELECTRICAL CHARACTERISTICS-READ/WRITE CYCLE 
Voo = 5V ± 5%, TA = -40 to +85°C, CL = 75 pF 

CHARACTERISTIC CDP65C51-1 
Min. Max. 

Cycle Time teye 1 -

¢>2 Pulse Width te 400 -
Address Set-Up Time tAe 120 -
Address Hold Time teAH 0 -
R/Vii Set-Up Time twe 120 -
R/WHold Time 1cWH 0 -

Data Bus Set-Up Time toew 120 -
Data Bus Hold Time tHW 20 -
Read Access Time (Valid Data) teoA - 200 
Read Hold Time tHA 20 -
Bus Active Time (Invalid Data) teoA 40 -

~2 _____ ..J 

LIMITS 
CDP65C51-2 
Min. Max. 
0.5 -
200 -
60 -
0 -

60 -
0 -

60 -
10 -
- 150 
10 -
20 -

-r,..,...,,,1-----+-------I-......,~F,..,...,,..,...,"7"::'7/7777-VIH 
e50 • esT. R50. R5 I 

..<...<.~g\. __ --+ _______ I----''''_''-''-'''"'"'' ...... 4<..''-'-~VI L 

Ri'ii 

Write-timing waveforma 

Read-timing waveforma 
92CM-36775 

Fig. 22 - Timing waveforms 

CDP65C51 

CDP65C51-4 UNITS 
Min. Max. 
0.25 - /1S 

100 - ns 
30 - ns 
0 - ns 

30 - ns 
0 - ns 

35 - ns 
5 - ns 
- 50 ns 
10 - ns 
10 - ns 
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CDP65C51 
DYNAMIC ELECTRICAL CHARACTERISTICS-TRANSMIT/RECEIVE, See Figs. 23, 24 and 25. 
Voo = SV ± S%, T. = -40 10 +8SoC 

CHARACTERISTIC 

Transmit/Receive Clock Rate tCCY 
Transmit/Receive Clock High Time tCH 
Transmit/Receive Clock Low Time tel 
~ to TxD Propagation Delay too 
RTS Propagation Delay tOlY 
IRQ Propagation Delay (Clear) lTmr 
RES Pulse Width liies 

(1,,1, = 101030 ns) 

·The baud rate wllh exlernal clocking is: Baud Rale= __ 1 __ 
16 x Tccy 

XTLI 

( TRANSMIT! 
CLOCK INPUT) 

TKO 

100 --I+---i 

NOTE: TxD RATE IS 1116 TxC RATE 

92CS-36776 

FIg. 23 - Transmlt-tlmmg waveforms with external clock. 

RxC 
!INPUT) 

t ICCY =l _ LICH_ 
--,I i 

l-ICL~ 
NOTE: RxD RATE IS 1116 RxC RATE 

92CS-36778 

Fig. 25 - ReceIve external clock tIming waveforms. 

CDP6SCS1-1 
Min. Max. 
400· 
175 
175 
-
-
-

400 

OTR.Ri'S 

IRQ 
(CLEAR) 

-
-
-

500 
500 
500 
-

LIMITS 
CDP8SCS1-2 CDP6SCS1-4 
Min. Max. Min. Max. 
325 -- 250 -
145 - 110 -
145 - 110 -
- 410 - 315 
- 410 - 315 
- 410 - 315 

300 - 200 -

92CS ~36777 

FIg. 24 - Interrupt-and output-timing waveforms. 

UNITS 

ns 

1.8432 MHz 
CRYSTAL 

nfl 
~ 

EXTERNAL 1] TRANSMITTER XTLI 
CLOCK 

OPEN 
CIRCUIT XTLO 

I 
C' 10-50 pF 

INTERNAL CLOCK EXTERNAL CLOCK 
92C$-42341 

Fig. 26 - Transmitter clock generation. 
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Advance Information 

TERMINAL ASSIGNMENT 

vss 28 R/W 

eso 27 +2 
eS1 2. :rnll 

CDP65C51A 

CMOS Asynchronous Communications 
Interface Adapter (ACIA) 

RES 4 25 07 

RX e 5 24 D. 
Features: 

XTLl 23 05 • Compatible with 8-bit microprocessors 
XTL 7 22 04 • Full duplex operation with buffered receiver and transmitter 
RTS 8 21 03 • Data set/modem control functions 
CfS 20 

TxD 10 
" 

02 

01 
• Internal baud-rate generator with 15 programmable baud rates 

(50 to 19,200) 
DTR " 18 DO 

RxO 12 17 = • Program-selectable internally or externally controlled receiver rate 

RSO 13 I. DCD 
• Operates at baud rates up to 250,000 via proper crystal or clock selection 

RSI 14 15 VDD 

TOP vlEW 92CS-36774 

the RCA-CDP65C51A Asynchronous Communications 
Interface Adapter (ACIA) provides an easily implemented, 
program-controlled interface between 8-bit micro­
processor-based systems and serial communication data 
sets and modems. The CDP65C51 A is identical to the RCA­
CDP65C51 except for the implementation of the CTS 
function. If a not-clear-to-send signal is received during the 
transmission of a character, the CDP65C51A will first allow 
completion of that transmission, and then disable the 
transmitter. 

The CDP65C51 A has an internal baud-rate generator. This 
feature eliminates the need for multiple component support 
circuits, a crystal being the only other part required. The 
Transmitter baud rate can be selected under program 
control to be either 1 of 15 different rates from 50 to 19,200 
baud, or 1/16 times an external clock rate. The Receiver 
baud rate may be selected under program control to be 
either the Transmitter rate, or at 1/16 times an external 
clock rate. The CDP65C51A has programmable word 
lengths of 5,6,7, or8 bits; even, odd, or no parity; 1,1 'h, or2 
stop bits. 

The CDP65C51A is designed for maximum programmed 
control from the CPU, to simplify hardware implementation. 
Three separate registers permit the CPU to easily select the 
CDP65C51A operating modes and data-checking 
parameters and determine operational status. 

The Command Register controls parity, receiver echo 
mode, transmitter interrupt control, the state of the RTS 
line, receiver interrupt control, and the state of the DTR line. 

• Programmable word lengths, number of stop bits, and 
parity-bit generation and detection 

• Programmable interrupt control 
• Program reset 
• Program-selectable serial echo mode 
• Two chip selects 
• 4 MHz, 2 MHz or 1 MHz operation (CDP65C51A-4, 

CDP65C51A-2, CDP65C51A-1, respectively) 
• Single 3 V to 6 V power supply 
• Full TTL compatibility 
• Synchronous CTS operation 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The Status Register indicates the states of the IRQ, DSR, 
and DCD lines, Transmitter and Receiver Data Registers, 
and Overrun, Framing, and Parity Error conditions. 

The Transmitter and Receiver Data Registers are used for 
temporary data storage by the CDP65C51 A Transmit and 
Receive circuits. 

The CDP65C51A-1, CDP65C51A-2, and CDP65C51A-4 are 
capable of Interfacing with microprocessors with cycle 
times of 1 MHz, 2 MHz and 4 MHz, respectively. 

The CDP65C51A is supplied in 28-lead, hermetic, dual-in-line 
side brazed ceramiC packages (D suffix), in 28-lead, dual-in­
line plastiC packages (E suffix) and in 28-lead dual-In-Iine 
smail-outline (SO) packages (M) suffix. 

File Number 1928 
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CDP65C51A 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to V •• terminal) .................................................................... -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT .................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = -40 to +60°C (PACKAGE TYPE E) .............................................................. 500 mW 
For TA = +60 to +85°C (PACKAGE TYPE E) ................................. Derate Linearly at 8 mW/oC to 300 mW 
ForTA = -55 to +100°C (PACKAGE TYPE D) ............................................................. 500 mW 
For TA = +100 to +125°C (PACKAGE TYPE D) ............................... Derate Linearly at 8 mW/oC to 300 mW 
For TA = -40 to +85°C (PACKAGE TYPE M)' ............................................................. 425 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA). 
PACKAGE TYPE 0 ............................................................................... -55 to +125°C 
PACKAGE TYPE E and M .......................................................................... -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T'lg) ............................................................. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s maximum .................................... +265°C 
• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G1 a epoxy glass. or equivalent. 

RECOMMENDED OPERATING CONDITIONS at TA = _40° to +85°C 
For maximum reliability, nominal operating conditions should be selected so that operation Is always 
within the following ranges: 

CHARACTERISTIC 
LIMITS 

Min. I Max. 
DC Operating Voltage Range 3 I 6 
Input Voltage Range VBS I Voo 

STATIC ELECTRICAL CHARACTERISTICS atTA = _40° to +85°C, Voo = 5V ± 5% 

LIMITS 
CHARACTERISTIC 

Min. Typ. Max. 
Quiescent Device Current 100 50 200 
Output Low Current (Sinking): VOL - 0.4 V IOL 

1.6 - -(00-07. TxO. RxC. RTS, OTR. IRQ 
Output High Current (Sourcing): VOH = 4.6 V IOH 

-1.6 - -(00-07. TxO. RxC. RTS. OTR) 
Output Low Voltage: ILoAD = 1.6 mA VOL - 0.4 
(00-07. TxD. RxC.RTS. OTR. IRQ) -

Output High Voltage: ILOAO = -1.6 mA VOH 
4.6 - -(00-07. TxO. RxC.RTS. OTR) 

Input Low Voltage VIL Vss 0.8 
Input High Voltage VIH 
(Except XTLI and XTLO) 2 - Voo 
(XTLI and XTLO) 3 - Voo 

Input Leakage Current: V'N - 0 to 5 V I'N - - ±1 
(",2. RIW. RES. CSO. CS1. RSO. RS1. CTS. RxO. OCO. OSR) 

Input Leakage Current for High Impedance State (00-07) Irs, ±1.2 
Output Leakage Current (off state): VOUT - 5 V (Tm:i) 10FF 2 
Input Capacitance (except XTLI and XTLO) CIN - 10 
Output Capacitance COUT 10 

UNITS 

V 

UNITS 

/lA 

mA 

mA 

V 

V 

V 

V 

/lA 

/lA 
/lA 
pF 
pF 
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CDP65C51A 
CDP65C51A INTERFACE REQUIREMENTS 

This section describes the interface requirements for the 
CDP65C51A ACIA. Fig. 1 is the Interface Diagram and the 
Terminal Diagram shows the pin-out configuration for the 
CDP65C51A. 

00-07 

92CM-36860 

Fig. 1 - CDP65C51A interface diagram. 

MICROPROCESSOR INTERFACE 
SIGNAL DESCRIPTION 

RES (Reset) (4) 

eTS 

T,D 

oeD 

DSR 

RxC 
XTLI 

XTLO 

During system initialization a low on the RES input will 
cause a hardware reset to occur. The Command Register 
and the Control Register will be cleared. The Status 
Registerwill be cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are 
externally controlled by the DSR and DCD lines, and the 
transmitter Empty bit, which will be set. A hardware reset is 
required after power-up. 

</J2 (Input Clock) (27) 

The input clock is the system </J2 clock and is used to clock 
all data transfers between the system microprocessor and 
the CDP65C51A. 

R/W (Read/Write) (28) 

The R/W input, generated by the microprocessor, is used to 
control the direction of data transfers. A high on the R/W pin 
allows the processor to read the data supplied by the 
CDP65C51A, a low allows a write to the CDP65C51A. 

IRQ (Interrupt Request) (26) 

The IRQ pin is an interrupt output from the interrupt control 
logic. It is an open drain output,~mitting several devices 
to be connected to the common IRQ microprocessor input. 
Normally at high level, IRQ goes low when an interrupt 
occurs. 

00-07 (Data Bus) (18-25) 

The 00-07 pins are the eight data lines used to transfer data 
between the processor and the CDP65C51A. These lines 
are bi-directional and are normally high-impedance except 
during Read cycles when the CDP65C51A is selected. 

CSO, CS1 (Chip Selects) (2, 3) 

The two chip-select inputs are normally connected to the 
processor address lines either directly or through decoders. 
The CDP65C51A is selected when CSO is high and CS1 is 
low. 

RSO, RS1 (Register Selects) (13, 14) 

The two register-select lines are normally connected to the 
processor address lines to allow the processor to select the 
various CDP65C51 A internal registers. The following table 
shows the internal register-select coding. 

TABLE I 

RS1 RSO Write Read 
0 0 Transmit Data Receiver Data 

Register Register 

0 1 Programmed Reset Status Register 
(Data is "Don't 

Care") 

1 0 Command Register 
1 1 Control Register 

Only the Command and Control registers are read/write. 
The Programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through 0 in the 
Command Register and bit 2 in the Status Register. The 
Control Register is unchanged by a Programmed Reset. It 
should be noted that the Programmed Reset is slightly 
different from the Hardware Reset (RES); these differences 
are shown in Figs. 3, 4 and 5. 

ACIAIMODEM INTERFACE 
SIGNAL DESCRIPTION 

XTLI, XTLO (Crystal Pins) (6, 7) 

These pins are normally directly connected to the external 
crystal (1.8432 MHz) used to derive the various baud rates 
(see "Generation of Non-Standard Baud Rates"). 
Alternatively, an externally generated clock may be used to 
drive the XTLI pin, in which case the XTLO pin must float. 
XTLI is the input pin for the transmit clock. 

TxD (Transmit Data) (10) 

The TxD output line is used to transfer serial NRZ 
(nonreturn-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first data 
bit transmitted and the rate of data transmission is 
determined by the baud rate selected or under control of an 
external clock. This selection is made by programming the 
Control Register. 

RxD (Receive Data) (12) 

The RxD input line is used to transfer serial NRZ data into 
the ACIA from the modem, LSB first. The receiver data rate 
is either the programmed baud rate or under the control of 
an externally generated receiver clock. The selection is 
made by programming the Control Register. 
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CDP65C51A 
CDP6SCS1A INTERFACE REQUIREMENTS (Cont'd) 

ACIA/MODEM INTERFACE 
SIGNAL DESCRIPTION (Cont'd) 

RxC (Receive Clock) (5) 

The RxC is a bi-directional pin which serves as either the 
receiver 16X clock input or the receiver 16X clock output. 
The latter mode results if the internal baud-rate generator is 
selected for receiver data clocking. 

RTs (Request to Send) (8) 

The RTS output pin is used to control the modem from the 
processor. The state of the RTS pin is determined by the 
contents of the Command Register. 

CTS (Clear to Send) (9) 

The CTS input pin is used to control the transmitter 
operation. The enable state is with CTS low. Thetransmitter 
is automatically disabled if CTS is high. 

DTR (Data Terminal Ready) (11) 

This output pin is used to indicate the status of the 
CDP65C51A to the modem. A low on DTR indicates the 
CDP65C51 A is enabled, a high indicates it is disabled. The 
processor controls this pin via bit 0 of the Command 
Register. 

DSR (Data Set Ready) (17) 

The DSR input pin is used to indicate to the CDP65C51A the 
status of the modem. A low indicates the "ready" state and a 
high, "not-ready". 

DCD (Data Carrier Detect) (16) 

The DCD input pin is used to indicate to the CDP65C51A 
the status of the carrier-detect output of the modem. A low 
indicates that the modem carrier signal is present and a 
high, that it is not. 

CDP6SCS1A INTERNAL ORGANIZATION 

This section provides a functional description of the 
CDP65C51A. A block diagram of the CDP65C51A is 
presented in Fig. 2. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bi-directional. 
When the R/W line is high and the chip is selected, the Data 
Bus Buffer passes the data to the system data lines from the 
CDP65C51 A internal data bus. When the R/W line is low and 
the chip is selected, the Data Bus Buffer writes the data from 
the system data bus to the internal data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the 
microprocessor to go low when conditions are met that 

00-07 

require the attention of the microprocessor. The conditions 
which can cause an interrupt will set bit 7 and the appropriate 
bit of bits 3 through 6 in the Status Register if enabled. Bits 5 
and 6 correspond to the Data Carrier Detect (DCD) logic 
and the DataSet Ready(DSR) logic. Bits 3and4 correspond 
to the Receiver Data Register full and the Transmitter Data 
Register empty conditions. These conditions can cause an 
interrupt request if enabled by the Command Register. 

1/0 CONTROL 

The I/O Control Logic controls the selection of internal 
registers in preparation for a data transfer on the internal 
data bus and the direction of the transfer to or from the 
register. 

The registers are selected by the Register Select and Chip 
Select and Read/Write lines as described in Table I, 
previously. 

TxD 

DcD 
DSR 

Rxe 

XTLI 

XTLO 

DTR 

iiTS 

AxD 

Fig. 2 - Internal organization. 
92CM- 36890Rf 
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CDP65C51A 
CDP65C51A INTERNAL ORGANIZATION (Cont'd) 

TIMING AND CONTROL 

The Timing and Control logic controls the timing of data 
transfers on the internal data bus and the registers, the Data 
Bus Buffer, and the microprocessor data bus, and the 
hardware reset features. 

Timing is controlled by the system ¢2 clock input. The chip 
will perform data transfers to or from the microcomputer 
data bus during the ¢2 high period when selected. 

All registers will be initialized by the Timing and Control 
Logic when the Reset (RES) line goes low. Seethe individual 
register description for the state of the registers following a 
hardware reset. 

TRANSMITTER AND RECEIVER 
DATA REGISTERS 

These registers are used as temporary data storage for the 
CDP65C51A Transmit and Receive circuits. Both the 
Transmitter and Receiver are selected by a Register Select 0 
(RSO) and Register Select 1 (RS1) low condition. The 
Read/Write line determines which actually uses the internal 
data bus; the Transmitter Data Register is write only and the 
Receiver Data Register is read only. 

Bit 0 is the first bit to be transmitted from the Transmitter 
Data Register (least significant bit first). The higher order 
bits foHow in order. Unused bits in this register are "don't 
care". 

The Receiver Data Register holds the first received data bit 
in bit 0 (least significant bit first). Unused high-order bits 
are "0". Parity bits are not contained in the Receiver Data 
Register. They are stripped off after being used for parity 
checking. 

STATUS REGISTER 

Fig. 3 indicates the format of the CDP65C51A Status 
Register. A description of each status bit follows. 

76543210 

I I I I I \I I I 

L 
'---

PARITY ERROR" 
0- NO PARITY ERROR 
1 - PARITY ERROR DETECTED 

FRAMING ERROA" 
a - NO FRAMING ERROR 
1 - FRAMING ERROR DETECTED 

OVERRUN" 
0- NO OVERRUN 
1 - OVERRUN HAS OCCURRED 

RECEIVER DATA REGISTER FULL 
0- NOT FULL 
1 - FULL 

TRANSMITTER DATA REGISTER EMPTY 
0- NOT EMPTY 
1 EMPTY 

DATA CARRIER DETECT (DCo) 
0- i5CB LOW (DETECT) 
1 - i5CB HIGH (NOT DETECTED) 

DATA seT READY d5SR) 
0- DSR LOW (READY) 
t - DSR HIGH (NOT READY) 

INTERRUPT (IRQ) 
O· NO INTERRUPT (fRO PIN HIGH) 
1 - INTERRUFT HAS OCCURRED (ilm PIN LOW) 

'NO INTERRUPTS OCCUR FOR 
THESE CONDITIONS 

Fig. 3 - Status register format. 

Receiver Data Register Full (Bit 3) 

This bit goes to a "1" when the CDP65C51A transfers data 
from the Receiver Shift Register to the Receiver Data 
Register, and goes to a "0" when the processor reads the 
Receiver Data Register. 

Transmitter Data Register Empty (Bit 4) 

This bit goes to a "1" when the CDP65C51A transfers data 
from the Transmitter Data Register to the Transmitter Shift 
Register, and goes to a "0" when the processor writes new 
data onto the Transmitter Data Register. 

Data Carrier Detect (Bit 5) and 
Data Set Ready (Bit 6) 

These bits reflect the levels of the DCD and DSR inputs to 
the CDP65C51 A. A "0" indicates a low level (true condition) 
and a "1" indicates a high (false). Whenever either of these 
inputs changes state, an immediate processor interrupt 
occurs, unless the CDP65C51A is disabled (bit 0 of the 
Command Register is a "0"). When the interrupt occurs, the 
status bits will indicate the levels of the inputs immediately 
after the change of state occurred. Subsequent level 
changes will not affect the status bits until the Status .-
Register is interrogated by the processor. At that time, ~ 
another interrupt will immediately occur and the status bits 
will reflect the new input levels. 

Framing Error (Bit 1), Overrun (Bit 2), and 
Parity Error (Bit 0) 

None of these bits causes a processor interrupt to occur, 
but they are normally checked at the time the Receiver Data 
Register is read so that the validity of the data can be 
verified. 

Interrupt (Bit 7) 

This bit goes to a "0" when the Status Register has been 
read by the processor, and goes to a "1" whenever any kind 
of interrupt occurs. 

CONTROL REGISTER 

The Control Register selects the desired transmitter baud 
rate, receiver clock source, word length, and the number of 
stop bits. 

Selected Baud Rate (Bits 0,1, 2, 3) 

These bits, set by the processor, select the Transmitter 
baud rate, which can be at 1/16 an external clock rate or one 
of 15 other rates controlled by the internal baud rate 
generator as shown in Fig. 4. 

Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A "0" 
causes the Receiver to operate at a baud rate of 1/16 an 
external clock. A "1" causes the Receiver to operate at the 
same baud rate as is selected forthetransmitter asshown in 
Fig. 4. 

Word Length (Bits 5, 6) 

These bits determine the word length to be used (5,6,7 or 8 
bits). Fig. 4 shows the configuration for each number of bits 
desired. 
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CDP65C51A 

CONTROL REGISTER (Cont'd) 

CDP65C51A INTERNAL ORGANIZATION (Cont'd) 

COMMAND REGISTER 

Stop Bit Number (Bit 7) 
The Command Register controls specific modes and 
functions (Fig. 5). 

This bit determines the number of stop bits used. A "0" 
always indicates one stop bit. A "1" indicates 1'12 stop bits if 
the word length is 5 with no parity selected, 1 stop bit if the 
word length is 8 with parity selected, and 2 stop bits in all 
other configurations. 

Data Terminal Ready (Bit 0) 

This bit enables all selected int~ts and controls the 
state of the Data Terminal Ready (DTR) line. A "0" indicates 
the microcomputer system is not ready by setting the DTR 
line high. A "1" indicates the microcomputer system is 
ready by setting the DTR line low. When the DTR bit issetto 
a "0", the receiver and transmitter are both disabled. I B.L......!..!:... 58R 

S N fWITTW[Ol Res SBR3ISBR2 S8Rl SBRO 

L,J 
I 

SELECTED BAUD RATE (SBR) 

3,210 
'0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

1/18X EXTERNAL CLOCK 
50 BAUD 
75 BAUD 
108.12 BAUD 
134.58 BAUD 
150 BAUD 
300 BAUD 
800 BAUD 
1200 BAUD 
1800 BAUD 
2400 BAUD 
3600 BAUD 
4800 BAUD 
7200 BAUD 
HOD BAUD 
11200 BAUD 

RECEIVER CLOCK SOURCE (RCS) 

0- EXTERNAL RECEIVER CLOCK 
1- BAUD RATE 

'------------- WORD LENGTH (WL) 

12 
00 8 BITS 
01 7 BITS 
10 881T$ 
11 5 BITS 

Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver from generating an interrupt 
when set to a "1". The Receiver interrupt is enabled when 
this bit is set to a "0" and Bit 0 is set to a "1 ". 

Transmitter Interrupt Control (Bits 2, 3) 

These bits control the state of the Ready to Send (RTS) line 
and the Transmitter interrupt. Fig. 5 shows the various 
configurations of the RTS line and Transmit Interrupt bit 
settings. 

Receiver Echo Mode (Bit 4) 

This bit enables the Receiver Echo Mode. Bits 2 and 3 must 
be zero. In the Receiver Echo Mode, the Transmitter returns 
each transmission received by the Receiver delayed by V, bit 
time. A "1" enables the Receiver Echo Mode. A "0" bit 
disables the mode. 

Parity Mode Enable (BII 5) 

'-------------- STOP BIT NUMBER (SBN) 

This bit enables parity bit generation and checking. A "0" 
disables parity bit generation by the Transmitter and parity 
bit checking by the Receiver. A "1" bit enables generation 
and checking of parity bits. 

508 

0-1 STOP BIT 
1 - 2 STOP BITS 

- 1-1/2 STOP BITS 
FOR WL:::5 AND NO PARITY 

-1 STOP BIT 
FOR WL=8 AND PARITY 

92CM- 36781 

Parlly Mode Control (Bits 6, 7) 

Fig. 4 - CDP65C51A control register. 

These bits determine the type of parity generated by the 
Transmitter, (even, odd, mark or space) and the type of 
parity check done by the Receiver (even, odd, or no check). 
Fig. 5 shows the possible bit configurations for the Parity 
Mode Control bits. 

7 6 

PMC ,I TIC 
PMCl PMCO PME..l REM TICl TICO IRD 1 DTRJ 

L DATA TERMINAL READY (OTR) 

O· DATA TERMINAL NOT READY (OTR PIN HIGH) 
1· DATA TERMINAL READY (oTR PIN LOW) 

L--- RECEIVER INTERRUPT CONTROL (IRD) 
o . RECEIVER INTERRUPT ENABLED 
1 • RECEIVER INTERRUPT DISABLED 

TRANSMITTER INTERRUPT CONTROL (TIC) 
3 2 o a m - HIGH, TRANSMIT INTERRUPT DISABLED' 
o 1 RfS - LOW, TRANSMIT INTERRUPT ENABLE 
1 0 R'fS - LOW, TRANSMIT INTERRUPT DISABLED 
1 1 ATS - LOW, TRANSMIT INTERRUPT DISABLED 

TRANSMIT BREAK ON T x 0 

'--------- RECEIVER ECHO MODE (REM) 
0- RECEIVER NORMAL MODE 
1 - RECEIVER ECHO MODE' 

'------------ PARITY MODe ENABLE (PME) 
0- PARITY MODE DISABLED 

NO PARITY BIT GENERATED 
PARITY CHECK DISABLED 

1 - PARITY MODe ENABLED 

~------------- PARITY MODE CONTROL (PMC) 

76543210 

10 \°1 0 10 10 \0 \ 0 \0 I HARDWARE RESET (REs) 
- - - 0 0 0 0 0 PROGRAM RESET 

58 000 PARITY TRANSMITTED/RECEIVED ° 1 EVEN PARITY TRANSMITTED/RECEIVED 
1 0 MARK PARITY BIT TRANSMITTED 

PARITY CHECK DISABLED 
1 1 SPACE PARITY BIT TRANSMITTED 

PARITY CHECK DISABLED 

• BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODe RTS WILL BE LOW 92CM·36790R1 

Fig. 5 - CDP65C51A command register. 
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CDP65C51A 
CDP65C51A INTERNAL ORGANIZATION (Cont'd) 

TRANSMITTER AND RECEIVER 

Bits 0-3 of the Control Register select the divisor used to 
generate the baud rate for the Transmitter. If the Receiver 
clock IS to use the same baud rate as the transmitter, then 

RxC becomes an output and can be used to slave other 
circuits to the CDP65C51A. Fig. 6 shows the Transmitter 
and Receiver layout. 

14--__.--R'O 

14-----------------------R'C 

XTLI 

XTLO 

92CS-36791 

Fig. 6 - Transmitter receiver clock circuits. 

CDP65C51A OPERATION 

TRANSMITTER AND RECEIVER OPERATION 

Continuous Data Transmit (Fig. 7) 

T,O 

In the normal operating mode, the processor interrupt 
(IRQ) is used to signal when the CDP65C51A is ready to 
accept the next data word to be transmitted. This interrupt 
occurs at the beginnning of the Start Bit. When the 
processor reads the Status Register of the CDP65C51 A, the 

interrupt is cleared. The processor must then identify that 
the Transmit Data Register is ready to be loaded and must 
then load it with the next data word. This must occur before 
the end of the Stop Bit, otherwise a continuous "MARK" will 
be transmitted. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 
/~ ______ ......JIL-______ ",,'./ I './ I './ I " 

r--r __ fS.:.;TO:::,P STOP STOP STOP 

Tx °l [%GI]~EJ I [%GIGE] I G"GI_GE1 I [%GT_OGEJ L 
START START START ~TAAT 
I I I I 
I I I I 
I I I j 

iRo un LJTI' /LJIl LW 
fi~~:~~:ATA ) I l r~~g~S"~~!'T~ST 
REGISTER EMPTY) IN THIS TIME 

INTERVAL, OTHERWISE, 
CONTINUOUS "MARK" 
IS TRANSMITTED 

PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
TO CLEAR 

Fig. 7 - Continuous data transmit. 

92CM-36792A1 

L 
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CDP65C51A 
CDP65C51A OPERATION (Confd) 

TRANSMITTER AND RECEIVER OPERATION (Cont'd) 

Continuous Data Receive (Fig. 8) 

Similar to the above case, the normal mode is to generate a 
processor interrupt when the CDP65C51A has received a 
full data word. This occurs at about the 8/16 point through 

the Stop Bit. The processor must read the Status Register 
and read the data word before the next interrupt, otherwise 
the Overrun condition occurs. 

CHAR#" CHAR#n+1 CHAR#n+2 CHAFI#n+3 

/ ~/ ,/ ,/ I , 

..---._-rST:..::O:;P STOP STOP STOP 

Rx D l [BOJ-;TEEl I R""1_EEl I r:OfB:rEG I GGIGI:J L 
START ~ START I START I START 1 

I : i I 

~ ~ U'- t /U U L ) I ::~~~SESRO~A~~~~ ~~~~ TIME INTERVAL, OTHERWISE, 
PROCESSOR OVERRUN OCCURS 
INTERRUPT OCCURS 
ABOUT 8/16 INTO 92CM·3871t3R1 
LAST STOP BIT 
PARITY, OVERRUN, 
AND FRAMING ERROR 
UPDATED, ALSO 

PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
TO CLEAR 

Transmit Data Register Not Loaded 
By Processor (Fig. 9) 

Fig. 8 - Continuous data receive. 

If the processor is unable to load the Transmit Data Register 
in the allocated time. then the TxD line will go to the 
"MARK" condition until the data is loaded. When the 

processor finally loads new data, a Start Bit immediately 
occurs, the data word transmission is started, and another 
interrupt is initiated, signaling for the next data word. 

CHAR #n 

/~-------LI--_--_~, 
CONTINUOUS "MARK" CHAR #n+1 CHAR#n+2 

STOP STOP 

Tx D n f%IBlT~OB::J I 
1
ST ART L CHARACTER --1 

I· TIME I 

PRocLS01 INTERRUPT 
FOR DATA 
REGISTER 
EMPTY 

PROCESSOR 
READS 
STATUS 
REGISTER 

INTERRUPTS 
CONTINUE AT 
CHARACTER RATE 
EVEN THOUGH 
NO DATA IS 
TRANSMITTEO 

/~--_--_J-----____ ,/~------~I----------

STOP 

EFJ]:~iEJ I [qB~rH 
ISTART I"TART 

\ 
WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 
OCCURS, INDICATING TRANSMIT 
DATA REGISTER EMPTY 

...----

92CM- 36794RI 

Fig. 9 - Transmit data register not loaded by processor. 
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CDP65C51A 
CDP85C51A OPERATION (Cont'd) 

TRANSMITTER AND RECEIVER OPERATION (Cont'd) 

Effect of eTS on Transmitter (Fig. 10) 

CTS is the Clear-to-Send signal generated by the modem. It 
is normally low (true state) but may go high in the event of 
some modem problems. When this occurs, the TxD line 
goes to the "MARK" condition following the complete 
transmission of any character which is currently being 

CHAR#n CHAR#n+1 

shifted out of the Transmitter Shift Register. Since there is 
no status bit for CTS, the processor must deduce that CTS 
has gone to the False (high) state. This is covered later. CTS 
is a transmit control line only, and has no effect on the 
CDP65C51 A Receiver Operation. Normal transmission will 
resume when CTS goes low again. 

CONTINUOUS "MARK" 

I ,J'------------.J1L---------_, 
/, ______ LI ______ __ 

T< DE __ LI_"_N-,-_"-,I 8TO","TARTI "0 I ", I _LI_"_N_I,-"-,1,-8_TO_"..J1,-8_TA_R_TLI_"_0~1_"_'~I "-,2: _ - -I 

I 
J III u iRC:i IS NOT ASSERTED 

AGAIN UNTIL eTS 
GOES LOW 

CLEAR-TO-SEND 

ffiGOESHIGH, 
INDICATING MODEM 
IS NOT READY TO 
RECEIVE DATA TxD 
GOES TO "MARK" CONDITION 
AFTER COMPLETE CHARACTER 
IS TRANSMITTED 

NOT CLEAR-TO·SEND 

92CM 42327 

Fig. 10 - Effect of C TS on transmitter. 

Effect of Overrun on Receiver (Fig. 11) 

lithe processor does not read the Receiver Data Register in 
the allocated time, then, when the following interrupt 
occu rs, the new data word is not transferred to the Receiver 

Data Register, but the Overrun status bit is set. Thus, the 
Data Register will contain the last valid data word received 
and all following data is lost. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 

~ I '-./ I '-./ I 'J,--------...JI-----
STOP STOP STOP STOP 

R, 0 n [%GLGE] I G"GI_GJiJ I G"GI~GI:J I Gl:0]~;r= 
1- 1- - 1-

RECEIVER DATA REGISTEA 
NOT UPDATED BECAUSE 
PROCESSOA DID NOT READ 
PREVIOUS DATA, OVERRUN 
BIT SET IN STATUS 
REGISTER 

~OVERRUN BIT SEr IN 
STATUS REGISTER 

rn-----

92CN-36196RI 

FIg. 11 . Effect of overrun on receiver. 
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CDP65C51A 
CDP65C51A OPERATION (Cont'd) 

TRANSMITTER ANO RECEIVER OPERATION (Cont'd) 

Echo Mode Timing (Fig. 12) 

I n Echo Mode, the TxD line re-transmits the data on the RxD line, delayed by Y, of the bit time. 

Fig. 12· Echo mode timing. 

Effect 01 CTS on Echo Mode Operation (Fig. 13) 

See "Effect of CfS on Transmitter" for the effect of CTS on 
the Transmitter. Receiver operation is unaffected by CTS, 
so, in Echo Mode, the Transmitter is affected in the same 
way as "Effect of CTS on Transmitter". In this case however, 

the processor interrupts signify that the Receiver Data 
Register is full, so the processor has no way of knowing that 
the Transmitter has ceased to echo. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 
~/r--------~I--------'/r--------IL--------,/r--------~-------,/r----____ ~I ______ __ 

STOP STOP STOP STOP 

R,D Tl GTB"LHJ I GF1:E;E] I [%GJ-GI:J I GEI]~;r 
I~ I~ I~ I~ 

nm LJIJ UI LJll UJrrr---

m+---+-J_II 
STOP STOP I 

NOT-CLEAR-rO-SEND 

h 0 =:JLJ:~;Er I "N I P I I 1"0 I ", I "211 

I 

START -~lT"A~RT ) 

ers GOES TO 
"FALSE" CONDITION 

NORMAL -
RECEIVER DATA 

L_ _______________________ REGISTER FULL ________________________ --' 

INTERRUPTS 92CM-36798 

Fig. 13· Effect of CTS on echo mode. 
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CDP65C51A 
CDP65C51A OPERATION (Cont'd) 

TRANSMITTER AND RECEIVER OPERATION (Cont'd) 

Overrun In Echo Mode (Fig, 14) 

If Overrun occurs In Echo Mode, the Receiver is affected the 
same way as described in "Effect of Overrun on Receiver", 

For the re-transmilted data, when overrun occurs, the TxD 

CHAR #n 

~/r--------~I--------~, 

line goes to the "MARK" condition until the first Start Bit 
after the Receiver Data Register is read by the processor. 

CHAR #x CHAR #x + 1 
/r--------~I--------__ ,/r--------~I------

STOP STOP STOP STOP "'On [%GI±J I rEEG I [BOI81J~~ I GGT~H 
I~ ~ ~ ~ 

iRa LJIJ' tJIJ 11 LllJ lJlJrrT---
IOTOP I ,/ 

TxO n [B00T EG I START 

PROCESSOR 
INTERRUPT 
FOR RECEIVER 
DATA REGISTER 
FULL 

PROCESSOR 
READS 
STATUS 
REGISTER 

OVERRUN OCCURS 
Tx o GOES TO 
"MARK" 
CONDITION 

PROCESSOR FINALLY 
READS RECEIVER 
DATA REGISTER, 
LAST VALID 
CHARACTER (#n) 

PROCESSOR 
iNTERRUPT 
FORCHAR#x 
IN RECEIVER 
DATA REGISTER 

92CM<~6788 

Fig. 14 - Overrun in echo mode. 

Framing Error (Fig, 15) 

Framing Error is caused by the absence of Stop Bit(s) on 
received data. The status bit is set when the processor 
interrupt occurs. Subsequent data words are tested for 

",0 
(EXPECTED) 

",0 
(ACTUAL) 

NOTES 
1 FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION 

2 IF NEXT DATA WORD IS OK 
FRAMING ERROR IS CLEARED 

Framing Error separately, so the status bit will always 
reflect the last data word received. 

I 
PROCESSOR 
INTERRUPT, 
FRAMING 
ERROR 
BIT SET 

92CM- 36789 

Fig. 15 - Framing error. 
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CDP65C51A 
CDP85C51A OPERATION (Cont'd) 

TRANSMITTER AND RECEIVER OPERATION (Confd) 

Effect of DCD on Receiver (Fig. 16) 

DCD is a modem output used to indicate the status' of the 
carrier-frequency-detection circuit of the modem. This line 
goes high for a loss of carrier. Normally, when this occurs, 
the modem will stop transmitting data (RxD on the 
CDP65C51 A some time later). The CDP65C51 A will cause a 
processor interrupt whenever DCD changes state and will 
indicate this condition via the Status Register. 

IRQ 

Once such a change of state occurs, subsequent transitions 
will not cause interrupts or changes in the Status Register 
until the first interrupt is serviced. When the Status Register 
is read by the processor, the CDP65C51A automatically 
checks the level of the DCD line, and if it has changed, 
another interrupt occurs. 

i 'II 
I III L __ 1U 

f 
NO INTERRUPT 
WILL OCCUR 
HERE, SINCE 
RECEIVER IS NOT 
ENABLED UNTIL 
FIRST START BIT 
DETECTED 

/L 
PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA 

92CM-36786 

Fig. 16 - Effect of DeD on receiver. 

Timing with 1'1. Stop Bits (Fig. 17) 

It is possible to select 1'h Stop Bits, but this occurs only for 
5-bit data words with no parity bit. In this case, the 

processor interrupt for Receiver Data Register Full occurs 
halfway through the trailing half-Stop Bit. 

/ 

RxD 

CHAR#n 
I 

LJI] 
t 

PROCESSOR INTERRUPT 
OCCURS HALFWAY 
THROUGH THE 1/2 
STOP SIT 

Fig. 17 - Timing with 1-1/2 stop bits. 

CHAR#n+1 
I 

92CM~ 36787 

L 
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CDP65C51A 
CDP85C51A OPERATION (Cont'd) 

TRANSMITTER AND RECEIVER OPERATION (Cont'd) 

Transmit Continuous "BREAK" (Fig. 18) 

This mode is selected via the CDP65C51A Command 
Register and causes the Transmitter to send continuous 
"BREAK" characters after both the transmitter and 
transmitter-holding registers have been emptied. 

~/ "-
STOP STOP 

When the Command Register is programmed back to 
normal transmit mode, a Stop Bit is generated and normal 
transmission continues. 

/r----------~"-/r-------

TxoD ~~~ I ,80,B1,_ aN p STOP 

STOP STOP 

I~EJ I ~ I START START I START 
rn-----; 

NORMAL 
INTERRUPT 

f------~-PERIOD DURING 
WHICH PROCESSOR 
SELECTS 
CONTINUOUS 
"BREAK" MODe 

" / POINT AT WHICH 
PROCESSOR "'" PROCESSOR 
SELECTS INTERRUPT 
NORMAL TO LOAD 
TRANSMIT TRANSMIT 
MODE DATA 

92CM-36785 

Fig. 18 - Transmit continuous "BREAK". 

Receive Continuous "BREAK" (Fig. 19) 

In the event the modem transmits continuous "BREAK" 
characters, the CDP65C51A will terminate receiving. 

Reception will resume only after a Stop Bit is encountered 
by the CDP65C51A. 

-------~"- /r------~'/r-------"-'"'T_",ST.:.:O",P CONTINUOUS "BREAK" STOP STOP 

RxD E~~ I ,So 1 81 I aN P STOP ~EEJ I '801·11 I START I I '=S=TA:":RT=--.............. I START 

------P-Ro-C-,e".---------f{?.d ~ .. ~" 
INTERRUPT PROCESSOR SINCE RECEIVER 
FOR INTERRUPT DISABLED UNTIL 
RECEIVER WITH FRAMING FIRST STOP BIT 
DATA REGISTER ERROR (PARITY 
ruu ~DO~~~ 

CHECKS NORMAL) 
92CM-38784 

Fig. 19 - Raceive continuous "BREAK". 

NORMAL 
RECIEYER 
INTERRUPT 
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CDP65C51A 
CDP65C51A OPERATION (Confd) 

STATUS REGISTER OPERATION 

Because of the special functions of the various status bits, 
there is a suggested sequence for checking them. When an 
interrupt occurs, the CDP65C51A should be interrogated, 
as follows: 

1. Read Status Register 

This operation automatic~ clears Bit 7 (IRQ). 
Subsequent transitions on DSR and i5CJj will cause 
another interrupt. 

2. Check IRQ Bit 

If not set, interrupt source is not the CDP65C51A. 

3. Check DCD and DSR 

These must be compared to their previous levels, which 
must have been saved by the processor. If they are both 
"0" (modem "on-line") and they are unchanged then the 
remaining bits must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) 

Only if Receiver Data Register is Full. 

6. Check TDRE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above, then CTS must have gone to the 
False (high) state. 

PROGRAMMED RESET OPERATION 

A program reset occurs when the processor performs a 
write operation to the CDP65C51A with RSO high and RS1 
low. The program reset operates somewhat different from 
the hardware reset ~S pin) and is described as follows: 

1. Internal registers are not completely cleared. The data 
sheet indicates the effect of a program reset on internal 
registers. 

2. The DTR line goes high immediately. 

3. Receiver and transmitter interrupts are disabled 
immediately. If IRQ is low when the reset occurs, it stays 
low until serviced, unless interrupt was caused by DCD 
or DSR transition. 

4. DCD and DSR interrupts disabled immediately. If IRQ is 
low and was caused by DCD or DSR, then it goes high, 
also ~ and DSR status bits subsequently will follow 
the input lines, although no interrupt will occur. 

5. Overrun cleared, if set. 

MISCELLANEOUS NOTES ON OPERATION 

1. If Echo Mode is selected, RTS goes low. 

2. If Bit 0 of Command Register is "0" (disabled). then: 
a) ~nterrupts disabled, including those caused by 

DCD and"O"SR transitions. 
b) Receiver disabled, but a character currently being 

received will be completed first. 
c) Transmitter is disabled after both the Transmit Data 

and Transmit Shift Registers have been emptied. 

3. Odd parity occurs when the sum of all the "1" bits in the 
data word (including the parity bit) is odd. 

4. In the Receive Mode, the received parity bit does not go 
into the Receiver Data Register, but is used to generate 
parity error for the Status Register. 

5. Transmitter and Receiver may be in full operation 
simultaneously. This is "full-duplex" mode. 

6. If the RxD line inadvertently goes low and then high 
during the first 9 receiver clocks after a Stop Bit; a false 
Start Bit will result. 

For false Start Bit detection, the CDP65C51A does not 
begin to receive data, instead, only a true Start Bit 
initiates receiver operation. 

7. A precaution to consider with the crystal oscillator 
circuit is: 

The XTLI Input may be used as an external clock 
input. The XTLO pin must be floating and may not be 
used for any other function. 

8. DCD and DSR transitions, although causing immediate 
processor interrupts, have no effect on transmitter 
operation. Data will continue to be sent, unless the 
processor forces transmitter to turn off. Since these are 
high-impedance inputs, they must not be permitted to 
float (un-connected). If unused, they must be terminated 
either to Gnd or Vee. 

GENERATION OF NON-STANDARD BAUD RATES 

Divisors 

The internal counter/divider circuit selects the appropriate 
divisor for the crystal frequency by means of bits 0-3 of the 
CDP65C51A Control Register. 

The divisors, then, are determined by bits 0-3 in the Control 
Register and their values are shown in Table II. 

Generating Other Baud Rates 

By using a different crystal, other baud rates may be 
generated. These can be determined by: 

Baud Rate = Crystal Frequency 
Divisor 

Furthermore, it is possible to drive the CDP65C51 A with an 
off-chip oscillator to achieve the same thing. In this case, 
XTLI (pin 6) must be the clock input and XTLO (pin 7) must 
be a no-connect. 
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CONTROL 
REGISTER 

BITS 
3 2 1 0 
0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

CDP65C51A OPERATION (Confd) 

Tablen· DlvllOr Selection for the CDP65C51A 

DIVISOR SELECTED 
FOR THE BAUD RATE GENERATED 

INTERNAL COUNTER WITH 1.6432 MHz 

No Divisor Selected 1116 of External Clock at Pin XTLI 
1.8432 x 10· 

36.864 36.864 = 50 

1.8432 x 10' 
24.576 24.576 = 75 

1.8432 x 10· 
16.768 16.168 - 109.92 

1.8432 x 10· 
13.696 13.696 = 134.58 

1.8432 x 10' 
12.288 12.2BB - 150 

1.8432 x 10· 
6.144 6.144 300 

1.8432 x 10· 
3.072 3.072 - 600 

1.8432 x 10· 
1.536 1.536 = 1200 

1.8432 x 10· 
1.024 1.024 = 1800 

1.8432 x 10· 
768 768 = 2400 

1.8432 x 10· 
512 512 = 3600 

1.8432 x 10· 
384 384 = 4800 

1.8432 x 10· 
256 256 = 7200 

1.8432 x 10· 
192 _192 = 9600 

1.8432 x 10· 
96 96 = 19200 

CDP65C51A 

BAUD RATE GENERATED 
WITH FREQUENCY (F) 

1/16 of External Clock at Pin XTLI 

F 
36.864 

F 
24.576 

F 
18.78B 

F 
13.696 

F 
12.288 

F 
j).144. 

F 
3.072 

F 

1.536 
F 

_1.024 
F 

768 
F 

512 
F 

384 
F 

256 
F 

192 
F 

96 

DIAGNOSTIC LOOP·BACK OPERATING MODES 

A simplified block diagram for a system incorporating a CDP65C51A ACIA IS shown in Fig. 20. 

MICRO· 
PROCESSOR 

Fig. 20 - Simplified system diagram. 

TO DATA LINK 
92C$- 36B~9 
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CDP65C51A 
CDP65C51A OPERATION (Confd) 

DIAGNOSTIC LOOP-BACK OPERATING MODES 
(Cont'd) 

Occasionally it may be desirable to include In the system a 
facility for "loop-back" diagnostic testing, of which there 
are two kinds: 

1. Local Loop-Back 

Loop-back from the point of view of the processor. In this 
case, the Modem and Data Link must be effectively 
disconnected and the ACIA transmitter connected back 
to its own receiver, so that the processor can perform 
diagnostic checks on the system, excluding the actual 
data chan nel. 

2. Remote Loop-Back 

Loop-back from the point of view of the Data Link and 
Modem. I n this case, the processor, itself, is disconnected 
and ali received data is immediately retransmitted, so the 
system on the other end of the Data Link may operate 
independent of the local system. 

The CDP65C51A does not contain automatic loop-back 
operating modes, but they may be implemented with the 
addition of a smali amount of external circuitry. 

Fig. 21 indicates the necessary logic to be used with the 
CDP65C51A. 

The LLB line is the positive-true signal to enable local loop­
back operation. Essentially, LLB = high does the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, DCD, CTS, DSR (from Modem). 

I iTs DTri TID 

LLB 

3. Connects transmitter outputs to respective receiver 
inputs: 

a) TxD to RxD 

b) DTR to DCD 

c) RTS to C'i'S 
LLB may be tied to a peripheral control pin to provide 
processor control of local loop-back operation. I n this way, 
the processor can easily perform local loop-back diagnostic 
testing. 

Remote loop-back does not require this circuitry, so LLB 
must be set low. However, the processor must select the 
following: 

1. Control Register bit4 must be "1 ", so that the transmitter 
clock = receiver clock. 

2. Command Register bit 4 must be "1" to select Echo 
Mode. 

3. Command Register bits 3 and 2 must be "1" and "0", 
respectively, to disable transmitter interrupts. 

4. Command Register bit 1 must be "0" to disable receiver 
Interrupts. 

In this way, the system retransmits received data without 
any effect on the local system. 

CDPSSC51A 

RID Dcii CTs Dsii I 
SEL lvJ 

2Vr--

~ STB 3V 

CDHC157 4V 
RID 

~ lB lA 
DCD 

2B 

3B 

~ 
4B 

""- SEL IV 

2V 

../iF STB 3V 

CDHC157 4V ~ 

~ 
lB lA 

2B 2A 

3B SA r--
- 4B 4A ~ 

NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOP-BACK MODE. 
2. HIGH ON He1S? SELECT INPUT QATES "8" INPUTS 

TO ··V" OUTPUTS; LOW GATES "A" TO "V". 

2A 
3A 

4A 

Fig. 21 - Loop-back circuit schematic. 

CTS 

DBR 

OOEM 

TID 

DTR 

RTS 

92CM- 38799 
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CDP65C51A 
DYNAMIC ELECTRICAL CHARACTERISTICS-READIWRITE CYCLE 
VDD = SV ± S"Io, TA = -40 to +8So C, CL = 7S pF 

LIMITS 
CHARACTERISTIC CDP8SCS1-1 CDP6SCS1-2 CDP6SCS1-4 

Min. Max. Min. Max. Min. 
eycleTlme bc 1 - 0.5 - 0.25 
",2 Pulse Width Ie 400 - 200 - 100 
Address Set-Up Time tAC 120 - 60 - 30 
Address Hold Time icAH 0 - 0 - 0 
RIW Set-Up Time twc 120 - 60 - 30 
RIW Hold Time tCWH 0 - 0 - 0 
Data Bus Set-Up Time tDew 120 - 60 - 35 
Data Bus Hold Time tHW 20 - 10 - 5 
Read Access Time (Valid Data) leDR - 200 - 150 -
Read Hold Time tHR 20 - 10 - 10 
Bus Active Time (Invalid Data) leDA 40 - 20 - 10 

+2 ____ --' 

-r,.,..-:>\.r---+------+--i ... ~"7777,.,..-:~"77-VIH eso. esT. RSO,RS I ""'-'-:..::..:;,'----+------+-.J .. ~'"'""~:..::..:;~'""""-vIL 

R/W 

Write-timing waveforms 

Read-timing waveforms 
92CM-3&775 

FIg. 22 - Timmg waveforms. 

Max. 
-
-
-
-
-
-
-
-
50 

-
-

UNITS 

lIS 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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CDP65C51A 
DYNAMIC ELECTRICAL CHARACTERISTICS-TRANSMIT IRECEIVE, See Figs. 23, 24 and 25. 
Voo = SV ± S"Io, TA = -40 to +8SoC 

LIMITS 
CHARACTERISTIC CDP6SCS1-1 CDP65C51-2 CDP65C51-4 UNITS 

Min. Max. Min. Max. Min. Max. 
Transmit/Receive Clock Rate tcey 400' - 325 - 250 -
Transmit/Receive Clock High Time tcH 175 - 145 - 110 -
Transmit/Receive Clock Low Time tel 175 - 145 - 110 -
XTLI to TxD Propagation Delay too - 500 - 410 - 315 ns 
RTS Propagation Delay tOlY - 500 - 410 - 315 
IRQ Propagation Delay (Clear) tiRO - 500 - 410 - 315 
RES Pulse Width tAES 400 - 300 - 200 -

(t" t, = 10 to 30 ns) 

• The baud rate with external clocking is: Baud Rate = 
16 x Tccy 

XTLO 

( TRANSMIT) 
CLOCK INPUT) 

TKO 

100--1+--1 

NOTE TxO RATE IS 1116 TxC RATE 

92CS-36776 

Fig. 23 - Transmit-timing waveforms with external clock. 

RxC 
(INPUT) 

_ L'CH_ t 'CCY =t 
-- i 

\...-'CL--I 

NOTE: RxD RATE IS 1/16 Rxe RATE 

92CS-36778 

Fig. 25 - Receive external clock timing waveforms. 

IRQ 
(CLEAR) 

92CS -36777 

Fig. 24 - Interrupt-and output-timing waveforms. 

1.8432 MHz 
CRYSTAL 

nfi 
~ 

I 
C' 10-50 pF 

INTERNAL CLOCK 

EXTERNAL 1] TRANSMITTER XTLI 
CLOCK 

OPEN 
CIRCUIT XTLO 

EXTERNAL CLOCK 
92CS-42341 

Fig. 26 - Transmitter clock generation. 
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Advance Information CDP68HC68A2 

CMOS Serial10-Bit AID Converter 
OSC 

,. VDD 

TNT 15 Features: 
M ISO A12 

MOSI 13 AI3 

12 A<4 • 10-bit resolution • Three modes of operation SCK 

CE " A" • a-bit mode for single data byte transfers • On chip oscillator 
AIOI , 0 A'. EXT REF 

• SPI (Serial Peripheral Interface) compatible • Low power CMOS circuitry 

VSS A" • Operates ratiometrically referencing VDD or • Intrinsic sample and hold 
an external source 

TOP VIEW 
• 14/ls 1 O-bit conversion time 

• 16-lead dua/-in-line plastic 
package 

• a multiplexed analog input channels • 20-lead dual-in-line small­
outline plastic package TERMINAL ASSIGNMENT • Independent channel select 

The CDP68HC68A2 is a CMOS 8- or 10-bit successive 
approximation analog to digital converter (A/D) with a 
standard RCA/Motorola Serial Peripheral Interface (SPI) 
bus and eighi multiplexed analog inputs Voltage 
referencing is obtained from either the VDD pin or an 
external precision reference forthe sacrifice of one channel 
when enabled. The operating range of the converter includes 
the entire VDD to Vss voltage range for each of the eight 
inputs. 

The CDP68HC68A2 implements a switched capacitor, 
successive approximation A/D conversion technique which 
provides an inherent sample-and-hold function. An on-chip 
Schmitt oscillator provides the internal timing of the A/D 
converter It can be driven by an external oscillator or 
system clock in the external mode, orcan be connected to a 
single external capacitor to provide an independent clock in 

CE 6 

SPI 
CONTROL LOGIC 

CONTROL 
LOGIC 

ADDRESS 
CONTROL 

LOGIC 

STATUS CONTROL 
REGISTERS REGISTERS 

·USED AS VOLTAGE INPUT IN EXTERNAL 
REFERENCE MODE 

the internal mode. The minimum 10-bit converSion time per 
input is 14-microseconds/channel. Each conversion in the 
1 O-bit mode requires 14 oscillator clock pulses where 12 are 
required in the 8-bit mode allowing a 12-mlcrosecond/­
channel conversion time 

A unique feature of the CDP68HC68A2 allows any 
combination of the eight input channels to be selected and 
converted in ascending channel order in anyone of three 
modes. The mode selection enables single, multiple or 
continuous channel conversion operation. The device has 
three READ/WRITE registers which are used to select the 
mode of operation, input channels, and starting address. 
The 1 O-bit conversion data is stored (right justified) in two 
8-bit bytes. The most significant byte contains two status 
bits which may be monitored by the microcomputer. An 
8-bit mode is available which performs a faster eight bit 

SUCCESSIVE 
APPROXIMATION 
CONTROL LOGIC 

10-81T CAPACITOR ARRAY 

Fig. 1 - Block diagram of the CDP68HC68A2. 

File Number 1963 
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CDP68HC68A2 
conversion and stores the data in a single eight bit byte. In 
the 1 D-bitmode. all16 data bytes are addressable and in the 
8-bit mode only the eight bit data byte is accessible in each 
of eight data bytes. A READ only STATUS register is 
available to monitor the status of the Conversion and the 
current channel address. This register can be used for 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE. (Vee) 

system polling or the INT pin can be used for interrupt 
driven communications. 

The CDP68HC68A2 is available in a 16-lead dual-in-line 
plastic package (E suffix) and in a 2D-lead dual-in-line 
small-outline plastic package (M suffix). 

(Voltage referenced to V •• terminal) .................................................................................•.. -0.5 to +7 V 
INPUT VOLTAGE RANGE. ALL INPUTS .......................................................................... -0.5 to Vee +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ................................................................... ' ................ ±10 mA 
POWER DISSIPATION PER PACKAGE (Pe): 

For T. ; -40 to +60° C (PACKAGE TYPE E) ..... . ...................................................................•.... 500 mW 
For T.; +60 to +85°C (PACKAGE TYPE E) ................................................. Derate Linearly at 12 mW;oC to 200 mW 
ForT.; -40°C to +70°C (PACKAGE TYPE M)· ........................................................................... 400 mW 
For T.; -70°C to +85°C (PACKAGE TYPE M)· ............................................ Derate Linearly at 6.0 mW/oC to 310 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForT.; FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................... 40 mW 

OPERATING-TEMPERATURE RANGE (T.): 
PACKAGE TYPE E and M ........................................................................................... -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T ... ) ........................................................................... -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max ........................................................ +265°C 

• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick Gl0 epoxy glass. orequivalenl. 

OPERATING CONDITIONS at T. = _40° to +85°C 
For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 

CHARACTERISTIC 

DC Operating Voltage Range 

Pin Descriptions 

OSC (1) - Olclllator Input 

A Schmitt input which provides the timing for the AID 
conversion. The mode of this pin is selected in the Mode 
Select Register (MSR) and is either internal or external 
clocking. In the internal mode. a capacitor is externally 
connected to this pin causing the Schmitt input gate to 
oscillate at a frequency inversely proportional to the 
capacitance. In the external mode. the input may be driven 
directly by an external oscillator or system clock. 

INT (2) - Active Low Interrupt Output 

This output is driven from a single NFET pulldown transistor. 
A bit in the MSR enables or disables the INT output. The 
output is driven to a logical LOW state while enabled and 
activated. otherwise it will remain in a tri-state condition. The 
INT output function is only deactivated upon addressing 
the Status Register. The tri-state function can be advantageous 
to wire NAND interrupts while a pullup resistor can be used to 
drive the output to the logical HIGH state while inactive. The 
interrupt function cannot be enabled in mode 3. 

MISO (3) - Master-In-Slave-Out Output 

Data is serially shifted out at this pin Most Significant Bit 
first. 

MOSI (4) - Malter-Out-Slave-In Input 

Data is serially shifted in on this pin Most Significant Bit 
first. 

LIMITS 
UNITS 

MIN. MAX. 

3 6 V 

SCK (5) - Serial Clock Input 

Provides the timing for the synchronous SPI interface 
circuitry. 

CE (8) - Chip Enable Input 

An active HIGH device enable. The CDP68HC68A2 must be 
enabled preceding SPI communications. While deactivated. 
theSPllogic is placed in a RESET state and the MISO line is 
tristated from driving the SPI bus synchronous with SCK. 

Aln (7,9-15) - Analog Inputl 

These are the eight analog input channels which are 
multiplexed to the internal AID converter. Each channel is 
selected by a corresponding bit in the Channel Select 
Register (CSR). When the VR bit in the MSR is enabled. the 
device is in the external voltage referencing mode and 
channel AD (pin 7) is used as a full scale reference input. 

Vss (8) - Negative Power Supply 

This pin is connected to the ground and establishes the 
negative reference to the analog inputs. 

Vee (18) - POlltlve Power Supply 

This pin establishes the full-scale voltage range of the AID 
converter when operating ratiometrically in the internal 
reference mode. 
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CDP68HC68A2 
ELECTRICAL CHARACTERISTICS at TA = 25°C, Voo = 5 V, except a8 noted. 

LIMITS 
CHARACTERISTICS TEST CONDITIONS UNITS 

MIN. TYP. MAX. 

ACCURACY 

Differential Linearity Error 10-Bit Mode ±1.25 ±2 LSB 

Integral Linear Error 10-Bit Mode ±1.25 ±2 LSB 

Offset Error 10-Bit Mode -1 3 4 LSB 

Gain Error 10-Bit Mode -1 1 2 LSB 

ANALOG INPUTS: A10 THRU A17 

I nput Resistance In Series With Sample Caps 85 Ohms 

Sample Capacitance During Sample State 400 pF 

I nput Capacitance During Hold State 20 pF 

Input Current @ V,N = VREF+ During Sample +30 /lA 

During Hold or Standby State ±1 /lA 

Input + Full Scale Range Vss Voo +.3 V 

Input Bandwidth (3 dB) From Input RC Time Constant 4.68 MHz III 
DIGITAL INPUTS: MOSI, SCK, CE TA = -40°C to +85°C 

High I nput Voltage V,H Over Voo = 3 to 6 V 70 % of Voo 

Low Input Voltage V,L Over Voo = 3 to 6 V 30 % of Voo 

Input Leakage ±1 /lA 

I nput Capacitance Room Temperature 10 pF 

DIGITAL OUTPUTS: MISO, INT TA = -40°C to +85°C 

High Level Output VoH, MISO ISOURCE = 6 mA 4.25 V 

Low Level Output VOL, MISO, INT ISINK = 6 mA 0.4 V 

3-State Output Leakage 
±10 /lA 

lOUT, MISO, iN'T 

TIMING PARAMETERS TA = _40°C to +85°C 

Oscillator Frequency, f.am• ,• 10-Bit Mode 1 MHz 

Conversion Time 10-Bit Mode 14 Oscillator Cycles 

(Including Sample Time) 8-Bit Mode 12 OSCillator Cycles 

Sample Time (Pre-Encode) 8 Time Constants (8T) Required First 1.5 Oscillator 2= 8T 

Serial Clock (SCK) Frequency 1.5 MHz 

SCK Pulse Width, T. Either SCK. or SCKb 150 ns 

MOSI Setup Time, T osu Prior to Leading Edge of T. 60 ns 

MOSI Hold Time, TOH After (eading Edge of T. 60 ns 

MISO Rise & Fall Time 200 pF Load 100 ns 

MISO Propagation Delay, TOD~ From Trailing SCK Edge 100 ns 

100 Voo = 5 Volts, 
1.4 2 mA 

Continuous Operation 
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CDP68HC68A2 
Serial Data Format, Device Communication and Operation 

1. Overview 
2. SPI Logic 
3. Addressing Modes 

3.1 Device Addressing 
3.1.1 Address/Control Write (Phase I) 
3.1.2 Register Data Access (Phase II) 

4. Control and Status Registers 
4.1 Mode Select Register (MSR) 
4.2 Conversion Mode Descriptions 

4.2.1 Idle 
4.2.2 Single Conversion 
4.2.3 Single Scanning Conversion 
4.2.4 Continuous Scanning Conversion 

4.3 Channel Select Register (CSR) 
4.4 Starting Address Register (SAR) 
4.5 Status Register 

5. Appendix 
5.1 Channel Address Register (CAR) 

5.1.1 SAR Write to CAR 
5.1.2 Status Register and SAR Read from CAR 

5.2 Abort Conditions 
5.3 Register Allocation Table 

5.3.1 Data Register Allocation 
5.3.1.1 Data Register Access 

5.3.1.1.1 10-Bit Mode 
5.3.1.1.2 8-Bit Mode 
5.3.1.1.3 Data Recovery Examples 

5.3.2 Control and Status Register Allocation 
5.3.2.1 Control and Status Register Burst Access 

5.4 Analog Section 
5.4.1 The Analog input 
5.4.2 The Internal Schmitt Oscillator 

5.5 Reference Notes 

1. Overview 

To operate the CDP68HC68A2 A/D, it is required to access 
the control registers and program them for desired 
operation. This is performed serially over the SPI bus in a 
two phase sequence, each phase contains a minimum of 
one SPI transfer cycle. In phase I, the microcontrolling 
device sends an ADDRESS/CONTROL WRITE byte to 
initialize a register operation. This is followed by phase II, 
the REGISTER DATA ACCESS, which allows single or 
multiple byte READ or WRITE transfers depending on the 

state of the Chip Enable (CE). The following sections 
describe this operation in detail to more effectively use this 
SPI peripheral device. 

2. SPI LogiC 

The Serial Peripheral Interface (SPI) on a peripheral device 
is used to communicate with a microcomputer, and was 
designed to meet timing specifications illustrated in figure 
2. The bit order is MSB first and there are eight serial clock 
cycles to a SPI transfer cycle. A WRITE to the SPI peripheral 
is performed by generating data on the MOSI line 
synchronous to the SCK. A READ from the SPI peripheral 
requires a WRITE to be performed just to cycle the SCK 
input eight times, sometimes referred to as a 'DUMMY 
WRITE'. This is due to the full duplex nature of this SPI 
peripheral. 

In the case of CDP6805 Microcontrollers, the Serial Clock 
Phase (CPHA) needs to be set to a logical HIGH, where a 
transition occu rs before a strobe for valid data. As for the 
Serial Clock Polarity (CPOL) either (SCKa or SCKb) will be 
accepted, as the state of SCK is determined at the transition 
of Chip Enable (CE). The appropriate internal polarity of 
SCK is selected and maintained for the duration of the SPI 
transfer cycle (till CE is deasserted). 

3. Addressing Modes 

Following the initial ADDRESS/CONTROL WRITE transfer 
of phase I, there are two modes available to accessing 
registers during phase II. These are single byte transfers 
and multiple byte or burst type transfers. The more 
applicable method should be apparent based on system 
objectives. For example, where minimum communication 
overhead is a consideration, burst mode is used wherever 
possible. 

Single byte transfers address a Single register and perform 
a REGISTER DATA ACCESS to or from that register. Burst 
transfers are used to access one register followed by 
accesses to or from registers in ascending consecutive 
order. These accesses, will be READ or WRITE operations 
but not both. Single byte transfers are usually made where 
just one register need be accessed, in general, where burst 
transfers are not possible due to the addressing order or if 
accesses mix READ and WRITE operations. Single byte 
transfers access one register and require exactly two SPI 
transfers. Burst transfers access N registers and require 
N+1 SPI transfers. 

CE -fr-----------------------------------~'_____ 

SCKc ___ ...J 

SCKb 

DB 07 06 05 04 03 02 01 

MOSI --------~_1--~-----A-----J~---J'-----A-----~----~-----',---

MISO:::-----~~==:D~====K:====)[====)(:: (READ ONLY) 

T d,u -----
92CM-42554 

Fig. 2 - Timing diagram for serial peripheral interface. 
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3.1 Device Addressing 

To address the A/D registers internally, the A/D device first 
needs to be addressed externally by the microcontroller 
activating the Chip Enable of the A/D. After activating CE 
the A/D device awaits SPI transfer cycles for phase I, 
followed by phase II, see figure 3a and b for timing of the 
Single Byte or Burst Modes of communication. Refer to 
Note 1 for CEo 

MISO always HI Impedance during Phase I, Phase II WRITE 
operations and whan CE Islnacllve. Phase II READ operations will 
have valid READ Data on the MISO. 

CE ____ ~~----------~-----------

MOSI ~ Addr ••• Byte D'I'BYI'~ 

HI-Z ;--:::::;--\ HI-Z 
MISO---...:.;;,.:;....---<~~------

Tran,'" Cycle: 

Phl.e: II 

(a) Single byte transfer. 
(Requires 2 SPI transfers) 

92CS-42556 

CE----Ir--------------~'_____ 

MOSI ~ Addr ••• Byte Oat, Byte 0.1. I ... I D'ta ~ 

MISO ••• ~ 

ADDRESS: WRITE ADDR:1 ADDR:1 ADDR:2 ... ADDA:N 

Tranlfer Cycle: N+1 

Ph .. ,: II " 
92CS-42555 

(b) Multiple (N) byte transfer. 
(Efficient device communication requiring N+l SPI transfers) 

Fig. 3 - Timing diagrams for (a) single byte transfer and 

(b) multiple (N) byte transfer. 

During the (N+1) 'th Burst Mode Transfer, the address 
transferred will be N and is advanced internally to N+1 at the 
completion of that cycle. For example, if the initial address 
was 00 and N was desired to be 06, the address accessed in 
the 7th burst mode transfer will be address 06, yet internally 
the address will point to address 07 after transferring the 
contents of 06, see section 3.1.1 for details on the 
ADDRESS/CONTROL WRITE. The previous example 
applies to Control, Status and selected consecutive Data 
Registers. It does not apply to Data Registers which are not 
selected since they are skipped entirely, or not consecutive 
since the address is advanced more than an increment until 
the next selected channel is addressed, see Note 5 on Data 
Registers in Register allocation map, appendix, section 5.3. 

3.1.1 ADDRESS/CONTROL WRITE (Phase I) 

The ADDRESS/CONTROL WRITE phase is a dual purpose 
WRITE only operation that performs register addressing 
and READ/WRITE control. Phase I is invoked by the first 
SPI Transfer at the onset of activated CEo Both address and 
control are performed using eight bits, refer to figure 4 for 
bit descriptions. One of these bits (MSB) is used to 
deSignate READ or WRITE Phase II operations to follow. 
The remaining seven bits are used to deSignate a register 
address of which the following READ or WRITE operation is 
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to be performed upon, see address map in appendix, 
section 5.3 for register allocation. To follow are details on 
bit descriptions. 

BIT SIGNIFICANCE, most to least from left to right: 

o I A4 I A3 I A2 I A1 I AO 

Fig. 4 - Address/Control write byte. 

ii/w (READ/WRITE) 

This bit is used to control the data direction during the 
following SPI REGISTER DATA ACCESS (Phase II cycles). 
The bit is logically set HIGH or cleared LOW to initiate one 
or more REGISTER DATA ACCESS - WRITE or READ 
operations respectively. Either mode, once designated, will 
be maintained until CE is deactivated and a new 
ADDRESS/CONTROL WRITE (Phase I) is invoked. 

UNUSED 

The two unused bits must be cleared to the logical LOW 
state to address any of the internal registers of the 
CDP68HC68A2. 

An: 

The five ADDRESS bits A4-AO are used to address the 4 
registers in accordance with the address allocation table of 
appendix, section 5.3. When addressing READ only Data 
Registers it should be noted that when in 1 O-bit mode, the 
AO addresses the MOST/LEAST SIGNIFICANT DATA 
REGISTER bytes when logically LOW and HIGH 
respectively. In the 8-bit mode the data register bytes are 
LOW byte only (Since there is no HIGH byte AO is a 'don't 
care'). 

3.1.2 REGISTER DATA ACCESS (Phase II) 

The ADDRESS/CONTROL WRITE in Phase I (one SPI 
transfer cycle) is followed by REGISTER DATA ACCESS 
during Phase II of the SPI transfers. This operation is either 
a READ or a WRITE depending on the operation previously 
deSignated by the ADDRESS/CONTROL WRITE byte. CE 
determines whether Phase II is to be a Single Byte or Burst 
transfer and when transfers terminate, see Note 1. 

If CE is active for just one Phase II SPI transfer, it will only 
be a Single Byte transfer; however, if it remains asserted 
after the first Phase II SPI transfer, multiple byte transfers 
will proceed to occur. This is the Burst Mode. While in this 
mode, the address written in Phase I is incremented 
automatically at the completion of each,register access. 
The CONTROL and STATUS Registers are accessed 
directly, and advanced by Single address increments. Data 
Registers are advanced to the NEXT selected channel in the 
CSR. See Note 5 for limitations of Data and Control/Status 
accesses. 

4. Control and Stalus Registers 

There are three READ/WRITE control registers and one 
READ only STATUS Register in the CDP68HC68A2. They 
are described in detail here and shown in the register 
allocation table in appendix section 5.3. 

4.1 Mode Select Regllter (MSR) 

A(~;~o~~~oool X I X I ExT I VA I Me liE I M1 I MO I 
This READ/WRITE register is used to select the mode of 
operation as well as various functions of the device. Data is 
maintained in this register until new data is written, initially 
powers up with all bits cleared to logical zero. A WRITE to 
the MSR will clear the INT output and all STATUS bits. 
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Individual bits are described here: 

TWO X BITS 

Are "don't care" bits and can be in any state. 

EXT (External Olcillator) 

This bit selects the internal oscillator with a logical HIGH, or 
a logical LOW selects the external clock on pin 1. 

VR (Voltage Reference) 

This control bit is used to determine the voltage reference 
source of the AID converter. A logical HIGH in this bit 
selects pin 7 (AIO) as the external reference input. A logical 
LOW in this bit establishes the VDD voltage level as the 
reference for ratiometric operation. 

M8 (Eight Bit Mode) 

This bit selects either the 1 O-bit or 8-bit mode of operation. 
A logical LOW in this bit enables the 10-bit mode, while a 
logical HIGH enables the 8-bit mode. 

IE (Interrupt Enable) 

This control bit is used to enable or disable the INT output 
function. A logical HIGH in this bit enables the INT output 
function when operating in either modes 1 and 2. A logical 
low in this bit disables iNi' outputfunction, maintaining pin 
2 to a tristate condition. The status bits in the DATA and 
STATUS registers are not affected by the state of the IE 
control bit. 

M1, MO (Mode Select) 

These two bits are set to select the mode of operation of the 
AID converter. These modes are tabulated: 

MODE SELECT 

M1 MO Mode Function 

0 0 0 IDLE 

0 1 1 SINGLE CONVERSION 

1 0 2 SINGLE SCANNING 

CONVERSION 

1 1 3 CONTINUOUS SCANNING 

CONVERSION 

4.2 Conversion Mode Descriptions 

Operating the CDP68HC68A2 in these modes is generally 
performed by a WRITE sequence to the Mode Select 
Register(MSR), Channel Select Register (CSR) and Starting 
Address Register (SAR) with the desired Starting Channel 
Address. This is most efficient in the Burst Transfer mode, 
see appendix, section 5.3.2.1 dedicated to this topic. 
Conversions are invoked, following a WRITE to the SAR, on 
the addressed channel in the Channel Address Register 
(CAR). 

4.2.1 IDLE 

In this mode the internal AID oscillator is disabled. Data is 
maintained from previous conversions in the STATUS and 
DATA registers and may be accessed. The IDLE mode can 
be invoked by a single (two Phase) WRITE to the MSR. If it is 
desired to access the control registers they should be 
written to in a burst sequence to set the Mode, and the SAR, 
and clear any status bits that may be set, see appendix, 
section 5.3.2.1. 

4.2.2 SINGLE CONVERSION 

Upon completion of any sJ.!lgle conversion in mode 1, all 
status bits are set and the I NT output activated (if enabled) 
and the converter interrupts awaiting a Data Register 
Access. The corresponding Data Register may then be 
read. In both 8- and 10-bit modes, this mode of operation 
will continue until a new command is issued by a WRITE to 
the MSR, CSR or conversions are aborted. 

The first conversion will occur on the analog channel and 
digital address in the CAR after the SAR WRITE with the 
ENC bit set. Following conversions will be determined by 
selected channels and the Data Register access sequence 
controlling the CAR. After initially invoking this mode, the 
STATUS should be polled or hardware interruption can be 
used to wait for conversion completion before issueing a 
data retrieve sequence. Data conversions can be interleaved 
with Data Register READS along with the wait requirement. 
If hardware interrupts are dedicated to this process, 
conversions can be made and Data retrieved, all while 
maintaining CE active. 

In the 8-bit mode there is only one Data Register byte 
associated with each channel; thus the channel address is 
automatically incremented after reading that register to the 
next selected, sequential channel and the next conversion 
initiated. 

In the 10-bit mode, upon completion of reading the Most 
Significant Byte (MSB) of the appropriate channel address, 
the Channel Address is automatically incremented to the 
Least Significant Byte (LSB) at which time a conversion is 
initiated on the next selected channel. Reading the LSB 
Data Registers (invoking an automatic conversion) should 
be performed in the sequence: first the MSB then the LSB. 

The Channel sequence is important in 8- or 10-bit modes in 
the burst mode, see Note 5. When in the Single Transfer 
mode, care should be taken to address the sequence of 
represented Channel Addresses, in the order which selected 
channels were converted. Since conversions occur after a 
READ of the previous channel converted, the NEXTchannel 
read should be the latest one converted, a conversion is 
invoked on the NEXT selected channel when finished 
reading the current one. 

An example, WRITE three control registers with SAR = 90 
for ENC, SAE, with a CAR = 000 for channel zero, CSR must 
have CSO = 1. After retrieving channel zero data, if CS1 = 0 
(deselected) and CS2 = 1 (selected) (for instance CSR = 
FD), simply by waiting for the status INT bit to set (should 
read: 84 assuming that other channels are selected ACC will 
be clear) followed by writing address 04 will access the 
channel two data just converted. 
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4.2.3 SINGLE SCANNING CONVERSION 

In mode 2, the first conversion, determined by the contents 
of the internal CAR, is initiated as described in the SINGLE 
CONVERSION mode description. Upon completion of the 
first conversion in this mode there is no interrupt, the 
channel address is automatically advanced to the next 
selected channel and a conversion initiated. Conversions 
continue until all of the selected channels have been 
converted. At that time the DV (10-bit mode only), INT, ACC 
status bits are updated and the INT output activated if 
enabled. 

If hardware interrupts are not desired, polling of either the 
ACC or INT bits in the STATUS REGISTER will ensure 
conversions are complete. Functional differences in these 
bits are times at which they are cleared: The INT bit is 
cleared on a READ of the STATUS Register while the ACC 
is cleared after access to the associated Data Register. After 
conversion completion, the data registers may then be read. 
This sequence should be performed in the Burst Mode for 
simplicity, this will ensure the data read is truly the next 
selected channel without calculation due to this automatic 
addressing feature. In this fashion, less total SPI transfer 
cycles are necessary. Burst mode is absolutely necessary in 
the 10-bit mode. See Note 4 on 1 O-bit Data Register READS. 
Be aware of Note 2 when reading back Data. 

4.2.4 CONTINUOUS SCANNING 

In mode 3 all of the selected channels are continuously 
converted in sequence, beginning with the channel 
addressed by the SAR. The I NT status bit and I NT output 
are not valid in this mode and remain in a reset state. The 
conversions are initiated with a WRITE to the SAR. This 
mode is useful to convert, on short notice, analog channels 
which have been sampling in the background before 
attempting to read back the digital data; although when 
retrieving data the conversions will stop. 

When in mode 3, the converter will run free and when data is 
accessed it will abort the operation. Conversion termination 
can be performed manually before read back and can be 
anyone of the abort conditions. Writing to the SAR with 
SAE and ENC bits cleared to a logical LOW level, will waitto 
allow a conversion in progress to complete before 
termination. The CIP bit will clear after the current 
conversion has been terminated. See other abort conditions 
in appendix, section 5.2. If a conversion is terminated on a 
channel other than the highest selected one in a frame, 
there is a chance that some higher channels may actually be 
from the previous sample frame. More control of data 
retrieval can be gotten from monitoring of the converter 
Status Register. 

The ACC, CIP, and CAR status bits (all in the STATUS 
REGISTER) can be monitored to determine the status of the 
converter, see Note 3. These status bits can be accessed 
and tested by polling the STATUS REGISTER overthe SPI 
bus, see STATUS REGISTER, section 4.5. After the first 
pass through a frame of channel conversions, the ACC bit 
will be set. If the ACC bit has not yet been set, then less than 
all selected channels will have been converted. Reading the 
Status Register does not affect the converter. This allows 
the CIP bit (or any STATUS Register bits) to be polled 
awaiting the last conversion completion, or upon any 
desired conditions as best for the application, the proper 
sequence can be executed for' DATA REGISTER access. 

CDP68HC68A2 
After invoking the CONTINUOUS MODE then aborting, 
monitoring the STATUS register can also supplement 
mode 3 termination by indicating the first channel converted. 
The NEXT selected channel in the CSR, following the last 
conversion, can be observed in the CAR. This happens to be 
the first channel converted and can be sent back as the first 
Data Register address for Data retrieval. A test for minimum 
of one full frame converted is made by testing ACC to be set 
to a logical HIGH in the CONTINUOUS SCANNING MODE. 
Knowing that all channels have been converted at least 
once, allows one to deduce that valid sample data will be 
read back. The remaining channels can be recovered in the 
burst mode. This allows fast data retrieval with the earliest 
channel converted recovered first. Use the burst mode for 
proper 10-bit operation, see Note 4. Be aware of Note 2 
when reading back any data. 

4.3 Channel Select Register (CSR) 

A~DRESS: I C71 C6 I C5 I C4 I C3 C2 C1 CO 
(R/W)0010001 L. _L. _...J.~--'._--I.._--L_~_-'-_-' 

This READ/WRITE register is used to select the analog 
input channels. Each of the Cn bits is used to select the 
corresponding analog input channels, Aln. If the Cn bit is 
set to a logical HIGH, the corresponding input channel is 4 
selected. A logical LOW in a Channel Select bit deselects 
that channel. Data is maintained in the CSR until new data is 
written to this register. It is recommended to write to the 
CSR and reset all status bits whenever invoking conversion 
operations preceding a write to the SAR. This ensures 
proper CAR loading if the previous sequence was altered. 
This can be done in the burst mode, see appendix, section 
5.3.2.1. 

4.4 Starting Address Register (SAR) 

A~:~:O~:OO101 ENC I X I X I SAE I CA21 CA1 I CAO I MIL I 
This READ/WRITE register is used to initiate as well as 
abort conversions and access the Channel Address Register 
(CAR). Individual bits are described here: 

ENC (Enable Conversion) 

This bit is used to enable an A/D conversion. If this bit is 
HIGH, an applicable conversion operation is initiated upon 
completion of the WRITE to the SAR. If the bit is set to a 
logical LOW, no conversion is initiated. If a conversion is in 
progress and the SAR is written to with the ENC and the 
SAE bit set to a logical LOW, the current conversion will 
complete and subsequent conversions are inhibited. Useful 
for continuous mode. 

Two "Don't Care" Bits XX 

Are justthat and are ignored when writing to the SAR. When 
reading these bits, they will always beat a logical LOW level. 

SAE (Starting Addre81 Enable bit) 

A HIGH in this bit will allow the contents of the CAR to be set 
to the address determined by the three Channel Address 
bits in the SAR. If the bit is at a logical LOW, the channel 
address bits are not transferred to the internal Channel 
Address Register (CAR) and the CAR is maintained by the 
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operation of the selected mode. After writing to the SAR 
once, this bit has no effect until written again; although it 
stays in the logical active HIGH state. 

CAn (Write Binary Encoded Channel Address) 

See appendix, section 5.1. These three bits, when written to, 
determine the new contents internal channel address 
register. It is usually loaded with the lowest selected 
channel, but may be loaded with another selected channel 
causing that channel to be converted first; hence, th~ 
Starting Address Register or SAR, for which this register is 
named. Subsequent conversions will be performed on 
channels determined by the CSR. Reading the CAn bits will 
only indicate what was previously written to this register or 
If a Data Register access was made, it will be set to that 
channel address and can change as the Channel Address 
Increment logic causes the effect of writing to the CAR in 
the SAR. 

MIL (The MSByte/LSByie Bit) 

This bit is used internally to address the MSB or LSB of 
1 a-bit data registers. This is a READIWRITE bit which can 
be set along with the CAR on an SAR WRITE or by 
addreSsing a Data Register. This bit can be read to request 
the current CAR byte order significance following a write to 
the SAR or a Data Register access when invoking 1 a-bit 
conversion (SAE and ENC bits set) or when in the 8-bit 
mode this bit functions but is not used. 

4.5 Status Register 

ADDRESS: 
00010011 liNT IACcl CIP 10 ICA21CA1 ICAO I 0 

This is a read only register used to monitor the status of the 
AID converter. If the STATUS REGISTER is addressed in a 
read burst operation, the STATUS REGISTER remains 
selected as long as the CE is active, allowing continuous 
monitoring of the SPI 110 updates in a polling fashion. The 
internal Channel Address Register (CAR) is unaffected by 
reading the STATUS REGISTER; it is incremented in 
accordance with the mode and channels selected. The 
contents of the STATUS REGISTER are updated upon the 
completion of each conversion. If the status of the converter 
changes while the STATUS REGISTER is being read, the 
register is not updated until the completion of the read. 

INT (Interrupt) 

This status bit (active HIGH) provides an equivalentfunction 
as the INT pin (active LOW). The bit is set HIGH in modes 1 
and 2 as described in the mode select register description. 
The INT bit is resettoa logical LOW by reading the STATUS 
REGISTER or writing to the MSR or CSR. 

ACC (All Conversions Complete) 

This Status bit indicates that conversions have been 
completed on all of the selected channels or a 'data frame'. 
The bit is set to logical HIGH when a data frame has been 
converted. It is reset to a logical LOW by reading any of the 
data registers or writing to either the MSR or CSR, and 
remains reset until a subsequent conversion is completed 
on a all selected channels. In 1a-bit mode all DVn bits of 
selected channel Data Registers are active when this bit is 
active. It is unaffected by reading the STATUS REGISTER. 
Useful in modes 2 and 3. This bit will only set in mode 1 if 
conversions are invoked on all selected channels before 
there are any data register accesses. 

CIP (Conversion In Progress) 

This bit is set logically HIGH when a conversion is initiated 
and reset logically LOW upon completion of a conversion or 
by writing to either the MSR or CSR. It is unaffected by 
reading the STATUS REGISTER. Until termination, this bit 
will remain set in mode three while conversions are enabled. 

CAn (Read-Only Channel Address) 

These three binary encoded bits represent the current CAR. 
These address bits are set to the corresponding channel 
address after activating the internal auto-channel-increment 
logic. This happens at the end of each conversion and any 
time following a Register is accessed. Reading these bits 
while in the CONTINUOUS SCANNING mode will display 
the changing Channel Addresses of the converter. If the 
STATUS REGISTER is read while a conversion is initiated 
the CAR is unaffected and the address bits are set to th~ 
new value upon completion of the read. 

Two Zero Bits 

These bits are always cleared to a logical LOW and do not 
function. 

5. Appendix 

To follow are various references from the preceeding Data 
Sheet: 

5.1 Channel Address Register (CAR) 

The channel address is stored and sequenced in the 
internal CAR. Although this register is not directly 
accessible, it can be written to by either the SAR or an 
access to a Data Register. It can be read through the 
STATUS REGISTER. The CAR has two purposes: it selects 
the appropriate analog input channel for the analog 
multiplexer and addresses the corresponding Data Register 
to be updated. It can be read to determine the MOST/LEAST 
significant byte in the 1 a-bit mode. To follow is a table of 
channels of the CAR as seen in the STATUS Register and 
SAR. 

Channel Map 

CA2 CA1 CAO Channel Pin No. 

a a a a 7 

a a 1 1 15 

a 1 a 2 14 

a 1 1 3 13 

1 a a 4 12 

1 a 1 5 11 

1 1 a 6 1a 

1 1 1 7 9 

5.1.1 SAR WRITE to the CAR 

Writing to the CAR is possible bya direct WRITE to the SAR 
as noted above. If ENC is logically LOW and SAE is logically 
HIGH, the auto-increment logic will not be activated and the 
CAR will be loaded with the three bits of the SAR address 
and byte significance. This may be verified with a read of the 
STATUS REGISTER CAR set to the current value (not 
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incremented to the NEXT selected channel address.) If 
conversions are enabled increment logic will be activated 
depending on the mode of operation and a selected channel 
will be pOinted to. A read of the SAR will only reflect the 
value of the last update written to the CAR through one of 
the two methods of a direct SAR WRITE or a Data Register 
Access. The M/L bit in this register is updated and can be 
read to request byte order status in the 10-bit mode. 

Since the Channel Address Register (CAR) is the internal 
Data Register sequencer and multiplexer, the value of the 
CAR will be affected by a Data Register read sequence. This 
is most important in modes two and three where conversions 
and Data Retrieval are in two distinct phases of their own 
both dependent on the inital value of the CAR. In fact, an 
access to any Data Register will be equivalentto a WRITE to 
the CAR through the SAR. A complete Data Register READ 
sequence constitutes reading all selected channels, in this 
case the CAR value will return to the initial address position. 
The Burst Transfer mode will automatically perform this on 
the N+1'th cycle of the read back sequence following N 
channels converted. This is done by Phase I addressing ofthe 
first converted channel followed by N Phase II transfer cycles. 
Refer to Note 2 concerning incomplete READ sequences. 

5.1.2 STATUS Register and SAR READ from CAR 

The STATUS REGISTER can be read at any time to 
determine the Channel Address Register contents. 
Following a WRITE to the SAR with the SAE bit set, the CAR 
will be loaded with the start channel address. The actual 
value observed in the STATUS Register will depend on the 
state of the auto-increment logic since it is current. The 
auto-increment function depends on the conversion mode 
and the operation performed following an SAR WRITE. For 
instance, if in mode 1, a conversion resulted from the SAR 
WRITE (ENC set), the channel converted first was the Start 
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Address. The observed address will be the NEXT selected 
channel (simultaneously initiating a conversion on it) 
following the channel written in the SAR. In mode 2 the 
entire frame of data (all selected channels) will have been 
converted and the CAR will contain the Start Address again 
ready to repeat the cycle, the last channel is incremented to 
the next or start channel, see Note 5. The current Most 
Significant or Least Significant Byte status is contained in 
the MOST/LEAST bit in the SAR for monitoring. 

5.2 Abort Conditions 

Several illegal operations initiated while a conversion is in 
progress will cause the current conversion to abort. The 
data contained in the Data Register corresponding to the 
current channel conversion mayor may not be preserved. 
The DV and DOV Status bits must be examined to determine 
the data integrity. The following table lists the conditions 
which will cause a conversion to abort immediately. 

1. WRITE to the MSR. 
2. WRITE to the CSR. 
3. WRITE to SAR with SAE and/or ENC set to a logical 

HIGH. 
4. Attempt to access any Data Register through the MISO 

pin. Forexample, transmitting a valid Read/Data register 
address control byte. 

The exception of the abort conditions, which allows 
completion of a current conversion in progress, can be 
excuted by a WRITE to the SAR with the SAE and the ENC 
bits cleared to a logical LOW. 

5.3 Regllter Allocation Table 

This section describes the address map for the internal 
registers in the CDP68HC68A2. Special instructions are 
mentioned here for reading data registers. The address 
maps are also depicted here for clarity. 
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CDP68HC68A2 
5.3.1 READ-ONLY DATA REGISTER ALLOCATION TABLE 

ADDRESS CHANNEL 

If 0 0 A4 A3 A2 A1 AO 10-Blt Mode 8-Blt Mode 

0 0 0 0 0 0 0 0 

~ D 0 0 0 0 0 0 0 LSB - 0 

0 0 0 0 0 0 0 E3 D 0 0 0 0 0 0 LSB - 1 

0 0 0 0 0 0 0 

~ c 0 0 0 0 0 0 LSB - 2 

0 0 0 0 0 0 

~ D 0 0 0 0 0 LSB - 3 

0 0 0 0 0 0 0 

~ D 0 0 0 0 0 0 LSB - 4 

0 0 0 0 0 0 t2J D 0 0 0 0 0 LSB - 5 

0 0 0 0 0 0 

~ D 0 0 0 0 0 LSB - 6 

0 0 0 0 0 

~ D 0 0 0 0 LSB -7 
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5.3.1.1 Oete Regl.ter Acce •• 

After invoking conversions in any mode without hardware 
interrupts, deassertion of CE will be necessary to read the 
STATUS Register then again to address the Data Registers. 
Converted Digital Data is retrieved (and validated in 10-bit 
mode only) from the Data Registers. After a conversion is 
complete or terminated, the Starting Address (which should 
have been a selected channel) should be the first Data 
Register address read. The SAR can initially be setto any of 
the selected channels to affect the order in which the 
channel data is retrieved. 

5.3.1.1.1 10-blt Mode 

In the 10-bit mode. two data registers are associated with 
each analog input channel. Upon completion of the first 
conversion. the data is internally stored at the addresses 
designated by the CAR written in the SAR before converting. 
The most Significant Byte (MSB) contains the two status 
bits and the two most significant bits of the 10-bit AID 
conversion data. The eight least significant data bits are 
stored in the Least Significant Byte (LSB). These sixteen 
registers are read only registers. 

The following is the format of the Data Registers in the 
10-bit Mode (refer to the register allocation table in 
appendIx, section 5.3.1): 

ADDRESS: 1 DVO 1 DOVO 1 0 
1 0 1 

0 0 D9 D8 
OOOOOOOO(MSB) 

ADDRESS: I D7 D6 ID51 D41 D3 D2 D1 DO 
00000001 (LSB) 

ADDRESS: I I I 
00001110(MSB). DV7 , DOV7 . 0 I 0 I 

0 0 D9 D8 

ADDRESS: I D7 DB I D51 D41 D3 D2 D1 DO 
00001111 (LSB) 

The bits in these registers are described here In more detail: 

OVn (Oete Velld) 

This status bit is used to determine the validity of the 
conversion stored in the data data register. The DV bit is set 
HIGH upon completion of an AID conversion to the 
corresponding channel. The bit is reset to a logical LOW 
level when the register is read (see Note 4), or if the MSR, 
CSR, or SAR is written to. It is also posslbleforthe DV bitto 
be reset if an abort condition arises while a register is being 
loaded. 

On (Oete bits) 

These ten data bits represent the 1 O-bit conversion data for 
the corresponding input channel. The bits are stored (Right 
Justified) In the two, corresponding eight bit bytes upon 
completion of the conversion. The data Is maintained in the 
register only until another conversion is completed. 
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OOVn (Oete Overrun) 

This status bit is set to a logical HIGH level upon completion 
of a data conversion to a channel already containing valid 
data which has not been read. It indicates whether or not the 
previous data has been overwritten. The bit is reset LOW by 
reading the register or performing a WRITE to the MSR, 
CSR or both. 

5.3.1.1.2 8-blt t.'!ode 

In the 8-bit mode, an 8-bit conversion is performed on the 
selected channels and stored in the corresponding data 
register. The status bits associated with Data Registers in 
the 10-bit mode are not included in the 8-bit mode, thus the 
STATUS REGISTER must be monitored to determine the 
status of the conversions. Since the conversion data is 
stored in a single 8-bit byte in the 8-bit mode, the data for 
each channel can be obtained with a single read cycle, as 
compared to two read cycles required in the 10-bit mode. 
The K.1OSf/LEAST bit is a don't care when written to in the 
8-bit mode. When reading the Data Registers in the burst 
mode, the address is automatically incremented to the next 
selected channel. The read sequence should be complete, 
see Note 2. 

The following is the format of the Data Registers in the 8-bit 
Mode: 

ADDRESS: 
1 07 1 D6 1 D51 04 1 D3 1 D2 I D1 1 DO I 0000111X 

ADDRESS. 

OOOOOOOX 1 D7 1 D6 1 D51 04 1 D3 1 D2 1 D1 I DO I 
The bits in these registers are described here in more detail: 

On (Oete bit.) 

These eight data bits represent the 8-bit conversion data for 
the corresponding input channel. The bits are stored in a 
single eight bit byte upon completion of the conversion. 
The data is maintained in the register only until another 
conversion Is completed. 

5.3.1.1.3 Oete Recovery Exemple. 

A general method of implementation for any mode, single 
transfer or burst transfer is to build external software 
counter routines in the microcontroller. This method can 
require more code for more sophisticated designs, but 
works well when multiple modes are used. In this manner, 
channel activity in the CDP68HC68A2 is reconstructed for 
the requesting of appropriate channels within the device. 

For Mode 1, a STATUS Register polling routine can wait for 
proper completion, then yield the next address to be 
converted (channel in CAR) for antiCipation of channel 
Data Register Address to follow. 

A simple method 11'1 mode 2 Is to load the SAR with the 
lowest enabled channel then retrieve data beginning with 
that same address. Continue Phase II implementing the 
burst mode anticipating the rest of the selected channels to 
follow. For example CSR = AA, SAR = 92 read back channels 
1, 3, 5, 7 In the Burst Mode beginning with address 02 
(Channell). Fou~ c,hannels are converted then read back. 
Counting the number of CSR bits can determine total 
number of channels to retrieve. 
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CDP68HC68A2 
Another, more complicated mode 2 example follows: if 
converting channels 1, 3, 5, and 7 (SCR = AA), with SAR = 
96. This starts conversions with channel 3. Upon completion, 
begin reading Data from Register address 06 (MSByte 

channel 3, possibly save CAn bits upon writing to the SAR) 
and retrieve channel 3 followed by 5, 7 then 1. On the 
readback in the burst mode the address logic is 
automatically incremented to the next selected channel. 

5.3.2 CONTROL and READ ONLY STATUS REGISTER ALLOCATION 

ADDRESS 

Riw 0 0 A4 A3 A2 A1 AD 

0/1 0 o o o o o MSR 

0/1 0 o o o o CSR 

0/1 0 o o o o SAR 

o o o o o STATUS 

5.3.2.1 Control and StatuI Aegllter Bur.t Acce .. 

Control registers may be read or written to independently 
with Single Byte transfers, or sequentially with a Burst 
transfer. When WRITING to control registers for 
conversions, the initial address will be the MSR ($90) 
followed by SAR ($91) then the CAR ($92). Since they are 
ascending consecutive addresses, the WRITE Burst Mode 
can be used by addressing register $90 (Phase I) then 
perform three more SPI transfer cycles (Phase II) to get at 
the MSR, CSR and the SAR requiring four SPI cycles, If it 
were a read operation only, the address would change to 
($10). 

5.4 Analog Section 

The purpose ofthls section is to familiarize the user with the 
analog Interface circuitry necessary for proper operation as 
specified. 

5.4.1 The Analog Input Mode 

Shown here Is a simplified equivalent circuit representing 
the Input to the Analog to Digital Converter through the 
multiplexer as seen from each An pin. 

Vee 

85 Cl 400 pF 

51 GN AL I NPUT >-----<~-'W\r--it---, 
., e, 

02 

92CS ~ 42557 

(a) During sample time. 

REGISTER 

MODE SELECT REGISTER 

CHANNEL SELECT REGISTER 

STARTING ADDRESS REGISTER 

STATUS REGISTER 

Due to the nature of the switched capaCitor array used for 
determination of the Digital Output Word, two Important 
pOints are noted here: 

'1. A property of a capacitive input after sufficient charging 
(or discharging) has taken place, is the intrinsic sample 
and hold function, which is a feature in this case. This 
provides all that Is necessary to accurately sample a 
point on an input waveform within the input bandwidth 
shown in the specifications, which is under 1,5 
conversion oscillator cycles. If a resistor ladder AID 
were used, an external sample and hold circuit would 
be required, 

2. The input to the capaCitor network appears as an RC 
network with a time constant and therefore places 
constraints on the source impedance. The charging 
time and therefore the accuracy of the conversion will 
be adversly affected by increasing the source 
impedance. 

It is therefore recommended to set the conversion oscillator 
frequency in accordance with the input impedance in order 
to allow sufficient time (the 1.53 Tosc cycles) to sample a 

Vee 

01 

SIGNAL INPUT >--...... --OPEN CIRCUIT 

02 

92CS~4255e 

(b) During hold and idle time, 

Fig. 5 - Equivalent circuit for signal Input (a) during sample time 
and (b) during hold and idle time. 
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changing waveform through the modeled input low pass 
filter network which includes the input source in a series 
circuit with the internal impedance. Combined, this is the 
effective impedance. 

The time constant (T) for the input network is RoffC,o'. 

Roff = R, + R,o', Coa' = 400 pF, and R,o' = 850. 

T = RoffC,e' = (R. + 850) 400 pF. 

8T is required during the first 1.5 sample clock cycles to 
sufficiently encode 1 O-bit conversion. Therefore, 1.5 T, 2: 8T 
and T. 2: 5.33 ReffC. 

T. = 1/f .. mp'e, then f,emp,e:;; [5.33 (R, + 850) 400 pFr', 
f.emp'e:;; (4.688 x 10·)/(R. + 850). 

For example, R. = 1000 f,amp'e must be less than 432 kHz. 

T. = 2.3 /1S, this yields a 10-bit conversion time of 32 /15. An 
internal Co•c 2: 68 pF, see chart. 

The maximum frequency is limited by the device 
specification, see characteristics. Conversely, by limiting 
the (R,) Series input resistance: 

R.:;; [(4.688x10·)/f.amp,.J-850. 

For example, for a 1 MHz sample clock R. max = 3850. 
Consequently, the 10-bit conversion time is 14 T, = 14 /1s. 

5.4.2 The Internal Schmitt Oscillator 

Fig. 6 shows a simplified model of the Schmitt oscillator 
used to help familiarize the user with its operation. The 
following describes the characteristics of the internal 
oscillator frequency versus capacitance at 5 volts and 25° C 

C (pF) f (MHz) C (pF) f (MHz) 

18.7 1.07 218.7 0.148 
38.7 0.656 318.7 0.111 
48.7 0.545 409.7 0.107 
68.7 0.387 528.7 0.072 

118.7 0.261 1018.7 0.040 

Always remember, when measuring the oscillator, probe 
capacitance will affect frequency. An alternative to direct 
frequency measurement of the oscillator input is to measure 
the internal between successive interrupts in modes 1 and 
2. A pullup-resistor on the INT pin will facilitate a positive 
swing. voo 

01 

OSCILLATOR 
IN P~T __ )- _ +-_+-__ -1 

I 
I 
I EXTERNAL 

T 3;~:F 
I 02 

* 
vss 

Fig. 6 - Equivalent circuit for oscillator input. 

CDP68HC68A2 
5.5 Notes 

Note 1: When addressing the CDP68HC68A2, CE should 
always (especially important when more than one SPI 
peripheral are on the same SPI bus): 

A) Be activated forthe duration of both phases of a Single 
or Burst Mode transfer for a valid operation. This 
encompasses two SPI cycles for single byte transfers and 
greater than two SPI cycles for multiple byte transfer or 
burst mode. 

B) Be deactivated some time before it is necessary to 
access the SPI bus for any other reason than to complete 
the last operation. This resets the SPllogic and tristates the 
MISO line from driving the SPI bus. Re-addressing will 
always be necessary after deassertion of the chip enable. 

Note 2: The internal Channel Address Register (CAR) is 
affected by a Data Register access and will change the next 
START ADDRESS to be converted if the read sequence is 
incomplete. A READ sequence is complete when Data 
Registers READS exactly span all of the selected channels. 
Then. the CAR contents observed in the STATUS register 
will equal the initial value written to the SAR before Register 
Access and the SAE would not need to be activated. The 
effect of incomplete READ sequences can be avoided by 
always writing to all three of the CONTROL REGISTERS at .. 
the initialization of conversions. For example, addressing a :l1li 

WRITE to the MSR, CSR, then the SAR. This may be 
followed by addressing a read of the STATUS REGISTER if 
desired. Further conversions in the same mode may be 
initiated when the control register sequence is written with 
the CSR followed by the SAR. This sequence forces 
resetting of all status bits for successive operations. 

Note 3: Status and Control Registers can be examined 
(read) without affecting the conversion. 

Note 4: When in the burst mode, a Data Register, when 
first retrieved, will have already internally addressed the 
next corresponding selected channel Data Register. This 
occurs because the auto-increment logic activates at the 
end of a Data Register read. Because of this, it is necessary 
to complete the read of all valid channels in orderto test the 
validity olthe DV bit before the CE is deactivated. It appears 
most convenient and necessary in this case, to access 
channels from Starting Address to the last valid data 
conversion by the burst mode. Important in modes 2 and 3 
since,.all conversions are complete when Data is retrieved 
and the DV bit cleared at the time of addressing. 

Note 5: In the burst mode, the REGISTER ALLOCATION 
TABLES can be accessed and will auto-increment to 
sequential addresses and selected channels. While in the 
burst mode, both data register address and channel address 
beyond the highest selected channel is the lowest selected 
channel. This implies that re-addressing is necessary if 
control and status registers need to be accessed following 
data registers. For example, a READ of channel 7 (address 
OF) will not be followed by a READ of the MSR, but Data 
Register 0 (address 00). 
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CDP68HC68P1 Advance Information 

100 •• Voo CMOS Single Port Input/Output 
I D. '5 D. Features: 

M ISO •• 02 • Fully static ope._ don 
MOS I 13 03 • Operating voltage range 3-6 V 

• 8-Bit I/O port - each bit can 
be individually programmed 
as an input or output via an 
8-bit data direction register 

SCK " D' • Compatible with RCA/Motorola SPI bus 
CE " 
DO .0 

D' 
os 

• 2 external address pins tied to Voo or Vss 
to allow up to 4 devices to share the • Programmable on-board 

comparator VSS 07 same chip enable 
TOP VI EW • Versatile bit-set and bit-clear capability • Simultaneous transfer of 

compare information to CPU 
during read or write -
separate access not required 

92C5-40410 • Accepts either SCK clock polarity - SCK 
voltage level is latched when chip enable 
goes active 

TERMINAL ASSIGNMENT • All inputs are Schmitt- Trigger 

The single port I/O is a serially addressed 8 bit Input/Output 
port that allows byte or individual bit control. It consists of 
three registers. an output buffer and control logic. Data is 
shifted in and out of the port via a shift register that utilizes 
the SPI (Serial.peripherallnterface) bus. The I/O port data 
flow is controlled by the Data Direction Register and data is 
stored in the Data Register that outputs or senses the logic 
levels at the buffered 110 pins. All inputs. including the 
serial interface are schmitt triggered. The device also 
features a compare function that compares the data register 

MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (Voe) 

and port pin val ues for 4 programmable conditions and sets 
a software accessible flag if the condition is satisfied. The 
user also has the option of bit-set or bit-clear when writing 
to the data register. 

The CDP68HC66P1 is supplied in 16-lead, hermetiC. dual­
in-line side-brazed ceramic (D suffix). 16-lead dual-in-line 
plastic (E suffix) and 16-lead, surface mount. (small outline), 
plastic (M suffix) packages. 

(Voltage referenced to Vss terminal) .................................................................... -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................................... -0.5 to Vee +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Pe): 

For TA = -40 to +60°C (PACKAGE TYPE E) .............................................................. 500 mW 
For TA = +60 to +85°C (PACKAGE TYPE E) ................................ Derate Linearly at 12 mW/oC to 200 mW 
For TA = -55 to +100°C (PACKAGE TYPE D) ............................................................. 500 mW 
For TA = +100 to 125°C (PACKAGE TYPE D) ............................... Derate Linearly at 12 mW/oC to 200 mW 
For TA = -40 to HO°C (PACKAGE TYPE M)* ............................................................. 400 mW 
For TA = +70 to +85°C (PACKAGE TYPE M)* ................................ Derate Linearly at 6 mW/oC to 310 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPE D ............................................................................... -55 to +125°C 
PACKAGE TYPE E, M ............................................................................. -40 to +85°C 

STORAGE-TEMPERATURE RANGE (Tatg) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 in. (1.59 ± 0.79 mm) from case for 10 s maximum .................................... +265°C 

• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G1 a epoxy glass. or equivalent. 

File Number 1858 
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CDP68HC68P1 
RECOMMENDED OPERATING CONDITIONS AT TA = -400 to +850 C 
For maximum reliability. operetlnll conditions should be Hlected 10 that operation II alwayl within the followlnll rengel: 

LIMITS 

CHARACTERISTIC ALL TYPES 

MIN. MAX. 

DC Operating Voltage Range 3 6 

Serial Clock Frequency facK 

Vee = 3 V - 1.05 

Vee = 4.5 V - 2.1 

Input Voltage Range 

VIH - Vee + 0.3 

VIL -0.3 -

MOSI-----~ MISO 

TI====:j sc. 
101 -------1 
100 

INPUT/OUTPUT 

00-07 92CM-40404 

FIg. 1 " Single port I/O block diagram. 

DATA IN 

DATA OUT 

CLOCK 

COP6BHC6BPI tiD PORT 

92CS-40405 

FIg. 2" Smgle port I/O. 

UNITS 

V 

MHz 

V 
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CDP68HC68P1 
STATIC ELECTRICAL CHARACTERISTICS AT TA = -40 to +85°C, Voo = 3.3 V ± 10"10, Except a. Noted 

LIMITS 

CHARACTERISTIC CONDITIONS UNITS 
MIN. TYP.- MAX. 

Standby Device Current loos - - 1 15 Jl.A 

Output Voltage High Level VOH 10H = -0.4 mA, Voo = 3 V 2.7 - -
Output Voltage Low Level VOL 10L = 0.4 mA, Voo = 3 V - - 0.3 

Input Voltage 

00-07 

Positive Trigger Threshold V. - 1.85 - 2.4 

Negative Trigger Th reshold VN - 0.85 - 1.35 
V 

Hysteresis V,H - 0.85 - 1.25 

Input Voltage 

100,101, MOSI, SCK, CE 

Positive Trigger Threshold V. - 1.3 - 1.9 

Negative Trigger Threshold VN - 0.8 - 1.2 

Hysteresis V,H - 0.5 - 0.95 

Input Leakage Current liN - - - ±1 

3-State Output Leakage 
±10 

Jl.A - - -
Current lOUT 

Operating Device Current 10PER # V,N = V'L, V,H - 0.1 1 mA 

Input Capacitance C'N V,N = 0 V, f = 1 MHz, TA = 25°C - 4 6 pF 

- Typical values are for TA = 25° C and nominal Voo. # Outputs open circuited; cycle time = Min. teycl., duty = 100"10. 

STATIC ELECTRICAL CHARACTERISTICS AT T A = -40 to +85° C, Voo = 5 V ± 10"10, Except a. Noted 

LIMITS 
CHARACTERISTIC CONDITIONS UNITS 

MIN. TYP.- MAX. 

Standby Device Current loos - - 1 15 Jl.A 

Output Voltage High Level VOH 10H = -1.6 mA, Voo = 4.5 V 3.7 - -
Output Voltage Low Level VOL 10L = 1.6 mA, Voo = 4.5 V - - 0.4 

Output Voltage High Level VOH 10H :S 20 Jl.A, Voo = 4.5 V 4.4 - -
Output Voltage Low Level VOL 10L :S 20 Jl.A, Voo = 4.5 V - - 0.1 

Input Voltage 

00-07 

Positive Trigger Threshold V. - 2.15 - 3.05 

Negative Trigger Th reshold VN 
V 

- 1.35 - 2 

Hysteresis V,H - 0.8 - 1.2 

Input Voltage 

100, ID1,MOSI, SCK, CE 

Positive Trigger Threshold V. - 3.15 - 3.85 

Negative Trigger Threshold VN - 1.7 - 2.25 

Hysteresis V,H - 1.3 - 1.7 

Input Leakage Current liN - - - ±1 

3-State Output Leakage Jl.A 

Current lOUT 
- - - ±10 

Operating Device Current 10.ER# V,N = V'L, V,H - 0.2 2 mA 

Input CapaCitance C'N V,N = 0 V, f = 1 MHz, T A = 25° C - 4 6 pF 

- Typical values are for T A = 25° C and nominal Voo. # Outputs open circuited; cycle time = Min. teyel., duty = 100"10. 
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CDP68HC68P1 

CE-----. 

SHIFT l~fN~~Y 

SCK ~ + + 
ICPOL"I~ 

CE:---~ 

\ 
SHUW~ 

SCK 
ICPOL'O I 

M g~ I r;;;;v;;;;:;v­
MISO~ 

92CS-40397 

NOTE 
CPOLAND CPHA ARE BITS IN THE CDP68HC05C4 and CCP68HC05D2 
MCU CONTROL REGISTER AND DETERMINE INACTIVE CLOCK 
POLARITY AND PHASE CPHA MUST ALWAYS eaUAL 1 

FIg. 3 - Data transfers utlizlng clock Input. 

Introduction 

The single port 1/0 is serially accessed via a 3 wire plus chip 
enable synchronous bus. It features 8 data pins that are 
programmed as inputs or outputs. Serial access consists of 
a two-byte operation. The first byte shifted in is the control 
byte that configures the device. The second byte transferred 
IS the data byte that is read from or written to the data 
register or data direction register. This data byte can also be 
programmed tl; act as a mask to set or clear individual bits. 

Functional Description 

The single port I/O consists of three byte-wide registers, 
(data direction, data and shift) an Input/output buffer and 
control logic circuitry. (See fig. 1, block diagram). Data is 
transferred between the I/O data and data direction registers 
via the shift register. Once the 1/0 port is selected, the first 
byte shifted in to the shift register is the control byte that 
register selects, (the Data or Data direction register), 
determines data transfer direction (read or write) and sets 
the compare feature and function (mask or data) of the byte 
immediately following the control byte, the data byte. (See 
Addressing the Single Port 1/0) Each bit of the data register 
may be individually programmed as an input or output. A 
logic low in a data direction bit programs that pin as an 
input, a logic high makes it an output. A read operation of 
data register pins programmed as inputs reflects the current 
logic level present atthe buffered port pins. A read operation 
of those data register pins programmed as outputs indicates 
the last value written to that location. At power-up, all port 

pins are configured as unterminated inputs. Two chip 
identify pins are used to allow up to 4 1/0 ports to share the 
same chip enable signal. The first two bits shifted in are 
compared with the hardwired levels at the chip identify pins 
to enable the selected I/O for serial data transfer. Note that 
when chip enable becomes true, the compare flag is latched 
for all devices sharing the same chip enable. 

Compare Function 

The value of a port pin (00-07). configured as an input, is 
compared with the corresponding bit value (ORO-OR7) 
stored in the Data Register. Pins configured as outputs are 
assumed to have the same value as the corresponding bit 
stored In the Data Register. The compare function is 
programmed via COl and COO (CM1, CMO) of the Address 
Byte. The following values for CMl and CMO will sense one 
of four separate conditions: 

CM1 CMO Condition 

0 0 - at least one non-match 
0 1 - all match 
1 0 - all are non-match 
1 1 - at least one match 

The compare flag is set to one when the programmed 
condition IS satisfied. Otherwise, the flag is cleared to zero. 
The compare...!!!lg is latched when the device is enabled (a 
transition of CE from "High" to "Low"). 
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CDP68HC68P1 
Data Format 

During write operations, the data byte that follows the 
control byte is normally the data word that is transferred to 
the data or data direction register. Control bits 2 and 3 (DFO 

and DF1) change the interpetation of this data as listed 
below. Note that one or more bits can be set or cleared in 
either register without having to write to bits not requiring 
change. 

C03 C02 
DF1 DFO OPERATION 

o X Data following the control word will 
be written to the selected register. 

for example, 

o Data following the control word Is 
a mask. Those bits which are a 1 
will cause that register flip-flop to 
be cleared to O. Those which are 
a 0 will cause that register flip-flop 
to be unchanged. 
Data following the control word is 
a mask. Those bits which are a 1 
will cause that register flip-flop to 
be set to 1; those which are a 0 
will cause that register flip-flop 
to be unchanged. 

CONTROL DATA 

PREVIOUS 
REGISTER 

VALUE 

C07 C06 C05 1 0 X C01 COO 
C07 C06 C05 1 1 1 C01 COO 
C07 C06 C05 1 1 0 C01 COO 
C07 C06 C05 1 1 X C01 COO 

X = Don't Care 

Addressing the Single Port I/O 

11110000 
11110000 
11110000 
00000000 

10101010 
10101010 
10101010 
10101010 

NEW 
REGISTER 

VALUE 

11110000 
11111010 
00001010 
10101010 

The Serial Peripheral Interface (SPI) utilized by the I/O Port 
is a serial synchronous bus for control and data transfers. It 
consists of a SCK clock input pin that shifts data out of the 
I/O port (MISO, MASTER IN, SLAVE OUT) and latches data 
presented atthe input pin, MOSI (master out, slave in). Data 
is transferring in most significant bit first. There isone SCK 
clock for each bit transferred and bits are transferred in 
groups of eight. 

When the I/O port IS selected by bringing the chip enable 
pin low, the logic level at the SCK input is sampled to 
determine the internal latching and shift polarity for input 
and output signals on the SPI. (See Fig. 3). 

The first byte shifted in when the chip is selected is always 
the control byte followed by one or more bytes that become 
data or a mask for the data and data direction register. As 
the control byte is being shifted in one the MOSI line, data 
on the MOSI line shifts out. (See Fig. 4). 

~----,~-------------------------------------------
SCK 
OR 
SCK 

MOSI 

MISO 

C07 

DONTCARE 
HIGH IMPEDANCE 
COMPARE FLAG 

C06 cos coo C03 

C07 C06 COS 

FIg. 4 - Control byte. 

C02 COl COO INPUT 

COO C03 OUTPUT 

92CS- 40400 
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C07 (101). coe (100): Chip-Identify bits 

COS (RS): Register Select. When RS is low, the data 
register is selected. When RS is high, the Direction Register 
is selected. 

C04 (if/W): Read/Write. Low when data is to be transferred 
from the SPIIIO to the CPU (read) and high when the 110 is 
receiving data from the CPU (write). 

Read Operation 

During a read operation, the CPU transfers data from the 
I/O by first sending a control byte on the MOSllinewhile the 

CDP68HC68P1 
C03 (OF1). C02 (O!.O): Data Format Bits. These have 
meaning only when R/W is high. During a write operation, 
DF1 and DFO control how the byte following the control 
word is interpreted. See "DATA FORMAT". 

C01 (CM1). COO (CMO): Compare Mode Select. These bits 
select one of four events which will setthe internal Condition 
Flag. (See "COMPARE OPERATION") 

chip-selected 1/0 sends compare information followed by 
one or more data bytes on the MISO line. 

~~~----------------------------.---------------~ 

Write Opera,lon 

MOSI 
MISO Z 

C07 C06 COS 0 C03 C02 COl coo 
Z Z C07 C06 cos 0 C03 

x = DON'T CARE 
Z ~ HIGH IMPEDANCE 
* ~ COMPARE FLAG 

Fig. 5 - Read bytes. 

xxxxxxxx 
8-BIT DATA WORD 

92CS - 40401 

The selected register will be continuously read if CE is held 
low after the first data byte is shifted out. 

During a write operation, the data byte follows the control 
byte forthe selected register. While this byte is being shifted 
in, old data from that register is shifted out. If CE remains 

low after the data byte is shifted in, MISO becomes high 
impedance and the new data is placed in the selected 
register. 

~~~----------------------------~----------------
MOSI 
Misa z 

C07 COs cos 1 C03 C02 
Z Z C07 COS COS 1 

Z' HIGH IMPEDANCE 
* - COMPARE FLAG 

COl COO 
C03 

8·BtT DATA WORD 
PREVIOUS 8·81T WORO 

92CS-40403 

At the time the eighth data bit is strobed into the data pins 
(00-07) will change as indicated in Fig. 7. 

Fig. 6 - Write bytes. 

MOSI • •• I 03 I 02 I 01 I DO I ... 
SCK ••• ~ ••• 
00·07 PREVIOUS I NEW 

92CS-40402 

Fig. 7 - Port-pin data changes. 

Pin Description 

100.101 

Chip identify pins, normally tied to Voo or Vss. The 4 
possible combinations of these pins allow 4 II0s to share a 
common chip enable. When the levels at these pins match 
those of the identify bits in the control word, the serial bus is 
enabled. The chip identify pins will retain their previous 
logiC state if the lines driving them become Hi-Z. 

MISO 

Master-in, Slave out pin. Data bytes are shifted out at this 
pin most significant bit first. When the chip enable signal is 
high, this pin is Hi-Z. 

MOSI 

Master-out, Slave in pin. Data bytes are shifted in at this pin 
most significant bit first. This pin will retain its previous 
logic state if its driving line becomes Hi-Z. 

SCK 

Serial clock input. This input causes serial data to be 
latched from the MOSI input and shifted out on the MISO 
output. 
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CDP68HC68P1 
CE 
A negative chip enable input. A high to low transition on this 
pin latches the inactive SCK polarity and compare flag and 
indicates the start of a data transfer. The serial interface 
logic is enabled only when CE is low. This pin will retain its 
previous logic state if its driving line becomes Hi-Z. 

00-07 

I/O Port pins. Individual programmable inputs or outputs. 

Voo and Vss 

Positive and negative power supply line. 

All pins except the power supply lines and MISO have 
Schmitt-trigger buffered inputs. 

DYNAMIC ELECTRICAL CHARACTERISTICS - BUS TIMING Voo ± 10%, V •• = 0 V dc, TA = -40' to +8S'C, CL = 200 pF. 
See Figs. 8 and 9. 

LIMITS (ALL TYPES) 

CHARACTERISTIC Voo = 3.3 V Voo = S V UNITS 

MIN. MAX. MIN. MAX. 

Chip Enable Set-Up Time tEvev 200 - 100 -
Chip Enable after Clock Hold Time tevEx 250 - 125 -
Clock Width High tWH 400 - 200 -

Clock Width Low tWL 400 - 200 -
Data In to Clock Set-Up Time tovev 200 - 100 -
Data In after Clock Hold Time tevox 200 - 100 -

ns 
Clock to Data Propagation Delay tevov - 200 - 100 

Chip Disable to Output High Z tEXOZ - 200 - 100 

Output Rise Time t, 'T 200 - 100 

Output Fall Time tf - 200 - 100 

Clock to Data Out Active tevox - 200 - 100 

Clock Recovery Time tREe 200 - 200 -

MISO HIZ ~ 11 COMPARE FLAG ~: 00 ~ --n--fr"t 
MOSI C07 C06 C05 C04 COO 07 D6 I~ X 

SCK 

'EVCV 
92CM-40398 

Fig. 8 - Write cycle timing waveforms. 
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CDP68HC68P1 

MOSI~~~C~O~O~~----------------~------------------

MISO _____ --''''-=-______ -+''''1-=.:.....A.:.='-!: COMPARE FLAG ~~""::"-__ """'I-"-~ 

SCK 

'evcv 
92CM-40399 

Fig. 9 - Read cycle timing waveforms. 
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CDP68HC68T1 Advance Information 

eLK OUT 16 
CPUR 15 

INT 3 14 

Voo 
XTAL OUT 

XTAL IN 

CMOS Real-Time Clock with 
RAM and Power Sense/Control 

SCK 4 13 V BATT 

"'CSI 5 12 vSYS 
Feature.: • Minimum standby (timekeeping) 

MISO 6 II LINE • SPI (Serial Peripheral Interface) voltages: 2.2 volts 
CE 

VSS 8 

TOP 

10 PaR 
9 PSE 

VIEW 
92CS-380~3 

• Full clock features: sec., min., hrs. 
(12/24, AM/PM), day of week, 
date, month, year, (0-99), auto 
leap year 

• Selectable crystal or 50/60-Hz line input 
• Buffered clock output 
• Battery input pin that powers oscillator 

and also connects to the Voo pin when 
main power fails • 32-word x 8-bit RAM 

TERMINAL • Seconds, minutes, hours alarm • Three independent interrupt modes: 
alarm, periodic or power-down sense ASSIGNMENT • Automatic power loss detection 

The COPS8HCS8T1, real-time clock provides a time/calen­
dar function, a 32 byte static RAM and a 3-wire serial 
peripheral interface (SPI bus). The primary function of the 
clock is to divide down a frequency input that can be 
supplied by the on-board oscillator in conjunction with an 
external crystal or by an external clock source. Th~ clock 
either operates with a 32+kHz, 1 +MHz, 2+MHz or 4+MHz 
crystal or it can be driven by an external clock source atthe 
same frequencies. I n addition, the frequency can be selected 
to allow operation from a 50 or SO-Hz input. The time 
registers furnish seconds, minutes, and hours data while 
the calendar registers offer day of week, date, month and 
year information. The data In the time/calendar registers is 
in BCD format. In addition, 12 or 24-hour operation can be 
selected with an AM-PM Indicator available in the 12-hour 
mode. The T1 has a separate clock output that supplies one 
of 7 selectable frequencies. 

Computer handshaking is established with a "wired or" 
interrupt output. The interrupt can be activated by anyone 

MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 

of three separate internal sources. The first is an alarm 
circuit that consists of seconds, minutes and hours alarm 
latches that trigger the interrupt when they are in coinci­
dence with the value in the seconds, minutes and hours time 
counters. The second interrupt source Is one of 15 periodic 
signals that range from subsecond to daily Intervals. The 
final Interrupt source is from the power-sense circuitthat is 
used with the LINE input pin to monitor power failures. Two 
other pins, the power supply enable (PSE) output and the 
Vsys input are used for external power control. The CPUR 
reset output pin is available for power-down operation and 
is activated under software control. CPUR Is also activated 
by a watchdog circuit that if enabled requires the CPU to 
toggle the CE pin periodically without a serial data transfer. 

The COPS8HCS8T1 Is available in a 1S-lead hermetiC dual­
in-line ceramic package (0 suffix), in a 1S-lead dual-in-line 
plastic package (E suffix), and in a 20-lead small-outline 
plastic package (M suffix). 

(Voltage referenced to V •• terminal) .................................................................................... -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS EXCEPT LINE .....•••••••.........••...•.••.•..•••........••••••..••...•• -0.5 to Voo +0.5 V 

V ••• S Voc + 1.5 V 
DC INPUT CURRENT. ANY ONE INPUT (LINE INPUT, -10 mAl ............................................................ ± 10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = -40 to +60· C (PACKAGE TYPE E) ............................................................................... 500 mW 
For TA = +60 to +85·C (PACKAGE TYPE E) ................................................. Derate Linearly at 12 mW/·C to 200 mW 
For T. = -55 to +100·C (PACKAGE TYPE D) .............................................................................. 500 mW 
For T. = +100 to +125·C (PACKAGE TYPE D) .............................................. Derate Linearly at 12 mW/·C to 200 mW 
ForTA = -40· to +70·C (PACKAGE TYPE M)' .: .......................................................................... 400 mW 
ForTA = +70· to +85·C (PACKAGE TYPE M)· ............................................ ·· Derate linearly at 6.0 mW/·C to 310 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................... 40 mW 

OPERATING-TEMPERATURE RANGE (T.): 
PACKAGE TYPE D ............................................................................................... -55 to +125· C 
PACKAGE TYPE E and M .......................................................................................... -40 to +85·C 

STORAGE-TEMPERATURE RANGE (T ... ) ........................................................................... -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 In. (1.59 ± 0.79 mm) from case for 10 s max. .. ................................................... +265· C 

• Printed-circuit board mount: 57 mm x 57 mm minimum area x 1.6 mm thick G1 0 epoxy glass. or equivalent 

File Number 1547 
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CDP68HC68T1 
OPERATING CONDITIONS at TA = -40· to +85·C 
For maximum reliability, operating conditions should be .elected so that operation Is always within the following rang.s: 

CHARACTERISTIC 

DC Operating Voltage Range 

DC Standby (Timekeeping) Voltage· 

Input Voltage Range 

(Except Line Input) 

Serial Clock Frequency (Voo = 4.5 V) 

• Timekeeping function only, no READ/WRITE accesses 

SERIAL 
INTERFACE 

VSTSV 

V,H 

V,L 

fSCK 

Fig. 1 - Real-time clock functional diagram. 

LIMITS 
UNITS 

Min. Max. 

3 6 

2.2 -
V 

0.7 Voo Voo + 0.3 

-0.3 0.3 Voo 

- 2.1 MHz 
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CDP68HC68T1 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo = VSATT = 5 V ± 5%, Except as Noted 

LIMITS 
CHARACTERISTIC CONDITIONS CDP68HC68T1 UNITS 

MIN. TYP.· MAX. 
Quiescent Device Current 100 - - 1 10 iJA 
Output Voltage High Level VOH IOH = -1.6 mA, Voo = 4.5 V 3.7 - -
Output Voltage Low Level VOL IOL = 1.6 mA, Voo = 4.5 V - - 0.4 
Output Voltage High Level VOH IOH:5 10 iJA, Voo = 4.5 V 4.4 - - V 

Output Voltage Low Level VOL IOL < 10 iJA, Voo - 4.5 V - - 0.1 
Input Leakage Current liN - - - ±1 

iJA 3-State Output Leakage Current louT - - - ±10 
Operating Current# 32 kHz - 0.08 0.1 

(10 + Ib) Voo = Vs = 5 V 1 MHz - 0.5 0.6 
Crystal Operation 2 MHz - 0.7 0.84 

4 MHz - 1 1.2 
mA 

Pin 14 32 kHz - 0.02 0.024 
External Clock (Squarewave)# 1 MHz - 0.1 0.12 
(10 + Ib) Voo = Vs = 5 V 2 MHz - 0.2 0.24 

4 MHz - 0.4 0.5 
Standby Current# Ib 32 kHz - 20 25 

Vs = 3 V 1 MHz - 200 250 
Crystal Operation 2 MHz - 300 360 

iJA 
4 MHz - 500 600 

Operating Currentl1 10 Is 10 Is 
Voo = 5 V, Vs = 3 V 32 kHz - 25 15 30 20 
Crystal Operation 1 MHz - 0.08 0.15 0.1 0.18 

2 MHz - 0.15 0.25 0.18 0.3 mA 
4MHz - 0.3 0.4 0.36 0.5 

Standby Current# Ib 
Vs = 2.2 V 32 kHz - 10 12 iJA 
Crystal Operation 

Input Capacitance C,N V,N = 0, TA = 25°C - - 2 pF 
Maximum Rise and Fall Times thtf 

(Except XTAL Input and POR Pin 10) - - - 2 iJS 

I nput Voltage (Line Input Pin 
- 0 10 12 

Onlv. Power-Sense Mode) 
VSYS> VB VI V 

(For Vs Not Internally - - 0.7 -
Connected to Voo) 

Power-On Reset (POR) Pulse Width 100 75 - ns 

• Typical values are for TA = 25° C and nominal Voo. 
# Clock Out (Pin 1) disabled, outputs open-circuited. No serial access cycles. 
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--
0 $00 32 

33 

34 
32 RAM LOCATIONS 

35 

36 

37 

31 $lF 38 

32 $20 39 

CLOCK/CALENDAR 40 

41 

50 $32 42 

51 $33 43 

44 

45 
13 BYTES UNUSED 

46 

47 

48 

63 $3F 49 --
85 TEST MODE $55 50 --

r = readable W = writable 
Fig. 2 - Address map. 

TABLE 1- Clock/Calendar and Alarm Data Modes 

ADDRESS DECIMAL 
LOCATION (H) FUNCTION RANGE 

20 Seconds 0-59 

21 Minutes 0-59 

22 • Hours 1-12 

12 Hour Mode 

Hours 0-23 
24 Hour Mode 

23 Day of the Week 1-7 
(Sunday = 1) 

24 Day of the Month 1-31 

(Date) 

25 Month 1-12 

Jan = 1, Dec = 12 

26 Years 0-99 

28 Alarm Seconds 0-59 

29 Alarm Minutes 0-59 

2A •• Alarm Hours 1-12 

12 Hour Mode 

Alarm Hours 0-23 
24 Hour Mode 

- Example 3:49'18, Tuesday, Oct. 29, 1985 . 
• Most significant Bit, 07, is "0" for 24 hours, and "1" for 12 hour mode. 

Data Bit 05 is "1" for P.M and "0" for A.M. in 12 hour mode. 

CDP68HC68T1 

SECONDS r,w $20 

MINUTES r,w $21 

HOURS r,w $22 

DAY OF WEEK r,w $23 

DATE r,w $24 

MONTH r,w $25 

YEARS r,w $26 

NOT USED $27 

SEC ALARM W $28 

MIN ALARM W $29 

HRSALARM W $2A 

NOT USED $2B 

NOT USED $2C 

NOT USED $2D 

NOT USED $2E 

NOT USED $2F 

STATUS REGISTER r $30 

CONTROL REGISTER r,w $31 

INTERRUPT CONTROL REGISTER r,w $32 
12CS-380S1 

BCD DATA BCD DATE-
RANGE EXAMPLE 

00-59 18 

00-59 49 

81-92 (AM) A3 
A1-B2 (PM) 

00-23 15 

01-07 03 

01-31 29 

01-12 10 

00-99 85 

00-59 18 

00-59 49 

01-12 (AM) 23 
21-32 (PM) 

00-23 15 

•• Alarm hours, Data Bit 05 is "1" for P.M and 
"0" for A M. In 12 hour mode. 

Data Bits 07 and 06 are DON'T CARE. 
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CDP68HC68T1 
PROGRAMMERS MODEL - CLOCK REGISTERS 

I HEX ADDRESS I 

20 

21 

22 

23 

24 

25 

26 

31 

32 

28 

29 

2A 

30 

WRITE/READ REGISTERS 

DB7 

TENS 0-5 

12 PM/AM 
HR. X TENS 0-2 
24 

X X X X 

TENS 0-3 

7 

7 

WRITE ONLY REGISTERS 

TENS 0-5 UNITS 0-9 

TENS 0-5 UNITS 0-9 

READ ONLY REGISTER 

DBO 

NAME 

SECONDS (00-59)---

DB7,1 = 12 HR, 0 = 24 HR 
DB5 = 1 PM,O = AM 
HOURS (01-12 OR 00-23) 

SUNDAY = 1 
DAY OF WK (01-07) ---

01-28 

(DATE) (29) 
DAY OF MONTH ~~-

JAN = 1 
MONTH (01-12)- DEC = 12-

YEARS (00-99) ----

CONTROL-----

INTERRUPT-----

ALARM SECONDS (00-59) -

ALARM MINUTES (00-59)-

ALARM HOURS (01-12 or 00-23) 
PLUS AM/PM IN 12 HR. MODE 
PM = 1, AM = 0 

STATUS 

NOTE: X = DON'T CARE WRITES r---------::-:::-------------
X = 0 WHEN READ 7 6 5 BIT 4 3 2 1 0 

RAM DATA BYTE 
07 1 06 1 OS 1 04 1 03 1 02 1 01 1 DO I 

HEX ADDRESS 00-1F 

82CM·31011 
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CDP68HC68T1 
FUNCTIONAL DESCRIPTION 

The SPI real-time clock consists of a clock/calendar and a 
32 x 8 RAM. Communications is established via the SPI 
(Serial Peripheral Interface) bus. In addition to the clock/ca­
lendar data from seconds to years, and system flexibility 
provided by the 32-byte RAM, the clock features computer 
handshaking with an interrupt output and a separate 
squarewave clock output that can be one of 7 different 
frequencies. An alarm circuit is available that compares the 
alarm latches with the seconds, minutes and hours time 
counters and activates the Interrupt output when they are 
equal. The clock is specifically designed to aid in power­
down/up applications and offers several pins to aid the 
designer of battery back-up systems. 

Mode Select 

The voltage level that is present at the Vsvs input pin at the 
end of power-on-reset selects the device to be in the single 
supply or battery back-up mode. 

Single-Supply Mode-If Vsv• is a logic high when power­
on-reset is completed, CLK OUT, PSE and CPUR will be 
enabled and the device will be completely operational. 
CPUR will be placed low ifthe logic level at the Vsvs pin goes 
low. If the output signals CLK OUT, PSE and CPUR are 
disabled due to a power-down instruction, Vsvs brought to a 
logic low and then to a logic high will re-enable these 
outputs. J\n example of the single-supply mode Is where 
only one supply Is available and VDD, VaATT and Vsv. are tied 
together to the supply. 

Battery Back-up Mode-If Vsvs is a logic low at the end of 
power-on-reset, CLK OUT, PSE and CPUR and the CE pin 
will be disabled (CLK OUT, PSE and CPUR low). This 
condition will be held until Vsvs rises to a threshold (about 
0.7volt) aboveV.ATT. TheoutputsClKOUT, PSEand CPUR 
will then be enabled and the device will be operational. If 
Vsvs falls below a threshold above VBATT, the outputs ClK 
OUT, PSE and CPUR will be disabled. An example of 
battery back-up operation occurs if Vsvs Is tied to VDD and 
VDD is not connected to a supply when a battery is 
connected to the VaATT pin. (See Pin Functions VaATT for 
Battery Back-up Operation) 

CLOCK/CALENDAR (See Figs. 1 and 2.) 

The clock/calendar portion ofthis device consists of a long 
string of counters that is toggled by a 1-Hz input. The 1-Hz 
Input is generated by a prescaler driven by an on-board 
oscillator that utilizes one of four possible external crystals 
or that can be driven by an external clock source. The 1-Hz 
trigger to the counters can also be supplied by a 50 or SO-Hz 
input source that is connected to the liNE Input pin. 

The time counters offer seconds, minutes and hours data In 
12 or 24-hour format. An AM/PM indicator Is available that 
once set, toggles every 12 hours. The calendar counters 
consist of day (day of week), date (day of month), month 
and years information. Data In the counters Is in BCD 
format. The hours counter utilizes BCD for hour data plus 
bits for 12/24 hour and AM/PM. The 7 time counters are 
accessed serially at addresses 20H through 2SH. (See Table 
I). 

RAM 

The real-time clock also has a static 32 x 8 RAM that is 
located at addresses 00-1 FH. Transmitting the address/con­
trol word with bit Slow selects RAM access. Bits 0 through 4 
select the RAM location. 

ALARM 

The alarm is set by accessing the three alarm latches and 
loadi ng the requi red data. The alarm latches consist of 

seconds, minutes and hours registers. When their outputs 
equal the values in the seconds, minutes and hours time 
counters, an interrupt is generated. The interrupt output 
will go low if the alarm bit in the Interrupt Control register is 
set high. The alarm interrupt bit in the Status register Is set 
when the interrupt occurs.· To preclude a false interrupt 
when loading the time counters, the alarm Interrupt bit 
should be set low in the Interrupt Control register. This 
procedure is not required when the alarm time is set. 

WATCHDOG FUNCTION (See Fig. 6.) 

When bit 7 in the Interrupt Control register is set high, the 
Clock's CE (chip enable) pin must be toggled at a regular 
interval without a serial data transfer. If the CE is not 
toggled, the clock will supply a CPU reset pulse and bit S in 
the Status Register will be set. Typical service and reset 
times are listed below. 

50Hz 60 Hz XTAL 

Min. Max. Min. Max. Min. Max. 

Service Time - 10ms - 8.3ms - 7.8ms 

Reset Time 20 40ms 1S.7 33.3ms 15.S 31.3m! 

CLOCK OUT 

The value In the 3 least significant bits of the Clock Control 
register selects one of seven possible output frequencies. 
(See Clock Control Register). This squarewave signal Is 
available at the ClK OUT pin. When Power-Down operation 
is initiated, the output Is set low. 

CONTROL REGISTERS AND STATUS REGISTERS 

The operation of the Real-Time Clock is controlled by the 
Clock Control and Interrupt Control registers. Both registers 
are read-write registers. Anotherregister, the Status register, 
Is available to indicate the operating conditions. The Status 
register is a read-only register. 

POWER CONTROL 

Power control is composed of two operations, Power Sense 
and Power Down/Up. Two pins are involved in power 
sensing, the liNE input pin and the iNf output pin. Two 
additional pins are utilized during power-down/up opera­
tion. They are the PSE (Power Supply Enable) output pin 
and Vsvs input pin. 

POWER SENSING (See Fig. 3.) 

When Power Sensing is enabled (Bit 5 = 1 in Interrupt 
Control Register), AC transitions are sensed at the liNE 
input pin. Threshold detectors determine when transitions 
cease. After a delay of 2.S8 to 4.S4 ms plus the external input 
circuit RCtime constant, an interrupt is generated and a bit 
Is set In the status register. This bit can then be sampled to 
see If system power has turned back on. See PIN 
FUNCTIONS, liNE PIN. The power-sense circuitry operates 
by sensing the level ofthe voltage presented althe line Input 
pin. This voltage is centered around VDD and as long as It is 
either plus or minus a threshold (about 1 volt) from VDD a 
power-sense failure will not be indicated. With an ac signal 
present, remaining In this VDD window longer than a 
minimum of 2.S8 ms will activate the power-sense circuit. 
The larger the amplitude of the ac signal, the less time it 

'See PIN FUNCTIONS, INT PIN. 
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CDP68HC68T1 

VDD~ 
OV - LJ LINE 

REAL-TIME CLOCK 
CPU 

COP680~D2 

VOO CDP6BHC68TI 

I I I I I Ii( 
STATUS REGISTER 

92CS-31941RI 

Fig. 3 • Power·sensing functional diagram. 

spends in the Voo window and the less likely a power failure 
will be detected. A SO-Hz, 10 Vp-p sinewave voltage is an 
applicable signal to present at the LINE Input pin to set up 
the power-sense function. 

POWER DOWN (See Fig. 4.) 

Power down is a processor-directed operation. A bit is set in 
the Interrupt Control Register to initiate operation. 3 pins 
are affected. The PSE (Power Supply Enable) output, 
normally high, is placed low. The CLK OUT is placed low. 
The CPUR output, connected to the processors reset Input 
is also placed low. In addition, the Serial Interface is 
disabled. 

FROM SYSTEM 
POWER 

L VSYS 

INTERRUPT 
CONTROL 
REGISTER 

TO SYSTEM 
POWER CONTROL 

PSEJJ 

L 
~b~ I--___ -----t~ osc 

L. t CPUR~~=---~~ 

I SERIAL t--<YI ~ MO 
INTERFACE ~I-O""II_-+-...:::.::.:s:.::t:""'_-I 

L------IL_ M:tSO 

REAL-TIME CLOCK 
CDP68HC68T1 

CPU 
COP680502 

92CS- 37942 

Fig. 4 • Power-down functional diagram. 

POWER UP (See Figs. 5 and 8.) 

Two conditions will terminate the Power-Down mode. The 
first condition (See Fig. 5) requires an interrupt. The 
interrupt can be generated by the alarm circuit, the 
programmable periodic interrupt signal, or the power­
sense circuit. 

The second condition that releases Power Down occurs 
when the level on the VSYS pin rises about 1 volt above the 
level at the V.ATT input, after previously falling to the level of 
V.ATT (See Fig.S) in the Battery Back-up Mode or VSYS falls 
to logic low and returns high in the Single Supply Mode. 

MOU 

REAL-TIME CLOCK 
COP68HC68T1 

92CS-37943RI 

Fig. 5 - Power-up functional diagram (initiated by Interrupt Signal). 

I 
I 

....--------.J 
I 
I ---=l--~ 

~ -~ VSYS PSE _: 

CPuR~ 

I SERIAL 
INTERFACE 

REAL-TIME CLOCK 
CDP68HC68TI 

92CS-37944RI 

M:tSO 

MOS:t 

Fig. 6 - Power-up functional diagram (initiated by a rise In voltage 
on the "Vsvs" pin). 
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CDP68HC68T1 
PIN FUNCTIONS 

ClK OUT-Clock output pin. One of 7 frequencies can be 
selected (or this output can be set low) by the levels of the 
three LSB's in the clock-control register. If a frequency is 
selected, it will toggle with a 50% duty cycle except 2 Hz In 
the 50-Hztimebase mode. (Ex. if 1 Hz is selected, the output 
will be highfor500msand lowforthesame period.) During 
power-down operation (bit 6 in Interrupt Control Register 
set to "1"), the clock-output pin will be set low. 

CPUR-CPU reset output pin. This pin functions as an 
N-channel only, open-drain output and requires an external 
pull-up resistor. 

INT-Interrupt output pin. This output is driven from a 
single NFET pull-down transistor and must be tied to an 
external pull-up resistor. The output is activated to a low 
level when: 
1. Power-sense operation is selected (B5 = 1 in Interrupt 

Control Register) and a power failure occurs. 
2. A previously set alarm time occurs. The alarm bit in the 

status register and interrupt-out signal are delayed 30.5 
/.IS when 32-kHz operation is selected and 15.3 /.IS for 
2-MHz and 7.6 /.IS for4-MHz. (See important application 
note.) 

3. A previously selected periodic interrupt signal activates. 

The status register must be read to set the Interrupt output 
high after the selected periodic interval occurs. This is also 
true when conditions 1 and 2 activate the interrupt. If power 
down had been previously selected, the interrupt will also 
reset the power-down functions. 

SCK, MOSI, MISO-See Serial Peripheral Interface (SPI) 
section in this data sheet. 

CE-A positive chip-enable input. A low level at this input 
holds the serial interface logic in a reset state. This pin is 
also used for the watchdog function. 

Vss- The negative power-supply pin that is connected to 
ground. 

PSE-Power-supply enable output pin. This pin is used to 
control power to the system. The pin is set high when: 
1. VSYS rises above the VBATT voltage after VSYS was placed 

low by a system failure. 
2. An interrupt occurs. 
3. A power-on reset (if VSYS is a logic high). 

The PSE pin is set low by writing a high into bit 6 (power­
down bit) in the Interrupt Control Register. 

POR-Power-on reset. A Schmitt-trigger input that gener­
ates a power-on internal reset signal using an external R-C 
network. Both control registers and frequency dividers for 
the oscillator and line input are reset. The status register is 
reset excepttorthe first time up bit (B4), which is set. Single 
~Iy or battery back-up operation is selected at the end of 
POR. 

LINE-This input is used for two functions. The first 
function utilizes the input signal as the frequency source for 
the timekeeping counters. This function. is selected by 

setting bit 6 in the Clock Control Register. The second 
function enables the line input to sense a power failure. 
Threshold detectors operating above and below Voo sense 
an ac voltage loss. Bit 5 must be set to "1" in the Interrupt 
Control Register and crystal or external clock source 
operation is required. Bit 6 in the Clock Control Register 
must be low to select XTAL operation. 

OSCillATOR CIRCUIT-The CDP68HC68T1 has an on­
board 150K resistor that is switched in series with its 
internal inverter when 32-kHz is selected via the clock­
control register. Note: When first powered up the series 
resistor Is not part of the oscillator circuit. (The 
CDP68HC68T1 sets up for a 4-MHz oscillator.) 

5-30.F 
XT,~L I-__ ...... _-I~ 

T1 
22M 

Xl A L '----01",*,,,R,,,," 
OUT 

10-40pF 

ALL FAEQUENCYS 
RECOMMENDED OSCILLATOR CIRCUIT, 
C1, C2 VALUES CRYSTAL DEPENDENT 

*R USED FOR 32 KHz OPERATION ONLY 
100 K - 300 K RANGE AS SPECIFIED 
BY CRYST .. L M .. NUF .. CTURER. 

92CS-42272 

Fig. 7 - Oscillator circuit. 

VsyS- This input is connected to the system voltage. After 
the CPU initiates power down by setting bit 6 in the 
Interrupt Control Register to "1", the level on this pin will 
terminate power down if It rises about 0.7 volt above the 
level at the VBATT input pin after previously falling below 
VBATT + 0.7 volt. When power down is terminated, the PSE 
pin will return high and the Clock Output will be enabled. 
The rnsoR output pin will also returnJ'1l9.h. The logic level 
present at this pin at the end of l>OR determines the 
CDP68HC68T1's operating mode. 
VBATT- The oscillator power source. The positive terminal of 
the battery should be connected to this pin. When the level 
on the VSYS pin falls below V.ATT +0.7 volt, the VBATT pin will 
be internally connected to the Voo pin. When the voltage on 
Vsys rises a tt>reshold above (- 0.7 V) the voltage on VBATT, 
the connection from VBATT to the Voo pin is opened. When 
the "LINE" input Is used as the frequency source, VBATT may 
be tied to Voo or Vss. The "XTAL IN" pin must be at Vss If 
VBATT isatVss.lfV.ATT is connected toVoo, the"XTAL IN" pin 
can be tied to Vss or Voo. 

XTAl IN, XTAl OUT-These pins are connected to a 
32,768-Hz, 1.048576-MHz, 2.097152-MHz or 4.194304-MHz 
crystal. If an external clock is used, it should be connected 
to "XTAL IN" with "XTAL OUT"left open. 

Voo- The positive power-supply pin. 
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CDP68HC68T1 
REGISTERS 

CLOCK CONTROL REGISTER (Write/Read) - Addres.31H 

07 06 05 04 

START LINE XTAL XTAL 
SEL SEL 

STOP XTAL 1 0 

CLOCK CONTROL REGISTER 

START-STOP-A high written into this bit will enable the 
counter stages of the clock circuitry. A low will hold all bits 
reset in the divider chain from 32 Hz to 1 Hz. A clock out 
selected by bits 0, 1 and 2 will not be affected by the stop 
function except the 1 and 2-Hz outputs. 

LlNE-XTAL-When this bit is set high, clock operation will 
use the 50 or 60-cycle input present at the LINE input pin. 
When the bit is low, the crystal input will generate the 1-Hz 
time update. 

XTAL SELECT-One of 4 possible crystals is selected by 
value in these two bits. 

o = 4.194304 MHz 2 = 1.048576 MHz 
1 = 2.097152 MHz 3 = 32,768 Hz 

50-60 Hz-50 Hz is selected as the line input frequency 
when this bit isset high. A low will select60 Hz. The power­
sense bit In the Interrupt Control Register must be set low 
for line frequency operation. 

CLOCK OUT-The three bits specify one of the 7 fre­
quencies to be used as the squarewave clock output. 

o = XTAL 4 = Disable (low output) 
1 = XTALl2 5 = 1 Hz 
2 = XTALl4 6 = 2 Hz 
3 = XT ALl8 7 = 50 or 60 Hz 

XTAL Operation = 64 Hz 

All bits are reset by a power-on reset. Therefore, the XTAL is 
selected as the clock output at this time. 

03 02 01 DO 

50 Hz CLK OUT CLKOUT CLK OUT 

iiilIz 2 1 0 

INTERRUPT CONTROL REGISTER 

WATCHDOG-When this bit is set high, the watchdog 
operation will be enabled. This function requires the CPU to 
toggle the CE pin periodically without a serial-transfer 
requirement. In the event this does not occur, a CPU reset 
will be issued. Status register must be read before re­
enabling watchdog. 

POWER DOWN-A high in this location will initiate a power 
down. A CPU reset will occur, the CLK OUT and PSEoutput 
pins will be set low and the serial interface will be disabled. 

POWER SENSE-This bit is used to enable the line Input 
pin to sense a power failure. It is set high for this function. 
When power sense Is selected, the input to the 50/60-Hz 
prescaler is disconnected. Therefore, crystal operation is 
required when power sense is enabled. An interrupt is 
generated when a power failure is sensed and the power 
sense and Interrupt True bit in the Status Register are set. 
When power sense is activated, a "0" must be written to this 
location followed by a "1" to re-enable power sense. 

ALARM-The output of the alarm comparator Is enabled 
when this bit Is set high. When a comparison occurs 
between the seconds, minutes and hours time and alarm 
counters, the interrupt output is activated. When loading 
the time counters, this bit should be set low to avoid a false 
interrupt. This is not required wI:!!!!. loading the alarm 
counters. See PIN FUNCTIONS, INT for explanation of 
alarm delay. 

PERIODIC SELECT-The value in these 4 bits will select 
the frequency of the periodic output. (See Table J). 

INTERRUPT CONTROL REGISTER (Write/Read) - Addres. 32H 

07 06 05 04 03 02 01 DO 

WATCHDOG POWER POWER ALARM 
I I I 

DOWN SENSE PERIODIC SELECT 

I I I 

All bits are reset by power-on reset. 
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CDP68HC68T1 
Table I - Periodic Interrupt Output 

FREQUENCY TIMEBASE 
00-03 PERIODIC-INTERRUPT 
VALUE OUTPUT FREQUENCY XTAL LINE 

0 Disable 

1 2048 Hz 

2 1024 Hz 

3 512 Hz 

4 256 Hz 

5 128 Hz 

6 64 Hz 

50 or60 Hz 

7 32 Hz 

8 16 Hz 

9 8 Hz 

10 4 Hz 

11 2 Hz 

12 1 Hz 

13 Minute 

14 Hour 

15 Day 

STATUS REGISTER (Read Only) - Address 30H 

07 06 05 04 

0 WATCHDOG TEST FIRST 
MODE TIME 

UP 

WATCHDOG - If this bit is set high, the watchdog circuit 
has detected a CPU failure. 

TEST MODE - When this bit is set high, the device Is in the 
TEST MODE. 

FIRST-TIME UP - Power-on reset sets this bit high. This 
signifies that data in the RAM and Clock is not valid and 
should be initialized. 

INTERRUPT TRUE - A high in this bit signifies that one of 
the three interrupts (Power Sense, Alarm, and Clock) is 
valid. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X X 

X X 

X X 

03 02 01 DO 

INTERRUPT POWER ALARM CLOCK 
TRUE SENSE INTERRUPT INTERRUPT 

INTERRUPT 

POWER-SENSE INTERRUPT - This bit set high signifies 
that the power-sense circuit has generated an interrupt. 

ALARM INTERRUPT - When the seconds, minutes and 
hours time and alarm counter are equal, this bit will be set 
high. Status Register must be read before Loading Interrupt 
Control Register for valid alarm indication after alarm 
activates. 

CLOCK INTERRUPT - A periodic interrupt will set this bit 
high. 

All bits are reset by a power-on reset except the "FI RST­
TIME UP" which is set. All bits except the power-sense bit 
are reset after a read of this register. 
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CDP68HC68T1 
SERIAL PERIPHERAL INTERFACE (SPI) 

PIN SIGNAL DESCRIPTION 

SCK (Serial Clock Input)· - This input causes serial data to 
be latched from the MOSI input and shifted out on the MISO 
output. 

MOSI (Master Out/Slave In)· - Data bytes are shifted in at 
this pin, most significant bit (MSB) first. 

MISO (Malter In/Slave Out) - Data bytes are shifted out at 
this pin, most signficant bit (MSB) first. 

TRUTH TABLE 

MODE 

CE (Chip Enable)·· - A positive chip-enable input. A low 
level at this Input holds the serial interface logic in a reset 
state, and disables the output driver at the MISO pin. 

• These inputs will retain their previous state ilthe line driving them 
goes into a High-Z state. 

•• The CE Input has as internal pull-down device-ilthe input Is In a 
low state before going to 8 High Z, the input can be left in 8 High Z. 

SIGNAL 

CE SCK MOSI MISO 

DISABLED L INPUT INPUT HIGHZ 
RESET DISABLED DISABLED 

WRITE H CPOL = 1 J DATA BIT HIGHZ 

~ 
LATCH 

CPOL=O 

READ H CPOL = 1 ~ X NEXT DATA 

---' 
BIT SHIFTED 

CPOL=O OUT.c. 

.c. MISO remains at a High Z until 8 bits of data are ready to be shifted out during a READ. It remains at a High Z during 
the entire WRITE cycle. 

FUNCTIONAL DESCRIPTION 

The Serial Peripheral Interface (SPI) utilized by the 
CDP68HC68T1 is a serial synchronous bus for address and 
data transfers. The clock, which is generated by the 
microcomputer, is active only during address and data 
transfers In systems using the CDP68HC05C4 or 
CDP68HC05D2, the inactive clock polarity is determined by 
the CPOL bit in the microcomputer's control register. A 
unique feature of the CDP68HC68T1 is that itautomatica"y 
determines the level of the inactive clock I:>y sampling SCK 
when CE becomes active (see Fig. 8). Input data (MOSI) is 
latched internally on the Internal Strobe edge and output 
data (MISO) is shifted out on the Shift edge, as defined by 
Fig. 8. There is one clock for each data bit transferred 
(address as we" as data bits are transferred in groups of 8). 

{

E 

CPOL- I 

SCK 

CPOL.O{E 

SCK 

t ____ -J SHIFT 

+ 

MOSl: ______ -{ 

rlNTERNALl 
t STROBE t 

NOTE: "CPOLII IS A BIT THAT IS SET IN THE 
MICROCOMPUTER'S CONTROL REGISTER 

92CS-37945 

Fig. 8 - Serial RAM clock (SCK) as a function of MCU clock 
polarity (CPOL). 
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ADDRESS AND DATA FORMAT 

There are three types of serial transfer. 

1. Address Control - Fig. 9 
2. READ or WRITE Data - Fig. 10 
3. Watchdog Reset (actually a non-transfer) - Fig. 11 

The Address/Control and Data bytes are shifted MSB first, 
into the serial data input (MOSI) and out of the serial data 
output (MISO). 

Any transfer of data requires an Address/Control byte to 
specify a Write or Read operation and to select a Clock or 
RAM location, followed by one or more bytes of data. 

Data is transferred out of MISO for a Read and into MOSI for 
a Write operation. 

ADDRESS/CONTROL BYTE - Fig. 9 
It is always the first byte received after CE goes true. To 
transmit a new address, CE must first go false and then true 
again. Bit 5 Is used to select between Clock and RAM 
locations. 

CE ~ 

MOn ~ WIll A4 

* SCK CAN BE EITHER POLARITY. 

CDP68HC68T1 
BIT_7 6 5 4 3 2 0 

j I wlO I • I ~ 1"1" I A2 I ., I" I 
0-4 

5 

6 

7 

A3 A2 

AO-A4 

CLOCK/RAM 

o 
W/R 

AI 

Selects 5-Bit HEX Address of 
RAM or specifies Clock Register. 
Most Significant Address Bit. 
If equal to "1", AO through A4 
selects a Clock Register. 
If equal to "0", AO through A4 
selects one of 32 RAM locations. 
Must be set to "0" when not In 
Test Mode 
W/R = "1" initiates one or more 
WRITE cycles. 
W/R = "0", initiates one or more 
READ cycles. 

AO~ 

92CM-37946 

Fig. 9 - Address/Control byte-transfer waveforms. 

READ/WRITE DATA - (See Fig. 10) 

Read/Write data follows the Address/Control byte. 
BIT 7 6 5 4 3 2 0 

I D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO I 
co L 

MOS:L~ 07 06 05 D4 03 02 DI DO ~0: 

MISO~ 07 06 05 04 03 02 DI DO ~ 
"* 92CM - 37948 SCK CAN BE EITHER POLARITY 

Fig. 10 - Read/Write data-transfer waveforms. 
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CDP68HC68T1 
WATCHDOG RESET - (See Fig. 11) 

When watchdog operation is selected. CE must be toggled 
periodically or a CPU reset will be outputted. 

I SERVICE I SERVICsJ 
~ TIME ~ TIME ---I 

CE __ ---'n n : 
SCK-------------------------------------

92CS-37947 

Fig. 11 - Watchdog operation waveforms. 

CE 

SCK I I I I I I I I 

ADDRESS AND DATA 

Data transfers can occur one byte at a time (Fig. 12) or in a 
multibyte burst mode (Fig. 13). After the Real-Time Clock is 
enabled. an Address/Control word is sent to select the 
CLOCK or RAM and select the type of operation (I.e., Read 
or Write). For a single-byte Read or Write, one byte is 
transferred to or from the clock register or RAM location 
specified in the Address/Control byte and the Real-Time 
Clock is then disabled. Write cycle causes the latched clock 
register or RAM address to automatically increment. 
Incrementing continues after each transfer until the device 
is disabled. After incrementing to 1FH the address will 
"wrap" to OOH and continue. Therefore, when the RAM is 
selected the address will "wrap" to OOH and when the clock 
is selected the address will "wrap" 20H. 

L 
I I I I I I I I 

WRITE {M05I~ .. .£.,,(.~::...::L _____ A_D_D_R_E_55 __ B_Y_T_E ____ .J.. ________ W_R_I_TE __ O_AT_A ____ __I~ ..... .£.,,(.~:....::.. ..... .£.,,(.:...:;.,:....::.. ..... ~ 

ADDRESS BYTE 

{

MOSI ~ 
READ 

Mr50--------------------------~(~ ___________ R_E_A_D __ D_A_~ ________________ ~}_____ 
Fig. 12 - Single-byte transfer waveforms. 92CM- 37949 

CE 

III I I III I II II I II 111111111: I111 111I1 

W RITE {MO 5I "?%a""""""""T"-A-O-O-R-E-SS--B-Y-TE--T""-O-A-T A--B-Y-T-E----r-O-A-T-A-B-V-T-E---:! : I """" ~ 
~? lMOSI ~7"7"7"0 """"""--AOOR-ESS -BYTE---'-'~~~~"""""";: ~?7-7-77"7777"77"7777"777' 

REAO II 
,-------.. ,..--------.. • r----"\ 

MISO--------------__ ~ 

SCK 

{
ADDRESS BYTE 

W iR" ADORE S5 AODRESS BYTE + 1 ----------' 

AODRESS BYTE + (n-1)--------

Fig. 13 - Multiple-byte transfer waveforms. 
92CM-37950 
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CDP68HC68T1 
DYNAMIC CHARACTERISTICS 

DYNAMIC ELECTRICAL CHARACTERISTICS-BUS TIMING Voo ± 10%, Vss = 0 V dc, TA = _400 C to +85 0 C, 
CL = 200 pF, I •• Figi. 14 and 15 

LIMITS (ALL TYPES) 

IDENT. NO. CHARACTERISTIC Voo = 3.3 V Voo = 5 V 

Min. Max. Min. Max. 

CD Chip Enable Set-Up Time tEvev 200 - 100 -

® Chip Enable After Clock Hold Time tCVEX 250 - 125 -

CD Clock Width High tWH 400 - 200 -

CD Clock Width Low tWL 400 - 200 -

CD Data In to Clock Set-Up Time tovev 200 - 100 -

CD Clock to Data Propagation Delay tcvov - 200 - 100 

® Chip Disable to Output High Z tExaz - 200 - 100 

® Output Rise Time t, - 200 - 100 

@ Output Fall Time t, - 200 - 100 

® Data In After Clock Hold Time tcvox 200 - 100 -

® Clock to Data Out Active tcvax - 200 - 100 

© Clock Recovery Time tAEe 200 - 200 -

Fig. 14 - WRITE-cycle timing waveforms. 

UNITS 

ns 
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CDP68HC68T1 

MOSI 

MISO --------II--------~----II--------_t~~~~~ 

CE 

SCK 

AC 
LINE 

Fig. 15 - READ-cycle timing waveforms. 

SYSTEM DIAGRAMS 

I BRI~GE I 
I REGULATORI 

~ 

~~ 
Voo POR ~ Voo 

iNi' ffi 
VSYS -

LINE COP 

i-
fDDf 

68HCO~D2 
COP68HC68TI 

J;:- VeAH C'P'i:iR RESET 
CE PORT 

SCK SCK 

MOSI MOSI 

M.ISO MISO 
XTAL IN 

-=- 92CM-379'53R2 

Example of a system in which power is always on. Clock 
circuit driven by line Input frequency. 

Fig. 16 - Power-on always system diagram. 

~ 
T 
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CDP68HC68T1 

ill 
VeATT vool 1 Voo 

1 POR 

VSYS 

TN'f IRQ 
COP68HC68T1 Voo COP 

II~ 
68HC05D2 

LINE CPUR RESET 

CLK OUT QSC' 

CE PORT(e·oPCO 

MISO MISO 

VOo MOSI MOSI 

SCK SCK 

~:'CM-379'34R2 

Example of a system in which the power is controlled by an 
external source. The LINE input pin can sense when the 
switch opens by use of the POWER-SENSE INTERRUPT. 
The CDP68HC68T1 crystal drives the clock input to the 
CPU using the CLK OUT pin. On power down when Vsys < 
VB.TT + 0.7 V. VB.TT will power the CDP68HC68T1. A 
threshold detect activates a p-channel switch, connecting 
VB.TT to Vee. VB.TT always supplies power to the oscillator, 
keeping voltage frequency variation to a minimum. 

Fig. 17 - Externally-controlled power system diagram. 

A Procedure for Power-Down Operation might consist of 
the following: 

1. Set power-sense operation by writing bit 5 high in the 
Interrupt Control Register. 

2. When an interrupt occurs, the CPU reads the status 
register to determine the interrupt source. 

3. SenSing a power failure, the CPU does the necessary 
housekeeping to prepare for shutdown. 

4. The CPU reads the status register again after several 
milliseconds to determine validity of power failure. 

5. The CPU sets power-down bit 6 and disables all 
interrupts in the Interrupt Control Register when power 
down is verified. This causes the CPU reset and clock 
out to be held low and disconnects the serial interface. 

6. When power returns and Vsys rises above VB.TT, power 
down is terminated. The CPU reset is released and 
serial communication is established. 
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CDP68HC68T1 

~---------t~ LINE 1NT f-----4>------..j IRQ 

cob~ \-_________ ~OSC1 

VOD RTC CE~-----------~PORT 

V55 
5P1~----~----~5P1 

92CM-42270fll 

Fig. 18 - Example of a system with a battery back-up. 

(EPS) 
ENABLED 
POWER 
SUPPLY 
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12 V 

CDP68HC68T1 

CLOCK ENABLED POWER 
BUTTON ':::..,.t 

--'-

_ ~ IGNITION 

~ REG 

+ r-

1 ~ 
< 

~ ;l;-

1~ =-f.-
~ 

'AA* 
~~ N 

,---

1 Lt LINE VOO VSYS ~ VDD 

VeATT ;. 
PDR 

PSE -A.. 1/\ 

XTA L 
2MHz = CPUR RESET 

T1 ~ 
elK OUT • OSC1 

COP 
68HC05C4 

TNT IRQ 

SPI 3 
SPI 

CE PORT 
VSS VSS 

-b -b 
92CM-42271 

Example of an automotive system. The Vsvs and LINE 
inputs can be used to sense the ignition turning on and off. 
An external switch is included to activate the system 
without turning on the ignition. Also, the CMOS CPU is not 
powered down with the system Vee, but is held in a low 
power reset mode during power down. When restoring 
power the CDP68HC68T1 will enable the ClK OUT pin and 
set the PSE and CPUR high. 

Fig. 19 - Automotive system diagram. 

IMPORTANT APPLICATION NOTE: 

Those units with a code of 6 PG have delayed alarm 
interrupts of 8.3 ms regardless of CDP68HC68T1 's operating 
frequency. (See PIN FUNCTIONS, INT.) In addition, reading 
the status register before delayed alarm activates will 
disable alarm signal. 

PORT t--
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CDP6818 

'00 
sow CMOS Real-Time Clock with RAM 

OSC'2 Features: 
,0 • Low-Power, High-Speed, High-Density CMOS 

'0' IRa • Internal Time Base and Oscillator 
RTIEf • Counts Seconds, Minutes, and Hours of the Day 
DS • Counts Days of the Week, Date, Month, and Year 
" "w- • 3 V to 6 V Operation 

• Time Base Input Options: 4.194304 MHz, 1.048576 MHz, or 32.768 kHz 
'55 eE • Time Base Oscillator for Parallel Resonant Crystals 

• 40 to 200 I1W Typical Operating Power at Low Frequency Time Base 
• 4.0 to 20 mW Typical Operating Power at High Frequency Time Base 

TERMINAL ASSIGNMENT 
• Binary or BCD Representation of Time, Calendar, and Alarm 
• 12- or 24-Hour Clock with AM and'PM in 12-Hour Mode 

The CDP6818 Real-Time Clock plus RAM is a peripheral 
device which includes the unique MOTEL concept for use 
with many 8-bit microprocessors, microcomputers, and 
larger computers. This device combines three unique 
features: a complete time-of-day clock with alarm and one 
hundred year calendar, a programmable periodiC Interrupt 
and square-wave generator, and 50 bytes of low-power 
static RAM. The CDP6818 uses high-speed CMOS 
technology to interface with 1 MHz processor buses, while 
consuming very little power. 

The Real-Time Clock plus RAM has two distinct uses. First, 
it is designed as a battery powered CMOS device (in an 
otherwise NMOS/TTL system) including all the common 
battery backed-up functions such as RAM, time, and 
calendar. Secondly, the CDP6818 may be used with a 
CMOS microprocessor to relieve the software of the 
timekeeping workload and to extend the available RAM of 
an MPU such as the CDP6805E2. 

IHQ 

• Daylight Savings Time Option 
• Automatic End of Month Recognition 
• Automatic Leap Year Compensation 
• Microprocessor Bus Compatible 
• MOTEL Circuit for Bus Universality 
• Multiplexed Bus for Pin Efficiency 
• Interfaced with Software as 64 RAM Locations 
• 14 Bytes of Clock and Control Registers 
• 50 Bytes of General Purpose RAM 
• Status Bit Indicates Data Integrity 
• Bus Compatible Interrupt Signals (IRQ) 
• Three Interrupts are Separately Software Maskable and 

Testable 
Time-of-Day Alarm, Once-per-Second to 

Once-per-Day 
• Periodic Rates from 30.511s to 500 ms 
• End-of-Clock Update Cycle 

• Programmable Square-Wave Output Signal 
• Clock Output May Be Used as Microprocessor 

Clock Input 
• At Time Base Frequency +1 or +4 

• 24-Pin Dual-In-Line Package 

iiITEi Fig, 1 • Block diagram. 

File Number 1375 

560 __________________________________________________________ _ 



_________________________________________________ CMOSPe~ph~. 

CDP6818 
MAXIMUM RATINGS (Voltages relerenced to VSSI 

Ratings Symbol Value Unit 
Supply Voltage VDD -03to+8 V 
All Input Voltages Y,n VSS-O 5 to VDD+O 5 V 
Current Drain per Pin Excluding 

I 10 mA VDD and VSS 
Operating Temperature Range TA a to + 70 'c 
Storage Temperature Range Tstg -55to +150 'c 

DC ELECTRICAL CHARACTERISTICS (VDD=5 Vdc ± 10% VSS=O Vdc TA=O' to 70'C unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Frequency 01 Operation lose 32.768 4194.304 kHz 
Output Voltage VOL - 0.1 

V 
ILoad< 10,.A VOH VDD-O.l -

IDD - Bus Idle (External cloekl 
CKOUT= lose, CL = 15 pF; SOW Disabled, CE= VDD-O 2, CL (OSC2) = 10 pF 
lose = 4 194304 MHz IDDI - 3 mA 
lose = 1 048516 MHz IDD2 - 0.8 mA 
lose = 32 768 kHz IDD3 - 50 fAA 

IDD - OUlescent IDD4 50 fAA 
lose = DC; ascI = DC, 
All Other Inputs=VDD-O 2 V, III 
No Clock 

Output High Voltage ADO-AD? CKOUT 
VOH 41 - V 

II Load = -1.6 mA, SOW, ILoad= -1.0 mAl 

Output Low Voltage ADO-AD? CKOUT 
VOL - 0.4 V 

II Load = 1 6 mA, IRO, and SOW, ILoad = lamA) 
Input High Voltage CKFS, ADO-AD7, DS, AS, R/W, CE, PS VDD-2 VOO 

'RESE'f VIH VOD-0.8 VDD V 
ascI VDD-l VDD 

Input Low Voltage ADO-AD7, DS, AS, R/W, CE VSS 0.8 
CKFS,PS,R'E'SET VIL VSS 0.8 V 

ascI VSS 0.8 

Input Current All Inputs lin - ±1 ,.A 

Three-State Leakage ADO-AD7 ITSL - ±10 ,.A 

DC ELECTRICAL CHARACTERISTICS (Vaa = 3 Vde, Vs. = 0 Voe, TA = 0° to 700 e unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Frequency 01 Operation lose 32.768 32.768 kHz 
Output Voltage VOL 0.1 

V 
ILoAo<10J.lA vOH VOIT'O.1 

IDD- Bus Idle 
CKOUT = lo.e, CL = 15 pF, SQW Disabled, ~ = Voo-0.2, c. (OSC2) = 10 pF 
lose = 32.768 kHz 10D3 - 50 /JA 

IDD - QUiscent 1004 - 50 /lA 
lose = DS; OSC1=DC, 
All Other Inputs = Voo-O 2 V, 
No Clock 

output High Voltage 
(LL, •• = -0.25 mA, All Outputs) VOH 2.7 - V 

output LOW Voltage 
(IL". = 025 mA, All Outputs) VOL - 0.3 V 

Input High Voltage ADO-AD7, DS, AS, fflW, CE, V,H 2.1 Voo V 
~,CKFS,PS,OSCI 2.5 Voo 

nput Low Voltage (All Inputs) VIL VO. U.O v 
Input (;urrent All nputs ,n :1:1 /lA 
Three-state Leakage IRQ, ADO-AD7 ITSL :l:1U /lA 
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CDP6818 
BUS TIMING 

Voo = 5.0 V 
± 10% 

Voo = 3.0 V 2 TTL and 
Ident. 50 pF L.oad 130 pF Load 

Number Characteristics Symbol Min Max Min Max Unit 

1 Cycle Time tCYC 5000 - 953 dc ns 
2 Pulse Width, DS/E Low or RClWR High PWEL 1000 300 ns 
3 Pulse Width. DS/E High or m:5/~ Low PWEH 1500 - 325 - ns 
4 Input Rise and Fall Time t"t, - 100 - 30 ns 
8 R/W Hold Time tRWH 10 - 10 - ns 

13 R/W Setup Time Before DS/E tAWS 200 - 80 - ns 
14 Chip Enable Setup Time Before AS/ALE Fall tes 200 * 55 * ns 
15 l,;hlp Enable Hold Time teH 10 a ns 
18 Read Data Hold Time tOHR 10 1000 10 100 ns 
21 Write Data Hold Time tOHW 100 - a ns 
24 Muxed Address Valid Time to AS/ALE Fall tASl 200 - 50 - ns 
25 Muxed Address Hold Time tAHL 100 - 20 - ns 
26 Delay Time DS/E to AS/ALE Rise tASO 500 - 50 - ns 
27 Pulse Width, AS/ALE High PWASH 600 - 135 - ns 
28 Delay Time. AS/ALE to DS/E Rise tASED 500 - 60 - ns 
30 Peripheral Output Data Delay Time from DS/E or RD tOOR 1300 - 20 240 ns 
31 Peripheral Data Setup Time tosw 1500 - 200 - ns 

NOTE Designations E, ALE, mJ. and ~ refer to signals from alternative microprocessor signals 
*See Important Application Notice (refer to Fig 23) 

AS 

os 

A/iN 

ADO· 
AO? 

WRITE 

ADO· 
AD? 

READ 

VH1GH 

/----@. -, 
VlOW 

--:;: ~ ..... ~ 'i' 

I- @ @- .. ... 1+-0 

""" \ '2' / 3 

-. 1-0 
~ I-@ 

K 
@-
~ 

f41-
0 

\\\\\\\\ 
- .. I--@ 

@l-

lX'\ 
oL ~v 

<31-- -- ~ ® 
30 

NOTE VH1GH =Voo- 2 0 V, VLOW=o a v, for VOO=5 0 V ± 10% 

Fig. 2 - CDP6818 bus timing waveforms 
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CDP6818 
1 ... ~----------------------~(2)r----------------------~ ... 1 

ALE (Address Latch Enablel 
lAS Plnl 

RD (Read Output Enablel 
IDS Pin I 

WR IWrlte Enablel 
(R/WPlnl 

CE ICh'p Enablel 

ADO-AD7 
(Addressl Data B.;u;;:sl~ _______________ _< 

FIg 3 - Bus-read tlmmg competItor multIplexed bus. 

140.----------------~(2)~--------------------~.1 

ALE (Address Latch Enablel 
lAS Plnl 

i'ITi (Read Output Enablel 
IDS Plnl 

WR (Write Enablel 
(R/Vii Plnl 

CEIChIPE~n~a~bl~el~ __ ~~~~~~~~~~~--+_t_--------------------------_r_r.~~~~:: 

ADO-AD7 
(Address/Data~B.::u;::sl ___________ _<1 

NOTE VHIGH=VDD-20V, VLOW=OBV, forVDD=50V ±10% 

Fig. 4 - Bus-write timmg competitor multiplexed bus. 

Write Data 
Valid 
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CDP6818 
TABLE 1 - SWITCHING CHARACTERISTICS IVoo~5 Vdc ± 10%, VSs~O Vdc, TA~O° to 70'CI 

Description 

OSCillator Startup 

Reset Pulse Width 

Reset Delay Time 

Power Sense Pulse Width 

Power Sense Delay Time 

IRO Release from OS 

lAO Aelease from AESET 

VRT Bit Delay 

OS 
\ 

VLOW 

AESET 

.A. 

J VHIGH 
F 

lAO 

tlROS 

NOTE VHIGH=VOO-20V,VLOW=08V,lorVOO=50V ±1O% 

Test 
POint 

All Outputs Except OSC2 ISee Figure 101 

Fig. 5 - IRQ release delay tlmmg waveforms. 

2k 

Fig. 6 - TTL equivalent test load. 

\ 

Symbol Min Max 

tRC - 100 

(AWL 5 -
tALH 5 -
tpWL 5 -
tpLH 5 -
tlROS - 2 

tlRR - 2 

tVRTO - 2 

/-

tlRR 

VOO 

liRQ Only I 

Test POint 0-----. 

Unit 

ms 

~s 

~s 

~s 

~s 

~s 

~s 

~s 

402 k 
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CDP6818 

VDD Pin 
OV __ ---J/1--------1SS~---

.. 

CKOUT Pin ___ ~_tRC-_~s-fUUl 
Fig. 7 - Power-up tlmmg waveforms. 

VDD 

f1 
H 

VDD Pin 

OV 

PS Pin t'rn'] 

1 
~ r- tVRTD 

VRT Bit 
fl 0r 

G) The VRT bit IS set to a "1" by reading Control Register #D The VRT Sit can only be cleared by pulling 
the PS Pin low (see REGISTER D ($OD)) 

Fig. 8 - Conditions that clear VRT bit timing waveforms. 
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CDP6818 
MOTEL 

The MOTEL CIrCUit IS a new concept that permits the 
CDP6818 to be directly Interfaced with many types of micro­
processors No external logic IS needed to adapt to the differ­
ences In bus control signals from common multiplexed bus 
microprocessors 

Practically all microprocessors Interface with one of two 
synchronous bus structures 

The MOTEL CircUit IS bUilt Into peripheral and memory ICs to 
permit direct connecllOn to either type of bus An Industry 
standard bus structure IS now available The MOTEL concept 
IS shown logically In Figure 9. 

6800 
Family Type 
MPU Signals 

Competitor Type 
MPU Signals 

COP6818 
Pin Signals 

MOTEL selects one of two interpretations of two pins In the 
6805 case, DS and R/W are gated together to produce the 
Internal read enable The Internal write enable IS a similar 
gating of the Inverse of R/W With competitor buses, the inver­
Sion of AD and WR create funcllOnally Identical Internal read 
and write enable signals 

The CDP6818 automatically selects the-.£.l:ocessor type by 
uSing ASI ALE to latch the state of the DS/RD Pin Since DS IS 
always low and 11!5,S always high dUring AS and ALE, the latch 
automatically Indlcate& which processor type IS connected. 

Internal 
Signals 

AS ALE AS 

o 
LJ---+---1 C 

Q 
Competatlve Bus 

6805 
Family 

Bus 

OS, E, or </>2 OS Read Enable 

R/IN R/W Write Enable 

Fig. 9 - Functional diagram of MOTEL CirCUit 

SIGNAL DESCRIPTIONS 

The block diagram In Figure 1, shows the Pin connection 
with the major Internal functions of the CDP6818 Real-Time 
Clock plus RAM The following paragraphs describe the func­
tion of each pin 

VDD, VSS 
DC power IS provided to the part on these two pins, VOO 

being the most positive voltage. The minimum and max­
Imum voltages are listed In the Electrical Characteristics 
tables. 

OSC1, OSC2 - TIME BASE, INPUTS 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz, 1.048576 MHz. or 32.768 kHz may be con­
nected to OSC1 as shown In Figure 10 The time-base fre­
quency to be used IS chosen· In Register A. 

The on-chip oscillator is designed for a parallel 'esonant 

AT cut crystal at 4194304 MHz or 1.048576 MHz frequen­
cies The crystal connections are shown In Figure 11 and the 
crystal characteristics In Figure 12 

CKOUT - CLOCK OUT. OUTPUT 

The CKOUT pin IS an output at the time-base frequency 
divided by 1 or 4 A major use for CKOUT IS as the Input 
clock to the microprocessor; thereby saving the cost of a se­
cond crystal. The frequency of CKOUT depends upon the 
time-base frequency and the state of the CKFS pin as shown 
In Table 2 

CKFS - CLOCK OUT FREQUENCY SELECT, INPUT 

The CKOUT Pin IS an output at the time-base frequency 
divided by 1 or 4 CKFS lied to VOO causes CKOUT to be 
the same frequency as the time base at the OSC1 Pin When 
CKFS IS at VSS. CKOUT IS the OSC1 time-base frequency 
divided by four. Table 2 summarizes the effect of CKFS 
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1 V D:ptlOnal 

~ IVDD-1 OVI 

I 
I 

4 194304 MHz 
or 

1048576 MHz 
or 

32768 kHz 

, • OSC1 

3 
10peni - OSC2 

Frg 10 - External Trme-base connectIon 

r-------+---__4t-..:...j OSC1 
4194304 MHz 

or 
1048576 MHz 

or 
32768 KHz 

10 M 

Rf 

R 
3 

.... 'V"'"....---1 OSC2 

CDP6818 

300-470K' 

Cout'T 
CDP6818 

'32768 KHz - Consult manufacturers speclflcallon 

FIg 11 - Crystal oscIllator connectIon 

Crystal Equivalent CIICUII 

Ll Cl RS 

----1' C~ :Jt---2 

-3--------~ID~1 _______ 2 

'ose 4.194304 MHz. 1.048576 MHz 32.768 KHz 
Rs max 750 7000 50K 
CO max 7 pF 5 pF 1.7 pF 

Cl 0012 pF 0.008 pF 0003 pF 
Coo/C. •• 15-30 pF 15-40 pF 10-22 pF 

Q 50 k 35 k 30 k 
R - 300-470 K 
Rr 10M 10M 22M 

FIg. 12 - Crystal parameters 

CDP6818 
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CDP6818 
TABLE 2 - CLOCK OUTPUT FREQUENCIES 

Time Base Clock Frequency Clock Frequency 
(OSC1) Select Pin Output Pin 

Frequency (CKFS) (CKOUT) 

4194304 MHz High 4194304 MHz 

4194304 MHz Low 1048576 MHz 

1048576 MHz High 1048576 MHz 

1 048576 MHz Low 262 144 kHz 

32768 kHz High 32768 kHz 

32768 kHz Low 8 192 kHz 

SQW - SQUARE WAVE, OUTPUT 

The SOW pin can output a Signal one of 15 of the 22 
internal-divider stages The frequency and output enable of 
the SQW may be altered by programming Register A, as shown 
In Table 5 The SQW Signal may be turned on and off uSing a bit 
In Register B 

ADO-AD7 - MULTIPLEXED BIDIRECTIONAL 
ADDRESS/DATA BUS 

Multiplexed bus processors save pins by presenting the 
address dUring the first portion of the bus cycle and uSing the 
same pinS dUring the second portion for data Address-then­
data multiplexing does not slow the access time of the 
CDP6818 since the bus reversal from address to data IS oc­
cUrring dUring the Internal RAM access time 

The address must be valid Just prior to the fall of ASI ALE at 
which time the CDP6818 latches the address from ADO to 
AD5 Valid write data must be Rresented and held stable dUring 
the latter portion of the DS or'i7im' pulses In a read cycle, the 
CDP6818 outputs 8 bits of data dUring the latter portion of the 
DS or RD pulses, then ceases driVing the bus (returns the 
output drivers to three-state) when DS falls In this case of 
MOTEL or Ri5 rises In the other case 

AS - MULTIPLEXED ADDRESS STROBE, INPUT 

A positive gOing multiplexed address strobe pulse serves to 
demultiplex the bus The failing edge of AS or ALE causes the 
address to be latched Within the CDP6818 The automatic 
MOTEL circuitry In the CDP6818 also latches the state of the 
DS pin With the failing edge of AS or ALE 

DS - DATA STROBE OR READ, INPUT 

The DS pin has two InterpretatlE>ns'vla the MOTEL CirCUit 
When emanating from a 6800 type processor, DS IS a POSitive 
pulse during the latter portion of the bus cycle, and IS variously 
called DS (data strobe), E (enable), and rp2 (rp2 clock). DUring 
read cycles, DS Signifies the time that the RTC IS to drive the 
bidirectional bus In write cycles, the trailing edge of DS 
causes the Real-Time Clock plus RAM to latch the written 
data _ 

The second MOTEL interpretation of DS IS that of RD, 
~, or I lOR emanallng from a competitor type processor 
In this case, DS Identifies the time period when the real-tIme 
clock plus RAM drives the bus With read data This Interpreta­
liOn of DS IS also the same as an output-enable Signal on a 
tYPical memory 

The MOTEL CirCUit, Within the CDP6818, latches the state of 
the DS Pin on the failing edge of ASI ALE When the 6800 mode 
of MOTEL IS deSired DS must be low dUring ASI ALE, which IS 

the case With the CDP6805 family of multiplexed bus proces­
sors To Insure the competitor mode of MOTEL, the DS Pin 
must remain high dUring the time ASI ALE IS high 

Riw - READ/WRITE, INPUT 

The MOTEL CirCUit treats the R/W pin In one of two ways 
When a 6805 type processor IS connected, R/W IS a level 
which Indicates whether the current cycle IS a read or write A 
read cycle IS indicated With a high level on R/W while DS IS 
high, whereas a write cycle IS a lOllY-on R/W dUring DS 

The second Interpretation of R/W IS as a negative write 
pulse, WR, MEMW, and T'T"t5W from competitor type proces­
sors The MOTEL CirCUit In this mode gives R/W pin the same 
meaning as the write (W) pulse on many generic RAMs 

CE - CHIP ENABLE, INPUT 

The chip-enable (CE) Signal must be asserted (low) for a 
bus cycle In which the CDP6818 IS to be accessed CE IS not 
latched and must be stable dUring DS and AS (In the 6805 
mode of MOTEL) and dUring tID and W1i (In the competitor 
mode) Bus cycles which take place Without asserting CE 
cause no actions to take place Within the CDP6818 When CE 
IS high, the multiplexed bus output IS In a high-Impedance 
state _ 

When CE IS high, all address, data, DS, and R/W Inputs from 
the processor are disconnected Within the CDP6818 This 
permits the CDP6818 to be Isolated from a powered-down 
processor When CE IS held high, an unpowered deVice cannot 
receive power through the Input PinS from the real-time clock 
power source Battery power consumpllOn can thu~be re­
duced by uSing a pullup resistor or active clamp on CE when 
the main power IS off 

rna - INTERRUPT REQUEST, OUTPUT 

The i'RQ Pin IS an active low output of the CDP681.§.lhat may 
be used as an Interrupt input to a processor The I RQ output 
remains low as long as the status bit causing the Interrupt is 
present and the corresponding Interrupt-enable bit IS set To 
clear the IRQ plS'J~e processor program normally reads Reg-
Ister C The RE pin also clears pending Interrupts 

When no Interrupt conditions are present, the mo level IS In 
the high-Impedance state Multiple interrupting deVices may 
thus be connected to an IRO bus With one pullup at the 
processor 

RESET - RESET, INPUT 

The 'i'i'E'SIT pin does not affect the clock, calendar, or RAM 
functions On the powerup, the RESET Pin must be held low for 
the speCified time, tRLH, In order to allow the power supply to 
stabilize Figure 13 shows a tYPical representation of the 
RESET pin CIrCUit 

When ~ IS low the follOWing occurs 
a) PeriodiC Interrupt Enable (PIE) bit IS cleared to zero, 
b) Alarm Interrupt Enable (AlE) bit IS cleared to zero, 
c) Update ended Interrupt Enable (UIE) bit IS cleared to 

zero, 
d) Update ended Interrupt Flag (UF) bit IS cleared to zero, 
e) Interrupt Reque51 status Flag (IRQF) bit IS cleared to 

zero, 
f) PeriodiC Interrupt Flag (PF) bit IS cleared to zero, 
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gl Alarm Interrupt Flag (AFI bit IS cleared to zero, 
hi IRO pin IS In high-Impedance state, and 

Square Wave oUtput Enable (SOWEI bit IS cleared to 
zero 

01 02 

System __ .... ~_-I ~*--... --;C::::: 
Voo 

Battery 
Backup 

Voo 

03 10k COP6818 

Ioo05 PF VSS 

01 ~ 02~ 03~ lN4148 or Equivalent 

Note If the RTC IS Isolated from the MPU or MCU power by a 
diode drop, care must be taken to meet V1n requirements 

Fig. 13 - TYPical power-up delay CIfCUIt for RESET 

System 

VOO 

01 02 

Voo 

PS 1----.. 
CDP6818 

I 
o 005 ~F 

VSS 

01 ~ 02= lN4148 or Equivalent 

Battery 
Backup 

Fig. 14 - TYPical power-up delay CIfCUIt for POWER SENSE. 

CDP6818 
PS - POWER SENSE, INPUT 

The power-sense pin IS used in the control of the valid 
RAM and time (VRT) bit in RegisterlD. When the PS pin is low 
the VRT bit IS cleared to zero 

DUring power up, the PS pin must be externally held low for 
the specified time, tPL As power is applied the VTR bit re­
mains low indicating that the contents of the RAM, time 
registers, and calendar are not guaranteed. When normal 
operation commences PS should be permitted to go high 
after a powerup to allow the VRT bit to be set by a read of 
Register 0 Figure 14 shows a tYPical cirCUit connection for 
the power-sense pin 

. POWER-DOWN CONSIDERATIONS 

In most systems, the CDP681S must continue to keep time 
when system power IS removed. In such systems, a conver­
sion from system power to an alternate power supply, usually a 
battery, must be made DUring the tranSItion from system to 
battery power, the designer of a battery backed-up RTC sys­
tem must protect data integrity, minimize power consumption, 
and ensure hardware reliability. a 

The chip enable (CEI pin controls all bus Inputs (R/W, OS, ~ 
AS, ADO-AD71 CE, when negated, disallows any unintend-
ed modification of the RTC data by the bus. CE also reduces 
power consumption by reducing the number of transitions 
seen Internally 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SOW) pin 

DUring and after the power source converSion, the VIN 
maximum specification must never be exceeded. Failure to 
meet the VIN maximum specification can cause a virtual 
SCR to appear which may result In excessive current drain 
and destruction of the part 

ADDRESS MAP 

Figure 15 shows the address map of the CDP6818 The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes All 64 bytes are directly 
readable and writable by the processor program except RegiS­
ters C and 0 which are read only Sit 7 of Register A and the 
high order bit of the seconds byte are also read only. Sit 1, of 
the second byte, always reads "0". The contents of the four 
control and status registers are deSCribed In the Register 
section 

TIME, CALENDAR, AND ALARM LOCATIONS 

The processor program obtainS time and calendar infor­
mation by reading the appropriate locations. The program 
may Initialize the time, calendar, and alarm by Writing to 
these RAM locations The contents of the 10 time, calendar, 
and alarm byte may be either binary or binary-coded decimal 
(BCDI 
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CDP6818 
Before Inltlahzlng the Internal registers, the SET bit In 

Register B should be set to a "1" to prevent tlmel calendar 
updates from occurring The program Initializes the 10 loca­
tions In the selected format (binary or BCD), then indicates 
the format In the data mode (OM) bit 01 Register BAil 10 
time, calendar, and alarm bytes must use the same data 
mode, either binary or BCD The SET bit may now be cleared 
to allow updates Once Inltlahzed the real-time clock makes 
all updates In the selected data mode The data mode cannot 
be changed without relnltlallzlng the 10 data bytes 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations The 24/12 bit In Register B 
establishes whether the hour locations represent 1-to-12 or 

o 

13 

14 

63 

14 
BytH<, 

50 
ByleS 
User 
RAM 

$00 

00 

OE 

$3F 

O-to-23 The 24112 bit cannot be changed without relnltlahz­
Ing the hour locations. When the 12-hour format IS selected 
the high-order bit of the hours byte represents PM when It IS 
a "1" 

The time, calendar, and alarm bytes are not always ac­
cessable by the processor program Once-per-second the 10 
bytes are sWitched to the update logiC to be advanced by one 
second and to check for an alarm condition If any of the 10 
bytes are read at this time, the data outputs are undefined 
The update lockout time IS 248,.s at the 4 194304 MHz and 
1 048567 MHz time bases and 1948 ,.s for the 3276B kHz 
time base The Update Cycle section shows how to accom­
modate the update cycle In the processor program 

0 Seconds 

1 Sec Alarm 

2 Minutes 

3 Min Alarm 

4 Hours 

5 Hr Alarm 

6 Day of Wk 

7 Date of Mo 

8 Month 

9 Year 

10 Register A 

.11 Register 8 

12 Register C 

13 Register 0 

$00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

08 

OC 

$00 

Binary 
or BCD 

Contents 

FIg. 15 - Address map. 

TABLE 3 - TIME, CALENDAR, AND ALARM DATA MODES 

Address Decimal Range 
Example" 

Function Binary BCD 
Location Range Binary Data Mode BCD Data Mode 

Data Mode Data Mode 
0 Seconds 0-59 $00-$38 $00-$59 15 21 
1 Seconds Alarm 0-59 $00-$38 $00-$59 15 21 

2 Minutes 0-59 $00-$38 $00-$59 3A 58 

3 Minutes Alarm 0-59 $00-$38 $00-$59 3A 58 
Hours 

1-12 $Ol-$OC (AM) and $01-$12 IAMI and 05 05 f12 Hour Model $81-$8C fPMI $81-$92IPMI 
4 Hours 

124 Hour Model 
0-23 $00-$17 $00-$23 05 05 

Hours Alarm 
1-12 $Ol-$OC lAM I and $01-$12 IAMI and 05 05 

5 
112 Hour Model $81-$8C !PMI $81-$92 IPMI 

Hours Alarm 
0-23 $00-$17 $00-23 05 05 

124 Hour Model 

6 
Day of the Week 1-7 $01-$07 $01-$07 05 05 Sunday= 1 

7 Day of the Mo,1th 1-31 $Ol-$lF $01-$31 OF 15 

8 Month 1-12 $Ol-$OC $01-$12 02 02 

9 Year 0-99 $00-$63 $00-$99 4F 79 

"Example 55821 Thursday February 15 1979 (Time IS A M I 
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The three alarm bytes may be used In two ways. When the 
program Inserts an alarm time In the appropriate hours, 
minutes, and seconds alarm locations, the alarm Interrupt IS 
InltlatPd at the speCified time each day If the alarm enable bit 
IS high The alternate usage IS to Insert a "don't care" state In 
one or more of three alarm bytes. The" don't care" code IS 
any hexadecimal byte from CO to FF That IS, the two most­
Significant bits of each byte, when set to "1", create a "don't 
care" situation An alarm Interrupt each hour IS created with 
a "don't care" code In the hours alarm location Similarly, an 
alarm IS generated every minute with "don't care" codes In 
the hours and minutes alarm bytes. The" don't care" codes 
In al! three alarm bytes create an Interrupt every second 

STATIC CMOS RAM 

The 50 general purpose RAM bytes are not dedicated within 
the CDP6818 They can be used by the processor program, 
and are fully available dUring the update cycle 

When time and calendar Information must use battery 
back-up, very frequently there 15 other non-volatile data that 
must be retained when main power IS removed The 50 user 
RAM bytes serve the need for low-power CMOS battery­
backed storage, and extend the R AM available to the pro­
gram 

When further CMOS RAM IS needed. additional CDP6818S 
may be Included In the system The time/calendar functions 
may be disabled by holding the DVO-DV2 diViders, In Register 
A, In the reset state or by setting the SET bit In CR2 Register B 
or by removing the OSCillator Holding the diViders In reset 
prevents Interrupts or SOW output from operating while set­
ting the SET bit allows these functions to occur With the 
diViders clear. the available user RAM IS extended to 59 bytes 
Bit 7 of Register A, Registers C and O. and the high-order Bit of 
the seconds byte cannot effectively be used as general pur­
pose RAM 

INTERRUPTS 

The RTC plus RAM Includes three separate fullv automatic 
sources of Interrupts to the processor The alarm Interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day The periodiC Interrupt may be selected for 
rates from half-a-second to 30517 p'S The update-ended 
Interrupt may be used to Indicate to the program that an up­
date cycle IS completed Each of these Independent Interrupt 
conditions are desCribed In greater detail In other sections 

The processor program selects which Interrupts, If any, It 
Wishes to receive Three bits In Register B enable the three 
Interrupts Wrrtlng a "1" to a Interrupt-enable bit permits 
that Interrupt to be Initiated when the event occurs A "0" In 
the Interrupt-enable bit prohibits the I RO pin from being 
asserted due to the Interrupt cause 

If an Interrupt flag IS already set when the Interrupt 
becomes enabled, the IRO pin IS Immediately activated, 
though the interrupt Initiating the event may have occurred 
much earlier. Thus, there are cases where the program 
should clear such earlier initiated Interrupts before first 
enabling new Interrupts. 

CDP6818 
When an Interrupt event occurs a flag bit IS set to a "1" In 

Register C. Each of the three Interrupt sources have separate 
flag bits In Register C, which are set ,ndependent of the state 
of the corresponding enable bits In Register B The flag bit 
may be used With or Without enabling the corresponding 
enable bits. 

In the software scanned case, the program does not 
enable the Interrupt. The "Interrupt" flag bit becomes a 
status bit, which the software Interrogates, when it wishes. 
When the software detects that the flag is set, it IS an Indica­
tion to software that the "Interrupt" event occurred since the 
bit was last read. 

However, there IS one precaution The flag bits In Register 
C are cleared I record of the Interrupt event is erased) when 
Register C IS read. Double latching IS Included With Register 
C so the bits which are set are stable throughout the read 
cycle All bits which are high when read by the program are 
cleared, and new Interrupts Ion any bits) are held until after 
the read cycle One, two, or three flag bits may be found to 
be set when Register C IS read The program should Inspect 
all utilized flag bits every time Register C IS read to Insure 
that no Interrupts are lost 

The second flag bit usage method IS With fully enabled 
Interrupts When an Interrupt-flag bit IS set anuhe cor- III 
responding Interrupt-enable bit IS also set, the I RO pin IS ~ 
asserted low IRO IS asserted as long as at least one of the 
three Interrupt sources has ItS flag and enable bits both set. 
The IROF bit In Register C IS a "1" whenever the IRO Pin is 
being driven low 

The processor program can determine that the RTC 
Initiated the Interrupt by reading Register C A "1" In bit 7 
II ROF bit) Indicates that one or more Interrupts have been 
Initiated by the part. The act of reading Register C clears all 
the then-active flag bitS, plus the I ROF bit. When the pro­
gram finds IROF set, It should look at each of the IndiVidual 
flag bits In the same byte which have the corresponding 
Interrupt-mask bits set and service each Interrupt which IS 
set Again, more than one Interrupt-flag bit may be set. 

DIVIDER STAGES 

The CDP6818 has 22 binary-diVider stages following the 
time base as shown In Figure 1 The output of the dividers is a 1 
Hz Signal to the update-cycle logic. The dividers are controlled 
by three diVider bits (OV2, DV1, and DVO) III Register A. 

DIVIDER CONTROL 

The diVider-control bits have three uses, as shown In Table 
4 Three usable operating time bases may be selected 
14194304 MHz, 1.048576 MHz, or 32.768 kHz) The diVider 
chain may be held reset, which allows preCision setting of 
the time. When the diVider IS changed from reset to an 
operating time base, the first update cycle IS one second 
later The diVider-control bits are also used to faCilitate 
testing the CDP6818 

__________________________________________ 571 



CMOS Peripherals _________________________ _ 

CDP6818 
TABLE 4 - DIVIDER CDNFIGURATIONS 

Time-Base Divider Bits Operation DIvider Bypass First 
Frequency Register A Mode Reset N-Dlvlder Bits 

DV2 DV1 DVO 

4194304 MHz 0 0 0 Yes N~O 

1 048576 MHz 0 0 1 Yes - N~2 

32 768 kHz 0 1 0 Yes - N~7 

Any 1 1 0 No Yes -

Any 1 1 1 No Yes -

Note Other combinations of divider bits are used for test purposes only 

SQUARE-WAVE OUTPUT SELECTION 

Fifteen of the 22 divider taps are made available to a 
1-of-15 selector as shown In Figure 1 The first purpose of 
selecting a divider tap IS to generate a square-wave output 
signal on the SOW Pin Four bits In Register A establish the 
square-wave frequency as listed In Table 5 The SOW fre­
quency selection shares the 1-of-15 selector With periodic 
Interrupts 

Once the frequency IS selected, the output of the SOW pin 
may be turned on and off under program control With the 
square-wave enable (SOWE) bit In Register B Altering the 
diVider, square-wave output selection bitS, or the SOW 
output-enable bit may generate an asymetrlcal waveform at 
the time of execution The square-wave output pin has a 
number of potential uses For example, It can serve as a fre­
quency standard for external use, a frequency syntheSizer, or 
could be used to generate one or more audiO tones under 
program control 

PERIODIC INTERRUPT SELECTION 

The periodiC Interrupt allows the I RO pin to be triggered 
from once every 500 ms to once every 30517 /lS The 
periodiC Interrupt IS separate from the alarm Interrupt which 
may be output from once-per-second to once-per-day 

Table 5 shows that the periodiC Interrupt rate IS selected 
With the same Register A bits which select the square-wave 
frequency Changing one also changes the other But each 
function may be separately enabled so that a program could 
sWitch between the two features or use both The SOW pin 
IS enabled by the SOWE bit. Similarly the periodiC Interrupt IS 
enabled by the PIE bit In Register B 

PeriodiC Interrupt IS usable by practically all real-time 
systems It can be used to scan for all forms of Inputs from 
contact closures to serial receive bits on bytes It can be used 
In multiplexing displays or With software counters to 
measure Inputs, create output Intervals, or await the next 
needed software function 

TABLE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 

4.194304 or 1.048576 MHz 32.768 kHz 

Rate Select 
Time Base Time Base 

Control Register A 
PeriodiC PeriodiC 

RS3 RS2 RS1 RSO 
Interrupt Rate SQW Output Interrupt Rate SQW Output 

tPI Frequency tpi Frequency 

0 0 0 0 None None None None 

0 0 0 1 305171's 32768 kHz 390625 ms 256 Hz 

0 0 1 0 61 0351's 16384 kHz 78125 ms 128 Hz 

0 0 1 1 122070.s 8 192 kHz 122070.s 8 192 kHz 

0 1 0 0 244 1411'S 4096 kHz 244 141 .s 4096 kHz 

0 1 0 1 468 2811's 2048kHz 468 2811's 2048kHz 

0 1 1 0 9765621's 1 024 kHz 9765621's 1 024 kHz 
0 1 1 1 1 953125 ms 512 Hz 1 953125 ms 512 Hz 

1 0 0 0 390625 ms 256 Hz 390625 ms 256 Hz 

1 0 0 1 78125 ms 128 Hz 78125 ms 128 Hz 

1 0 1 0 15625 ms 64 Hz 15625ms 64 Hz 
1 0 1 1 3125 ms 32 Hz 3125 ms 32 Hz 
1 1 0 0 625 ms 16 Hz 625 ms 16 Hz 
1 1 0 1 125 ms 8 Hz 125 ms 8 Hz 
1 1 1 0 250 ms 4 Hz 250 ms 4 Hz 
1 1 1 1 500 ms 2 Hz 500 ms 2 Hz 
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UPDATE CYCLE 
The CDP6818 executes an update cycle once-per­

second, assuming one of the proper time bases IS In place, 
the divider IS not clear, and the SET bit In Register B IS clear 
The SET bit In the" 1" state permits the program to initialize 
the time and calendar bytes by stopping an eXisting update 
and preventing a new one from occurring . 

The primary function of the update cycle IS to Increment 
the seconds byte, check for overflow, Increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte The update cycle also compares each 
alarm byte with the corresponding time byte and Issues an 
alarm If a match or If a "don't care" code I11XXXXXXI IS 
present In all three positions 

With a 4194304 MHz or 1 048576 MHz time base the up­
date cycle takes 248 p,s while a 32 768 kHz time base update 
cycle takes 1984 p,s DUring the update cycle, the time, calen­
dar, and alarm bytes are not accessable by the processor 
program The CDP6818 protects the program from reading 
transitional data ThiS protection IS proVided by SWitching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus dUring the entire update cycle If the 
processor reads these RAM locations before the update IS 
complete the output will be undefined The update In pro­
gress IUIPI status bit IS set dUring the Interval 

A program which randomly accesses the time and date in­
formation finds data unavailable statistically once every 4032 
attempts Three methods of accommodating nonavallability 
dUring update are usable by the program In diSCUSSing the 
three methods It IS assumed that at random POints user pro­
grams are able to call a subroutine to obtain the time of day 

The first method of aVOiding the update cycle uses the 
update-ended Interrupt If enabled, an Interrupt occurs after 
every update cycle which indicates that over 999 ms are 
available to read valid time and date Information DUring thiS 
time a display could be updated or the information could be 
transfered to continuously available RAM Before leaVing the 
Interrupt service routine, the IROF bit In Register e should be 
cleared 

The second method uses the update-In-progress bit IUIPI 
In Register A to determine If the update cycle IS In progress 
or not The UIP bit Will pulse once-per-second Statistically, 
the U I P bit Will indicate that time and date information IS 
unavailable once every 2032 attempts After the UIP bit goes 
high, the update cycle beginS 244 p,S later Therefore, If a low 
IS read on the UIP bit, the user has at least 244 p,s before the 
time/calendar data Will be changed If a "1" IS read In the 
UIP bit, the time/calendar data may not be valid The user 
should aVOid Interrupt serVice routines that would cause the 

CDP6818 
time needed to read valid time/ calendar data to exceed 
244 p,s 

The third method uses a periodiC Interrupt to determine if 
an update cycle IS In progress The UI P bit In Register A is set 
high between the setting of the PF bit on Register C (see 
Figure 16). PeriodiC Interrupts that occur at intervals greater 
thim tBue + tue allow valid time and date Information to be 
read at each occurrence of the periodiC Interrupt. The reads 
should be completed Within ITpl +2) + tBue to Insure that 
data IS not read dUring the update cycle To properly set the 
Internal counters for Daylight Savings Time operation, the 
user must set the time at least two seconds before the 
rollover Will occur likeWise, the time must be set at least two 
seconds before the end of the 29th or 30th day of the month. 

REGISTERS 
The CDP6818 has four registers which are accessible to the 

processor program. The four registers are also fully accessible 
dUring the update cycle 

REGISTER A ($OA) 

,:.::.:=r--,----r-.....,--.----r---.,.=~ Read/Write 
Register 

except UIP 

UIP - The update In progress IUIP) bit IS a status flag that 
may be monitored by the program When UIP IS a "1" the 
update cycle IS In progress or Will soon begin. When UIP is a 
"0" the update cycle IS not In progress and Will not be for at 
least 244 p,S Ifor all time bases). ThiS IS detailed In Table 6. 
The time, calendar, and alarm Information In RAM IS fully 
available to the program when the UIP bit IS zero - It is not 
In transition The UIP bit IS a read-only bit, and IS not af­
fected by Reset Writing the SET bit in Register B to a "1" 
Inhibits any update cycle and then clears the UIP status bit. 

TABLE 6 - UPDATE CYCLE TIMES 

Time Base Update Cycle Time 
Minimum Time 

UIP Bit Before Update 
IOSCll ItUCI Cycle (lBUCI 

1 4 194304 MHz 248~s -
1 1048576 MHz 248 ~s -

1 32768 kHz 1964 ~s -
0 4194304 MHz - 244 ~s 
0 1048576 MHz - 244 ~s 
0 32768 kHz - 244 ,.s 

UIP bit In r;-, 
:::':',,' -----------------t-BU-C--J~{rnmnL.--t-uc--------

Register C I __ 

~IPI+2 --J 
PF bit In f<l-L-____ tP

_' __ - -:_ -_ -_-_-C~:~ f+- tPI +2 ~IJJWIL ___ _ 
Register C ~ _ _ ! '111111 

tpi = PeriodiC Interrupt Time Interval (500 ms. 250 ms. 125 ms, 625 ms etc per Table 5) 
tuc = Update Cycle Time 1248 ~s or 1964 ~sl 
tBUC = Delay Time Before Update Cycle 1244 ~s) 

Fig. 16 - Update-ended and periodiC interrupt relationships. 
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CDP6818 
OV2, OV1, OVO - Three bits are used to permit the pro­

gram to select various conditions of the 22-stage divider 
chain. The divider selection bits Identify which of the three 
time-base frequenCies IS In use Table 4 shows that time 
bases of 4 194304 MHz, 1 048576 MHz, and 32768 kHz may 
be used The divider selection tHtS are also used to reset the 
divider chain When the tlme/ calendar IS first initialized, the 
program may start the divider at the precise time stored In 
the RAM When the divider reset IS removed the first update 
cycle begins one-half second later These three read/write 
bits are not affected by RESET 

RS3, RS2, RS1, RSO - The four rate selection bits select 
one of 15 taps on the 22-stage divider, or disable the divider 
output The tape selected may be used to generate an output 
square wave I SOW Pin) and/ or a periodic Interrupt The pro­
gram may do one of the following. 1) enable the Interrupt 
With the PIE bit, 2) enable the SOW output pin With the 
SOWE bit, 3) enable both at the same time at the same rate, 
or 4) enable neither Table 5 lists the periodiC Interrupt rates 
and the square-wave frequencies that may be chosen With 
the RS bits These four bits are read/Write bits which are not 
affected by RESET 

REGISTER B ($OB) 

Read/Write 

Register 

SET - When the SET bit IS a "0", the update cycle func­
tions normally by advancing the counts once-per-second 
When the SET bit IS written to a "1", any update cycle In 
progress IS aborted and the program may initialize the time 
and calendar bytes Without an update occurring In the midst 
of initializing. SET IS read/write bit which IS not modified 
but RESET or Internal functions of the CDP6818 

PIE - The periodiC Interrupt enable (PIE) bit IS a read/ 
write bit which allows the periodiC-interrupt flag (PF) bit In 
Register C to cause the rm::i Pin to be driven low A program 
writes a "1" to the PIE bit In order to receive periodiC Inter­
rupts at the rate specified by the RS3, RS2, RS1, and RSO bits 
In Register A A zero In PIE blocks rm::i from being Initiated by 
a periodiC Interrupt, but the periodiC flag (PF) bit IS still set at 
the periodiC rate PIE IS not modified by an~ Internal CDP6818 
functions, but IS cleared to "0" by a RE ET 

AlE - The alarm Interrupt enable IAIEI bit IS a read/write 
bit which when set to a "1" permits the alarm flag IAFI to 
assert IRO. An alarm Interrupt occurs for each second that 
the three time bytes equal the three alarm bytes Ilncludlng a 
"don't care" alarm code of binary l1XXXXXXI. When the 
AlE bit IS a "0", the AF bit does not Initiate an IRO signal 
The RESET pin clears AlE to "0". The Internal functions do 
not affect the AI E bit 

UIE - The UIE lupdate-ended Interrupt enablel bit IS a 
read/write bit which enables the update-end flage IUFI bit to 
assert IRO The RESET pin gOing low or the SET bit gOing 
high clears the UIE bit 

SOWE - When the square-wave enable ISOWE) bit IS set 
to a "1" by the program, a square-wave signal at the fre-

quency specified In the rate selection bits IRS3 to RSOI ap­
pears on the SOW pin. When the SOWE bit IS set to a zero 
the SOW pin IS held low. The state of SOWE IS cleared by 
the RESET pin. SOWE IS a read/write bit 

OM - The data mode IOMI bit Indicates whether time 
and calendar updates are to use binary or BCD formats The 
DM bit IS written by the processor program and may be read 
by the program, but IS not modified by any Internal functions 
or RESET A "1" In DM signifies binary data, while a "0" In 
DM specifies blnary-coded-declmal I BCD) data 

24/12 - The 24/12 control bit establishes the format of 
the hours bytes as either the 24-hour mode la "1"1 or the 
12-hour mode la "0"1 This IS a read/Write bit, which IS af­
fected only by the software 

OSE - The daylight savings enable IDSE) bit IS a 
read/Write bit which allows the program to enable two 
speCial updates (when DSE IS a "1"1 On the last Sunday In 
April the time Increments from 1 5959 AM to 3 00'00 AM 
On the last Sunday In October when the time first reaches 
1 59 59 AM It changes to 1 0000 AM These speCial updates 
do not occur when the DSE bit IS a "0" DSE IS not changed 
by any Internal operations or ~ 

REGISTER C I$OCI 

rM-:-:;S,-B-,-=~-;-;:__r__;_-;-r;-;;--,--;:-,--;:-;,-L_;:_S;;lB R ead-O n Iy 
Register 

IROF - The Interrupt request flag IIROFI IS set to a "1" 
when one or more of the follOWing are true 

PF= PIE= "1" 

AF=AIE="l" 

UF=UIE="l" 

Ie, IROF= PF.PIE+ AF.AIE+ UF·UIE 

Any time the IROF bit IS a "1", the IRO pin IS driven low 
All flag bits are cleared after Register C IS read by the pro­
gram or when the RESET pin IS low 

PF - The periodiC Interrupt flag IPFI IS a read-only bit 
which IS set to a "1" when a particular edge IS detected on 
the selected tap of the diVider chain The RS3 to RSO bits 
establish the periodiC rate PF IS set to a "1" Independent of 
the state of the PIE bit PF being a "1" initiates an IRO signal 
and sets the IROF bit when PIE IS also a "1 ., The PF bit IS 
cleared by a RESET or a software read of Register C 

AF - A "1" In the AF lalarm Interrupt flag) bit Indicates 
that the current time has matched the alarm time. A "1" In 
the AF causes the IRO pin to go low, and a "1" to appear In 
the IROF bit, when the AlE bit also IS a "1 " A RESET or a 
read of Register C clears AF 

UF - The update-ended Interrupt flag IUF) bit IS set after 
each update cycle. When the UIE bit IS a "1", the "1" In UF 
causes the IROF bit to be a "1", asserting IRO. UF IS cleared 
by a Register C read or a RESET. 

b3 TO bO - The unused bits of Status Register 1 are read 
as "O's" They can not be written. 
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REGISTER 0 1$001 
MSB LSB 

1 Vb:T 1 bo6 1 b5 1 :4 1 :31 b02 1 b01 1 :0 1 Read Only 

Register 

VRT - The valid RAM and time IVRTI bit ,nd,cates the 
condition of the contents of the RAM, provided the power 
sense (PSI pin IS satisfactorily connected A "0" appears In 
the VRT bit when the power-sense pin IS low. The processor 
program Can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are valid. The 
VRT IS a read/only bit which IS not modified by the RESET 
Pin The VRT bit can only be set by reading Register 0 

b6 TO bO - The remaining bits of Register 0 are unused 
They cannot be Written, but are always read as "D's" 

A 

K8 AddresslData Multiplexed 

'" Address Strobe 

Data Strobe lEI 

CDP6805E2 
Read/Wnte IR/WI 

Interrupt Request IIROI 

8/5 Address 

4 U 
I 
I Address 
I Decode" 

I 

I 

i '-I 
I 

I 

I 
RESET 

+ 
CE 

RESET 

CDP6818 
TYPICAL INTERFACING 

The CDP6818 IS best SUited for use with microprocessor,; 
which generate an address-then-data multiplexed bus. Fig­
ures 17 and 18 show typical Interfaces to bus-compatible 
processors These interfaces assume that the address decod­
Ing can be done qUickly. However, if standard metal-gate 
CMOS gates are used the cr setup time may be violated. 
Figure 19 Illustrates an alternative method of chip selection 
which Will accommodate such slower decoding, 

The CDP6818 can be Interfaced to single-chip microcom­
puters (MCU) by using eleven port lines as shown in Figure 20. 
Non-multiplexed bus microprocessors can be interfaced with 
additional support 

·v 
IRO R/W OS AS ADO-AD7 

CDP6818 

" 8 .. 

" 8/5 
If' 

~4194 
W MHZ 

Other 
Peripherals 

and 
Memory 

304 
ITypl 

CKOUT CKFS SOW 
I 

___ J t ! I 
I 
'-- -----------

'OMOS decoder 

Fig. 17 - CDP6818 Interfaced to CDP6805E2 compatible multiplexed bus microprocessors. 
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CDP6818 
A 

<; Address/ Data 

8085 Address Latch Enable IALEI 

Read IRI 
NSC800 

Wn!e (W) 

80CSl Interrupt Request 

MPU 

8/4 Address 

4 U 
I 
I Address 

I Decode 

I 
I 
I --L I 
I 

RESET 

I 
I 
I 
I 
'-- -----------

1 

8085 ~ 9 
Only 

~ 

+ 
~ ,....... 

CE IRO R/W DS 

RESET 

CDP6818 

CKOUT CKFS 

___ J I 

AS 

8 
v 

f---------

Other 
Peripherals 

and Memory 

V 
ADO-AD7 

SOW 

! 

'" 8/4 

v 

l419 

3 MHZ 

4304 
ITypl 

Fig. 18 - CDP6818 Interfaced to competitor compatible multiplexed bus microprocessors 

-
Interrupt Request ItROI 

Read/Write IR/WI 

Address Strobe lAS I 

Data Strobe IDSI 

CDP6805E2 T " 5 Non-Multiplexed Address 5-7 Non-multiplexed address 

... I I I ~ K 8 Multiplexed Address/ Data 

OSCI ~ V l DS 
" 

I A12 

I 
I Address 

I Decode j ~V' V 
I DS CE AS R/W IRO ADO-AD7 

I r Il I 419 
CDP6818 II I RESET 

I CKOUT CKFS SOW 
I 

! 1 ! I 
I 
~ 

ThIS lliustrates the use of CMOS gating for address decoding 

Fig. 19 - CDP6818 Interface to CDP6805E2 CMOS multiplexed microprocessor with slow address decoding 

4304 MHz 
Typl I 
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CDP68t8 

Addressl Data 8 ADO-AD7 

CDP6805 
3870 
8021 
S2000 

Address Strobe 
t------------I AS 

Read 
t------------t DS 

Wnte 
t------------~~R/W 

Port 
Lines 

Vss 

L _______ _ 

saw 

I 
I 
I 
I 
I 
I 
I 
I , 
I , 

_ __ .J 

Frg. 20 - CDP6818 rnterfaced wrth the ports of a tYPical srngle-chlp microcomputer. 

CDP6818 

There IS one method of uSing the multiplexed bus CDP6818 
with non-multiplexed bus processors The Interface uses 
available bus control signals to multiplex the address and data 
bus together 

should be entered with the registers containing the following 
data 

An example uSing either the 6800, 6802, 6808, or 6809 
microprocessor IS shown In Figure 21 

Figure 22 Illustrates the subroutines which may be used for 
data transfers In a non-multiplexed system The subroutines 

Accumulator A' The address of the RTC to be accessed. 
Accumulator B Write The data to be written 

Read. The data read from the RTC 
The RTC IS mapped to two consecutive memory locations 
RTC and RTC + 1 as shown In Figure 21 

ACTIVE HIGH CHIP SELECT -------, 

6800 
6802 

EI-_---r ___ 
AOI-+--.--LJ 

6~~8 R/WI-+-.... ---1 
6809 

os 

COP68t8 

AS 

~--------1R/W 

00-07 AOO-AD7 

92CS-37724 

Fig. 21 - CDP6818 interfaced with Motorola type processors 
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CDP6818 

READ 

WRITE 

FIGURE 22 - SUBROUTINE FOR READING AND WRITING 
THE CDP6818 WITH A NON-MULTIPLEXED BUS 

STA RTC 
LDAB RTC+1 
RTS 

Generate AS and Latch Data from ACCA 
Generate OS and Get Data 

STA RTC Generate AS and Latch Data from ACCA 
STAB RTC+1 Generate OS and Store Data 
RTS 

IMPORTANT APPLICATION NOTICE 
The CDP6818 with a bottom brand code of 6RR reqUIres a 

synchronization of the IT pin with address strobe The follow­
Ing CirCUit will satisfy that condition and also shows a tYPical 

application of power down circUitry If CE is grounded at all 
times (no power down reqUIred) the follOWing CirCUit need not 
be used 

COPS818 
4 

ADO ADO 

AOI 
5 

ADI +5V 

AD2 
6 

AD2 

AD3 
7 

MBD701 AD3 
(SCHOTTKY) * A04 8 A04 

BBV ADS 9 ADS 

IN414B 
ADS 10 ADS 

(S.) AD7 II AD7 

AS 14 AS 

+ E 17 OS 

1 R/W 15 R/ii 

13 CE 

IM>-..,...-=-r~ 

1M 

39. 20. 
+12 V(>BBVI o--"Wv-~-""""'V\"""" 

@ 
(SEE NOTE 2) 

470. 32.7SBkHz 
OSC21-"'---<P-'VIJ'V-..... ---, 

STATEK 
CXIV OR 
EQUIVALENT 

OSCI~~~--~--, 
~IOPF 

Voo 

PS 22 

RESET IB 
SOpF 

~ 

NOTES 

1 All unused Inputs of the CD74HC373 must be grounded 

2 If pOint ® equals 12 V pOint ® should be equal to 406 V 

If pOint ® equals 10 V pOint ® should be equal 

to 338 V With © set for 3 18 V 

'Battery Backup Voltage 

(SEE NOTE 1) 

92CM-37725 

Fig 23 - TYPical ApplicatIOn CirCUit 
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Advance Information CDP6818A 
TERMINAL ASSIGNMENT 
MOT 24 Voo 

OSCI 23 sew CMOS Real-Time Clock Plus RAM 
OSC2 22 PS 

ADO 21 CKour" Features: 
ADI 20 C KFS 

19 TAo 
• Low-power, high-speed CMOS 

AD2 

'R"E"SE'T 
• Internal time base and oscillator 

AD3 7 18 

17 os 
• Counts seconds, minutes, and hours of the day 

AD4 8 
AD5 9 16 STBY 

• Counts days of the week, date, month, and year 
• 3 V to 6 V operation 

AD6 10 '5 R/W 

AD7 " '4 AS 
• Time base input options: 4.194304 MHz, 1.048576 MHz, or 32.768 kHz 

VSS '2 '3 cs • Time base oscillator for parallel resonant crystals 

92C5-42690 
• 40 to 200 pW typical operating power at low frequency time base 

24-Lead Dual-In-Llne Package 
• 4.0 to 20 mW typical operating power at high frequency time base 

The COP6818A Real-Time Clock plus RAM is a peripheral 
device which includes the unique MOTEL concept for use 
with various microprocessors, microcomputers, and larger 
computers. This part combines three unique features: a 
complete time-of-day clock with alarm and one hundred 
year calendar, a programmable periodic interrupt and 
square-wave generator, and 50 bytes of low-power static 
RAM. The COP6818A uses high-speed CMOS technology 
to interface with 1 MHz processor buses, while consuming 
very little power. 

The Real-Time Clock plus RAM has two distinct uses. First, 
it is designed as a battery powered CMOS part (in an 
otherwise NMOS/TTL system) including all the common 
battery backed-up functions such as RAM, time, and 
calendar. Secondly, the COP6818A may be used with a 
CMOS microprocessor to relieve the software of the 
timekeeping workload and to extend the available RAM of 
an MPU such as the C0P6805E2. 

ADO 

AD. 

AD2 

AD3 

AD4 

AD5 

N/C 

T£RMINAL ASSIGNMENT 

'0 

" 

c ;t 
Co u> 
> u> .. 

4 3 2 1 28 27 26 

PIN'~ 
25 

24 

23 

22 

TOPVIEW 21 

20 

'9 
,2 13 14 '5 16 17 18 

.. ~ 
... 

!ll~ ~ C C u> 

" z " " Z 

CKOUT 

CKFS 

IRQ 

RESET 

OS 

ST BY 

R/ii 

92CS-42691 

28-Lead Plastic Chip-Carrier Package 
(Q Suffix) 

• Binary or BCD representation of time, calendar, and 
alarm 

• 12- or 24-hour clock with AM and PM in 12-hour mode 
• Daylight savings time option 
• Automatic end of month recognition 
• Automatic leap year compensation 
• Microprocessor bus compatible 
• Selectable between Motorola and competitor bus timing 
• Multiplexed bus for pin efficiency 
• Interfaced with software as 64 RAM locations 
• 14 bytes of clock and control registers 
• 50 bytes of general purpose RAM 
• Status bit indicates data integrity 
• Bus compatible interrupt Signals (IRQ) 
• Three interrupts are separately software maskable and 

testable 
Time-of-day alarm, Once-per-second to 

Once-per-day 
Periodic rates from 30.5 ps to 500 ms 
End-of-clock update cycle 

• Programmable square-wave output signal 
• Clock output may be used as microprocessor clock input 

at time base frequency +1 or +4 

The COP6818A is supplied in a 24-lead dual-in-line plastic 
package (E suffix). in a 24-lead dual-in-line side-brazed 
ceramic package (0 suffix) and in a 28-lead plastic chip 
carrier package (Q suffix). 

File Number 2041 
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CDP6818A 

USC I 

OSC2 

VDD-

Vss-

Bus 
Interface 

Clock! 
Calendar 
Update 

BCD' 
Binary 

Irlcrement 

Registers A, B, C, D 
14 Bytesl 

Clock, Alarm, 
Calendar RAM 

! 10 Bvtesl 

User RAM 
150 Bvtes! 

CKOUT 

CKFS 

sow 

Fig, 1 - Block diagram, 
92C$-42692 

MAXIMUM RATINGS (Voltages referenced to Vss) 

SUPPL Y VOLTAGE, Voo "",","""""",',',""""""""""""''''''''''''''''''''''',',''',''',,,.,'''''' ,{),3 to +8,0 V 
ALL INPUT VOLTAGE, V,N """""""""""'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' V •• ,{),5 to Voo +0,5 V 
CURRENT DRAIN PER PIN EXCLUDING Voo and V •• , I """"""""""""""'"'''''''''''''''''''''',,:,''''''''''''' ,10 rnA 
OPERATING TEMPERATURE RANGE, TA = Te to TH 

CDP6818A "","""',",,',","",',""""",""""'",'''''','''''''''''''''''''''''',',''''''',,''''''''''' ,,0 to 70'C 
CDP6818AC"""""""""",,,,,,,,,,,.,.,,,,,,,,,,,,,.,,,.,,,,,,,,,,,,,,,.,,,,,, ... ,,.,, .. , .. ,,, .. ,,.,,,,,,.,, .-40 to 85'C 

STORAGE TEMPERATURE RANGE, T.", ... " . , , , " .... , " . " .. " .. , , " , .. , , , , , , . , , .. , . , " .. , , , ... " .. , , , " .. " .. , '" -55 to +150'C 

THERMAL CHARACTERISTICS 

THERMAL RESISTANCE, IJJA 
Plastic (E Suffix) ... , , , """"""""""""""'" " .... '" .. ," " .. "''''''',.".", .. ''''',.,''" ... " .. ,,, .. ,'.,, 120'C/W 
Ceramic (D Suffix) .. " ,. """"" "" ,.," .. , .. , ... ," " .... " .... ".,,,.",, .. ,,''''''' .. ,, .. ,, .... ,,,',, .. ,,,,.,,,, .. 50'C/W 
Chip-Carrier (Q Suffix)' "" ,.," "'"'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' " .. """ .. " .. ",,. 8O'C/w 

, Printed-circuit board mount: 57 mm x 57 mm minimum area x 1,6 mm thick G10 epoxy glass, or equivalent. 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electrical fields; 
however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high-impedance circuit. For proper 

operation it is recommended that V'N and VOUT be 
constrained to the range Vss :S (V'N or VOUT) :S Voe. 
Reliability of operation is enhanced if unused inputs are tied 
to an appropriate logic voltage level (e.g., eitherVss orVee). 
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CDP6818A 
DC ELECTRICAL CHARACTERISTICS (Voo = 3 Vdc, v •• = 0 Vdc, T. = TL to TH UnlelS Otherwise Noted) 

CHARACTERISTIC 
LIMITS 

UNITS 
MIN. MAX. 

Frequency 01 Operation loec 32.768 32.768 kHz 
Output Voltage VOL - 0.1 

V 
IL ••• < 10JJA VOH Voo-O.l -

100 - Bus Idle 1003 

CKOUT = I .. c, CL = 15 pF; saw Disabled, STBY = 0.2 V; CL (OSC2) = 10 pF - 50 pA 
I .. c = 32.768 kHz 

100 - auiescent 10D< 
50 pA 

I .. c = DC' OSCl = DC; All Other Inputs = Voo-0.2 V; No Clock 
-

Output High Voltage VOH 
2.7 V 

ilL ••• = -0.25 rnA All Outputs) 
-

Output Low Voltage VOL - 0.3 V 
(ILO •• = 0.25 rnA All Outputs) 

Input High Voltage V,H 
STBY, ADO-AD7, OS, AS, RIW, CS 2.1 Voo 
RESET,CKFS, PS, OSCl 2.5 Voo V 
MOT Voo Voo 

Input Low Voltage V,L 
STBY, ADO-AD7, OS, AS, R/W, CS, CKFS, PS, RESET, OSCl Vss 0.5 

V 
MOT Vss Vss 

Input Current lin 
AS, OS, R/W - ±10 

pA 
MOT, OSCl CE STBY RESET, CKFS, PS - ±1 

Three-State Leakage hSL 
IRa ADO-AD7 - ±10 JJA 

DC ELECTRICAL CHARACTERISTICS (Voo = 5 Vdc ± 10%, Vss = 0 Vdc; TA = TL to TH Unless Otherwise Noted) 

CHARACTERISTIC 
LIMITS 

UNITS 
MIN. MAX, 

Frequency 01 Operation foac 32.768 4194.304 kHz 
Output Voltage VOL - 0.1 

V 
IL ... < 10 JJA VOH Voo-O.l -

100 - Bus Idle (External Clock) 
CKOUT = I .. c, CL = 15 pF; saw Disabled, STBY = 0.2 V; CL (OSC2) = 10 pF 
loac = 4.194304 MHz 1001 - 3 rnA 
looc = 1.048516 MHz 1002 - 800 pA 
loao = 32.768 kHz 1003 - 50 JJA 

100 - auiescent 100. 
50 pA 

looc = DC; OSCl = DC; All Other Inputs = Voo-0.2 V; No Clock 
-

Output High Voltage VOH 
(ILO •• = -1.6 rnA, ADO-AD7, CKOUT) 

4.1 - V 
(IL ... = -1.0 rnA, SaW) 

Output Low Voltage VOL 
(ILO •• = 1.5 rnA, ADO-AD7, CKOUT) - 0.4 V 
(ILo •• = 1.0 rnA, IRa and SaW) 

Input High Voltage V,H 
STBY, CFKS, ADO-AD7, OS, AS, R/W, CS, PS Voo-2.0 Voo 
RESET Voo-0.8 Voo 

V 
OSCl Voo-LO Voo 
MOT Voo Voo 

Input Low Voltage V,L 
CKFS, PS, RESET, STBY, ADO-AD7, OS, AS, R/W, cs. OSCl Vs. 0.8 

V 
MOT Vss Vss 

Input Current I'n 
AS, OS, R/W - ±10 

pA 
MOT,OSCl CE, STBY, RESET, CKFS PS - ±1 

Three-State Leakage hSL 
IRa ADO-AD7 - ±10 p}. 
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CDP6818A 
BUS TIMING 

~-

Voo = 3.0 V Voo = 5.0V ± 10% 
IDENT. 

CHARACTERISTIC 
50 pF LOAD 1 TTL. 130 pF LOAD 

NO. 
MIN. MAX. MIN. MAX. 

1 GycleTime te,e 5000 - 953 dc 
2 Pulse Width. DS/E Low or R'iSiwR Hioh PWEL 1000 - 300 -
3 Pulse Width. DS/E High or RD/WR Low PWEH 1500 - 325 -
4 Input Rise and Fall Time t, tf - 100 - 30 
8 R/W Hold Time tRWH 10 - 10 -
13 RiWSetup Time Before DS/E tRWS 200 - 80 -
14 ChiP. Select Setup Time Before OS. WR. or RD tcs 200 - 25 -
15 Chip Select Hold Time tCH 10 - 0 -
18 Read Data Hold Time tOHR 10 1000 10 100 
21 Write Data Hold Time tOHW 100 - 0 -
24 Muxed Address Valid Time to AS/ALE Fall tASL 200 - 50 -
25 Muxed Address Hold Time tAHL 100 - 20 -
26 Delav Time DS/E to AS/ALE Rise tASO 500 - 50 -
27 Pulse Width. AS/ALE Hioh PWASH 600 - 135 -
28 Delay Time. AS/ALE to DS/E Rise IASEO 500 - 60 -
30 Peripheral Output Data Delay Time from tOOR 1300 20 240 

DS/E or AD -
31 Peripheral Data Setup Time tosw 1500 - 200 -
32 STBY Setup Time Before AS/ALE Rise tass 20 - 20 -

....2L STBY Hold Time After AS/ALE Fall tSSH 100 - 50 -
NOTE: Designations E. ALE. RD. and WR Refer to signals from alternative microprocessor signals. 

AS 

DS 

ADO· 
AD? 

WRITE 

ADO­
AD? 

READ 

VHIGH 

rt0~ !\ vLOW 

--:::;: 4 -+ 
~0 

~ -~ 
1 

-, ... ® ® 
2 I 

-- -0 
I->- .-'-0) 

~ 

~ .r-

\\ \ \ \ \ \ \1\ 

\\ 1\\\\ 
-r-- f-. ~ ®t: 

if lX vxxv \ 

®-~- 0 
c--. 

I 

--- ~ 
cr ... 

-® ry. 

~ ~f,@ 

~ 

=~ ~ --=- 15 

jllill 
'3" -®--

m 
6 ....-.0 

111 ~ .. r-e 

Note VHIGH=VDD~20V. VLOW=08V. forVDD=50V ±10% for outputs only 
VHIGH=2 a V. VLOW=O 5 V for VDD=3 0 V for outputs only . 9208-42693 

UNITS 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 
ns 
ns 
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ALE (Address Latch Enablel 
lAS Pin I 

RD IRead Output Enablel 
IDS P,nl 

WR (Write Enable) 
IR/W Pin I 

ES (Chip Selectl 

ADO·AD7 
(Address/ Data 8usl 

ALE IAddress Latch Enablel 
lAS P,nl 

AD IRead Output Enablel 
IDS P,nl 

WR (Write Enable) 
IR/W P,nl 

CS (Chip Selectl 

ADOAD7 

Fig. 3 - Bus read timing competitor multiplexed bus. 

------.;;r-

~---~H--(33)--+---..... 1 

IAddress/Data 8usl ____________ -<1 

Note VHIGH = VDD - 20 V. VLOW= 08 V. for VDD= 50 V ± 10% for outputs only 
VHIGH=20 V. VLOW=O 5 V, for VDD=3 0 V for outputs only 

Fig. 4 - Bus write timing competitor multiplexed bus. 

CDP6818A 

Write Data 
Valid 

92CS-42694 

92CS-42695 
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CDP6818A 
TABLE 1 - SWITCHING CHARACTERISTICS (Vss = 0 Vdc, T. = TL to T H) 

Voo = 3.0 Vdc 
CHARACTERISTIC 

MIN. 

Oscillator Startup tAC -

Reset Pulse Width tAWL 25 

Reset Delay Time tALH 25 

Power Sense Pulse Width t.WL 25 

Power Sense Delay Time tPLH 25 

lAO Release from OS t'AOS -

IRQ Release from RESET tlAR -

VRT Bit Delay tVRTD -

os 
\ 

VLOW 

RESET 

.04. 

) VHIGH " IRO 

tlROS 

NOTE VHIGH=VOO-20V, VLOW=08V, forVOO=50V ±1O% 

Test 
POint 

130 pF 

All Outputs Except OSC2 I See Figure 101 

Fig, 5 - IRQ release delay, 

2 k 

Fig, 6 - TTL equivalent test load, 

MAX. 

300 

-
-
-
-
10 

10 

10 

~ 

Voo = 5.0 Vdc ± 10% 
UNITS 

MIN. MAX. 

- 100 ms 

5 - p.s 

5 - p.s 

5 - p.s 

5 - p.s 

- 2 p.s 

- 2 p.s 

- 2 p.s 

.J 

'IRR 

92CS-42696 

VOD 

liRO Only) 402 k 

Test POint 0-----. 

92CS-42697 
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CKOUT Pin 

Voo Pin 

OV 

VRT Bit 

CDP6818A 

OV __ ----'/T------"""1S~S ----

7 1 

-----------------~ 

~'''~ 
-----~r_flJlJl 

92CS-4268B 
Fig. 7 - Power-up. 

CD The VRT bit IS set to a "'" by readIng RegIster d The VRT bIt can only be cleared by pulling the PS Pin low (see REGISTER 0 ($00)) 

92CS-42699 

Fig. 8 - Conditions that clear VRT bit. 
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CDP6818A 
SIGNAL DESCRIPTIONS 

The block diagram in Figure 1. shows the pin connection 
with the major internal functions of the CDP6818A Real­
Time Clock plus RAM. The following paragraphs describe 
the function of each pin. 

Voo, Vo. 

DC power is provided to the part on these two pins Voo 
being the more positive voltage. The minimum and maximum 
voltages are listed in the Electrical Characteristics tables. 

MOT-MOTEL 

The MOT pin offers flexibility when choosing bus type. 
When tied to Voo. GE/RCA timing is used. When tied to Vos. 
competitor timing is used. The MOT pin must be hardwired 
to the Voo or Vs. supply and cannot be switched during 
operation of the CDP6818A. 

OSC1, OSC2 - Time Base, Inputs 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz. 1.048576 MHz. or 32.768 KHz may be 
connected to OSC1 as shown in Figure 9. The internal 
time-base frequency to be used is chosen in Register A. 

The on-chip oscillator is designed for a parallel resonant AT 
cut crystal at 4.194304 MHz. 1.048576 MHz or 32.768 kHz 
frequencies. The crystal connections are shown in Figure 
10 and the crystal characteristics in Figure 11. 

CKOUT - Clock Out, Output 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a 
second crystal. The frequency of CKOUT depends upon 
the time-base frequency and the state of the CKFS pin as 
shown in Table 2. 

CKFS - Clock Out Frequency Select, Input 

When the CKFS pin is tied to Voo. it causes CKOUT to be the 
same frequency as the time base at the OSC1 pin. When 
CKFS is tied to Vo •• CKOUT is the OSC1 time-base 
frequency divided by four. Table 2 summarizes the effect of 
CKFS. 

TABLE 2 - CLOCK OUTPUT FREQUENCIES 

TIME CLOCK CLOCK 
BASE FREQUENCY FREQUENCY 

(OSC1) SELECT PIN OUTPUT PIN 
FREQUENCY (CKFS) (CKOUT) 

4.194304 MHz High 4.194304 MHz 

4.194304 MHz Low 1.048576 MHz 

1.048576 MHz High 1.048576 MHz 

1.048576 MHz Low 262.144 KHz 

32.768 kHz High 32.768 kHz 

32.768 KHz Low 8.192 KHz 

SQW - Square Wave, Output 

The saw pin can output a signal from one of the 15 taps 
provided by the 22 internal-divider stages. The frequency of 
the saw may be altered by programming Register A. as 
shown in Table 5. The saw signal may be turned on and off 
using the SaWE bit in Register B. 

ADO-AD7 - Multiplexed Bidirectional Address/Dala BUI 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address­
then-data multiplexing does not slow the access time of the 
CDP6818A since the bus reversal from address to data is 
occurring during the internal RAM access time. 

The address must be valid just prior to the fall of AS/ALE at 
which time the CDP6818A latches the address from ADO to 
AD5. Valid write data must be presented and held stable 
during the latter portion of the OS or WR pulses. In a read 
cycle. the CDP6818A outputs eight bits of data during the 
latter portion of the OS or RD pulses. then ceases driving 
the bus (returns the output drivers to the high-impedance 
state) when OS falls in the 6800 type orRD rises in the other 
case. 

AS - Multiplexed Addre .. Strobe, Input 

A positive going multiplexed address strobe pulse serves to 
demultiplex the bus. The falling edge of AS or ALE causes 
the address to be latched within the CDP6818A. 

OS - Data Strobe or Read, Input 

The OS pin has two interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor. OS is a 
positive pulse during the latter portion of the bus cycle. and 
is variously called OS (data strobe), E (enable). and t/J2 (t/J2 
clock). During read cycles. OS signifies the time that the 
RTC is to drive the bidirectional bus. In write cycles. the 
trailing edge of OS causes the Real-Time Clock puis RAM to 
latch the written data. 

The second MOTEL interpretation of OS is that of RD. 
MEMR. or I/OR emanating from the competitor type 
processor. In this case. OS identifies the time period when 
the real-time clock plus RAM drives the bus with read data. 
This interpretation of OS is also the same as an output­
enable signal on a typical memory. 

R/W - Read/Write, Input 

The MOTEL circuit treats the R/W pin in one of two ways. 
When a 6800 type processor is connected: R/W is a level 
which indicates whether the current cycle is a read or write. 
A,read cycle is indicated with a high level on R/Wwhile OS is 
high. whereas a write cycle is a low on R/W during OS. 

The second interpretation of Rm is as a negative write 
pulse. WR. MEMW. and I/OW from competitor type 
processors. The MOTEL circuit in this mode gives RtW pin 
the same meaning as the write (W) pulse on many generic 
RAMS. 

CS - Chip Select, Input 

The chip-select (CS) signal must be asserted (low) for a bus 
cycle in which the CDP6818A is to be accessed. CS is not 
latched and must be stable during OS and AS (6800 type of 
MOTEL) and during RD and Wl1. Bus cycles which take 
place without asserting""CS" cause no actions to take place 
within the CDP6818A. When CS is not used. it should be 
grounded. (See Figure 20). 
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4194304 MHz 
or 

1048576 MHz 
or 

32768 kHz 

~ 
VOO 

Optional 

1VOO-10VI 

I 
I 

------------~~------~~ OSC1 

10penl .. __ ~ OSC2 

CDP6818A 

920S-42700 
Fig. 9 - External time-base connection. 

~-------------.------_.~~OSC1 

4 194304 MHz, 
1 048576 MHz, 

or 
32768 kHz 

... 'v'vV"_--.... OSC2 

CDP6818A 

• 32 768 kHz Only - Consult Crystal Manufacturer's Specification 

920S-42701 
Fig. 10 - Crystal oscll/ator connection, 

Crystal Equivalent CirCUit 

-3---------------~I[]~I----------92-0-S--42-70-2--
Fig, 11 - Crystal parameters. 

I .. c 4.194304 MHz 1.048576 MHz 

RS (Maximum) 75n 700n 

CO (Maximum) 7 pF 5 pF 

C1 0.012 pF 0.008 pF 

Q 50 k 35 k 

C'nlCou, 15-30 pF 15-40 pF 

R - -
R, 10M 10M 

CDP6818A 

32.768 kHz 

50 k 

1.7 pF 

0.003 pF 

30 k 

10-22 pF 

300-470 k 

22 M 
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CDP6818A 
IRQ - Interrupt Request, Output 

The IRQ pin is an active low output of the COP6818A that 
may be used as an interrupt input to a processor. The IRQ 
output remains low as long as the status bit causing the 
interrupt is present and the corresponding interrupt-enable 
bit is set. To clear the IRQ pin, we processor program 
normally reads Register C. The ESET pin also clears 
pendi ng i nterru pts. 

When no interrupt conditions are present, the IRQ level is In 
the high-impedance state. Multiple interrupting devices 
may thus be connected toan IRQ bus with one pullupatthe 
processor. 

RESET - RESET, Input 

The RESET pin does not affect the clock, calendar, or RAM 
functions. On powerup, the RESET pin must be held low for 
the specified time, tRLH, in order to allow the power supply to 
stabilize. Figure 12 shows a typical representation of the 
RESET pin circuit. 

When RESET is low the following occurs: 
a) Periodic Interrupt Enable (PIE) bit is cleared to zero, 
b) Alarm Interrupt Enable (AlE) bit is cleared to zero, 
c) Alarm Interrupt Enable (AlE) bit is cleared to zero, 
d) Update ended Interrupt Flag (UF) bit is cleared to zero, 
e) Interrupt Request status Flag (IRQF) bit is cleared to 

zero, 
f) Periodic Interrupt Flag (PF) bit Is cleared to zero, 
g) The part is not accessible. 
h) Alarm Interrupt Flag (AF) bit Is cleared to zero, 
i) IRQ pin Is In high-Impedance state, and 
j) Square Wave output Enable (SQWE) bit is cleared to 

zero. 

STBY - Stand-by 

The STay pin, when active, prevents access to the 
COP6818A making It ideal for battery back-up applications. 
Stand-by operation incorporates a tra!!!parent latch. After 
data strobe (OS) goes low (RO or WR rises), STay is 
recognized as a valid signal. 

The STay signal is totally asynchronous. Its transparent 
latc.!!.!s opened by the falling edge of OS (rising edge of RO 
or WR) and clocked by the rising edge of AS (ALE). 
Therefore, for STay to be recognized, OS and AS should 
occur in pairs. When STay goes low before the failing edge 
of OS (rising edge of WFr or RO), the current cycle Is 
completed at that edge and the next cycle will not be 
executed. 

PS - Power Sen .. , Input 

The power-sense pin Is used in the control of the valid RAM 
and time (VRT) bltin ReglsterO. When the PS pin Is low the 
WRT bit is cleared to zero. 

When using the VRT feature during powerup, the PS pin 
must be externally held low for the specified tPLH time. As 
power is applied, the VRT bit remains low Indicating that the 
contents of the RAM, time registers, and calendar are not 
guaranteed. PS must go high after powerup to allow the 
VRT bit to be set by a read of register O. 

01 02 

System --... --.f--.... --"'"I-- Battery 
vOO Backup 

Voo 

03 C0P6818 

IOOO51'F VSS 

01 = 02 = 03 = 1N4148 or Equivalent 

Note If the RTC IS Isolated from the MPU or MCU power by a 
diode drop. cale must be taken to meet Y,n requirements 

I 9208-42703 

Fig. 12 - Typical powar-up da/ay circuit for re •• t. 

01 02 

System _ .. I-_ ..... _____ .... _-~-Battery 
VOO Backup 

Voo 20k 

PS t---..... 

COP8818 

o 005I'F 

I VSS 

01 = 02 = 1 N4148 or Equivalent 

82CS-42704 

Fig. 13 - Typical power-up delay circuit for powersenee. 
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Power-Down Conslderallons 

In most systems, the CDP6818A mustcontinueto keep time 
when system power is removed. In such systems, a 
conversion from system power to an alternate power 
supply, usually a battery, must be made. During the 
transition from system to battery power, the designer of a 
battery backed-up RTC system must protect data integrity, 
minimize power consumption, and ensure hardware 
reliability. 

The stand-by (STBY) pin controls all bus inputs (R/W, DS, 
AS, ADO-AD7) STBY, when negated, disallow~r1Y 
unintended modification of the RTC data by the bus. STBY 
also reduces power consumption by reducing the number 
of transitions seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SOW) pin. 

During and after the power source conversion, the V'N 
maximum specification must never be exceeded. Failure to 
meet the V'N maximum specification can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 

Addre .. Map 

Figure 14 shows the address map of the CDP6818A. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are 
directly readable and writable by the processor program 
except forthe following: 1) Registers C and D are read only, 
2) bit 7 of Register A is read only, and 3) the high-order bit of 
the seconds byte is read only. The contents of four control 
and status registers (A, B, C, and D) are described in 
REGISTERS. 

Time, Calendar, and Alarm Locallona 

The processor program obtains time and calendar 
information by reading the appropriate locations. The 
program may initialize the time, calendar, and alarm by 
writing to these RAM locations. The contents of the 10 time, 

,) 

11 

63 

50 
Bytes 
U~8! 

RAM 

00 

00 

DE 

3F 

CDP6818A 
calendar, and alarm bytes may be either binary or binary­
coded decimal (BCD). 

Before initializing the internal registers, the SET bit in 
Register B should be set to a "1" to prevent time/calendar 
updates from occuring. The program initializes the 10 
locations in the selected format (binary or BCD), then 
indicates the format in the data mode (DM) bitof Register B. 
All 10 time, calendar, and alarm bytes must use the same 
data mode, either binary or BCD. The SET bit may now be 
cleared to allow updates. Once initialized the real-time 
clock makes all updates in the selected data mode. The data 
mode cannot be changed without reinitializing the 10 data 
bytes. 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24/12 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 
0-to-23. The 24/12 bit cannot be changed without 
reinitializing the hour locations. When the 12-hourformat is 
selected the high-order bit of the hours byte represent PM 
when it is a "1'''. 

The time, calendar, and alarm bytes are not always 
accessible by the processor program. Once per second the 
10 bytes are switched to the update logic to be advanced by 
one second and to check for an alarm condition. If any of 
the 10 bytes are read at this time, the data outputs are 
undefined. The update lockouttime is 2481's at the4.194304 
MHz and 1.048567 MHz time bases and 1948 I'S for the 
32.768 kHz time base. The Update Cycle section shows how 
to accommodate the update cycle in the processor program. 

The three alarm bytes may be used in two ways. First, when 
the program inserts an alarm time in the appropriate hours, 
minutes, and seconds alarm locations, the alarm interrupt is 
initiated at the specified time each day if the alarm enable 
bit is high. The second usage is to insert a "don'tcare" state 
in one or more of three alarm bytes. The "don't care" code is 
any hexadecimal byte from CO to FF. That is, the two most­
significant bits of each byte, when set to"1", create a "don't 
care" situation. An alarm interrupt each hour is created with 
a "don'tcare" code in the hours alarm location. Similarly, an 
alarm is generated every minute with "don't care" codes in 
the hours and minutes alarm bytes. The "don't care" codes 
in all three alarm bytes create an interrupt every second. 

0 Seconds 

1 Seconds Alarm 

2 Mlnutps 

3 Minutes Alarm 

4 Hour~ 

5 Hours Alarm 

6 Day of Week 

7 Date of Month 

8 MOlllh 

9 Yt-:ar 

10 Register A 

11 Register B 

12 Register C 

13 Register 0 

Oil 

01 

02 

03 

04 

05 

06 

07 

08 

09 ,-

OA 

DB 

OC 

00 

8Iil,HY 

Of BCD 
Cotltpntc, 

Fig. 14 - Address map. 
92CS-42705 
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CDP6818A 
TABLE 3 - TIME, CALENDAR, AND ALARM DATA MODES 

RANGE EXAMPLE * 
ADDRESS 

FUNCTION 
DECIMAL 

LOCATION RANGE BINARY BCD BINARY BCD 
DATA MODE DATA MODE DATE MODE DATA MODE 

0 Seconds 0-59 $00-$38 $00-$59 15 21 

1 Seconds Alarm 0-59 $00-$38 $00-$59 15 21 

2 Minutes 0-59 $00-$38 $00-$59 3A 58 

3 Minutes Alarm 0-59 $00-$38 $00-$59 3A 58 

Hours 
1-12 

$01-$OC (AM) and $01-$12 (AM) and 
05 05 

4 
(12 Hour Mode) $81-$8C (PM) $81-$92 (PM) 

Hours 
(24 Hour Mode) 0-23 $00-$17 $00-$23 05 05 

Hours Alarm $01-$OC (AM) and 
1-12 

$01-$12 (AM) and 
05 05 

5 
(12 Hour Mode) $81-$8C (PM) $81-$92 (PM) 

Hours Alarm 
(24 Hour Mode) 

0-23 

6 
Day of the Week 

1-7 
Sunday = 1 

7 Date of the Month 1-31 

8 Month 1-12 

9 Year 0-99 

• Example: 5:58:21 Thursday 15 February 1979 (time isAM) 

Static CMOS RAM 

The 50 general purpose RAM bytes are not dedicated within 
the CDP6818A. Theycan be used by the processor program, 
and are fully available during the update cycle. 

When time and calendar information must use battery back­
up very frequently there is other non-volatile data that must 
be retained when main power is removed. The 50 user RAM 
bytes serve the need for low-power CMOS battery-backed 
storage, and extend the RAM available to the program. 

When further CMOS RAM is needed, additional CDP6818As 
may be included in the system. Thetime/calendarfunctions 
may be disabled by holding the DVO-DV2 dividers, in 
Register A, in the reset state by setting the SET bit in 
Register B or by removing the oscillator. Holding the 
dividers in reset prevents interrupts or saw output from 
operating while setting the SET bit allows these functions to 
occur. With the dividers clear, the available user RAM is 
extended to 59 bytes. The high-order bit of the seconds 
byte, bit 7 or Register A, and all bits of Register C and D 
cannot effectively be used as general purpose RAM. 

Interrupts 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per­
second to one-a-day. The periodic interrupt may be selected 
for rates from half-a-second to 30.517 /.Is. The update­
ended interrupt may be used to indicate to the program that 
an update cycle is completed. Each of these independent 
interrupt conditions are described in greater detail in other 
sections. 

The processor program selects which interrupts, if any, it 
wishes to receive. Three bits in Register 8 enable the three 
interrupts. Writing a "1" to a interrupt-enable bit permits 

$00-$17 $00-23 05 05 

$01-$07 $01-$07 05 05 

$01-$1 F $01-$31 OF 15 

$01-$OC $01-$12 02 02 

$00-$63 $00-$99 4F 79 

that interrupt to be initiated when the event occurs. A "0" in 
the interrupt-enable bit prohibits the IRa pin from being 
asserted due to the interrupt cause. 

If an interrupt~ is already set when the interrupt becomes 
enabled, the IRa pin is immediately activiated, though the 
interrupt initiating the event may have occurred much 
earlier. Thus, there are cases where the program should 
clear such earlier initiated interrupts before first enabling 
new interrupts. 

When an interrupt event occurs, a flag bit is set to a "1" In 
Register C. Each of the three interrupt sources have 
separate flag bits in Register C, which are set independent 
of the state of the corresponding enable bits in Register 8. 
The flag bit may be used with or without enabling the 
corresponding enable bits. 

In the software scanned case, the program does not enable 
the interrupt. The "interrupt" flag bit becomes a status bit 
which the software interrogates, when it wishes. When th~ 
software detects that the flag is set, it is an indication to 
software that the "interrupt" event occurred since the bit 
was last read. 

However, there is one precaution. Theflag bits in Register C 
are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching is included with Register 
C so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held after the 
read cycle. One, two or three flag bits may be found to be set 
when Register C is used. The program should inspect all 
utilized flag bits every time Register C Is read to insure that 
no i nterru pts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag bit is set and the 
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correspondingJnterrupt-enable bit is also set, the IRO pin is 
asserted low. fRO is asserted as long as at least one of the 
three interrupt sources has its flag and enables bits both set. 
The IROF bit in Register C is a "1" whenever the fRO pin is 
being driven low. 

The processor program can determine that the RTC initiated 
the interrupt by reading Register C. A "1" in bit 7 (IROF bit) 
indicates that one or more interrupts have been initiated by 
the part. The act of reading Register C clears all the then­
active flag bits, plus the IROF bit. When the program finds 
IROF set, it should look at each of the individual flag bits in 
the same byte which have the corresponding interrupt­
mask bits set and service each interrupt which is set. Again, 
more than one interrupt-flag bit may be set. 

Divider Stlge. 

The CDP6818A has 22 binary-divider stages following the 
time base as shown in Figure 1. The output of the dividers is 
a 1 Hz signal to the update-cycle logic. The dividers are 
controlled by three divider bits (DV2, DV1, and DVO) in 
Register A. 

Divider Control 

The divider-control bits have three uses, as shown in Table 
4. Three usable operating time bases may be selected 
(4.194304 MHz, 1.048576 MHz, or 32.768 kHz). The divider 
chain may be held at reset, which allows precision setting of 
the time, when the divider is changed from reset to an 
operating time base, the first update cycle is one-half 
second later. The divider-control bits are also used to 
facilitate testing the CDP6818A. 

Squire-Wive Output Selecllon 

Fifteen of the 22 divider taps are made available to a 1-of-15 
selector as shown in Figure 1. The first purpose of selecting 
a divider tap is to generate a square-wave output signal at 
the SOW pin. The RSO-RS3 bits in Register A establish the 
square-wave frequency as listed in Table 5. The SOW 
frequency selection shares the 1-of-15 selector with periodic 
interrupts. 

Once the frequency is selected, the output of the SOW pin 
may be turned on and off under program control with the 
square-wave output selection bits, or the SOWE output­
enable bit may generate an asymmetrical waveform at the 
time of execution. The square-wave output pin has a 
number of potential uses. For example, it can serve as a 
frequency standard for external use, a frequency 
synthesizer, or could be used to generate one or more audio 
tones under program control. 

Periodic Inlerrupt Selection 

The periodic interrupt allows the IRO pin to be triggered 
from once every 500 ms to once every 30.517 /ls. The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once per second to once per day. 

Table 5 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SOW pin 
is enabled by the SOWE bit in Register B. Similarly the 
periodic interrupt is enabled by the PIE bit in Register B. 

Periodic interrupt is usable by practically all real-time 
systems. It can be used to scan for all forms of inputs from 
contact closures to serial receive bits or bytes. It can be 
used in multiplexing displays or with software counters to 
measure inputs, create output intervals, or await the next 
needed software function. 

CDP6818A 
Updlte Cycle 

The CDP6818A executes an update cycle once per second, 
assuming one of the proper time bases is in place, the 
DVO-DV2 divider is not clear, and the SET bit in Register B is 
clear. The SET bit in the "1" state permits the program to 
initialize the time and calendar bytes by stopping an 
existing update and preventing a new one from occurring. 

The primary function of the update cycle is to incrementthe 
second byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or if a "don't care" code (11 XXXXXX) is 
present in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base the update 
cycle takes 248 /lS while a 32.768 kHz time base update 
cycle takes 1984 /lS. During the update cycle, the time, 
calendar, and alarm bytes are not accessible by the 
processor program. The CDP6818A protects the program 
from reading transitional data. This protection is provided 
by switching the time, calendar, and alarm portion of the 
RAM off the microprocessor bus during the entire update 
cycle. If the processor reads these RAM locations before 
the update is complete, the output will be undefined. The 
update in progress (UIP) status bit is set during the interval. 

A program which randomly accesses the time and date 
information finds data unavailable statistically once every 
4032 attempts. Three methods of accommodating 
nonavailability during update are usable by the program. In 
discussing the three methods, it is assumed that at random 
points user programs are able to call a subroutine to obtain 
the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs 
after every update cycle which indicates that over 999 ms 
are availableto read valid time and date information. During 
this time a display could be updated or the information 
could be transferred to continuously available RAM. Before 
leaving the interrupt service routine, the IROF bit in Register 
C should be cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once per second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UI P bit goes 
high, the update cycle begins 244 ps later. Therefore, if a 
low is read on the UIP bit, the user has at least 244 ps before 
the time/calendar data will be changed. If a "1" is read in the 
UIP bit, the time/calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 
time needed to reach valid time/calendar data to exceed 
244 ps. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is 
set high between the setting of the PF bit in Register C (see 
Figure 15). Periodic interrupts that occur ata rate of greater 
than taue + tue allow valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (T PI + 2) + taue to ensure that 
data is not read during the update cycle. 

To properly setupthe internal counters for daylight savings 
time operation, the user must set the time at least two 
seconds before the rollover will occur. Likewise, the time 
must be set at least two seconds before the end of the 29th 
or 30th day of the month. 
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CDP6818A 
TABLE 4 - DIVIDER CONFIGURATIONS 

DIVIDER BITS 
TIME-BASE REGISTER A OPERATION DIVIDER BYPASS FIRST 

FREQUENCY MODE RESET N-DIVIDER BITS 
DV2 DV1 DVO 

4.194304 MHz 0 0 0 Yes - N=O 

1.048576 MHz 0 0 1 Yes - N=2 

32.768 kHz 0 1 0 Yes - N=7 

Any 1 1 0 No Yes -
Any 1 1 1 No Yes -

Note: Other combinations of divider bits are used for test purposes only. 

TABLE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 

SELECT BITS 4.194304 or 1.048576 MHz 32.768 kHz 

RS3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

REGISTER A TIME BASE TIME BASE 

PERIODIC SQW PERIODIC SQW 
RS2 RS1 RSO INTERRUPT RATE OUTPUT INTERRUPT RATE OUTPUT 

t., FREQUENCY t., FREQUENCY 

0 0 0 None None None None 

0 0 1 30.517 IJS 32.768 kHz 3.90625 ms 256 Hz 

0 1 0 61.035 ps 16.384 kHz 7.8125 ms 128 Hz 

0 1 1 122.070 ps 8.192 kHz 122.070 ps 8.192 kHz 

1 0 0 244.141 ps 4.096 kHz 244.141 ps 4.096 kHz 

1 0 1 488.281 ps 2.048 kHz 488.281 ps 2.048 kHz 

1 1 0 976.562 ps 1.024 kHz 976.562 ps 1.024 kHz 

1 1 1 1.953125 ms 512 Hz 1.953125 ms 512 Hz 

0 0 0 3.90625 ms 256 Hz 3.90625 ms 256 Hz 

0 0 1 7.8125 ms 128 Hz 7.8125 ms 128 Hz 

0 1 0 15.625 ms 64 Hz 15.625 ms 64 Hz 

0 1 1 31.25 ms 32 Hz 31.25 ms 32 Hz 

1 0 0 62.5 ms 16 Hz 62.5 ms 16 Hz 

1 0 1 125 ms 8 Hz 125 ms 8 Hz 

1 1 0 250 ms 4 Hz 250 ms 4Hz 

1 1 1 500 nis 2 Hz 500 ms 2 Hz 

r~,:,::::,",~ ----------------t-Bu-C-l~~hooY'lIItu_c ______ _ 

UF bit In 

Reqlster C 

~r--- tPI __ ~.~tPI+2 --t-- tpl+2 

PF- b,tln ~ 
ReglStel C _________ ..J wWl. _________ ...JIlIIIIII ........ ___ _ 

tpi ~ PeriodiC Interrupt Time Interval 1500 ms, 250 ms, 125 ms, 62 5 ms, etc per Table 51 
tuc ~ Update Cycle Time 1248 ~s or 1984 ~sl 
tBUC = Delay Time Before Update Cycle 1244 ~sl 92C8-42706 

Fig. 15 - Update-ended and periodic interrupt relationship, 
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REGISTERS 

The CDP6818A has four registers which are accessible to 
the processor program. The four registers are also fully 
accessible during the update cycle. 

REGISTER A ($OA) 

MSB 

b7 b6 b5 b4 

UIP DV2 DV1 DVO 

UIP 

b3 b2 b1 

RS3 RS2 RS1 

LSB 

bO 

RSO 

Read/ 
Write 

Register 
except 
UIP 

The update In progress (UIP) bit is a status flag that may be 
monitored by the program. When UIP is a "1", the update 
cycle is In progress or will soon begin. When UIP Is a "0", the 
update cycle is not in progress and will not be for at least 
244 ps (for all time bases). This is detailed in Table 6. The 
time, calendar, and alarm Information in RAM is fully 
available to the program when the UIP bit is zero - it is not 
in transition. The UIP bit is read-only bit, and is not affected 
by Reset. Writing the SET bit in Register B to a "1" inhibits 
any update cycle and then clears the UIP status bit. 

TABLE 8 - UPDATE CYCLE TIMES 

TIME 
UPDATE MINIMUM TIME 

UIP CYCLE BEFORE 
BIT 

BASE 
TIME UPDATE CYCLE 

(OSC1) 
(lvc) (tauc) 

1 4.194304 MHz 248ps -
1 1.048576 MHz 248ps -
1 32.768 kHz 1984ps -
0 4.194304 MHz - 244ps 

0 1.048576 MHz - 244ps 

0 32.768 kHz - 244ps 

DV2, DV1, DVO 

Three bits are used to permit the program to select various 
conditions of the 22-stage divider chain. The divider 
selection bits identify which of the three time-base 
frequencies Is In use. Table 4 shows that time bases of 
4.194304 MHz, 1.048576 MHz, and 32.768 kHz may be used. 
The divider selection bits are also used to reset the divider 
chain. When the time/calendar is first initialized, the program 
may start the divider at the precise time stored in the RAM. 
When the divider reset Is removed, the first update cycle 
begins one-half second later. These three read/write bits 
are not affected by RESET. 

RS3, RS2, RS1, RSO 

The four rate selection bits select one of 15 tapes on the 
22-stage divider, or disable the divider output. The tap 
selected may be used to generate an output square wave 
(SQW pin) and/or a periodic Interrupt. The program may do 
one ofthe following: 1) enable the Interrupt with the PIE bit, 
2) enable the SQW output pin with the SQWE bit, 3) enable 
both at the same time at the same rate, or4) enable neither 
Table 5 lists the periodic Interrupt rates and the square­
wave frequencies that may be chosen with the RS bits. 
These four bits are read/write bits which are nQt affected by 
RESET. 

REGISTER B ($OB) 

MSB 

b7 b6 b5 b4 

SET PIE AlE· UIE 

SET 

b3 b2 

SQWE OM 

CDP6818A 

b1 

24/12 

LSB 

bO 

DSE 

Read/ 
Write 

Register 

When the SET bit is a "0", the update cycle functions 
normally by advancing the counts once-per-second. When 
the SET bit is written toa "1", any update cycle in progress is 
aborted and the program may initalize the time and calendar 
bytes without an update occurring in the midst of inltallzlng. 
SET is a read/write bit which is not modified by RESET or 
internal functions of the CDP6818A. 

PIE 

The periodic Interrupt enable (PIE) bit is a read/write bit 
which allows th!...E!.eriodic-interrupt flag (PF) bit in Register 
C to cause the 11=10 pin to be driven low. A program writes a 
"1 "to the PIE bit in order to receive periodic interrupts althe 
rate specified by the RS3, R~RS1, and RSO bits in 
RegisterA. Azero in PIE blocks IRQ from being initiated by 
a periodic interrupt, but the periodic flag (PF) bit is still set 
at the periodic rate. PIE Is not modliled by an internal 
CDP6818A functions, but is cleared to "0" by a RESET. 

AlE 

The alarm interrupt enable (AlE) bit is a read/write bit which 
when set to a "1" permits the alarm flag (AF) bit in Register C 
to assert IRQ. An alarm interrupt occurs for each second 
that the three times bytes equal the three alarm bytes 
(including a "don't care" alarm code by binary 11XXX~ 
When the AlE bit is a "0", the AF bit does not Initiate an IRQ 
signal. The RESE'i'" pin clears AlE to "0". The internal 
functions do not affect the AlE bit. 

UIE 

The UIE (update-ended Interrupt enable) bit is a read/write 
bit which enables we update-end flag (UF) bit in Register C 
to assert fRO. The ESET pin going low or the SET bit going 
high clears the UIE bit. 

SOWE 

When the square-wave enable (SQWE) bit is set to a "1" by 
the program, a square-wave signal at the frequency specified 
in the rate selection bits (RS3 to RSO) appears on the SQW 
pin. When the SQWE bit is set to a zero the SQW pin is held 
low. The state of SQWE is cleared by the RESET pin. SQWE 
is a read/write bit. 

DM 

The data mode (OM) bit indicates whethertime and calendar 
updates are to use binary or BCD formats. The OM bit is 
written by the processor program and may be read by the 
~m, but is not modified by any Internal functions or 
RESET. A "1" in OM signifies binary data, while a "0" In OM 
specifies blnary-coded-decimal (BCD) data. 

24/12 

The 24/12 control bit establishes the format of the hours 
bytes as either the 24-hour mode (a "1") or the 12-hour 
mode (a "0"). This Is a read/write bit, which Is affected only 
by software. 
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CDP6818A 
OSE 

The daylight savings enable (DSE) bit is a read/write bit 
which allows the program to enable two special updates 
(when DSE is a "1"). On the last Sunday in April the time 
increments from 1 :59:59 AM to 3:00:00 AM. On the last 
Sunday in October when the time first reaches 1 :59:59AM it 
changes to 1 :00:00 AM. These special updates do not occur 
when the DSE bit is a "0". DSE is not changed by any 
internal operations or reset. 

REGISTER C ($OC) 

MSB 

b7 b6 b5 

IRQF PF AF 

IRQF 

b4 

UF 

b3 b2 bl 

0 0 0 

LSB 

bO 

0 

Read­
Only 

Register 
I 

The interrupt request flag (IRQF) is set to a "1" when one or 
more of the following are true: 

PF=PIE="l" 
AF=AIE="l" 
UF=UIE="l" 

i.e., IRQF = PF-PIE+AF-AIE+UF-UIE 

Any timethe IRQF bit is a "1", the IRQ pin is driven low. All 
flag bits are ~~red after Register C is read by the program 
or when the RESET pin is low. 

PF 

The periodic interrupt flag (PF) is a read-only bit which is 
set to a "1" when a particular edge is detected on the 
selected tap of the divider chain. The RS3 to RSO bits 
establish the periodic rate. PF is set to a "1" independent of 
the state of the PIE bit. PF being a "1" initiates an 1RQ signal 
and sets the IRQF bit when PIE is also a "1". The PF bit is 
cleared by a RESET or a software read of Register C. 

AF 

A "1" in the AF (alarm interrupt flag) bit indicates that the 
current time has matched the alarm time. A "1" in the AF 
causes the IRQ pin togolow, and a"l"toappearin the IRQF 
bit, when the AlE bit also is a "1". A RESET or a read of 
Register C clears AF. 

UF 

The update-ended interrupt flag (UF) bit is set after each 
update cycle. When the UIE bit is a"l", the"l" in UF causes 
the IRQF bit to be a "1", asserting IRQ. UF is cleared by a 
Register C read or a RESET. 

b3 to bO 

"Fhe unused bits of Status Register 1 are read as "O's". They 
can not be written. 

REGISTER 0 ($00) 

MSB 

b7 b6 b5 b4 

VRT 0 0 0 

VRT 

b3 b2 bl 

0 0 0 

, LSB 

bO 

0 
I 

I Read-
10nly 

Register 

The valid RAM and time (VRT) bit indicates the condition of 
the contents of the RAM, provided the power sense (PS) pin 
is satisfactorily connected. A "0" appears in the VRT bit 
when the power-sense pin is low. The processor program 
can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are valid. The 
VRT is a read only bit which is not modified by the RESET 
pin. The VRT bit can only be set by reading Register D. 

b6 to bO 

The remaining bits of Register D are unused. They cannot 
be written, but are always read as "O's." 

TYPICAL INTERFACING 

The CDP6818A is best suited for use with microprocessors 
which generate an address-then-data multiplexed bus. 
Figures 16 and 17 show typical interfaces to bus-compatible 
processors. These interfaces assume that the address 
decoding can be done quickly. However, if standard 
metalgate CMOS gates are used, the CS setup time may be 
violated. Figure 18 illustrates an alternative method of chip 
selection which will accommodate such slower decoding. 

The CDP6818A can be interfaced to single-chip 
microcomputers (MCU) by using eleven port lines as shown 
in Figure 19. Non-multiplexed bus microprocessors can be 
interfaced with additional support. 

There is one method of using the multiplexed bus CDP6818A 
with non-multiplexed bus processors. The interface uses 
available bus control signals to multiplex the address and 
data bus together. 

An example using either the MC6800, MC6802, MC6808, or 
MC6809 microprocessor is shown in Figure 20. When the 
CDP6818A is I/O mapped as shown in Figure 19and 20, the 
AS and DS inputs should be left in a low state when the part 
is not being accessed. Refer to the STBY pin description for 
the conditions which must be met before STBY can be 
recognized. 

Figure 21 illustrates the subroutines which may be used for 
data transfers in a non-multiplexed system. The subroutines 
should be entered with the registers containing the following 
data: 

Accumulator A: The address of the RTC to be accessed. 
Accumulator B: Write: The data to be written. 
Read: The data read from the RTC. 

The RTC is mapped to two consecutive memory locations 
- RTC and RTC + 1 as shown in Figure 20. 
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CDP6805E2 

, 

-

8085 

8048 

8049 

A 

Ks Address/Data Multiplexed 

.... Address Strobe 

Data Strobe (EI 

Read/Write (R/WI 

Interrupt Request IIROI 

S/5 Address 

V 
Address 
Decode" 

RESET-

VDD-
"High-Speed Slhcon-

~ V 
CS iRQ R/W DS AS ADO-AD7 

RESET 

CDP6818A 
MOT 

CDP6818A 
... 

S .. 

.. 
8/5 

V 

Other 
Peripherals 

and 
Memory 

1141 

li MHZ 

94304 
ITypl 

Gate CMOS or TTL CKOUT CKFS STBY SOW 
Address Decoding _____ ::.IJ t 

~ ~ ------ - - VDD 
Failure 

A 

K8 
.... 

8/4 

CirCUit 

Fig. 16 - CDP6818A interfaced with Motorola compatible 
multiplexed bus microprocessors. 

AddresslData 

Address Latch Enable IALEI 

Read IRI 

Wme(W) 

Interrupt Request 

l 
Address 

V W6~ Only 

Address 
Decode ~ V 

CE tRO R,W DS AS ADO AD? 

RESEf- RESET 

CDP6818A 

VSS- MOT 

SOW 

1 Failure 
Circuit 

92C8-42707 

'" 
8 
y 

.. 
8,4 

V 

~ 

Other 
Purlptwrc1ls 

and Memory 

1141 L=:f MHI 

94304 
iTypl 

[~ 
92C8-42708 

Fig. 17 - CDP6818A Interfaced with competitor compatible 
multiplexed bus microprocessors. 
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CDP6818A 
Interrupt Request IIRQI 

Read/Wrlte IR/WI 

Address Strobe I AS I 

Data Strobe IDSI 

CDP6805E2 T -'" 
5 Non-Multiplexed Address 5 ? Non multIplexed addresc; 

.A I I I K 8 Multiplexed Addressl Data 

OSC1 " ~ I OS 
I A12 

I 
I Address 

~ I Decode ~ 
I OS CS AS R/W IRQ ADO AD? 

I RESET-- ~ I CDP6818A 

I VDD_ MOT J I CKQUT CKFS STBY SQW 

I 1 1 1 I 
I ~1 ~ ~ ---------------- Failure 

This Illustrates the use of CMOS gating for address decoding VDD CircUIt 

92CS-42709 

MC3870 
CDP6805 

8021 

I 
I 
I 

Fig. 18· COP6818A interfaced with C0P6805E2 CMOS multiplexed 
microprocessor with slow addressing decoding. 

MOT VDD 

Addressl Data B ADO-AD? 

Address Strobe 

Read 

Write 

Vss 

L _____ _ 
Port 
Lines 

__.J 

• NOTE CS can be controlled by a port pin (,f avallablel 
92CS-42710 

Fig. 19· C0P6818A Interfaced with the ports of A typical single 
chip microcomputer. 

~ 

r 

41 94304 MHz 
Typl I 
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CDP6818A 
Active High Chip Select------------, 

AO 1-+--.---1 

MC6800. 
MC6802. R/W "-+~~-I 
MC6808. 

or 
MC6809 

t----IoS 

Voo MOT 

t----IAS 

~----------------------------___IR/W 

00-07 

VSS 

Fig. 20 - CDP6818A interfaced with Motorola Processors. 

C0P6818A 

920S-42723 

READ STA RTC Generate AS and Latch Data from ACCA 

WRITE 

LDAB RTC + 1 Generate OS and Get Data 
RTS 

STA RTC Generate AS and Latch Data from ACCA 
STAB RTC + 1 Generate OS and Store Data 
RTS 

Fig. 21 - SubroutIne lor readIng and wrItIng the CDP6818A with a 
non-multIplexed bus. 

(See STBY 
OescriptlOn) 
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CDP6823 Advance Information 

TERMINAL ASSIGNMENT 
PCI Voo 
PCI PC3 
PCO PC4/CA1 

CMOS Parallel Interface 
PAD PC~/CA2 

PAl PC6/CB Featurel: 
Poll PCrlce2 
PAS P80 

Pol'" P8' 
• 24 Individual programmed I/O pins 

PAil P82 
PAl PIJ 
PAl' P8" 
ADO P85 

• MOTEL circuit for bus compatibility 
with many microprocessors 

AO' PBe 
A02 PS1 

• Multiplexed bus compatible with: 
AD3 m 
AD4 mrT' 
An os 

CDP6805E2 and competitive 
microprocessors 

ADe R/ii' 
A01 AS 

V" ---.=-_-',"', -Jr 
TOP VIEW 

• Data direction registers for ports A, S, 
andC 

4G-Lead Plcklll" 
• Reset Input to clear interrupts and 

Initialize Internal registers 

The RCA-C0P6823 CMOS parallel interface (CPI) provides 
a universal means of interfacing external signals with the 
C0P6805E2 CMOS microprocessor and other multiplexed 
bus microprocessors. The unique MOTEL circuit on-chip 
allows direct Interfacing to most industry CMOS 
microprocessors, as well as many NMOS MPUs. 

The C0P6B23 CPI includes three bidirectlonal8-bit ports or 
24 1/0 pins. Each 1/0 line may be separately established as 
an Input or an output under program control via data 
direction registers associated with each port. Using the bit 
change and test Instructions of the C0P6805E2, each 
individual I/O pin can be separately accessed. All port 
registers are readlwrlte bytes to accommodate read­
modify-write Instructions. 

The C0P6B23Is supplied In a 40-lead hermetic dual-in-line 
side-brazed ceramic package (0 suffix), In a 4o-Iead dual­
In-line plastiC package (E suffix) and In a 44-lead plastiC 
chlp-carrler package (Q suffix). 

The RCA-COP6823 is equivalent to and is a direct 
replacement for the Industry type MC146823. 

PA' 

PA! 

PA' 

PA. 
PAl 

PA7 

ADD 

AD' 

TERMINAL ASSIGNMENT 

'D 

11 TOplYIEW ~!5 
12----=f--- - .. 
n I 33 

~ ~ 
I 

Ne 

PC7lCB2 

PBD 

PB. 

PB. 

PB' 

PB. 

PB' 

ADZ 15 31 PBe 

AD! 16 30 pa? 

Ne 17 29 fRO 
18 19 20 21 22 23 24 25 26 27 28 

>= I~ : I~ ~ It; Ii! 
IE .. :! 92CS -40940 

44-L.ad Pla.tlc Chip-Carrier Packlll' 

'" 
'" A"" 
AD5 

ASE DS 
RI\IV Control 

R"E"S'rT Inputs 

" 

• Four port C I/O pins may be used as 
Control Lines for: 

Four interruput inputs 
Input byte latch 
Output pulse 
Handshake activity 

• 15 registers addressed as memory 
locations 

• Handshake control logic for Input and 
output peripheral operation 

• Interrupt output pin 
• 3 volt to 5.5 volt operating Voo 

Fig. 1 - Functional block diagram. 

'" Pc> 
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PC4ICAI 

PC5/CA2 

pee/CBI 

PC71CB2 
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MAXIMUM RATINGS (Vo(tages reference to VSS) 

Ratings Symbol Value 

Supply Voltage VDD -03to+8 

All Input Voltages Vin VSS-O 5 to VDD+O 5 
Current Drain per Pin Excluding 

VDD and VSS I 10 

Operating Temperature Range TA -40 to +85 
Storage Temperature Range Tstg -55 to +150 

THERMAL CHARACTERISTICS 

Characteristics Symbol Value 
hermal Hes stance 
Ceramic Dual-In-Line 

8JA 
50 

Plastic Dual-ln-L1ne 100 
Plastic Chip-Carrier 70 

Unit 

V 

V 

rnA 

·C 

·C 

Unit 

·C/W 

CDP6823 

This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however. it is 
advised that normal precautions betaken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-im­
pedance circuit. For proper operation it is 
recommended' that V,n and Vou• be con­
strained to the range Vss ;::: (V,n or Vou.) ;::: 
Voo. Leakage currents are reduced and 
reliability of operation is enhanced if unused 
inputs are tied to an appropriate logic 
voltage level (e.g .• either Vss or Voo). 

DC ELECTRICAL CHARACTERISTICS (VDD=5 Vdc ± 10%, Vss=O Vdc TA=O·C to 70·C unless otherwise noted) 

Parameter Symbol Min Max 

Output Voltage IILoads 10 p.A) VOL - 01 
VOH VDD-O 1 -

Output High Voltage 
II Load = - 1 6 rnA) ADO-AD7 VOH 41 VDD 
IILoad= -02 rnA) PAO-PA7, PCO-PC7 VOH 41 VDD 
IILoad= -036 rnA) PBO-PB7 VOH 41 VDD 

Output Low Voltage 
II Load = 16 rnA) ADO-AD7, PBO-PB7 VOL VSS 04 
(ILoad=O 8 mAl PAO-PA7, PCO-PC7 VOL VSS 04 
II Load = 1 rnA) IRQ VOL VSS 04 

Input High Voltage, ADO-AD7, AS, DS, R/W, cr, PAO-PA7, PBO-PB7, PCO-PC7 VIH VDD-20 VDD 
RESET VIH VDD-O 8 VDD 

Input Low Voltage (All Inputs) VIL VSS 08 

QUiescent Current - No dc Loads 
(All Ports Programmed as Inputs, All Inputs= VDD - 02 V) IDD - 160 

Total Supply Current 
(All Ports Programmed as Inputs, CE= VIL, tcyc= 1 p.s) IDD - 3 

Input Current, cr, AS, R/W, DS, FftSET lin - ±1 
H,-Z State Leakage, ADO-AD7, PAO-PA7, P80-P87, peO-PC7 ITSL ±10 

VDD 
TTL EqUivalent CMOS EqUivalent 

TestPolnt~ 

Test 
POint o--...... I---...... I-----i .. - ....... 

C 

Pin Rl R2 

ADO-AD7 255k 2k 

PAO-PA7, PCO-PC7 20k 432k 

PBO-PB7 115k 21k 

C 

130 pF 

50 pF 

50 pF 

Fig. 2 - Equivalent test loads. 

For all outputs except I RCi 1 
C=50 pF, All Ports I C 

= 130 pF, ADO-AD7 
for VDD=5 V ± 10% _ 

402k 

90pF 

Unit 

V 
V 

V 

V 

V 

V 

p.A 

rnA 

p.A 

p.A 
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CDP6823 
BUS TIMING IVDD=5 Vdc ± 10% VSS=O Vdc TA=O· to 70·C unless otherwise noted) 

Ident. 
Number Characteristics Symbol Min Max 

1 Cycle Time tcyc 1000 dc 

2 Pulse Width, DS/E Low or FIO/WR High PWEL 300 
3 Pulse Width, DS/E High or RU/WR Low PWEH 325 
4 Input Rise and Fall Time tr,tf 30 

8 R/W Hold Time tRWH 10 

13 R/'ll and cr Setup Time Before DS/E tRWS 25 
15 Chip Enable Hold Time tCH 0 -
18 Read Data Hold Time tDHR 10 100 
21 Write Data Hold Time tDHW 0 
24 Muxed Address Valid Time to ASI ALE Fall tASL 25 
25 Muxed Address Hold Time tAHL 20 

26 Delay Time DS/E to ASI ALE Rise tASD 60 -
27 Pulse Width, ASI ALE High PWASH 170 

28 Delay Time, ASI ALE to DS/E Rise tASED 60 -
30 Peripheral Output Data Delay Time from DS/E or AD tDDR 20 240 
31 Peripheral Data Setup Time tDSW 220 -

NOTE Designations E, ALE, RD, and WR refer to signals from alternative microprocessor signals 

AS 

DS 

R/W 

ADO­
AD7 

WRITE 

~----~311}-------~ 

~~~~~----------~zr1~ 
Write Data Valid 

~'-----(:30)------I 

ADO­
AD7 

READ 

NOTE VHIGH=VDD-2 V, VLOW=O 8 V. for VDO=5 V ± 10% 

Fig. 3 - Bus timing diagram. 

Read Data 
Valid 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ALE (Address Latch Enablel 
(AS Pin! 

RD (Read Output Enable! 
(oS Pin! 

WR (Wnte Enable! 
(R/iN Pin! 

CE (Chip Enable! 

ADO-AD7 
(Address/Data B;;U;:S! ___________ -( 

ALE (Address Latch Enable! 
(AS Plnl 

111) (Read Output Enable) 
(oS Pin) 

iiiiR (Wnte Enable) 
(RiiN Pin) 

ADO-AD7 

Fig. 4 - Bus READ timing competitor multiplexed bus. 

(Address/Data~B~us~) ___________ <1 

NOTE VHIGH=VDD-2V. VLOW=OBV. forVDD=5V ±10% 

Fig. 5 - Bus WRITE timing competitor multiplexed bus. 

Write Data 
Valid 

CDP6823 
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CDP6823 
CONTROL TIMING (VDD=5 Vdc ± 10% vss-o Vdc TA -O°C to 70°C) - -

Parameter Symbol Min Max Unit 

Interrupt Response (tnput Modes 1 and 3) tlRQR TBD - I's 

Delay, CAl (CB1) Active Transition to CA2 (CB2) High (Output Mode 0) tC2 TBD - I's 

Delay, CA2 Transition from Positive Edge of AS (Output Modes a and 1) tA2 TBD I's 

Delay, CB2 Transition from Negative Edge of AS (Output Modes a and 1) tB2 TBD - I's 

CA2/CB2 Pulse Width (Output Mode 1) tpw TBD TBD ns 

Delay, VDD Rise to R'ES'IT High tRLH TBD I's 

Pulse Width, RESET tRW TBD - ns 

TBD= To be determined 

iAORESPONSE (INPUT MODES 1 AND 3) CA2/CB2 DELAY (OUTPUT MODE 1) 

CAl 

=£'---t-""9--
r Read Pl DA/Wrlte Pl DB Cycle 

CA2 
AS 

CA2/CB2 

CA2/CB2 DELAY (OUTPUT MODE 0) 

CA1/CBl ,~ __________ _ 

---' --+f' tC2 

CA2/CB2 

AS 

Cycle 

Fig. 6 - Control timing diagrams. 
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GENERAL DESCRIPTION 
The CDP6823. CMOS parallel interface (CPI). contains 24 
individual bidirectional I/O lines configured in three 8-bit 
ports. The 15 internal registers. which control the mode of 
operation and contain the status of the port pins. are 
accessed via an 6-bit multiplexed address/data bus. The 
lower four address bits (ADD-AD3) of the multiplexed 
address bus determine which register is to be accessed (see 
Register Address Map shown below). The four address bits 
(AD4. AD5. AD6. and AD7) must be separately decoded to 
position this memory map within each 256-byte address 
space available via the 8-bit multiplexed address bus. For 
more detailed information. refer to REGISTER DESCRIP­
TION. 

o 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

o 

REGISTER ADDRESS MAP 

Port A Data, Clear CA 1 Interrupt 

Port A Data. Clear CA2 Interrupt 

Port A Data 

Port B Data 

Port C Data 

Not Used 

Data Dlfectlon Register for Port A 

Data DifectlOn Register for Port B 

Data DifectlOn Register for Port C 

Control Register for Port A 

Control Register for Port B 

Pin Function Select Register for Port C 

Port B Data, Clear CB1 Interrupt 

Port B Data, Clear CB2 Interrupt 

Handshake/Interrupt Status Register 

Handshake Over-Run Warning Register 

P1DA 

P2DA 

PDA 

PDB 

PDC 

-
DORA 

DDRB 

DDRC 

~RA 

CRB 

FSR 

P1DB 

P2DB 

HSR 

HWR 

The CPI is Implemented with the MOTEL circuit which 
allows direct interface with either of the two major multi­
plexed microprocessor bus types. A detailed description of 
the MOTEL circuit is provided in the MOTEL section. 

6800 Family Competitor Type CDP6823 
MPU Signals MPU Signals Pin Signals 

AS ALE AS 

OS, E, orq,2 OS 

R/W R/W 

CDP6823 
Three data direction registers (DDRs). one for each port. 
determine which pins are outputs and which are inputs. A 
logic zero on a DDR bit configurea its aaaociated pin u an 
input; and a logic one configures the pin u an output. Upon 
reset. the DDRs are cleared to logic zero to configure all 
port pins as inputs. 

Actual port data may be read or written via the port data 
registers (PDA. PDB. and PDC). Ports A and B each have 
two additional data registers (P1DA and P2DA- P1DBand 
P2DB) which are used to clear the associated hand­
shake/Interrupt status register bits (HSA 1 and HSA2 - HS81 
and HSB2). respectively. Port A may also be configured u 
an 8-bit latch when used with CAl. Reset has no effect on 
the contents of the port data registers. Users are advised to 
initialize the port data registers before changing any port 
pin to an output. 

Four pins on port C (PC4/CA1, PC5/CA2. PC6/CB1. and 
PC7/CB2) may additionally be programmed as handshake 
lines for ports A and B via the port C function select register 
(FSR). Both ports A and B have one Input-only line and one 
bidirectional handshake line each associated with them. 
The handshake lines may be programmed to perform a 
variety of tasks such as interrupt requests. setting flags. 
latching data. and data transfer requests and/or acknow-

control registers A and B (CRA and CRB). Additional • 
ledgments. The handshake functions are programmed via 10 
information may be found in PIN DESCRIPTIONS, 
REGISTER DESCRIPTION, or HANDSHAKE OPERATION. 

MOTEL 
The MOTEL circuit is a concept that permits the CDP6823 
to be directiy interfaced with different types of multiplexed 
bus microprocessors without any additional external logic. 
For a more detailed description of the multiplexed bus. see 
MULTIPLEXED BIDIRECTIONAL ADDRESS/DATA BUS 
(ADO-AD7). Most multiplexed microprocessors use one of 
two synchronous buses to Interface peripherals. An industry 
standard bus structure is now available. 

The MOTEL circuit is built into peripheral and memory ICs 
to permit direct connection to either type of bus. The 
MOTEL concept is shown logically In Fig. 7. 

The microprocessor type is automatically selected ~ the 
MOTEL circuit through latching the state of the DSlRQ.pln 
with AS/ALE. Since OS Is always low during AS andlm is 
always high during ALE. the latch automatically indicates 
with which type microprocessor bus it is interfaced. 

Internal 
Competitive Bus Signals 

0 Q 

C Motorola 

cr Bus' 

Read Enable 

Write Enable 

Fig. 7 - Functional diagram of MOTEL circuit. 
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PIN DESCRIPTION 
The following paragraphs contain a brief description of the 
input and output pins. References (if applicable) are given 
to other paragraphs that contain more detail about the 
function being performed. 

Multiplexed Bidirectional Addre .. /Data BUI (ADO-AD7) 
Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion of the bus cycle for 
data. Address-then-data multiplexing does not slow the 
access time of the CDP6823 since the bus reversal from 
address to data is occurring during the internal register 
access time. 

The address must be valid tASL prior to the fall of AS/ALE at 
which timethe CDP6823 latches the address present on the 
ADO-AD3 pins. Valid write data must be presented and held 
stable during the latter portion of the OS or WR' pulses, I n a 
read cycle, the CDP6823 outputs eight bits·of data during 
the latter portion of the OS or RD pulses, then ceases 
driving the bus (returns the output drivers to high im­
pedance) tDHA hold time after OS falls in this case of MOTEL 
or Rb rises in the other case. 

Addre .. Stroba (AS) 
The address strobe input pulse serves to demultiplex the 
bus. The falling edge of AS or ALE causes the addresses 
ADO-AD3 to be latched within the CDP6823. The automatic 
MOTEL circuit In the CDP6823 also latches the state of the 
OS pin with the falling edge of AS or ALE. 

Data Strobe or Read (OS) 
The OS input pin has two interpretations via the MOTEL 
circuit. When generated by a Motorola microprocessor, OS 
is a positive pulse during the latter portion of the bus cycle, 
and is variously called OS (data strobe), E (enable), or 1/J2 
(1/J2 clock). During read cycles, OS or AD signifies the time 
that the CPI is to drive the bidirectional bus. In write cycles, 
the trailing edge of OS or riSing edge of WR causes the 
parallel interface to latch the written data present on the 
bidirectional bus. 
The second MOTEL interpretation of OS is that of RD, 
~, or"llO'Fi originating from a competitor-type micro 
processor. In this case, OS identifies the time period when 
the parallel interface drives the bus with read data. This 
interpretation of OS is also the same as an output-enable 
signal on a typical memory. 

The MOTEL circuit, within the CDP6823, latches the state of 
the OS pin on the falling edge of AS/ALE. When the mode of 
MOTEL is desired OS must below during AS/ALE, which is 
the case with the multiplexed bus microprocessors. To 
insure the competitor mode of MOTEL, the OS pin must 
remain high during the time AS/ALE is high. 

ReadIWrlte (R/W) 
The MOTEL circuit treats the R/W input pin in one of two 
ways. The microprocessor is connected, RlW is a level 
which indicates whether the current cycle is a read orwrite 
A read cycle is indicated with a high level on R/W while OS is 
high, whereas a write cycle isa lowon R7Wwhile OS is high. 

The second interpretation of R/W is as a negative write 
pulse, WR, M"EfiilW, andT/O'Wfrom competitor-type micro 
processors. The MOTEL circuit in this mode gives the R/W 
pin the same meaning as the write (W) pulse on many 
generic RAMs. 

Chip Enable (~) 
The C'E'input signal must be asserted (Iowl forthe bus cycle 
in which the CDP6823 is to be accessed. CE is not latched 
and must bestable prior to and during OS (in the6805 mode 
of MOTEL) and prior to and during RD and WR (in the 
competitor mode of MOTEL). Bus cycles which take place 
without asserting 'CI: cause no actions to take place within 
the CDP6823. When cris high, the multiplexed bus output 
is in a high-impedance state. 

When"C"E is high, all data, OS, and RlW inputs from the 
microprocessor are disconnected within the CDP6823. This 
permits the CDP6823 to be isolated from a powered-down 
microprocessor. 

Resetmlm) 
The RESET input pin is an active-low line that is used to 
restore all register bits, except the port data register bits, to 
logical zeros. After reset, all port lines are configured as 
inputs and no interrupt or handshake lines are enabled. 

Interrupt Request ~ 
The rna output line is an open-drain active-low signal that 
may be used to interrupt the microprocessor with a service 
request. The "open-drain" output allows this and other 
interrupt request lines to be wire ORed with a pullup 
resistor. The fFfO' line is low when bit 7 of the status register 
is high. Bit 7 (IRQF) of the handshake/interrupt status 
register (HSR) is set if any enabled handshake transition 
occurs; and Its associated control register bit is set to allow 
interrupts. Refer to INTERRUPT DESCRIPTION or HAND­
SHAKE OPERATION for additional information. 

Port A, Bidirectional I/O Lines (PAD-PA7) 
Each line of port A, PAO-PA7, is individually programmable 
as either an input or output via its data direction register 
(DORA). An I/O pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. See Fig. 8 for typical I/O circuitry and Table 1 for I/O 
operation. 

TABLE 1 - PORT DATA REGISTER ACCESSES (ALL PORTS) 

DDR 
R/W Bit Results 

0 0 The I/O pin IS In Input mode Data IS wntten Into the 
output data latch 

0 1 Data IS written Into the output data latch and out-
put to the 1/0 pin 

1 0 The state of the 1/0 pin IS read 

1 1 The I/O pin IS In an output mode The output 
data latch IS read 

There are three data registers associated with port A: PDA, 
P1DA, and P2DA. P1DA and P2DA are accessed when 
certain handshake activity is desired. See HANDSHAKE 
OPERATION for more informatIOn. 

Data written to the port A data register, PDA, is latched into 
the port A output latch regardless of the state of the DORA. 
Data written to P1 DA or P2DA is ignored and has no affect 
upon the output data latch or the I/O lines. An MPU read of 
port bits programmed as outputs reflect the last value 
written to the PDA register. Port A pins programmed as 
inputs may be latched via the handshake line PC4/CA1 (see 
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To 
And 
From 
CPU 

CDP6823 

Fig. 8 - Typical port I/O circuitry. 

HANDSHAKE OPERATION) and latched input data may be 
read via any of the three port A data registers. If the port A 
input latch feature is not enabled. an MPU read of any port A 
data register reflects the current status of the port A input 
pins if the corresponding DORA bits equal zero. Reset has 
no effect upon the contents of the port A data register; 
however. all pins Will be placed in the Input mode (all DORA 
bits forced to equal zero) and all handshake lines will be 
disabled. 

Port B Bidirectional 1/0 Llnas (PBO-PB7) 
Each line of port B. PBO-PB7. is individually programmable 
as either an input or an output via its data direction register 
(DDRB). An 1/0 pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. 

There are three data registers associated with port B: PDB. 
P1 DB. and P2DB. PDB is used for simple port B data reads 
and writes. P1 DB and P2DB are accessed when certain 
handshake activity is desired. See HANDSHAKE OPERA­
TION for more information. 

Data written to PDB or P1 DB data register is latched into the 
port B output latch regardless of the state of the DDRB. An 
MPU read of port bits programmed as outputs reflect the 
last value written to a port B data register. An MPU read of 
any port B register reflects the current status of the input 
pins whose DDRB bits equal zero. Reset has no effect upon 
the contents of the port B data register; however. all pins will 
be placed in the input mode (all DDRB bits forced to equal 
zero) and all handshake lines will be disabled. 

Port C, Bldlractlonal I/O Lines (PCO-PC3) 
Each line of port C. PCO-PC3. is individually programmable 
as either an input or an output via its data direction register 
(DDRC). An 110 pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. Port C data register (PDC) is used for simple port C 
data reads and writes. 

Data written into PDC is latched into the port C data latch 
regardless olthe state of the DDRC. An MPU read of port C 
bits programmed as outputs reflect the last value written to 
the PDC register. An MPU read olthe port C register reflects 

the current status of the corresponding input pins whale 
DDRC bits equal zero. Reset has no effect upon the 
contents of the port C data register; however, all pins will be 
placed in the Input mode (all DDRC bits forced to equal 
zero) and all handshake lines will be disabled. 

Port C BldlrsctlonalllO Line or Port A Input Handshake 
Line (PC4/CA1) 
This line may be programmed as either a simple port C I/O 
line or as a handshake line for port A via the port C function 
select register (FSR). If programmed as a port C I/O pin, 
PC4/CA1 performs as described in the PCO-PC3 pin 
description. If programmed as a port A handshake line, 
PC4/CA 1 performs as described in HANDSHAKE OPERA­
TION. 

Port C Bldlrsctlonal I/O Llna or Port A Bldlrsctlonal 
Handshake Line (PC5/CA2) 
This line may be programmed as either a simple port CliO 
line oras a handshake liile for port A via the port Cfunction 
select register (FSR). If programmed as a port C I/O pin, 
PC5/CA2 performs as described in the PCO-PC3 pin 
description. If programmed as a port A handshake line, 
PC5/CA2 performs as described in HANDSHAKE OPERA­
TION. 

Port C BldlrsctlonalllO Line or Port B Input Handshake 
Line (PC8/CB1) 
This line may be programmed as either a simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSR). If programmed as a port C I/O pin, 
PC6/CB1 performs as described in the PCO-PC3 pin 
description. If programmed as a port B handshake line, 
PC6/CB1 performs as described in HANDSHAKE OPERA­
TION. 

Port C BldlrsctlonalllO Line or Port B 
Bldlrsctlonal Handshake Line (PC7/CB2) 
This line may be programmed as either a Simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSR). If programmed as a port CliO line, 
PC7/CB2 performs as described in the PCO-PC3 pin 
description. If programmed as a port B handshake line, 
PC7/CB2 performs as described in HANDSHAKE OPERA­
TION. 
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HANDSHAKE OPERATION 
Up to four port C pins can be configured as handshake lines 
for ports A and B (one Input-only and one bidirectional line 
for each port) via the port C function select register (FSR). 
The direction of data flow for the two bidirectional hand­
shake lines (CA2 and CB2) is determined by bits 5 and 7, 
respectively, of the port C data direction register (DDRC). 
Actual handshake operation is defined by the appropriate 
port control register (CRA or CRB). 

The control registers allow each handshake line to be 
programmed to operate In one offour modes. CA2 and CB2 
each have four Input and four output modes. For detailed 
Information, see Tables 2 and 3. 

A summary of the handshake modes is given in the input 
and output sections that follow. All handshake activity is 
disabled by reset. 

Input 
Handshake lines programmed as Inputs operate in any of 

four different modes as defined by the control registers (see 
Table 2). A bit in the handshakelinterrupt status register 
(HSR) is set to a logic one on an active transition of any 
handshake line programmed as an input. Modes 0 and 1 
define a negative transition as active; modes 2 and 3 define a 
positive transition as active. If modes 1 or 3 are selected on 
any input handshake line then the active transition of that 
line results in the IRQF bit of the HSR being set to ~ic 
one and causes the interrupt line (IRQ) to go low. IRQ is 
released by clearing the HSR bits that are input handshake 
lines which have interrupts enabled. 

If an active transition occurs while the associated HSR bit is 
set to a logic one, the corresponding bit in the handshake 
warning register (HWR) is set to a logic one indicating that 
service of at least one active transition was missed. An HWR 
bit is cleared to a logic zero by first accessing the appropriate 
port data register, to clear the appropriate HSR status bit, 
followed by a read of the HWR. 

TABLE 2 - INPUT HANDSHAKE MODES 

Control Active Status Bit 
Mode Register Bits* Edge In HSR iMi Pin 

0 ()() -Edge Set high on Disabled 
active edge 

1 01 Edge Set high on Goes low when corresponding 
active edge status flag In HSR goes high 

2 10 + Edge Set high on Disabled 
active edge 

3 11 + Edge Set high on Goes low when corresponding 
active edge status flag In HSR goes high . Cleared to logic zero on reset 

TABLE 3 - OUTPUT HANDSHAKE LINES ICA2 AND CB2 ONLY) 

Control 
Regiatel' 
CRAIB) 

Bill Deflult 
Modi 3 Ind 4* Hlndlhllke Una Set High Hlndlhllke Line Clellred Low Level 

0 ()() Handshake set high on active Read of P1DA or a read of P2DA High 
transition of CA 1 input. while HSA1 is cleared. 

Handshake set high on active Write of port B P1DB or write 
transition of CB 1 input. of P2DB while HSB1 is cleared. 

1 01 High on the first positive Low on the first positive High 
InegatiVe) transition of AS (negative) transition on AS fol-
while CA2 (CB2) is low. lowing a read (write) of port 

A(B) data registers P1DA(B) or 
P2DA(Bl. 

2 10 Never Always Low 
3 11 Always Never High 

* Cleared to logiC zero on reset 
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Input Latch 
Port A input-only handshake line (PC4/CA1) can be 
programmed to function as a latch enable for port A Input 
data via CAl LE (bit20fCRA).lfCAl LEis programmed toa 
logic one, an active transition of PC4/CAl will latch the 
current status of the port A input pins into all three port A 
data registers (PDA, P1DA, and P2DA). When CAl LE is 
enabled, port A and PC4/CA 1 function as an 8-bit trans­
parent latch; that is, if the HSA 1 bit in the HSR is a logic zero 
then a read of any port A register reflects the current state of 
the port A input pins and corresponding bits of the output 
data latch for port A output pins. If HSA 1 is a logic one, a 
read of any port A data register reflects the state of the port 
A input pins when HSA 1 was set and the corresponding bits 
of the port A output data latch for port A output pins. 

Further transitions of PC4/CA 1 result only in setting the 
HWAl bit in theHWR and donot relatch data into the portA 
registers. Latched data is released only by clearing HSA 1 in 
the HSR to a logic zero (HSAl is cleared by reading P1DA). 

Output 
Each bidirectional handshake line programmed as an 
output by the DDRC operates in one of four modes as 
described in Table 3. Modes 2 and 3 force the output 
handshake line to reflect the state of bit 4 in the appropriate 
control register. 

In modes 0 and 1, PC5/CA2 is forced low during the cycle 
following a read of P1DA or a read of P2DA while HSAl is 
cleared. PC7/CB2 is forced low during the cycle following a 
write to Pl DB or a write to P2DB while HSBl is cleared. 
Because of these differences, port A is the preferred input 
port and port B is the preferred output port. 

In mode 0, PC5/CA2 (PC7/CB2) is set high by an active 
transition of PC4/CAl (PC6/CB1). In mode 1, PC5/CA2 
(PC7/CB2) is set high in the cycle following the cycle in 
which PC5/CA2 (PC7/CB2) goes low. Mode 1 forces a low­
going pulse on PC5/CA2 (PC7/CB2) following a read 
(write) of P1DA (P1DB) or P2DA (P2DB) that is approxi­
mately one cycle time wide. 

When entering an output handshake mode for the first time 
after a reset, the handshake line outputs the default level as 
listed in Table 3. 

INTERRUPT DESCRIPTION 
The CDP6823 allows an MPU interrupt request (IRO low) 
via the input handshake lines. The input handshake line, 
operating in modes 1 or 3 as defined by the control registers 
(CRA and CRB), causes T'FfO to go low when I ROF (interrupt 
flag) in the HSR is set to a logic one. T'FfO is released when 
IROF is cleared. See Handlhake/lnterrupt Status Regllter 
under REGISTER DESCRIPTION for additional information. 

CDP6823 
REGISTER DESCRIPTION 
The CDP6823 has 15 registers (see Fig. 1) which define the 
mode of operation and status of the port pins. The following 
paragraphs describe these registers. 

Regllter Name.: 
Control Register A (CRA) 
Control Register B (CRB) 

Regl.t.r Addre .... : 
$9 (CRA) 
$A (CRB) 

Regl.t.r Bit.: 

7 6 5 4 

$9 x x X 
CA2 

Mode 

CB2 
X X X Mode $A 

Purpo .. : 

2 o 
CAl CAl 
LE Mode 

X 
CBl 

Mode 

These two registers control the handshake and interrupt 
activity for those pins defined as handshake lines by the 
port C function select register (FSR). 

Description: 
CA2 and CB2 are programmed as inputs or outputs via the 
associated DDRC bits. Each handshake line is controlled by­
two mode bits. Bit 2 of CRA enables the Port A latch for an 
active CA 1 transition. Table 2 describes the input handshake 
modes (CAl, CB1, CA2, CB2) and Table 3 describes the 
output handshake modes for CA2 and CB2. 

R.glst.r Nam •• : 
Port A Data Registers (PDA, Pl DA, P2DA) 

R.glst.r Addr ..... : 
$2 (PDA), $0 (Pl.DA), $1 (P2DA) 

R.glster Bit.: 

765432 0 

I Bit 7 I Bit 6 I Bit 5 I Bit 4 I Bit 3 I Bit 2 I Bit 1 I Bit 0 I 

Purpo •• : 
These three registers serve different purposes. PDA Is used 
to read input data and latch data written to the port A output 
pins. P1DA and P2DA are used to read input data and to 
affect handshake and status activity for PC4/CA 1 and 
PC5/CA2. If enabled, port A input data may be latched Into 
the three port A data registers on an active PC4/CA 1 
transition as described In HANDSHAKE OPERATION. 
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D.scrlptlon: 
Data written into PDA is latched into the port A output latch 
(see Fig, 3) regardless olthe state of DDRA. Output pins, as 
defined by DDRA, assume the logic levels of the cor­
responding bits in the PDA output latch, The PDA output 
latch allows the user to read the state of the port A output 
data. If the input latch is not enabled, a read of any port A 
data register reflects the current state of the port A input 
pins as defined by DDRA and the contents of the output 
latch for output pins. Writes into Pl DA or P2DA have no 
effect upon the output pins or the output data latch. Users 
are recommended to initialize the port A output latch before 
changing any pin to an output via the DDRA. 

MPU accesses of Pl DA or P2DA are primarily used to affect 
handshake and status activity. A summary of the effects on 
the status and warning bits of port A data register accesses 
is given in Table 4. For more information, see HANDSHAKE 
OPERATION and Control R.glst.r A (CRA) under REG­
ISTER DESCRIPTION. Reset has no effect upon the 
contents of any port A data register. 

R.glat.r Nam •• : 
Port B Data Registers (PDB, P1DB, P2DB) 

R.gl.t.r Addr ..... : 
. $3 (PDB), $C (Pl DB), $D (P2DB) 

R.glst.r Bit.: 
7 6 5 4 3 o 

I Bit 7 I Bit 6 I Bit 5 I Bit 4 I Bit 3 Bit 2 Bit 1 I Bit 0 I 

Purpos.: 
These three registers serve different purposes. The Port B 
data registers are used to read input data and to latch data 
written to the port B output pins, Writes to PDB and Pl DB 
affect the contents of the output data latch while writes to 
P2DB do not affect the output data latch. Pl DB and P2DB 
accesses additionally affect handshake and status activity 
for PC6/CBl and PC7/CB2, 

Description: 
Data written into PDB and Pl DB port B registers is latched 
into the port B output latch (see Fig. 3) regardless of the 
state of DDRB. Output pins, as defined by DDRB, assume 
the logic levels of the corresponding bits in the port B 
output latch. Reads of any port B data registers reflect the 
contents of the output data latch for output pins and the 
current state of the input pins (as determined by DDRB), 
Users are recommended to initialize the port B output latch 
before changing any pin to an output via the DDRB, 

MPU accesses of Pl DB or P2DB are primarily used to affect 
handshake and status activity. A summary of the effects on 
status and warning register bits of port B data register 
accesses is given in Table 5. For more information, see 
HANDSHAKE OPERATION or Control Register B (CRB) 
under REGISTER DESCRIPTION. Reset has no effect upon 
the contents of any port B data register. 

TABLE 4 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS. WARNING BITS. 
AND OUTPUT LATCH BY PORT A DATA REGISTER ACCESSES 

Register Output Latch 

Accessed HSR Bit HWR Bit Handshake Reaction Read Write 

PDA None None None Yes Yes 

PlDA HSA 1 cleared HWAl loaded CA2 goes low If output modes Yes No 

to a logiC Into buffer o or 1 are selected In the CRA 
zero latch 

P2DA HSA2 cleared HWA2 loaded CA2 goes low If output modes Yes No 

to a logiC Into buffer o or 1 are selected In the CRA 
zero latch 

TABLE 5 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS. WARNING BITS. 
AND OUTPUT LATCH BY PORT B DATA REGISTER ACCESSES 

Register Output Latch 

Accessed HSR Bit HWR Bit Handshake Reaction Read Write 

PDB None None None Yes Yes 

PlDB HSBl cleared HWBl loaded CB2 goes low If output modes Yes Yes 
to a logiC Into buffer o or 1 are selected In the CRB 
zero latch 

P2DB H S B2 cleared HWA2 loaded CB2 goes low If output modes Yes No 
to a logiC Into buffer a or 1 are selected In CRB 
zero latch 
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Regllter Name: 
Port C Data Register (PDC) 

Regllter Addrell: 
$4 

Regllter Bltl: 

765432 0 

I Bit 7 I Bit 6 I Bit 5 I Bit 4 I Bit 3 I Bit 2 I Bit 1 I Bit 0 I 

Purpo .. : 
The port C data register (PDC) Is used to read Input data 
and to latch data written to the output pins. 

Delcrlptlon: 
Data Is written Into the port C output latch (see Fig. 3) 
regardless ofthe state of DDRC. Any port C pin defined as a 
handshake line by the port C function select register (FSR) 
Is not affected by PDC. Output pins, as defined by DDRC, 
assume logic levels of the corresponding bits in the port C 
output latch. A read of PDC reflects the contents of the 
output latch for output pins and the current state of the 
input pins (as reflected in the DDRC). Reset has no effect 
upon the contents of PDC. Users are recommended to 
initialize the port C output data latch before changing any 
pin to an output via the DDRC. 

Regllter Name: 
Data Direction Register for Port A (B) (C) 

Regllter Addrell: 
$6 ($7) ($8) 

Regllter Bltl: 

765432 0 

I Bit 7 I Bit 6 I Bit 5 I Bit 4 I Bit 3 I Bit 2 I Bit 1 I Bit 0 I 

Purpo .. : 
Each of the three data direction registers (DDRA, DDRB, 
and DDRC) define the direction of data flow olthe port pins 
for ports A, B, and C. 

DelCrlptlon: 
A logic zero in a DDR bit places the corresponding port pin 
in the input mode. A logic one in a DDR bit places the 
corresponding pin in the output mode. Any port C pins 
defined as bidirectional handshake lines also use the port C 
DDR (DDRC). Input-only handshake lines are not affected 
by DDRC. Reset clears all DDR bits to logic zero configuring 
all port pins as Inputs. The DDRs have no write-inhibit 
control over the port data output latches. Data may be 
written to the port data registers even though the pins are 
configured as inputs. 

Regllter Name: 
Port C Pin Function Select Register (FSR) 

Regllter Addr .. l: 
$B 

Regllter Bltl: 

7 6 5 4 3 0 

~IC~F~B2~lc~F~B_l~I_CF_~~I_c_FA_l~l_x_x~_X_X~ __ XX~~ 

CDP6823 
Purpo .. : 
The port C pin function select register defines whether the 
multifunction port C pins are to operate as "normal" port C 
lines or as handshake lines. 

Delcrlptlon: 
A logic zero in any FSR bit defines the corresponding port 

C pin as a "normal" I/O pin. A logic one in any valid FSR bit 
defines the corresponding port C pin as a handshake line. 
Pins defined as handshake lines function according to the 
contents of control register A (CRA) or control register B 
(CRB). The port C data direction register (DDRC) Is valid 
regardless of FSR contents for all pins except PC4/CA 1 and 
PC6/CB1. Transitions on port C pins not defined as 
handshake pins do not effect the handshake/Interrupt 
status register. Reset clears all FSR bits to a logic zero. 
Users are recommended to initialize the data direction and 
control registers before modifying the FSR. 

Regllter Name: 
Handshake/Interrupt Status Register (HSR) 

Regllter Addrell: 
$E 

Regllter Bltl: 

7 6 5 43210 

IIRQF I XX XX XX I HSB21 HSA21 HSBl I HSAll 

Purpo .. : 
The handshake interrupt status register Is a read-only fiag 
register that may be used during a polling routine to 
determine if any enabled input handshake transition, as 
defined by the control register (CRA and CRB), has 
occurred. 

Delcrlptlon: 
If an enabled input handshake transition occurs then the 
app~iate HSR bit (HSB2, HSA2, HSB1, or HSA1) is set. 
The TRQ fiag bit (bit 7, IROF) is set when one or more of the 
HSR bits 0-3 and their corresponding control register bits 
are set to a logiC one as shown in the following equation: 

Bit 7=IROF=[HSB2.CRB2(3)]+[HSA2.CRA2(3)] 
+[HSB1.CRB1 (O)]+[HSA 1.CRA 1 (0)] 

The numbers in ( ) indicate which bit in the control register 
enables the interrupt. 

Handshake/interrupt status register bits are cleared by 
accessing the appropriate port data register. The following 
table lists the HSR bit and the port data register that must be 
accessed to clear the bit. 

To Clear Access 
HSRBit Register 
HSB2 P2DB 
HSA2 P2DA 
HSBl PlDB 
HSAl PlDA 

Reset clears all handshake/interrupt status register bits to a 
logic zero. 
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Regllter Heme: 

Handshake Warning Register (HWR) 

Regll'er Addre .. : 
$F 

Regllter Bltl: 

7 6 5 43210 

I xx I xx xx 

Purpo .. : 
The warning register is a read-only flag register that may be 
used to determine if a second attempt to set a hand­
shake/interrupt status register bit has been made before the 
original had been serviced. 

Delcrlptlon: 
Each bit in the handshake/interrupt status register, except 
IRQF, has a corresponding bit in the handshake warning 
register. If an attempt is made to set a bit in the 
handshake/interrupt status register that is already set, then 
the corresponding bit in the handshake warning register is 
also set. An attempt is the occurrence of any enabled input 
handshake transition as defined by the control registers. 

A handshake warning register bit is cleared by first reading 
the appropriate data register then reading the handshake 
warning register. Reading the data register (either P1DA, 
P2DA, Pl DB, or P2DB) loads a buffer latch with the proper 
bit in the handshake warning register (HWA1, HWA2, 
HWB1, and HWB2, respectively). The next read of the 
handshake warning register clears the appropriate bit 

CDP6818 
Real-Time Clock 

Plus RAM 

I 
~ 

Clock 3 8 

Bus Con1rol 3 

'" (; 
Mux AddrlData 8 

w'" High Addr ..,'" 5 2g 
Interrupt "'~ 0..0. Oe 
Reset 011 

:2 

Chip 
Enables 

.' 74HCl38 
5 Decoder 8 

without affecting the other three handshake warning 
register bits. The upper four bits, HWR4-HWR7, always read 
as logic zeros. If a port data register is not read before 
reading the handshake warning register, then the handshake 
warning register bits will remain unaffected. Reset clears all 
HWR bits to a logic zero. 

Recommended status register handling sequence: 

1. Read status (User determines which if any 
register enabled hllndshake transition 

occurred) 

2. Read/write port (Clears associated status bit and 
data indicated by latches appropriate warning 
status register register bit in the buffer latch) 

3. Read warning (Latched warning bit is cleared 
register and the remaining bits are 

unaffected) 

TYPICAL INTERFACING 
The CDP6823 is best suited for use with microprocessors 
which generate an address-then-data-multiplexed bus. Fig. 
9 shows the CDP6823 in a typical CMOS system that uses 
the CDP6805E2 CMOS MPU. Other multiplexed micro­
processors can be used as easily. 

A single-chip microcomputer (MCU) may be interfaced 
with 11 port lines as shown in Fig. 10. This interface also 
requires some software overhead to gain up to 13 additional 
I/O lines and the CDP6823 handshake lines. 

ICDP65516I 
16K ROM 

ICDP655161 
16K ROM 

ICDP655161 
16K ROM 

3 8 5 3 8 5 3 8 5 

8 3 8 3 

CDP6823 CDP6823 
CMOS Parallel Interface CMOS Parallel Interface 

S S 

An B-Chlp CMOS Microprocessor System I neludes 
8-Blt Microprocessor 
6K Bytes of ROM 
162 Bytes of RAM 
64 Paraliel 110 Pins 
RTC Funclion 

ls ls {s 

Fig. 9 - A typical CMOS microprocessor system. 

ts ls 18 
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Port 
Lines 

VSS 

Ports 

CAl 

CBI 

CA2 

CB2 

CMOS Peripherals 

CDP6823 

Port 
Lines 

Fig. 10 - CDP6823lnteriaced with the ports of a typical single-chip mlcroprocassor. 
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CDP6853 Product Preview 

fttil 2. 

C.O 27 
CIT 21 
lIfl 2. 
ft.c 2. 

YDO 
08 
ilia 
07 

.1 

CMOS Asynchronous Communications 
Interface Adapter (ACIA) with MOTEL Bus 

XTLI .. o. F •• tur •• : 
xno 22 DO 
m 21 •• • Compatible with q-bit microprocessors 
nJ" • 20 02 • Multiplexed Address/Data Bus (MOTEL Bus) 
T •• 10 
1m! " ft., 12 

I. 
I. 
17 

AOI 
ADO 
mr 

• Full duplex operation with buffered receiver 
and transmitter 

CE ,. Ie 1m! • Data set/modem control functions 
Yso 

" " TOP Vl!W 
A' 

tics-non 
• Internal baud rate generator with 15 

programmable baud rates (50 to 19,200) 

TERMINAL ASSIGNMENT • Operates at baud ra-tes up to 250,000 via 
proper crystal or clock selection 

The RCA-CDP6853 Asynchronous Communications Inter­
face Adapter (ACIA) provides an easily implemented, 
program controlled interface between 8-bit microprocessor­
based systems and serial communication data sets and 
modems. 
The CDP6853 has an Internal baud rate generator. This 
feature eliminates the need for multiple component support 
circuits, a crystal being the only other part required. The 
Transmitter baud rate can be selected under program 
control to be either 1 of 15 different rates from 50 to 19,200 
baud, or at 1/16 times an external clock rate. The Receiver 
baud rate may be selected under program control to be 
either the Transmitter rate, or at 1/16 times an external 
clock rate. The CDP6853 has programmable word lengths 
of 5,6,7, or 8 bits; even, odd, or no parity; 1, 1 'h, or 2 stop 
bits. 

The CDP6853Is designed for maximum programmed control 
from the CPU, to simplify hardware implementation. Three 
separate registers permit the CPU to easily select the 
CDP6853 operating modes and data checking parameters 
and determine operational status. 

The Command Register controls parity, receiver echo 
mode, transmitter interrupt control, the state of the RTS 
line, receiver Interru pt control, and the state of the J5TR Ii ne. 

The Control Register controls the number of stop bits, word 
length, receiver clock source, and baud rate. 

The Status Register indicates the states of the IRO, DSR, 
and i5Ci5' lines, Transmitter and Receiver Data Registers, 
and Overrun, Framing and Parity Error conditions. 

• Program-selectable internally or externally 
controlled receiver rate 

• Programmable word lengths, number of stop bits, 
and parity bit generation and detection 

• Programmable interrupt control 
• Program reset 
• Program-selectable serial echo mode 
• Two chip selects 
• One chip enable 
• Single 3V to 6V power supply 
• Full TTL compatibility 
• 4-MHz, 2-MHz, or 1-MHz operation 

(CDP6853-4, CDP6853-2, CDP6853-1, respectively) 

The Transmitter and Receiver Data Registers are used for 
temporary data storage by the CDP6853 Transmit and 
Receiver circuits. 

The MOTEL Bus allows interfacing to 6805 and 8085 type 
multiplexed address data bus. 

The CDP6853-1, CDP6853-2, and CDP6853-4 are capable 
of interfaCing with microprocessors with cycle times of 1-
MHz, 2-MHz, and 4-MHz, respectively. 

The CDP6853 Is supplied In 28-lead, hermetic, dual-in-line 
side-brazed ceramic (0 suffix) and in 28-lead, dual-in-line 
plastic (E suffix) packages. 

File Number 1487 
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MAXIMUM RATINGS, Absolute-Maximum Value.: 

DC SUPPLY-VOLTAGE RANGE. (Voo) 
(Voltage referenced to VI. tarmlnal) .................................................................................... -0.5 to +7 V 
INPUT VOLTAGE RANGE. ALL INPUTS .......................................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For T .=-40 to +80" C (PACKAGE TYPE E) ................................................................................ 500 mW 
For T.=+80 to +85·C (PACKAGE TYPE E) ................................................... Derate Linearly at 8 mW/·C to 300 mW 
ForT.=-55 to +1000C (PACKAGE TYPE D) ............................................................................... 500 mW 
ForT.=+100to 126·C (PACKAGE TYPE D) .................................................. Derate Linearly at 8 mW/·C to 300 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T .=FULL PACKAGE-TEMPERATURE RANGE (All Package Type.) .................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (T.): 
PACKAGE TYPE 0 ............................................................................................... -55 to +125·C 
PACKAGE TYPE E ................................................................................................ -40 to +85· C 

STORAGE-TEMPERATURE RANGE (TOIl) ........................................................................... -85 to +1500 C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/18 ± 1132 In. (1.59 ± 0.79 mm) from case for 10. max. .. ................................................... +285·C 

RECOMMENDED OPERATING CONDITIONS at T. = -40· to +85°C 
For maximum r.llabillty, nominal operating condlDonl Ihould b. Hlected 10 that operation II IlwaYI 
within the following rangn: 

LIMITS 
CHARACTERISTIC Min. I Max. 

DC ODlratlna Voltaae Ranae 3 I 6 
Input Voltaae Ranae V .. I V .... 

STATIC ELECTRICAL CHARACTERISTICS aIT.=-40· 10+8So C, Voo = S V ± 50ft 

CHARACTERISTIC 
LIMITS 

Min. Typ. Max. 
Quiescent Device Current 100 - 50 200 
Output Low Current (Sinking): VOL = 0.4 V 10L 1.6 -

(00-07. TxO. RxC. RTS. DTR. IRQ) 
-

Output High Current (Sourcing): VOH = 4.6 V 10H -1.6 - -(00-07. TxO. RxC. FiTs. OTR) 
Output Low Voltage: iLOAO = 1.6 mA VOL - - 0.4 

(00-07. TxD. RxC. RTS. DTR. IRQ) 
Output High Voltage: iLOAO = -1.6 mA VOH 4.6 - -

(00-07. TxO.RxC.RTS.OTR) 
Input Low Voltage V,L V •• - 0.8 
Input High Voltage V,H 

(Except XTLI and XTLO) 2 - Voo 
(XTLland XTLO) 3 - Voo 

Input Leakage Current: V,N = 0 to 5 V ioN - - ±1 
(RiW. RES. CSO. CS1. CEo OS. AS. CTS. RxD. DCD. DSR) 

Input Leakage Current for Hiah Impedance State (00-07) iT., - - ± 1.2 
Output Leakage Current (off state): VOUT = 5 V (mo) 10FF - - 2 
Input Capacitance (except XTLI and XTLO) C'N - - 10 
Output Capacitance COUT - - 10 

UNITS 

V 

UNITS 

IIA 

mA 

mA 

V 

V 

V 

V 

pA 

pA 

IIA 
pF 
pF 
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CDP8853 INTERFACE REQUIREMENTS 

This section describes the interface requirements for the 
CDP6853 ACIA. Fig. 1 Is the Interface Diagram and the 
Terminal Diagram shows the pin-out configuration for the 
CDP6853. 

02-07 
AOO.A01 

92CM-37024 

Fig. 1 - CDP6853 Interface diagram. 

MICROPROCESSOR INTERFACE 
SIGNAL DESCRIPTION 

RES (R.let) (4) 

CTs 

TxD 

6CO 

IiSR 

RxC 

XTLI 
XTLO 

OTR 
FiTs 

RxD 

During system initialization a Iowan the RES input will 
cause a hardware reset to occur. The Command Register 
and the Control Register will be cleared. The Status 
Registerwill be cleared with the exception of the indications 
of Data Set Ready and Data Carrier Detect, which are 
externally controlled by the i5SR and BCD lines, and the 
transmitter Empty bit, which will be set. A hardware reset is 
required after power-up. 

R/ii (R.ad/Wrlte) (1) 

The MOTEL circuit treats the R/W pin in one of two ways. 
When a 6805 type processor is connected, R/W is a level 
which indicates whether the current cycle is a,!!ad or write. 
A read cycle is indicated with a high level ollfl/W while OS is 
high, whereas a write cycle is a Iowan R/W during OS. 

The secondJEt~retati~R/W is as a negative write 
pulse, 'WR, , and I/OW from competitor .!}pe pro­
cessors. The MOTEL circuit in this mode gives RlW pin the 
same meaning as the write (W) pulse on many generic 
RAMs. 

iRQ (Interrupt Requelt) (28) 

The IRQ pi n Is an interrupt output from the interrupt control 
logic. It is an open drain output, permitting several devices 
to be connected to the common-mtr microprocessor Input. 
Normally a high level, TRO goes low when an interrupt 
occurs. 

D2-D7 (Da" BUI) (20-25) 

The 02-07 pins are the eight data lines used to transfer data 
between th4;l processor and the CDP6853. These lines are 
bi-directional and are normally high-impedance except 
during Read cycles when the CDP6853 is selected. 

CE, cso,Cii (Chip Seleetl) (2,3,13) 

The two chip select and the one chip enable inputs are 
normally connected to the processor address lines either 
directly or through decoders. The CDP6853 is selected 
when CSO is high, CSi is low, and CE is high. 

ADO, AD1 (Multiplexed Bidirectional Addres./Da" Bltl) 
(18,19) 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address­
then-data multiplexing does not slow the access time of the 
CDP6853 since the bus reversal from address to data is 
occurring during the Internal RAM access time. 

The address must be valid just prior to the fall of AS/ALE at 
which time the CDP6853 latches the address from ADO to 
AD1. Valid write data must be presented and held stable 
during the latter portion of the OS or'WR pulses. In a read 
cycle, the CDP6853 outputs 8 bits of data during the latter 
portion of the OS or RD pulses, then ceases driving the bus 
(returns the output drivers to three-state) when OS falls in 
this case of MOTEL or RD rises in the other case. The 
following table shows internal register select coding: 

TABLE I 

AD1 ADO Write Read 
0 0 Transmit Data Receiver Data 

Register Register 
0 1 Programmed Reset Status Register 

(Data Is "Don't 
Care") 

1 0 Command Register 
1 1 Control Register 

Only the Command and Control registers are read/write. 
The programmed Reset operation does not cause any data 
transfer, but is used to clear bits 4 through 0 in the 
Command register and bit 2 in the Status register. The 
Control Register is unchanged by a Programmed Reset. It 
should be noted that the Programmed Reset is slightly 
different from the Hardware Reset (RES); these differences 
are shown in Figs. 4, 5, and 6. 

ACIA/MODEM INTERFACE 
SIGNAL DESCRIPTION 

XTLI, XTLO (Crystal Plnl) (8,7) 

These pins are normally directly connected to the external 
crystal (1.8432 MHz) used to derive the various baud rates 
(see "Generation of Non-Standard Baud Rates"). Alter­
natively, an externally generated clock may be used to drive 
theXTLI pin, in which case the XTLO pin must float. XTLI is 
the input pin for the transmit clock. 

TxD (Tranlmlt Data) (10) 

The TxD output line is used to transfer serial NRZ 
(nonreturn-to-zero) data to the modem. The LSB (least 
significant bit) of the Transmit Data Register is the first data 
bit transmitted and the rate of data transmission is 
determined by the baud rate selected or under control of an 
external clock. This selection is made by programming the 
Control Register. 
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RxD (Receive Date) (12) 

The RxD input line is used to transfer serial NRZ data into 
the ACIA from the modem, LSB first. The receiver data rate 
Is either the programmed baud rate or under the control of 
an externally generated receiver clock. The selection is 
made by programming the Control Register. 

RxC (Receive Clock) (5) 

The RxC Is a bi-dlrectional pin which serves as either the 
receiver l6x clock Input or the receiver l6x clock output. 
The latter mode results If the internal baud rete generator is 
selected for receiver data clocking. 

RTs (Reque.t to Send) (8) 

The RTS output pin is used to control the modem from the 
processor. The state of the lfm' pin is determined by the 
contents of the Command Register. 

CTS (Clear to Send) (t) 

The CTS input pin is used to control the transmitter 
operation. The enable state is with CTS low. The transmitter 
is automatically disabled if CTS is high. 

DTR (Da" Terminal Ready) (11) 

This output pin is used to indicate the status of the CDP6853 
to the modem. A low on "fii'R Indicates the CDP6853 is 
enabled, a high Indicates it is disabled. The processor 
controls this pin via bit 0 of the Command Register. 

DSR (Da" Set Ready) (17) 

The DSR input pin is used to Indicate to the CDP6853 the 
status of the modem. A low Indicates the "ready" state and a 
high, "not-ready". 

DCD (Da" carrier Detect) (18) 

The DCD Input pin is used to indicate to the CDP6853 the 
status of the carrier-detect output of the modem. A low 
indicates that the modem carrier signal is present and a 
high, that It is not. 

DS (Data Strobe or Rnd) (27) 

The OS pin has two interpretations via the MOTEL circuit. 
When emanating from a 6800 type processor, OS Is a 
positive pulse during the latter portion ofthe bus cycle, and 
is variously called OS (data strobe), E (enable), and ~2 (~2 
clock). During read cycles, OS signifies the time that the 
ACIA is to drive the bidirectional bus. In write cycles, the 
trailing edge of OS causes the ACIA to latch the written 
data. 

• '00 
FAMILY TYPE 
~ 

808 • 
FAMILY TYPE 
MPU SIGNALS 

CDP .. 53 
.!!!!.!!!!!!!:! 

The second MOTEL Interpretation of OS is that of RD, 
MEMR, or i70ifemanatlng from an 8085 type processor. In 
this case, OS Identifies the time period when the real-time 
clock plus RAM drives the bus with read data. This 
interpretation of OS Is also the same as an output-enable 
signal on a typical memory. 

The MOTEL circuit, within the CDP6853 latches the state of 
the OS pin on the falling edge of AS/ALE. When the 8800 
mode of MOTEL is desired OS must be low during AS! ALE, 
which is the case with the CDP6805 family of multiplexed 
bus processors. To insure the 8065 mode of MOTEL, the OS 
pin must remain high during the time AS/ALE Is high. 

AS (Multiplexed Addreu Strobe) (15) 

A positive-going multiplexed address strobe pulse serves to 
demultiplex ADO and AD1. The falling edge of AS or ALE 
causes the address to be latched within the CDP6853. The 
automatic MOTEL circuitry in the CDP6853 also latches the 
state of the OS pin with the failing edge of AS or ALE. 

MOTEL 

The MOTEL circuit is a new concept that permits the 
CDP6853 to be directly Interfaced with many types of 
microprocessors. No external logiC is needed to adapt to 
the differences in bus control signals from common 
multiplexed bus microprocessors. 

Practically all microprocessors interface with one of two 
synchronous bus structures. 

The MOTEL circuit is built Into peripheral and memory ICs 
to permit direct connection to either type of bus. An 
Industry-standard bus structure is now available. The 
MOTEL concept is shown logically In Fig. 2. 

MOTEL selects one of two interpretations oftwo pins. In the 
6805 case, OS and R/W are gated together to produce the 
internal read enable. The internal write enable is a similar 
gating of the inverse of RlW. With 8085 Family buses, the 
inversion of RD and WR create functionally identical internal 
read and write enable Signals. 

The CDP6853 automatically selects the p!Qcessor type by 
usi ng AS/ALE to ~h the state of the DS/R 0 pin. Since OS 
Is always low and RD is always high during AS and ALE, the 
latch automatically Indicates which processor type Is 
connected. 

. ... 
FAMILY 8US 

D al------. .... 
FAMILY 

INTERNAL 
SIGNALS 

AS ALE AS \---+.., C Q BUS 

OS, E,or02 DS READ ENABLE 

RIW R'W WRITE ENABLE 

12C1I471111 

Fig. 2 - Functional diagram of MOTEL circuit. 
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This section provides a functional description of the 
CDP6853. A block diagram of the CDP6853 is presented In 
Fig. 3. 

eTS 

D2·D7 TxD 
ADO,AD1 

oeD 

DSR 

Rxe 

XTLI 
XTLO 

DTR 

iiTs 

RxD 

92CM-37026Rl 

Fig. 3 - Internal organization. 

DATA BUS BUFFERS 

The Data Bus Buffer interfaces the system data lines to the 
internal data bus. The Data Bus Buffer is bi-directional. 
When the R/Wline is high and the chip is selected, the Data 
Bus Buffer passes the data to the system data lines from the 
CDP6853 internal data bus. When the R/W line is low and 
the chip is selected, the Data Bus Buffer writes the data from 
the system data bus to the internal data bus. 

INTERRUPT LOGIC 

The Interrupt Logic will cause the IRQ line to the micro­
processor to go low when conditions are met that require 
the attention of the microprocessor. The conditions which 
can cause an interrupt will set bit 7 and the appropriate bit of 
bits 3 through 6 in the Status Register if enabled. Bits 5 and 6 
correspond to the Data Carrier Detect (DCDi logic and the 
Data Set Ready (DSR) logic. Bits 3 and 4 correspond to the 
Receiver Data Registerfull and the Transmitter Data Register 
empty conditions. These conditions can cause an interrupt 
request if enabled by the Command Register. 

I/O CONTROL 

The I/O Control Logic controls the selection of internal 
registers in preparation for a data transfer on the internal 
data bus and the direction of the transfer to or from the 
register. 

The registers are selected by the Register Select and Chip 
Select and Read/Write lines as described in Table I, 
previously. 

TIMING AND CONTROL 

The Timing and Control logic controls the timing of data 
transfers on the internal data bus and the registers, the Data 

Bus Buffer, and the microprocessor data bus, and the 
hardware reset features. 

Timing is controlled by the system 1/12 clock input. The chip 
will perform data transfers to or from the microcomputer 
data bus during the 1/12 high period when selected. 

All registers will be initialized by the Timing and Control 
Logic when the Reset (RES) line goes low. See the individual 
register description for the state of the registers following a 
hardware reset. 

TRANSMITTER AND RECEIVER 
DATA REGISTERS 

These registers are used as temporary data storage for the 
CDP6853 Transmit and Receive Circuits. Both the Trans­
mitter and Receiver are selected by a Register Select 0 
(RSO) and Register Select 1 (RS1) low condition. The 
Read/Write line determines which actually uses the internal 
data bus; the Transmitter Data Register is write only and the 
Receiver Data Register is read only. 

Bit 0 is the first bit to be transmitted from the Transmitter 
Data Register (least significant bit first). The higher order 
bits follow in order. Unused bits in this register are "don't 
care". 
The Receiver Data Register holds the first received data bit 
in bit 0 (least significant bit first). Unused high-order bits 
are "0". Parity bits are not contained in the Receiver Data 
Register. They are stripped off after being used for parity 
checking. 

STATUS REGISTER 

Fig. 4 indicates the format of the CDP6853 Status Register. 
A description of each status bit follows. 
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78543210 

I I I I I II I I 

L 
'---

78543210 

PARITY ERRO ... 
0- NO PARITY ERROR 
1 - PARITY ERROR DETECTED 

FRAMING ERROR" 
0- NO FRAMING ERROR 
1 - FRAMING ERROR DETECTED 

OVERRUN" 
0- NO OVERRUN 
1 - OVERRUN HAS OCCURRED 

RECEIVER DATA REGISTER FULL 
0- NOT FULL 
1 - FULL 

TRANSMITTER DATA REGISTER EMPTY 
0- NOT EMPTY 
1- EMPTY 

DATA CARRIER DETECT (DCD) 
0- iX5 LOW (DETECll 
1 - 6eD HIGH (NOT DETECTED) 

DATA seT READV (liP) 

~: 8B ~~:H(r:~~EADV) 
INTERRUPT (IAQ) 

~ : :'~~~~~Ap~U~~':c'~:;~:~1.m PIN LOW) 
"NO INTERRUPTS OCCUR FOR 
THESE CONDITION8 

I~ 1:1: I:I~ I~ I~I~I::::::~:::~T (RES) 

HCU-1I713R1 

Fig. 4 - Status ragistar format. 

Receiver Data Regllter Full (Bit 3) 

This bit goes to a "1" when the CDP6853 transfers data from 
the Receiver Shift Register to the Receiver Data Register, 
and goes to a "0" when the processor reads the Receiver 
Data Register. 

TranlmlHer Date Regllter Empty (Bit 4) 

This bit goes to a "1" when the CDP6853 transfers data from 
the Transmitter Data Register to the Transmitter Shift 
Register, and goes to a "0" when the processor writes new 
data onto the Transmitter Data Register. 

Date Carrier Detect (Bit 5) and 
Date Set Ready (Bit 8) 

These bits reflect the levels of the DCD and DSR inputs to 
the CDP6853. A "0" indicates a low level (true condition) 
and a "1" indicates a high (false). Whenever either of these 
inputs change state, an immediate processor interrupt 
occurs, unless the CDP6853 Is disabled (bit 0 of the 
Command Regil!ter is a "0"). When the Interrupt occurs, the 
status bits will Indicate the levels of the inputs immediately 
after the change of state occurred. Subsequent level 
changes will not affect the status bits until the Status 
Register is interrogated by the processor. At that time, 
another Interrupt will immediately occur and the status bits 
will reflect the new input levels. 

Framing Error (Bit 1), Overrun (2), and 
Parity Error (Bit 0) 

None of these bits causes a processor interrupt to occur, 
but they are normally checked at the time the Receiver Data 
Register is read so that the validity of the data can be 
verified. 

Interrupt (Bit 7) 

This bit goes to a "0" when the Status Register has been 
read by the processor, and goes to a "1" whenever any kind 
of interrupt occurs. 

CONTROL REGISTER 

The Control Register selects the desired transmitter baud 
rate, receiver clock source, word length, and the number of 
stop bits. 

Selected Baud Rate (Bltl 0,1,2,3) 

These bits, set by the processor, select the Transmitter 
baud rate, which can beat 1/16 an external clock rate orone 
of 15 other rates controlled by the internal baud rate 
generator as shown in Fig. 5. 

7 8 5 4 3 

ISBN~RCS SSR 
sa" 

SBR2 S8Rl BBRO 

L..J 

L ___ SELECTED BAUD RATE ISBA) 

3210 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

1/,8X EXTERNAL CLOCK 
50 BAUD 
75 BAUD 
10892 BAUD 
134.58 BAUD 
150 BAUD 
300 BAUD 
800 BAUD 
1200 BAUD 
1800 BAUD 
2400 BAUD 
3800 BAUD 
4800 BAUD 
7200 BAUD 
9800 BAUD 
19200 BAUD 

'-------- RECEIVER CLOCK SOURCE (RCS) 
0- EXTERNAL RECEIVER CLOCK 
1 - BAUD RATE 

'----------- WORD LENGTH (WL) 

U 
00 8 BITS 
01 7 BITS 
10 BBITS 
11 5 BITS 

'-------------- STOP BIT NUMBER ISBN) 

78543210 

10 10 10 10 10 10 \0 10 I HARDWARE RESET(iiEi) 
- - - - - - - - PROGRAM RESET 

0-1 STOP BIT 
1 - 2 STOP BITS 

- ' .... /2 STOP BITS 
FOR WL=5 AND NO PARITY 

-1 STOP BIT 
FOA WL 8 AND PARITY 

92CM- 36781 

Fig. 5 - CDP6853 control raglster. 

Receiver Clock Source (Bit 4) 

This bit controls the clock source to the Receiver. A "0" 
causes the Receiver to operate at a baud rate of 1/16 an 
external clock. A "1" causes the Receiver to operate at the 
same baud rate as Is selected for the transmitter as shown in 
Fig.5. 

Word Length (Bltl 5,8) 

These bits determine the word length to be used (5,6,7 or 8 
bits). Fig. 5 shows the configuration for each number of bits 
desired. 

Stop Bit Number (Bit 7) 

This bit determines the number of stop bits used. A "0" 
always indicates one stop bit. A "1" indicates 1'h stop bits If 
the word length is 5 with no parity selected, 1 stop bit if the 
word length is 8 with parity selected, and 2 stop bits in all 
other configurations. 
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COMMAND REGISTER 

The Command Register controls specific modes and 
functions (Fig. 6). 

Data Terminal Ready (Bit 0) 

This bit enables all selected interrupts and controls the 
state of the Data Terminal Ready (DTR) line. A "0" indicates 
the microcomputer system is not ready by setting the DTR 
line high. A "1" indicates the microcomputer system is 
ready by setting the DTR line low. When the DTR bit issetto 
a "0", the receiver and transmitter are both disabled. 

Receiver Interrupt Control (Bit 1) 

This bit disables the Receiver from generating an interrupt 
when set to a "1". The Receiver interrupt is enabled when 
this bit is set to a "0" and Bit 0 is set to a "1". 

Transmitter Interrupt Control (Bits 2,3) 

These bits control the state of the Ready to Send (RTS) line 
and the Transmitter interrupt. Fig. 6 shows the various 
configurations of the RTS line and Transmit Interrupt bit 
settings. 

Receiver Echo Mode (Bit 4) 

This bit enables the Receiver Echo Mode. Bits 2 and 3 must 
also be zero. In the Receiver Echo Mode, the Transmitter 
returns each transmission received by the Receiver delayed 
by'h bit time. A "1" enables the Receiver Echo Mode. A "0" 
bit disables the mode. 

Parity Mode Enable (Bit 5) 

This bit enables parity bit generation and checking. A "0" 
disables parity bit generation by the Transmitter and parity 
bit checking by the Receiver. A "1" bit enables generation 
and checking of parity bits. 

Parity Mode Control (Bits 6,7) 

These bits determine the type of parity generated by the 
Transmitter, (even, odd, mark or space) and the type of 
parity check done by the Receiver (even, odd, or no check). 
Fig. 6 shows the possible bit configurations for the Parity 
Mode Control bits. 

TRANSMITTER AND RECEIVER 

Bits 0-3 of the Control Register select divisor used to 
generate the baud rate for the Transmitter. If the Receiver 
clock is to use the same baud rate as the transmitter, then 
RxC becomes an output and can be used to slave other 
circuits to the CDP6853. Fig. 7 shows the transmitter and 
Receiver layout. 

XTLr 

XTLO 

~----------------------R'C 

92CS-36791 

Fig. 7 - Transmitter receiver clock circuits. 

DATA TERMINAL READY (OTR) 

0- DATA TERMINAL NOT READY (OTR PIN HIGH) 
1 - DATA TERMINAL READY (OTR PIN LOW) 

RECEIVER INTERRUPT CONTROL (IRD) 
0" RECEIVER INTERRUPT ENABLED 
1 - RECEIVER INTERRUPT DISABLED 

'------ TRANSMITTER INTERRUPT CONTROL (TIC) 

618 

3 2 
00 rn- HIGH. TRANSMIT INTERRUPT DISABLED* 
o 1 m- LOW, TRANSMIT INTERRUPT ENABLE 
1 0 m- LOW, TRANSMIT INTERRUPT DISABLED 
1 1 R'i'§ - LOW, TRANSMIT INTERRUPT DISABLED 

TRANSMIT BREAK ON T x 0 

'---------- RECEIVER ECHO MODE (REM) 
0- RECEIVER NORMAL MODE 
1 - RECEIVER ECHO MODE* 

'------------ PARITY MODE ENABLE (PME) 
0- PARITY MODe DISABLED 

NO PARITY BIT GENERATED 
PARITY CHECK DISABLED 

1 - PARITY MODE ENABLED 

'-------------- PARITY MODE CONTROL (PMC) 

76543210 

1°\° 10 \ 0 10 \0 \ 0 \0 I HARDWARE RESET (RES) 
- - - 0 0 ° 0 0 PROGRAM RESET 

7 • 
6 i5 ODD PARITY TRANSMITTED/RECEIVED ° 1 EVEN PARITY TRANSMITTED/RECEIVED 
1 ° MARK PARITY BIT TRANSMITTED 

PARITY CHECK DISABLED 
1 1 SPACE PARITY BIT TRANSMITTED 

PARITY CHECK DISABLED 

* BITS 2 AND 3 MUST BE ZERO FOR RECEIVER ECHO MODE fiTS WILL BE LOW. 

92CM-36790A1 

Fig. 6 - CDP6853 command register. 
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Continuous Data Transmit (Fig. 8) 

l!!..J!Ie normal operating mode, the processor interrupt 
(I Ra) is used to signal when the CDP6853 is ready to accept 
the next data word to be transmitted. This interrupt occurs 
at the beginning of the Start Bit. When the processor reads 

the Status Register of the CDP6853, the interrupt is cleared. 
The processor must then identify that the Transmit Data 
Register is ready to be loaded and must then load it with the 
next data word. This must occur before the end of the Stop 
Bit, otherwise a continuous "MARK" will be transmitted. 

CHAR#n CHAR#n+l CHAR#n+2 CHAR#n+3 

/ I '-/ I '-/ I ,~' ~ 
T"'...,._..,.~T:.::O::;P STOP STOP STOP 

Tx ol [BOIBtJ1~diJ I GGCGE] I GG1]:£1 I [%G[:GI:] L 
START STAR'r START START 
I I I I 
I I I I 

iRO -un Lm'-cLm Lw 
PROCESSOR J I INTERRUPT / PROCESSOR MUST 

L 
(TRANSMIT OATA LOAD NEW DATA 
REGISTER EMP"rY) IN THIS TIME 

PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
TO CLEAR 

INTERVAL; OTHERWISE, 
CONTINUOUS "MARK" 
IS TRANSMITTEO 

Fig. 8 - Continuous data transmit. 

92CM·36792R1 

Continuoul Data Receive (Fig. 9) 

Similar to the above case, the normal mode is to generate a 
processor interrupt when the CDP6853 has received a full 

data word. This occurs at about the 8/16 point through the 
Stop Bit. The processor must read the Status Register and 
read the data word before the next interrupt, otherwise the 
Overrun condition occurs. 

CHAR#n CHAR#n-t-1 CHAR#I"+2 CHAR#n+3 

/~ __ ----~I--------~,/ ~/ ~/r--------~I--_----~, 
'T""-r_,SrT"o""p STOP STOP STOP 

Rx D l [%IB1I:8O:J I [BO"Gf~~ I [BO'Er ~ I [BOIBtJ hE] L 
START I START I START I START I 

I : i I 

U' 1 /LJJJ JLJlj.,,------1L ) I =:girv~SRO~A~~~~ ~~~f TIME INTERVAL; OTHERWISE, 
PROCESSOR OVERRUN OCCURS 
INTERRUPT OCCURS 
ABOUT 8/18 INTO 
LAST STOP BIT. 
PARITY, OVERRUN, 
AND FRAMING ERROR 
UPDATED, ALSO 

PROCESSOR READS STATUS 
REGISTER, CAUSES IRQ 
TO CLEAR 

Fig. 9 - Continuous data receive. 

92CM-38793R1 
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Transmit Data Register Not Loaded 
By Processor (Fig. 10) 

If the processor is unable to load the Transmit Data Register 
in the allocated time, then the TxD line will go to the 
"MARK" condition until the data is loaded. IRQ interrupts 

CHAR #n CONTINUOUS "MARK" 
/~ ________ LI ________ ~, 

STOP STOP 

TxO n [qii1T-0EE] I 
I START LCHARACTER1 

1- TIME 

INTERRUPT 

continue to occur at the same rate as previously, except no 
data is transmitted. When the processor finally loads new 
data, a Start Bit immediately occurs, the data word 
transmission is started, and another interrupt is initiated, 
signaling for the next data word. 

CHAR#n+1 CHAR #n+2 

/~--------~------~,/~------~I----------
STOP 

rq;;;J~:EEI I reELEr 
START J"TART 

I'TT"---

PROCESSO'I 
FOR DATA 
REGISTER 
EMPTY 

PROCESSOR 
READS 
STATUS 
REGISTER 

INTERRUPTS 
CONTINUE AT 
CHARACTER RATE 
EVEN THOUGH 

WHEN PROCESSOR FINALLY LOADS 
NEW DATA, TRANSMISSION STARTS 
IMMEDIATELY AND INTERRUPT 
OCCURS, INDICATING TRANSMIT 
DATA REGISTER EMPTY 

NO DATA IS 
TRANSMITTED 

92CM-36794RI 

Fig. 10 - Transmit data register not loaded by processor. 

Effect of CTS on Transmitter (Fig. 11) 

CTS is the Clear-to-Send Signal generated by the modem. 
It is normally low (True State) but may go high in the event 
of some modem problems. When this occurs, the TxD line 
immediately goes to the "MARK" condition. Interrupts 

CHAR#n CHAR#n+1 

continue at the same rate, but the Status Register does not 
indicate that the Transmit Data Register is empty. Since 
there is no status bit for CTS, the processor must deduce 
that CTS has-ille to the FALSE (high) state. This is 
covered later. CTS isa transmit control line only, and has no 
effect on the CDP6853 Receiver Operation. 

______ ~I----------__ ,/r--~::~::~I:;::~:::;:::" 
Tx D E~_ ... I_B_N ...... _p--,lsTOPlsTARTI Be I:J _ ... I_B_N ..... I_p ... I ... S_T_O_pl~S_TA_R_T.LI_B°-.LI_Bl-.L1_B2-1:/ 

CONTINUOUS "MARK" 
I 

620 

I I ~ CHARACTER--I 
I TIME I 

I'TT"'---I-"'" 

ClEAR-T(),SEND 

ffi_",~ 
INDICATING MODEM PROCESSOR 

~E~~~V~~A:"~~~x D ~~T:~=~~ 
IMMEDIATELY GOES START BIT 
TO "MARK" CONDITION TIME 

NOT CLEAR-T()'SEND 

PROCESSOR READS 
STATUS REGISTER. 
SINCE DATA REGISTER 
IS r:!QI EMPTY, PROCESSOR 
MUST DEDUCE THAT 
eft IS SOURCE OF 
INTERRUPT (THIS IS 
COVERED ELSEWHERE 
IN THIS NOTE). 

92CM-36795 

Fig. 11 - Effect of CTS on transmitter. 
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Effect of Overrun on Receiver (Fig. 12) 

If the processor does not read the Receiver Data Register in 
the allocated time, then, when the following interrupt 
occurs, the new data word is nottransferred to the Receiver 

Data Register, but the Overrun status bit is set. Thus, the 
Data Register will contain the last valid data word received 
and all following data Is lost. 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 

--'v ' 'J ' ,/ ' ,/,------"---
STOP STOP STOP STOP 

Rx D n Grs~[8O:] I GG[(gi] I [801~]~EJ I GFT]~I 
I~ I~ I~ I~ 

RECEIVER DATA REQISTER 
NOT UPDATED BECAUSE 
PROCESSOR DID NOT READ 
PREVIOUS DATA. OVERRUN 
BIT SET IN STATUS 
REGISTER. 

'-----.-----' ~OVERRUN BIT SET IN 

STATUS REGISTER 

rn-----

92CM-36796R I 

Fig. 12 - Effect of overrun on receiver. 

Echo Mode Timing (Fig. 13) 

In Echo Mode, the TxD line re-transmits the data on the RxD 
line, delayed by 'h of the bit time. 

RxD nSTARTI Be I ., I ~ 

\ \ \ \ 
TxD 

Fig. 13 - Echo mode timing. 

92CM- 36797 
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Effect of CTS on Echo Mode Operation (Fig. 14) way as "Effect of C'F§ on Transmitter". In this case, 
however, the processor interrupts signify that the Receiver 
Data Register is full, so the processor has no way of 
knowing that the Transmitter has ceased to echo. 

See "Effect of CTS on Transmitter" for the effect of CTS on 
the Transmitter. Receiver operation is unaffected by CTS, 
so, in Echo Mode, the Transmitter is affected in the same 

CHAR#n CHAR#n+1 CHAR#n+2 CHAR#n+3 

--_\/ I 'j I 'j I 'J I 

STOP STOP STOP STOP 

R,O Jl G"GIHJ I [SJBtJ~:GEJ I [%GIOGOEJ I SEtH 
1- 1- I~ 1-

nIQ LJI] LllJ Llll UU......----
! 

Nor·CLEAR-rO·SEND 

I 
STOP STOP I 

hO ~L.I~EI ISNI p I Isols,I··11 

[ L~ ) CTS GOES TO 
"FALSE" CONDITION 

NORMAL --~ 

RECEIVER DATA 
REGISTER FULL 
INTERRUPTS 

92CM-36798 

Fig. 14 - Effect of CTS on echo mode, 

Overrun In Echo Mode (Fig. 15) For the re-transmitted data, when overrun occurs, the TxD 
line goes to the "MARK" condition until the first Start Bit 
after the Receiver Data Register is read by the processor, 

If Overrun occurs in Echo Mode, the Receiver is affected the 
same way as described in "Effect of Overrun on Receiver", 

CHAR #x CHAR #x + 1 CHAR#n 

~/r--------JI--_~ /~ ___ -LI ____ ~~ __ LI ___ 

STOP STOP STOP STOP A'On r;E[EL:] I GELID I [%G[~ I [%EII~;E 1- - ~ ~ 

-- LJl]\~--.--_/LJ] !l!---'LllJ LJ]mr-----

IAQ ISTOP 1 1"-'r--r_-~!----''----_ --_--_ ~~-----_ --_ --_ ~-/+-i 
TxO n 83 ~ '--L_ ...... 8_, ... ~H 

I START 1;-

PROCESSOR READS RECEIVER I 
PROCESSOR FINALLY 

~~~E:~g~VER E:~~ ::~~STER, T x D DATA 
DATA REGISTER CHARACTER (#n) RESUMES 

FULL I 
PROCESSOR 
READS 
STATUS 
REGISTER 

OVERRUN OCCURS 
T x D GOES TO 
"MARK" 
CONDITION 

Fig, 15 - Overrun in echo mode, 

PROCESSOR 
INTERRUPT 
FOR CHAR#x 
IN RECEIVER 
DATA REGISTER 

92CM-36788 

622 ____________________________________________________________ ___ 



CMOS Peripherals 

CDP6853 
CDPelS3 OPERATION (Cont'd) 

Fremlng Error (Fig. 18) 

Framing Error is caused by the absence of Stop Blt(s) on 
received data. The status bit is set when the processor 

interrupt occurs. Subsequent data words are tested for 
Framing Error separately, so the status bit will always 
reflect the last data word received. 

O.D 
(EXPECTED) 

O.D 
(ACTUAL) 

NOTES 
1 FRAMING ERROR DOES NOT 

INHIBIT RECEIVER OPERATION 
2 IF NEXT DATA WORD 18 OK. 

FRAMING ERROR IS CLEARED 

Effect of DCD on Receiver (Fig. 17) 

Fig. 16 - Framing error. 

PRoctSSOR 
INTERRUPT, 
FRAMING 
ERROR 
81T8ET 

92CM- 36789 

condition via the Status Register. 

DcD is a modem output used to indicate the status of the 
carrier-frequency-detectlon circuit of the modem. This line 
goes high for a loss of carrier. Normally, when this occurs, 
the modem will stop transmitting data (RxD on the CDP6853 
some time later. The CDP6853 will cause a processor 
interrupt wheneveroco changes state and will indicate this 

Once such a change of state occurs, subsequent transitions 
will not cause interrupts or changes in the Status Register 
until the fi rst interrupt is serviced. When the Status Register 
is read by the process.2!:.....the CDP6853 automatically 
checks the level of the DCD line, and if it has changed, 
another interrupt occurs. 

~-r~rST~D;P ~-r-'r-'-r-____ C~O~N~T~IN~U~OU~S~"~M~A~OK~" ____ -'rrS~TO~P STOP 

O.D ·EB~:bEJ I 1·0 I·, 1··11 8 I [BOGI _GEJ L 
START I MODEM I I-MODEM -t STAOT r DELAY 1 I DELAV I 

DCD I I I ~I -----+---+-

loa ~rc' ==:::;:::t ==::7j/LW 
t I AS LONG AS f 

:~~~E"sLSOR ~F~R~~E~ PROCESSOR 
INTERRUPT PROCESSOR INTERRUPTS 

INTERRUPT FOR RECEIVER INTERRUPT 
FOR 6C6 WILL OCCUR FOR m!IS 
GOING HIGH GOING LOW 

Fig. 17 - Effect of OeD on receiver. 

iii 
I III L __ 1U 

t 
NO INTERRUPT 
WILL OCCUR 
HERE, SINCE 
RECEIVER IS NOT 
ENABLED UNTIL 
FIRST START BIT 
DETECTED 

/L 
PROCESSOR 
INTERRUPT 
FOR 
RECEIVER 
DATA 
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Timing with 1'12 Stop Bit. (Fig. 18) 

It is possible to select 11,1, Stop Bits, but this occurs only for 

5-bit data words with no parity bit. In this case, the 
processor interrupt for Receiver Data Register Full occurs 
halfway through the trailing half-Stop Bit. 

AxC 

CHAR#n 
/,~ ____________ -LI ____________ ~ 

LllJ 
t 

PROCESSOR INTERRUPT 
OCCURS HALFWAY 
THROUGH THE 1!2 
STOP BIT 

Fig. 18 - Timing with 1-1/2 stop bits. 

CHAR#n+1 
I 

92CM- 36787 

L 

Tran.mlt ContinuoU8 "BREAK" (Fig. 19) 

This mode is selected via the CDP6853 Command Register 
and causes the Transmitter to send continuous "BREAK" 
characters after both the transmitter and transmitter-holding 
registers have been emptied. 

When the Command Register is programmed back to 
normal transmit mode, a Stop Bit is generated and normal 
transmission continues. 

STOP STOP 

TKO n ~~I3iJ I I BO 81! _ aN p STOP 

I START START 

NORMAL 
INTERRUPT 

1-------------1- PERIOD DURING 
WHICH PROCESSOR 
SELECTS 
CONTINUOUS 
"BREAK" MODE 

/~----------~,~-----

STOP STOP 

~GEJ I R"81J I START 

ITT"-----...; 

POINT AT WHI~ / 
PROCESSOR PROCESSOR 
SELECTS INTERRUPT 
NORMAL TO LOAD 
TRANSMIT TRANSMIT 
MODE DATA 

92CM-36785 

Fig. 19 - Transmit continuous "BREAK". 

Receive Contlnuou8 "BREAK" (Fig. 20) characters, the CDP6853 will terminate receiving. Reception 
will resume only after a Stop Bit is encountered by the 
CDP6853. In the event the modem transmits continuous "BREAK" 

CONTINUOUS "BREAK" /r--------------~, .r--------
,,---,_-rST:.::O~P STOP STOP 

R x 0 E~~ I I Bo I B1 BN P STOP ,=:+'_L.-I-~EEJ I I BO I 81 I 
I START I I START 

--------~r_n~--------~~~~~-~-~+ST~---TlJr---------~ ~-----

PROCESSOR I ,I;, NO INTERRUPT NORMAL 
INTERRUPT PROCESSOR SINCE RECEIVER RECIEVER 
FOR INTERRUPT DISABLED UNTIL INTERRUPT 
RECEIVER WITH FRAMING FIRST STOP BIT 
DATA REGISTER ERROR (PARITY 
FULL AND OVERRUN 

CHECKS NORMAL) 
92CM-36784 

Fig. 20 - Receive continuous "BREAK". 
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CDP6853 
CDP8853 OPERATION (Cont'd) 

STATUS REGISTER OPERATION 

Because of the special functions of the various status bits, 
there is a suggested sequence for checking them. When an 
interrupt occurs, the CDP6853 should be interrogated, as 
follows: 

1. Read Status Register 

This operation automatically clears Bit 7 (IRQ). Sub­
sequent transitions on 5SR and DCD will cause another 
interrupt. 

2. Check IRQ Bit 

If not set, interrupt source is not the CDP6853. 

3. Check DCD and DSR 

These must be compared to their previous levels, which 
must have been saved by the processor. If they are both 
"0" (modem "on-line") and they are unchanged then 
the remaining bits must be checked. 

4. Check RDRF (Bit 3) 

Check for Receiver Data Register Full. 

5. Check Parity, Overrun, and Framing Error (Bits 0-2) 

Only if Receiver Data Register is Full. 

6. Check TORE (Bit 4) 

Check for Transmitter Data Register Empty. 

7. If none of the above, then CTS must have gone to the 
FALSE (high) state. 

PROGRAMMED RESET OPERATION 

A program reset occurs when the processor performs a 
write operation to the CDP6853 with ADO high and AD1 
low. The program reset operates somewhat different from 
the hardware reset (RES pin) and is described as follows: 

1. Internal registers are not completely cleared. The data 
sheet indicates the effect of a program reset on internal 
registers. 

2. The DTR line goes high immediately. 

3. Receiver and transmitter interrupts are disabled immed­
iately. If IRQ is low when the reset occurs, it st!l'!low 
until serviced, unless interrupt was caused by oeD or 

15m'! transition. 

4. DCD and DSR interrupts disabled immediately. If IRQ 
is low and was caused by DCD or DSR, then it goes 
high, also ~ andl5SR status bits subsequently will 
follow the input lines, although no interrupt will occur. 

5. Overrun cleared, if set. 

MISCELLANEOUS NOTES ON OPERATION 

1. If Echo Mode is selected, RTS goes low. 

2. If Bit 0 of Command Register is "0" (disabled), then: 
a) All interr~disabled, including those caused by 

DCD andDffi'l transitions. 
b) Receiver disabled, but a character currently being 

received will be completed first. 
c) Transmitter is disabled after both the Transmit 

Data and Transmit Shift Registers have been 
emptied 

3. Odd parity occurs when the sum of all the "1" bits in the 
data word (including the parity bit) is odd. 

4. In the receive mode, the received parity bit does not go 
into the Receiver Data Register, but is used to generate 
parity error for the Status Register. 

5. Transmitter and Receiver may be in full operation 
simultaneously. This is "full-duplex" mode. 

6. If the RxD line inadvertently goes low and then high 
during the first 9 receiver clocks after a Stop Bit; will 
result in a false Start Bit. 

For false Start Bit detection, the CDP6853 does not 
begin to receive data, instead, only a true Start Bit 
initiates receiver operation. 

7. Precautions to consider with the crystal oscillator 
circuit: 

The XTLI input may be used as an external clock 
input. The XTLO pin must be floating and may not 
be used for any other function. 

8. DCD and~ transitions, although causing immediate 
processor interrupts, have no effect on transmitter 
operation. Data will continue to be sent, unless the 
processor forces transmitter to turn off. Since these are 
high-impedance inputs, they must not be permitted to 
float (un-connected). If unused, they must beterminated 
either to GND or Voo. 

GENERATION OF NON-STANDARD BAUD RATES 

Divisors 

The internal counter/divider circuit selects the appropriate 
divisor for the crystal frequency by means of bits 0-3 of the 
CDP6853 Control Register. 

The divisors, then, are determined by bits 0-3 in the Control 
Register and their values are shown in Table II. 

Generating Other Baud Rates 

By using a different crystal, other baud rates may be 
generated. These can be determined by: 

Crystal Frequency 
Baud Rate = -------

Divisor 

Furthermore, it is possible to drive the CDP6853 with an 
off-chip oscillator to achieve the same thing. In this case, 
XTLI (pin 6) must be the clock input and XTLO (pin 7) must 
be a no-connect. 

DIAGNOSTIC LOOP-BACK OPERATING MODES 

A simplified block diagram for a system incorporating a 
CDP6853 ACIA is shown in Fig. 21. 

Occasionally it may be desirable to include in the system a 
facility for "loop-back" diagnostic testing, of which there 
are two kinds: 

1. Local Loop-Back 

Loop-back from the point of view of the processor. In 
this case, the Modem and Data Link must be effectively 
disconnected and the ACIA transmitter connected 
back to its own receiver, so that the processor can 
perform diagnostic checks on the system, excluding 
the actual data channel. 

2. Remote Loop-Back 

Loop-back from the point of view of the Data Link and 
Modem. In this case, the processor, itself, is discon­
nected and all received data is immediately retrans­
mitted, so the system on the other end of the Data Link 
may operate independent of the local system. 
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CMOS Peripherals 

CDP6853 
CDP6853 OPERATION (Conl'd) 

Tabla II - Divisor Selecllon for Ihe CDP6853 

CONTROL DIVISOR SELECTED BAUD RATE GENERATED BAUD RATE GENERATED 
REGISTER FOR THE WITH 1.8432 MHz WITH A CRYSTAL 

BITS INTERNAL COUNTER CRYSTAL OF FREQUENCY (F) 
3 2 1 0 
0 0 0 0 No Divisor Selected 1/16 of External Clock at Pin XTLI 1/16 of External Clock al Pin XTLI 

1.8432 x 10" F 
0 0 0 1 36,864 36.864 - 50 36864 

1.8432 x 10' F 
0 0 1 0 24.576 24576 = 75 24576 

1.8432 x 10" F 
0 0 1 1 16.768 - 16_768 = 109.92 16768 

1.8432 x 10' F 
0 1 0 0 13.696 13696 = 134.58 13696 

1.8432 x 10' F 
0 1 0 1 12.288 12288 = 150 12288 

1.8432 x 10· F 
0 1 1 0 6.144 6, 144 - 300 6144 

1.8432 x 10' F 
0 1 1 1 3.072 3. 72 = 600 3072 

1.8432 x 10' F 
1 0 0 0 1.536 1_536 = 1200 1536 

1.8432 x 10' F 
1 0 0 1 1.024 1024 = 1800 1024 

1.8432 x 10' F 
1 0 1 0 768 768 = 2400 768 

1.8432 x 10' F 
1 0 1 1 512 512 = 3600 512 

1.8432 x 10' F 
1 1 0 0 384 384 = 4800 384 

1.8432 x 10· F 
1 1 0 1 256 256 = 7200 256 

1.8432 x 10" F 
1 1 1 0 192 192 = 9600 192 

1.8432 x 10· F 
1 1 1 1 96 96 = 19200 96 

TO DATA LINK 

Fig. 21 - Simplified system diagram. 
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CDP6853 
CDP6653 OPERATION (Conl'd) 

CDP8853 

I iiTs DTii T.D R.D Dcii CTs DSR J 
LL8 SEL ::dJ 

~ 
ST8 3' 

4' 
CD74HC157 R.D 

>--- 18 1A 

2A 
DCD 

28 

38 3A CTS 

4A 
DSR 

~ 
48 

MODEM 

T.D 
L....-.. SEL 1V 

2Y 
DTR 

~ 
ST8 3. 

RTS 

4' -CD74HC1S7 

E 
19 1A 

92CM- 3703 
2B 2A 

39 3A f---
- 48 4A f--

NOTES: 1. HIGH ON LLB SELECTS LOCAL LOOp·BACK MODE. 
2. HIGH ON CD74HC157 SELECT INPUT GATES "B"INPUTS 

TO "V" OUTPUTS; LOW GATES "A" TO "V". 

Fig. 22 - Loop-back circuit schematic. 

The CDP6853 does not contain automatic loop-back 
operating modes, but they may be implemented with the 
addition of a small amount of external circuitry. 

Fig. 22 indicates the necessary logic to be used with the 
CDP6853. 

The LLB line is the positive-true signal toenable local loop­
back operation. Essentially, LLB=high does the following: 

1. Disables outputs TxD, DTR, and RTS (to Modem). 

2. Disables inputs RxD, 5Ci5, CTS, 5SR (from Modem). 

3. Connects transmitter outputs to respective receiver 
inputs: 

a) TxD to RxD 
b) DTR to DCD 
c) RTS to Ci'S 

LLB may be tied to a peripheral control pin to provide 
processor control of local loop-back operation. In this way, 
the processor can easily perform local loop-back diagnostic 
testing. 

Remote loop-back does not require this circuitry, so LLB 
must be set low. However, the processor must select the 
following: 

1. Control Register bit 4 must be "1 ", so that the transmitter 
clock=receiver clock. 

2. Command Register bit 4 must be "1" to select Echo 
Mode. 

3. Command Register bits 3 and 2 must be "1" and "0", 
respectively, to disable transmitter interrupts. 

4. Command Register bit 1 must be "0" to disable receiver 
interrupts. 

In this way, the system re-transmits received data without 
any effect on the local system. 
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CMOS Peripherals 

CDP6853 
DYNAMIC ELECTRICAL CHARACTERISTICS-BUS TIMING, VDD = 5 V de ± 5"10, Vss = 0 V de, 
TA = -40 to +85°C, CL = 75 pF, See Figi. 23, 24, 25. 

IDENT. 
LIMITS 

CHARACTERISTIC CDP8853-1 CDP885W 
NUMBER 

Min. Ma •• Min. Ma •• 
1 Cycle Time tevc 953 DC 500 DC 
2 Pulse Width, DS/E Low or /mIWR High PWEL 300 - 125 -
3 Pulse Width, DS/E High or RD/WR Low PWEH 325 - 145 -
4 Clock Rise and Fall Time t"t, - 30 - 30 
8 R/Vil Hold Time tRWH 10 - 10 -
13 R/W Set-up Time Before DS/E tRwS 15 - 10 -
14 Chip Enable Set-up Time Before AS/ALE Fall Ics 55 - 20 -
15 Chip Enable Hold Time leH 0 - 0 -
18 Read Data Hold Time tDHR 10 100 10 40 
21 Write Data Hold Time tDHW 0 - 0 -
24 Muxed Address Valid Time to AS/ALE Fall IAsL 50 - 20 -
25 Muxed Address Hold Time IAHL 50 - 15 -
26 Delay Time, DS/E to AS/ALE Rise IAsD 50 - 0 -
27 Pulse Width, AS/ALE High PWASH 100 - 45 -
28 Delay Time, AS/ALE to DS/E Rise lAsED 90 - 20 -
30 Peripheral Output Data Delay Time 

From DS/E or RD tDDR 20 240 10 70 
31 Peripheral Data Set-up Time tDSW 220 - 110 -

NOTE: Designations E, ALE, RD and WR refer to signals from non-6805 type microprocessors. 

AS--....Ji 

os 

R/ii 

CE 

ADOIADI -------(1 
WR'TE 

AIO, AOI 

MAO 

NOTE:YH'GH "Yoo-20Y,VLOW "O.8Y, YDD 5.0V!'O'llo 
92CM-37029 

Fig. 23 - Bus timing waveforms of CDP6853. 

CDP8853-4 UNITS 
Min. Ma •• 
250 DC 
90 -
70 -
- 30 
5 -
5 -
10 -
0 -
10 20 
0 

ns -
10 -
5 -
0 -
20 -
10 -

5 35 
55 -
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ALE (ADDRESS LATCH ENABLEI 
(AS PINI 

Ro (READ OUTPUT ENABLEI 
(DS PIN I 

WR (WRITE ENABLEI 
(RiW PINI 

CE CHIP (ENAB 

ADO- AD? 
(ADDRESS/DATA .:.B.:..US:..;I _________ -< READ DATA 

VALID 

Fig. 24 - Bus-read timing waveforms of 8085 multiplexed bus. 

ALE (ADDRESS LATCH ENABLEI 
(AS PIN I 

Ro (READ OUTPUT ENABLE I 
(OS PINI 

WR (WRITE ENABLE) 
(R/W PIN I 

CE (CHIP ENABLEI 
__ ~~~~WW~~~ 

ADO-Ao7 

(ADDRESS /..::;oA:;:.T:.:;A:..:8:.:U..::;S:..1 _______ --{ 

NOTE'VHIGH • Voo -2 V, VLOW ' O.SV, FOR VoD ' 5Vt 10 % 

1-----{i31}---.., 

WRITE DATA 
VALID 

Fig. 25 - Bus-write timing waveforms of 8085 multiplexed bus. 

DYNAMIC ELECTRICAL CHARACTERISTICS· TRANSMIT/RECEIVE, See FlgB. 28, 27 and 28. 
Voo = 5 V ± 5%, TA = _40° to +85°C 

CHARACTERISTIC 

Transmit/Receive Clock Rate teCY 
Transmit/Receive Clock High Time tCH 
Transmit/Receive Clock Low Time tCl 
XTU to TxD Propagation Delay too 
RTS Propagation Delay tOlY 
IRQ Propagation Delay (Clear) tiRa 
RES Pulse Width tREs 

(t"t, = 10 to 30 ns) 
'The baud rate with external clocking IS: Baud Rate=:-::--= __ 

16 x Tccy 

LIMITS 
CDP8853·1 CDP8853·2 

Min. Max. Min. Max. 
400' - 325 -
175 - 145 -
175 - 145 -
- 500 - 410 
- 500 - 410 
- 500 - 410 

400 - 300 -

CDP6853 

92CM-37031 

CDP8853-4 UNITS 
Min. Max. 
250 -
110 -
110 -
- 315 ns 
- 315 
- 315 

200 -
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CDP6853 

XTLI 

t TRANSMIT) 
CLOCK INPUT) 

TKO 

NOTE: TxO RATE IS 1/16 TxC RATE 

92CS-S8776 

Fig. 28 - Transmit-timing waveforms with external clock. 

Rxe 
(INPUT) 

NOTE. RxO RATE IS 1/16 RxC RATE 

92CS-36778 

Fig. 28 - Receive external clock timing waveforms. 

os ____ J 

fRo 
(CLEAR) 

Sl2CS -annRI 

Fig. 27 - Interrupt- and output-timing waveforms. 

1.B432 MHr 
CRYSTAL 

C· 10-50 pF 

INTERNAL CLOCK 

EXTERNAL 1] TRANSMITTER XTLI 
CLOCK 

OPEN 
CIRCUIT XTL.O 

EXTERNAL CL.OCK 
92CS-42341 

Fig. 29 - Transmitter clock generation. 
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CMOS Random-Access Memories 
(RAMs) 

Technical Data 

RCA offers a large selection of fully static CMOS random-access-memories (RAMs) 
with densities from 32K-bytes down to 32-bytes. These RAMs feature low standby 
current, 2-volt minimum memory data retention for battery backup, and 
CDP1800-series compatible parts. 

Industry-standard pinout devices ar~ represented by the MWS- and CDM- series 
prefixes. 

The folowing pages contain Cross-Reference Guides for the CDM- series of 16K, 
64K, and 256K static CMOS RAMs. 
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Random-Access Memories (RAMs) __________________ • __ _ 

RAM Cross-Reference Guide 
16K RAMS 
Note: An RCA eqUivalent type may not be identical with other manufacturer's type in every detail. 
Refer to published data for further information. 

RCA 2048X8 CMOS STATIC RAM COMPARISON CHART (b) 

Mfr. Type Access Standby RCA Nearest Mfr. Type Acces. 
Time Current Equivalent Time 
(nS) 

CMOS TTL Type' (nS) 

(PA) (mA) 

FUJITSU MB8416 200 10 2 CDM6116A-2 HITACHI HM61161/PI-4 200 

MB8416-X 200 10 2 CDM6116A-9 HM6116L1-2 120 

MB8416A-12 120 CDM6116A-3 HM6116L1-3 150 

MB8416A-15 150 CDM6116A-3 HM6116L1-4 200 

HM6116LP-2 120 

HARRIS HM65162-5 90 100 8 COM6116A-3 HM6116LP-3 150 

HM65162-9 90 100 9 CDM6116A-9 HM6116LP-4 200 

HM65162S-5 55 100 8 CDM6116A-3 HM6116LPI-2 120 

HM65162S-9 55 100 9 CDM6116A-9 HM6116LPI-3 150 

HM65162B-5 70 50 8 CDM6116A-3 HM6116LPI-4 200 

HM65162B-9 70 50 9 CDM6116A-9 HM6116AP-10 100 

HM65162C-9 90 1000 9 CDM6116A-9 HM6116AP-12 120 

HM6116AP-15 150 

HITACHI HM6116P-2 120 2000 15 CDM6116A-3 HM6116AP-20 200 

HM6116P-3 150 2000 15 CDM6116A-3 HM6116ALP-10 100 

HM6116P-4 200 2000 15 CDM6116A-2 HM6116ALP-12 120 

HM61181/PI-2 120 2000 20 CDM6116A-9 HM6116ALP-15 150 

HM61161/PI-3 150 2000 20 CDM6116A-9 HM6116ALP-20 200 

*Determlne the appropriate package deSignator (suffiX letter) from the RCA Data Sheet 

RCA 2048 X 8 CMOS STATIC RAMS (b) 

RCA Operating Electrical Address Chip Enable Standby Data 
Type (a) Supply Characteristic Acceaa Access Current Retention 

(All 24 Pin Voltage Temperature Time Time CMOS TTL Current (3Y) 
Packages) Range Range (nS) (nS) (pA) 

CDM6116A-2 45-55V 0° to 70°C 200 200 30 

CDM6116A-3 45-55V 0° to 70°C 150 150 50 

CDM6116A-9 45-55V ~40 to 85°C 250 250 100 

(a) 0 suffiX added for ceramic package, E suffix for plastiC All RCA RAMS shown are asynchronous types 
(b) Specifications at Vdd = 5V unless otherwise noted 
(c) NOise Immunity levels VIL::= 0 av, VIH ::= 2.2V. 
(d) Outputs open circuited Cycle Tlme::= Mm lcycle, VIN = VIL, V,H 

(mA) (PA) 

2 15 

2 25 

2 50 

Standby RCA Neal'8s' 
Current Equivalent 

'CMOS TTL Type' 

(PA) (mA) 

2000 20 CDM6116A-9 

200 20 CDM6116A-9 

200 20 CDM6116A-9 

200 20 CDM6116A-9 

50 12 CDM6116A-3 

50 12 CDM6116A-3 

50 12 CDM6116A-2 

100 20 CDM6116A-9 

100 20 CDM6116A-9 

100 20 CDM6116A-9 

2000 4 CDM6116A-3 

2000 4 CDM6118A-3 

2000 4 CDM6116A-3 

2000 4 CDM6116A-2 

50 3 CDM6116A-3 

50 3 CDM6116A-3 

50 3 CDM6116A-3 

50 3 COM6116A-2 

Operating TTL 
Supply Compatible? 

Current (d) (e) 
(mA) 

35 Ves 

35 Ves 

40 Ves 
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_________________________________________ Random-AcceMMemori.a(RAMa) 

RAM Cross-Reference Guide 
16K RAMS 
Note: An RCA equivalent type may not be identical with other manufacturer's type in every detail. 
Refer to published data for further Information. 

RCA 2048 X 8 CMOS STATIC RAM COMPARISON CHART (b) 

Mlr. Type ""- S .... dby RCAN ..... t Mfr. Type ""-
nme Current Equtvalent Time 
(nS) CMOS TTL Type' (nS) 

(pA) (mA) 

IDT IDTS11SS70 70 2000 15 CDM8116A-3 SMOS SRM2016C15 150 

IDTS116890 90 2000 15/20 CDMS116A-3!A-9 SRM2016C2O 200 

IDTS1168120 120 2000 15/20 CDMS116A-3IA-9 SRM2016C25 250 

IDTS1168150 150 2000 20 CDM6116A-9 

IDT611SL90 90 1001200 15/20 CDM6116A-3!A-9 
SSS SCM611&-1 100 

IDTS118L120 120 1001200 12/15 CDMS116A-3IA-9 
SCM6116-2 120 

IDTS116L150 150 1001200 12 CDMS116A-3/A-9 
SCM611&-3 150 

SCM6118L-1 100 

SCM6116L-2 120 
NEC pPD44&-3 150 10 CDMS116A-3IA-9 

SCM6118L-3 150 
pPD44&-2 200 10 CDM8116A-3IA-9 

pPD446-1 250 10 CDMS116A-9 

pPD446 450 10 CDMS116A-9 TOSHIBA TC5517AP 250 

TCSS17AP-2 200 

TCSS17APL 250 

OKI MSM512&-12 120 50 7 CDMS116A-3IA-9 TC5517APL-2 200 

MSM512&-15 150 50 7 CDMS116A-3IA-9 TC5517BP-20 200 

MSM512&-2O 200 50 7 CDMS116A-3IA-9 TC5517BPL-2O 200 

*Detemllne the appropnate package designator (SuffiX letter) from the RCA Data Sheet 

RCA 2048 X 8 CMOS STATIC RAMS (b) 

RCA Opel'llling Electrical Add ..... Chip Enable S~ -

S_by 
C"",,nt 

CMOI TTL 
Ii'Al (mA) 

50 2 

50 2 

50 2 

2000 12 

2000 12 

2000 12 

50 12 

50 12 

50 12 

30 3 

30 3 

1@6O"C 3 

1@6O"C 3 

30 3 

1@6O"C 3 

Opet'llllng 
Type (a) Supply Cha_1Ie ""- - CUrrant - SUpply 

(All 24 Pin Voltage Temperature nm. nme CMOS 
Packagel) 

R_ 
~ (nS) (nS) (pA) 

CDM6116A-2 45-5.5V 0" to 700 e 200 200 30 

CDM6116A-3 45-55V 0° to 700C 150 150 50 

CDM6116A-9 45-55V -40 to 85°C 250 250 100 

(8) 0 suffiX added tor ceramiC package, E suffiX for plastiC All RCA RAMS shown are asynchronous types 
(b) Specifications at Vdd = 5V unless otherWise noted 
(c) NOise Immunity levels VIL = 0 av. VIH = 2.2 V. 
(d) Outputs open Circuited Cycle Time = Min rcycle, VIN = VIL, VIH 

TTL CUrrent (aY) CUnonl(d) 

(mA) (pA) (mA) 

2 15 35 

2 25 35 

2 50 40 

RCA __ 

Ectulvllent 
Type' 

CDM6116A-3 

CDM6116A-2 

CDM6116A-2 

CDM6116A-3 

CDM6116A-3 

ODM6116A-3 

CDMS116A-3 

CDM8116A-3 

CDMS116A-3 

COM6116A-2 

CDM6116A-2/A-9 

CDMS116A-9 

CDM6116A-2/A-9 

CDM8116A-2/A-9 

CDMS116A-2/A-3 

TTL 
COInpe ... l.., 

(e) 

Yes 

Yes 

Yes 
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RAM Cross-Reference Guide 

64K RAMs 
Note: An RCA equivalent type may not be Identical with other manufacturer's type in every detail. 
Refer to published data for further Information. 

RCA 8182 x 8 CMOS STATIC RAM COMPARISON CHART (b) 
Standby GEIRCA - CUrrent N ...... 

Mfr. Type Time Mfr. Type 
CMOS TTL Eq ....... nt 

(nil 
IIIAI (mA) Type* 

AMD AM99CL88-15 150 100 1 CDM8264-3 NEC 1'1'04464-15 

/A'D4484-20 

FUJITSU MB8464-15 150 2000 CDM6264-3 

MB6464-15L 150 200 CDM6264-3 8-MOS SRM2064C-15 

HITACHI HM6264-15 150 2000 3 CDM6264-3 OSHIBA TC5564PL-15 

HM6264LP-15 150 100 3 CDM6264-3 TC5564PL-20 

TC5565PL-1S 

"Determine the approprlate package deSignator (suffix leller) from the RCA Deta Sheet. 

RCA 8182 x 8 CMOS STATIC RAMs (b) 
RCA Operottng EI_CIOI Add ... Chip Enable Standby 

Type (II Suppfy Chl_tartltlc - ~ .. Currant 

(Al128-Pln Yoltage Tempe .. tu .. Time Time CMOB TTL 
Pocfalael) Range Rana. Inll Inll lllAl ImAI 

CDM6264-3 4.5-5.5 V O' TO 70'C 150 150 100 3 

CDM6264-21 4.5-5.5 V -40' TO +85' C 200 200 200 4 

(a) 0 suffix addad for ceramic package. E suffix for plastiC. All RCA RAMs shown a .. asynchronous types. 
(b) Specifications 8t VDD = 5 V unless otherwise noted. 
(c) Noise Immunity levels VIL = 0.8 V, VIH = 2.2 V. 

(d) Outputs open circuited. Cycle Time = Min.leycle; VIN = VIL, VIH. 

Standby 
~. 

C ..... nt 
Time 

CMOS TTL 
(nil 

IIIAI (mA) 

150 10 

200 10 

150 100 3 

150 1 @6O*C 2 

200 1 @6O*C 2 

150 100 3 

Data Ope .. lng 

R_nlon Supply 

Cur_t(3 Y) Currant(d) 

lllAl ImAI 

50 45 

100 45 

GEIRCA 

N ...... 

Equl .... nt 

Type* 

CDM6264.3 

CDM6264-3 

CDM6264-3 

CDM6264-21 

CDM6264-21 

CDM6264-3 

TTL 
CompeUble? 

(el 

YES 

YES 

~----------------------------------



____________________ ,Random-Acca .. Mamorlas (RAMs) 

RAM Cross-Reference Guide 
256K RAMs 
Note: An RCA equivalent type may not be Identical with other manufacturar's type In every detail. 
Refer to published data for further Information. 

RCA 32,788 x 8 CMOS STATIC RAM COMPARISON CHART (b) 
s .. ndllr III/RCA 

~ 
Current '"--Mfr. Type TI_ Mfr. Type 

CMOS TTL Equl .... nl 
(ne) 

(pA) (mA) Type* 

trOSHIBA TC55257P-l0 100 1000 3 CDM82258-10 NEC /IP04325S-10 

TC56267P-12 120 1000 3 CDM82258-1 0 /APD43258-10L 

TC55257PL-l0 100 100 3 CDM82258-10 

TC55257PL-12 120 100 3 CDM82258-10 B-MOS SRM20258C-l0 

FUJITSU MB64258-10 100 1000 3 CDM82258-10 

MB64258-12 120 1000 3 CDM82258-10 

MB64258-10L 100 100 3 

MB64258-12L 120 100 3 
\ 

HITACHI HM82258P-l0 100 2000 3 CDM82258-10 

HM82258P-12 120 2000 3 CDM82258-1 0 

HM82258P-1S 150 2000 3 CDM82258-10 

HM82258LP-l0 100 100 3 CDM82258-10 

HM82256LP-12 120 100 3 CDM82258-10 

HM82256LP-15 150 100 3 CDM82258-10 

'Determine the appropriate package deslgnalor (sufflx letter) from the RCA Data Sheet. 

RCA 32 788 x 8 CMOS STATIC RAMslb) 
RCA 0panI11III EIICIrlceI Acldra .. CIIIp Enable S .. ndbJ 

Type (.) SUpplJ Cllaraclerlillc AGee .. Acc_ Current 

(A1128-Pln YoI,- Tamparatura TIm. TI_ CMOS TTL 
PacIaI_1 RI .... R ..... lnel Inll luAI ImAi 

CDM6264-10 4.5-1i.SY 0* TO 70*C 100 100 100 3 

CDM6264-101 4.S-S.SY -40* TO +8S' C 100 100 200 3 

CDM8264-121 4.5-1i.5Y -40' TO +85' C 120 120 200 3 

(I) 0 suffix added for ceramic package. E suffix for plaatic. All RCA RAMs ahown are Isrnchronoua typel. 
(b) SpecWlcallona al YDD = S Y unle .. olherwl .. noted. 
(c) Nol .. Immunity levela YIL • 0.8 Y, YIH = 2.2 Y. 

(d) Outputs open circuited. Cycle Time = Min. !cycle; VIN • YIL, VIH' 

ltandllr 
~ 

Current 
TI_ 

CMOS TTL 
(ne) 

(pA) (mA) 

100 2000 

100 100 

100 100 3 

o.ta Ope,.."" 
R_nlon Supply 

Curranl (S V) CUr_Cd) 

(pAl ImAI 

50 70 

100 70 

100 70 

IIIIRCA 

MM .. I 

Equl .... nl 

Type* 

CDM82258-10 

CDM62258-10 

CDM62258-10 

TTL 
Compallbl.? 

(e) 

YES 

YES 

YES 
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CDM6116A Product Preview 

A7 24 Vee CMOS 2048-Word by 8-Bit AS 23 A8 

A5 3 22 A9 

Static RAM A4 4 21 WE 
A3 20 OE 
A2 S 19 AIO Features: 
AI 7 18 CE • Fully static operation 
AO 8 17 :t/08 • Single power supply: 4.5 Vt05.5 V 

:t/01 9 16 I107 
• All inputs and outputs directly TTL compatible 

:t/02 10 15 :1:/06 

:t/03 II 14 :t/05 • 3-state outputs 

vss 12 13 I104 • Industry standard 24-pin configuration 
TOP VIEW 92CS-36942 • Chip-enable gates address buffers for minimum standby current 

TERMINAL ASSIGNMENT • Data retention voltage: 2 V min. 

The RCA-COM6116A Is a CMOS 2048-word by 8-bit static 
random-access memory. It is designed for use in memory 
systems where high-speed, low power and simplicity In use 
are desirable. This device has common data inputs and data 
outputs and utilizes aslngle power supply of 4.5 V to 5.5 V. A 
chip-enable Input and an output-enable input are provided 
for memory expansion and output buffer control. 

The output enable (CE) controls the output buffers to 
eliminate bus contention. 

The chip enable (CE) gates the address and output buffers 
and powers down the chip to the low power standby mode. 

The COM6116A-2 and COM6116A-3 are supplied in a 24-
lead dual-In-line plastic package (E suffix). The COM-
6116A-9lssupplied in a 24-lead dual-in-line plastic package 
(E suffix) and a 24-lead dual-in-line side-brazed ceramic 
package (0 suffix). 

CDM6116A-2ICDM6116A-3 CDM6116A-9 
Access Time (max.) 200 ns I 150 ns 250 ns 
Output Enable Time (max.) 120 ns I 60 ns 150 ns 
Operating Temperature 0° to +70°C 40° to +85° C 
Operating Current (max.) 35 mA I 35mA 40mA 

Standby Current 
loos, (max.) 30llA I 50llA 100 llA 

OPERATING CONDITIONS at TA = 0 to +70·C, (CDM6116A-2, CDM6116A-3); TA = _40° to +85°C (CDM6116A-9) 
For maximum reliability, operating conditions should be lelected so that operation Is always within the following ranges: 

LIMITS 
CHARACTERISTIC ALL TYPES UNITS 

MIN. MAX. 
DC Operating Voltage Range 4.5 5.5 

Input Voltage Range V'H 2.2 Voo + 0.3 V 

V'L -0.3 0.8 
Input Signal Rise or Fall Time I:J. tr,t, - 5 JIS 

A Input signal rise and fall tim8s longer than the maximum value can cause loss of stored data in the selected mode. 

File Number 1472 
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_____________________ Random-Acce .. Memories (RAMs) 

AI 
A9 

A8 

A7 
AS 

A5 

A4 

A3 
A2 

AI 
AO 

CE 
WE 
~ 

INPUT 
ADDRESS 
BUFFERS 

XY 
DECODE 

12el12e 
MEMORY 
MATRIX 

CDM6116A 

1/08 
r.l07 

I/08 

I/05 
OUTPUT I/04 

DATA 
I103 BUFFERS 
I/02 

I/O I 

-VDD 

-VSS 

92CM-!l6943 

Fig. 1 - Functlona' block diagram. 

TRUTH TABLE 

Ci Oi WE AOTOA10 

H X X X 
L L H STABLE 
L H L STABLE 
L L L STABLE 

L = LOW H = HIGH X = H or L 

MAXIMUM RATINGS, Absolute-Maximum Ratings 

DC SUPPLY-VOLTAGE RANGE, (Voo): 

MODE 1/01 TO 1/08 
DEVICE 

CURRENT 
NOT SELECTED HIGHZ STANDBY 

READ DATA OUT ACTIVE 
WRITE DATA IN ACTIVE 
WRITE DATA IN ACTIVE 

(Voltage referenced to V •• lerminal) .................................................................................. -0.3 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ................................................................................ -0.3 to +7 V 
DC INPUT CURRENT, ANY ONE INPUT •..•••.•.•••••••.••••.••..••.•.•••••••••••.••••••••••••••••••...••.••••.•.••••..... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For T. = -40· to +60. C (PACKAGE TYPE E) .............................................................................. 500 mW 
ForT. = +60· to +65·C (PACKAGE TYPE E) ................................................. Derate Linearly at 8 mW/·C to 300 mW 
For T. = -40· 10 +85. C (PACKAGE TYPE D) .............................................................................. 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForT. = FULL PACKAGE-TEMPERATURE RANGE (All Peckage Types) ................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (T.) 
CDM6116A-2, CDM6116A-3 (PACKAGE TYPE E) ...................................................................... 0 to +70·C 
CDM6116A-9 (PACKAGE TYPES 0, E) .............................................................................. -4010 +65·C 

STORAGE TEMPERATURE RANGE (T ... ) ...•••••..•.••••••....•••••.••..••••••.•••••••...•••.•••.•••••.•.•••••.••..• -55 to +125·C 
LEAD TEMPERATURE (DURING SOLDERING): 

AI distance 1/16 ± 1/32 In. (1.59 ± 0.79 mm) from case for 10 s max. .. ................................................... +265·C 
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CDM6116A 
STATIC ELECTRICAL CHARACTERISTICS at T. = 0 to +70· C (CDM6116A-2, CDM6116A-3); 
T. = -40· to +85·C (CDM6116A-9), Vee = S V ± 10%, Except a. noted 

LIMITS 

CHARACTERISTIC CONDITIONS CDM6116A-2 CDM6116A-3 CDM6116A-9 UNITS 

MIN. TYP.- MAX. MIN. TYP.- MAX. MIN. TYP.· MAX. 

Standby Device Ices CE= V,H - 0.6 2 - 0.6 2 

Current 
leDS. CE = Vee-0.2 V - 1 30 - 1 50 

Output Voltage leL = 2.1 mA - - 0.4 - - 0.4 
Low Level 

VOL Max. IOL=1pA - 0.1 - - 0.1 -
Output Voltage IOH = -1 mA 2.4 - - 2.4 - -

High Level 
VOH Min. IOH = -1 pA - Vee-0.1 - - ~ee-0.1 -

Input Leakage Vee = 5.5 V - ±D.1 ±2 - ±0.1 ±2 
Current l,N Max. V,N = 0 V to Vee 

3-State Output CEor DE = V,H 
Leakage - ±D.5 ±2 - ±0.5 ±2 
Current lOUT V,to = 0 V to Vee 

Operating 
V,N = V,L. V,H 20 35 20 35 Device - -

Current IOPER# 

Input ~ V,N = 0 V. - 4 6 - 4 6 Capacitance C'N f = 1 MHz. TA = 25· C 

Output VIto = 0 V. - 6 8 - 6 8 Capacitance C,O f = 1 MHz TA = 25·C 

-Typical values are for T. = 25· C and nominal Vee. 

#Outputs open circuited; cycle time = Min. tCYCI •• duty = 100%. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 0 to +70·C (CDM6116A-2, CDM6116A-3); 
TA = -40· to +8S·C (CDM6116A-9), Vee = S V ± 10%, 
Input t" tf = 10 n8; CL = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 

LIMITS 

CHARACTERISTIC CDM6116A-2 CDM6116A-3 

Read Cycle Time. See Fig. 2 MIN.t MAX. MIN.t MAX. 

Read Cycle Time tRC 200 - 150 -
Address Access Time tAA - 200 - 150 

Chip Enable Access Time tACE - 200 - 150 

Chip Enable to Output Active tcx 15 - 15 -
Output Enable to Output ValId tOEV - 120 - 60 

Output Enable to Output Active tOEX 15 - 15 -
Chip Disable to Output "High Z" tcHZ 0 60 0 50 

Output DIsable to Output "High Zoo tOHZ 0 60 0 50 

Output Hold from Address Change tOH 15 - 15 -

tTime required by a limit device to allow for the indicated function. 

- 0.3 2 mA 

- 1 100 pA 

- - 0.4 V 
- 0.1 -

2.4 - -
V 

- Vee-0.1 -
- ±0.1 ±2 

pA 

- ±0.5 ±2 

- 28 40 mA 

- 4 6 
pF 

- 6 8 

CDM6116A-9 UNITS 

MIN.t MAX. 

250 -
- 250 

- 250 

15 -
- 150 ns 

15 -
0 80 

0 80 

15 -
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______________________ Random-Access Memories (RAMs) 

CDM6116A 
SIGNAL DESCRIPTIONS 

AO-A10 (Address Inputs): These inputs must be stable prior to a write operation, but may change asynchronously during 
read operations. 

1/01-1/08: 8-bit tristate data bus. 
CE (Chip Enable): Powers down chip, disables Read and Write functions, and gates off address inputs. 

lrEiOutput Enable): Enables tristate outputs if CE is low..!!)d liVEis high. __ 
"WE (Write Enable): Enables Write function, if CE is low. WE will dominate if both WE and OE are low (i.e., the bus will 

be tristated and a Write will occur). 
Voo, Vss:Power supply connections. 

ADDRESS 

DATA OUT 

WE IS HIGH DURING READ CYCLE 
TIMING MEASUREMENT REFERENCE 
LEVEL IS 15V 

92CM-36944 

Fig. 2 - Read-cycle timing waveforms 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 0 to +70°C (CDM6116A-2, CDM6116A-3); 
TA = _40° to +85°C (CDM6116A-9), Voo = 5 V ± 10%, 
Input t" tf = 10 ns; CL = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 

LIMITS 

CHARACTERISTIC CDM6116A-2 CDM6116A-3 

Write Cycle Times See Fig. 3 
MIN.t MAX. MIN.t MAX. 

Write Cycle Time twe 200 - 150 -
Chip Enable to End of WRITE lew 160 - 90 -
Address Valid to End of WRITE tAW 160 - 90 -
Address Setup Time tAS 0 - 0 -
Write Pulse Width twp 160 - 90 -
Write Recovery Time tWR 10 - 0 -
Output Disable to Output "High Z" tOHZ 0 60 0 50 

Write to Output "High Z" tWHZ 0 60 0 40 

Input Data Setup Time tow 80 - 50 -
Input Data Hold Time tOH 10 - 5 -

Output Active from End of Write tow 10 - 10 -
tTime required by a limit device to allow for the indicated function. 

CDM6116A-9 

MIN.t MAX. 

250 -

200 -
200 -
0 -

200 -
10 -
0 80 

0 80 

100 -
10 -
10 -

UNITS 

ns 
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CDM6116A 
WRITE CYCLE 1 

~--------IWC----------------~ 

ADDRESS 

f4----1 cw -----..... ---.:~ 

f4---- lwp -----l 
DATA OUT 

t-I.:::D.::W-+_ 1 DH 

DATA IN 

WRITE CYCLE 2 • OE = LOW 
f4------I~------~ 

--------~ 1'---------
ADDRESS 

DATA OUT 

DATA IN 

TIMING MEASUREMENT REFERENCE 
LEVEL IS 1.5V 

92CII- 56945 

Fig. 3 - Write-cycle timing waveforms. 

6~ ____________________________________________________________ ___ 
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DATA RETENTION CHARACTERISTICS It T. = 0 to 70°C (CDM8118A.Z, CDM8118A·3)j 
T. = -40 to +85°C (CDM8118A·S), Unll" othlrwlll noted, S" Fig. 4. 

CHARACTERISTIC TEST CONDITIONS 

Minimum Data Retention Voltage VD. 
CDM6116A-2. CDM6116A-3 CE~ VDD - 0.2 V 

T. = -40 to O°C 
CDM6116A-9 TA = 0 to +B5°C 

CE ~ VDD - 0.2 V 

Data Retention Quiescent Current IDDDR· 

CDM6116A-2 VDD = 3 V. CE ~ 2.6 V 

CDM6116A-3 VDD = 3 V. CE ~ 2.8 V 

CDM6116A-9 T. = 0 to +85°C 
VDD = 3 V CE > 2.8 V 

Chip Disable to Data Retention Time tCD. See Fig. 4 

Recovery to Normal Operation Time t. See Fig. 4 

·IDDOR = 7.5 pA max. at T. = 0 to +40·C for COM6116A-2 and COM61 16A-3. 

*t.c = Read Cycle Time. 

VDD 

DATA 
RETENTION 

MODE 

92CM-36263 

Fig. 4 - Low Voo data retention timing waveforms. 

CDM6116A 

LIMITS 
UNITS 

MIN. MAX. 

2 -
4.5 - V 
2 -

- 15 

- 25 pA 

- 50 

0 -
ns 

*tRC -
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CDM6264 
NC 28 VDD 
AI2 27 iVf 

CMOS 8192-Word by 8-Bit A7 2. CE2 
A. • 2. A8 
AS • 2. ., LSI Static RAM •• 6 .. .11 
A' 22 OE Features: 
A2 21 .'0 • Fully static operation 
AI 20 m 
AD 10 19 I/08 • Single power supply: 4.5 V to 5.5 V 

1/01 " I. 1/07 • All inputs and outputs directly TTL 
1/02 12 17 I./08 compatible 
I103 .. I. 1/05 • Industry standard 2B-pin configuration 
v •• I. I. 1/04 • Input address buffers gated off 

TOP VIEW 
91tS- 31209 with chip disable 

TERMINAL ASSIGNMENT • 3-state outputs 

The RCA-CDM6264 is a 8192-word by B-bit static random­
access memory. It is designed for use in memory systems 
where high-speed. low power and simplicity in use are 
desirable. This device has common data input and data 
output and utilizes a single power supply of 4.5 V to 5.5 V. 

minimum standby power with inputs toggling. The output 
enable (OE) controls the. output buffers to eliminate bus 
contention. 

Either chip enable (00 or CE2). when not valid. will gate off 
the address and output buffers and power down the chip to 

The CDM6264 is supplied in a 28-lead dual-in-line plastic (E 
suffix) package. 

AI2 

All 

AID 

A, 
A. 
A7 

A' 
A. 
A' .. 
A' 
A I 

AO 

CiT 

CE' 

Wi 
0[ 

INPUT 
ADDRESS 
aUFFERS 

ENABLE 

XV 
DECODE 

256. US 
MEMORY 
MATRIX 

INPUTI 
OUTPUT 
DATA 

BUFFERS 

c~~~~gL 1-____________ --' 

Fig. 1 - Functional block diagram. 

TRUTH TABLE 

CE1 CE2 OE WE AOTOA12 

H X X X X 
X L X X X 
L H L H STABLE 
L H X L STABLE 
L H H H STABLE 

- - -L - LOW H - HIGH X - H OR L 

1/0'8 

1/07 

1/06 

1/05 

I104 

1/03 

1./02 

:t/01 

......-.-0 "'DO 

4-----0 Vss 

9ZCIII-57210 

MODE 

Access Time (max) 
Output Enable Time 
(max.) 

Operating Current 
(max.) 

Standby Current 
100., (max.) 

Operating Temp. 
Range: 

Data Retention Voltage: 

O°CST",S+70°C 

O°C::S; TA S +85°C 

-40°CST",<0°C 

DATA 110 

NOT SELECTED HIGHZ 
NOT SELECTED HIGHZ 

READ DATA OUT 
WRITE DATA IN 

OUTPUT DISABLE HIGHZ 

CDM6284-3 FDM6264-21 
150 ns 200 ns 

70 ns 70 n. 

45mA 45mA 

100pA 200pA 

O·C to -40·C to 
+70·C +85·C 

2V min -
- 2Vmin 

- 4Vmin. 

DEVICE 
CURRENT 
STANDBY 
STANDBY 
ACTIVE 
ACTIVE 
ACTIVE 

File Number 1505 
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_______________________ Random-Access Memories (RAMs) 

CDM6264 
MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo): 
(Voltage referenced to Vss terminal) ................. : ................................................................ -0.3 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ................................................................................ -0.3 to +7 V 
POWER DISSIPATION PER PACKAGE (Po): 

For T. " -40' to +60' C .................................................................................................. 500 mW 
For T. " +60' to +85' C ..................................................................... Derate linearly at 8 mWI'C to 300 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T." FULL PACKAGE-TEMPERATURE RANGE ....................................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (T.): 
CDM6264-3 ....................................................................................................... 0' to+70'C 
CDM6264-21. .................................................................................................... -40' to +85' C. 

STORAGE TEMPERATURE RANGE (T .. ,) ............................................................................ -55 to +125'C, 
LEAD TEMPERATURE (DURING SOLDER!NG): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. . .................................................... +265'C 

OPERATING CONDITIONS at T." 0° to +70°C (CDM6264-3); T. = _40' to +85'C (CDM6264-2I) 
For maximum reliability, operating conditions should be selected so that operallon Is always within the following ranges: 

LIMITS 
CHARACTERISTIC ALL TYPES UNITS 

MIN. MAX. 

DC Operating Voltage Range 4.5 5.5 

V,H 2.2 Vee + 0.3 V 
Input Voltage Range 

V'L -0.3 0.8 

Input Signal Rise or Fall Timet. tr,t f - 5 fJs 

t.lnput signal rise and fall times with a duration groater than the maximum value can cause loss of stored data 
In the selected mode. 

STATIC ELECTRICAL CHARACTERISTICS at T. = 0' to +70°C (CDM6264-3); T. = _40° to +85°C (CDM6264-2l), 
Voe = 5 V ± 10%, Except as noted 

CHARACTERISTIC CONDITIONS 

loos CE1=V'H or CE2=V'L 

Standby Device Current Joos 1 
CE1=CE2 ~ Vee-0.2 Vor 
CE2 < 0.2 V 

Output Voltage Low IOL=2.1 rnA 
Level 

VOL Max. 
10L-l fJA 

Output Voltage High 10H=-1 rnA 
Level 

VOH Min. 
10H=-1 fJA 

Input Leakage Current liN Max. V'N=O V to Vee 
3-State Output Leakage 

lOUT V'/0=0 V to Voo 
Current 

IOPER1# V,N=V'L, V,H tc,e=1 fJS 
Operating Device 

te,e=min. cycle time 
Current 

IOPER2# V'N=0.2 V, te,e=1 fJS 
Voe-0.2 V te,e=min. cycle time 

Input Capacitance C'N V,N=O V, 1"1 MHz, TA=25° C 
Output Capacitance CliO V'(O=O V. 1=1 MHz, TA=25° C 

"Typical values are for T.=25'C and nominal Voo. 
#Outputs open circuited. 

LIMITS 
CDM6264-3 CDM6264-2l 

Min. Typ." Max. Min. Typ." Max. 

- 1.5 3 - 2 4 

- 5 100 - 10 200 

- - 0.4 - - 0.4 
- 0.1 - - 0.1 -
2.4 - - 2.4 - -
- Voe-O.l - - Vee·O.l -
- ±0.1 ±2 - ±0.1 ±2 

- ±0.5 ±2 - ±0.5 ±2 

- 4.5 9 - 7.5 15 

- 22.5 45 - 22.5 45 

- 2 4 - 5 10 
- 20 40 - 20 40 
- 4 6 - 4 6 
- 6 8 - 6 8 

UNITS 

rnA 

fJA 

V 

fJA 

rnA 

pF 
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CDM6264 
SIGNAL DESCRIPTIONS 

AO-A12 (Addrellinputl): These inputs must be stable prior to a write operation. but may change asynchronously during 
read functions. 

_ 1/01-1/08: 8-bit tristate data bus. 
CE1, CE2 (Chip Enable): Either chip enable. when not true. powers down the chip. disables Read and Write functions. and 

gates off address and output buffers. _ 
OE (Oulpul Enable): 
iN! (Wrlle Enable): 

Enables tristate outputs if m and CE2 are valid !!!l.9 WE is high. __ 
Enables Write function. if CEI and CE2 are valid. WE will dominate if both WE and N are low 
(i.e .• the bus will be tristated and a Write will occur). 

VDD'VSS: Power supply connections. 

DYNAMIC ELECTRICAL CHARACTERISTICS al TA = O· 10 +70·C (CDM6264-3): 
TA = -40· 10 +85·C (CDM6284-2I), VDD = 5 V ± 10%, 
Inpul If, I. = 10 nl; CL = 100 pF and 1 TTL Load, Inpul Pul .. Levell: 0.8 V 102.4 V 

LIMITS 

CHARACTERISTIC CDM6284-3 CDM6264-2I UNITS 

Read Cycle Tlmel, See Fig. 2 MIN.t MAX. MIN.t MAX. 

Read Cycle Time tAC 150 - 200 -
Address Access Time tAA - 150 - 200 

Chip Enable Access Time tAce, ,tACE! - 150 - 200 

Chip Enable to Output Active tCLZI. tCLZ2 10 - 10 -
Output Enable to Output Valid tOEv - 70 - 70 ns 

Output Enable to Output Active tou 5 - 5 -
Chip Disable to Output "High Z" tCHZ1, tCHz2 0 70 0 70 

Output Disable to Output "High Z" tOHZ 0 60 0 60 

Output Hold from Address Change tOH 30 - 30 -

t Time required by a limit device to allow for the indicated function. 

~------tRC-------~ 

ADDRESS 

CE2 

DATA OUT 

WE IS HIGH DURING READ CYCLE. TIMING MEASUREMENT REFERENCE LEVEL IS 1 5 V. 92CM- '!1205 

Fig. 2 - Read-cycle timing waveforms. 
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CDM6264 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = o· to +70·C (CDM6284-3); 
TA = -40· to +85·C (CDM6284-2I), Voo = 5 V ± 10%, 
Input tr, tf = 10 n8; CL = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 V to 2.4 V 

CHARACTERISTIC CDM8284-3 
Write Cycle Times, See Fig. 3 MIN.T MAX. 
Write Cycle Time twe 150 -
Chip Enable to End of WRITE tewl,tcW2 120 
Address Valid to End of WRITE tAW 120 
Address Setup Time tAS 0 
Write Enable Width tww 100 
Write Recovery Time tWR 0 
Write to Output "High Z" tWHZ 70 
Input Data Setup Time tow 60 -
Input Data Hold Time tOH 0 
Output Active from End of Write tow 10 

tTime required by a limit device to allow for the indicated function. 

WRITE CYCLE 1 (CE1 CONTROL) 

LIMITS 
CDM8284-2I 

MIN.T MAX. 
200 
170 
170 
0 

120 
0 

80 
80 
0 
10 

~--------1WC-------------~~ 

ADDRESS 

CE 2 

DATA OUT 

DATA IN 

~-----ICW1-----~ 

__ c ____ c _____ ~i""..l......'-OW--~ ~ __ _ 

IN A eEl OR CE2 CONTROLLED WRITE CYCLE, THE OUTPUT BUFFERS 
REMAIN IN A HIGH IMPEDANCE STATE, wHETHER Of IS HIGH OR LOW. 
TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 

Fig. 3 - Write-cycle timing waveforms. 

92CM-57204 

UNITS 

ns 
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CDM6264 
WRITE CYCLE 2 (CE2 CONTROL) 

j4-----IWC---------tIO'! 

ADDRESS 

J------- 'AW 

rn 

cn 

DATA OUT~~~~~~~t_------------------------_+----------~~t_~ 

r'DW 'DH--1 

DATA IN ------------~~~P---------~~~ 
IN A CI1 OR eE2 CONTROLLED WAITE CYCLE, THE-2,UTPUT BUFFERS 
REMAIN IN A HIOH IMPEDANCE STATE, WHETHER OE IS HIOH OR LOW. 
TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 

':CM-37206 

WRITE CYCLE 3 (WE CONTROL) 

j4------'WC---------~ 

ADDRESS 

CE2 

DATA OUT 

~'DW 'DH~ 
DATA IN --------~~~-------~~---

IFl!r IS HIGH DURING A WE CONTROLLED WRITE CYCLE, 
THE OUTPUT BUFFERS REMAIN IN A HIGH IMPEDANCE STATE IN THIS PERIOD. 
TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V 

Fig. 3 - Write-cycle timing waveforms (cont'd). 

92CS-37207 
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CDM6264 
DATA RETENTION CHARACTERISTICS, See Fig. 4. 

LIMITS 
CHARACTERISTIC TEST CONDITIONS CDM6264-3 CDM6264-21 

Min. Max. Min. Max. 
CEl ::::: Voo-0.2 V,or CE2 :0; 0.2 V: 

Minimum Data Retention VOR O°C:O; T.:O; +70°C 2 - - -
Voltage O°C:O; T.:O; +85°C - - 2 -

-40° C < T A < 0° C - - 4 -
GEl ,CE2 ::::: Voo-0.2 V. 

Data Retention Quiescent looDR or CE2 :0; 0.2 V: 
Current Voo = 3 V, O°C:O; TA:O; +70°C - 50 - -

Voo - 3 V, O°C:O; TA:O; +85°C - - - 100 

Voo = 4 V, -40°C:O; TA < O°C - - - 100 
Chip Disable to Data 

teoR See Fig. 4 0 - 0 -
Retention Time 

Recovery to Normal 
Operation Time 

tR See Fig. 4 "'tRC - "'tRC -

"l"e = Read Cycle Time 

DATA RETENTION WAVEFORM 1 (CEl CONTROL) 

VDD 

C El /' 22V~ 

DATA RETENTION WAVEFORM 2 (CE2 CONTROL) 

VDD 

CE2 

DATA 
RETENTlON-----i 

MODE 

"",!'''' '. 1 /TTTT 

~~~~~~~~0--4-V----_____ - C_E_2_$_0_.2 __ V ________ ------__ --0-.-4-~V~~~~-L-L-
92CM -37208 

Fig 4 - Low Vee data-retention timing waveforms. 

UNITS 

V 

pA 

ns 
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CDM62256 
A" 28 VDD 
A12 27 
A7 •• 
A. .. 
A' •• 
A" .. 

iVl 
A13 

A. 
A' 
." 

CMOS 32,768-Word by 8-Bit 
LSI Static RAM 

•• 22 Of 
A' 21 "a ., 'a IT 
Aa ,a .. 1/08 

1/01 " 
,. 

1/07 
1/02 " 17 1106 
1103 13 ,. I/O' 
Vss '" ,. 1/04 

TOP VI EW 
,zcs- 571091111 

TERMINAL ASSIGNMENT 

Features: 
• Fully static operation 
• Single power supply: 4.5 V to 5.5 V 
• All Inputs and outputs directly TTL 

compatible 
• Industry standard 28-pin 

configuration 
• Input address buffers gated off 

with chip disable 

• Low standby and operating power: 
10081 = 2 pA typical, 100A = 70 mA 
maximum 

• 3-state outputs 
• Extended operating temperature range 

The RCA-CDM62256 is a 32,768-word by 8-blt static 
random-Bccess memory. It Is designed for use in memory 
systems where high-speed, low power and simplicity in use 
are desirable. This device has common data input and data 
output and utilizes a single power supply of 4.5 V to 5.5 V. 
Chip Enable (CE) gates the address and output buffers and 
powers down the chip to the low power standby mode. The 
output enable (OE) controls the output buffers to eliminate 
bus contention. 

The CDM62256-10 has an operating temperature range of 
O· to +70·C. The CDM62256-101 and CDM62256-121 have 
an operating temperature range of -40· to +85· C. 

Access Time (max.) 

Output Enable Time (max.) 

Operating Current (max.) 

Standby Current 

looe, (max.) 

Operating Temp. Range 

Data Retention Voltage: 

O· :5 TA:5 +7.0· C 

O· :5TA:5 +85·C 

-40· < TA < O·C 

The CDM62256 Is supplied In 28-lead, hermetic, dual-In­
line, side-brazed ceramiC packages (D suffix), in 28-lead 
dual-in-line plastic packages (E suffix), and In chip form (H 
suffix). 

CDM62256-10 CD M62256-1 01 CDM62256-121 

100 ns 100 ns 120 ns 

50 ns 50 ns 60 ns 

70 mA 70mA 70mA 

100pA 200pA 200pA 

O· to +70·C -40· to +85· C 

2V min. - -
- 2Vmin. 2V min. 

- 4.5 V min. 4.5 V min. 

RECOMMENDED DC OPERATING CONDITIONS at TA = 0 to +70·C (CDM62256-10); TA = _40· to +85·C (CM62256-10I, 
CDM62258-121) For maximum reliability, operating condition •• hould be .elected .0 that operation 18 alway. within the 
following range.: 

LIMITS 
CHARACTERISTIC UNITS 

MIN. TYP. MAX. 

DC Operating Voltage Range Voo 4.5 5 5.5 

Input Voltage Range V'H 2.2 3.5 Voo +0.3 V 

V,L -0.3 A 0 0.8 

A Min V,L = -1.0 V for pulse wldth:5 50 ns 

File Number 1845 
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CDM62256 
MAXIMUM RATINGS, Absolute-Maximum Values 

• DC SUPPLY-VOLTAGE RANGE, (Voo): " ...•...•..••..•.•.•....••..•..••..•••••..••.. , ................. , •• , ... , ....... -0.5 to +7 V 
• INPUT VOLTAGE RANGE, (V,N) .................................................................................... -0.5" to +7 V 
• INPUT/OUTPUT VOLTAGE RANGE (V,,,,) ..................................................................... -0.5" to,Voo +0.3 V 

POWER DISSIPATION PER PACKAGE (Po): 
For T. = -40· to +75· C (PACKAGE TYPE e) ............................................................................ 500 mW 
ForT. = +75· to +85·C (PACKAGE TYPE E) ............................................... Derate Linearly at 8 mW/·C to 420 mW 
For T. = -40· to +85·C (PACKAGE TYPE D) ............................................................................ 500 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForT. = FULL PACKAGE-TEMPERATURE RANGE ..................................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (T.) 
CDM62256-10 (PACKAGE TYPES 0 AND E) ........................................................................ 0 to +70·C 
CDM62256-101, 121 (PACKAGE TYPES 0 AND E) ................................................................. -40· to +85·C 

STORAGE TEMPERATURE RANGE (T "") ......................................................................... _55· to +150·C 
LEAD TEMPERATURE (DURING SOLDERING)' 

At distance 1/16 ± 1132 in. (1.59 ± 0.79 mm) from case for 10 s max ..................................................... +285·C 

• (Voltage referenced to V •• terminal) 
.. Min V'N, V,'" = -1 V for pulse width :$ 50 ns 

TRUTH TABLE 

-
CE 

H 

L 

L 

L 

L = Low, H = High, 

PI 
~TOA14 
Mi 
2!i 
CE 
IIOITOI 
VDD 
VSS 

OE 

X 

X 

L 

H 

X = H or L 

ADDRESS INPUT 
WRITE ENABLE 
OUTPUT ENABLE 
CHIP ENABLE 
DATA 1/0 
POWER SUPPL V (5 V) 
POWER SUPPLV (0 V) 

WE AO toA14 

X X 

L Stable 

H Stable 

H Stable 

AO 
Al 

A2 

A3 

A4 

A5 
A6 

AOORESS 
A7 BUFFER 
A8 

A9 

Al0 

Al1 

A12 

A13 

A14 

DATA 1/0 

HI-Z 

D,N 

Dour 

Hi-Z 

x 

MODE 

Standby 

Wllte 

Read 

Output disable 

MEMORY CELL 
ARRAY 

512 .. 64.8 

1/01 1102 1103 V04 1105 VOS 1007 1108 

192CM-<10335R1 

Fig. 1 - Functional block diagram. 

DEVICE 
CURRENT 

IDDS 

IDDA 

IDDA 

IDDA 
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CDM62256 
ELECTRICAL CHARACTERISTICS at T. = 0° to +70°C (CDM62256-10); TA = _40° to +85°C (CDM62256-101, 
CDM82258-121); Voo = 5 V ± 10"10, except a. noted. 

DC Electrical Characterlltlc. 

LIMITS 

CHARACTERISTIC TEST CONDITIONS CDM62256-10 CDM62256-101 CDM62256-121 

MIN. TYP." MAX. MIN. TYP." MAX. MIN. TYP." MAX. 

Input Leakage ILl V, = 0 to Voo -1 - 1 -1 - 1 -1 - 1 

Standby Supply loos CE = V,H - 1.5 3.0 - 15 3.0 - 1.5 3.0 

Current IODS1 CE ~ Voo-O.2 V - 2 100 - 2 200 - 2 200 

Average Operating IDOA V, = V'L, V'H 
- 40 70 - 40 70 - 37 70 

Current ;'0 = 0 mA te" = Min 

Operating Supply 1000 V, = VIL, V'H 
- 35 65 - 35 65 - 35 65 

Current 1"0 = 0 mA 

Output Leakage ico CE= V,Hor 

WE = V,L Dr OE = V,H -1 - 1 -1 - 1 -1 - 1 

V,iO = 0 to Voo 

High Level Output VOH 
10H = -1.0 mA 2.4 Voo-0.1 - 2.4 Voo-0.1 - 2.4 Voo-0.1 -

Voltage 

Low Level Output VOL 
10L = 2.1 mA - 0.2 0.4 - 0.2 0.4 - 0.2 0.4 

Voltage 

• Typical values are measured at T. = 25°C and Voo = 50 V 

Terminal Capacitance (f = 1 MHz, TA = 25°C) 

LIMITS 
CHARACTERISTIC TEST CONDITIONS 

MIN. TYP. MAX. 

Address Capacitance CAOO VAOO = 0 V - - 10 

Input Capacitance C, V, = OV - - 10 

1/0 Terminal Capacitance CliO Vila = 0 V - - 10 

SIGNAL DESCRIPTIONS 

UNITS 

pA 

mA 

pA 

mA 

mA 

pA 

V 

V 

UNITS 

pF 

pF 

pF 

AO-A14 (Address Inputs): These inputs must be stable prior 
to a write operation. but may change asynchronously 
during read operations. 

OE (Output Enable)' Enables 3-state outputs If CE is low 
and ~ is high. 

1/01-1/08: 8-bit 3-state data bus. 

CE (Chip Enable): Powers down chip, disables Read and 
Write functions, and gates off address inputs. 

WE (Write Enable)' Enables Write function, if CE is low WE 
will dominate If both WE and OE are low (i.e., the bus Will be 
3-stated and a Write will occur). 

Voo, Vss: Power supply connections. 
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CDM62256 
AC ELECTRICAL CHARACTERISTICS at TA = O· to +70·C (CDM822S8-10); TA = -40· to +8S·C (CDM822S8-101, 
CDM822S8-121); Voo = S V ± 10% 

Read Cycle 

LIMITS 

A.C. 
CDM822S8-10 

CHARACTERISTIC TEST CDM822S8-121 UNITS 
CONDITIONS 

CDM822S8-101 

MIN. MAX. MIN. MAX. 

Read Cycle Time tRC 100 - 120 -
Address Access Time tAA - 100 - 120 

1 
Chip Enable Access Time tACE - 100 - 120 

Output Enable Access Time leEV - 50 - 60 

Chip Enable to Output Active tCLZ 10 - 10 - ns 

Chip Disable to Output 'High Z' IeHZ - 35 - 40 
2 

Output Enable to Output Active leLl 5 - 5 -

Output Disable to Output 'High Z' tOHZ - 35 - 40 

Output Hold From Address Change leH 1 10 - 10 -
Write Cycle 

LIMITS 

A.C. 
CDM822S8-10 

CHARACTERISTIC TEST CDM822S8-121 UNITS 
CONDITIONS 

CDM822S8-101 

MIN. MAX. MIN. MAX. 

Write Cycle Time twc 100 - 120 -
Chip Enable to End of Write tcw 80 - 85 -
Address Valid to End of Write tAW 80 - 85 -

Address Setup Time lAs 0 - 0 -
1 

Write Pulse Width twp 75 - 80 -
ns 

Write Recovery Time tWR 0 - 0 -
Input Data Set Time tow 45 - 50 -
Input Data Hold Time tOH 0 - 0 -

Write to Output 'High Z' tWHZ - 35 - 40 
2 

Ouput Active From End of Write lew 10 - 10 -
Te.t Condition: 1 Telt Condition: 2 
1. Input pulse level: 0.6 V to 2.4 V 1. Input pulse level: 0.6 V to 2.4 V 
2. tr.t, = 5 ns 2. tr.t, = 5 ns 
3. Input and output timing reference levels: 1.5 V 3. Input timing reference levels: 1.5 V 
4. Output load: CL = 100 pF +5 v 4. Output timing reference levels: 

±200 mV (the level displaced from stable output 
voltage level) +5 v 

1.8 k il 5. Output load: CL = 5 pF 
1.8kn 

'/00--...... ---+ 
g90il '/00---+---.... 

ggOil 

92C5-42326 

92C5-42326 

CL = 5 pF (Includes Jig Capacitance) ___________________________________________________________ 651 
CL = 100 pF (Includes Jig Capacitance) 
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CDM62256 
TIMING CHARTS 

Reid Cycle 

~--------------__ tRC------------------~ 

ADDRESS 

DOUT 

92C"-40332 
NOTE' DURING READ CYCLE TIME. W! IS TO BE "H" LEVEL. 

Write Cycle 1 (CE Control) 

~--------------twc----------------~~ 

ADDRESS 

~--------~-tAW--------------~ 

DOUT--~~~_7~~--------------------------------4_--------------~f_~~c_ 

tDw---~-tDH 

D,N ________________________________ < 

NOTE' DURING WAITE CYCLE TIME THAT IS CONTROLLED BY cr, 
OUTPUT BUFFER IS HIGH IMPEDANCE WHETHER !!E LEVEL 
IS "H" OR "L". 

~2 ______________________________________________________________ __ 



______________________ Random-Access Memories (RAMs) 

CDM62256 
TIMING CHARTS (Continued) 

Write Cycle 2 (WE Control) 

~-------------'WC------------------~ 

ADDRESS 

'AW--

~-----'WP------~ 

~----'OW 

DDUT ((((((( k ~ 

DIN __ <+-'~ ''".2p_ 

NOTE: DURING WRITE CYCLE TIME THAT IS CONTROLLED BY WE, 
OUTPUT BUFFER IS HIGH IMPEDANCE· 

DATA RETENTION CHARACTERISTICS 

92CM-40334 

LIMITS 

CHARACTERISTIC 

Minimum Data Retention 

Voltage 

Data Retention Quiescent 

Current 

Chip Disable to Data 

Retention Time 

Recovery to Normal 

Operation Time 

·tRC = Read Cycle Time. 

DATA RETENTION TIMING 

VOR 

looOR 

tCOR 

tR 

TEST CONDITIONS CDM82258-10 

MIN. MAX. 

CE ~ Voo-0.2 V. 

O· C :5 T A :5 + 70· C 2 -
O·C:5 TA:5 +8S·C - -
-40·C:5 TA < O·C - -

CE ~ Voo-0.2 V. 

Voo=3 V. O· C :5 TA:5 +70· C - SO 

Voo=3 V. O· C :5 TA:5 +8S· C - -
Voo=4.S V. -40·C:5 TA < O·C - -

- 0 -

- *tAC -

DATA HOLD MODE '" zm, t "'-'''"'''' .... till:R 
- CE '" VOOR -0.2 V A"Ov 
CE 2.2V 2.2V 

92CS·40336R1 

CDM82258-101 
CDM82258-121 

MIN. MAX. 

- -
2 -

4.S -

- -
- 100 

- 100 

0 -

·tRC -

UNITS 

V 

pA 

ns 
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CDP1822, CDP1822C 
03 22 
A2 2 I 
AI 20 
AD 19 
A5 18 
A6 17 

Voo 
O. 
Riw 
CSi 
00 
C52 

256-Word by 4-Bit LSI Static 
Random-Access Memory 

A7 16 DO. 
VSS 15 014 Features: 

Dr I 9 
001 10 
012 " 

I. 003 
13 DB 
12 002 

• Low operating current-8 mA at Voo=5 V 
and cycle time=1 /is 

• 3-state data output for bus-oriented 
systems 

TOP VIEW • Industry standard pinout • Separate data inputs and outputs 

92CS-29976 RI 
• Two Chip-Select inputs-simple 

memory expansion 

CDP1822, CDP1822C 
TERMINAL ASSIGNMENTS 

• Memory retention for standby battery 
voltage of 2 V min. 

• Output-Disable for common I/O systems 

The RCA-CDP1822 and CDP1822C are 256-word by 4-blt 
static random-access memories designed for use In memory 
systems where high speed. low operating current. and 
simplicity in use are desirable. The CDP1822 features high 
speed and a wide operating voltage range. Both types have 
separate data inputs and outputs and utilize single power 
supplies of 4 to 6" volts for the CDP1822C and 4 to 10.5 
volts for the CDP1822. 

Two Chip-Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output 
systems. The Output Disable Input allows these RAMs to be 
used in common data Input/Output systems by forcing the 

OPERATIONAL MODES 

output into a high-impedance state during a write operation 
independent of the Chip-Select input condition. The output 
assumes a high-impedance state when the Output Disable 
is at high level or when the chip is deselected by CST and/or 
CS2. 

The high nOise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5-V 
operation. excellent system noise margin is preserved by 
using an external pull-up resistor at each Input. 

The CDP1822 and CDP1822C types are supplied in 22-lead 
hermetic dual-in-line side-brazed ceramic packages (D 
suffix). in 22-lead dual-in-line plastic packages (E suffix). 
The CDP1822C is also available in chip form (H suffix). 

INPUTS 
MODE Chip Select 1 Chip Select 2 Output Disable Read/Write OUTPUT 

CS1 CS2 00 R/W 
Read 0 1 0 1 Read 
Write 0 1 0 0 Data In 
Write 0 1 1 0 High Impedance 
Standby 1 X X X High Impedance 
Standby X 0 X X High Impedance 
Output Disable X X 1 X High Impedance 

Logic 1 = High Logic 0 = Low X = Don't Care 

File Number 1074 
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CDP1822,CDP1822C 
RECOMMENDED OPERATING CONDITIONS at T A = Full Package-Temperature Range 
For maximum reliability, operating conditions should be selected so that operation is always 
within the following ranges: 

LIMITS 
CHARACTERISTIC CDP1822 CDP1822C 

DC Operating Voltage Range 
Input Voltage Range 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (Voo) 

(Voltage referenced to Vss Terminal) 

Min. 
4 

Vss 

I Max. 

I 10.5 

I Voo 

Min. I Max. 
4 I 6.5 

Vss I Voo 

UNITS 

V 

CDP1822 ......................................................................................................... -0.5 to +11 V 
CDP1822C ........................................................................................................ -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS .......................................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po) 

ForT.=-40 to +60·C (PACKAGE TYPE E) ................................................................................ 500 mW 
ForT.=+60 to +85·C (PACKAGE TYPE E) .................................................. Derate Linearly at 12 mWI"C to 200 mW 
For T.=-55 to +100· C (PACKAGE TYPE D) ............................................................................... 500 mW 
ForT.=+100 to +125·C (PACKAGE TYPE D) ............................................... Derate Linearly at 12 mWI"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T.=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA) 

PACKAGE TYPE D ............................................................................................... -55 to +125·C 
PACKAGE TYPE E ................................................................................................ -40 to +85·C 

STORAGE TEMPERATURE RANGE (T ... ) .............................................................•............•• -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 In (159 ± 0 79 mm) from case for 10 s max ...................................................... +265·C 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85·C, Except as Noted 

TEST CONDITIONS 
CHARACTERISTIC Vo 

(V) 
Quiescent DeVice -
Current, 100 -
Output Voltage: -
Low-Level, VOL -
High-Level, VOH -

-

V,L 
0.5,4.5 

Input Low Voltage, 
0.5,9.5 

Input High Voltage, V,H 
0.5,4.5 
0.5,9.5 

Output Low (Sink) 0.4 
Current, 10L 0.5 
Output High (Source) 4.6 
Current, 10H 9.5 

-
Input Current, liN -
3-State Output 0,5 
Leakage Current lOUT 0, 10 

Operating Current, loo,t -
-

Input Capacitance, C'N -
Output Capacitance, COUT -

tOut puts open circuited, cycle time = 1 p.s 
"TYPical values are for T A = 25· C and nommal Voo 

VIN VDD 
(V) (V) 
0.5 5 

0, 10 10 
0,5 5 
0,10 10 
0,5 5 
0,10 10 

- 5 
- 10 
- 5 
- 10 

0,5 5 
0, 10 10 
0, 5 5 

0, 10 10 
0,5 5 

0, 10 10 
0,5 5 

0, 10 10 
0,5 5 

0, 10 10 
- -
- -

LIMITS 
CDP1822 

Min. Typ.· Max. Min. 
- - 500 -
- - 1000 -
- 0 0.1 -
- 0 0.1 -
4.9 5 - 4.9 
9.9 10 - -
- - 1.5 -
- - 3 -
3.5 - - 3.5 
7 - - -
2 4 - 2 

4.5 9 - -
-1 -2 - -1 

-2.2 -4.4 - -
- - ±5 -
- - ±10 -
- - ±5 -
- - ±10 -
- 4 8 -
- 8 16 -
- 5 7.5 -
- 10 15 -

CDP1822C UNITS 
Typ.· Max. 
- 500 

pA - -
0 0.1 
- -
5 -
- -

V - 1.5 
- -
- -
- -
4 -
- -

rnA 
-2 -
- -
- ±5 
- -

pA - ±5 
- -
4 8 

rnA - -
5 7.5 
10 15 

pF 
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CDP1822, CDP1822C 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85 0 C, VDD ±5%, 
Input tr,tf = 20 ns, VIH = 0.7 VDD, VIL = 0.3 VDD, CL = 100 pF 

TEST CONDITIONS LIMITS 
CHARACTERISTIC VDD , CDP1822 , CDP1822C 'UNITS 

(V) 
Read Cycle Times (Fig. 1) 
Read Cycle tRC 5 

10 
Access from Address tAA 5 

10 
Output Valid from 5 
Chip-Select 1 tOOAl 10 
Output Valid from 5 
Chip-Select 2 tOOA2 10 

Output Valid from 5 
Output Disable tOOA3 10 
Output Hold from 5 
(:;hip-Select 1 tOOH1 10 
Output Hold from 5 
Chip-Select 2 tOOH2 10 
Output Hold from 5 
Output Disable tOOH3 10 

tTime required by a limit device to allow for Indicated function 
"TYPical values are for T A = 25' C and nominal Voo 

AD - A 7 

CHIP SELECT I 

CHIP SELECT 2 

OUTPUT DISABLE 

READ/WRITE 

DATA OUT 
HIGH 

1M P EDANCE 

, Mln.T 

450 
250 
-
-
-
-

-
-
-
-
20 
20 
20 
20 
20 
20 

Typ." Max. , Mln.T 

- - 450 
- - -

250 450 -
150 250 -
250 450 -
150 250 -

250 450 -
150 250 -
- 200 -
- 110 -

- - 20 
- - -
- - 20 
- - -
- - 20 
- - --

DATA CUT 
~L=.:'.::.O __ ,../ HIGH 

IMPEDANCE 

92CM- 302<l4R4 

Fig 1 - Read cycle tlmmg waveforms. 

Typ." , Max. , 

- -
- -

250 450 
- -

250 450 
- -

250 450 
- -

200 
ns 

-
- -
- -
- -
- -
- -
- -
- -
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CDP1822, CDP1822C 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85 0 C. VDD ±5%. 
Input tr.tl = 20 ns. VIH = 0.7 VDD. VIL = 0.3 VDD. CL = 100 pf 

TEST CONDITIONS 
CHARACTERISTIC VDD 

(V) 
Write Cycle Times (Fig. 2) 

Write Cycle twe 
5 
10 

Address Set-Up tAS 
5 
10 

Write Recovery tWR 
5 
10 

Write Width tWRW 
5 
10 

Input Data 5 
Set-Up Time 

tos 
10 
5 

Data In Hold tOH 
10 

Chip-Select 1 Set-Up t~lS 
5 
10 
5 

Chip-Select 2 Set-Up tCS2S 
10 
5 

Chip-Select 1 Hold tCS1H 
10 
5 

Chip-Select 2 Hold tCS2H 
10 
5 

Output Disable Set-Up toos 
10 

tTime required by a limit device to allow for Indicated function. 
"Typical values are for TA = 25°C and nominal Voo 

CHIP- SELECT 2 

I 
CDP1822 

Mln.T I Typ.' 

500 -
300 -
200 -
110 -
50 
40 -
250 -
150 -
250 -
150 -
50 -
40 -

200 
110 -
200 -
110 -
0 -
0 -
0 -
0 -

200 -
110 -

LIMITS 

Max. Mln.T 

- 500 
- -
- 200 
- -
- 50 
- -
- 250 
- -
- 250 
- -
- 50 
- -

200 
- -
- 200 
- -
- 0 

- 0 
- 0 

- 0 

- 200 
- -

t CS2H --l.o---~~\. __ 

OUTPUT DISABLE 

011- OI4 

READI WRITE --f-----"'~o__-l WRW---i',------

* taos IS REQUIRED FOR COMMON I/O 
OPERATION ONLY, FOR SEPARATE liD 
OPERATIONS, OUTPUT DISABLE IS DON'T CARE 

92CM-30B04R4 

Fig. 2 - Wflte cycle tlmmg waveforms. 

-' CDP1822C UNITS 
Typ.' ~ Max. 

- -
- -
- -
- -

- -
- -
- -
- -
- -
- -

ns 
- -

- -
- -
- -
- -
- -
- -
- -
- -
- -
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CDP1822, CDP1822C 
DATA RETENTION CHARACTERiSTICS at TA = -40 to +85°C. see Fig. 3 

TEST CONDITIONS 
CHARACTERISTIC VDR VDD 

(V) (V) Min. 
Min Data Retention 

- - -
Voltage, VDR 
Data Retention Quiescent 

2 
Current, 

- -
IDD 

Chip Deselect to Data - 5 600 
Retention Time, tCDR - 10 300 
Recovery to Normal - 5 600 
Operation Time, tRC - 10 300 
VDD to VDR Rise and 

2 5 1 Fall Time t"t, 

'Typical values are for TA = 25° C and nominal VDD 

92CS-30e05RJ 

FIg. 3 - Low Voe data retentIOn tIming waveforms 

CDP1822 
Typ." 

1.5 

30 

-
-
-

-

-

! 

I 
WRITE 

ADDRESS 
DECODER 

LIMITS 

Max. Min. 

2 -

100 -

- 600 
- -
- 600 
- -

- 1 

CDP1822C 
Typ." 

1.5 

30 

-
-
-
-

-

Max. 

2 

100 

-
-
-
-

-

i 
I 
READ 

ADDRESS 
DECODER 

UNITS 

V 

pA 

ns 

ps 

92CS-27256R2 

Fig. 4 - Memory cell configuration. 
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CDP1822, CDP1822C 

r,:----- --------- --- --- - - - --- --, 
00* 4 ") 132) I 

- I .. 

Dr4 

cst 1. 1 

DECOD· 
ERS 

181(32) 
STORAGE 

ERS ERS 

(.) 

ERS 

-=022 V 
I DO 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

004 

~"ss 
I 
I 
I 

CS2 17 

00* 18 
L ________________________ _ _____ ....1 

.+. f fOO 

iss 
• OVER VOLTAGE 

92CL.- 300e:5RI 
INPUT PROTECTION 

NETWORK 
OUTPUT 

PROtECTION 
CIRCUIT p"!';r,f,fuW'N 

Fig. 5 • Functional block diagram for CDP1822 and CDPI822C. 

19 

CS2 
17 

R/W 
20 

,- - -- - - - cONTROL A I 
I 

I }tHIP.SELECT 
p--+ ___ -'- CONTROL 

I 

~ __ '--J - - -I 

;O----_-..... -,f-}gH~. SELECT a 
R/W CONTROL 

I}C 
OUTPUT 
DISABLE 

1 CONTROL 92CM-30084R! 

Fig. 6 . Logic diagram of controls for CDP1822 and CDPI822C. 
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CDP1823, CDP1823C 
BLlS 0 2. VDD 128-Word X 8-Bit Static eus I 23 MAO 
BUS 2 22 MAl 

Random-Access Memory BUS 3 21 MA2 
BuS 4 5 20 MA3 
BUS 5- 6 19 MA' 
BUS 6 7 18 MA5 Features: 
8US 7 8 17 MAS • Fast access time: 
CSI 9 16 MWR 
CS2 10 15 -Mmi 450 ns at Voo= 5 V; 
c.53 " " 

ess 250 ns at Voo = 10 V 
V55 12 13 C54 

• Common data inputs and outputs TOP VIEW 
• Multiple-chip select inputs to simplify 

memory system expansion 
TERMINAL ASSIGNMENT 

The RCA-CDP1823 and CDP1823C are 128-word by 8-bit 
CMOS SOS static random-access memories. These mem­
ories are compatible with general-purpose microprocessors. 
The two memories are functionally identical. They differ in 
that the CDP1823 has a recommended operating voltage 
range of 4 to 10.5 volts, and the CDP1823C has a 
recommended operating voltage range of 4 to 6.5 volts. 

The CDP1823 memory has 8 common data input and data 
output terminals for direct connection to a bidirectional 
data bus and is operated from a single voltage supply. Five 
chip-select inputs are provided to simplify memory-system 
expansion. In order to enable the CDP1823, the chip-select 
inputs CS2, ~, and CS5 require a low input signal, and 

OPERATIONAL MODES 

Function MAD MWR CS1 

READ 0 X 1 

WRITE 1 0 1 
STAND-BY (ACTIVE) 1 1 1 

NOT 
X X 0 
X X X 

SELECTED 
X X X 
X X X 
X X X 

Logic 1 = High Legic 0 = Low X = Don't Care 

the chip-select inputs CS1 and CS4 require a high input 
signal. 

The MRD signal enables all 8 output drivers when in the low 
state and should be in a high state during a write cycle. 

Aftervalid data appear althe output, the address inputs may 
be changed immediately. Output data will be valid until 
either the Mtm signal goes high, the device is deselected, or 
tM (access time) after address changes. 

The CDP1823 and CDP1823C are supplied in hermetic 24-
lead dual-in-line ceramic packages (D suffix), and in 24-
lead dual-in-line plastic packages (E suffix). 

CS2 CS3 CS4 CS5 Bus Terminal State 
Storage State of 

0 0 1 0 Addressed Word 

0 0 1 0 Input High-Impedance 
0 0 1 0 High-Impedance 
X X X X 
1 X X X 
X 1 X X High-Impedance 
X X 0 X 
X X X 1 

File Number 1198 
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CDP1823, CDP1823C 
OPERATING CONDITIONS at TA = FULL PACKAGE-TEMPERATURE RANGE 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC CDP1823D CDP1823CD UNITS 

Min. Max. Min. Max. 

Supply·Voltage Range 4 10.5 4 6.5 V 

Recommended Input Voltage Range VSS VDD VSS VDD V 

MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPPLY·VOLTAGE RANGE, (VDD) 

(All voltage values referenced to VSS terminal) 
CDP1823 ............................................................. -0.5to +11 V 
CDP1823C ............................................................. -0.5to +7V 

INPUT VOLTAGE RANGE, ALL INPUTS ................................... -0.5to VDD+ 0.5 V 
DCINPUTCURRENT,ANYONEINPUT ............................................. ±10mA 
OPERATING·TEMPERATURE RANGE (T A): 

CERAMIC PACKAGES (D SUFFIX TYPES) ................................... - 55 to + 125·C 
PLASTIC PACKAGES (E SUFFIX TYPES) ..................................... - 40 to + 85·C 

STORAGETEMPERATURERANGE(Tstg) ..................................... -65to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .................... + 265·C 

STATIC ELECTRICAL CHARACTERISTICS at T. = -40 to + 85°C, Except as noted 

TEST 

CONDITIONS 

CHARACTERISTICS Vo V,N Voo 

(V) (V) (V) Min. 

Quiescent Device - - 0,5 5 -
Current, 100 - 0.10 10 -
Output Voltage: - 0,5 5 -

Low-Level. VOL - 0,10 10 -
High-Level, VOH - 0,5 5 4.9 

- 0,10 10 9.9 

Input Low Voltage. V,L 0.5,4.5 - 5 -
0.5,9.5 - 10 -

Input High Voltage, V,H 0.5,4.5 - 5 3.5 

0.5,9.5 - 10 7 

Output Low (Sink) 0.4 0,5 5 2 
Current, 10L 0.5 0,10 10 4.5 

Output High (Source) 4.6 0,5 5 -1 

Current, 10H 9.5 0,10 10 -2.2 

Input Current, ioN Any 0,5 5 
Input 0,10 10 -

3-State Output 0,5 0,5 5 -
Leakage Current, lOUT 0,10 0,10 10 -

Operating Current,loo,t - 0,5 5 -
- 0,10 10 -

Input Capacitance, C'N - - - -
Output Capacitance, 

COUT - - - -
tOutputs open cIrcuIted; cycle lIme = 1 fJs. 
'Typical values are for T. = 25' C and nominal Voo. 

LIMITS 

CDP1823 CDP1823C UNITS 

Typ.· Max. Min. Typ.* MIx. 

- 500 - - 500 pA 

- 1000 - - -
0 0.1 - 0 0.1 

0 0.1 - - -
5 - 4.9 5 -
10 - - - - V 

- 1.5 - - 1.5 

- 3 - - -
- - 3.5 - -
- - - - -
4 - 2 4 -
9 - - - - mA 

-2 - -1 -2. -
-4.4 - - - -
- ±5 - - ±5 

- ±10 - - - pAl 
- ±5 - - ±5 

- ±10 - - -
4 8 - 4 8 mA 

8 16 - - -
5 7.5 - 5 7.5 pF 

10 15 - 10 15 
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CDP1823, CDP1823C 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = - 40 to + 85 'C, VDD ± 5%, 
tr,tl = 20 n8, CL = 100 pF. 

VDD LIMITS 
CHARACTERISTIC (V) CDP1823 I CDP1823C UNITS 

Mln.t Typ.· Max. Min. t Typ.· Max. 

Read Cycle (See Fig. 1) 
Access Time From 5 - 275 450 - 275 450 

Address Change, tAA 10 - 150 250 - - -
Access Time From 5 - 150 250 - 150 250 

Chip Select, t DOA 10 - 100 150 - - -
MRD to Output 5 150 250 150 250 

ns - -
Active, tAM 10 - 100 150 - - -
Data Hold Time , 5 25 50 75 25 50 75 

After Read, t DOH 10 15 25 40 - - -. Typical values are at T A = 25'C and nominal voltage. 
tTlme required by a limit device to allow for the Indicated function. 

f------·AA 

ADDRESS X 

r---'AM -

\ 

i---' DOA 

CSI,CS4 

- 'DOH.I--

VALID DATA "DSO % 
H.GH IMPEDANCE ,\ \ --rIO % 

DATA (jUT 

NOTE ,!!VIA IS HIGH DURING READ OPERATION. 
TIMING MEASUREMENT REFERENCE IS O.~VDO· 

92CM-31942RI 

Fig. 1 - Read cycle timing diagram. 
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CDP1823, CDP1823C 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = - 40 to + 85 ·C, VDD ± 5%, 
tr,t, = 20 ns, CL = 100 pF. 

VDD LIMITS 
CHARACTERISTIC (V) CDP1823 I CDP1823C UNITS 

Min. t Typ. * Max. Min. t Typ. * Max. 
Write Cycle (See Fig. 2) 

Write Recovery, tWR 5 75 - - 75 - -
10 50 - - - - -

Writ~ Cycle, twc 5 400 - - 400 - -
10 225 - - - - -

Write Pulse 5 200 - - 200 - -
Width, tWRW 10 100 - - - - - ns 
Address 5 125 - - 125 - -
Setup Time, tAS 10 75 - - - - -
Data 5 100 - - 100 - -
Setup Time, tOS 10 75 - - - - -
Data Hold Time 5 75 - - 75 - -
From MWR. tOH 10 50 - - - - -

• Typical values are at T A = 25·C and nominal voltage. 
tTime required by a limit device to allow for the indicated function. 

'we 
I--'AS -

~ 
ADDRESS 

i---'w..-
CSI,CS4 --~,m,rn 

tWRW 

'os .. I 
'OH 

BUS 0·7 fttftftft~_LlOOATA __ 

NOTE MRO MUST BE HIGH DURING WRITE OPERATION 
92CM-31943RI 

Fig. 2 • Write cycle tlmmg diagram. 
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CDP1823, CDP1823C 
DATA RETENTION CHARACTERISTICS at TA = -40 to +85°C; see Fig. 3 

TEST 
CONOI- LIMITS 

CHARACTERISTIC TIONS COP1823 COP1823C 
VOR Voo 
(V) (V) Min. Typ." Max. Min. 

Min. Data Retention - - - 1.5 2 -
Voltage, VOR 

Data Retention Quiescent 2 - - 30 100 -
Current, 100 

Chip Deselect to Data - 5 600 - - 600 

Retention Time, tCOR - 10 300 - - -
Recovery to Normal - 5 600 - - 600 

Operation Time, tRC - 10 300 - - -
Voo to VOR Rise and 2 5 1 - - 1 

Fall Time t"t, 

"Typical values are for TA = 25° C and nominal Voo. 

r CATA RETENTION =1 
MODE 

VOO 
=---i.095 voo 095VOO.!t:----

VOR 11 feDR 
cs, 

rff f, --, fRe 

'ViH\ I ! fViH 
VIL~ ___________ ___1r V,L 

92CS-30805Rt 

Fig. 3 - Low Voo data retentIOn timing waveforms. 

MAO 

MAl 

MA2 

MA3 

MA4 

MA5-

MA6 

CS' 

CS2 

CS3 

CS4 

Cs"'5 

BUFFER 
ANO 

DECODER 

Functional Diagram 

Fig. 4 - Functional diagram. 

Typ." Max. 

1.5 2 

30 100 

- -

- -

- -

- -

- -

UNITS 

V 

J.lA 

ns 

J.ls 
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CDP1823, CDP1823C 

I CPU I ROM SYSTEM I I RAM INTERFACE I I RAM SYSTEM I 

TPA TPA 

MRii MiiIi 
MRD -----

iiiiR MWA 

CEO ~ 

.Ef.U 
CDPI802 

~ 
CDPI833 

.II!!!. 
CDPI8D 

.IC .... !!!I! 

Fig. 5 - CDP1823 (128 IC 8) minimum system (128 IC 8) 
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CDP1824, CDP1824C 
32-Word X a-Bit Static 
Random-Access Memory MA. I . I. 

~ MAO 2 11 
MA 2 3 I. 
MAl • 15 
MA 0 5 

" BUS 7 • 13 
BUS 6 7 12 
BUS 5 • " Vss - 9 10 

TOP VIEW 

-me 
~ 
BUS 0 
BUS I 
aus 2 
BUS 3 
BUS 4 

Features: 
• Access time: 

710 ns at Voo=5 V, 
320 ns at Voo=10 V 

• No precharge or clock required 

Terminal AssIgnment 

The RCA-CDP1824 and CDP1824C types are 32-word x 
8-bit fully static CMOS random-access memories for use in 
CDP1800 series microprocessor systems. These parts are 
compatible with the CDP1802 microprocessor and will 
interface directly without additional components. 

The CDP1824 is fully decoded and does not require a 
precharge or clocking signal for proper operation. It has 
common input and output and is operated from a single 
voltage supply. The MRD signal (output disable control) 

enables the three-state output drivers, and overrides the 
MWR signal. A CS input is provided for memory expansion. 

The CDP1824C is functionally identical to the CDP1824. 
The CDP1824 has an operati ng range of 4 to 10.5 volts, and 
the CDP1824C has an operating voltage range of 4 to 6.5 
volts. The CDP1824 and CDP1824C types are supplied in 
18-lead hermetic dual-in-line ceramic packages (D suffix) 
and in 18-lead dual-in-line plastic packages (E suffix). 

OPERATIONAL MODES 

- -- --
Function CS MRD MWR Data Pins Status 

Output: High! 
READ 0 0 X low Dependent 

on Data 

WRITE 0 1 0 
I nput: Output 
Disabled 

Not 
1 X X Output Disabled: 

Selected High-
Standby 0 1 1 I mpedance State 

logic 1 = High logic 0 = low X = Don't Care 

MAXIMUM RATINGS, Absolute·Maximum Values: 

DC SUPPLY·VOLTAGE RANGE, (VDD! 
(All voltage values referenced to Vss termmal) 

CDP1824. 
CDP1824C . 

INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPtJT CURRENT, ANY ONE INPUT 
OPERATING·TEMPERATURE RANGE (TAl. 
CERAMIC PACKAGES (0 SUFFIX TYPES! 
PLASTIC PACKAGES IE SUFFIX TYPES! 

STORAGE TEMPERATURE RANGE (Tstg ! 
LEAD TEMPERATURE (DURING SOLDERING! 
At dIStance 1/16 ± 1/32 Inch (1 59 ±0.79 mm! from ca,e for 10, max. 

-0.5 to +11 V 
-0.5 to +7 V 

-0.5 to VDD +0.5 V 
±10mA 

-55 to +1250 C 
-40 to +85°C 

-65 to +150oC 

File Number 1103 
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CDP1824, CDP1824C 
OPERATING CONDITIONS at T A = Full Package-Temperature Range 
For maximum reliability. operating conditions should be selected so that operation is 
always within the following ranges: 

CONDITIONS LIMITS 

CDP1824D CDP1824CD 
CHARACTERISTIC 

VDD CDP1824E CDP1824CE 

(V) Min. Max. Min. Max. 

Supply· Voltage Range - 4 10.5 4 6.5 

Recommended I nput Voltage 
Range - VSS VDD VSS VDD 

Input Signal Riseor Fall Time .... 5 - 5 - 5 

tr.tf 10 - 2 - -
.. Input signal rise or fall times longer than these maxima can cause loss of stored data In either the 

selected or deselected mode. 

UNITS 

V 

V 

IlS 

STATIC ELECTRICAL CHARACTERISTICS at T A = -40 to + 85· C Except as noted 

TEST 
CONDITIONS 

CHARACTERISTICS Vo V,N Voo 
(V) (V) (V) Min. 

Quiescent Device - - - 5 -
Current, 100 - - 10 -
Output Voltage: - 0,5 5 -

Low-Level, VOL - 0,10 10 -
High-Level, VOH - 0,5 5 4.9 

- 0,10 10 9.9 

Input Low Voltage, V,L 0.5,4.5 - 5 -
1,9 - 10 -

Input High Voltage, V'H 0.5,4.5 - 5 3.5 

1,9 - 10 7 

Output Low (Sink) 0.4 0,5 5 1.8 
Current, IOL 0.5 0,10 10 3.6 

Output High (Source) 4.6 0,5 5 -0.9 

Current, IOH 9.5 0,10 10 -1.8 

Input Current, !'N Any 0,5 5 
input 0,10 10 -

3-State Output 0,5 0,5 5 .-
Leakage Current, louT 0,10 0,10 10 -

Operating Current,loo,t - 0,5 5 -
- 0,10 10 -

Input Capacitance, C'N - - - -
Output Capacitance, 

COUT - - - -
tOutputs open circUited; cycle time = 1 /Is. 
'Typical values are for TA = 25·C and nominal Voo. 

LIMITS 

CDP1824 CDP1824C UNITS 

Typ.· Max. Min. Typ.· Max. 

25 50 - 100 200 IlA 
250 500 - - -
0 0.1 - 0 0.1 
0 0.1 - - -
5 - 4.9 5 -
10 - - - - V 
- 1.5 - - 1.5 

- 3 - - -
- - 3.5 - -
- - - - -
2.2 - 1.8 i2 -
4.5 - - - - mA 
-1.1 - -0.9 -1.1 -
-2.2 - - - -
±0.1 ±1 ±0.1 ±1 
±0.1 ±1 - - - J.l.A 
±0.2 ±2 - ±0.2 ±2 
±0.2 ±2 - - -

4 8 - 4 8 mA 
8 16 - - -
5 7.5 - 5 7.5 pF 

10 15 - 10 15 
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CDP1824, CDP1824C 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +8SoC, VDD ±S%, 
Inputtr, tt = 10 ns, CL = SO pF, RL "200 kn; See Fig. 1. 

LIMITS 

CHARACTERISTIC 
TEST 

CONDITIONS CDP1824D CDP1824CD 

VDD CDP1824E CDP1824CE 

U 
N 
I 
T 

(V) Min.# Typ.- Max. Min.# Typ.- Max. S 

Read Operation 

Access Time From S - 400 710 - 400 710 
Address Change, tAA 

ns .. 1(} • - 200 320 - - -

Access Time From 5 - 300 710 - 300 710 
Chip Select. tOOA 

ns 
10 - 150 320 - - -

Output Active From 5 - 300 710 - 300 710 
MRO. tAM 10 

ns - 150 320 - - -

::t Time required by a limit device to allow for the Indicated function 

• Time re~ulred by a tYPical device to allow for the indicated function TYPical values are for 
T A = 25 C and nommal VOO. 

MA 

f-toot-j 
DATA OUT --HHTciIGiHH"'iiIMMip;eE~DAArN~C~E=-~<===== 

.. MINIMUM TIMING FOR 
VALID DATA OUTPUT 
LONGER TIMES WILL 
INITIATE AN EARLIER, 
BUT INVALID OUTPUT 

READ OPERATION TIMING DIAGRAM 

92CS-34739 

Fig. 1 - Read cycle timing diagram. 

Note: 
The dynamiC characteristics and timing dia­
grams indicate maximum performance capa­
bility of the COP1824. When used directly 
With the CDP1802 microprocessor, timing 
will be determined by the clock frequency 
and internal delays of the microprocessor. 

The following general timing relationships 
will hold when the COP1824 is used with the 
COP1802 microprocessor: 

tWW= 2tc 
tAH = 1.0 tc 

tAS = 4.5 tc 
tOH = 1.0 tc 7 Data transfers from 

tos = 5.5 tc J CDP1802 to memory 
M R D occurs one clock period (tc) earl ier 
than the address bits MAO-MA7. 

1 
where tc = ----------

CDP1802 clock frequency 

The CDP1824 is capable of operating at the 
maximum clock frequency of the COP1802 
microprocessor. 
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CDP1824, CDP1824C 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD ±5%, 
Input t r, tt .. 10 ns, CL = 50 pF, RL = 200 kn; See Fig. 2. 

LIMITS 

CHARACTERISTIC 
TEST 

CONDITIONS CDP1824D CDP1824CD 

VDD CDP1824E CDP1824CE 

(V) Min.# Typ.- Max. Min.# Typ.-

Write Operation 

Write Pulse 5 390 200 - 390 200 
Width, tWRW 10 180 150 - - -

Data Setup 5 390 100 - 390 100 
Time, tos 10 180 50 - - -

Data Hold 5 70 40 - 70 40 
Time, tOH 10 35 20 - - -

Chip Select 5 425 210 - 425 210 
Setup Time, tcs 10 215 110 - - -

Address Setu p 5 640 500 - 640 500 
Time, tAS 10 390 300 - - -

# Time required by a limit device to allow for the indicated function 
• Time re~Ulred by a typical device to allow for the indicated function. TYPical values are for 

T A = 25 C and nominal VOO 

LICS~ 
~ 

BUS ======::::kIDS-+jC 

*tr Itt>I". 

WRITE OPERATION TIMING DIAGRAM 

92CS-34740 

Fig. 2 - Write cycle timing diagram. 

DATA RETENTION 
MODE 

VDR 

92CS-30629RI 

FIg. 3 - Low Vee data retention waveforms and timing diagram. 

U 
N 
I 
T 

Max. S 

-
ns -

-
ns -

-
ns -

-
ns -

-
ns -
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CDP1824, CDP1824C 
DATA RETENTION CHARACTERISTICS at T A = -40 to +85°C; See Fig. 3. 

MA' 
MA' 

MA2 
MAl 

MA 0 

CHARACTERISTIC 

Data Retention Voltage, 

Data Retention Quiescent 
Current, 100 

Chip Deselect to Data 
Retention Time, tCDR 

Recovery to Normal 
Operation Time, tRC 

BUS BUS BUS sus BUS BUS BUS BUS 
76543210 

FUNCTIONAL DIAGRAM 

Fig. 4 - Functional diagram. 

VDR 

TEST CONDITIONS 

VDR = 2.5 V 

VDR = 2.5 V 

VDR = 2.5 V 

r--
VDD 

CDP1824 CDP1824C UNITS 

(VI Min. Max. Min. Max. 

- 2.5 - 2.5 - V 

- - 10 - 40 J.l.A 

5 600 - 600 -
10 300 - - - ns 

5 600 - 600 -
10 300 - - -

CPUI ROM SYSTEM I RAM SYSTEM I 

~ 
CDPI802 

ROM 
CDPIB33 

.f!!.M. 

CDI824 

92CS-34741 

Fig. 5 - CDP1824 (128 x 8) minimum system (128 x 8) 
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CDP1826C 

BUSO I 
BUS I 2 
BUS 2 3 
BUS 3 4 

22 
21 
20 
19 

Voo 
AO 

CS/A5 
AI 

CMOS 64-Word X a-Bit Static 
Random-Access Memory 

BUS 4 5 18 A2 Features: 
BUS 5 6 17 
BUS 6 7 16 
BUS 7 8 15 

A3 
A4 
TPA 

• Ideal for small, low-power RAM Memory requirements 
In microprocessor and microcomputer applications 

CSI 9 
-en 10 
V5S II 

14 
13 
12 

MRO 
flWl! 
CEO 

• Interfaces with CDP1BOO-series microprocessors 
without additional address decoding 

TOP VIEW 
• DaiSY chain feature to further reduce external 

decoding needs 
92CS-34034 

• Multiple chip-select Inputs for versatility 
TERMINAL ASSIGNMENT • Single voltage supply 

• No clock or precharge reqUIred 

The RCA CDP1B26C IS a general-purpose, fully static, 64-
word x 8-blt random-access memory, for use In CDP1800 
series or other microprocessor systems where minimum 
component count and/or price performance and simplicity 
in use are deSirable. 
The CDP1B26C has 8 common data Input and data-output 
terminals with 3-state capability for direct connection to a 
standard bi-directional data bus Two chip-select Inputs­
CSl and CS2 - are provided to simplify memory-system 
expansion. An additional select Pin, CS/A5, IS prOVided to 
enable the CDP1826C to be selected directly from the 
CDP1800 multiplexed address bus without additional latch­
Ing or decoding In an 1800 system, the CS/A5 pin can be 

----
ADOR BUS AOoR BUS 

TPA TPA -----

ROM RAM 
CoPI826C 

iiRD MRO 

MWR 
CEO 

" 

tied to any MA address line from the CDP1800 processor. A 
TPA Input IS prOVided to latch the high-order bit of thiS 
address line as a chip-select for the CDP1826C. If this 
CS/A5 Input is latched high, and IfCS= 1 and CS2 =Oatthe 
appropriate time In the memory cycle, the CDP1826C will 
be enabled for writing or reading. In a non-1800 system, the 
TPA pin can be tied high, and the CS/A5 pin can be used as 
a normal address Input 

The six Input-address buffers are gated with the Chip-select 
function to reduce standby current when thedevlce is dese­
lected, as well as to provide for a Simplified power down 
mode by reducing address buffer sensitivity to long fall 
times from address drivers which are being powered down 

l¢q 
NO-N2 MAo 

TPB 

Q 
DATA ) 

CPU SCO SCI 
CoPI800 INTERRUPT 

I/O CONTROL) SERIES 

oMA-IN OMA:miT 

EFI-EF4 

" /1 a-BIT B I DIRECTIONAL DATA BUS 
1/ 

92CM-34043 

Fig 1 - TYPical CDP1802 mlcrocprocessor system 
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CDP1828C 
Two memory control signals, MRD and MWR, are provided 
for reading from and writing to the CDP1826C. The logic is 
designed so that MWR overrides MRD, allowing the chip to 
be controlled from a Single R/iNline 
For such an Interface, the MRD line can be tied to Vss, with 
the MWR line connected to R/iN. 

A CHIP ENABLE OUTPUT is provided for daisy-chaining to 
additional memories or 1/0 devices. This output is high 
whenever the chip-select function selects the CDP1826C, 
which deselects any other chip which has its CS input 
connected to the CDP1826C CEO output. The connected 

MAXIMUM RATINGS. Absolute-MaxImum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 

£!!!£.is selected when the CDP1826C is de-selected and the 
MRD input is low. Thus, the CEO is only active for a read 
cycle and can be set up so that a CEO of another device can 
feed the MRi5 of the CDP1826C, which in turn selects a third 
chip in the daisy chain. 
The CDP1826C has a recommended operating voltage of 
4.5 to 5.5 V and is supplied in 22-lead hermetic dual-in-line 
side-brazed ceramic packages (D suffix), in 22-lead dual­
in-line plastic packages (E suffix). The CDP1826C is also 
available in chip form (H suffiX). 

(Voltages referenced to Vss Terminal) .............................................................................. -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ......................................................................... -0.5 to Voo +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT .................................................................................. ±10 rnA 

POWER DISSIPATION PER PACKAGE (Po) 

For T A = -40 to + 60° C (PACKAGE TYPE E) ............................................................................ 500 mW 

For T A = + 60 to + 85° C (PACKAGE TYPE E) ............................................. Derate Linearly at 12 mW/O C to 200 mW 

For TA = -55 to + 100°C (PACKAGE TYPE D) ........................................................................... 500 mW 

For T A = + 100 to + 125° C (PACKAGE TYPE D) .......................................... Derate Linearly at 12 mW/o C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................. 100 mW 

OPERATING-TEMPERATURE RANGE (TA) 

PACKAGE TYPE D .............................................................................................. -55 to +125°C 

PACKAGE TYPE E ......................................................................................••.•.•... -40 to +85°C 

STORAGE TEMPERATURE RANGE (T",) ......................................................................... -65 to + 150°C 

LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 Inch (1 59 ± 0 79 mm) from case for 10 s max .................................................... +265°C 

RECOMMENDED OPERATING CONDITIONS at TA = Full Package Temperature Range. 
For maxImum relIabIlIty, operating condItions should be selected so that operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC CDP1826C UNITS 

MIN. MAX, 

DC Operating Voltage Range 4.5 6.5 
input Voltage Range Vss Vee 

V 

Input Signal Rise or Fall Time t" tf 10 
VeD = 5 V 

- lIS 
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_____________________ Random-Acee .. Memorle. (RAM.) 

CDP1826C 
STATIC ELECTRICAL CHARACTERISTICS at T. = -40 to +85°C Voo = 5V ± 5% except as noted 

CONDITIONS LIMITS 

CHARACTERISTIC Vo 
(V) 

Quiescent Device 100 
-

Current 
Output Low Drive BUS 

IOL 0.4 
(Sink) Current CEO 

Output High Drive BUS 
IOH -- Voo-0.4 

(Sink) Current CEO 
Output Voltage VOL -

Low Level 

Output Voltage VOH -
High Level 

Input Low Voltage V,L 
Input High Voltage V,H 

Input Leakage Current !'N 
Any 

Input 
3-State Output lOUT 

O,Voo 
Leakage Current 

Operating Device IOPEAt 
-

Current 

Input C,N 
-

Capacitance 

Output COUT -
Capacitance 

oTYPlcal values are for TA = 25°C and nominal Voo. 
tOutputs open circUited, cycle times = 1 p.s 

Signal Descriptions 
AO-A4, CS/A5 (Address Inputs): 
These inputs must be stable prior to a write operation, 
but may change asynchronously during Read operations. 

In an 1800 system. the multiplexed high-order address 
bit at pin CS/A5 can be latched at the end of TPA A 
high level will provide a valid chip select for the 
CDP1826C. The low-order address bit which appears 
after TPA is used for data word selection. In non-1800 
systems, TPA can be tied high to disable the latch and 
allow the CS/A5 pin to function as a normal address 
input. 

BUS 0 - BUS 7: 8-bit 3-state common input/output 
data bus. 

TPA: High-order address strobe input. The high-order 
address bit at input CS/A5 is latched on the high-to-Iow 

V,N CDP1826C UNITS 

(V) MIN. TYP.- MAX. 

O,Voo - 5 50 pA 

1.6 3.2 -
O.Voo 

0.8 1.6 -
mA 

-1.0 -1.5 -
O,Voo 

-0.6 -1.0 -
O,Voo - a 0.1 

O,Voo Voo-0.1 Voo -

- - - 1.5 
V 

- 3.5 - -

O.Voo - ±0.1 ±1 

O.Voo - ±0.1 ±1 pA 

O.Voo - 5 10 mA 

- - 5 7.5 pF 

O.Voo - 10 15 

transition of the TPA input. Tie TPA high to disable the 
CS/A5 latch feature. 

CS1, CS2 (Chip Selector): 
Either chip select (CS1 or CS2), When not valid, powers 
down the chip, disables READ and WRITE functions, and 
gates off the address and output buffers. 

MRD, MWR: Read and Write control signals. MWR 
overides MRD, allowing the CDP1826C to be controlled 
from a single R/W line. 

CEO (Chip Enable Output): 
Allows daisy chaining to additional memories. CEO is 
high whenever the CDP1826C is selected. CEO is only 
active (low) for a Read cycle with the CDP1826C 
deselected and the MRD input low. 

Voo, Voo: Power supply connections. 
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CDP1826C 

AO---~ 

AI 

A2 ---+I 
A3 ----+I 
A4---+I 

CS/A5 -""""1>--+1 

TPA 

CSI----------~ 

ClR--------------~ 

64.8 
MATRIX 

INPUT IOUTPUT 
DATA 

BUFFERS 
AND 

CONTROL 

iWR-----------------------~ 

~-------------------------------------------~~ 

92CM-J4044 

Fig. 2 - Functional diagram 

1800 CLOCK 

A5 

TPA 

MRD 

CEO 

BUS 

I 

I I 

M 
I 

~ 
I 

I I 

::cJ-----4 VALID DATA VALID DATA 

RAM CYCLE (RAM SELECTED) ROM CYCLE (RAM DESELECTED) 

CSI='. CS2-0 
92CM-34048 

OPERATING MODES 

FUNCTION MIffi MWiI CSI'~ TPA CS/A5f" CEO 

WRITE X 0 I It. I I 
OJ READ 0 I I ...n. I I c .n. 0 DESELECT I I I I I :Ii 
0 DESELECT I X 0 X X I 
0 .. DESELECT 0 X 0 X X 0 
ii: 

I X ..It... I c DESELECT X 0 

" DESELECT 0 X x It.. 0 0 

§ WRITE X 0 I I X I 

CL~ 
READ 0 I I I X I 

~~ DESELECT I I I I X I 

z DESELECT I X 0 I X I 
0 DESELECT 0 X 0 I X 0 z 

,. FOR CDPllIOO MODE, REFERS TO HIGH ORDER MEMORY 
~~~~:S~L:~~ LEVEL AT TIME WHEN TPA l. TRANSITION 

Fig 3 - Chip Enable Output tlmmg waveforms for CDP1800-based systems. 

BUS 0 

BUS I 

BUS 2 

BUS 3 

BUS4 

BUS 5 

BUSS 

BUS 7 

CEO 

g 
I 
I 
~ 
I 

I 
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_____________________ Random-Access Memories (RAMs) 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = - 40 to + 85° C, Voo = 5 V ± 5%, 

Input t"t, = 10 ns' CL = 50 pF and 1 TTL Load 

CHARACTERISTIC 

MIN·t 
Read - Cycle Times (Figs 4 and 5) 

Address to TPA Setup 100 
tASH 

Address to TPA Hold 100 
tAH 

Access from 
-

Address Change TAA 
TPA Pulse Width 200 

tpAW 

Output Valid from -
MRD tAM 

Access from 
-

Chip Select tAc 
CEO Delay from 

-
TPA""lt..Edge tCA 

IimlS to CEO Delay 75 
IMC 

Oulput High ~ from -
Invalid MRD IR .... 

Oulput High ~ from -
Chip Deselect ts .... 

tTime required by a IIm,t dev,ce to allow for the indicated function 
oTypical values are for T. = 25° C and nominal Voo. 

LIMITS 

CDP1826C 

I TYP.-

-

-

500 

-

500 

500 

150 

-

-

-

AO-AS LOW ORDER ADDRESS BYTE 

TPA 

'AC----" 

CSI·CS2 VALID CHIP SELECT 

CEO 

I 

BUS-------------+~HI~G~H~,7.M~PE~O~A7.N~C~E--------K VALID DATA 

'AM ______ ---<~ 
92CM-37721 

Fig. 4 - Tlmmg waveforms for Read-cycle 1. 

CDP1826C 

UNITS 

MAX. 

-

-

1000 

-

ns 

1000 

1000 

300 

-

125 

225 

'RHZ 
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CDP1826C 

AO-A5 

CSI·CS2 

HIGH OROER 
ADDRESS BYTE LOW ORDER ADDRESS BYTE 

_____________ +-__ ~H~IG~H~IM~P~E~D~AN~C~E~ ____ ~--~~~~--~ 
BUS VALID DATA 

14---- t AM ----I~ 
92CM - 37722 

Fig. 5 - Timmg waveforms for Read-cycle 2 [TPA-Hlgh). 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD = 5 V ±5%, 
Input t, tf = 10 ns' C L = 50 pF and 1 TTL Load 

CHARACTERISTIC 

MIN·t 
Write-Cycle Times (Figs. 6 and 7) 
Address to TPA Setup, 

100 
High Byte tASH 

Address to TPA Hold 
tAH 

100 

Address Setup 
500 

Low Byte tASL 
TPA Pulse Width 200 

tpAW 

Chip Select Setup 700 
tcs 

Write Pulse Width 300 
tww 

Write Recovery 100 
tWR 

Data Setup 400 
tDs 

Data Hold from 100 
End of MWR tOH1 

Data Hold from 125 
End of Chip Select tDH2 

tTlme required by a limit device to allow for the indicated function. 
oTYPlcal values are for TA = 25' C and nominal Voo. 

LIMITS 

CDP1826C 

I TYP.- I 

-

-

250 

-

350 

200 

-

200 

50 

50 

UNITS 
MAX. 

-
-

-

-

ns 
-

-

-

-

-

-
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_____________________ Random-Access Memories (RAMs) 

CDP1826C 

AO-A5 LOW ORDER ADDRESS BYTE 

~---------tASL------------~ 

TPA ______ ..J\ 

VALID CHIP SELECT 

~tl4----.. ~_tDS~-,~ 
BUS ~-----------D-A-T-A-I-N-S-T-A-B-L-E-----------~ 

AO-A5 

CSI • CSz 

Fig. 6 - Tlmmg waveforms for Wote-cycle 1 

HIGH ORDER 
ADDRESS BYTE LOW ORDER ADDRESS BYTE 

~---------tASL------------; 

VALID CHIP SELECT 

=-= 

_rt-o .. o------tos------o-f ~H~ 
BUS ~~-------O-A-TA-IN--S-TA-B-L-E------------~~ 

92CM- 31720 

Fig. 7 - Timmg waveforms for Write-cycle 2 [TPA=High). 
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CDP1826C 
DATA RETENTION CHARACTERISTICS at TA - -40 to +85°C' see Fig 8 -

TEST 

CONOI· 
CHARACTERISTIC TIONS 

VOR Voo 
(V) (V) MIN. 

Min. Data Retention 
- - -

Voltage VOR 
Data Retention Quiescent 

2.5 
Current 

- -
100 

Chip Deselect to Data 
- 5 600 

Retention Time teDR 

Recovery to Normal 
- 5 600 

Operation Time tRC 

Voo to VOR Rise and 

Fall Time t •. t, 
2.5 5 1 

oTYPlcal values are for TA = 25° C and nominal Voo 

r--OATA RETENTION 
MODE 

Voo 

.:tC:::.O-R-......,LO::~o VOR I, o~o 11 'RC 

CSt I 

ViH\ ~ } fViH 
VI:~~ .. ___________ __rr V,L 

92CS-30805RI 

FIg. 8 • Low Voo data retentIOn tlmmg waveforms. 

LIMITS 

COP1826C UNITS 

TYP.- MAX. 

2 2.5 V 

5 25 f.JA 

- -
ns 

- -

- - /1S 
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_____________________ Random-Access Memories (RAMs) 

Product Preview 

M~~~OI : :O:SI 

CDP68HC68R1, CDP68HC68R2 

CMOS 128-Word (CDP68HC68R1) and 
256-Word (CDP68HC68R2) by 
8-Bit Static RAMs 

NC 3 6 CE 

VSS 4 5 ss 
TOP VIEW 

92CS-3786!5 

Features: 
• Fully static operation 
• Operating voltage range: 

3 VtoS.S V 

• Input data and clock buffers 
gated off with chip enable 

• Typical standby current=1 pA 
• Automatic sequencing for fast 

multiple-byte accesses 
• Directly compatible with 

RCA/Motorola SPI bus 
• Low minimum data retention 

voltage: 2 V TERMINAL ASSIGNMENT 
• Separate data input and three­

state data output pins 
• Wide operating temperature 

range: -40· C to +8S· C 

The RCA CDP68HC68R1 and CDP68HC68R2are 128-word 
and 256-word by 8-bit static random-access memories, 
respectively. The memories are intended for use in systems 
utilizing a synchronous serial three-wire (clock, data in, and 
data out) interface where minimum package size, 
interconnect wiring, low power, and simplicity of use are 
desirable. These parts will interface directly with RCA's 
CDP68HC05D2, CDP68HC05C4, and CDP68HC05C8 
microcomputers (providing the CPHA bit in the 
microcomputer's SPI Control Register is set equal to 1). The 

TRUTH TABLE 

MODE 
CE B 

DISABLED L X 

CDP68HC68R1 and CDP68HC68R2 are also compatible 
with general-purpose microcomputers, including RCA's 
CDP1804A and CDP6805 family, by utilizing I/O bits forthe 
SPI (Serial Peripheral Interface) bus. Other industry 
microcomputers such as the 80C51 can also interface to 
these serial RAM's. 

The CDP68HC68R1 and CDP68HC68R2 are supplied in 
8-lead plastic Mini-DIP packages (E suffix). 

SIGNAL 
SCK MOSI MISO 

INPUT INPUT 
& RESET X H DISABLED DISABLED HIGHZ 

READ CPOL=O, '- HIGHZ 
OR H L 

DATA BIT DURING WRITE, 

-.r LATCH CURRENT DATA BIT 
WRITE CPOL=1, DURING READ 

CPOL=O, f NEXT DATA SHIFT H L X 
CPOL=1, '-- BIT 

NOTE: 
MISO remains at a High Z until8 bits of data are ready to be shifted out during a Read and it remains at a HIGH Z during the 
entire Write cycle. 
The CPHA bit must be set = 1 in the Serial Perpherial Control Register of 6805 microcomputers in order to Communicate 
with these devices. 

File Number 1544 
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Random-Access Memories (RAMs) ____________________ _ 

CDP68HC68R1,CDP68HC68R2 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo): 

(All voltage values referenced to VB. terminal) ......................................................................... -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS .......••...•.•.•..••...•••.....••....•..••......................••......• -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po)' 

For T .=-40 to +60° C (PACKAGE TYPE E) ............................ '" ................................................. 500 mW 
ForT.=+60 to +85°C (PACKAGE TYPE E) .................................................. Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T.=FULL PACKAGE-TEMPERATURE RANGE ........................................................................ 100 mW 

OPERATING-TEMPERATURE RANGE (T.): 
PACKAGE TYPE E ........•...................................................................................... -40° to +85°C 

STORAGE TEMPERATURE RANGE (T ... ) .......••......•..........••.•..........•..............•..........•.......•. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 in. (1.59' 0.79 mm) from case for 10s max. .. ..................................................... +265°C 

OPERATING CONDITIONS at TA = _40° to +85°C 
For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 

LIMITS 
CHARACTERISTIC ALL TYPES UNITS 

MIN. MAX. 
DC Operating Voltage Range 3 5.5 
Input Voltage Range V'H 0.7 Voo Voo +0.3 V 

V'L -0.3 0.2 Voo 
Serial Clock Frequency ISCK 

Voo=3 V - 1.05 
MHz 

Voo=4.5 V - 2.1 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD = 3.3 V ±10%, Except as Noted 

LIMITS 
CHARACTERISTIC CONDITIONS CDP88HC68R1 CDP88HC88R2 UNITS 

MIN. TYP." MAX. MIN. TYP." MAX. 
Standby Device Current - - 1 15 - 1 50 p.A 

loos 
Output Voltage High Level 

IOH=-O.4 mA, Voo=3 V 2.7 - - 2.7 - -
VOH 

Output Voltage Low Level 
V 

VOL 
10L=0.4 mA, Voo=3 V - - 0.3 - - 0.3 

Input Leakage Current, I'N - - " ±1 - " ±1 
3-State Output - - - ±10 - - ±10 

p.A 
Leakage Current, lOUT 

Operati ng Device Cu rrent 
V'N=V'L,V'H - 5 10 - 5 10 mA 

IOPER# 
Input Capacitance, C'N V'N=O V, 1-1 MHz, T.=25°C - 4 6 - 4 6 pF 

-Typical values are lor T. = 25° C and nominal Voo. 
#Outputs open circuited; cycle time = Min. tcyc'., duty = 100%. 
"Typical input current values (high and low) lor pins 1,5,6,7, approximately 100 nA dueto presence offeedback transistor. 

Pin 6 is an exception - I,n(high) typically 1 nA. 
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CDP68HC68R1,CDP68HC68R2 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD = 5 V ±10%, Except al Noted 

LIMITS 
CHARACTERISTIC CONDITIONS CDP68HC68R1 CDP68HC68R2 UNITS 

MIN. TYP.· MAX. MIN. TYP.· MAX. 
Standby Device Current - - 1 15 - 1 50 /lA 

loos 
Output Voltage High Level 

IOH=-1.6 mA, Voo=4.5 V 3.7 - - 3.7 - -
VOH 

Output Voltage Low Level 
10L =1.6 mA, Voo=4.5 V - - 0.4 - - 0.4 

VOL 
V 

Output Voltage High Level 
IOH:::;10 /lA, Voo=4.5 V 4.4 - - 4.4 - -

VOH 
Output Voltage Low Level 

IOL:::;10 /lA, Voo=4.5 V - - 0.1 - - 0.1 
VOL 

Input Leakage Current, ItN , ±1 , ±1 
:,:I-State Output 

±10 ±10 
/lA - - - - -

Leakage Current, lOUT 
Operating Device Current 

V'N=V'L, V'H - 5 10 - 5 10 mA 
10PE"# 

Input Capacitance, C'N V'N=O V, f=i MHz, TA 25°C 4 6 4 6 pF 

-Typical values are for TA = 25°C and nominal Voo. 
#Outputs open circuited; cycle time = Min. tcyde, duty = 100%. 
'Typical input current values (high and low) for pins 1,5,6,7, approximately 1 00 nA dueto presence of feedback transistor. 

Pin 6 is an exception - !'n(high) typically 1 nA. 

PIN SIGNAL DESCRIPTION 

SCK (Serial Clock Input)' - This input causes serial data to 
be latched from the MOSI input and shifted out on the MISO 
output. 
MOSI (Malter Out/Slave In)' - Data bytes are shifted in at 
this pin most significant bit (MSB) first. 
MISO (Master In/Slave Out)' - Data bytes are shifted out at 
this pin most significant bit (MSB) first. 
SS (Slave Select)' - A negative chip select input. A high 
level at this input holds the serial interface logic in a reset 
state. 
CE (Chip Enable)" - A positive chip enable input. A low 
level at this input holds the serial interface logic in a reset 
state. _ 
CE • SS - This is a logical function of CE and SS used 
throughout this data sheet to simplify diagrams. CE' SS = 1 
when pin 5 is low and pin 6 is high. CE . SS = 0 at all other 
times. 

'These inputs will retain their previous state if the line driving them 
goes into a HIGH-Z state. 

"The CE input has an internal pull-down device-if the input is 
driven to a low state before going to a HIGH Z. 

FUNCTIONAL DESCRIPTION 

The Serial Peripheral Interface (SPI) utilized by the 
CDP68HC68R1 and CDP68HC68R2, isaserial synchronous 
bus for address and data transfers. The clock, which is 
generated by the microcomputer, is active only during 
address and data transfers. I n systems using the 
CDP68HC05C4, CDP68HC05C8 or CDP68HC05D2, the 
inactive clock polarity is determined by the CPOL bit in the 
microcomputer's control register. A unique feature of the 
CDP68HC68R1 and CDP68HC68R2 is that they 
automatically determine the level of the inactive clock by 
sampling SCK when CE. SS becomes active (see Fig. 1). 
Input data (MOSI) is latched internally on the Internal 
Strobe edge and output data (MISO) is shifted out on the 

Shift edge, as defined by Fig. 1. There is one clock for each 
data bit transferred (address as well as data bits are 
transferred in groups of 8). 

ADDRESS AND DATA FORMAT 

The address and data bytes are shifted MSB first into the 
serial data input (MOSI) and out of the serial data output 
(MISO). The Address/Control byte (see Fig. 2b) contains a 
Write/maa bit and a 7-bit address. Any transfer of data 
requires an Address/Control byte to specify a RAM location, 
followed by one or more bytes of data. Data is transferred 
out of MISO for a Read and into MOSI for a Write. 
Address/Control bytes are recognizable because they are 
the first byte transferred following a valid CE • SS (except 
for Page select bytes. see PAGE SELECTION). To transmit 
a new address, CE • SS must first go false and then true 
again. 

{

E'SS 

CPOL -\ 

SCK 

_____ ..... 1 SHIFT 

t 

CPOLOO{E.SS -----..... , SHIFT 

SCK 

MOSI--_____ ~ 
OR 

MISO 

INTERNALl 
STROBE • 

92C5-31712 

Fig. 1 - Serial RAM clock (SCK) as a function of MCU clock 
polarity (CPOL). 
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CDP68HC68R1, CDP68HC68R2 
a. Page/Device Byte (CDP68HC68R2 Only) 

BIT 7 6 5 4 3 2 1 0 

I X X X X X X X A7 

b. Address/Control Byte 

BIT 7 6 5 4 3 2 0 

IW/RI A6\ A5\ A41 A3\ A2 A1 AO 

AO-A6 The seven least significant RAM address bits, 
. sufficient to address 128 bytes. 
W/A Read or Write data transfer control bit. 

wiR = 0 initiates one or more memory read 
cycles. wiR = 1 initiates one or more memory 
write cycles. 

c. Data Byte 

BIT 7 6 5 4 3 2 1 0 

I D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO I 

FIg. 2 - Senal byte format. 

CE'SS ~ 

MOSl:~ X x x 

* SCK CAN BE EITHER POLAR ITY. 

x 

PAGE SELECTION (CDP68HC68R2 Only) 

Forthe CDP68HC68R2, a Page/Device byte is sent from the 
microcomputer before the Address/Control byte. Because 
the Address/Control byte is limited to 128 addresses, the 
CDP68HC68R2 is divided into two 128-byte pages. A page 
select is accomplished by enabling the CDP68HC68R2, 
transmitting the Page/Device Select byte (see Fig. 2a), and 
finally disabling the device priorto any more data transfers. 
The Page/Device byte is recognizable because it is the only 
timethat asingle byte is transferred to the RAM beforeCE· 
SS is disabled (see Fig. 3). The page select is latched and 
remains until changed or is incremented during a burst 
transfer (see next section). 

ADDRESS AND DATA 

Data transfers can occur one byte at a time (Fig. 4) or in a 
multi-byte burst mode (Fig. 5). After the chip is enabled, an 
address word is sent to select one of the 128 bytes (on the 
selected page) and specify the type of operation (i.e., Read 
orWrite). Forasingle byte Read or Write (Fig. 4), one byte is 
transferred to or from the location specified in the 
Address/Control byte; the device is then disabled. Additional 
reading or writing requires re-enabling the RAM and 
providing a new Address/Control byte. If the RAM is not 
disabled, additional bytes can be read or written in a burst 
mode (Fig. 5). Each Read or Write cycle causes the latched 

L 

x x A7~ 

92CM-37713 

FIg. 3 - Page/Device Select byte transfer waveforms. 

CE'SS~ L 
SCK I I I I I I I I I I I I I I I I 

WRITE {MOSl: ~'-....... ..<....I.;...a, ___ A_D_D_R_ES_S_B_Y_T_E __ ...... ____ W_R_I_TE_O_AT_A __ __'~'-'-"""'..<....I.""'-'-'-..<....I.Ck<'-'-~~ 

ADDRESS BYTE 

{

MOSI ~ 
READ 

MISO------------~(~ _______ R_E_AO __ O_A_~ ________ _I)_____ 
92CM-3T117 

Fig. 4 - Single-byte transfer. 
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CDP68HC68R1, CDP68HC68R2 
RAM address to automatically increment. Incrementing 
continues after each transfer until the device is disabied. 
After incrementing to 7FH on the CDP68HC68R1 or to FFH 
on the CDP68HC68R2, the address will recycle to OOH and 

continue. Note that incrementing past 7FH on the CDP-
68HC68R2 causes the address to go to location 80H (i.e., 
location OOH of page 1). The programmer must take care to 
keep track when crossing page boundaries. 

CE'SS~ { 
SCK IIIIII11 III II III 111111111: I1II 1111I 

WRITE {MOSl: ... ~~~,......-A-DD-R-E-SS-e-VT-E-r--DA-T-A-BY-T-E--,......-DA-T-A-e-Y-T-E-:!: 1;-I-D-AT-A-BY-T-E--r~~~-rT 
~?:-----~ 

{

MOSl: 7""7"7~~ADDR-ESS -BVTE--P-;;~~~'"77"777/'"77"7i: ~ 

READ I.I~ 
Ml:SO-----------~ 

{
ADDRESS 

W iff ADDRE SS ADDRESS 
ADDRESS 

Fig. 5 - Multiple-byte transfers. 

OYNAMIC ELECTRICAL CHARACTERISTICS - BUS TIMING VOO ±100f0, 
VSS = 0 V dc, T A = -400 to +85 0 C, CL = 200 pF. See Figs. 6, 7 and 8. 

IOENT. 
CHARACTERISTIC 

NUMBER 

Q) Chip Enable Set-Up Time 

0 Chip Enable after Clock Hold Time 

@ Clock Width High 

0 Clock Width Low 

® Data In to Clock Set-Up Time 

0 Data In after Clock Hold Time 

0 Clock to Data Propagation Delay 

0 Chip Disable to Output High Z 

@ Output Rise Time 

@ Output Fall Time 

0 Clock to Data Out Active 

® Clock Recovery Time 

tevcv 

tCVEX 

tWH 

tWL 

tovey 

tCYDX 

tcvDV 

tExDZ 

t, 

t. 

tcvax 

tREC 

92CM- 37718 

LIMITS (ALL TYPES) 
IVOO=3.3 V VOO-5 V 
Min. Max. Min. Max. 

200 - 100 -

250 - 125 -

400 - 200 -

400 - 200 -

200 - 100 -

200 - 100 -

- 200 - 100 

- 200 - 100 

- 200 - 100 

- 200 - 100 

- 200 - 100 

200 - 200 -

UNITS 

ns 

____________________________________________ 683 



Random-Access Memories (RAMs) ____________________ _ 

CDP68HC68R1, CDP68HC68R2 

MOSI +'rWrT+!II 

SCK 

Fig. 6 - Page/Device byte timing waveforms. 

/ 

OON »»)) ))) 
CE'SS 

SCK 

Fig. 7 - WRITE cycle timing waveforms. 

MOS I -h'"t-I+N 

Mrso --------~--------~~--~~--------~_at 

CE -S5 

SCK 

Fig. 8 - READ cycle timing waveforms. 
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CDP68HC68R1, CDP68HC68R2 
DATA RETENTION CHARACTERISTICS at TA = _40° to+85°C 

TEST LIMITS 
CHARACTERISTIC CONDITIONS ALL TYPES UNITS 

MIN. MAX. 
Minimum Data Retention Voltage VOR CS~Voo -0.2 V 2 - V 

Data Retention Quiescent Current looDR 
Voo = 2 V, - 1 J1A 
CE = Vss 
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MWS5101 

A3 I 22 
A2 2 21 
AI ~ 20 
AD 4 19 
A5 5 18 

vOO 
A4 
RlW 
rn 
QO 

256-Word by 4-Bit LSI Static 
Random-Access Memory 

AS S 17 CS2 
A7 7 16 004 Features: 

VSS 8 15 OI4 • Industry standard pinout • Output-Disable for common I/O systems 
OJ: I 9 
001 10 
012 II 

14 003 
13 OI3 
12 DO~ 

• Very low operating current-8 mA 
at Voo = 5 V and cycle time = 1 ps 

• 3-state data output for bus-oriented 
systems 

TOP VIEW 

92CS-29976RI 
• Two Chip-Select inputs-simple 

memory expansion 
• Separate data inputs and outputs 

TI;RMINAL ASSIGNMENT • Memory retention for standby battery 
voltage of 2 V min 

The RCA-MWS5101 is a 256-word by 4-bit static random­
access memory designed for use In memory systems where 
high speed, very low operating current, and simplicity in 
use are desirable. It has separate data inputs and outputs 
and utilizes a single power supply of 4 to 6.5 volts. 

Two Chir·Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output 
systems by forcing the output into a high-impedance state 
during a write operation independent of the Chip-Select 
input condition. The output assumes a high-impedance 
state when the Output Disable is at high level or when the 
chip is deselected by CS1 and/or CS2. 

OPERATIONAL MODES 

The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5-V 
operation, excellent system noise margin is preserved by 
using an external pull-up resistor at each input. 

For Rpplications requiring wider temperature and operating 
voltage ranges, the mechanically and functionally equivalent 
static RAM, RCA-CDP1822, may be used 

The MWS5101 types are supplied in 22-lead hermetic dual­
in-line, side-brazed ceramic packages (0 suffix), in 22-lead 
dual-in-line plastic packages (E suffix), and in chip form (H 
suffix). 

INPUTS 
MODE CIiTP Select 1 Chip Select 2 Output Disable Read/Write OUTPUT 

CS1 CS2 00 R/VI 
READ 0 1 0 1 Read 
WRITE 0 1 0 0 Data In 
WRITE 0 1 1 0 High Impedance 
STANDBY 1 X X X High Impedance 
STANDBY X 0 X X High Impedance 
OUTPUT DISABLE X X 1 X High Impedance 

Logic 1 = High Logic 0 = Low X = Don't Care 

File Number 1106 
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MWS5101 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE (Voo) 

(All voltage referenced to Vss terminal) ......................................... -0.5 to -7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ..................................... -0.5 to Vee + 0.5 V 

DC INPUT CURRENT, ANY ONE INPUT ........................... , ................... ±10 mA 

POWER DISSIPATION PER PACKAGE (Po) 
For TA = -40 to +60° C (pACKAGE TYPE E) ............................. , ........... 500 mW 

For TA = +60 to +85°C (PACKAGE TYPE E) .......... Derate Linearly at 12 mW/oC to 200 mW 

For TA = -55 to +100°C (PACKAGE TYPE D) ....................................... 500 mW 

For TA = +100 to +125°C (PACKAGE TYPE D) ....... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUl PUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............. 100 mW 

OPERATING-TEMPERATURE RANGE (TA) 
PACKAGE TYPE D ......................................................... · .-55 to +125°C 

PACKAGE TYPE E ........................... . ............................. -40 to +85°C 

STORAGE TEMPERATURE RANGE (T",) ......................................... -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING) 
At distance 1/16 ± 1/32 Inch (1 59 ± 079 mm) from case for 10 s max .................. +265°C 

OPERATING CONDITIONS at T A = Full Package·Temperature Range 

For maximum reIJabil,ty, operating conditions should be selected 
so that operation IS always within the following ranges: 

LIMITS 
CHARACTERISTIC ALL TYPES UNITS 

Min. Max. 

DC Operating· Voltage Range 4 6.5 

VDD 
V 

Input Voltage Range VSS 

STATIC ELECTRICAL CHARACTERISTICS at TA = 0 to 70°C VDD = 5 V + 5% -
TEST CONDITIONS 

CHARACTERISTIC 
Vo 
(V) 

Quiescent Device 
L2 Types 

Cu rrent, I D D 
-

L3 Types -

Output Voltage: 
Low· Level, VOL -
High· Level, VOH -

Input Low Voltage, VIL -
Input High Voltage, VIH -
Output Low (Sink) 

0.4 
Current, 101 

Output High (Source) 4.6 
Current, 10H 

I nput Current, liN -

3-State Output 
L2 Tvoes 05 Leakage Current, 

0,5 lOUT L3 Types 

Operating Current, IDD1# -

Input Capacitance, CIN 
Output Capacitance, COUT 

-TYPical values are for T A = 2SoC and nominal VDD. 

# Outputs open-circUited/cycle tlme=-1 ps. 

VIN 
(V) 

0,5 

0,5 

0,5 

0,5 
-

-
0,5 

0,5 

0,5 

05 

0,5 

0,5 

-

LIMITS 

MWS5101D UNITS 
MWS5101E 

Min. Typ.- Max. 

25 50 -
- 100 200 tJ.A 

- 0 0.1 
V 

4.9 5 -
- - 1.5 

3.5 - -

2 4 -

mA 
-1 -2 -

- - ±5 

- +5 
±5 tJ.A - -

- 4 8 mA 

5 7.5 
pF 

- 10 15 
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MWS5101 

OYNAMIC ELECTRICAL CHARACTERISTICS at T A = 0 to 70oC, VOO = 5 V ± 5%, 

tr,tf = 20 ns, VIH = 0.7 VOO' VI L = 0.3 VOO' CL = 100 pF 

LIMITS U 
MWS5101D, MWS5101E N 

CHARACTE R ISTIC 
L2 Types L3 Types 

I 
T 

Min.t Typ.- Max. Min.t 

Read Cycle Times (Fig. 1) 
Read Cycle tRC 250 - - 350 
Access from 

150 250 
Address 

- -
tAA 

Output Valid from 
Chip·Select 1 tDOAl 

- 150 250 -

Output Valid from - 150 250 -
Ch'P·Select 2 tDOA2 

Output Valid from - - 110 -
Output Disable tDOA3 

Output Hold from 
20 - - 20 

Ch,p·Select 1 tDOHl 
Output Hold from 

20 - - 20 
ChiD· Select 2 tDOH2 

Output Hold from 20 - - 20 
Output Disable tDOH3 

t Time required by a limit device to allow for the indicated function 
- TYPical value. are for T A = 25°C and nomonal V DO 

AD - A7 

CH'P SELECT I 

CHIP SELECT 2 

READ/WRITE 

DATA OUT 
HIGH 

IMPEDANCE 

DATA OUT 
VALID 

Fig. 1 • Read cycle timing waveforms 

Typ~ Max. S 

-

200 

200 

200 

-

-

-

-

-

350 

350 

350 

150 ns 

-

-

-

HIGH 
IMPEDANCE 

92CM- 30244R4 
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MWS5101 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 0 to 700 C, VDD = 5 V ± 5%, 

tr,tf= 20ns, VIH= 0.7 VDD, VIL = 0.3 VDD, CL = 100pF 

LIMITS 
MWS5101D, MWS5101E 

CHARACTE R ISTIC 
L2 Tvpes L3 Types 

Min.t Typ.- Max. Min.t 

Write Cycle Times (Fig. 2) 
Write Cycle twc 300 - - 400 
Address Setup tAS 110 - - 150 
Write Recovery tWR 40 - - 50 
Write Width tWRW 150 - - 200 
Input Data 

150 - - 200 
Setup Time tDS 

i Data In Hold tDH 40 - - 50 
Chip·Select 1 

110 - - 150 Setup tCS1S 
Chip·Select 2 

110 - - 150 
Setup tCS2S 

Chip-Select 1 Hold tCS1H 0 - - 0 

Chip-Select 2 Hold tCS2H 0 - - 0 

Output Disable 
110 - - 150 

Setup to OS 

t Time required bV a limit deVice to allow for the indicated function 
- TYPical value. are for T A = 25aC and nominal V DO 

~I·~------------twc 

AO-A7 

CHIp-sELECT 1 'CSIH 

CHIP- SELECT 2 
tCS2H 

OUTPUT DISABLE 

'os 
011- 014 

Typ~ 

-
-

-
-

-

-

-

-

-
-

-

Max 

-
-
-
-

-

-
-

-

-
-

-

READ/WRITE 
'WRW----~J~--~----

~DON'TCARE 

* 'ODS IS REQUIRED FOR COMMON I/O 
OPERATION ONLY, FOR SEPARATE J:lO 
OPERATIONS, OUTPUT DISABLE IS DON'T CARE 

tZCN ... 30804R4 

Fig. 2 - WrIte cycle timing waveforms. 

U 
N 
I 
T 
S 

ns 
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MWS5101 
DATA RETENTION CHARACTERISTICS at T A = 0 to 70· C; See Fig. 3 

TEST CONDITIONS LIMITS 
CHARACTE RISTIC VDR VDD All Types 

(Vi (V) Min. Typ.-
Minimum Data 

Retention Voltage. VDR - - - 1.5 
Data Retention L2 Types 2 QUiescent -

L3 Types 2 -
Current. 100 - 5 

Chip Deselect to Data - 5 600 -
Retention Time. tCDR 

Recovery to Normal - 5 600 -
Operation Time. tRC 

VDD to VDR Rise and 
Fall Time tr.tf 2 5 1 -

- Typical values are for T A = 25°C and nominal VOO 

VDD 

VDR 

ICDR rtf 
CS2 

ViH\1 V,LX,-____________ --J 

92CS-30B05RI 

Fig. 3 - Low Vee data retention timing waveforms. 

WRITE 
ADDRESS 
DECODER 

READ 
ADDRESS 
DECODER 

Voo 9ZCS-27256R2 

Fig. 4 - Memory cell configuration 

5 
o 

i'! « 
o 

UNITS 
Max. 

2 V 

10 
jJA 

50 

-
ns 

-

- JJS 
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013 

or4 

MWS5101 
rr----- --------- --- - -- - - - --- --l 

(5) (32) I 
RCNi I • 

~v DECOD­
ERS 

(8w.32) 
STORAGE 

ERS 

(8.32) 
STORAGE 

ERS ERS 

(8 x32) 
STORAGE 

ERS 

(4) 

I 00 

I 
1 

I 
1 

1 

I 
I 
1 

I 
1 

1 

004 

* 1 ffI 19 

~Vss 
I 
I 
1 

CS2 17 

00* 18 
L ________________________ _ 

.+. f f 
INPUT PROTECTION 

NETWORK 

R;'W 
20 

19 

OUTPUT 
PROI.ECTION 

CIRCUIT 

.. OVER VOLTAGE 
PROTECTION 

CIRCUIT 

FIg 5 - FunctIOnal block dIagram for MWS5101 

,-- - - -- - - - CONTROL A I 
1 

1--­
I 
1 

1 }tHlr'SELECT 
p-~ _____ ~ CONTROL 

I 
_I 

- - - CONTROL 91 

?----_---~+: }gH!£- SELECT 110 
- - - - - R/W CONTROL 

OUTPUT I }gUTPUT 
IB DISABLE 

DISABLE 1 1 CONTROL 

_____ .-1 

92CL- 30063RI 

L _ _________ ----l 92CM-30064R2 

FIg 6 - LogIc dIagram of controfs for MWS5101, 
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MWS5101A 
A3 22 
A2 21 
AI 20 
AO 4 19 
A5 5 18 
A6 

VDD 
A4 
R/W 
CSf 
o 0 

256-Word by 4-Bit LSI Static 
Random-Access Memory 

17 CS2 
07 16 004 Features: 

V55 8 15 Dr4 
01 I 9 14 003 • Industry standard Pinout • TTL compatible 
001 -10 13 DB 
Dr2 II 12 002 

• Very low operating current-B mA • Output-Disable for common I/O systems 

TOP VIEW at Voo = 5 V and cycle time = 1 iJS • 3-state data output for bus-oriented 

9ZCS-29976RI • Two Chip-Select Inputs-simple systems 
memory expansion • Separate data inputs and outputs 

TERMINAL ASSIGNMENT 
• Memory retention for standby battery 

voltage of 2 V min. 

The RCA-MWS51 01 A IS a 256-word by 4-blt static random­
access memory designed for use in memory systems where 
high speed, very low operating current, and simplicity In 
use are desirable It has separate data inputs and outputs 
and utilizes a single power supply of 4 to 6 5 volts. 

Two Chip-Select Inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output 
systems. The Output Disable input allows these RAM's to be 
used in common data Input/Output systems by forcing the 
output into a high-impedance state during a write operation 
Independent of the Chip-Select Input condition. The output 

OPERATIONAL MODES 

assumes a high-impedance state when the Output Disable 
is at high level or when the chip is deselected by CSI and/or 
CS2 

For applications requiring CMOS compatibility over wider 
operating voltage and temperature ranges, the mechanical 
and functional equivalent RCA-CDPI822 static RAM may 
be used 

The MWS5101A types are supplied in 22-lead hermetic 
dual-in-line, side-brazed ceramic packages (0 suffix). in 
22-lead dual-in-line plastic packages (E suffix), and in chip 
form (H suffix). 

INPUTS 

MODE Chip Select 1 Chip Select 2 Output Disable Read/Write OUTPUT 
CS1 CS2 00 R/W 

READ a 1 a 1 Read 
WRITE a 1 a a Data In 
WRITE a 1 1 a High Impedance 
STANDBY 1 X X X High Impedance 
STANDBY X a X X High Impedance 
OUTPUT DISABLE X X 1 X High Impedance 

Logic 1 = High Logic a = Low X = Don't Care 

File Number 1207 
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MWS5101A 
OPERATING CONDITIONS at TA = Full Package·Temperature Range 
For maximum reliability, operating conditions should be selected so that 
operation IS always within the following ranges' 

LIMITS 
CHARACTERISTIC ALL TYPES UNITS 

Min. Max. 
DC Operating·Voltage Range 4 6.5 

V 
Input Voltage Range VSS VDD 

MAXIMUM RATINGS, Absolute·Maxlmum Values: 
DC SUPPLY·VOL TAGE RANGE (Voo) 

(All voltage referenced to V •• terminal) ........................................... -o.S to -7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ........................................ -o.S to Voo + O.S V 

DC INPUT CURRENT, ANY ONE INPUT ................................................ ± 10 mA 

POWER DISSIPATION PER PACKAGE (Po)' 

For T A = -40 to +60° C (PACKAGE TYPE E) .......................................... SOO mW 

For TA = +60 to +8So C (PACKAGE TYPE E) ........... Derate Linearly at 12 mW/o C to 200 mW 

For TA = -S5 to +100°C (PACKAGE TYPE D), ........................................ SOO mW 

For TA = +100 to +125°C (PACKAGE TYPE D) ........ Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE· TEMPERATURE RANGE (All Package Types) ......•.....•• 100 mW 

OPERATING·TEMPERATURE RANGE (TA). 
PACKAGE TYPE D ............................................................ 000S to +12SoC 
PACKAGE TYPE E ............................................................. -40 to +8SoC 

STORAGE TEMPERATURE RANGE (T ... ) .......................................... ..as to +lS0°C 

LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 ± 1/32 Inch (1 59 ± 0.79 mm) from case for 10 s max ..•................. +26SoC 

STATIC ELECTRICAL CHARACTERISTICS at TA=O to 70°C, VDD =5 V 
TEST 

CHARACTERISTIC CONDITIONS 
Vo VIN 
(V) (V) 

Quiescent Device L2Tvoes - 0, 5 
Current, 100 L3Types - 0, 5 

Output Voltage: 
Low·Level, VnL - 0, 5 
HiQh·Level, VOH - 0, 5 

Input Low Voltage, VIL - -
Input High Voltage, VIH - -
Output Low (Sink) 

0.4 0,5 
Current, IOL 
Output High (Source) 

4.6 0, 5 
Current, IOH 
Input Current, liN - 0,5 

3·State Output Leakage 
Current, L2Types 0, 5 0, 5 

lOUT L3Types 0, 5 0, 5 

Operating Current, 1001# - 0,5 

Input Capacitance, CIN - -
Output Capacitance, COUT - -

"Typical values are for T A = 2S·C and nominal VDD. 
#Outputs open-circuited; cycle time = 1 "s. 

.IMITS 
MWS5101AD 
MWS5101AE 

Min. Typ. Max. 
- 25 50 
- 100 200 

- ° 0.1 
4.9 5 -
- - 0.65 

2.2 - -
2 4 -

-1 -2 -

- - ±5 

- - ±5 
- - ±5 

- 4 8 
- 5 7.5 

- 10 15 

UNITS 

,..A 

V 

rnA 

,..A 

rnA 

pF 
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MWS5101A 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 0 to 70 ·C, VDD = 5 V ± 5%, 
tr tf = 20 ns CL = 50 pF and 1 TTL Load , , 

LIMITS 

CHARACTERISTIC 
MWS5101AD, MWS5101AE 

L2 TYDeS I 
Mln.t Typ. - Max. Mint 

Read Cycle Times (Fig. 1) 

Read Cycle tRC 250 - - 350 
Access from Address ' tAA - 150 250 -
Output Valid from - 150 250 -Chip·Select 1 tOOA1 
Output Valid from - 150 250 -Chlp·Select 2 tOOA2 
Output Valid from - - 110 -Output Oisable tOOA3 
Output Hold from 20 - - 20 

Chip·Select 1 tOOH1 
Output Hold from 20 - - 20 

Chip·Select 2 tOOH2 
Output Hold from 

20 - - 20 
Output Olsable tOOH3 

trime required by a limit device to allow for the indicated function. 
"Typical values are for T A = 25'C and nominal VOO. 

L3 Types 
Typ.-

-
200 

200 

200 

-
-

-

-

1----- 'RC------I 

AO - A7 

~I 

CHIP SELECT 2 

OUTPUT DISABLE 

READ/WRi'TE 

Max. 

-
350 

350 

350 

150 

-

-

-

DATA ouT _
_ ~~~~----~~~O~.T;.~O~UT~-/ HIGH VALID HIGH 

IMPEDANCE IMPEDANCE 

92CM- 30244R4 

Fig. 1 - Read cycle tlmmg waveforms 

UNITS 

ns 
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MWS5101A 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 0 to 70 "C, VDD = 5 V ± 5%, 
tr,t, = 20 ns, CL = 50 pF and 1 TTL Load 

LIMITS 

CHARACTERISTIC 
MWS5101AD, MWS5101AE 

L2 Types 
Min.t Typ.- Max. Mint 

Write Cycle Times (Fig. 2) 

Write Cycle twc 300 - - 400 
Address Setup tAS 110 - - 150 
Write Recovery tWR 40 - - 50 
Write Width tWRW 150 - - 200 
Input Data 

150 - - 200 Setup Time tDS 
Data In Hold tDH 40 - - 50 
Chip·Select 1 Setup tCS1S 110 - - 150 
Chip·Select 2 Setup tCS2S 110 - - 150 
Cfilp·Select 1 Hold tCS1H 0 - - 0 
Chip·Select 2 Hold tCS2H 0 - - 0 
Output Disable 110 - - 150 

Setup tODS 

hime required by a limit device to allow for the indicated function. 
"TYPical values are for TA=25·C and nominal VOO. 

-------~ 'we 

AD-A7 

CHIP-SELECT r 

CHIP-SELECT 2 

OUTPUT DISABLE 

011- 014 

READ/ WRITE 

L3 Types 
Typ'-

-
-
-
-
-

-
-
-
-
-
-

~DON'TCARE 
92CM- 30B04R4 

'* toos IS REQUIRED FOR COMMON I/O 
OPERATION ONLY,FOR SEPARATE I/O 
OPERATIONS. OUTPUT DISABLE IS DON'T CARE 

Fig 2· Wflte cycle IImmg waveforms 

UNITS 

Max. 

-
-
-
-
- ns 

-
-
-
-
-
-
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Random-Access Memories (RAMs) ____________________ _ 

MWS5101A 
DATA RETENTION CHARACTERISTICS at TA = 0 to 70" C; See Fig. 3. 

TEST 
CONDITIONS 

CHARACTERISTIC VDR VDD 
(V) (V) 

Minimum Data 
Retention Voltage, VOR - -
Data Retention 

L2Types -Quiescent 2 
Current, 100 L3Types -
Chip Deselect to Data - 5 Retention Time, ~OR 
Recovery to Normal - 5 Qperation Time, ~ 
VOO to VOR Rise and 2 5 Fall Time tr,tf 

·TYPlcal values are for T A = 25 ·C. r DATA RETENTION 
MODE 

V-"D,,-D __ ":!I.. 

eS2 

LIMITS 

All Types 
Min. Typ. 

- 1.5 

- 2 
- 5 

600 -
600 -

1 -

ViH\; I I fViH 

Max. 

2 

10 
50 

-

-
-

'CDR O~V~D VDR 'r O~D ~ 'Re 

VIL~ ¥ V1L 92CS-30e05RI 

Fig. 3 - Low Voo data retention tlmmg waveforms 

! :!. 
I I 

WRITE READ 
ADDRESS ADDRESS 
DECODER DECODER 

Voo 92CS -272 56R2 

Fig. 4 - Memory cell configuration 

UNITS 

V 

,..A 

ns 

,..s 
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_____________________ Random-Access Memories (RAMs) 

'4 

DI3 

014 

A5 

MWS5101A 
r,:- ---- --------- --- - -- - - - -- - --l 

(5) (32) I 

(3) 

IN PUT 

~ I • 
~v 

DECOD­
ERS 

(8,,32) 
STORAGE 

(8 x32) 
STORAGE 

(8 .. 32) 
STORAGE 

(8132) 
STORAGE 

(4) 

I DO 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

D04 

* I CSi 19 

~VS5 
I 
I CS2 17 

00* 18 
L ________________________ _ 

I 

-------' 

.+. t {: 
92CL- 30063RI 

INPUT PROTECTION 
NETWORK 

C52 

OUTPUT 
PROTECTION 

CIRCUIT 

.. OVER VOLTAGE 
PROTECTION 

CIRCUIT 

Fig 5 - FunctIOnal block diagram for MWS5101A. 

19 

17 

,- - - -- - - - CONTROL A l 
I 

l __ ~_ 

I }tHIP-SELECT 
p-~------J- CONTROL 

I 
I 

,-__ ----'::1 

1- - - - - - CONTRoL 81 
RIW 

20 I I } 

~ P------_---+1 , ~H~-sELEcTa 
L- ~ - - - - - - - R/W CONTROL 

OUTPUT I }gUTPUT 
18 DISABLE 

DISABLE I I CONTROL L __________ --l 

92CM-30064R2 

Fig 6 - Logic diagram of controls for MWS5101A. 
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Random-Access Memories (RAMs) ____________________ _ 

MWS5114 

A6 IS Vee 
A5 17 A7 

A4 16 AS 

A3 4 15 Ag 

AO 14 1/°1 

AI 13 1/02 

A2- 7 12 "°3 cs 1/°4 

Vss 10 WE 

92CS-30982RI 

TERMINAL 
ASSIGNMENT 

CMOS 
1024-Word by 4-Bit 
LSI Static RAM 
Features: 
• Fully static operation 
• Industry standard 1024 x 4 pinout (same as pinouts for 6514, 2114, 

9114, and 4045 types) 
• Common data input and output 
• Memory retention for stand-by battery voltage as low as 2 V min. 
• All Inputs and outputs dlfectly TTL compatible 
• 3-state outputs • Low standby and operating power 

The RCA-MWS5114 IS a 1024-word by 4-bit static random­
access memory that uses the RCA ion-implanted silicon 
gate complementary MOS (CMOS) technology. It is de­
signed for use in memory systems where low power and 
simplicity in use are desirable. This type has common data 

input and data output and utilizes a single power supply of 
4.5 V to 6.5 V. 
The MWS5114 is supplied In 18-lead, hermetic, dual-in-line 
side-brazed ceramic packages (0 suffix) and in 18-lead 
dual-in-line plastic packages (E suffix). 

A4-------t~r---1 
A5----{:::a::j 

A6 ----D::::l ROW 
A7 SELECT 

AS -----l:::c:J 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

Ag------i:::c~_~ 

1/01 --~-;;:J==l==f=~~~Fl::::==:::;_. 
"°2 ---M+-l>--1 1~:i'..T 
1/03 --1'+t-H>--I'CONTROL 

I/04---rl++H>--l 

ENABLE 

92CS-30980RI 

Fig. 1 - FunctIOnal block diagram for MWS5114 

FUNCTION 

Read 

Write 

Not 
Selected 

OPERATIONAL MODES 

CS WE DATA PINS 

Output: 
0 1 Dependent 

on data 

0 0 Input 

1 X High-
Impedance 

File Number 1325 
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______________________ Random-Access Memories (RAMs) 

MWS5114 
MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY VOLTAGE RANGE, (Voo) 

(Voltages referenced to Vss Terminal .............. , ................ " ................ , ......................... -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ................................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ............................................................................ ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = -40 to +60' C (PACKAGE TYPE E) .................................................. , .................... SOO mW 
For TA = +60 to +85' C (PACKAGE TYPE E) .................................. , ... Derate Linearly at 12 mW/' C to 200mW 
For TA = -55 to +100' C (PACKAGE TYPE D) ...................................................................... 500 mW 
For TA = +100 to +125' C (PACKAGE TYPE D) ................................... Derate Linearly at 12 mW/' C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ....................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0 .......................................................................................... -55 to +125' C 
PACKAGE TYPE E ........................................................................................... -40 to +85' C 

STORAGE TEMPERATURE RANGE (T"g) .................................................................... -65 to +lS0'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.S9 ± 0.79 mm) from case for 10 s max ........................................... +265' C 

OPERATING CONDITIONS at TA = _40' C to +85' C 

For maximum reliability, operating conditions should be selected so that 0,. Hation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

DC Operating-Voltage Range 4.S 6.5 V 
Input Voltage Range Vss Voo 

STATIC ELECTRICAL CHARACTERISTICS at TA = 0 to +70' C, Voo ±S%, Except as noted 

CONDITIONS 

CHARACTERISTIC Vo V,N VDD 
IV) IV) IV) 

Quiescent Device 
O,S 5 

Current -
IOD Max. 

Output Voltage - 0,5 5 
Low Level VOL Max. 

High Level VOH Min. - 0,5 5 

Input Voltage 
0.5,4.5 - 5 

Low Level V,L Max. 

High Level V,H Min. 0.5,4.5 - 5 

Output Current 
0.4 0,5 5 

(Sink) 10L Min. 
(Source) 10H Max. 4.6 0,5 5 

Input Current 
- O,S 5 

liN Max.6 

3-State Output Leakage 
0,5 0,5 5 

Current lOUT 

Operating Device - O,S 5 
Current 1DO'# 

Input Capacitance - - -
C'N 

. 
Output Capacitance - - -

COUT 

"TYPical values are for TA = 25' C and nominal Vee. 
.t.AII inputs in parallel. 

LIMITS 

MWS 5114-3 MWS 5114-2 MWS 5114-1 

MIN. TYP.' 

- 75 

- 0 

4.9 5 

- 1.2 

2.4 -

2 4 

-0.4 -1 

- ±0.1 

- ±0.5 

- 4 

- 5 

- 10 

MAX. MIN, TYP.' MAX. MIN. TYP.' 

100 - 75 100 - 75 

0.1 - 0 0.1 - 0 

- 4.9 5 - 4.9 S 

0.8 - 1.2 0.8 - 1.2 

- 2.4 - - 2.4 -

- 2 4 - 2 4 

- -0.4 -1 - -0.4 -1 

±5 - ±0.1 ±5 - ±0.1 

±5 - ±05 ±S - ±0.5 

8 - 4 8 - 4 

7.5 - 5 7.5 - 5 

15 - 10 15 - 10 

#Outputs open circuited; cycle time = 1 /1s . 
• All outputs in parallel 

MAX. 

250 

0.1 

-

0.8 

-

-

-

±5 

±5 

8 

7.5 

15 

UNITS 

/1A 

V 

mA 

/1A 

mA 

pF 
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Random-Access Memories (RAMs) _____________________ _ 

MWS5114 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 0 to +70 0 C, Voo = 5 V ±5%, 
Input t"t, = 10 ns; CL = 50 pF and 1 TTL Load 

LIMITS 

CHARACTERISTIC MWS5114-3 I MWS5114-2 I MWS 5114-1 

MIN.tl Typ."l MAX-l MIN.t I Typ.·1 MAX. I MIN·t I TYP." I MAX. 

Read Cycle Times See Fig. 2 

Read Cycle tRC 200 160 

Access IAA - 160 

Chip Selection to Output Valid tco - 110 

Chip Selection to Output Active tcx 20 100 

Output 3-state from Deselection toTO - 75 

Output Hold from Address Change toHA 50 100 

t Time required by a limit device to allow for the indicated function, 

·Typical values are for TA = 250 C and nominal Voo. 

-

200 

150 

-

125 

-

250 200 - 300 250 

- 200 250 - 250 

- 150 200 - 200 

20 100 - 20 100 

- 75 125 - 75 

50 100 - 50 100 

I:=:_--=-=_--=-=~'A_A tR_C _----l-"I ~·I~~ 
'"."'''~ i=%: 
~ ;~I+----'," .~"'. --I ~I---- 'cx 1 I 
Dour 

NOTE 
WE IS HIGH DURING THE READ CYCLE. 
TIMING MEASUREMENT REF LEVEL IS I 5V 

Fig, 2 - Read cycle waveforms. 

92CS-31115R2 

-

300 

250 

-

125 

-

UNITS 

ns 
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--------------_______ Random-Access Memories (RAMs) 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 0 to +70· C, Voo = 5V ±5%, 
Input t"t, = 10 ns; CL = 50 pF and 1 TTL Load 

LIMITS 
CHARACTERISTIC MWS5114-3 I MWS5114-2 

MWS5114 

I MWS 5114-1 UNITS 

MIN·t I TYP.' I MAX. I MIN.t I TYP.' I MAX.I MIN.tITYP.'1 MAX. 
Wnte Cycle Times See Fig 3 

Write Cycle twe 200 160 

Write tw 125 100 

Write Release tWA 50 40 

Address To Chip Select 
0 0 

Set-Up Time tACs 

Address To Write 
25 20 

Set-up Time tAW 

Data to Write 
75 50 

Set-up Time tosu 

Data Hold From Write tOH 30 10 

t Time required by a limit device to allow for the indicated function. 

"Typical values are for TA = 25° C and nominal VDD. 

NOTE: WE IS LOW DURING THE WRITE CYCLE 
TIMING MEASUREMENT REF. LEVEL IS 1.5 V 

- 250 

- 150 

- 50 

- 0 

- 50 

- 75 

- 30 

Fig. 3 - Write cycle waveforms. 

200 - 300 220 -

120 - 200 140 -

40 - 50 40 -
0 - 0 0 - ns 

40 - 50 40 -

50 - 75 50 -

10 - 30 10 -

92CM-34394 
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Random-Access Memories (RAMs) ____________________ _ 

MWS5114 
DATA RETENTION CHARACTERISTICS at TA = a to 70° C: See Fig. 4. 

CHARACTERISTIC 

Minimum Data 
Retention Voltage VOR 

Data Retention Quiescent 
Current, 100 MWS 5114-3 

MWS 5114-2 

MWS 5114-1 

Chip Deselect to Data 
Retention Time, teaR 

Recovery to Normal 
Operation Time, lAc 

Voo to VOR Rise and 
Fall Time t" tf 

"Typical values are for TA = 25° C and nominal Voo. 

TEST 

CONDITIONS 

VOR (V) Voo (V) 

-

2 

-

-

2 

DATA RETENT ION 
MODE 

-

-
-
-

5 

5 

5 

MIN. 

2 

-
-
-

300 

300 

1 

92CS-311t4R2 

Fig. 4 - Low Voo data retention timing waveforms. 

LIMITS 

ALL TYPES UNITS 

TYP," MAX, 

- - V 

25 50 

25 50 IlA 

60 125 

- -

ns 

- -

- - /1S 
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CMOS Read-Only Memories 

(ROMs) 
Technical Data 

RCA offers a large selection of CMOS read-only-memories (ROM s) that can D 
be masked-programmed to meet customer application requirements. These • 
ROM s feature the following characteristics: 

• CMOS Technology 
• Low Power 
• High Noise Immunity 
• Full Temperature Range 

Space efficient memory cells provide small chip size for cost effectiveness, and 
JEDEC standard pinouts allow interchangeability with industry standard 
NMOS ROM s and EPROM s. 

_______________________________________________________________ 703 



Read-Only Memories (ROMs) _____________________ _ 

BYTE-WIDE CMOS AND NMOS ROM's 

Manufacturer 
4K xS SKxS 1SKx S 32Kx S 

24-PlnT 24-Plno 24-Pln 2S-Plnt 2S-PlnT 28-PlnT 2S-Plno 
RCA CDM5332' CDM5333' CDM5364' CDM5365' CDM5312S' CDM53256' 
AMI S2333 S68A332 S68A364 S2364 S23128 

S68B364 
CSG 2333 2332 2364 23128 
EA EA8332B EA8332A EA8364 
Fairchild F3S33 F3S32 
Fujitsu MB8364 
GI R03-9333 R03-9332 R03-9364 
GTE 2332 
Hitachi HN6136S' HN61364' HN613128' HN6132S6' HN612S6' 

HN61366' 
Intel 2332A 
Intersil IM7332 IM7364 
Maruman MIC2332 MIC2364 
Micropower MP2364C' MP236S' MP232S' 
Motorola MCM68A332 MCM68B364 
Mostek MK36000 MK37000 
National MMS2132 MMS2164 
NEC pPD2364A pPD2364E pPD23128A IIPD232S6A 

IIPD23C64E' IlPD23C128E' ~PD23C2S6E' 
OKI MSM38128 
Panasonic MN2332 
Rockwell R2364A R2364B 
S-MOS SMM2364' SMM2365' SMM6326' SMM632S' 
Signetics 2632A 2664 23128 
SSS SCM5S32' SCM23C2S6' 

SCM23C32' 
Supertex CM3200' CM6400A' CM6400' 

23S66S 23S664 
Synertek SY2333 SY2332 SY2364A SY236SA SY23128 
TI TMS4732 TMS4764 
Toshiba TMM2366 TMM2365 TMM23128 TMM23256 

TCS36S' TC5364' TCS32S7' 
VLSI VT2365 VT23128 
, CMOS parts, all others are NMOS 
t JEDEC Version B 
° JEDEC Version A 
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Read-Only Memories (ROMs) 

CDM5332, CDM5333 
At 2' VOO 
A. 23 A8 

CMOS 4096-Word X a-Bit Static 
A5 22 A9 

A4 21 All Read-Only Memory 
., 20 CSIICE Features: 
A2 19 AID 

A I I. CS2 
• Low power replacement for NMOS ROMs 

"0 17 07 
• Choice of two industry standard pinouts: 

DO I. 

D1 10 15 

D2 
" 

,. 
O. ,. 

CDM5332 is pin compatible with INTEL 2732 and 2332A 
CDM5333 is pin compatible with Supertex CM3200, TI TMS 4732, 
Motorola MCM 68732 and MCM 68A332 

VSS 12 " D3 • Fast access time: 350 ns max. 
TOP VIEW 92.CS- 3~993 

• TTL input and output compatible 
CDM5332 • Three state outputs 

TERMINAL ASSIGNMENT • Two programmable chip selects 

The RCA CDM5332 and CDM5333 are 32,768-bit mask­
programmable CMOS Read-Only Memories organized as 
4096 eight-bit words. They are designed to be used with a 
wide variety of general-purpose microprocessor systems, 
including RCA CDP1800- and CDP6805-series systems. 
Two inputs, CS1/0E and CS2, are provided for memory 
expansion and output buffer control. CS2 gates the address 
and output buffers and powers down the chip to the standby 
mode. CS1/0E controls the output buffers to eliminate bus 
contention. The active polarity for each chip select is user 

DO D! 02 03 04 05 06 07 

All 

AID lQ ... 
A9 ... ... 
AS => 

ID 
A7 .... 

=> A6 .. 
!" A5 

0:-

'" ..... 3276B-BIT A4 '" o~ ... 0 ... CELL A3 - 0: 
~o MATRIX 0 

A2 0 0= 

A1 '" x 

AD 

Fig. 1 - Functional block diagram. 

mask-programmable. 

The CDM5332 and CDM5333 differ only in terminal 
assignments and are pin compatible with standard industry 
types. CDM5332 is pin compatible with Intel 2732 and 
2332A. CDM5333 is pin compatible with Supertex CM3200, 
T.1. TMS4732, and Motorola MCM68732 and MCM68A332. 

The CDM5332 and CDM5333 are supplied in 24-lead dual­
in-line ceramic packages (D suffix) and 24-lead dual-in-line 
plastic packages (E suffix). 

CS 1I0E 
CHIP 

SELECT 
aUF FERS 

AND 
PROGRAM 

CS2 

92CM-34997 

A7 24 Voo 
A6 23 AS 

A5 22 A9 

A4 4 21 CS2 

A3 20 CSI/OE 

A2 19 AID 

A 1 18 All 

AD 17 07 

00 9 16 06 

01 10 15 05 

02 II 14 04 

VSS 12 13 03 

TOP VIEW 92CS- 34995 

CDM5333 
TERMINAL ASSIGNMENT 

File Number 1366 
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Read-Only Memories (ROMs) ____________________ _ 

CDM5332, CDM5333 
MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to V •• terminal) .................................................................................... -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................................................• -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = -40 to +60° C (PACKAGE TYPE E) ............................................................................... 500 mW 
ForTA = +60 to +85°C (PACKAGE TYPE E) ................................................. Derate Linearly at 12 mW/oC to 200 mW 
ForTA = -55 to +l00°C (PACKAGE TYPE D) .............................................................................. 500 mW 
ForTA = +100 to 1~5°C (PACKAGE TYPE D) ............................................... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0 ............................................................................................... -55to+125°C 
PACKAGE TYPE E ................................................................................................ -40 to +85° C 

STORAGE-TEMPERATURE RANGE (T ... ) ........................................................................... -65 to +l50°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. . .................................................... +265°C 

RECOI4MENDED OPERATING CONDITIONS at TA = -40 to +85° C 
For maximum reliability, nominal operating conditions should be .elected .0 that operation I. alway. within the following 
range.: 

LIMITS 

CHARACTERISTIC UNITS 

Min. Max. 

DC Operating Voltage Range 4 6.5 
V 

Input Voltage Range Vss Voo 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo = 5 V ± 10%, Except a. noted 

CONDITIONS LIMITS 

CHARACTERISTIC 
ALL TYPES 

UNITS 
Vo VIN 

(V) (V) Min. Typ.· Max. 

Quiescent Device Current 100A - 0, Voo - 2 50 pA 

Output Low Drive (Sink) Current 10L 0.4 0, Voo 2.4 4 -
rnA 

Output" High Drive (Source) Current 10H Voo -0.4 0, Voo -1.2 -2 -
Output Voltage Low-Level VOL - 0, Vo" - 0 0.1 

Output Voltage High-Level VOH - 0, Voo Voo -0.1 Voo -
V 

Input Low Voltage V,L 0.5, Voo -0.5 - - - 0.8 

Input High Voltage V'H 0.5, Voo -0.5 - 2.4 - -
Input Leakage Current I'N - 0, Voo - - ±1 

3-State Output Leakage Current lOUT 0, Voo 0, Voo ±1 
pA - -

Input Capacitance C'N - - - 5 7.5 
pF 

Outout Caoacitance COUT - - - 10 15 

Standby Device Current ISOyA - 0.8 V,2.4 V - 0.25 0.5 
rnA 

Operating Device Current IOPERA - 0.8 V,2.4 V - 15 25 

ASee chart on page 3 for test conditions 

'Typical values are for T A = 25° C and nominal Voo. 
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Read-Only Memories (ROMs) 

CDM5332, CDM5333 
<l.STATIC CHARACTERISTIC Device Currenl Tesl Condilions: 

CHIP SELECT 
ADDRESS OUTPUT 

CHARACTERISTIC INPUT TO TOGGLE 
STATUS FREQUENCY LOADING 

100 Quiescent Any Chip 0 Open Circuit 
Device Current Select Disabled 
ISBY . ::.tanooy CS2 Disabled 1 MHz Open Circuit 
Device Current at TTL Level 

IOPER - Operating CS2 Active 1 MHz Open Circuit 
Device Current CS1 Don't Care 

DYNAMIC ELECTRICAL CHARACTERISTICS al T. = -40 10 +85 0 C, Voo = 5 V ± 10%, 
Inpul 1,,1, = 10 ns; CL = 100 pF, and 1 TTL Load; Inpul Pulse Levels: 0.8 V 10 2.2 V 

CHARACTERISTIC 

Address Access Time 

CS2 Enable to Output Active 

CS1/0E Enable to Output Active 

CS2 Enable Access 

CS1/0E Enable to Output Valid 

Data Hold After Address 

CS2 Disable to Output High Z 

CS1/0E Disable to Output High Z 

Cycle Time 

AO-AII 

CS2 

'S2vax(2) 
CSI/OE 

DATA OUT ----r--"R~:2S~ __ L)F,C2~ 

NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 

tAvav 

tS2vax 

tS1VQX 

tS2VQV 

tS1VQV 

tAxax 

tS2XOZ 

ts1xoz 

teye 

LIMITS 

Min. Max. 

- 350 

10 -
0 -
- 350 

- 150 

50 -
- 120 

- 120 

350 -

NOTE.: 
(1) A.lum •• ls,',IOV end \arvov 

Ire .. lIlfled. 
(2) Output Active require. both 

CS1/0E end CS2 Active. 
(3) A .. ums. tAvOV and IS1VQV 

Ire •• tl,fled. 
(4) A.lum,. I"voy and ",vo ... 

Ire 1.11,lled. 

(5) (5) :!~::~r;;:~~~f~~~~. or CS2 
t 5 I X Q Z' 1(6) Oln,rll •• 50-nl Velld Output 

Pul ••• (I .•. , Icyc-t.\\IQv+t.~XQx). 

92CM- 36678 

Fig. 2 - Timing waveforms. 

UNITS 

ns 
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CDM5332, CDM5333 

CDPI882 
LATCHI 

DECODER 

m 
,...------.tClJ( 

TPA 

CDPI800 
SERIES 

CPU 

1 TO OTHER 
\ CHI P SELECTS 

'Illml-------+i CsI/OE i-------.jOE 
iiWRi--------1- - - - -1-------+tiiIE 

DATA BUS 

Fig. 3 - Typical CDPIBOO series microprocessor system. 

COM 
6116 
RAM 

92CM- 56:599 
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Read-Only Memories (ROMs) 

CDM5364, CDM5364A 

A7 24 

A6 23 

A5 3 22 

A4 4 21 

Voo 
A8 

A9 

AI2 

CMOS 8192-Word by 8-Bit 
LSI Static ROMS 

A3 20 CEtCE 
A2 6 19 AID 

AI 7 18 All 
AD 8 17 C7 

QO 9 16 Q6 

QI 10 15 Q5 

Q2 II 14 Q4 

Vss 12 13 Q3 

92CS - 33698 
CDM5364 

TERMINAL ASSIGNMENT 

Features: 
• Asynchronous operation 
• Fast access time - 250 ns max. 
• Low standby and operating power: 

ISBY2 = 2 p.A typical (CDM5364) 
loos = 2 p.A typical (CDM5364A) 
IOPER2 = 10 mA max. at teye = 1 p.s 

= 30 mA max. at teye = 250 ns 
• Automatic power down 
• TTL input and output compatible 

• 24-pin JEDEC standard pin out: 
Pin compatible with Motorola 
MCM68764 and MCM68766 
EPROMs 

• Choice of pin 20 function: 
Mask-programmable CE 
(CDM5364) 
Mask-programmable CS 
(CDM5364A) 

The RCA CDM5364 and CDM5364A are 65,536-bit mask­
programmable CMOS Read Only Memories organized as 
8192 eight-bit words. They are characterized by fast access 
time and low-power dissipation, and are designed to be 
used with a wide variety of general purpose microprocessor 
systems, including RCA-CDP1800-and CDP6805-series 
systems. The CDM5364 and CDM5364A differ in the function 
for pin 20. 

The CDM5364 and CDM5364A are supplied in 24-lead 
hermetic, dual-in-line side-brazed ceramic packages (0 
suffix), and in 24-lead du-al-ln-Iine plastic packages (E 
suffix) . 

The CDM5364 provides a chip enable input at pin 20, which 
gates the address buffers and output drivers, providing a 
low power standby mode. 

The CDM5364A has a chip select input at pin 20. As a chip 
select input, pin 20 controls only the output drivers providing 
fast output enable time. The polarities of the chip enable 
and the chip select inputs are user mask-programmable. 

Both the CDM5364 and CDM5364A provide automatic 
power-down and data hold while the address inputs are 
stable. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 

A7 24 voo 
A6 23 A8 

A5 22 A9 

A4 4 21 AI2 

A3 5 20 CStCS 

A2 6 19 AID 

AI 18 All 

AD 17 Q7 

QO 9 16 Q6 

QI 10 15 Q5 

Q2 II 14 Q4 

Vss 12 13 Q3 
TOP VIEW 

92CS ~ 36697 

CDM5364A 
TERMINAL ASSIGNMENT 

(Voltage referenced to V •• terminal) ..................................................................•• -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ...........•..•........••.•...•....•.••..•.........•••••..........•. ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For T. = -40 to +eO°C (PACKAGE TYPE E) .............................................................. 500 mW 
For T. = +60 to +85°C (PACKAGE TYPE E) .................................. Derate Linearly at 8 mW/oC to 300 mW 
For T. = -55 to +100°C (PACKAGE TYPE D) ............................................................. 500 mW 
ForT. = +100 to 125°C (PACKAGE TYPE D) .......•...........••••.••...... Derate Linearly at 8 mWrC to 300 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T. = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ••.•.......••.••••••......•••••••.•• 100 mW 

OPERATING-TEMPERATURE RANGE (T.): 
PACKAGE TYPE 0 .••.•.•..•...........................•.......••...•...........•••••••.......... -55 to +125°C 
PACKAGE TYPE E .••..........••............••.•.•..........••...•.•.....•••.••.••........••••.•• -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T ... ) ............................................................. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 in. (1.59 ± 0.79 mm) from case for 10 s maximum ..............•..............•.•.... +265°C 

File Number 1467 
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Read-Only Memories (ROMs) _____________________ _ 

CDM5364, CDM5364A 
RECOMMENDED OPERATl-NG CONDITIONS at TA = ·40 to +85·C 
For maximum reliability, nominal operating conditions should be selected 10 that operation II alwaYI within the 
following rangel: 

LIMITS 
CHARACTERISTIC CDM5364, CDM5384A UNITS 

DC Operating Voltage Range 

Input Voltage Range 

AI2----j 
I 
I 
I 
I 
I 
I 

I 
A3 --f-...., 

A2 --1--1 

AI --f--I 

In 
a: ... 
c 
o 
" ... 
C 

In 
In ... 
8 
"" 

AO-~--'-~~~-l--l--l-+-____ ~ 

IAI 

r+voDD' 
I I 

CS~IBI 
isD~U6!1\....! 

CE * 
CDM~364 

IAI 

I BI 

* CEICDM5364)AND CSICDM5364A) 
ARE ",ASK'PROGRAMMABLE AS: 
~~~\¥\A~kGH OR ACTIVE-LOW OR 

ACTIVITY 
DETECTOR 

IAUTO POWER) 
DOWN 

00 01 02 03 

Fig. 1 - Functional block diagram. 

Min. 

4 

Vss 

04 

Max. 

6 

voo 

65,~36 BIT 
ROM 

CELL ARRAY 

05 06 

92CM-!6702 

V 

07 
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Read-Only Memories (ROMs) 

CDM5364, CDM5364A 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo = 5 V ± 10%, Except as noted 

LIMITS 

CHARACTERISTIC CONDITIONS 
CDM5364 

UNITS 

-Min. Typ. Max. 

Average Operating DeVice Currenta VIN = VIL. VIH, CE = VIH, (CE = VIL) 
teye = 1 J1S - - 15 

IOPERld teye = 250 ns - - 35 
mA 

IOPER2e VIN = 0 2 V, Vaa -0 2 V, CE = Vaa -0 2 V, 
(CE = 0.2 V) teye = 1 /1S - - 10 

teye = 250 ns - - 30 
DC Active DeVice Currentb IACTld VIN = VIL, VIH, CE = VIH, tCE = VIL) - - 15 mA 

IACT2e VIN = 0 2 V, Vaa -0 2 V, 
50 pA 

CE = Vaa -0 2 V, fCE = 0 2 V) 
- -

Standby DeVice CurrentC ISBYl d VIN = VIL, VIH, CE = VIL, (CE = VIH) - - 15 mA 
ISBY2e VIN = 0 2 V, VaD -0.2V, CE = 0 2 V, 

2 50 pA 
fCE = Vaa -0 2 V) 

-

Output Voltage Low-Level VOL IOL = 3 2 mA - - 04 
Output Voltaqe Hloh-Level VOH IOH = -3 2 mA 2.4 - -

V 
Input Low Voltaoe VIL - - - 08 
Input Hlqh Voltaoe VIH - 22 - -

InQut Leakage Current (Any Input) liN VSS < VIN :S Vaa - - ±1 
pA 

3-State Ouw_ut Leakage Current lOUT VSS :S VOUT :S Vaa - - ±1 
InQut Capacitance CIN 1=1 MHz, TA = 25°C - 5 10 

pF 
Output Capacitance COUT 1= 1 MHz, TA=25°C - 6 12 

-TYPical values are lor TA = 25° C and nominal Vaa clndependent 01 address Input activity, chip disabled 
aAddresslnputs toggling, chip enabled outputs open circuit. dTTL Inputs 
blnputs stable, chip enabled, outputs open circuit eCMOS Inputs 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85° C, Voo = 5 V ± 10%, 
Input tr, II = 10 ns; CL = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V - See Fig. 2 

CHARACTERISTIC 

Address Access Time 

Chip Enable to Output Active 

Chip Enable Access 

Data Hold after Address 

Chip Disable to Output High Z 

Cycle Time 

AO-AI2 

CE/eE 

Fig. 2 - Timing waveforms 

LIMITS 
CDM5364 

UNITS 
Min. Max. 

tAVQV - 250 

tEVQX 0 -

tEVQV - 250 
ns 

tAXQX 10 -
tEXQZ - 90 

tCYC 250 -

NOTES: 
(1) Assumes tEVQV is satisfied. 
(2) Output Active requires Chip Enable Active. 
(3) Assumes tAVQV Is satisfied. 
(4) Invalid Chip Enable causes Output High Z. 
(5) Generates 10-ns Valid Output Pulses 

(I.e., tCYC-tAVQV+tAXQX)' 

NOTE TIMING MEASUREMENT REFERENCE LEVEL [S [.5 V 

92CM-36699 
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Read-Only Memories (ROMs) _____________________ _ 

CDM5364, CDM5364A 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85 0 C, VDD = 5 V ± 10%, Except as noted 

LIMITS 
CDM5384A 

CHARACTERISTIC CONDITIONS UNITS 

-Min. Typ. Max. 

Average Operating Device Currenta VIN = Vll, VIH; CS = VIH; (~= VIL) 
teye=1/./S - - 15 

IOPERl d teye = 250 ns - - 35 
mA 

IOPER2e VIN = 0.2 V, Voo -0.2 V; CS = Voo -0.2 V; 
(CS = 0.2 V) teye=1/./S - - 10 

teye = 250 ns - - 30 
DC Active Device Currentb IACTld VIN = Vll, VIH; CS = VIH; (CS = VIL) - - 15 mA 

IACT2e VIN = 0.2 V, Voo -0.2 V; - 50 J-IA 
CS = Voo -0.2 V; (CS = 0.2 V) 

-

Quiescent Device CurrentC lOOSe VIN = 0.2 V, Voo -0.2V; CS = 0.2 V; 
2 50 J-IA 

(CS = voo -0 2 V) 
-

Output Voltage Low-Level VOL IOl = 3.2 mA - - 0.4 
Output VoltaQe HiQh-Level VOH IOH = -3 2 mA 2.4 - -

V 
Input Low VoltaQe Vil - - - 0.8 
Input Hiqh Voltage VIH - 2.2 - -
Inout Leakaqe Current (Anv Input) liN VSS < VIN < Voo - - ±1 

J-IA 
3-State Output Leakage Current lOUT vss < VOUT < Voo - - ±1 
Input Capacitance CIN 1= 1 MHz, TA = 25 0 C - 5 10 

pF 
Output Capacitance COUT 1= 1 MHz, TA = 25' C - 6 12 

-Typical values are lor TA = 25°C and nominal Voo. clnputs stable, chip deselected. 
a Address inputs toggling, chip selected outputs open circuit. dTTL inputs. 
blnputs stable, chip selected outputs open CirCUit eCMOS inputs. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85 0 C, VDD = 5 V ± 10%, 
Input I., tf = 10 ns; Cl = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V - See Fig. 3 

LIMITS 
CDM5384A 

CHARACTERISTIC UNITS 
Min. Max. 

e----' 
Add ress Access Ti me tAVQV - 250 

Chip Select to Output Active tSVQX 0 -
Chip Select to Output Valid tSVQV - 90 

ns 
Data Hold after Address tAXQX 10 -
Chip Deselect to Output High Z tSXQZ - 70 

Cycle Time tCYC 250 -I ICYC
I_
5

_
1 ---t--l 

NOTES: 

----~ r--------
AO-At2 

(1) Assume. tSVQV I. satllfled. 
(2) Output Active requires Chip, Select Active. 
(3) Assumes tAVQV Is satllfled. 
(4) Invalid Chip Select causes Output High Z. 
(5) Generates 10-ns Valid Output Pul ... 

estcs (I.e., tCYC-tAVQV+tAJ(QX)' 

tsvax (2) 
t $XQZ (4) 

DATAOUT--------~--~~~?K=====t~~~ 
NOTE: TIMING MEASUREMENT REFERENCE LEV£L IS 1.5 V 

92CM-36700 

Fig 3 - Tlmmg waveforms 
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Oecoupllng Capacitors 

APPLICATION INFORMATION 

CS3 
C"S2 
~ 

r-------------------1-~am 
CDPI883 

LATCH I 
DECODER 

ROM 

CDM5364 RAM 

Read-Only Memories (ROMs) 

CDM5364, CDM5364A 

CPU 
COPISOO 
SERIES 

8- BIT BIDIRECTIONAL DATA BUS 

92CM-36701 

Fig. 4 - Typical CDP1800 series microprocessor system. 

The CDM5364 and CDM5364A operate with a low average 
dc power supply current that varies with cycle time. 
However, the CDM5364 and CDM5364A are large ROMs 
with many internal nodes. Precharging of selected nodes 
during portions of the memory cycle results in short 
duration peak currents that can be much higher than the 

average dc value. The rise and fall times of the peak current 
pulses can have a value sufficient to generate unwanted 
system noise components. To minimize or eliminate the 
effects of the current spikes, a 0.1 IlF ceramic decoupling 
capacitor is recommended between the Voo and Vss pins of 
every ROM device. 
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Read-Only Memories (ROMs) _____________________ _ 

CDM5365 
NC 28 

AI2 27 

A7 2. 

A. 25 

VDD 

CSi/CSI 

'ffi/CS2 

A8 

CMOS 8192-Word by 8-Bit 
LSI Static ROM 

A. 24 A. 

AO 2. All 

A. 22 OE/OE 
A2 21 AIO 

A1 20 ~/CE 

AO 10 I. 07 
00 18 o. 
01 12 17 O. 
02 13 I. 00 

VSS 10 IS O. 

TOP VIEW 
92CS-38830 

TERMINAL ASSIGNMENT 

Features: 
• Asynchronous operation 
• Fast access time - 250 ns max. 
• Low standby and operating power -

188Y2=2 p.A typical 
IOPER2=10 mA max. at tcyo=1 p.s; 

=30 mA max. at to,0=250 ns 
• Automatic power-down 
• Mask-programmable chip enable, chip selects, 

and output enable 

• TTL input and output compatible 
• 28-pin JEDEC standard pin out: Pin 

compatible with the 2764 EPROM 

The RCA-CDM5365 is a 65,536-bit asynchronous mask­
programmable CMOS READ-ONLY memory organized as 
8192 eight-bit words. The CDM5365 is designed to be used 
with a wide range of general-purpose microprocessor 
systems, including the RCA CDP1800- and CDP6805-series 
systems. Two chip selects, one chip enable, and an output 
enable function are provided for memory expansion and 
output buffer control. The chip enable gates the address 
and output buffers and powers down the chip to the standby 

mode. The two chip selects and the output enable control 
only the output buffers. The polarities of the chip enable, 
chip selects, and the output enable are user mask-program­
mable. 

AI2 
I 
I 
I 
I 

A3 

A2 

AI 

AO 

CE 

OE 

CSI 

* CE, CS1 AND CS2 ARE MASK-PROGRAMMABLE AS: 
ACTIVE-HIGH OA ACTIVE-LOW OR DON'T CARE 

* * DE IS MASK-PROGRAMMABLE AS: 
ACTIVE-HIGH OR ACTIVE-LOW 

QO QI 

The CDM5365 is supplied in 28-lead, hermetic, dual-in-line 
side-bra~_ed _c~~am~ (Q suffix), and 28-feairdual-in-line 
plastic (E suffix) packages. 

6e,536 BIT 
ROM ., CELL ARRAY 

II: 
OJ 
Q 
0 
!rl 
Q 

., ., 
OJ 
II: 
Q 
Q 

" 

Q2 Q3 Q4 Q6 

- Functional block diagram. 

Q7 
92CM-36631 

File Number 1466 

714 ________________________________________________________________ _ 



_______________________ Read-Only Memories (ROMs) 

CDM5365 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to Vss terminal) ..................................................................... -0.5 to +7 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = -40 to +60°C (PACKAGE TYPE E) .............................................................. 500 mW 
For TA = +60 to +85°C (PACKAGE TYPE E) ................................. Derate Linearly at 8 mW/oC to 300 mW 
For TA = -55 to +100°C (PACKAGE TYPE D) ............................................................. 500 mW 
For TA = +100 to 125°C (PACKAGE TYPE D) ................................ Derate Linearly at 8 mW/oC to 300 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D ............................................................................... -55 to +125°C 
PACKAGE TYPE E ................................................................................ -40 to +85°C 

STORAGE-TEMPERATURE RANGE (Tstg ) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s maximum .................................... +265°C 

RECOMMENDED OPERATING CONDITIONS al TA = -40 to +85° C 
For maximum reliability, nominal operating conditions should be IBlected so that operation Is always within the 
following "angel: 

LIMITS 
CHARACTERISTIC UNITS 

Min. Max. 

DC Operating Voltage Range 4 6 
V 

Input Voltage Range Vss VDe 

STATIC ELECTRICAL CHARACTERISTICS at T. = -40 to +85°C, Vee = 5 V ± 10'10, Except as noted 

CHARACTERISTIC 

Average Operating Device Curren" 

IOPER,d 

IOPER28 

DC Active Device Current" 
IACT,d 

IACT2e 

Standby Device Current" 
IsBy,d 

ISBy28 

Output Voltage Low-Level Val 
Output Voltage High-Level VOH 
Inout Low Voltaee V,l 
Inout Hieh Vollaee V,H 
Inout LeakaQe Current (An V Inoull liN 
3-State Outout Leakaae Current lOUT 

Input Capacitance C'N 
OutQut Capacitance COUl 

-Typical values are for T ,,=25° C and nominal VOD. 
-Address inputs toggling. chip enabled, outputs open circuit. 
blnputs stable. c~ip enabled, outputs open circuit. 

CONDITIONS 
LIMITS 

UNITS 

Min. Typ.· Max. 

V,N = V,l, V,H; CE = V,H ; 
(CE= V,c) 

tcyC = 1 J1S - - 15 
tc,c = 250 ns 35 mA 

V,N = 0.2 V, Voe -0.2 V; 
CE = VeD -0.2 V; 
(CE=0.2 V) tc,c=l JJ.S - - 10 

tc,c = 250 ns - - '30 
VIN=V'l, V,H; CE=V'H; - - 15 mA (~=Vll) 
V'N=0.2 V, VeD -0.2 V; 
CE=VDe -0.2 V; - - 50 /lA 
~=0.2V) 
VIN=V,l, V,H; CE V,l; 

1.5 mA (CE=V'H) - -

V'N=0.2 V, VDD -0.2 V; 
CE=0.2 V; - 2 50 /lA 
(CE=Vee -0.2 V) 

10l = 3.2 mA - - 0.4 
10H = -3.2 mA 2.4 -

0.8 
V - - -

- 2.2 - -
Vss < V1N < Voo - - ±1 

/lA 
Vss < VOUT < VDO - - ±1 
f= 1 MHz TA = 25°C - 5 10 

pF 
f= 1 MHz, TA = 25°C - 6 12 

Clndependent of address input activity. chip disabled. 
dTTL inputs. 
.CMOS inputs. 
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Read-Only Memories (ROMs) _____________________ _ 

CDM5365 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +850 C, Voo =5 V ± 100f0, 
Input t" tf = 10 ns; CL = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V 

LIMITS 
CHARACTERISTIC UNITS 

Address Access Time 

Chip Enable to Output Active 

Output Enable to Output Active 

Chip Select to Output Active 

Chip Enable Access 

Output Enable to Output Valid 

Chip Select to Output Valid 

Data Hold After Address 

Chip Disable to Output High Z 

Output Disable to Output High Z 

Chip Deselect to Output High Z 

Cycle Time 

AO - AI2 

CE/CE 

CSte!.OE/~ 

(61 

bVQV 

tEvax 

t"Yax 

tsyax 

tEVay 

tovay 

tsvav 

tAxax 

tEXaz 

toxaz 

tsxaz 

tcvc 

'GXQZ(51 

(fSXQZI 

DATAOUT---------r----f(~C(~~ ____ ~ 

NOTE: TIMINO MEASUREMENT REFERENCE LEVEL IS '.5 V. 

Fig. 2 • Timing waveforms. 

Min. Max. 

- 250 

0 -
0 -
0 -
- 250 

- 90 

- 90 

10 -
- 90 

- 70 

- 70 

250 -

NOTES: 
(1) A •• um,. 18..,01,1. IQvay, and lEva" 

.... 1.II,fled 
(2) Output AcUvl requlrea Chip Enable. Output 

Enable and Chip Se'ectl Active. 
(3) 'A'lum •• t..VQV, leyOY, and tov~y 

...... 'I.fl.d. 
(4) Allum •• tAVQV and IEVay Ire 1,'I,fled. 
(5) Either Invilld Chip Enlble, Chip Select, or 

Output Enable ClUI •• Output High Z. 
(6) 08n.rl'"10-nl V,lld Output Pul ••• 

(1 ••.• lcvc-IAvav+l ... xQx). 

92CM- 36632 

ns 
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______________________ Read-Only Memories (ROMs) 

APPLICATION INFORMATION 

MAI3 
D05 

r-__________________ M~A~I~4~006 

r-______________ ----'M"'A!.!.15'4!o07 

co PI874 

ADDRESS 
LATCH 

RAM 

f---i)c>----.Jcs 

MRD 
M 1+-------1 

8- BIT BIOI RECTIONAL DATA BUS 

Fig. 3 - Typical CDPIBOO series microprocessor system. 

CPU 
C DPI8DO 
SERIES 

CDM5365 

Oecoupllng Capacitors 

The CDM5365 operates with a low average de power supply 
current that varies with cycle time. However, the CDM5365 
is a large ROM with many internal nodes. Pre-charging of 
selected nodes during portions of the memory cycle results 
in short duration peak currents that can be much higher 

than the average de value. The rise and fall times of the peak 6 
current pulses can have a value sufficient to generate 
unwanted system noise components. To minimize or 
eliminate the effects of the current spikes, a O.1-IIF ceramic 
decoupling capacitor is recommended between the Voo and 
V •• pins of every ROM device. 
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Read-Only Memories (ROMs) _____________________ _ 

CDM53128 
NC 26 Voo 

CMOS 16,384-Word by 8-Bit A12 27 ru/CE2 

A7 2. AI3 

A' . 25 A8 LSI Static ROM A' • 2. A. 

" All 

A> 22 QE/OE Features: A2 21 AID 

AI 20 m/CE1 • Asynchronous operation • Mask-programmable chip enables 
AD 10 19 07 • Fast access time - 250 ns max. and output enable 
00 " 18 a. 
01 12 O. • Low standby and operating power - • TTL input and output compatIble 
02 13 I. o. 158Y2=2 pA typical • 28-pin JEDEC standard pin out 
Vss 

" 
15 a' IOPER2=10 mA max. at tcyc=1 ps; 

TOP VIEW 
=30 mA max. at tcyc=250 ns 

TERMINAL ASSIGNMENT • Automatic power-down 

The RCA-COM53128 is a 131 ,072-bit asynchronous mask­
programmable CMOS REAO-ONL Y memory organized as 
16,384 eight-bit words. The COM53128 is designed to be 
used with a wide range of general-purpose microprocessor 
systems, including the RCA COP1800 series system. Two 
chip-enable inputs and an output enable function are 
provided for memory expansion and output buffer control. 
Either chip enable (CE1 or CE2) can gate the address and 
output buffers and power down the chip to the standby 

mode. The output enable (OE) controls the output buffers 
to eliminate bus contention. The polarity of each chip 
enable and the output enable are user mask-programmable. 

AI3-­
I 

A3 --1--1 

A2 --1--1 

AI 

The COM53128 is supplied in 28-lead, hermetic, dual-in­
line sLde-braze<L~elamic (0 suff.!&.. and in 28~jeaddual~ 
in-line plastic (E suffix) packages. 

'" a: 

'" o 
:3 
'" o 

'" '" '" 0: 
g .. 

131,072 BIT 
ROM 

CELL ARRAY 

AD ---I--r-~-'-+-4--r-+---" 

-** 
OEIOE ---------~ 

* MASK PROGRAMMABLE AS' 
ACTIVE - HIGH OR ACTI VE- LOW OR DON'T CARE 

** MASK PROGRAMMABLE AS 
ACTIVE- HIGH OR ACTIVE LOW 

ACTIVITY 
DETECTOR 

IAUTO POWERI 
DOWN 

QO 01 02 

Fig. 1 - Functional block dIagram. 

03 04 05 06 07 

S2CM-36239 

File Number 1454 

718 ________________________________________________________________ _ 



Read-Only Memorle. (ROMs) 

CDM53128 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (Voo) 
(Voltage referenced to Vss terminal) .......................................•............•............... -0.5 to +7 V 
INPUT VOLTAGE RANGE. ALL INPUTS ...................................•......••............... -0.5 to Voo +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ..•.•............•................. '" .............................. ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For T A = -40 to +60° C (PACKAGE TYPE E) ..................................................•........... 500 mW 
ForTA = +60 to +85°C (PACKAGE TYPE E) ..........•...................... Derate Linearly at 8 mW/oC to 300 mW 
ForTA=-55to+100°C(PACKAGETYPED) .••...............•.•...•...........•.•...................... 500mW 
For TA = +100 to +125°C (PACKAGE TYPE D) ............................... Derate Linearly at 8 mW/oC to 300 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............•.................••.... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE 0 ............•....•.......................•................•...•........•....... -55 to +125°C 
PACKAGE TYPE E ..•••.•..•..........................................•••.........•..........•.•.• -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T ... ) ....•..••............... : .................................... -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s maximum ................................•... +265°C 

STATIC ELECTRICAL CHARACTERISTICS at TA = -4010 +85°C, Voo = 5 V ± 10"10, Except as noted 

CHARACTERISTIC 

Average Operating Device Current-

10PEA,d 

IOPER2e 

DC Active Device CurrentD 

IAcT1d 

IACT.e 

Standby Device CurrentC 

ISBy,d 

ISBy.e 

Output Voltage Low-Level VOL 
Output Voltage High-Level VOH 
Input Low Voltage V'L 
Input High Voltage V,H 
Input Leakage Current (Any Input) l,N 
3-State Output Leakage Current lOUT 
Input Capacitance C'N 
Output Capacitance COUT 

"TYPIcal values are for TA=25°C and nominal Vee. 
-Address inputs toggling. chip enabled, outputs open circuit. 
b Inputs stable, chip enabled, outputs open circuit. 

LIMITS 
CONDITIONS ALL TYPES UNITS 

Min. Typ." Max. 

V'N = V,L. V,H; CE1 and CE2= 
V,H; (CE1 and CE2 = V,c! 

tc,c = 1 /AS - - 15 
tc,c = 250 ns - - 35 mA 

V'N = 0.2 V. Voo -0.2 V; 
CE1 & CE2 = Voo -0.2 V; 
(~ & !5E2=0.2 V) tcyc=1 IJ! - 5 10 

tcyc = 250 ns - 15 30 

V'N - V,L. V,H; CE1 and CE2 -
V,H; (CE1 and~ = V,c! 

- 15 mA 

V'N - 0.2 V. Voo -0.2 V; 
CE1 & CE2=Voo -0.2 V; - - 50 pA 
(CE1 & CE2 = 0.2 VI 
V'N = V,L. V,H; CE1 or CE2 - - 3 mA 
V,L; (CE1 or CE2=V,HI 

V'N = 0.2 V. Voo -0.2 V; 
CE1 or CE2 = 0.2 V; - 2 50 pA 
(CE1 or CE2 = Voo -0.2 V) 

10L 3.2mA 0.4 
10H - 3.2 mA 2.4 

V 0.8 
2.2 

Vss $ V'N $ Voo ±1 
pA 

VSS $ VOUT $ Voo ±1 
f - 1 MHz. TA - 25°C 5 10 

pF 
f= 1 MHz. TA=25°C 6 12 

Clndependent of address Input actiVIty, chIp disabled. 
li-rTL inputs. r 
.CMOS inputs. 
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CDM53128 
RECOMMENDED OPERATING CONDITIONS atTA = -40 to +85°C 
For maximum reliability, nominal operating conditions Ihould be selected 80 that operation II always within the 
following rangel: 

LIMITS 
CHARACTERISTIC UNITS 

Min. Max. 

DC Operating Voltage Range 4 6 

Input Voltage Range Vss Voo 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85° C, Voo = 5 V ± 10%, 
Input t" t. = 10 nl; CL = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V 

CHARACTERISTIC 

Address Access Time tAvav 

Chip Enable to Output Active tEvax 

Output Enable to Output Active tGvax 

Chip Enable Access tEvav 

Output Enable to Output Valid tGvav 

Data Hold After Address tAxax 

Chip Disable to Output High Z tExaz 

Output Disable to Output High Z taxaz 

Cycle Time tCYC 

AO-A----." ['='" l~ 
CEIICl! ,cE2Iffi 

OE/l5'E 

LIMITS 

Min. Max. 

- 250 

0 -
0 -
- 250 

- 90 

10 -

- 90 

- 70 

250 -

NOTES' 
(1) Assume. tGVQY & tEVOV 

are .. 1I.ltled. 
(2) Output Active requires 

both Chip Enables & 
Output Enable Active. 

(3) Assumes IAVOV & tGVQY 
are ,,11,fled. 

(4) A.sum •• IAVOV & tEVQY 
Ire .. 11.ned. 

(5) Either Invalid Chip Enable 
or Output Enable 
eau ... Output High Z. 

(6) Generates 10 ns Valid 

V 

UNITS 

ns 

OATA OUT ---------t----~~~~=====1~ Output Pulse. (I.e .• ICYC-1AVOV+IAXQX) 

92CM-36407A1 

NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 V. 

Fig. 2 - Timmg wavefotms. 
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APPLICATION INFORMATION 

r-__________________ ~M~A~14~D06 

~----------------~M~A~I~5~007 
COPI874 
ADDRESS 

LATCH 

RAM 

t----;.>o---- ES 

liE I4-__ M.;,;R-"'O ____ -t 

8-BIT BIDIRECTIONAL DATA BUS 

Read-Only Memories (ROMs) 

CPU 
CD~18DD 
SERIES 

92CM- 56217 

CDM53128 

Fig. 3 - TYPIcal CDPl800 S9f19S microprocessor system. 

Decoupllng Capacitors 

The CDM53128 operates with a low average dc power 
supply current that varies with cycle time. However, the 
CDM53128 is a large ROM with many internal nodes. Pre­
charging of selected nodes during portions of the memory 
cycle results in short duration peak currents that can be 
much higher than the average dc value. The rise and fall 

times of the peak current pulses can have a value sufficient 
to generate unwanted system noise components. To 
minimize or eliminate the effects of the current spikes, a 
O.1-pF ceramic decoupling capacitor is recommended 
between the Voo and Vss pins of every ROM device. 

____________________________________________________________ n1 
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CDM53256 
NC 28 VOO 

AI2 27 AI4 

A7 26 AI3 

A6 4 
CMOS 32,768-Word by 8-Bit LSI Static ROM 

25 

AS 5 24 

A4 6 23 

A3 22 
A2 8 21 

AI 9 20 

AO 10 19 

00 II 18 
01 12 17 

A8 

A9 

All 

<iE/OE 
AIO 

CE/CE 

07 
06 

OS 

Features: 
• Asynchronous operation 
• Fast access time - 250 ns max. 
• Low standby and operating power­

IS8Y2 = 2/iA typical 
IOPER> = 12 mA max. at te,e = 1 /is 

= 36 mA max. at te,e = 250 ns 
• Automatic power down 

02 13 16 04 

VSS 14 15 03 
• Mask-programmable chip enable and output enable 

TOP VIEW 92CS-36Z24 • TTL input and output compatible 
TERMINAL ASSIGNMENT • 28-pin JEDEC standard pin out: Pin compatible with the 27256 EPROM 

The RCA-COM53256 is a 262,144-bit asynchronous mask­
programmble, CMOS REAO-ONL Y memory organized as 
32,768 eight-bit words. The COM53256 is designed to be 
used with a wide rangeof general-purpose microprocessor 
systems, including the RCA COP1800 series system. One 
chip enable input and an output enable function are 
provided for memory expansion and output buffer control. 
Chip enable (CE) gates the address and output buffers and 
powers down the chip to the standby mode. The output 

AI4 
I 
I 
I 
I 
I 
I 

I 
A3 

A2 

AI 

AO 

enable (OE) controls the output buffers to eliminate bus 
contention. The polarities of the chip enable and the output 
enable are user mask-programmble. 

The COM53256 is supplied in 28-lead, hermetic, dual-in­
line side-brazed ceramic (0 suffix). in 28-lead dual-in-line 
plastic (E suffix) and in 28-lead small-outline (SO) plastic 
(M suffix) packages. 

262,144 BIT 
ROM 

'" CELL ARRAY a: 

'" " 0 
0 

'" " 
'" '" '" a: 

" 0 .. 

ACTIVITY 
DETECTOR 

(AUTO POWER) 
DOWN 

CE/CE 

** OE/CE -----------------; 

* MASK PROGRAMMABLE AS' 
ACTIVE-HIGH OR ACTIVE- LOW OR DON'T CARE 

** MASK PROGRAMMABLE AS 00 a' 02 
ACTlVE- HIGH OR ACTIVE-LOW 

Fig. 1 - Functional block diagram. 

03 04 05 06 07 
92.Cl'ot-36246 

File Number 1453 
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______________________ Read-Only Memories (ROMs) 

CDM53256 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to Vss terminal) ..................................................................... -0.5 to +7V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = -40 to +60° C (PACKAGE TYPE E) .............................................................. 500 mW 
For TA = +60 to +85°C (PACKAGE TYPE E) ................................. Derate Linearly at 8 mW/oC to 300 mW 
For TA = -55 to +100°C (PACKAGE TYPE D) ............................................................. 500 mW 
For TA ,= +100 to +125°C (PACKAGE TYPE D) ............................... Derate Linearly at 8 mW/oC to 300 mW 
For TA = -40 to +85°C (PACKAGE TYPE M)" ............................................................. 425 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D ............................................................................... -55 to +125° C 
PACKAGE TYPE E and M .......................................................................... -40 to +85°C 

STORAGE-TEMPERATURE RANGE (T".) ............................................................. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s maximum .................................... +265°C 

'Printed-clrcUit board mount: 57 mm x 57 mm minimum area x 1.6 mm th,ck Gl 0 epoxy glass, or equivalent. 

RECOMMENDED OPERATING CONDITIONS at TA = -40 to +85°C 

For maximum reliability, nominal operating conditions should be selected so that operation Is always within the 
following ranges: 

LIMITS 
CHARACTERISTIC UNITS 

Min, Max, 

DC Operating Voltage Range 4 6 
V 

Input Voltage Range Vss Voo 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo = 5 V ± 10%, Except as noted 

LIMITS 
CHARACTERISTIC CONDITIONS ALL TYPES UNITS 

Min, Typ.- Max. 

Average Operating Device Currenta '!!!:!...= VIL, VIH, CE = VIH, 
(CE = VIL) 

teye = 1 JJS - - 16 
10PERld teye = 250 ns - - 40 mA 

VIN = 0 2 V, Voo -0.2 V; 
IOPER2e CE = Voo -0 2 V; 

(CE = 0.2 V) tcyc = 1 JJS - - 12 
teye = 250 ns - - 36 

DC Active Device Currentb VIN = VIL, VIH; CE = VIH, - - 15 mA 
IACTl d (CE = VIL) 

IACT2e 
VIN = 0 2 V, Voo -0.2 V; 
CE = Voo -0 2 V, - - 50 pA 
(CE = 0 2 V) 

Standby Device CurrentC VIN = VIL, VIH, CE = VIL. - - 1.5 mA 
ISBYl d (CE = VIH) 

VIN = 0 2 V. Voo -02 V; 
ISBY2e CE = 0.2 V. - 2 50 pA 

(CE = Voo -0.2 V) 

Output Voltaae Low-Level VOL 10L = 3.2 mA - - 0.4 
Output Voltaae Hiah-Level VOH 10H = -3.2 mA 2.4 - -

Input Low Voltaae VIL 0.8 V - - -

InDut Hiah Voltaae VIH - 2.2 - -
Input Leakaae Current (Anv I~ut) liN Vss < VIN -< Voo - - ±1 

pA 
3-State Output Leakage Current lOUT VSS < VOUT < Voo - - ±1 
Input Capacitance CIN f= 1 MHz, TA= 25°C - 5 10 

pF 
Output Capacitance COUT f - 1 MHz, TA = 25°C - 6 12 

-TYPical values are forTA = 25°C and nominal Voo. 
aAddress inputs toggling, chip enabled, outputs open circuit. 
blnputs stable, chip enabled, outputs open circuit. 

Clndependent of address input activity, chip disabled. 
dTTL inputs. 
eCMOS inputs. ____________________________________________________________ 723 
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CDM53256 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, voo = 5 V ± 10'10, 
Input Ir, tl = 10 ns; CL = 100 pF, and 1 TTL Load; Input Pulse Levels: 0.8 V to 2.2 V 

CHARACTERISTICS 

Add ress access tl me tAVQV 

Chip enable to output active tEVQX 

Output enable to output active tGVQX 

Chip enable access tEVQV 

Output enable to output valid tGVQV 

Data hold after address tAXQX 

Chip disable to output high Z tEXQZ 

Output disable to output high Z tGXQZ 

Cycle time tCYC 

16) 

r-___ 'C_y_c~r-____ __ 

AO - AI4 

eE/C[ 

OEIDE 

DATA OUT-----f---{ 

LIMITS 

Min. Max. 

- 250 

0 -

0 -

- 250 

- 90 

10 -

- 90 

- 70 

250 -

NOTES: 

(1) A,lum., tovey & tEVOV 
are 1 •• lllfed. 

(2) Output Active requlr •• 
both Chip En,ble & 
Output Enable Active. 

(3) Aliumes'AVOV & tOVQY 
are ,au,ttl.d. 

(4) Allum •• tAVQV &'eVQV 
are •• II,lned. 

(5) Either Invalid Chip Enable 
or Output Enabl. 
eau ••• Output High Z 

(6) Oenerale, 10 nl Valid 

UNITS 

ns 

Output Pul ••• (I .•. , ICyC~IAVQV+tAXQX) 

NOTE: TIMING MEASUREMENT REFERENCE LEVEL IS 1.5 Y. 

Fig. 2 - Timing waveforms. 

724 _________________________________________________________ ___ 



______________________ Read-Only Memories (ROMs) 

CDM53256 
APPLICATION INFORMATION 

.-______________ ~M~A~15~__4D07 

ROM 
CDM53256 

CDP1874 

ADDRESS' 
LATCH 

RAM 

CE - - - - i----D<>-----+/cs 

CPU 
CDPI800 
SERIES 

~ I+-__ ,;;;M,;;;R:..D -----l 

8- BIT BIOI RECTIONAL DATA BUS 

Fig. 3 - Typical CDPl800 series microprocessor system. 

Decoupllng Capacitor. 

The CDM53256 operates with a low average dc power 
supply current that varies with cycle time. However. 
CDM53256 is a large ROM with many internal nodes. 
Precharging of selected nodes during portions of the 
memory cycle results in short duration peak currents that 

can be much higher than the average dc value. The rise and 6 
fall times of the peak current pulses can have a value 
sufficient to generate unwanted system noise components. 
To minimize or eliminate the effects of the current spikes. a 
0.1 p.F ceramic decoupling capacitor is recommended 
between the Voo and Vss pins of every ROM device. 
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CDP1831, CDP1831C Product Preview 

MA7 I 24 Voo 512-Word X 8-Bit Static MA6 p 23 TPA 
MA5 3 22 NC 

Read-Only Memory MA4 4 21 CSI 
MA3 5 20 CS2 
MA2 6 19 1m! 
MAl 7 18 CEO 

MAO ~ 17 BUS7 Features: 
BUSO 9 16 BUSS 

• Compatible with CDP1800 and CD4000-series devices BUSI 10 15 BUS5 
BUS2 II 14 BUS4 • On-chip address latch 
vss 12 13 BUS3 • Interfaces with CDP1802 microprocessor without 

TOP VIEW 
additional components 

NC • NO CONNECTION • Optional programmable location within 64K 
92CS-27584R2 

memory space 

Terminal Assignment • Three-state outputs 

The RCA-COP 1831 and COP1831C types 
are 4096-bit mask-programmable CMOS 
read-only memories organized as 512 
words x 8 bits and are com pletely static; no 
clocks required. They will directly interface 
with COP1800-series micro-processors 
without additional components. 

The COP1831 and COP1831C respond to 
16-bit address multiplexed on 8 address 
lines. Address latches are provided on-chip 
to store the 8 most significant bits of the 
16-bit address. By mask option, this ROM 
can be programmed to operate in any 512-
word block within 64K memory space. The 
polarity of the high address strobe (TPA), 
and CS1 and CS2 are user mask-program-

Fig. 1 - Functional diagram. 

The Chip-Enable output Signal (CEO) goes 
"high" when the device is selected, and is 
intended for use an an output disable con­
trol for RAM memory in a microprocessor 
system. 
The COP 1831C is functionally identical to 
the COP1831. The COP1831 has an operat­
ing voltage range of 4 to 10.5 volts, and the 
COP1831 C has an operating voltage range 
of 4 to 6.5 volts. 
The COP1831 and COP1831C types are 
supplied in 24-lead hermetic dual-ln-Iine, 
side-brazed ceramic packages (0 suffix) 
and in 24-lead dual-In-line plastic packages 
(E suffix). The COP1831C Is also available 
In chip form (H suffix). 

BUS7 
BUS6 
BUS5 
BUS4 
BUS3 
BUS2 
BUSI 
BUSO 

f!!!-----''---.... CEO 

92CS-21~81R3 

File Number 1104 
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Read-Only Memories (ROMs) 

CDP1831, CDP1831C 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 

(All voltage values referenced to Vss terminal) 
CDP1831 ..................................................................... -0.5 to + 11 V 
CDPI831C ..................................................................... -05 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS................. . .-0.5 to Voo +0 5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................. ± 10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For TA = -40 to +60'C (PACKAGE TYPE E) ........................................... 500 mW 
For TA = +60 to +85'C (PACKAGE TYPE E) ............ Derate Linearly at 12 mW/'C to 200 mW 
For TA = -55 to + 100'C (PACKAGE TYPE D) .......................................... 500 mW 
For T. = +100 to + 125'C (PACKAGE TYPE D) ......... Derate Linearly at 12 mWI'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE ................................... 100 mW 

OPERATING-TEMPERATURE RANGE (T.) 
PACKAGE TYPE 0 ............................................................. -55 to + 125'C 
PACKAGE TYPE E .............................................................. -40 to +B5'C 

STORAGE TEMPERATURE RANGE (T".) ......................................... -65 to + 150'C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1 59 ± 0 79 mm) from case for 10 s max ................... +265'C 

OPERATING CONDITIONS at TA = Full Package-Temperature Range. For maximum reliability, 
operating conditions should be selected so that operation is always within the following ranges' 

LIMITS 
CHARACTERISTIC CDP1831 CDP1831C UNITS 

Min, Max, Min, I Max. 
DC Operating Voltage Range 4 10.5 4 I 6.5 V 
Input Voltage Range Vss Voo Vss I Voo 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85'C Except as noted 
CONDITIONS 

CHARACTERISTIC Vo V,N 
(V) (V) 

QUiescent DeVice - 5 
Current, 100 - 10 

Output Low Drive 0.4 0,5 
(Sink) Current, 10L 0.5 0,10 

Output High Drive 
(Source) Current, 4.6 0,5 

iOH 9.5 0,10 
Output Voltage - 0,5 

Low-Level, VOL - 0,10 
Output Voltage - 0,5 

High Level, VOH - 0,10 
Input Low Voltage, 0.5,4.5 -

V'L 1,9 -
Input High Voltage, 0.5,4.5 -

V,H 1,9 -
Input Leakage Any 0,5 

Current, liN Input 0,10 
3-State Output 

Leakage Current, 0,5 0,5 

lOUT 0,10 0,10 
Input 

Capacitance, C,n - -
Output 

Capacitance, Coul - -

Operating Current, - 0,5 
loo,t - 0,10 

'TYPical values are for "one" T. = 25' C 
and nominal Voo 

Voo 
(V) 
5 
10 
5 
10 

5 
10 
5 
10 
5 
10 
5 
10 
5 
10 
5 
10 

5 
10 

-

-

5 
10 

LIMITS 
CDP1831 CDP1831C UNITS 

Min. Typ." Max. Min. Typ." Max. 
- 0.01 50 - 0.02 200 IlA 
- 1 200 - - -

0.55 - - 0.55 - -

1.30 - - - - -

-0.35 - - 0.35 - - mA 
-0.65 - - - - -

- 0 0.1 - 0 0.1 
- 0 0.1 - - -

4.9 5 - 49 5 -
9.9 10 - - - - V 
- - 1.5 - - 1.5 
- - 3 - - -
3.5 - - 3.5 - -
7 - - - - -
- ±10 ±1 - - ±1 
- ±10 ±2 - - - mA 

- ±10-4 ±1 - - ±1 
- ±10 4 ±2 - - -

- 5 7.5 - 5 7.5 pF 

- 10 15 - 10 15 

- 5 10 - 5 10 mA 
- 10 20 - - -

tOutputs open-circuited, cycle time - 2 5 /1s 
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CDP1831, CDP1831C 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85·C, Voo ±5%, 

Input t" t, = 10 ns, CL = 50 pF, RL = 200kO 

TEST LIMITS 
CONDITIONS CDP1831 CDP1831C 

CHARACTERISTIC Voo 
(V) Mln,t Typ.· Max. Mln.t Typ.· Max. 

Access Time from 

Address Change, 5 - 850 1000 - 850 1000 
tAA 10 - 350 400 - - -

Access Time from 
Chip Select, 5 - 700 800 - 700 800 

tACS 10 - 250 300 - - -
Chip Select Delay, 5 - 600 - - 600 -

tcs 10 - 200 300 - - -
Address Setup Time, 5 50 - - 50 - -

t.s 10 25 - - - - -
Address Hold Time, 5 150 - - 150 - -

tAH 10 75 - - - - -
Read Delay, tMRO 5 - 300 500 - 300 500 

10 - 100 150 - - -
Chip Enable Output 

Delay from Address, 5 - 500 600 - 500 600 
tCA 10 - 200 250 - - -

Bus Contention Delay, 5 - 200 350 - 200 350 
to 10 - 100 150 - - -

TPA Pulse Width, 5 200 - - 200 - -
tPAW 10 70 - - - - -

tTlme required by a limit device to allow for the indicated function. 
'Time required by a tYPical device to allow for the Indicated function Typical values are for 
T. = 25· C and nominal VDD 

MA HIGH ORDER LOW ORDER 
JI\. ADDRESS BYTE ADDRESS BYTE 

~'A~ r----'AA 

'PA 
bAH 

TPA 

,l' ·1 ~ 
'm 

t----'ACo 
CS 

i--'cs-
HIGH IMPEDANCE I 

OUTPUT VALID DATA ACTIVE 

I '0-
~'CA 

-

BUS 

CEO --1: 
--~ 92CM 31039R2 

Fig. 2 - Timing waveforms. 

UNITS 

ns 
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Note: 
The dynamic characteristics and timing 
diagrams indicate maximum performance 
capability of the CDP1831. When used di­
rectly with a CDP1800-series microproces­
sor, timing will be determined by the clock 
frequency and internal delays of the 
microprocessor. 

Read-Only Memories (ROMs) 

CDP1831, CDP1831 C 

The following general timing relationships 
will hold when the CDP1831 is used with a 
CDPl800-series microprocessor: 

tAH = 0.5 tc 
tPAW = 1 tc 

MRD occurs one clock period (tc) earlier 
than the address bits MAO-MA7. 

where tc = -::-::-:-:--:-....:1,.....,. __ _ 
CPU clock frequency 
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CDP1832, CDP1832C Product Preview 

TERMINAL ASSIGNMENT 

MA7 I 24 VOO 512-Word X a-Bit Static 
MA6 2 23 AS 

Read-Only Memory MA5 3 22 NC 
MA4 4 21 NC 
MA3 5 20 ~ 
MA2 6 19 NC Features: 
MAL 18 NC • Compatible with CDP1800 and CD4000-series 
MAO 17 BUS7 

BUS 0 9 L6 BUS 6 devices 
BUS I 10 15 8US 5 • Functional replacement for industry type 2704 
8US 2 " I. BUS 4 

vss 12 13 BUS 3 
TOP VIEW 

NC = NO CONNECTION 
92CS- 21~79R2 

512 x 8 EPROM 
• Three-state outputs 

The RCA COP1832 and COP1832C types are 4096-bit 
mask-programmable CMOS read-only memories organized 
as 512 words x 8 bits and designed for use in COP1800-
series microprocessor systems. 

The COP1832 ROMs are completely static; no clocks are 
required. 

A Chip-Select input (CS) is provided for memory expansion. 
Outputs are enabled when CS=O. 

The CDP1832 is a pin-for-pin compatible replacement for 
the industry types 2704 EPROM. 

The COP1832C is functionally identical to the COP1832. 
The COP1832 has an operating voltage range of 4 to 10.5 
volts, and the COP1832C has an operating voltage range of 
4 to 6.5 volts. 

The COP1832 and COP1832C are supplied in 24-lead, 
hermetic, dual-in-line, side-brazed, ceramic packages (0 
suffix) and in 24-lead dual-in-line plastic packages (E 
suffix). The COP1832C is also available in chip form (H 
suffix). 

COU 
COPIB02 lIO 

92CS-27~80R3 

Fig. 1 - Typical CDP1802 microprocessor system. 

File Number 1145 
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______________________ Read-Only Memories (ROMs) 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (VDD) 
(Voltage referenced to VSS terminal) 

CDP1832, CDP1832C 

CDP1832 ...................................................................... -0.5 to +11 V 
CDP1832C ...................................................................... -0.5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS ....................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ................................................. ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For TA=-40 to +60'C (PACKAGE TYPE E) ............................................ 500 mW 
For TA=+60 to +85'C (PACKAGE TYPE E) ............ Derate Linearly at 12 mV/'C to 200 mW 
For TA=-55 to +100' C (PACKAGE TYPE D) .......................................... 500 mW 
For TA=+100 to 125'C (PACKAGE TYPE D) ....•...... Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............... 100 mW 

OPERATING-TEMPERATURE RANGE (TA)' 
PACKAGE TYPE D ............................................................ -55 to +125' C 
PACKAGE TYPE E ............................................................. -40 to +85' C 

STORAGE TEMPERATURE RANGE (Tstg) ......................................... -65 to +150'C 
LEAD TEMPERATURE (DURING SOLDERING)' 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. . ............... +265' C 

OPERATING CONDITIONS at TA=Full Package-Temperature Range. For maximum 
reliability, operating conditions should be selected so that operation Is always within the 
following ranges: 

LIMITS 
CHARACTERISTIC CDP1832 CDP183~ UNITS 

Min. Max. Min. Max. 
DC Operating Voltage Range 4 10.5 4 6.5 

V 
Input Voltage Range VSS VDD VSS VDD 

MAO 
MAl BUS7 
MA2 16 BUS6 
MA3 SI2 X 8 IS BUSS 
MA4 BUFFERS STORAGE 14 BUS4 CELL 
MAS AND ARRAY 13 BUS3 DECODERS II BUS2 

10 BUSI 
9 BUS 0 

C! 20 VDD' 24 

FUNCTIONAL DIAGRAM 
VSS 012 

92CS-27'~8IRt 

Fig. 2 - Functional diagram. 
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Read-Only Memories (ROMs) _____________________ _ 

CDP1832, CDP1832C 
STATIC ELECTRICAL CHARACTERISTICS at TA=-40 to +85' C, VDD ±5%, Except as noted 

CONDITIONS 

CDP1832 
CHARACTERISTIC .VO VIN VDD 

(V) (V) (V) Min. 
Quiescent Device - 5 5 -
Current, 100 - 10 10 -

Output Low Drive 0.4 0, 5 5 0.55 
(Sink) Current, IOL 0.5 0, 10 10 1.30 

Output High Drive 4.6 0, 5 5 -0.35 
(Source) Current, IOH 9.5 0, 10 10 -0.65 

Output Voltage - 0, 5 5 -
Low-Level, VOL - 0,10 10 -

Output Voltage - 0, 5 5 4.9 
High Level, VOH - 0, 1.0 10 9.9 

Input Low 0.5,4.5 - 5 -
Voltage, VIL 1,9 - 10 -

Input High 0.5,4.5 - 5 3.5 
Voltage, VIH 1,9 - 10 7 

Input Leakage Any 0,5 5 -
Current, liN Input 0, 10 10 -

3-State Output Leakage 0, 5 0, 5 5 -
Current, lOUT 0, 10 0, 10 10 -

Input Capacitance, - - - -
CIN 

Output Capacitance, - - - -
COUT 

Operating Device - 0,5 5 -
Current, loo1t - 0, 10 10 -. Typical values are for TA=25'C and nominal VDD. 

tOutputs open-circuited; cycle time=2.5 1'8. 

Typ.' 

0.01 
1 

-
-

-
-
0 
0 
5 
10 
-
-
-
-

±10-4 

±10-4 

±10-4 

±10-4 

5 

10 

5 
10 

LIMITS 

CDP1832C 

UNITS 
Max. Min. Typ.' Max. 

50 - 0.02 200 p.A 
200 - - -
- 0.55 - -
- - - -

mA 
- -0.35 - -
- - - -
0.1 - 0 0.1 
TI - - -
- 4.9 5 -
- - - -
1.5 - - V 

1.5 
3 - - -
- 3.5 - -
- - - -
±1 - ±10 4 ±1 
±2 - - - p.A 
±1 - ±10-4 ±1 
±2 - - -
7.5 - 5 7.5 

pF 
15 - 10 15 

10 - 5 10 mA 
20 - - -
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CDP1832, CDP1832C 
DYNAMIC ELECTRICAL CHARACTERISTICS al TA=-40 10 +85°C, VDD ±5%, 

Inpul I r,I,=10 n8, CL =50 pF, RL =200 kO 

TEST LIMITS 

CHARACTERISTIC CONDITIONS CDP1832 CDP1832C 

VDD 
(V) Min. Typ." Max. Min. Typ." Max. 

Access Time From 5 - 850 1000 - 850 1000 
Address Change. tAA 10 - 400 500 - - -

Access Time From Chip 5 - 400 550 - 400 550 
Select. tACS 10 - 200 250 - - -

Chip Select Delay. tcs 
5 - 200 250 - 200 250 
10 - 100 130 - - -

UNITS 

ns 

" Time required by a typical device to allow for the indicated function. Typical values are for 

TA=25°C and nominal VDD. 

MEMORY ADDRESS 

\V 
11\ 

os 
\ 

\ 
-'ACS 

BuS / HIGH IMPEDA CE , --+..t'l~~~lE LOY VAllO 
-'CS DATA 

I----'AA • 92CS-310 5M2 

Fig. 3 - Timing waveforms. 
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CDP1833, CDP1833C, CDP1833BC 
MA7 24 
MA6 23 
MAO 3 22 
MA4 4 21 
MA3 5 2C 

vOO 

TPA 
cn 
CSI 
CS2 

CMOS 1024-Word X 8-Bit Static 
Read-Only Memory 

MA2 6 19 MRD 
MAl 7 18 CEO 

MAO 8 17 BUS7 
BUS 0 9 16 BUS6 Features: 

BUSt 10 15 eUS5 
BUS2 " 14 BUS4 • CDP1833BC is compatible with the CDP1802BC 5 MHz microprocessor 

vSS 12 13 BUS3 • On-chip address latch 
TOP VIEW 

92CS- 2S8S9R2 

• Interfaces with CDP1800-series microprocessors without additional 
components 

• Optional programmable location within 64K memory space 
• Three-state outputs 

TERMINAL ASSIGNMENT 

The RCA-CDP1833, CDP1833C, and CDP1833BC are static 
8192-bit mask-programmable CMOS read-only memories 
organized as 1024-words x 8 bits and are completely static; 
no clocks are required. They will directly interface with the 
CDP1800-series microprocessors without additional 
comoonents. 

The CDP1833, CDP1833C, and CDP1833BC respond to a 
16-bit address multiplexed on 8 address lines. Address 
latches are provided on-chip to store the 8 most significant 
bits of the 16-bit address. By mask option, this ROM can be 
programmed to operate in any 1024-word block within 64K 
memory space. The polarity of the high-address strobe 
(TPA), CEI, CS1, and CS2 are user mask-programmable. 

The Chip-Enable output signal (CEO) is "high" when the 
device is selected. Terminals CEO and CEI can be 

" ---
ADDR BUS ADDR BUS ---

TPA TPA -----

" CD~9~3'3 RAM 

~ 

MRD MRD --
MWR 

CEO 

t2 .. 

II 

connected in a daisy chain to control selection of RAM 
memory in a microprocessor system without additional 
components. 

The CDP1833C and CDP1833BC are functionally identical 
to the CDP1833. The CDP1833 has a recommended 
operating voltage range of4 to 10.5 volts, and the CDP1833C 
and CDP1833BC have a recommended operating voltage 
range of 4 to 6.5 vol~s. The CDP1833BC is designed to 
interface with the CDP1802BC microprocessor. 

The CDP1833, CDP1833C, and CDP1833BC are supplied 
in 24-lead hermetic dual-in-line side-brazed ceramic 
package (D suffix) and 24-lead dual-in-line plastic package 
(E suffix). The CDP1833C IS also available In chip form (H 
suffix). 

l~ 
NO-N2 MRD 

TPB 

r--- Q 

i'r~ 
CPU SCO SCI 

I/O CDPl800 INTERRUPT CONTROL SERIES 

DMA-IN O=T 

EFI-EF4 

II l I 8-BIT BIDIRECTIONAL DATA BUS II 
'2CM-2lI890RI 

Fig. 1 - Typical CDP1800 Seri6s microprocessor system. 
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Read-Only Memories (ROMs) 

CDP1833, CDP1833C, CDP1833BC 
MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VOO) 
(Voltage referenced to Vss terminal) 

CDP1833 ....................................................................................................... -0.5 to +11 V 
CDP1833C. CDP1833BC ......................................................................................... -0.5 to +7 V 

INPUT VOLTAGE RANGE. ALL INPUTS ...................................................................... -0.5 to voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ............................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po). 

ForTA = -40 to +60'C (PACKAGE TYPE E) ........................................................................... 500 mW 
For TA = +60 to +85'C (PACKAGE TYPE E) ............................................. Derate Linearly at 12 mV/·C to 200 mW 
ForTA = -55 to +100'C (PACKAGE TYPE D) ......................................................................... · 500 mW 
ForTA = +100 to 125'C (PACKAGE TYPE D) ............................................ Derate Linearly at 12 mWI"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Packages) ..................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA)' 
PACKAGE TYPE D ........................................................................................... -55 to +125·C 
PACKAGE TYPE E ......................................................................................... ···· .-40 to +85'C 

STORAGE TEMPERATURE RANGE (Tstg) ........................................................................ -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1 59 ± 0.79 mm) from case for 10 s max ................................................... +265·C 

OPERATING CONDITIONS at TA = _40· to +85·C 
For maximum reliability, operating conditions should be selected so that operation Is always within the following ranges: 

CHARACTERISTIC 

DC Operating Voltage Range 

Input Voltage Range 

A I 
o I 
2 I 
~ , 
S I 
L I 
~ I 
C I 
H I 

Voo =- 24 

Vss" 12 

Min. 

4 

Vss 

8 
u 
F 
F 
E 
R 
a 
0 
E 
C 
0 
0 
E 
R 

LIMITS 

CDP1833 CDP1833C, CDP1833BC 

Max. Min. Max. 

10.5 4 6.5 

Voo Vss Voo 

BUS? 

SUS6 

BUS5 

BUS4 

BUS3 

92:CS-2:ee9IR4 

Fig. 2 - Functional diagram. 

UNITS 

V 
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CDP1833, CDP1833C, CDP1833BC 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo ± 5%, Except as noted 

CONOITIONS 

CHARACTERISTIC 
Vo V,N 
(V) (V) 

Quiescent Device Current 
- 5 

100 
- 10 

Output Low Drive 0.4 0, 5 

(Sink) Current IOL 0.5 0, 10 

Output High Drive 4.6 0, 5 

(Source) Current IOH 95 0, 10 

Output Voltage - 0, 5 

Low-Level VOL - 0,10 

Output Voltage - 0, 5 

High Level VOH - 0,10 

Input Low 0.5,4.5 -
Voltage V,L 1,9 -

Input High 0.5,4.5 -
Voltage V,H 1,9 -

I nput Leakage Any 0, 5 

Current liN Input 0, 10 

3-State Output 0, 5 0, 5 

Current lOUT 0, 10 0, 10 

Operating Device - 0,5 

Current IDD1t - 0,10 

Input Capacitance GIN - -

Output Capacitance COUT - -

• Typical values are for TA = 25° C and nominal Voo. 
t Outputs open-circuit; cycle time = 2.5 !is 

Voo 
(V) 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

-

-

LIMITS 

CDP1833 CDP1833C, CDP1833BC UNITS 

Min. Typ." Max. Min. Typ." Max. 

- 0.01 50 - 0.02 200 
!iA 

- 1 200 - - -

0.8 - - 0.8 - -
1.8 - - - - -

mA 
-0.8 - - -0.8 - -
-1.8 - - - - -
- a 0.1 - 0 0.1 

- 0 0.1 - - -
4.9 5 - 4.9 5 -
9.9 10 - - - -

V 
- - 1.5 - - 1.5 

- - 3 - - -
3.5 - - 3.5 - -
7 - - - - -
- ±10-4 ±1 - ±10-4 ±1 

- ±10-4 ±2 - - -
±10-4 ±1 ±10-4 ±1 

!iA - -
- ±10-4 ±2 - - -
- 7 10 - 7 10 

mA 
- 14 20 - - -

- 5 7.5 - 5 7.5 
pF 

- 10 15 - 10 15 

a-BIT BIDIRECTIONAL DATA BUS 

II II \ \ 

~ --- TPA 

~ 
---- ---

AOOR sus AOOR BUS ----
~ 

ROM ROM RAM 
No.1 No.2 

CDPIB33 COPI833 

~ ---- MiID --- MiID 

-ru... CEO CEI CEO cs 

CHIP SELECT cs CS 
SIGNAL 

Fig. 3 - Daisy chaining CDPI833's. 

"Daisy Chaining" with CEI inputs and CEO outputs is used 
to avoid memory conflicts between ROM and RAM in a user 
system. In the above configuration, if ROM #1 was masked­
programmed for memory locations 0000-03FF16 and ROM 

#2 masked-programmed for memory locations 040016-
07FF16, for address from 0000-07FF16 the RAM would be 
disabled and the ROM enabled. For locations above 07FF16 
the ROM's would be disabled and the RAM enabled. 
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______________________ Read-Only Memories (ROMs) 

CDP1833, CDP1833C, CDP1833BC 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to =85°C, Voo ± 5%, 
Input Ir, \I = 10 ns, CL = 50 pF, RL = 200 kQ 

TEST LIMITS 

CHARACTERISTIC CONDITIONS CDP1833 CDP1833C 

Voo (V) Mln.# Typ .• Max. Mln.# Typ .• Max. 

Access Time From 5 - 650 775 - 650 775 
Address Change tAA 10 - 350 425 - - -

Access Time From 5 - 500 625 - 500 625 
Chip Select tACS 10 - 275 310 - - -

5 - 250 320 - 250 320 
Chip Select Delay tcs 

10 - 125 180 - - -
5 75 50 - 75 50 -

Address Setup Time tAS 
10 40 25 - - - -
5 100 75 - 100 75 -

Address Hold Time tAH 
10 50 30 - - - -
5 - 400 500 - 400 500 

Read Delay tM"Ro 
10 - 200 275 - - ---

Chip Enable OutpU[ 5 - 120 170 - 120 170 
Delay from Address tCA 10 - 70 100 - - -

5 - 220 270 - 220 270 
Bus Contention Delay to 

10 - 130 150 - - -
5 200 - - 200 - -

TPA Pulse Width tPAW 
10 70 - - - - -

Chip Enable In to 5 - 200 250 - 200 250 
Chip Enable Out 
Delay tCEIO 10 - 100 150 - - -

# Time required by a limit device to allow for the indicated function . 

• Time reqUired by a tYPical deVice to allow for the indicated function. Typical values are for 
TA = 25° C and nominal voltages 

MA 

TPA 

CS 

LOW ORDER 
ADDRESS BYTE 

I--IAS~ -IAA 

IAH 
'PAW 

L 
IMRD ----j 

~ 
!---IACS 

I---Ics-

HIGH IMPEDANCE 

CDP1833BC 

Mln.# Typ .• Max. 

- 575 700 

- - -
- 475 600 

- - -

- 250 320 

- - -
75 50 -
- - -
75 50 -
- - -

- 400 500 

- - -
- 120 170 

- - -
- 220 270 

- - -
175 - -
- - -
- 200 250 

- - -

OUTPUT 
ACTIVE 

VAll D DATA BUS 

10 -
-I CA 

2CM- 31039R 
CEO -.Jr.: 
--~ 

FIg. 4 - TIming waveforms. 

UNITS 

ns 
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Read-Only Memories (ROMs) _____________________ _ 

CDP1833, CDP1833C, CDP1833BC 
Note: 
The dynamic characteristics and timing diagrams indicate 
maximum performance capability of the CDP1833. When 
used di rectly with a CDP1800-series microprocessor, ti m i ng 
will be determined by the clock frequency and internal 
delays of the microprocessor. 

The following general timing relationships will hold when 
the CDP1833 is used with a CDP1800-series micro­
processor. 

tAH = 0.5 te 
tPAW = 1 te 

MRD occurs one clock period (te) earlier than the address 
bits MAO-MA7. 

where te = ------­
CPU clock frequency 
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CDP1834, CDP1834C 
VOO MA7 

MA6 
MA5 3 
MA4 4 
MA3 5 
MA2 6 

24 
23 
22 
21 

20 
19 

MA8 
MA9 
NC 
CSI 
NC 

1028-Word X 8-Bit Static 
Read-Only Memory 

MAl 7 18 CS2 
MAO 8 17 BUS7 

BUS 0 9 16 BUS6 Features: 
BUSI \0 15 BUS5 
BUS2 II 14 BUS4 • Industry pin compatible 

VSS 12 13 BUS3 • Three-state outputs 
TOP VIEW 

NC, NO CONNECTION 
92CS-28727 

TERMINAL ASSIGNMENT 

The RCA-CDP1834 and CDP1834C are 8192-bit mask­
programmable CMOS read-only memories organized as 
1024-words x 8-bits and designed for use in CDP1800-
series microprocessor systems. The CDP1834-senes ROM's 
are completely static; no clocks are required 

Two Chip-Select inputs (CS1, CS2) are provided for memory 
expansion. The polarity of each Chip-Select is user mask-

RAM 

programmable. The CDP1834-series is pin-compatible with 
industry type 2708 EPROM. The CDP1834C is functionally 
identical to the CDP1834. The CDP1834 has a recommended 
operating voltage range of 4 to 1 0.5 volts and the CDP1834C 
has a recommended operating voltage range of 4 to 6.5 
volts. The CDP1834 and the CDP1834C are supplied in 
24-lead dual-in-line ceramic packages (D suffix) and in 
24-lead dual-in-line plastic packages (E suffix). The 
CDP1834C is also available in chip form (H suffix). 

I/O 

92CM-32226RI 

Fig 1 - TYPical CDP1802 microprocessor system. 
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CDP1834, CDP1834C 
MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDD)' 
(All voltage values referenced to VSS terminal) 

CDPI834 .............. , ..... , . , ... , , . , ...... , ..................... , , , .... , .... , .. , . , ... , ... , .. , , .......... , , .. , 0.5 to +11 V 
CDP1834C ................................... , ... ,..... . ... , ........ , ......... , ............. , .. " ..... , ....... -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ........ , .... , .. , ............... , .. , ............. , ......... , ............. -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ........ " .................. '" ., .. , .......... , ............ , "" ................. , ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For TA = -40 to +60'C (PACKAGE TYPE E) ......... , , ... , ................. , ............. , .... , ......... " .. " ........... 500 mW 
For T A = +60 to +85' C (PACKAGE TYPE E) .. , ............... , ........ , ................. , ... Derate Linearly at 12 mW/'C to 200 mW 
For TA = -55 to +100'C (PACKAGE TYPE D) ..................... , .......................... , .... , ... , ................ ,' 600 mW 
For TA = 100 to +125'C (PACKAGE TYPE D) ...... ,. " , ..................................... Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE ..... , ............. , '" , ,., ........ ,." ........ , .... , , .. ,." .. , , ..... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D ............ , ..................... " ............................... , ......... " .. ,' , .. ,., ... ,' -55to+125'C 
PACKAGE TYPE E ................... , ......... , .... , , ............ , , .. , ..... , ....... , .......... , , .. , , .. , , , , . , . , ., -40 to +85'C 

STORAGE TEMPERATURE RANGE (Tstg), .............. , ............................ " .. , .... , .... , .... ,', ... ,"',. -65 to +160'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ...... , ............. , .. , ............... " .... ,', .. ," ,., +265'C 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, VDD 5%, Except as noted 

CONDITIONS 
CHARACTERISTIC Vo VIN 

(V) (V) 

Quiescent Device Current IDD - 5 
- 10 

Output Low Drive 0.4 0, 5 
(Sink) Current IOL 0.5 0, 10 

Output High Drive 4.6 0,5 
(Source) Current IOH 9.5 0,10 

Output Voltage Low-Level VOL 0,5 
- 0, 10 

Output Voltage High Level VOH - 0,5 
- 0, 10 

Input Low Voltage VIL 0.5,4.5 -
1, 9 -

Input High Voltage VIH 0.5,4.5 -
1 9 -

Input Leakage Current liN Any 0,5 
Input 0, 10 

3-State Output 0, 5 5 
Leakage Current lOUT 0,10 10 

I nput Capacitance CIN 
Output Capacitance COUT 

Operating Device Current IOO1t 
0, 5 

- 0, 10 

'Typical values are for T A = 25° C and nominal VDO. 

tOutputs open-circuited; cycle time = 2.5 Jls. 

VDD 
(V) 
5 
10 
5 
10 
5 
10 
5 
10 
5 
10 
5 
10 
5 
10 
5 
10 
5 
10 

5 
10 

LIMITS 
CDP1834 

Min. Typ.· Max. Min. 
- 0.01 50 -
- 1 200 -
0.8 - - 0.8 
1.8 - - -
-0.8 - - -0.8 
-1.8 - - -

0 0.1 
- 0 0.1 -
4.9 5 - 4.9 
9,9 10 - -
- - 1.5 -
- - 3 -
3.5 - - 3.5 
7 - - -
- - ±1 -
- - ±2 -
- - ±1 -
- - ±2 -

5 7.5 
- 10 15 -

7 10 -
- 14 20 -

CDP1834C UNITS 
Typ.* Max. 
0.02 200 

JlA - -
- -
- - rnA 
- -
- -
0 0.1 
- -
5 -
- - V 
- 1.5 
- -
- -
- -
- ±1 
- -

JlA 
- ±1 
- -
5 7.5 

pF 
10 15 
7 10 

rnA 
- -

740 ___________________________________________________________ ___ 
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CDP1834, CDP1834C 
OPERATING CONDITIONS at T A = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC CDP1834 CDP1834C UNITS 

Min. Max. Min. Max. 
DC OperatinQ VoltaQe Range 4 10.5 4 6.5 V 
Input Voltage Range VSS VDD VSS VDD 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to + 85°C, VDD ± 5%, Input tr, tf = 10 ns, CL = 50 pF, RL = 200 kO 

TEST 
CONDITIONS 

CHARACTERISTIC VDD 
(V) Min, 

Access Time from Address Change, 5 -
tAA 10 -

Access Time from Chip Select, 5 -
tACS 10 -

Chip Select Delay, 5 -
tcs 10 -

'Typical values are for T A = 25°C and nominal VDD. 

Note The COP1834 and CDP1834C 
must be deselected before an address 
change or remain selected at least 50 
ns after an address change 

CDP1834 

Typ.' 
575 
350 
600 
325 
480 
250 

Fig. 2 - Tlmmg waveforms. 

MAO 
MAl 

MA2 

MA3 
MA4 

MA5 

CSI 

CS2 

1024 X 8 OUTPUT STORAGE BUFFERS CELL 
ARRAY 

Fig. 3 - Functional diagram. 

LIMITS 
CDP1834C 

UNITS 
Max. Min. Typ.' Max. 
750 - 575 750 ns 
425 - - -
700 - 600 700 ns 
410 - - -
580 - 480 580 ns 
340 - - -

VALID DATA 

92CS·U91!5RI 

17 BUS7 
IS 

BUSS 
15 BUS5 
14 

BUS4 
13 

BUS3 
II 

BUS2 
10 

BUSI 
BUS 0 

Voo " 24 
Vss "12 

92CS-28914R3 
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CDP1835C 

MA7 I 24 
MA6 2 23 
MAS 3 22 
MA4 4 21 

Voo 

TPA 
cn 
CSI 

CMOS 2048-Word X 8-Bit Static 
Read-Only Memory 

MA3 5 20 CS2 
MA2 6 19 MRli 
MAl 7 18 CEO 

MAO 8 17 BUS7 
BUSO • 9 16 BUS6 

BUSI 10 IS BUSS 
BUS2 II 14 BUS4 

VSS 12 13 BUS3 
Features: 

TOP VIEW 

92CS-33188 
• Interfaces with CDP1800-series microprocessors 

(fCIOCk::; 5 MHz) without additional components 
• On-chip address latch 

TERMINAL ASSIGNMENT 
• On-chip address decoder pro~ides programmable location within 64K 

memory space 
• Three-state outputs 

The RCA-COP1835C is a 16384-bit mask-programmable 
CMOS read-only memory, organized as 2048 words x 8 bits 
and is completely static: no clocks required. It will directly 
interface with COP1800-series microprocessors that have 
clock frequencies up to 5 MHz without additional 
components. 

The COP1835C responds to a 16-bit address multiplexed on 
8 address lines. Address latches are provided on-chip to 
store the 8 most significant bits of the 16-bit address. By 
mask option, this ROM can be programmed to operate in 
any 2048-word block of 64K memory space. The polarity of 
the high address strobe (TPA), MAD, CEI, CS1, and CS2 are 
user mask-programmable. 

RAM 

The Chip-Enable output signal (CEO) is "high" when the 
device is selected. Terminals CEO and CEI can be connected 
in a daisy chain to control selection of RAM memory in a 
microprocessor system without additional components. 

The COP1835C has a recommended operating voltage 
range of 4 to 6.5 volts. 

The COP1835C is supplied in 24-lead heremetic dual-in­
line side-brazed ceramic packages (0 suffix) and 24-lead 
dual-in-line plastic packages (E suffix). 

CPU 
CDPIBOO 
SERIES 

I/O 

92CM-33192RI 

Fig. 1 - Typical CDP1800 Series microprocessor system. 
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CDP1835C 
MAXIMUM RATING, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo) 
(All voltages referenced to Vss terminal) ............ . . .............................. , ..................... , .. -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS ........... .. . ........... -0 5 to Voo +0 5 V 
DC INPUT CURRENT, ANY ONE INPUT ............ . . .......................................................... ~O~ 
POWER DISSIPATION PER PACKAGE (Po) 

For TA = -40 to +60'C (PACKAGE TYPE E) .......... .. ........................................................ 500 mW 
For TA = +60 to +85'C (PACKAGE TYPE E) ................................................. Derate linearly at 12 mW/'C to 200 mW 
For TA = -55 to +100'C (PACKAGE TYPE D)............... . ........................................................ 500 mW 
For TA = +100 to +125'C (PACKAGE TYPE D) ........... . ..... Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE ....................................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA) 
PACKAGE TYPE 0 ...... .. .......................................................................... -55 to +125'C 
PACKAGE TYPE E ................................................................................ , ................ -40 to +85'C 

STORAGE TEMPERATURE RANGE (T"g) ........................................................................... -65 to +150'C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 In (159 ± 0 79 mm) from case for 10 s max ....................................................... +265'C 

OPERATING CONDITIONS at TA = FULL PACKAGE-TEMPERATURE RANGE 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges' 

LIMITS 
CDP1835C 

CHARACTERISTIC UNITS 
Min. Max. 

DC Operating Voltage Range 4 65 
V 

Input Voltage Range Vss Voo 

ADDRESS 
MA7 , LATCH, 17 BUS 7 

MA. 
CONTROL '2:048 II 8 OUTPUT I. BUS 6 CIRCUIT MEMORY BUFFERS 

MAO 3 AND 
DECODER 

ARRAY 

" BUS 5 

MA. • SELECT 
" 

BUS 4 

MA3 13 aus 3 

MA2 BUS 2 

MA' 10 BUS I 

MAO BUS 0 

TPA 

MRO 
OUTPUT 

Q---l.!- V DO CS' 

CONTROL 
DE 

o--!-!-- Vss CS2 

92CM-31227 

Fig. 2 - Functional block diagram. 
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CDP1835C 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +850 C, VDD = 5 V ± 5%, except al noted 

CHARACTERISTIC 

Quiescent Device Current 100 

Output Low Drive (Sink) Current IOL 

Output High Drive (Source) Current IOH 

Output Voltage Low-Level VOL 

Output Voltage High-Level VOH 

Input Low Voltage VIL 

Input High Voltage VIH 

Input Leakage Current (Any Input) liN 

3-State Output Leakage Current lOUT 

Operating Device Current lOPER-

Input Capacitance CIN 

Output Capacitance COUT 

'Typical values are for TA = 250 C and nominal Voo. 
-Outputs open circuited; cycle time 1 IJS. 

CONDITIONS 

Vo VIN 
(V) (V) Min. 

- 0, voo -

0.4 0, Voo O.B 

Voo -0.4 0, Voo -O.B 

- 0, Voo -
- 0, Voo Voo -0.1 

Voo -0.5 - -
Voo -0.5 - 3.5 

- 0, Voo -

0, Voo 0, Voo -

- 0, voo -
- - -

- - -

8-BIT BIODIRECTIONAL DATA BUS 

II /I II 
~ --- TPA 

~ ----
ADDR BUS --

-- ADQR BUS 

~ WE 
ROM ROM RAM 
Nol No.2 SIISA 

CDPI83!5C COPl835C 

~ ---- MAil --- MAil 
OE 

CEO CEI CEO CE 

CHl'SELECT CS CS 
SIGNAL 

92CS-33190R3 

FIg a - TypIcal use of daISY chaining feature of the CDPl835C. 

LIMITS 

CDP1835C 

Typ.' 

5 

1.6 

-1.6 

0 

Voo 

-

-

-

-

5 

5 

10 

UNITS 

Max. 

50 IlA 

-
mA 

-
0.1 

-
V 

1.5 

-
±1 

IlA 
±2 

10 mA 

7.5 
pF 

15 

"Daisy Chaining" with CEI inputs and CEO outputs is used 
to avoid memory conflicts between ROM and RAM in a user 
system In the above configuration, If ROM No.1 was 
masked-programmed for memory locations 0000-07FF16 
and ROM No.2 masked-programmed for memory locations 

OB0016-0FFF16, for addresses from 0000-OFFF16, the RAM 
would be disabled and one of the ROMs enabled. For 
locations above OFFF16, the ROM's would be disabled and 
the RAM enabled 
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______________________ Read-Only Memories (ROMs) 

Signal Descriptions 

MAO-MA7: 16-bit multiplexed address inputs. The high­
byte address bits are strobed into the on-chip address lath 
with the trailing edge of TPA. High-byte bits A 11, A 12, A 13, 
A14 and A15 are polarity mask-programmable for use as 
chip enable inputs for memory expansion. 

MRD: Memory read input. Controls the output buffers and 
Chip Enable Output (CEO), and powers down the ROM. 
MRD must be valid on or before the trailing edge of TPA. 
When MRD IS not valid, the output buffers are tri-stated. The 
active polarity of MRD is mask-programmable. 

CS1, CS2: Mask-programmable chip-select inputs. The 
chip-select inputs control the data output buffers only (not 
CEO). The output buffers will be tri-stated when either CS1 
or CS2 15 not valid 

CDP1835C 

TPA: The trailing edge of TPA is used to latch the high­
byte of the 16-bit multiplexed address. The ROM is enabled 
after the trailing edge of TPA (MRD active). The active 
polarity of TPA is mask-programmable. 

CEI, CEO: The Chip Enable Input (CEI), in conjunction 
with the Chip Enable Output (CEO) can be used in a "Daisy 
Chain" configuration to avoid memory conflicts between 
ROM and RAM. CEO is high when the ROM is enabled (i.e., 
MRD is low, TPA toggled) or CEI is active. The active 
polarity of CEI is mask-programmable. 

BUSO-BUS7: 8-Bit Tri-State data bus. 

VDD, VSS: Power supply connections 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +850 C, voo = 5V ± 5% 
Input t,," = 10 ns, CL = 100 pF, and 1 TTL Load 

LIMITS 
CDP1835C 

CHARACTERISTIC UNITS 
Min. Max. 

Access Time from Address Change tAVQV - 500 

Chip Select to Output Active tSVQX 0 200 

Address Setup Time tAS 50 -

Address Hold Time IAH 50 -

MRD Setup Time' tASU 0 -

Chip Enable Output Delay from TPA tCA - 125 

Output Delay from TPA to - 200 ns 

TPA Pulse Width tPAW 125 -

Chip Enable In to Chip Enable Out Delay tCEID - 100 

Chip Select to Output Valid tSVQV - 200 

Chip Deselect to Output High Z tSXQZ - 200 

MRD to CEO Low tRxeL - 150 

--
MRD to Output High Z tRXQZ - 200 

• MRD must be valid on or before the trailing edge of TPA. (Output will be tri-stated and the ROM powered down when 
MRD is not valid.) 
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CDP1835C 

NA 

TPA 

II 
NRO 

1 

CS I21 

HIGH ORDER 
ADDRESS BYTE 

i--'AS-

I--
'I 

' PAW ..... 

- 'RSU I.-

II\. 

LOW ORDER 
ADDRESS BYTE 

'AVQV 

1--' AH 

141 
'SVQV 

'SVQX-

HIGH IMPEDANCE 
BUS 

131 
CEO 

eEl: 
---.., 

'0 

r---'CA-

--r--' CEJ:O 

- , RXCL -
J~ 

- , RXQZ 1--

- t SXQZ 1-'-
OUTPUT 
ACTIVE 

LOW J 
VALID DATA 

'---

9ZCM - 37229 

FIg 4 - Tlmmg dIagram. 

Notes: 
(1) MRD must be valid on or before the trailing edge of 

TPA. (Output will be trl-stated and the ROM powered 
down when MRD Is not valid. 

(2) CS (CS1 and CS2) controls the output bullers only. 
Output will be trl-stated when either CS 1 or CS21s not 
valid. 

(3) CEO Is high when ROM Is enabled. 
(4) Provided tAVQV Is satlslled. 
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______________________ Read-Only Memories (ROMs) 

CDP1837C 

MA7 24 
MAS 2 23 
MA5 3 22 
MA4 4 21 
MA3 20 

VDD 

TPA 

cn 
CSI 
CS2 

4096-Word X a-Bit Static 
Read-Only Memory 

MA2 19 MRD 
MAl 18 CEO 

MAO 17 BUS7 
BUS 0 16 BUS6 

BUS I 10 15 BUS5 
BUS2 " 14 BUS4 Features: 

V5S 12 13 BUS3 
TOP VIEW • Interfaces with CDP1800-series microprocessors 

(fCIOCk :s 5 MHz) without addItIonal components 
• On-chip address latch 

TERMINAL ASSIGNMENT 
• On-chip address decoder provides programmable location within 64K 

memory space 
• Three-state outputs 

The RCA-CDP1837C is a 32768-bit mask-programmable 
CMOS read-only memory, organized as 4096 words x 8 bits 
and is completely static: no clocks required. It will directly 
interface with CDP1800-series microprocessors, having 
clock frequencies up to 5 MHz, without additional 
components. 

The CDP1837C responds to a 16-bit address multiplexed on 
8 address lines Address latches are provided on chip for 
storing the high byte address data. By mask option, this 
ROM can be programmed to operate in any 4096-word 
block of 64-K memory space. The polarity of the high 
address strobe (TPA), MRD, CEI, CS1, and CS2 are user 
mask-programmable. 

RAM 

The Chip-Enable output signal (CEO) is "high" when the 
device is selected. Terminals CEO and CEI can be con~ected 
in a daisy chain to control selection of RAM memory in a 
microprocessor system without additional components. 

The CDP1837C has a recommended operating voltage 
range of 4 to 6.5 volts. 

The CDP1837C is supplied in 24-lead heremetic dual-In­
Ime side-brazed ceramic packages (D suffix) and 24-lead 
dual-in-line plastic packages (E suffix). 

CPU 
CDPIBOO 
SERIES 

IIO 

92Ct.l~35120 

Fig. 1 - Typical CDP1800 Sefles microprocessor system. 

File Number 1381 
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Read-Only Memories (ROMs) _____________________ _ 

CDP1837C 
MAXIMUM RATING, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo) 
(All voltages referenced to Vss terminal) ., ..... , ...................................................................... -0.5 to +7 V 

INPUT VOLTAGE RANGE, ALL INPUTS .......................................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 rnA 
POWER DISSIPATION PER PACKAGE (Po) 

For TA = -40 to +60°C (PACKAGE TYPE E) ............................................................................... 500 mW 
For TA = +60 to +85°C (PACKAGE TYPE E) ................................................. Derate Linearly at 12 mW/oC to 200 mW 
ForTA = -55 to +100°C (PACKAGE TYPE D) ............................................................................. 500 mW 
For TA = +100 to +125°C (PACKAGE TYPE D) .............................................. Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE ....................................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA) 
PACKAGE TYPE D ............................................................................................... -55 to +125°C 
PACKAGE TYPE E ................................................................................................. -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) ........................................................................... -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1116 ± 1132 In (159 ± 0 79 mm) from case for 10 s max ....................................................... +265°C 

OPERATING CONDITIONS at TA = FULL PACKAGE-TEMPERATURE RANGE 

For maximum reliability, nominal operating conditions should be selected so that operation is always within the 

following ranges. 

LIMITS 

CHARACTERISTIC CDP1837C UNITS 

MIN, MAX, 

Supply-Voltage Range 4 6.5 
V 

Recommended Input Voltage Range Vss Voo 

AOORESS 
MA7 t LATCH 17 BUS 7 

COI'/TROL 4096, e OUTPUT 
16 BUS 6 MA6 CIRCUIT MEMORY BUFFERS 

MA' 3 OE~~gER 
ARRAY 15 BUS 5 

MA4 4 SELECT 14 BUS 4 

MA3 13 BUS 3 

MA2 " BUS 2 

MAl 10 BUS I 

MAO 9 BUS 0, 

23 19 

TPA 

MRo 
OUTPUT 

CONTROL 

o---ll-- VOD CSI 
OE 

~VSS CS2 

92CM-!7228 

Fig. 2 - Functional block diagram. 
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______________________ Read-Only Memories (ROMs) 

CDP1837C 
STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +85°C, Voo = 5 V ± 5%, except as noted 

CHARACTERISTIC 

Quiescent Device Current IDD 

Output Low Drive (Sink) Current IOL 

Output High Drive (Source) Current IOH 

Output Voltage Low-Level VOL 

Output Voltage High-Level VOH 

Input Low Voltage VIL 

I nput High Voltage VIH 

Input Current liN 

3-State Output Leakage Current lOUT 

Operating Device Current IOPERe 

Input Capacitance CIN 

Output Capacitance COUT 

'Typical values are for TA = 25°C and nominal VDD. 
eOutputs open circuited; cycle time 1 IJ.S. 

CONDITIONS 

Vo VIN 
(V) (V) 

- 0, VDD 

04 0, VDD 

VDD -0.4 0, VDD 

- 0, VDD 

- 0, VDD 

VDD -0.5 -

VDD -0.5 -

- 0, VDD 

0, VDD 0, VDD 

- 0, VDD 

- -

- -

LIMITS 

CDP1837C UNITS 

Min. Typ.' Max. 

- 5 50 /J.A 

08 1.6 -
mA 

-0.8 -1.6 -

- ° 0.1 

VDD -0.1 VDD -
V 

- - 1 5 

3.5 - -

- - ±1 
/J.A 

- - ±2 

- 5 10 mA 

- 5 7.5 
pF 

- 10 15 

8-BIT BIDIRECTIONAL DATA BUS 

II II II 
~ ---- TPA 

AOOR BUs" 
---

ADOR BUS ----
AOOR BUS 

-v --- ----
~ 

ROM ROM RAM 
No.1 No.2 

CDPI837C CDPI837C 

~ - ---- ~ ----- IJlIfl 

CEO CEI CEO es 
CHl'SELECT CS '------T-~ SIGNAL 

92CS-35122RI 

Fig. 3 - Daisy chaining CDPI837C's. 

"Daisy Chaining" with CEI inputs and CEO outputs is used 
to avoid memory conflicts between ROM and RAM in a user 
system. In the above configuration, if ROM No.1 was 
masked-programmed for memory locations 0000-OFFF'6 
and ROM No.2 masked-programmed for memory locations 

1000'6-1 FFF'6, for addresses from 0000-1 FFF'6, the RAM 
would be disabled and one of the ROMs enabled. For 
locations above 1 FFF'6, the ROM's would be disabled and 
the RAM enabled. 

__________________________________________________ ---------749 



Read-Only Memories (ROMs) _____________________ _ 

CDP1837C 
Signal Descriptions 

MAO-MA7: 16-bit multiplexed address inputs. The high­
byte address are strobed into the on-chip address latch with 
the trailing edge of TPA. High-byte bits A12, A13, A14 and 
A 15 are polarity mask-programmable for use as chip enable 
inputs for memory expansion. 

MRD: Memory read input. Controls the output buffers and 
9l!£? Enable Output (CEO), and powers down the ROM. 
MRD must be valid on or before the trailing edge of TPA. 
When MRD is not valid, the output buffers are tri-stated. The 
active polarity of MRD is mask-programmable. 

CS1, CS2: Mask-programmable chip-select Inputs. The 
chip-select inputs control the output buffers only (not 
CEO). Theoutput buffers will be tri-stated when either CS1 
or CS2 is not valid. 

TPA: The trailing edge of TPA is used to latch the high 
byte of the 16-bit multiplexed address. The ROM is enabled 
after the trailing edge of TPA (MRD active). The active 
polarity of TPA is mask-programmable. 

CEI, CEO: The Chip Enable Input (CEI), in conjunction 
with the Chip Enable Output (CEO) can be used in a "Daisy 
Chain" configuration to avoid memory conflicts between 
ROM and RAM. CEO is high when the ROM isenabled (i.e., 
MRD is low, TPA toggled) or CEI is active. The active 
polarity of CEI is mask-programmable. 

BUSO-BUS7: 8-Bit Tn-State data bus. 

VDD, VSS: Power supply connections 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = -40 to +850 C, VDD = SV ± 5'10 
Input tr, b = 10 ns, CL = 100 pF, and 1 TTL Load 

LIMITS 
CDP1837C 

CHARACTERISTIC UNITS 
Min. Max. 

Access Time from Address Change tAvav - 500 

Chip Select to Output Active tsvax 0 200 

Address Setup Time tAS 50 -

Address Hold Time tAH 50 -
MRD Setup Time· tRSU 0 -

Chip Enable Output Delay from TPA tCA - 125 

Output Delay from TPA to - 200 ns 

TPA Pulse Width tPAW 125 -

Chip Enable In to Chip Enable o'ut Delay tCEIO - 100 

Chip Select to Output Valid tsvav - 200 

Chip Deselect to Output High Z tsxaz - 200 

MRD to CEO Low tRXCL - 150 

--MRD to Output High Z tRxaz - 200 

• MRD must be valid on or before the trailing edge of TPA. (Output will be Tri-Stated and the ROM powered down when 
MRD is not valid.) 
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TPA 

(I 

MRD 

BUS 

(3 
CEO 

) 

) 

) 

eEl: 

Read-Only Memories (ROMs) 

CDP1837C 

HIGH ORDER LOW ORDER 

J ADDRESS BYTE ADDRESS BYTE 

f---'AS- tAVQV 

~ 1--, AH 

, PAW ..... 

- , RSU \.00- -- t Rxel f----

1\ JI\ 
(4) 

tSVQV - t AXQZ "I--

'SVQX- - t SXQZ .. t--

HIGH IMPEDANCE OUTPUT 
ACTIVE VALID DATA 

---; 

LOW 
, D 

!--'CA-

J--- t--'CEIO 

92CM 37229 

Fig 4 - Timing diagram 

Notes: 
(1) MRD must be valid on or before the trailing edge of 

TPA. (Outp~ be tri-stated and the ROM powered 
down when MRD is not valid. 

(2) CS (CSl and CS2) controls the output buffers only. 
Output will be tri-stated when either CSl or CS2 is not 
valid. 

(3) CEO is high when ROM is enabled. 
(4) Provided tAVQV is satisfied. 

f\---
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High-Reliability Devices 

High-Reliability Microprocessor, Memories 
and Peripherals 
Non-Radiation Hardened CMOS LSI Devices 
Features: 

• Low power consumption 
• Fully Static 
• Single power supply 
• Full military temperature range 
• High nOise immunity 
• Complete family which includes RAMs, ROMs, and I/Os 
• Full CMOS CDP1802 mlCrorocessor 

The RCA high-reliability slash-series of CMOS LSI 
microprocessor, memories, and peripherals are ideally 
suited for military applications such as mobile ground 
equipment that must be battery operated and exposed to 
harsh environments. Use of a high-reliable, all CMOS LSI 
technology provides low power operation throughout the 
military temperature range. 

The 'Slash 3' suffix following the type designation indicates 
that the devices are screened to military specifications as 
described in the lot screening sequence on the next page. 

CDP1800 Serle. 

The RCA CDP1 BOO series offers a complete line of CMOS 
microprocessor, and associated memory and peripheral 
devices. The heart of the series is the CDP1 B02A central 
processing unit (CPU). This unit, which features CMOS 
register-based architecture, offers 16 internal registers to 
facilitate data manipulation and to reduce the need for 
additional devices. The need for external devices Is even 
further reduced by use of on-chip clock, DMA, and single 
phase operation. 

The microprocessor uses CMOS technology, designed on a 
single chip to maintain low power drain intended for multi­
system applications requiring general-purpose CPU-s, large 
memory address space, and extensive external I/O for use 
with optimized peripherals. 

The RCA CDP180o-series memory/microprocessor product 
line offers the system designer exceptional flexibility in 
hardware/software tradeoffs. In addition this product line 
includes a programmable 110, universal asynchronous 
receiver-transmitter (UART), directly interfaceable random­
access memories (RAMs) and read-only memories (ROMs). 

The RCA-CDP1800 Slash(/) Series memories are designed 
for use in memory systems where high speed, low operating 
current, and simplicity in use are desirable. These devices 
feature excellent noise immunity. These types have separate 
data inputs and outputs and utilize a single power supply of 
4 to 6.5 volts. 

General-Purpo.e Memorle. 

In addition to the memories designed to interface directly 
with CDP1BOO-series RCA also features a line of general­
purpose memories. These memories include industry­
standard ROM's that can be mask-programmed to meet 
customer application requirements. These ROMs feature: 
low-power CMOS technology with high-noise Immunity 
and full-temperature-range characteristics. 

The list of memories also includes fully static CMOS RAMs 
with densities up to 32K-bytes, low operating power, low 
standby current, and memory retention for 2 to 2.5 volt 
minimum standby battery voltage. 

The standard versions of these devices are screened to the 
RCA "Slash 3" (Modified Class B) screening sequence. 

Guide to the Part Number, Package Designator, and Product 
Assurance Level of RCA High-Reliability CDP18XX Series. 

Part Number 

CDP18XX 
CDMXXXX 

CDX XXXX 

Revl.'on 

A = 1.t 
B = 2nd 
etc. 

x X D 

Voltege 

C = 5-Volt Device 
Non-C = 10-Volt 

Device 

13 

Package De.'gnator 

D = Dual-In-Llne 
J = Leadle •• Chip 

Carrier 

Product A •• urance 
Level 

/3 

Modified 
CI ... B 

nCS_AI 
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____________________________ High-Reliability Devices 

Data Supplied 

Non-Radiation Hardened CMOS LSI Devices 
Product Flow Chari 

GE Solid State Product Assurance Level /3 
<Modified Class B Screening 

Post Burn~ln 
Electrical 1----------------. 
Testing 

-5S/+125°C 
Temperature Testing 

V L.... __ _ 

External Visual 

Group A 
Quality 

Conformance 
Test 

_____ ...J 

Optional Groups B, C and D Inspection Lot 
Conformance Testing are performed only If 
specifically ordered. 

Data supplied with /3 Product consists of: 
a) A Certificate of Processing and Screening Compliance, 
b) An Attribute Summary of Group A results, 
c) Group S, C, and D Attribute Test results (when ordered). 
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Non-Radiation Hardened CMOS LSI Devices 
High-Reliability LSI Microprocessor Memorlel and Peripherals 

Lot Screening Tests -/3 Screening 

SCREEN METHOD (MIL-STD-883) 

I nternal Visual Cond.B 

Modified for LSI Visual 

Pre-Seal Bake -
Stablization Bake 1008 

Condo C (150°C Min.) 

24 Hours 

Temperature Cycling 1010 (-65°C to 150°C) 

Cond.C 

Constant Acceleration 2001 

(Centrifuge) Condo E (30,000 G) 

Y1Dir. 

Seal 1014 

A) Fine Aor B 

B) Gross C 

Initial (Pre Burn-In) Per Applicable 

Electrical Parameters at 25° C Device Spec. 

Burn-In 1015,160 Hrs@ 125°C 

Interim (Post Burn-In) Per Applicable 

Electrical Parameters Device Spec. 

at 25°C 

Final Electrical Test Per Applicable 

@ -55/125° C Device Spec. 

Group A Quality Conformance Test 5005 

External Visual 2009 

NOTES: 
Note 1. Internal Vlluallnlpectlon Modified for LSI 

REQMT. NOTES 

100% 1,2 

100% 

100% 

100% 

100% 

4 

100% 

100% 

100% 

100% 3 

100% 

100% 

Sample 

100% 

Internal Visual Inspection is performed to MIL-STD-883, Method 2010, Condition B except as follows: 
A.. High Magnification Inlpectlon Is performed at 200X t0300X and applies to the high current areas of the chip. 

The remainder of the chip is inspected at 75X to 150X where high magnification is required. 
B. Metallization Voldl (3.2.1.2) 

Criteria 3.2.1.1a Metallization Scratches, and 3.2.1.2a Metallization Voids shall also apply to metallization 
over a passivation step (3.2.1.1 d, 3.2.1.2b). Underlying oxide must also be exposed. 

C. Metallization Alignment (3.2.1.7) 
Dlffullon and Pasllvatlon Layer(l) Faults (3.2.0) 
High magnification inspection is performed at 200X to 300X, applied to the center and two opPosite corners 
of the chip, consisting only of the area exposed to the immediate field of view. 

D. Scribing and Ole Defects (3.2.3) 
In addition: A crack that exceeds 5.0 mils in length must also point to or cross a scribe grid line to be 
unacceptable. Semi-circular cracks that point away from the active circuit are acceptable. 

Note 2. SOS Technology Devices; CDP1821, 1822, 1823, CDM5114 Only 
1. Diffusion faults are not applicable. SOS devices are inspected for complete islands, bridging between 

islands and missing adjacent contacts from a row in a contact chain. 
2. The 1.0 mil wire clearance criteria is not applicable. 
3. Passivation faults are not applicable because a second free flow oxide is used prior to metallization. 
4. Oxide gate bridge inspection is not applicable. 
5. Semi-circular cracks not in an active area which start and end at the pellet edge area are acceptable. 

Note 3. See Individual Data Sheets for Burn-In Circuits 
Note 4. 40-Lead DIC Packages use 20,000 G centrifuge. 
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Non-Radiation H~rdened CMOS LSI Devices 
Index to the RCA High-Reliability Microprocessor, Memories and Peripherals Devices (Non-Radlallon Hardened) 

RCA CIRCUIT DATA RCA CIRCUIT DATA 
PART NO. FUNCTION FILE NO. PART NO. FUNCTION FILE NO. 

CDM5114CD/3 4K Static RAM 1716 CDP1831 0/3 4K Static ROM -
1024-Word by 4-Bit 512-Word by 8-Bit 

CDM5332CD/3 32K Static ROM 1965 CDP1802 Compatable 

4096-Word by 8-Bit CDP1832CD/3 4K Static ROM 1712 

CDM6116ACD/3 16K Static RAM 1688 512-Word by 8-Bit 

2048-Word by 8-Bit 2704 Replacement 

CDM6116BCD/3 16K Static RAM 2083 CDP1832D/3 4K Static ROM 1712 

(Small Chip Version) 512-Word by 8-Bit 

2048-Word by 8-Bit 2704 Replacement 

CDM6264CD/3 64K Static RAM 1709 CDP1833CD/3 8K Static ROM -
8192-Word by 8-Bit 1024-Word by 8-Bit 

CDM6264ACD/3 64K Static RAM 1837 CDP1802 Compatable 

8192-Word by 8-Bit CDP1833D/3 8K Static ROM -
CDM6264ACJ/3 64K Static RAM 1837 1024-Word by 8-Bit 

8192-Word by 8-Bit CDP1802 Compatable 

CDM6264BCD/3 64K Static RAM 1930 CDP1834CD/3 8K Static ROM 1714 

8192-Word by 8-Bit 1024-Word by 8-Bit 

CDM6264BCJ/3 64 Static RAM 1930 2708 Replacement 

8192-Word by 8-Bit CDP1834D/3 8K Static ROM 1714 

CDM62256CD/3 256K Static RAM 1931 1024-Word by 8-Bit 

32,768-Word by 8-Bit 2708 Replacement 

CDM62256CJ/3 256K Static RAM 1931 CDP1852CD/3 Byte-Wide Input! 1694 

32.768-Word by 8-Bit Output Port 

CDP1802ACD/3 8-Bit Microprocessor 1441 Mode Programmable 

CDP1802AD/3 8-Bit Microprocessor 1441 CDP1852D/3 Byte-Wide Input! 1694 

CDP1821 CD/3 1 K Static Ram 1329 Output Port 

1024-Word by ll-Bit Mode Programmable 

CDP1822CD/3 1 K Static RAM 1330 CDP1853CD/3 N-Bit 1 of 8 Decoders 1713 

256-Word by 4-Bit CDP1853D/3 N-Blt 1 of 8 Decoders 1713 

CDP1823CD/3 1 K Static RAM 1334 CDP1854ACD/3 Programmable Universal 1715 

128-Word by 8-Bit Asynchronous Recelverl 
CDP1824CD/3 0.256K Static RAM 1717 Transmitter (UART) 

32-Word by 8-Bit CDP1854AD/3 Programmable Universal 1715 

CDP1824D/3 0.256K Static RAM 1717 Asynchronous Receiverl 

32-Word by 8-Bit Transmitter (UART) 

CDP1831 CD/3 4K Static ROM -
512-Word by 8-Bit 

CDP1802 Compatable 

Data for these devices is available in the High-Reliability DATABOOK SSD-230 or from their respective data sheets. 
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Radiation-Hardened CMOS/SOS RAMs 
Radiation Tolerance for the 
Rad-Hard CMOS/SOS Memories 

RCA rad-hard memories use CMOS/SOS technology and 
are designed for use in memory systems where low power 
and simplicity in use are desired. The CMM5114 and 
CMM5104 have TTL compatibility on all I/O terminals. The 
CMM6167 is CMOS compatible. 

Total Dose > 1 x 105 Rads (Si) 
• Latch-Up Not Possible 

Radiation Features 
• Transient Upset ~ 1 x 10'u Rads (Si)/sec 

CMOS/SOS technology permits operation in high-radiation 
environments. It is insensitive to neutrons, cannot latch up 
at any dose rate and is resistant to single-event upset 
caused by cosmic rays or heavy Ions. 

• Transient Survival ~ 1 x 10" Rads (Si)/sec 
Single-Event-Upset (SEU) < 10-v Errors/Bit/day 

• Inherent property of SOS. 

Guide to the Part Number, Package Designator, and Product 
Assurance Level of High-Reliability CMM5104/CMM5114/CMM6167 Series. 

Part 
Number 

CMM5104 

CMM5114 

CMM6167 

Package 
Designator 

D = Dual-In-Lln 
K = Flatpack 
J = Leadless 

TI 

e 

Chip Carrl er 

I I 
Radiation-

Product Hardness 
Assurance Assurance 

Level Level 

Z = 100K 
rads (51) 

11R 
13 

11R Modified Cia .. 5 
13 Modified Cle .. B 

The /1 RZ devices are ideal for aerospace applications. The 
/3 devices are suitable for non-critical radiation require­
ments. 

Index to Rad-Hard CMOS/SOS RAMs 

DEVICE DESCRIPTION 
PACKAGE 

(24 TERMINAL) 

DIC 
CMM5104/1RZ 4096-Word x 1-Bit Static RAM Flat Pack 

LCC 

DIC 
CMM5114/1RZ 1024-Word x 4-Bit Static RAM Flat Pack 

LCC 

DIC 
CMM5114A/1RZ 1024-Word x 4-Bit Static RAM (Gated Address) Flat Pack 

LCC 

CMM6167/1RZ 16,384-Word x 1-Bit Static RAM Flat Pack 

DIC 
CMM5114A/3 1024-Word x 4-Bit Static RAM (Gated Address) Flat Pack 

LCC 

Data for these devices is available in the High-Reliability OATABOOK, 550-230B or from their respective data sheets. 

(typically) 

DATA 
FILE NO. 

1456 

1465 

2081 

1831 

2082 
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Dual-In-Line Packages 
Dual-In-Line Side-Brazed Ceramic Packages 
o SUFFIX 

IN EX 
AREA 

B~E FD~~Q' 
PLANE\ ~ R SEATING '-- i I ...i , 
PLANE I' - -,-,- - - L~' ~ 

LEA~ e ' ~oo,~1~RLL."" ~'i:c . .=:r 
(D) Suffix (JEDEC MO-036-AD) 
16-Lead Dual-In-Line 
Side-Brazed yeramic Package 

SYMBOL INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A .105 .175 2.67 4.44 

Al .025 .055 .64 1.39 

B .015 .021 .381 .533 

Bl .038 .060 .97 1.52 

C .008 .012 .204 .304 

D .770 .830 19.56 21.08 

E .290 .325 7.37 8.25 

El .280 .310 7.12 7.87 

el .1OOTP 2.54 TP 

eA .300 TP 7.62TP 

L .125 

I 
.175 3.18 

I 
4.44 

L2 .000 .030 .00 .76 
ex: 0' 15' 0' 15' 

N 16 16 

0, .010 

I 
- .25 

I 
-

S .020 .065 .51 1.65 

(D) Suffix (JEDEC MO-037-AA) 
22-Lead Dual-In-Line 
Side-Brazed Ceramic Package 

SYMBOL INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A .090 .175 2.29 4.44 

Al .025 .055 .64 1.39 

B .015 .023 .381 .584 

Bl .038 .060 .97 1.52 

C .008 .012 .204 .304 

D 1.040 1.120 26.42 28.44 

E .395 .420 10.04 10.86 

El .380 .410 9.86 10.41 

el .100TP 2.54 TP 

eA .4ooTP 10.16 TP 

L .125 

I 
.175 3.18 

I 
4.44 

L2 .000 .030 .00 .76 
ex: 0' 15' 0' 15' 

N 22 22 

01 .010 

I 
- .25 

I 
-

S .035 .065 .89 1.65 

NOTES 

9 

9 

8 

3,4 

3,4 

5 

6 

92CS·'Z880 

NOTES 

9 

9 

8 

3,4 

3,4 

9 

92Cs..42882 

NOTES: 
1. Refer to applicable symbol list. 
2. Dimensioning and tolerancing per ANSI Y14.5 1982. 
3. Leads within .13mm (.005 in.) radius of True Position (TP) at 

gauge plane with maximum material condilion and unit 
installed. 

4. eland eA applies in zone L2 when unit installed. 
5. ex: applies to spread leads prior to installation. 
6. N is the number of terminal positions. 
7. Outlines on which the seating plane Is coincident with the base 

plane (Al = 0), terminals lead standoffs are not required, and 
Bl may equal B along any part of the lead above the 
sealing/base plane. 

8. E1 does not include particles of package materials. 
9. This dimension shall be measured with the device seated in the 

sealing plane gauge JEDEC Outline No. GS-3. 
10. Controlling Dimension: INCH. 

(D) Suffix (JEDEC MO-036-AE) 
18-Lead Dual-In-Line 
Side-Brazed Ceramic Package 

SYMBOL INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A .105 .175 2.67 4.44 

Al .025 .055 .64 1.39 

B .015 .021 .381 .533 

Bl .038 .060 .97 1.52 

C .008 .012 .204 .304 

D .880 .930 22.36 23.62 

E .290 .325 7.37 8.25 

El .280 .310 7.12 7.87 

el .100 TP 2.54 TP 

eA .300TP 7.62 TP 

L .125 

I 
.175 3.18 

I 
4.44 

L2 .000 .030 .00 .76 
ex: 0' 15' 0' 15' 

N 18 18 

01 .010 

I 
- .25 

I 
-

S .030 .065 .77 1.65 

(D) Suffix (JEDEC MO-038-AA) 
24-Lead Dual-In-Line 
Side-Brazed Ceramic Package 

SYMBOL INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A .085 .190 2.2 4.8 

Al .020 .070 .51 1.77 

B .015 .023 .381 .584 

Bl .038 .060 .97 1.52 

C .008 .012 .204 .304 

D 1.180 1.220 29.88 30.98 

E .595 .625 15.12 15.87 

El .575 .610 14.61 15.49 

el .100 TP 2.54 TP 

eA .6ooTP 15.24 TP 

L .125 

I 
.175 3.18 

I 
4.44 

L2 .000 .030 .00 .76 
ex: 0' 15' 0' IS' 
N 24 24 

01 .010 

I 
- .25 

I 
-

S .030 .065 .77 1.65 

NOTES 

9 

9 

8 

3,4 

3,4 

9 

5 

6 

92CS-42881 

NOTES 

9 

9 

8 

3,4 

3,4 

9 

92CS-42883 
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Dual-In-Line Packages 

Dual-In-Line Side-Brazed Ceramic Packages 
o SUFFIX 

INDEX 
AREA 

NOTES: 
1. Reier to applicable symbol list. 
2. Dimensioning and tolerancing per ANSI Y14.5 1982. 
3. Leads within .13mm (.005 In.) radius 01 True Position (TP) at 

gauge plane with maximum material condition and unit 
installed. 

4.e1 and eA applies in zone L2 when unit installed. 
5. oc applies to spread leads prior to Insta"atlon. 
6. N is the number of terminal positions. 
7. Outlines on which the seating plane is coincident with the base 

plane A1 = 0), terminals lead standoffs are not required, and 
B1 may equal B along any part of the lead above the 
seating/base plane. 

8. E1 does not include perticles of peckage materials. 
9. This dimension shall be measured with the device seated in the 

seating plane gauge JEDEC Outline No. GS-3. 
10. Controlling Dimension: iNCH. 

(D) Suffix (JEDEC MO-038-AB) 
28-Lead Dual-In-Line 
Side-Brazed Ceramic Package 

SYMBOL iNCHES MILLIMETERS 

MiN. MAX. MIN. MAX. 

A .085 .190 2.2 4.8 

A1 .020 .070 .51 1.77 

B .015 .023 .381 .584 

B1 .038 .060 .97 1.52 

C .008 .012 .204 .304 

D 1.380 1.430 35.06 36.22 

E .595 .625 15.12 15.87 

E1 0.580 .610 14.74 15.49 

e1 .100 TP 2.54 TP 

eA .600TP 15.24 TP 

L .125 

I 
.175 3.18 

I 
4.44 

L2 .000 .030 .00 .76 
oc 0' 15' 0' 15' 

N 28 28 

01 .010 

I 
- .25 

I 
-

S .030 .065 .77 1.65 

(D) Suffix (JEDEC MO-038-AC) 
40-Lead Dual-In-Line 
Side-Brazed Ceramic Package 

SYMBOL INCHES MiLLIMETERS 

MiN. MAX. MIN . MAX. 

A .085 . 190 2.2 4.8 

A1 .020 .070 .51 1.77 

B .015 .023 .381 .584 

B1 .038 .060 .97 1.52 

C .008 .012 .204 .304 

D 1.980 2.030 50.30 51.56 

E .595 .625 15.12 15.87 

E1 .580 .610 14.74 15.49 

e1 .100 TP 2.54 TP 

eA .600TP 15.24 TP 

L .125 

I 
.175 3.18 

I 
4.44 

L2 .000 .030 .00 .76 
oc 0' 15' 0' 15' 

N 40 40 

01 .010 

I 
- .25 

I 
-

S .030 .065 .77 1.65 

NOTES 

9 

9 

8 

3,4 

3,4 

9 

82CS-42884 

NOTES 

9 

9 

8 

3,4 

3,4 

9 

92CS-42885 
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Dual-In-Line Packages 
Dual-In-Line Plastic Packages 
E SUFFIX 

(E) Suffix (JEDEC MS-001-AB) 
8-Lead Dual-In-Llne Plastic Package 

~YMaDL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A - 0.210 - 5.33 

Al 0.015 - 0.39 -
A2 0.115 0.195 2.93 4.95 

a 0.014 0.022 0.358 0.558 

a1 0.045 0.070 1.15 1.77 

C 0.008 0.015 0.204 0.381 

D 0.348 0.430 8.84 10.92 

Dl 0.005 - 0.13 -
E 0.300 0.325 7.82 8.25 

El 0.240 0.280 8.10 7.11 

• 0.100 asc 2.54 asc 

eA 0.300 asc 7.82 asc 

·a - I 
0.430 - I 

10.92 

L 0.115 0.180 2.93 4.08 

N 8 8 

NOTES 

9 

9 

3 

4 

12 

5 
8,7 

8 
9 
10 

9 

11 

92CS-39998 

(E) Suffix (JEDEC MS-001-AC) 
14-Lead Dual-In-Llne Pla.tlc Package 

~YMaOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAlt 

A - 0.210 - 5.33 

Al 0.015 - 0.39 -
A2 0.115 0.195 2.93 4.95 

a 0.014 0.022 0.358 0.558 

a1 0.045 0.070 1.15 1.77 

C 0.008 0.015 0.204 0.381 

D 0.725 0.795 18.42 20.19 

Dl 0.005 - 0.13 -
E 0.300 0.325 7.82 8.25 

El 0.240 0.280 8.10 7.11 

• 0.100 asc 2.54 asc 

eA 0.300 asc 7.82 asc 

ea - I 0.430 - I 10.92 

L 0.115 0.180 2.93 4.08 

N 14 14 

NOTES 

9 

9 

3 

4 

12 

5 
8,7 

8 
9 
10 

9 

11 

92CS-39901 

(E) Suffix (JEDEC MS-001-AA) 
16-Lead Dual-In-Llne Pla.tlc Package 

.YMaOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A - 0.210 - 5.33 

Al 0.015 - 0.39 -
A2 0.115 0.195 2.93 4.95 

a 0.014 0.022 0.358 0.558 

al 0.045 0.070 1.15 1.77 

C 0.008 0.015 0.204 0.381 

D 0.745 0.840 18.93 21.33 

Dl 0.005 - 0.13 -
E 0.300 0.325 7.82 8.25 

El 0.240 0.280 8.10 7.11 

e 0.100 asc 2.54asc 

eA 0.300 asc 7.62 ssc 

ea -
I 

0.430 -
I 

10.92 

L 0.115 0.180 2.93 4.08 

N 18 16 

Note.: 

NOTES 

9 

9 

3 

4 

12 

5 

8.7 

8 
9 

10 

9 

11 

92CS-39900 

1. Refer to JEDEC Publication No. 95 JEDEC R.glstered .nd 
Standard Outlln •• for Solid Stat. Producta. for rule. and 
general Inform.tlon concerning regl.tered and .tendard 
outline •• In Section 2.2. 

2. Protru.lon. (fla.h) on the ba •• plane .urfac. ahall not 
exceed 0.010 In. (0.25 mm). 

3. The dlmenalon ahown la for full leada. "Half" lead. are 
opoon.1 at lead positions 

N N 
1.N. 2 2+1• 

4. Dlm.n.lon D does not Includ. mold fI.sh or protru.lons. 
Mold flash or protruslona ahall not exceed 0.010 In. (0.25 
mm). 

5. E I. the dimension to the outside of the leads and Is 
meaaured with the leada perp.ndlcular to the b.se pl.na 
(zero lead .pread). 

8. Dlm.nslon El does not Include mold flash or protrusions. 
7. Packag. body and lead. ahall be aymmetrlcal around 

center line shown In .nd view. 
8. Lead spacing e ahall be non-cumulative and shall be 

meaaured at the lead tip. Thl. m.a.urement .hall be made 
b.fore Ineartlon Into gauges. board. or sockets. 

9. Thl. Is a ba.lc Inatelled dimension. M.a.urement sh.11 be 
made with the devlc. Install.d In the 88atlng plana gauge 
(JEDEC Duolne No. GS-3. 88atlng plane gauge). Lead. 
ahall be In true po.ltlon within 0.010 In. (0.25 mm) dl.met.r 
for dimension eA. 

10 •• S la the dlmen.lon to the outside of the lead. and I. 
meaaured at the I.ad tlpa before the device I. In.teUed. 
N.gatlve lead spread Is not permitted. 

11. N I. the m.xlmum number of lead po.ltlona. 
12. Dlm.nslon Dl at the left end of the packaga mUlt .qual 

dimension Dl at the right end of the packag. within 0.030 
In. (0.78 mm) 

13. For automatic Inaerflon. any ralead Irregularity on the top 
surface-(atap. m •••• etc.) .hall be aymm.trlcal about the 
lateral and 10ngltudln.1 package centerline •• 
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Dual-In-Line Plastic Packages 
E SUFFIX 

(E) Suffix (JEDEC MS-001-AD) 
18-Lead Dual-In-Llne Plastic Package 

~YMSOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A - 0.210 - 5.33 

A1 0.015 - 0.39 -
A2 0.115 0.195 2.93 4.95 

S 0.014 0.022 0.356 0.558 

S1 0.045 0.070 1.15 1.77 

C 0.008 0.015 0.204 0.381 

0 0.845 0.925 21.47 23.49 

0 1 0.005 - 0.13 -
E 0.300 0.325 7.62 8.25 

E1 0.240 0.280 6.10 7.11 

e 0.100 SSC 2.54 SSC 

eA 0.300 SSC 7.62 SSC 

es -
I 

0.430 -
I 

10.92 

L 0.115 0.180 2.93 4.08 

N 18 18 

(E) Suffix (JEDEC MS-001-AE) 
20-Lead Dual-In-Llne Plastic Package 

SYMSOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A - 0.210 - 5.33 

A1 0.015 - 0.39 -
A2 0.115 0.195 2.93 4.95 

S 0.014 0.022 0.356 0.558 

S1 0.045 0.070 1.15 1.77 

C 0.008 0.015 0.204 0.381 

0 0.925 1.060 23.5 26.9 

0 1 0.005 - 0.13 -
E 0.300 0.325 7.62 8.25 

E1 0.240 0.280 6.10 7.11 
e 0.100 SSC 2.54 SSC 

eA 0.300 SSC 7.62 SSC 

es -
I 

0.430 -
I 

10.92 
L 0.115 0.160 2.93 4.06 

N 20 20 

NOTES 

9 

9 

3 

4 

12 

5 

6,7 

8 
9 

10 

9 

11 

92CS-39998 

NOTES 

9 

9 

3 

4 

12 

5 

6,7 

8 
9 

10 

9 

11 

92CS-39997 

Dual-In-Line Packages 

(E) Suffix (JEDEC MS-001-AF) 
24-Lead Dual-In-Llne Plastic Package 

~YMSOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A - 0.210 - 5.33 

A1 0.015 - 0.39 -
A2 0.115 0.195 2.93 4.95 

S 0.014 0.022 0.356 0.558 

S1 0.045 0.070 1.15 1.77 

C 0.008 0.015 0.204 0.381 

0 1.125 1.275 28.6 32.3 

0 1 0.005 - 0.13 -
E 0.300 0.325 7.62 8.25 

E1 0.240 0.280 6.10 7.11 

e 0.100 SSC 2.54 SSC 

eA 0.300 SSC 7.62 SSC 

es -
I 

0.430 -
I 

10.92 

L 0.115 0.160 2.93 4.08 

N 24 24 

Notes: 

NOTES 

9 

9 

3 

4 

12 

5 

6,7 

8 
9 

10 

9 

11 

92CS-39943 

1. Refer to JEDEC Publication No. 95 JEDEC Registered and 
Standard Outlines for Solid State Products, for rules and 
general Information concerning registered lind standard 
outlines, In Section 2.2. 

2. Protrusions (flash) on the base plane surface shall not 
exceed 0.010 In. (0.25 mm). 

3. The dimension shown Is for full leads. "Half" leads are 
optional at lead positions 

N N 
1, N, 2 2+1. 

4. Dimension 0 does not Include mold flash or protrusions. 
Mold flash or protrUSions shall not exceed 0.010 In. (0.25 
mm). 

5. E Is the dimension to the outside of the leads and Is 
measured with the leads perpendicular to the base plane 
(zero lead spread). 

6. Dimension E1 does not Include mold flash or protrusions. 
7. Package body and leads shall be symmetrical around 

center line shown In end view. 
8. Lead- spacing e shall be non-cumulative and shall be 

measured at the lead tip. This measurement shall be made 
before Insertion Into gauges, boards or sockets. 

9. This Is a basic Installed dimension. Measurement shall be 
made with the device Installed In the seating plane gauge 
(JEDEC Outline No. GS-3, seating plane gauge). Leads 
shall be In true position within 0.01 0 In. (0.25 mm) diameter 
for dimension eA. 

10. es Is the dimension to the outside of the leads and Is 
measured at the lead tips before the device Is Installed. 
Negative lead spread Is not permitted. 

11. N Is the maximum number of lead positions. 
12. Dimension 01 at the left end of the package must equal 

dimension 01 at the right end of the package within 0.030 
In. (0.76 mm). 

13. For automatic Insertion, any raised Irregularity on the top 
surface (step, mesa, etc.) shall be symmetrical about the 
lateral and longitudinal package centerllnes. 
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Dual-In-Line Packages 
Dual-In-Line Plastic Packages 
E SUFFIX 

BASE PLANE -{~,-- 0 I 
.:TlNGPLANE \ l mt ~ A, 

INDEX AREA I L ,,"B '[: _1--L-
C \ 81- e-I 1- 81 ?t ',' 3. - Tl 

OBlll j EJ' E &l BOTTOM VIEW 1 j 

(E) Suffix (JEDEC MS-010-AA) 
22-Lead Dual-In-Llne Plastic Package 

~YMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A - 0.210 - 5.33 

A1 0.015 - 0.39 -
A2 0.125 0.195 3.18 4.95 

B 0.014 0.022 0.356 0.558 

B1 0.030 0.070 0.77 1.77 

C 0.008 0.015 0.204 0.381 

D 1.050 1.120 26.67 28.44 

D1 0.005 - 0.13 -
E 0.390 0.425 9.91 10.79 

E1 0.330 0.380 8.39 9.65 

e 0.100 BSC 2.54 BSC 

eA 0.400 BSC 10.16 BSC 

eB -
I 

0.500 - I 12.70 

L 0.115 0.160 2.93 4.06 

N 22 22 

(E) Suffix (JEDEC MS-011-AA) 
24-Lead Dual-In-Llne Plastic Package 

~YMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A - 0.250 - 6.35 

A1 0.015 - 0.39 -
A2 0.125 0.195 3.18 4.95 

B 0.014 0.022 0.356 0.558 

B1 0.030 0.070 0.77 1.77 

C 0.008 0.015 0.204 0.381 

D 1.150 1.290 29.3 32.7 

D1 0.005 - 0.13 ' -
E 0.600 0.625 15.24 15.87 

E1 0.485 0.580 12.32 14.73 

e 0.100 BSC 2.54 BSC 

eA 0.600 BSC 15.24 BSC 

eB -
I 

0.700 -
I 

17.78 

L 0.115 0.200 2.93 5.08 

N 24 24 

NOTES 

9 

9 

3 

4 

12 

5 

6,7 

8 
9 

10 

9 

11 

92CS-39999 

NOTES 

9 

9 

3 

4 

12 

5 

6,7 

8 
9 

10 

9 

11 

92CS-40000 

(E) Suffix (JEDEC MS-011-AB) 
28-Lead Dual-In-Llne Plastic Package 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A - 0.250 - 6.35 

A1 0.015 - 0.39 -
A2 0.125 0.195 3.18 4.95 

B 0.014 0.022 0.356 0.558 

B1 0.030 0.070 0.77 1.77 

C 0.008 0.015 0.204 0.381 

D 1.380 1.565 35.1 39.7 

D1 0.005 - 0.13 -
E 0.600 0.625 15.24 15.87 

E1 0.485 0.580 12.32 14.73 

e 0.100 BSC 2.54 BSC 

eA 0.&00 BSC 15.24 BSC 

eB -
I 

0.700 -
I 

17.78 

L 0.115 0.200 2.93 5.08 

N 28 28 

Notes: 

NOTES 

9 

9 

3 

4 

12 

5 

6,7 

8 
9 

10 

9 

11 

92CS-40001 

1. ReIer to JEDEC Publication No. 95 JEDEC Registered and 
Standard Outlines lor Solid State Products, lor rules and 
general Inlormatlon concerning registered and standard 
outlines, In Section 2.2. 

2. Protrusions (flash) on the ba .. plane surlace shall not 
exceed 0.010 In. (0.25 mm). 

3. The dimension shown Is lor lull leads. "Hall" I.ads are 
optional at lead positions 

N N 
1, N, 2 2+1. 

4. Dimension D does not Include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.010 In. (0.25 
mm). 

5. E Is the dimension to the outside 01 the leads and Is 
measured with the leads perpendicular to the base plane 
(zero lead spread). 

6. Dimension E1 does not Include mold flash or protrusions. 
7. Package body and leads shall be symmetrical around 

center line shown In end view. 
8. Lead spacing e shall be non-cumulative and shall be 

measured at the lead tip. This measurement shall be made 
belore Insertion Into gauges, boards or sockets. 

9. This Is a basic Installed dimension. Measurement shall be 
made with the device Installed In the seating plane gauge 
(JEDEC Outline No. GS-3, Beating plane gauge). Leads 
shall be In true position within 0.01 0 In. (0.25 mm) diameter 
for dimension eA. 

10. eB Is the dimension to the outside 01 the leads and Is 
measured at the lead tips belore the device Is Installed. 
Negative lead spread Is not permitted. 

11. N Is the maximum number 01 lead positions. 
12. Dimension D1 at the lell end 01 the package must equal 

dimension D1 at the right end 01 the package within 0.030 
In. (0.76 mm). 

13. For automatic Insertion, any raised Irregularity on the top 
surlace ~step, mesa, etc.) shall be symmetrical about the 
lateral and longitudinal package centerllnes. 
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_____________________________ DimensionaIOutlines 

Dual-In-Line Plastic Packages 
E SUFFIX 

(E) Sufllx (JEDEC MS-011-AC) 
40-Lead Dual-In-Llne Plntlc Package 

S' I---'I""NTC~H~E~S _ __t--"M""IL"'L:!.IM"'TETE.!.!:!R""S'---I NOTES 
YMaOL MIN. MAX. MIN. MAX. 

0.015 
0.125 
0.014 
0.030 
0.008 

0.250 

0.195 
0.022 
0.070 
0.015 

1.980 2.095 
0.005 -
0.600 0.625 
0.465 0.580 

0.100 asc 
0.600 asc 

- 1 0.700 
0.115 0.200 

40 

0.39 
3.18 
0.356 
0.77 
0.204 

6.35 

4.95 
0.558 
1.77 
0.381 

50.3 53.2 
0.13 -

15.24 15.87 
12.32 14.73 

2.54 asc 
15.24 a8C 

- 1 17.78 
2.93 5.08 

40 

9 
9 

3 

4 

12 
5 

6,7 
8 
9 
10 
9 

11 
9ZC .... Z ... 

Dual-In-Line Packages 

Note .. 
1. ReIer to JEDEC Publication No. 95 JEDEC Reglltered and 

Standard Outllnel lor Solid St.te Productl, lor rule. and 
"eneral Inlormatlon concernln" re"lltered and .tandard 
outllnal,ln Section 2.2. 

2. Protrualon. (fla.h) on the ba.e plene lurlaca Ihall not 
exc .. d 0.010 In. (0.25 mm). 

3. The dlmen.lon Ihown I. lor lull lead •. "Half" leadl are 
optional at lead po.ltlonl 

N N 
1,N, 2 2+1. 

4. Dlmenllon D doel not Include mold fla.h or protru.lonl. 
Mold flalh or protrullon •• hall not exceed 0.010 In. (0.25 
mm). 

5. E I. the dlmenllon to the oullide 01 the I .. dl and II 
m ... ured with the I .. d. perpendicular to the ba •• plane 
(zero lead Ipread). 

6. Dlmenllon E1 do •• not Include mold fI .. h or protru.lon •. 
7. Packa"e body and leadl .han be Iymmetrlcal around 

center line Ihown In end view. 
8. Lead 'pacln" e .hall be non-cumulative and Ihall be 

mea.ured at thellad tip. Thl. me .. urement Ihall be ma. 
belore In .. rtlon Into ".u"e., boardl or IOcketl. 

9. Thll II a ballc In.telled dlmenllon. Mealurement Ihall be 
made with the device Inltalled In the ... tln" plane "aulII 
(JEDEC Outline No. 08-3, I.atln" plane "au"e). Leadl 
Ihall be In true pOliti on within 0.010 In. (0.25 mm) die mater 
lor dlmen.lon eA. 

10. ea II the dlmenllon to the outllde 01 the leadl and I. 
mealured at the lead tipi belore the device II Inltelled. 
Ne"atlve lead Ipread I. not permitted. 

11. N II the maximum number 01 lead pOlltlonl. 
12. Dlmenllon D1 at the lelt end 01 the packa"e mUlt equal 

dlmenllon D1 at the rl"htend 01 the pack."e within 0.030 
In. (0.76 mm). 

13. For automatic Inlartlon, any ral .. d Irre"ularlty on the top 
lurlBce (Itep, men, etc.) Ihall be Iymmatrlcal about the 
lateral and 10n"ltudlnal pecka"e centerlln ... 
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DlmensionaIOutlines ___________________________ _ 

Small·Outline (SO) Plastic Packages 
M SUFFIX 

NOTES: 
1. Refer to applicable Iymbolillt. 

2. Dlmenllonlng and toleranclng per ANSI Y14.5M-1982. 

3. "D" II a reference datum. 

4. "A" and "B" are reference datuml and do not Include 

mold Ila.h or protrullons. Mold lIalh or protrusion. 
ahall not exceed 0.15 mm (0.008 In.). 

5. The chamfer on the body II optional. If It II not preHn!, 

• vllual Index leature mUlt be located within the crO'I· 

hatched area. 

8. "L" II the lenllth 01 !ermlnallor lolderlnll to a lublt,.le. 
7. "N" II Ihe number of terminal pOllllonl. 

B. Terminal numbers are.h_n lor relerence only. 

9. Controlllnil dlmenllonl: MILLIMETERS. 

(M) Suffix (JEDEC MS-013AA) 
16-Lead Dual-In-Line 
Small-Outline Plastic Package 

SYMBOL INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 
A 00928 0.1043 2.35 2.65 

A1 0.0040 0.0118 0.10 0.30 

B 0.0138 0.0200 0.35 0.508 

C 0.0091 0.0125 0.23 0.32 

D U9n 0.4133 10.10 10.50 

E 0.2914 0.2992 7.40 7.60 

e O.05OBSC 1.27 BSC 

H 0.394 I OA19 
10.00 

I 
10.65 

h 0.010 0.029 0.25 0.75 

L 0.016 0.050 0.40 1.27 

N 
1j 1j 

0:: 0° 8° 0° 8° 

NOTES 

4 

4 

5 

6 

7 

Notel: 1,2,3, B, 9 
92CS-39433R1 

(M) Suffix (JEDEC MS-D13AC) 
2O-Lead Dual-In-Llne 
Sma"-Outllne Plastic Package 

SYMBOL INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.0926 0.1043 2.35 2.65 

A1 0.0040 0.0118 0.10 0.30 

B .0.0138 0.0200 0.35 0.508 

C 0.0091 0.0125. 0.23 0.32 

D 0.4981 0.5118 12.60 13.00 

E 0.2914 0.2992 7.40 7.60 

e 0.050 BSC 1.27 BSC 

H 0.394 I 0.419 10.00 

I 
10.65 

h 0.010 0.029 0.25 0.75 

L 0.016 0.050 0.40 1.27 

N 
2j i 0:: 0° 8° 0° 8° 

NOTES 

4 

4 

5 

6 
7 

w 

Nole.: 1,2,3,8,9 
92CS-38926R2 

M Suffix (JEDEC MS·013AE) 
28-Lead Dual·ln·Llne 
Small·Outline (SO) PaCkage 

~YMBOL 
INCHES 

MIN. MAX. 
A 0.0926 0.1043 

A1 0.004 0.0118 

B 0.0138 0.02 

C 0.0091 0.0125 

D 0.6969 0.7125 

E 0.2914 0.2992 

e 0.05 BSC 

H 0.394 

I 
0.419 

h 0.01 0.029 

L 0.016 0.05 

N 28 
ex: 00· I 8° 

Nole.: 1,2,3,8,9 

MILLIMETERS 

MIN. MAX. 
NOTES 

2.35 2.65 

0.1 0.3 
0.35 0.509 

0.23 0.32 
17.7 18.1 4 

7.4 7.6 4 

1.27 BSC 

10.0 

I 
10.65 

0.25 0.75 5 

OA 1.27 8 

2j 
7 

0° 8° 

UCSo38434R1 
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______________________________ Dimensional Outlines 

a SUFFIX 

004'2(107) 
0048(122) 

DIMENSIONS IN PARENTHESES 
ARE MILLIMETER eaUIVALENTS 
OF THE BASIC INCH DIMENSIONS 

0042 (1 07) 
C05S1l42) 

0026(066) 

c 0.10(0004) C 

0032(081) 0013(033) 

~
---IOO" (053) 

- -1 
~0025(064) 

0060(15'2) -MI-N--

MIN 

(a) SUFFIX (JEDEC MO-047AB) 
28-Lead Plastic Chip-Carrier Package 

INCHES MILLIMETERS 
NOTES YMBOL 

MIN. MAX. MIN. MAX. 

A 0.165 0.180 4.20 4.57 

A1 0.090 0.120 2.29 3.04 

D 0.485 0.495 12.32 12.57 

D1 0.450 0.456 11.430 11.582 2 

D2 0.390 0.430 9.91 10.92 1 

D3 0.300 REF 7.62 BSC 

E 0.485\ 0.495 12.32 

\ 

12.57 

E1 0.450 0.456 11.430 11.582 2 

E2 0.390 0.430 9.91 10.92 1 

E3 0.300 REF 7.62 BSC 
N 28 28 3 

92CM-39435 

Plastic Chip-Carrier Packages 

NOTES: 
1. To be determined at seating plane. 
2. Dimensions D1 and E1 do not Include mold protrusions. 

Allowable mold protrusion Is 0.254 mm/0.010 In. 
3. uN" Is the number of terminal positions. 
4. ContrOlling dimensions: Inch. 

(a) SUFFIX (JEDEC MO-047AC) 
44-Lead Plastic Chip-Carrier Package 

~YMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.165 0.180 4.20 4.57 

A1 0.090 0.120 2.29 3.04 

D 0.685 0.695 17.40 17.65 

D1 0.650 0.656 16.510 16.662 

D2 0.590 0.630 14.99 16.00 

D3 0.500 REF 12.70 BSC 
E 

0.685\ 0.695 17.40 

\ 

17.65 

E1 0.650 0.656 16.510 16.662 

E2 0.590 0.630 14.99 16.00 

Ej 0.500 REF 12.70 BSC 
N 44 44 

NOTES 

2 

1 

2 

1 

3 

92CM-38140R1 
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Application Notes 
Number 
ICAN-6315 
ICAN-6416 
ICAN-6525 
ICAN-6536 
ICAN-6537 
ICAN-6538 
ICAN-6539 
ICAN-6562 
ICAN-6565 
ICAN-6581 
ICAN-6595 
ICAN-6602 
ICAN-6611 
ICAN-6632 

ICAN-6635 

ICAN-6677 
ICAN-6693 
ICAN-6704 
ICAN-6834 
ICAN-6642 
ICAN-6847 
ICAN-6901 
ICAN-6907 
ICAN-6918 
ICAN-6928 
ICAN-6934 
ICAN-6943 
ICAN-6957 
ICAN-6968 
ICAN-6970 
ICAN-6971 
ICAN-6991 
ICAN-7009 
ICAN-7020 
ICAN-7023 
ICAN-7029 
ICAN-7063 
ICAN-7079 
ICAN-7116 
ICAN-7144 
ICAN-7197 
ICAN-7198 
ICAN-7199 
ICAN-7200 
ICAN-7201 
ICAN-7264 
ICAN-7275 
ICAN-7364 
ICAN-7374 
ICAN-8601 
ICAN-8633 
ICAN-8723 

Title 
COS/MOS Interfacing Simplified 
An Introduction to Microprocessors and the RCA COS MAC COS/MOS Microprocessor 
GUide to Better Handling and Operation of CMOS Integrated Circuits 
Use of CMOS ROM'S CDP1831 and CDP1832 With the RCA Microprocessor Evaluation Kit CDP18S020 
Use of CMOS RAM CDP1824 With Microprocessor Evaluation Kit CDP18S020 
Use of the CDPl852 8-Bit I/O Port With RCA Microprocessor Evaluation Kit CDP18S020 
Use of CMOS-SOS RAM CDP1822 With RCA Microprocessor Evaluation Kit CDP18S020 
Register-Based Output FunctIOn for RCA COSMAC Microprocessors 
Design of Clock Generators for Use With RCA COSMAC Microprocessor CDPl802 
Power-on ResetlRun Circuits for the RCA CDP1802 COSMAC Microprocessor 
Interfacing Analog and Digital Dlsplaye with CMOS Integrated Circuits 
Interfacing COS/MOS with Other Logic Families 
Keyboard Scan Routine for Use with RCA COSMAC Mlcroterminal CDP18S021 
Use of the CDP1854 UART with ~lCA Microprocessor Evaluation Kit CDP18S020 or EK/Assembler-Editor 
Design Kit CDP180S024 
Use of CMOS ROM'S CDPl833 and CDPl834 with the RCA Microprocessor Evaluation Kit CDP18S020 and 
the EKiAssembler-Editor Design Kit CDP18S024 
Software Control of Microprocessor-Based Realtime Clock 
CDP1802-Based Designs Using the 8253 Programmable Counter/Tlmer 
Optimizing Hardware/Software Trade-Otis RCA CDPl802 Microprocessor ApplicatIOns 
Microprocessor Control lor Color-TV Receivers 
16-Blt Operations in the CDP1802 Microprocessor 
Programming 2732 PROM'S with the CDP18S480 PROM Programmer 
CDP1802 Microprocessor-Based Setback Thermostat 
A Counter/Timer for COSMAC Systems 
A Methodology lor Programming COSMAC 1802 Applications Using Higher-Level Languages 
Interfacing PLM Code to CDOS System Functions 
Cassette Tape I/O lor COSMAC Microprocessor Systems 
Designing Minimum Nonvolatile Memory Systems with CMOS Static RAMs 
CDP1804 and CDP1805 Processors Improve System Performance and Lower Chip Count 
New CMOS CDP1800-Senes Processors Reduce Chip Count 
Understanding and USing the CDP1855 Multiply/Divide Unit 
New CMOS CDPl800-Senes Processors Enhance System Performance 
A Slave CDPl802 Serial Pnnter Buffer System 
New CDP1805 Microprocessor Upgrades CDPl800-Based Systems 
Multlmlcroprocessor-based Transistor Test Equipment 
CDP180o-Senes Penpherals - Building Blocks of a Complete Processor Family 
Low-Power Techniques lor Use With CMOS CDPl800-Based Systems 
Understanding the CDP1851 Programmable I/O 
CDP18OD-Senes Muiliprocessing for Maximum Performance 
New CMOS Counting Functions for Real-Time Applications 
Real-Time Interrupts USing the CDP1804A/5N6A CMOS Microprocessor 
Keyless Entry System USing the CDP6805F2 6-Blt Microcomputer Unit 
Bicycle Computer USing the CDP6805G2 Microcomputer 
CDP6805 CMOS Family Emulator 
MOnitor lor the CDP6805G2 Microcomputer 
CBUG05 Debug MOnitor Program lor the CDP6805E2 Microprocessor Unit 
Versatile Senal Protocol for a Mlcrocomputer-Penpheral Interface 
User's Guide to the CDP1879 and CDP1879Cl CMOS Real-Time Clocks 
CDP6805 MICROS Converting Interrupts 
The CDP1871 A Keyboard Encoder 
CDP68HC05C4 Monitor and Real-Time Controller 
Versatile Senal Penpheral Interface 
Interfacing Senal EEPROMS to CDP6805 Microcomputers 
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