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PIC SERIES 

FUNCTION DESCRIPTION PART 
NUMBER 

The PIC 1650 series of micro-
computers contain RAM, I/O, PIC 1650A 

BBIT and a central processing unit as 
MICRO- well as a customer defined PIC 1655A 

COMPUTER ROM to specify the overall 
functional characteristics of 
the device. PIC 1656 

PROGRAM PIC microcomputer without 
DEVELOPMENT ROM and with the addition of a PIC 1664B 

MICRO- HALT pin, 
COMPUTER 

PIC DEVELOPMENT SYSTEMS 
FUNCTION DESCRIPTION PART 

NUMBER 

PIC 
In-circuit emulation and debug 

DEVELOPMENT 
system. Can operate as stand 

PICES alone system or as peripheral 
SYSTEM to host computer. 

PIC Contains PIC 16648, PROMs, 
PFD 1000 

FIELD DEMO and provision for on-board RC 
SYSTEMS oscillator or external clock. 

PFD 1010 

Converts symbolic source PIC 
programs for the PIC series into PICAL ASSEMBLER object code. 

SERIES 1600 
FUNCTION DESCRIPTION PART 

NUMBER 

16 BIT Third generation minicomputer CP1600 

MICRO- architecture with 8 general 
PROCESSOR purpose registers. 

CP1610 

D/A Contains 4 x 10 bit O/A DAC 1600 
CONVERTER , registers. 

110 A programmable buffer with 16 
lOB 1680 BUFFER bidirectional lines. 

ANALOG Binary addressed mux, 
MUX 1600 MULTIPLEXER includes on-chip address latch. 

READ ONLY 2048 x 10 bits RO-3-9504 MEMORY 

PACKAGE 

40 DIP 

2BDIP 

28'DIP 

64 DIP 

PACKAGE 

Console 
with remote 

module 

4" x 4-3/8" 
P.C. Board 

4" x 4-3/B" 
P.C. Board 

-

PACKAGE 

40 DIP 

40 DIP 

40 DIP 

40 DIP 

28 DIP 

2B DIP 

FUNCTIONAL INDEX 
GENERAL 

INSfRUMENf 

FEATURES PAGE 
NUMBER 

Mask programmable 512 x 12 bit program ROM. 32 a-bit registers, 
arithmetic logic unit and 4 sets of user-defined TTL compatible input! 2-4 
output lines. Self-contained oscillator. Single +SV power supply. 

All the features of the PIC 1650A but with fewer I/O 
2-16 lines (4 in, 8 out, 8 I/O). 

A1I the features of the PIC 1655A but with internal and external 
interrupts and a 3 level stack. 2-28 

ROM address and data lines are brought out to pins to allow the use 
of any· external RAM or PROM to aid in program development. 2-41 
Program can be halted or single-stepped. 

\ FEATURES PAGE 
NUMBER 

Self contained console, with built-in power supply. Can emulate 
2-58 PIC 1650A, PIC 1655A, and PIC 1656 with module changes only. 

Emulates PIC 1650A and PIC 1655A. Supplied with ribbon cable 
terminated with a 40 DIP or 28 DIP plug to demonstrate a PIC system 2-60 
before committing to a masked PIC program. 

Emulates PIC 1656. Supplied with ribbon cable terminated with a 
28 DIP plug to demonstrate a PIC system before committing to a 2-60 
masked PIC program. 

Produces an output file which may be loaded and executed by the 
PICES or used to directly mask program a PIC chip. Written in 2-61 
Fortran 'N to achieve compatibility with most computer systems. 
Supplied as magnetic tape or floppy disks. 

FEATURES PAGE 
NUMBER 

8 program accessible 16-bit general purpose registers. 87 basic 2-64 
i(lstructions.4 addressing modes. Unlimited interrupt nesting and 
priority resolution. 16-bit 2's complement arithmetic and logic. Cycle 
times: 600ns (CP1600), 1ps (CP1610), 2-64 

10-bit bidirectional data bus. Synchronous/asynchronous loading. 
Manual input mode. Designed to interface to a process control loop. 2-71 

Single l6-bit or dual8-bit I/O ports. Parity check on both ports. Three 
levels of priority. Automatic handshake logic and signals. 2-75 

Connects 1 of 18 analog inputs. On-chip address latch. 0 to 6 Volt 
input range. Analog output controlled by chip select signal. 2-81 

Includes on-chip address latches, bus control logic, and 5-bit chip 
select decode. 2-83 
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READ ONLY MEMORIES 
FUNCTION DESCRIPTION PART REPLACES ACCESS 

NUMBER TIME 

5K ROM 5.120 bits organized 512 )( 10 RO-3-S120 EMOOO 500ns 

RO-3-8316A INTEL 8316A 850ns 

RO-3-8316B AMI S6B31A 450ns 

16,384 bits organized 2,048 x 8 RO-3-931BA INTEL 8316E 850n5 
16K ROM 

RO-3-9316B AMI S6831B 450n5 

RO-3-9316e SY2316B 350n5 

RO-3-9332A TMS4732 850n5 

32K ROM 32,768 bits organized 4,096 x 8 RO-3-9332B SY2332 450n5 

64K ROM 65,536 bits organized 8,192 x 8 'RO-3-9364B MK36000 450n5 

*For future release. 

KEYBOARD ENCODERS 
FUNCTION DESCRIPTION PART REPLACES ACCESS 

NUMBER TIME 

2,376 bits organized as 
AV-S-2376 SMC KR2376 

10-100kHz 
88 keys x 3 modes x 9 bits. Scan rate 

KEYBOARD 
AY-S-3600 SMC KR3600 ENCODERS 3.600 bits organized as 10-100kHz 

90 keys x 4 modes x 10 bits. AY-S-3600- - Scan rate 
PRO 

CAPACITIVE 
4,592 bits organized as 
112 keys x 4 modes x 10 bits, 

AY-3-4592 - 11-66kHz 
KEYBOARD plus 112 bits for internal Scan rate 
ENCODER programming of "function" keys. 

CHARACTER GENERATOR 

FUNCTION DESCRIPTION PART REPLACES ACCESS 
NUMBER TIME 

CHARACTER 2,560 bits organize,d as RO-3-2S13 SIG 2513 450ns 
GENERATOR 64 - 5 x 8 characters. 

FUNCTIONAL INDEX 
GENERAL 

INSTRUMENT 

CLOCKS I SUPPLY PACKAGE FEATURES PAGE 
VOLTAGE VOLTAGES NUMBER 

Static +5 24 DIP 3-4 

Static +5 24 DIP 3-6 

3-6 

3-6 

Static +5 24 DIP 
Replaces 2716 

3-6 
UV EPROM. 

3-6 

Static +5 24 DIP 
3-11 

3-11 

Static +5 24 DIP Edge-activated. 3-14 

Note. All Read Only MemOries are mask-programmable. 

CLOCKS I SUPPLY PACKAGE FEATURES PAGE 
VOLTAGE VOLTAGES NUMBER 

l/TTL or 
+5. -12 40 DIP 2 key rollover. 3-18 Int. Osc. 

2/N key rollover. 3-29 
l/TTL or 
Int. Osc. 

+5. -12 40 DIP 
Prep rag rammed 
binary codes. 3-29 

Also usable: 
1/TTL or 

+5 40 DIP inductive, Hall 
Int. Osc. effect. mechan- 3-32 

ical switches. 

Note: Standard patterms are available. 

CLOCKSI SUPPLY PACKAGE FEATURES PAGE 
VOLTAGE VOLTAGES NUMBER 

Static +5 24 DIP RoW, QU'tput. 3-44 

Note. Standard patterns are available. 
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FUNCTIONAL INDEX 
GENERAL 

INSfRUMENf 

ELECTRICALLY ALTERABLE READ ONLY MEMORIES 
FUNCTION DESCRIPTION PART READ ERASE 

NUMBER ACCESS TIME 

82 BIT EAROM 82 bits organized 82 x 1 EROO82 100115 
Included in 

1400 BIT 
1400 bits organized 100 x 4 ER1400 2.Bj.J5 SERIAL EAROM 

512 bits organized 32 x 16 ER2051 l~s 
512 BIT EAROM 

512 bits organized 64 x 8 ER2055 2~s 

4K EAROM 4096 bits organized 1024 x 4 ER3400 900ns 

Also available are EAROMs which operate across extended 
temperature ranges_ These devices are designed for use in 
military and industrial applications where high reliability 
product is essential_ 

INDUSTRIAL/MILITARY EAROMs 

PART OPERATING FUNCTION DESCRIPTION NUMBER TEMPERATURE 

ER2051 HR 55"C to +125°C 
512 bits organized 32 x 16 

512 BIT ER2051 IR -40" C to +850 C 
EAROM ER2055 HR -55"C to +125"C 

512 bits organized 64 x 8 
ER20551R -40 0 C 10 +85 0 C 

4K E'.AROM 4096 bits organized 1024 x 4 
ER3400 HR -55"C to +125"C 

ER3400lR -40" C to +85" C 

8K EAR OM 8192 bits organized 2048 x 4 
ER2810 HR -55"C to +125°C 

ER2810lR -400 C to +850 C 

write time. 

16ms 

50ms 

50ms 

10ms 

BB3BI 
5004 

SCREENING 

X 

X 

X 

X 

X 

X 

X 

X 

WRITE SUPPLY PACKAGE FEATURES TIME VOLTAGES 

200ms +5. -30 18 DIP Bit erase 

16ms -35 14 DIP Word erase 

50ms +5. -28 28 DIP Word erase 

50ms +5. -28 22 DIP Word erase 

lms +5. 12. 30 22 DIP Word/bulk erase 

SUPPLY READ ERASE WRITE 
VOLTAGES PACKAGE ACCESS TIME TIME 

+5. -28 28 DIP 4.5ps lOOms lOOms 

-5. +28 22 DIP G.Ot's lOOms lOOms 

-5.+12. 
~30 

22 DIP 1000n5 20ms 2ms 

+5.+14._ 24 DIP 2.0~s lOOms 500ms 
-24 

NOTE: HR deVices are available over full temperature without Burn~m. Check Factory for .further Information on this option 

PAGE 
NUMBER 

4-3 

4-6 

4-9 

4-12 

4-19 

PAGE 
NUMBER 

4-9 

4-12 

4-19 

4-15 
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PERSONAL TERMINALS 
FUNCTION DESCRIPTION PART SYSTEM 

NUMBER FUNCTION 

CP1610 MICROPROCESSOR 

AY-3-8900 

The "8900" Home Informa- TV INTERFACE 

tion System 'is a powerful AY-3-B900-1 

system for video display of 
game. educational. financial, RO-3-9502 PROGRAM ROM 
research and related "home 
computer" service informa-
tion with detailed graphics 
definition and manipulation. RO-3-9503 GRAPHICS ROM 

"8900" 
HOME 

INFORMATION 
RA-3-9600 SYSTEM RAM 

SYSTEM 

The basic Home Information RO-3-9504 CARTRIDGE ROM 
System can easily be 
expanded to include addi-
tional functions through the 
use of cartridge ROMs and AY-3-B910 SOUND GENERATOR 
increased memory, and 
further enhanced with full 
color operation, complex AY-3-B915 COLOR PROCESSOR sound effects generation. 
and interface to audio 
cassette decks and other INPUT/OUTPUT 
peripherals. lOB 1680 

BUFFER 

PIC 1650 MICROCOMPUTER 

The Teleview System is a DATA ACQUISITION 
powerful system to display AY-3-9710 

CHIP 
TELEVIEW information on a TV receiver. 

SYSTEM It can store data from either 
telephone line or TV RF 

AY-3-9725 VIDEO GENERATOR signals information. 

AY-3-1014A UART 

PACKAGE 

40 DIP 

40 DIP 

40 DIP 

40 DIP 

40 DIP 

28 DIP 

40 DIP 

16 DIP 

40 DIP 

40 DIP 

40 DIP 

40 DIP 

40 DIP 

FUNCTIONAL INDEX 
GENERAL 

INSTRUMENT 

5 

FEATURES PAGE 
NUMBER 

A variant of the GI CP1600 microprocessor, the 
CP1610 is a 16-bit unit for fast and efficient processing 5-3 
of all home information center data. 

The "STIC", Standard Television Interface Chip, 
provides the video signals for interaction of all graphics 5-10 
data generated by the system. 

The 20K program ROM, organized as 2048 x 10, 
contains the executive program plus resident home 5-13 
information center routines. 

The 16K graphics ROM, organized 2048 x 8, contains 
2568 x 8 matrices for a large variety of symbols, 5-16 
background/field data, and alpha·numerics. 

The "working" memory during home information center 
operation-contains a 352 x 16 read/write memory plus 5-18 
a 20 word·"current line" buffer. 

The 20K cartridge ROM, organized as 2048 x 10, 
contains additional program instructions and symbol 5-21 
characteristics-custom programmable. 

Provides full software programmability for complex 
sound effects generation without external timing 5-23 
components. Dual 8-bit I/O ports. 

Accepts digital R,G,B,Y, and sync signals froin AY-3· 
5-30 8900-1 and generales a single composite color signal. 

A programmable interface with dual 8·bit 110 ports, 
parity checking on both ports, three priority levels, 2-75 
automatic handshake logic and signals. 

A PIC series microcomputer programmed to control 
the Teleview receiver system. It receives keyboard 5-37 
commands to store data and operate system functions. 

The Data Acquisition chip receives data from Teletext 
or Viewdata formats and loads it into correct location 5-38 
in a preselected page of memory. 

The Video Generator chip reads the contents of pages 
in memory and generates outputs suitable for driving a 5-45 
standard 625 lirie TV receiver. 

The UART is used to capture serial data from 
telephone lines, and convert it into 8-bit parallel data 6-80 
for acquisition. 
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Telecommunications 6 

TELEPHONY 
FUNCTION DESCRIPTIDN 

PART SUPPLY 
PACKAGE FEATURES PAGE 

NUMBER VDLTAGES NUMBER 

5 CHANNEL Isolates +5V logic and 
AY-5-9050 +5, -48 14 DIP 

Separate logic and exchange grounds, each driver is 
6-4 RELAY DRIVER exchange-powered relays. capable of supplying SOmA. 

AY-5-9100 See data 
18 DIP 6-6 sheet. 

PUSH BUTTDN 20 digit storage. selectable dialling rafe. selectable 
TELEPHONE Converts push button input 

AY-5-9151A/52 18 DIP mark/space ratio, selectable inter-digital pause. 6-10 
DIALLERS to rotary dial pulses. 

~Y-5-9153Mi4A 
Redial of last number and access pause facility (except 

+2.5 to +5 28 DIP on AY-S-9118). 6-10 

'AY-5-9158 18 DIP . 6-16 

REPERTORY Stores ten 22 digit AY-5-9200 See data 
16 DIP 

Complements the AY-S-9100 series to provide storage 
DlALLER telephone numbers. sheet. of up to ten 22 digit telephone numbers. Stackable. 6-19 

DUAL-TONE AY-3-9400 14 DIP 12 tone pairs, 3.S2dB high group pre-emphasis. 6-25 
MULTI- Generates DTMF/tone AY-3-9401 +5 16 DIP 16 tone pairs, 2dB high group pre-emphasis. 6-25 

FREQUENCY telephone frequencies. 
GENERATORS AY-3-9410 16 DIP 16 tone pairs, 3 or 6dB high group pre-emphasis. 6-25 

CLOCK Generates 2-phase clocks 
AY-5-9500 -4 to -15 14 DIP Generates the 2-phase clocks for the AY-5-9100/9200. 6-28 GENERATOR from a single power supply. 

AY-5-9B01 28 DIP 4 bit output code, on-chip Op Amps. 6-32 

AY-5-9802 40 DIP 1 of 16 output code, on-chip Op Amps. 6-32 
DUAL-TONE 

AY-5-9803 40 DIP 2 of 8 output code, on-chip Op Amps. MULTI- 6-32 

FREQUENCY Detects and converts DTMFI AY-5-9B04 28 DIP Binary output code, on-chip Op Amps. 6-32 
RECEIVERS tone telephone frequencies. +8.5, -8.5 

AY-5-980S 24 DIP 4 bit output code. 6-32 

AY-5-9807 24 DIP 2 of 8 output code. 6-32 

AY-5-9808 24 DIP Binary output code. 6-32 

CODEC 
Duplex Delta-Sigma/PCM 

AY-3-9900 +9, +5 24 DIP 
With external D-S modulator, provides full duplex 

6-37 
converter. PCM. Pin-selectable A-Law/wLaw. 

Push button dialling (pulse output), display of up to 
TZ2001 +5 40 DIP 12 dialled digits. 32 telephone number storage with one 6-44 

button selection. 6 digit clock and elapsed time display. 

MICRO- A single-chip microcomputer Dual tone code dialling, display of up to 12 dialled digits, 
COMPUTER pre-programmed for in- TZ'2002' +5 40 DIP 16 telephone number storage with one button selection 6-44 
DIALLERS telephone applications. and a 6 digit clock. 

TZ:2003 +5 40 DIP Pulse or Dual tone code dialling up to 16 dialled digits, 32 
6-44 telephone number storage with two button selection. 

*For future release 
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TELECOM HYBRIDS 
FUNCTION DESCRIPTION 

UNIVERSAL Generate any filter response by 
ACTIVE FILTERS means of external connections. 

LOW PASS 
PCM transmit filter. 

FILTERS 
PCM receive filter. 

Full wave detector and a factory 
tunable four pole fixed 
bandwidth band pass filter. 

Detects and passes the 2600Hz 

BAND PASS 
signalling frequency. 

FILTERS 
DTMF/tone detection band 
pass filters. 

Detects and passes the 2800Hz 
signalling frequency. 

Rejects the 2600Hz 
BAND signalling frequency. 

REJECTION 
FILTERS 

Rejects the 2800Hz 
signalling frequency. 

Isolates low and high groups 
of DTMF frequencies. 

BAND DTMF Low Group Band 
SEPARATION 

FILTERS 
Splitting Filter 

DTMF,High Group 

DATA COMMUNICATIONS 
FUNCTION DESCRIPTION 

Complete 5-8 bit receiver! 
UAR/T transmitter interface. 

16 CHANNEL Multiplexes 16 analog chan-
MULTIPLEXER nels with on-chip logic control. 

PART PACKAGE NUMBER 

ACF 7092C 16 DIP 

ACF 7270C 8 SIP 

ACF 7271C 8 SIP 

ACF 7300C 
ACF 7301C 14 DIP 
ACF 7302C 

ACF 7310C 28 DIP 

ACF 7323C 12TO 
ACF 7363C 10 SIP 
ACF 7363C 16 DIP 

ACF 732BC 28 DIP 

ACF 7410C 34 DIP 

ACF 7412C 34 DIP 

NCS 2061"" 17 SIP 

NCS 2062" 17 SIP 

ACF 7711C 16 DIP 

ACF 7720C" 14 SIP 

ACF 7721C" 14SIP 

FUNCTIONAL INDEX 
GENERAL 

INSfRUMENT 

FEATURES PAGE 
NUMBER 

The design provides for independent control of Frequency, Q, and 
6-52 Amplifier Gain, and is usable throughout the frequency range of 

10Hz to 10kHz. 

Minimum 32dB attenuation at 4.2kHz and an in-band ripple of 
6-56 ±O.12Sd8 from 300Hz to 3kHz. 

Minimum 32dB attenuation at 4.2kHz. Compensated for 
sinx/x response. 6-5B 

Center frequency range (Fa): 540Hz to 1980Hz. 
Center frequency range (Fa): 700Hz to 1700Hz. 6-60 
Center frequency range (Fo): 2280Hz to 3825Hz. 

Minimum attenuation from center frequency of 2600Hz: 30dB 
± 200Hz, SOdS ± SOOHz, 70dB ± 1000Hz. Center frequency gain: 6-62 
o ± O.SdB. 

6-64 
These two pole constant a filters are available in the standard AT&T 6-66 
tone frequencies and in the standard MF steps. 

6-68 

Minimum attenuation from center frequency of 2800Hz: 
30dS ± 200Hz, SOdB ± SOOHz, 70dB ± 1000Hz. Center frequency 6-70 
gain: 0 ± 1.SdS. 

1000Hz gain: -9 ± .SdB. Pass band gain: 0 ± .SdB referred to 1000Hz 
gain. Minimum attenuation of 60dB ± lSHz and maximum 6-72 
attenuation of 5dB ± 400Hz from the center frequency of 2600Hz, 

1000Hz gain: 0 ± .7SdS. Pass band gain:O± .2SdB referred to 1000Hz 
gain. Minimum attenuation of 30dS ± lSHz and maximum 6-73 
attenuaHon of 3dS ± 120Hz from the center frequency of 2600Hz. 

Unsymmetrical frequency response. 1000Hz gain: 0 ± .2SdB. 2400Hz 
gain: -SdB min. 2600Hz ± lSHz gain: -4SdB max. 3000Hz gain: 6-74 
o ± 1dB. 3200Hz gain: 0 ± 1dB. 

Unsymmetrical frequency response. 1000Hz gain: 0 ± .2SdB.,2QOOHz 
gain: -.4dB min, 2~OOHz gain: 0 ± 1dB. 2800Hz gain: -4SdS max. 6-74 
3000Hz gain; -5dB min. 3200Hz gain: 0 ± 1dS. 

Minimum attenuation of ,30dB for the adjacent frequencies at 941 Hz 6-75 
and 1209Hz. OdS in the pass bands, 25dB out of band. 

Minimum 30dB attenuation from 1190Hz to 1658Hz. 1.SdS ± 1.SdS 6-77 
gain from 686Hz to 9SSHz. 

Minimum 30dS attEmuation from 686Hz to 955Hz. l.5dB ± 1.SdB 6-76 
gain from 1190Hz to 16S8Hz. 

*For future release. 
_. 

S91d as ':flatched pair only. 

PART MAXIMUM. MAXIMUM TEMP. SUPPLY PACKAGE FEATURES PAGE 
NUMBER BAUD FREQUENCY RANGE VOLTAGES NUMBER 

AY-S-l013A 40kB 640kHz o to 70 +S, 12 
1 or 2,stop bits. B'60 

AY-6-1013 22.SkB 360kHz -55 to +125 +S, 12 
40 DIP 

AY-3-1014A 30kB 480kHz o to 70 +5 to +14 1,1'12, or 2 
stop bits 6-80 

AY-3-101S0 30kB 480kHz o to 70 +S 

AY-S-l016 o to 70 Current mode or - 2M Hz +S, ~12 40 DIP 6-93 
AY-6-4016 -55 to +125 vOllage mode. 
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F_UNCTIONALINDEX 

Entertainment 7 

RADIO 
FUNCTION DESCRIPTION PART SYSTEM SUPPLY PACKAGE FEATURES PAGE 

NUMBER FUNCTION VOLTAGES NUMBER 

Provides full electronic control 
Programmable microcomputer 
based chip. Provides up to 

of a varaetor tuned AM/FM 10 AM or FM station storage, 
radio mask programmable for . AY-3-8118 +12 on board PLL, Fluorescent 7-4 

PROGRAMMABLE custom tuning functions. display drivers, arid RAM 
PLL TUNING (ref. ERI400 for optional CONTROLLER 40 DIP storage. Optional EAROM can 

CONTROLLERS unpowered memory.) be added for power off memory. 

Microcomputer radio tuning AM/FM stero controller circuit 
controller. 

*AY-3-8120 +5 with 5 AM and 5 FM lava rite 
7-10 

(ref. ER2055 for optional station Memory-EAROM and" 
un powered memory.) RIC compatible. 

For future release. 

TELEVISION 
FUNCTION DESCRIPTION PART SYSTEM SUPPLY PACKAGE FEATURES PAGE 

NUMBER FUNCTION VOLTAGES NUMBER 

T-1002 CONTROLLER +12 40 DIP Accepts keyboard/remote 
7-14 inputs to control system. 

T-1102 DISPLAY DRIVER +12 40 DIP 
Stores, decodes. displays 

7-14 
OMEGA Provides full electronic conlrol selected channel number. 

82 CHANNEL of a varacto'r-tuned 82-channel Non-volatile storage of station television from a two-digit ER140D EAROM MEMORY +12, -24 14 DIP 7-18 TUNING SYSTEM 
calculator~like keyboard entry. tuning information. 

MEM 4956 DIA CONVERTER +12, VREF 14 DIP Converts output to coarse and 
7-21 fine tune outputs. 

T-1201 FAVORITE CHANNEL +12 40 DIP A 2D-line EAROM lor single-
7-14 MEMORY digit channel selection, 

AY-3-82D3 CONTROLLER +12 40DIP Accepts direct/remote inputs 
7-24 

ECONOMEGA Provides full electronic control: to control system. 

16 CHANNEL of a varactor-tuned 8, 12 or 16 ER14DO EAROM MEMORY +12. -24 14 DIP Non-volatile storage of stall on 
TUNING .SYSTEM channel television, featuring tuning information. 7-18 

automatic o~ ~anual ~uning. 
MEM 4956 DIA CONVERTER +12,"V"EF 14 DIP Converts output to coarse and 

fine tune outputs. 7-21 

'ECONOMEGA IIA Provides electronic control of AY-3-8211 CONTROLLER· +12 40 DIP Accepts keyboard/remote 
7-30 

TUNING a varactor tuned TV from 
inputs to control system 

SYSTEM keyboard enlry. ER14DO EAROM MEMORY +12, -24 14DIP 
Non-volatile storage of 

7-18 station tuning Information. 

AY-9-2010 PRESCALER/PREAMP 8DIP 7-38 

*ECONOMEGA IN AY-3-2022 FREQ. SYNTHESIZER 24DIP 100 channel PLt TV tuner-32 7-38 

PLL·TUNING 
A five chip TV frequency 

PIC 1850A CONTROLLER· 
+30, +12.+5 40DIP favorite channel Memory- 7-38 synthesizer system. -23 SYSTEM 

ER140D NON-VOLATILE MEM 14DIP 
EAROM and RIC Compalible. 7-38 

AY-9-2017 PERIPHERAL CIRCUIT. .18DIP .. 7-38 

FUNCTION DESCRIPTION PART SUPPLY PACKAGE FEATURES PASE 
NUMBER -'. VOLTAGES NUMBER 

Various. circuits in series to AY-5-8301 ·,4 DIP Channels 1-16, upper right screen display. 7-39 
ON-SCREEN display channel numbers on TV +18 

CHANNELITIME screen with some additionally 
AY-S-8320 7-39 

. DISPLAY featuring eith~r s~parate or 
24 DIP 

Channels 1-16 and/or time, upper right screen display, 
simultaneous time display automatic on channel change. 
(ref. AY-5-1203A clock Circuit) AY-S-8321 +12 7-39 

ON-SCREEN Provides an electronic on- Four bands, mask-programmable band or channel screen tuning scal~ for varactor- AY-3-8331 +12 16 DIP 7-48 TUNING SCALE tuned TV sets. number display and display position. 

For future release. 
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REMOTE CONTROL 

FUNCTION DESCRIPTION PART 
NUMBER 

30 channel discrete frequency 
AY-S-84S0 

ultrasonic transmitter. 
R/CSYSTEMI 

16 channel discrete frequency AY-5-8460 
ultrasonic receivers. 

264 command PCM 
AY"3-8470 

transmitter. 
R/CSYSTEMfi 

264 command PCM AY-3-847S 
receiver. 

SOUND GENERATION 

FUNCTION DESCRIPTION PART 
' .. NUMBER 

AY-l-0212 
TOP OCTAVE Generates a c9mplete octave 

AY-3-0214 GENERATORS of musical frequencies. 
AY-3-021S 

LATCHING Establishes priority of 13 pedal 
AY-1-1313 

NETWORK latch inputs/outputs. 

CHORD Produces major, minor, 7th 
AY-S-1317A 

GENERATOR chords, walking bass.· 

PIANO Electronically simulates 
AY-1-1320 

KEYBOARD piano keyboard operation. 

FREOUENCY 
7 stage dividers. AY-1-5050 OIVIDERS 

Generates programmable 
AY-3-8910 PROGRAMMABLE sound effects via a 

SOUND microcomputer compatible bus 
GENERATORS without the aid of external AY-3-8912 

components. 

MICRO-
Produces musical tunes from 

COMPUTER 
pre-programmed micro- AY-3-1350 

TUNES 
SYNTHESIZER 

computer. 

SUPPLY PACKAGE VOLTAGES 

+9 16 DIP 

+12, -6 18 DIP 

+9 28 DIP 

+12 40 DIP 

MAXIMUM SUPPLY 
FREQUENCY VOLTAGES 

1.SMHz -14, -27 

4.5MHz +10 to +16 

20kHz -12, -27 

50kHz -15 

- --10, -27 

1MHz -13,-27 

2MHz +5 

1MHz +5 

FUNCTIONAL INDEX 
GENERAL 

INSfRUMENf 

FEATURES PAGE 
NUMBER 

30 control frequencies, interfaces with a 5 x 6 
7-52 matrix keyboard. 

Interfaces directly with OMEGA keyboard, plus on/off. 
7-S4 recall, 4 analog functions. 

a-bit PCM system plus 8 PWM analog commands. 4 x 8 
keyboard (32 x 8 with shifts). 7-S8 

5-bit program output. CPU data bus interface for full 
7·64 264 functions. 

PACKAGE FEATURES PAGE 
NUMBER 

16 DIP 12 outputs, 50% duty cycle. 7-72 

12 outputs, 50% duty cycle. 7-74 
16 DIP 

13 outputs, 50% duty cycle. 7-74 

40 DIP 
Stackable for expanded latching/ 

7-76 priority function. 

40DIP Mixed outputs, sustain, top key priority. 7-78 

40 DIP 
1? keys per unit, "loudness" proportional 

7-82 to key press velocity. 

14 DIP Arranged 3+2+1+1. 7-86 

40 DIP 
R~gister oriented bus input has 3 analog 
outputs with 2 8 bit bus 110 ports. 7-88 

28 DIP 
Same as AY-3-8910 except has only 1 

7-88 B bit I/O port. 

Contains 28 tunes each 8 notes in duration. 

28DIP Adjustable pitch and time duration. Can be 
7-95 custom programmed with up to 252 notes 

of music. 
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FUNCTIONAL INDEX 

Consumer 8 

TV GAMES 
FUNCTION DESCRIPTION 

PART 
GAMES 

LINE 
PACKAGE FEATURES PAGE 

NUMBER STANDARD NUMBER 

BALL & 
Six selectable games for one AY-3-8500 Tennis Practice 625 On-screen scoring: Sound 

PADDLE 
or two players, with vertical Soccer Rifle I 28 DIP generation. Selectable paddle 8-4 
paddle motion. AY-3-8500-1 Squash Rifle II 525 size, ball speed, rebound angles. 

One or two player games AY-3-8603 625 Each player maneuvers around 

ROADRACE where racing skill in "traffic" Roadrace 28 DIP other cars on the race track. 
8-19 Qualify Color display with the generates the highest score. AY-3-8603-1 525 AY-3-8615 .. 

One or two player games AY-3-8605 Sea Battle 625 Fire depth charges, missiles, 

WARFARE featuring subs, destroyers, 
Counterattack I&lI 

28 DIP 
and torpedoes. Varied skill 

8-22 
Night Battle selection. Color display with 

cargo ships, and spaceships. AY-3-8605-1 Space Battle I&n 525 the AY-3-8615. 

One or two player games where AY-3-8606 Wipeout I - Ii' 625 Skill selection including paddle 

WIPEOUT players "wipe out" objects by Color Squares I - Ii' 28 DIP 
size, ball size, and ball speed. 

8-27 
controlling a ball in the play area. AY-3-8606-1 Breakthrough 1&11 525 

Color display with the 
AY-3-8615. 

Twelve games for one or two AY-3-8607 Skeet 1- III 625 Three dimensional target effect 
SHOOTING players using external.photocell Attack 1- Ill· 28 DIP by diminishing target size. 

8-36 
GALLERY rifles for shooting. AY-3-8607-1 Destruct I - Ii' 525 

Color display with the 
AY-3-B615. 

Ten selectable games for·one AY-3-8610 Tennis Practice 625 Realistic. ball service & scoring. 

SUPERSPORT or two players, with vertical 
Hockey Gridball 

28 DIP 
Individually selectable paddle 

Soccer Basketball 1&11 sizes. Color-coded score. Color 8-42 
and horizontal paddle motion. AY-3-8610-1 Squash Target I&II 525 display with the AY-3-661S . . 

COLOR. Adds color to the "8600': series 
AY-:i-8615 - 525 28 DIP 

Colors changed by the "game 8-53 PROCESSOR dedicated TV Game circuits. select" inputs. 

CLOCKS 
FUNCTION DESCRIPTION 

PART flASHING ZERO SO/60Hz 
PACKAGE FEATURES 

PAGE 
NUMBER SECONDS BLANKING OPERATION NUMBER 

12/24 hour clocks with features 
AY-5-1202A " " " 24 DIP For 7-segment fluor. display. 8-60 

4 DIGIT for most clock/timing AY-5-1203A " " 24 DIP BCD outputs: 8-60 
applications. AY-5-1224A " " 16 DIP BCD or 7-seg. LED outputs. 8-63 

4 DIGIT 12/24 hour clock, 24 hour alarm, 
CK3300 " " 28 DIP 

Includes snooze alarm and 
8-65 CLOCK RADIO sleep timer, battery standby. " pre-settable timeswitch. 
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APPLIANCES 
FUNCTION DESCRIPTION PART SUPPLY 

NUMBER VOLTAGES 

AY·5·1230 
24 hour programmable, 

CLOCK I TIMERS repeatable on/off time AY·5·1231 -12 to -18 
switch with 4 digit clock. 

AY·5·1232 

DIGITAL Digital Thermometer and 
AY·3·1270 +9 THERMOMETER temperature controllor 

COUNTERS I DVMs 
PART MAX. COUNT FUNCTION DESCRIPTION NUMBER FREQUENCY 

3% DIGIT DVM DVM logic utilizing dual AY·5·3507 40kHz 
ramp integration. 

33/. DIGIT DVM DVM logic utilizing single 
AY·5·3500 200kHz 

ramp integration. 

AY·5·4007 

4 DIGIT Counts, stores, and decodes 
COUNTER! 4 decades to 7-segment AY·5·4007A 600kHz 
DISPLAY outputs. 

AY·5·4007D 

FLUORESCENT Direct drive to fluorescent AY·5-4121 
DISPLAY display stores and siplay with 25KHz 
DRIVER internal max clock. AY·5·4221 

PACKAGE 

28 DIP 

40 DIP 

28 DIP 

40 DIP 

SUPPLY 
VOLTAGES 

-15 

-7.5. -15 

+5. -12 

-12V. 

FUNCTIONAL INDEX 
GENERAL 

I NSf RUM ENf 

FEATURES PAGE 
NUMBER 

50Hz input (50 or 60Hz on AY·5·1231). BCD or 8·78 

7-5e9ment direct fluorescent display drive 
outputs, zero blanking, 24 hour display (12 

8·78 

or 24 hour on AY-5-1231). 8·78 

For LCD/LED display, ±l°C accuracy, power fail/over-
range indication (flashing djsplay),adjust~ble hysteresis. 8·82 

PACKAGE FEATURES 
PAGE 

NUMBER 

18 DIP Range to 1999. 7-se9ment outputs. 8·94 

28 DIP 
Ranges: 999, 1999, 2999. Dual polarity, 

8·99 BCD & 7-segment outputs. 

24 DIP BCD outputs, true/complement 
8·103 control. 

Includes all features of AY-5-4007 
40 DIP and AY·5·4007D. 8·103 

24 DIP 
Serial output with shift clock input, 8·103 
3 carry outputs. 

BCD to Fluorescent display 
8·109 7 segments 21 digits. 

40 DIP 
7 segment to Fluorescent display 

8-110 7 segments 21 digits. 

I 
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PIC 1650A 

8 Bit Microcomputer 
FEATURES 

• User Programmable 
• Intelligent Controller for Stand-Alone Applications 
• 32 8-bit RAM Registers 
• 512 x 12-bit Program ROM 
• Arithmetic Logic Unit 
• Real Time Clock Counter 
• Self-contained Oscillator 
• Access to RAM Registers inherent in instruction 
• Wide Power Supply Operating Range (4.5V to 7.0V) 
• Available in two temperature ranges: 0° to 70° C and -40° 

to 85°C 
• 4 Sets of 8 User Defined TTL-compatible Input/ 

Output Lines 
• 2 Level Stack 

DESCRIPTION 

The PIC 1650A microcomputer is an MOS/LSI device containing 
RAM, I/O, and a central processing unit as well as customer­
defined ROM on a single chip. This combination produces a low 
cost solution for applications which require sensing individual 
inputs and controlling individual outputs. Keyboard scanning, 
display driving, and other system control functions can be done 
at the same time due to the power of the 8-bit ALU. 

The internal ROM contains a customer-defined program using the 
PIC's powerful instruction set to specify the overall functional 
characteristics of the device. The8-bit input/output registers pro­
vide latched lines for interfacing to a limitless variety of applica­
tions. The PIC can be used to scan keyboards, drive displays, 
control electronic games and provide enhanced capabilities to 
'vending machines, traffic lights, radios, television, consumer 

PIC 1650A BLOCK DIAGRAM 

2-4 

appliances, industrial timing and control applications. The 12-bit 
instruction word format provides a powerful yet easy to use 
instruction repertoire emphasizing single bit manipulation as well 
as logical and arithmetic operations using bytes. 

The PIC 1650A is fabricated with N-Channellon Implant technol­
ogy resulting in a high performance product with proven reliability 
and production history. Only a single wide range power supply is 
required for operation, and an on-chip oscillator provides the 
operating clock with only an external RC network (or buffered 
crystal oscillator signal, for greater accuracy) to establish the 
frequency. Inputs and outputs are TTL-compatible. 

Extensive hardware and software support is available to aid the 
user in developing an application program and to verify perfor­
mance before committing to mask tooling. Programs can be 
assembled into machine language using PI CAL, eliminating the 
burden of coding with ones and zeros. PICAL is available in a 
Fortran III version that can be run on many popular computer 
systems. Once the application program is developed several 
options are available to insure proper performance. The PIC's 
operation can be verified in any hardware application by using 
the PIC 16648. The PIC 16648 is a ROM-less PIC microcomputer 
with additional pins to connect external PROM or RAM and to 
accept HALT commands. The PFD 1000 Field Demo System is 
available containing a PIC 16648with sockets for erasable CMOS 
PROMs. Finally, the PICES(PIC In-Circuit Emulation System) 
provides the user with emulation and debugging capability in 
either a stand-alone mode or operation as a peripheral to a larger 
computer system. Easy program debugging and changing is 
facilitated because the user's program is stored in RAM. With 
these development tools, the user can quickly and confidently 
order the masking of the PIC's ROM and bring his application into 
the market. 

A PIC Series Microcomputer Data Manual is available which gives 
additional detailed data on PIC based system design. 

GENERAL 
REGISTER 

FILES 
(F11~F37) 

INSTRUCTION 
DECODE 

& 
CONTROL 
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PIC 1650A 

ARCHITECTURAL DESCRIPTION 

The firmware architecture of the PIC series microcomputer is 
based on a register file concept with simple yet powerful com­
mands designed to emphasize bit, byte, and register transfer 
operations. The p.rimary purpose of the PIC is to perform logical 
processing, basic code conversions, formatting, and to generate 
fundamental timing and control signals for I/O devices. The 
instruction set also supports computing functions as well as these 
control and interface functions. 

and the I/O Registers. The general purpose registers are used for 
data and control information under command of the instructions. 

The Arithmetic Logic Unit contains one temporary working regis­
ter or accumulator (W Register) and gating to perform Boolean 
functions between data held in the working register and any file 
register. 

Internally, the PIC is composed of three functional elements 
connected together by a single bidirectional bus: the Register File 
composed of 32 addressable 8-bit registers, an Arithmetic Logic 
Unit, and a user-defined Program ROM composed of 512 words 
each 12 bits in width. The Register File is divided into two func­
tional groups: operational registers and .general registers. The 
operational registers include, among others, the Real Time Clock 
Counter Register, the Program Counter (PC), the Status Register, 

The Program ROM contains the operational program forthe rest of 
the logic within the controller. Sequencing of microinstructions is 
controlled via the Program Counter (PC) which automatically 
increments to execute in-line programs. Program control opera­
tions can be performed by Bit Test and Skip instructions, Jump 
instructions, Call instructions, or by loading computed addresses 
into the PC. In addition, an on-chip two-level stack is employed to 
provide easy to use subroutine nesting. Activating the MCLR input 
on power up initializes the ROM program to address 777a. 

PIN FUNCTIONS 

Signal 

OSC (Input) 

RTCC (Input) 

RAO-7, RBO-7, RCO-7, RDO-7 
(Inpull output) 

MClR (Input) 

ClK OUT (output) 

TEST 

Voo 
Vxx 

Vss 

Funcllon 

Oscillator input. This signal can be driven by an external oscillator if a precise frequency of 
operation is required or an external RC network can be used to setthe frequency of operation of 
the internal clock generaior. This is a Schmitt trigger input. 

Real Time Clock Counter. Used by the microprogram to keep track of elapsed time between 
events. The RTCC register increments on falling edges applied to this pin. This register can be 
loaded and read by the program. This is a Schmitt trigger input. 

User programmable input/output lines. These lines can be inputs and/oroutputs and are under 
direct control of the program. 
Master Clear. Used to initialize the internal ROM program to address 777. and latch all I/O 
register high. Should be held low at least 1 ms pasllhetime when the power supply is valid. This 
is a Schmitt trigger input. 

A signal derived from the internal oscillator. Used by external devices to synchronize 
themselves to PIC timing. 

Used for testing purposes only. Must be grounded for normal operation. 
Primary power supply. 

Output Buffer power. Used to enhance output current sinking capability. 

Ground 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

~ Vss 
~AAO 

~RA7 

<E--::)oRBO 11 
~RB1 

~RB2 

<E-?>RB3 

<E--:)ooRB4 
~RB5 

~RB6 

~AB7 

~RCO 

-E-> RC1 

Vxx -E-­

VDO~ 

Alec <E-­

MCCA~ 
osc~ 

CLKOUT~ 

RD7~ 

RD6~ 

RD5~ 

RD4~ 

A03~ 

A02<E---?> 

RD1~ 

RDO~ 

RC7~ 

RC6~ 

RC5~ 

RC4~ 

RC3~ 

RC2~ 
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PIC 16S0A 

REGISTER FILE ARRANGEMENT 

File 
(Oellll) 

FO 

F1 

F2 

F3 

Function 

Not a physically implemented register. FO calls fo~ the contents of the File Select Register (low order 5 bits) to be used to 
select a file register. FO Is thus useful as an indirect address pointer. For example, W+FO-W will add the contents of the file 
register pointed·to by the FSR (F4) to Wand place the result in W. 

Real Time Clock Counter Register. This register can be loaded and read by the microprogram. The RTCC register keeps 
counting up aiter zero is reached. The counter increments on the falling edge of the ir:'lput RTCC. 

Program Counter (PC).The Pc. is automatically incremented during each instruction cycle, and can be written into under 
program control (MOVWF F2).The PC is nine bits wide, but only its low order 8 bits can be read under program control. 

Status Word Register. F3 can be altered under program control only via bit set, bit clear, or MOVWF F3 instruction. 

(7) (6) (5) (4) (3) (2) (1) (0) 

1 1 I 1 1 1 z DC C 

C (Carry): For ADD and SUS instructions, this bit is set if there is a carry out from the most Significant bit of the 
resultant. 
For ROTATE instructions, this bit is loaded with either the high or low order bit of the source . 

. DC (Digit Carry):For ADD and SUS instructions, this bit Is set if there is a carry out from the 4th low order bit of the resultant. 
Z (Zero): Set if the result of an arithmetic operation is zero. 
Sits: 3-7 These bits are defined as logic ones. 

F4 File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generating effective file register addresses 
under program control. When accessed as a directly addressed file, the upper 3 bits are read as ones. 

F5 I/O Register A (AO-A7) 
Fe I/O Register S (So-S7) 

F7 I/O Register C (Co-C7) 
F10 I/O Register 0 (00-07) 

F11-F37 General Purpose Registers 
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Basic Instruction Set Summary 
Each PIC instruction is a 12-bit word divided into an OP code 
which specifies the instruction type and one or more operands 
which further specify the operation of the instruction. The 
following PIC instruction summary lists byte-oriented, bit-ori­
ented, and literal and control operations. 
For byte-oriented instructions, "f" represents a file register 
designator and "d" represents a destination designator. The file 
register designator specifies which one ofthe 32 PIC lile registers 
is to be utilized by the instruction. The destination designator 
specifies where the result 01 the operation performed by the 
instruction is to be placed. II "d" is zero, the result is placed in the 

BYTE-ORIENTED 
FILE REGISTER (11-6) 

OPERATIONS OP CODE 

PIC1650A 

PIC W register. If "d" is one, the result is returned to the file 
register specified in the instruction. 
For bit-oriented instructions, "b" represents a bit lield designator 
which selects the number 01 the bit affected by the operation, 
while "I" represents the number of the Ii Ie in which the bit is 
located. 
For literal and control operations, "k" represents an eight or nine 
bit constant or literal value. 

For an oscillator Irequency 01 1 MHz the instruction execution 
time is 4 Ilsec, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In these two 
cases, the instruction execution time is 8llsec. 

(4-0) 
f (FILE #) 

For d = 0, I-W (pICAL accepts d = 0 or d = W in the mnemonic) 

Instruction-Binary (Octal) 

000 000 000 000 (0000) 
000 000 111 III (0040) 
000 001 000 000 (0100) 
000 001 111 III (0140) 
000 010 dll III (0200) 
000 011 dll III (0300) 
000 100 dll III (0400) 
000 101 dll III (0500) 
000 110 dll Iff (0600) 
000 1 11 dff Ifl (0700) 
001 000 dff III (1000) 
001 001 dll III (1100) 
001 010 dll III (1200) 
001 011 dff Ifl (1300) 
001 100 dff III (1400) 
001 101 dll III (1500) 
001 110 dll lit (1600) 
001 111 dff III (1700) 

BIT-ORIENTED 
FILE REGISTER 
OPERATIONS 

Instruction-Binary (Octal) 

010 Obb bll III (2000) 
010 1 bb bll III (2400) 
011 Obb bll III (3000) 
011 lbb bff III (3400) 

LITERAL AND CONTROL 
OPERATIONS 

Instruction-Binary (Octal) 

100 Okk kkk kkk (4000) 
100 lkk kkk kkk (4400) 
101 kkk kkk kkk (5000) 
11 0 Okk kkk kkk (6000) 
110 1kk kkk kkk (6400) 
11 1 Okk kkk kkk (7000) 
11 1 1kk kkk kkk (7400) 

NOTES: 

d = 1, 1- t (II d is omitted, assembler assigns d = 1.) 

Name Mnemonic, Operands Operation Status Affected 

No Operation NOP None 
Move W to I (Note 1) MOVWF W-I None 
Clear W CLRW O-W Z 
Clear I CLRF f 0-1 Z 
Subtract W from I SUBWF f, d 1- W-d C,DC,Z 
Decrement I DECF I, d 1- l-d Z 
Inclusive OR Wand f IORWF I, d WVI-d Z 
AND Wand I ANDWF f, d W.f-d Z 
Exclusive OR Wand I XORWF f, d W<ill-d Z 
Add Wand I ADDWF I, d W+I-d C,DC,Z 
Move I MOVF I, d f-d Z 
Complement I COMF I, d t-d Z 
Increment f INCF I, d f+l-d Z 
Decrement I, Skip il Zero DECFSZ I, d f - l-d, skip il Zero None 
Rotate Right I RRF I, d f(n)-d(n-l),I(O)-C, C-d(7) C 
Rotate Left I RLF f, d I(n)-d(n+l), 1(7)-C, C-d(O) C 
Swap halves f SWAPF I, d 1(0-3)""I(4-7)-d 
Increment I, Skip il Zero INCFSZ I, d f+l-d, skip if zero 

(11-8) (7 -5) (4-0) 
OP CODE I b (BIT #) I f (FILE #) 

Name 

Bit Clear f 
Bit Set I 
Bit Test I, Skip if Clear 
Bit Test I, Skip il Set 

OP CODE 

Name 

Mnemonic, Operaii-ds 

BCF 
BSF 
BTFSC 
BTFSS 

(7-0) 

I, b 
I, b 
I, b 
I, b 

k (LITERAL) 

Mnemonic, Operands 

Return and place Literal in W RETLW k 
Call subroutine (Note 1) CALL k 
Go To address (k is 9 bits) GOTO k 
Move Literal to W MOVLW k 
Inclusive OR Literal and W IORLW k 
AND Literal and W ANDLW k 
Exclusive OR Literal and W XORLW k 

Operation 

O-I(b) 
l-I(b) 
Bit Test I(b): skip il clear 
Bit Test fIb): skip is set 

Operation 

k-W, Stack-PC 
PC+l - Stack, k - PC 
k-PC 
k-W 

kVW-W 
k·W-W 
k<ilW-W 

None 
None 

Status Affected 

None 
None 
None 
None 

Status Affected 

None' 
None 
None 
None 

Z 
Z 
Z 

1. The 9th bit of the program counter in the PIC is zero lor a CALL and_a MOl,tWF F2. Therefore. subroutines must be located in progr!\m 
memory locations 0-3778. However, subroutines canbe called Irom anywhere in the program memory since the Stack is g bits wide" 

2. When an I/O regisier is modilied as a lunction of itsell, the value used will be that value present on the output pins. For example, an 
output pin which has been latched high but is driven low by an external device, will be relatched in the low state. 

2-7 



I 

PIC1650A 

SUPPLEMENTAL INSTRUCTION SET SUMMARY 

The lollowing supplemental instructions summarized below 
represent specilic applications 01 the basic PIC instructions. For 
example, the "CLEAR CARRY" supplemental instruction is equiv-

Instruction-Binary (Octal) Name 

010 000 000 all (2003) Clear Carry 

010 100 000 all (2403) Set Carry 

010 000 100 all (2043) Clear Digit Carry 

010 100 100 all (2443) Set Digit Carry 

010 001 000 all (2~03) Clear Zero 

010 101 000 all (2503) Set Zero 

all 100 000 all (3403) Skip on Carry 

all 000 000 01 1 (3003) Skip on, No Carry 

01 1 100 100 011 (3443) Skip on Digit Carry 

011 000 100 01 1 (3043) Skip on No Digit Carry 

01 1 1 01 000 01 1 (3503) Skip on Zero 

01 1 001 000 011 (3103) Skip on No Zero 

001 000 1 I I I I I (1040) Test File 

001 000 a I I I I I (1000) Move File to W 

001 001 1 I I Iff (1140) Negate File 
001 010 dll f If (1200) 

01 1 000 000 01 1 (3003) Add Carry to File 
001 010 d f f f f I (1200) 

all 000 000 all (3003) Subtract Carry from File 
000 all d f f I I I (0300) 

01 1 000 100 01 1 (3043) Add Digit Carry to File 
001 ,010 dlf Ilf (1200) 

alent to the basic instruction BCF 3,0 ("Bit Clear, File 3, Bit 0"). 
These instruction mnemonics are recognized by the PIC Cross 
Assembler (PICAL). 

Mnemonic, Equivalent, StatuI 
Operands Operatlon(l) Affected 

CLRC BCF 3, a -
SETC BSF 3, a -
CLRDC BCF 3,1 -
SETDC BSF3,1 -
CLRZ BCF 3, 2 -
SETZ BSF 3,2 -
SKPC BTFSS 3, a -
SKPNC BTFSC 3, a -
SKPDC BTFSS 3,1 -
SKPNDC BTFSC 3,1 -
SKPZ BTFSS 3, 2 -
SKPNZ BTFSC 3, 2 -
TSTF I MOVF 1,1 Z 

MOVFWI MOVF I, a Z 

NEGF f,d COMFI,1 
INCF I, d Z 

ADDCF I, d BTFSC 3,0 
INCF f, d Z 

SUBCF f,d BTFSC 3,0 
DECF I, d Z 

ADDDCF I,d BTFSG 3,1' 
INCF I,d Z 

01 1 000 100 all (3043) Subtract Digit Carry Irom File SUBDCF I,d BTFSC 3,1 
000 01 1 dlf Ifl (0300) DECF I,d Z 

101 kkk kkk kkk (5000) Branch Bk GOTOk -
011 000 000 01 1 (3003) Branch on Carry BC k BTFSC 3,0 
101 kkk kkk kkk (5000) GOTOk -
all 100 000 0,1 1 (3403) Branch on No Carry BNC k ' BTFSS 3,0 
101 kkk kkk kkk (5000) GOTOk -
01 1 100 100 01 1 (3043) Branch on Digit Carry BDC k BTFSC 3,1 
101 kkk kkk kkk (5000) GOTOk -
01 1 001 000 01 1 (3443) Branch on No Digit Carry BNDC k BtFSS 3,1 
101 kkk kkk kkk (5000) GOTOk -

all 101 000 all (3103) Branch on Zero BZ k BTFSC 3,2 
101 kkk kkk kkk (5000) GOTOk -
01 1 101 000 01 1 (3503) Branch on No Zero BNZ k BTFSS3,2 
101 kkk kkk kkk (5000) GOTO,k -., 

,- ,- --

2-8 



I/O Interfacing 
The equivalent circuit for an 1/0 port bit is shown belowas itwould 
interface with either the input of a TTL device (PIC is outputting) or 
the output of an open collector TTL device (PIC is inputting). Each 
1/0 port bit can be individually time multiplexed between input and 
output functions under software control. When outputting thru a 
PIC I/O Port, the data is latched at the port and the pin can be 

TYPICAL INTERFACE-BIDIRECTIONAL I/O LINE 

D, 
!INTEANAl - .... ------1 
DATA BUS) 

Programming Cautions 

WAITE 
(INTERNAL 

SIGNAL) 

READ 
(INTERNAL 

SIGNAL) 

The use of the bidirectional I/O ports are subject to certain rules 
of operation. These rules must be carefully followed in .the in­
truction sequences written for I/O operation. 

Bidirectional I/O Ports 
The bidirectional ports may be used for both input and output 
operations. For input operations these ports are non-latching. Any 
input must be present until read by an input instruction. The 
outputs are latched and remain unchanged until theoutputlatch is 
rewritten. For use asan inputportlhe output latch mustbe set In the 
high state. Thus the external device inputs to the PIC circuit by 
forcing the latched output line to the low state or keeping the 
latched output high. This principle is the same whether operating 
on individual bits or the entire port. 

Some instructions operate internally as input followed by output 
operations. The BCF and BSF instructions, for example, read the 
entire port into the CPU, execute the bit operation, and re-output 
the result. Caution must be used when using these instructions. As 

EXAMPLE 1: 

F7 

OUTPUT INPUT 

What is thought to be happening: 

BSF 7,5 
Read into CPU: 
Set bit 5: 
Write to F7: 

00001111 
00101111 
00101111 

If no inputs were low during ttie instruction execution, there 
would be no problem. 

PIC 1650A 

connected directlytoa TTL gate input. When inputting data thru an 
I/O Port, the port latch must first be set to a high level under 
program control. This turnsoff02 ,allowing the TTL open collector 
device to drive the pad, pulled up by 0" which can source a 
minimum of lOOt/A. Care, however, should be exercised when 
using open collector devices due to the potentially high TTL 
leakage current which can exist in the high logic state. 

-- plciiQ BiTl r---
v~ 

I 
I 

an example a BSF operation on bit 5 of F7 (port RC) will cause all 
eight bits of F7 to be read into the CPU. Then the BSF operation 
takes place on bit 5 and F7 is re-output to the output latches. If 
another bit of F7 is used as an input (say bit 0) then bit 0 must be 
latched high. If during the BSF instruction on bit 5 an external 
device is forcing bit 0 to the low state then theintputloutputnature 
of the BSF instruction will leave bitO latched low after execution. In 
this state bit 0 cannot be used as an input until it is again latched 
high by the programmer. Refer to the examples below. 

Successive Operations on Bidirectional I/O Ports 

Care must be exercised if successive instructions operate on the 
same I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before the next 
instruction which causes that file to be read into the CPU (MOVF, 
BIT SET, BIT CLEAR, and BIT TEST) is executed. Otherwise, the 
previous state of that pin may be read into the CPU rather than the 
new state. This will happen if tpd (See I/O Timing Diagram) is 
greater than v.tcy (min). When in doubt, itisbettertoseparatethese 
instructions with a NOP or other instruction: 

EXAMPLE 2: 

F7 

OUTPUT INPUT 

What could happen if an input were low: 

BSF 7,5 
Read into CPU: 
Set bit 5: 
Write to F7: 

00001110 
00101110 
00101110 

In this case bit 0 is now latched low and is no longer useful as an' 
input until set high again. 
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PIC 1650A 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 
TernperatureUnder Bias ................................................. 125° C 
Storage Temperature ....... ; ... ;; ..................... ' ...... -55°C to +150°C 
Voltage on any pin with Respect to Vss .......................... -0.3V to +12.0V 
Power Dissipation ........... " ....... ; ............................... 1000mW 
Power Dissipated by anyone 1/0 pin (Note 1) .......................... SOmW 
Power DIssipated by all 1/0 pins (Note 1) ............................. SOOmW 

Standard Conditions (unless otherwise stated): 

DC CHARACTERISTICS 
.operating Temperature T. = O°C to +70°C 

Characteristic Sym Min 

Primary Supply Voltage 
... _--

Voo '4.5 
Output Buffer Supply Voltage Vxx 4.5 

, Primary Supply Current 100 -
Output Buffer Supply Current Ixx -
Input Low Voltage V,l -0.2 

Input High Voltage (except MCLR, 
RTCC & OSC when driven externally) V,H1 2.4 

Input High Voltage (MCLR, 
RTCC & OSC) VIH2 Voo-l 

O.utput High Voltalle VOH 2.4 

Output Low Voltage (I/O only) VOll -
-
-
-
-

Output Low Voltage (CLK OUT) VOL2 -
Input Leakage Current (MCLR, RTCC) Ice -10 

Input Low Current (all 1/0 ports) III -0.2 

Input High Current (all 1/0 ports) IIH -0.1 

NOTES: 
1. Power dissIpation for I/O pins is calculated by 

I (Vee -V,l) (1114) + I (Vee -VOH) (11oHI> + I (Vod (loc). 
The term I/O refers to all interface pins; Input, ouput orI/O. 

Typ Max 

- 7.0 

- 10.0 

30 55 

1 5 

- 0.8 

- Voo 

- Voo 

- _ . .v,Q.~, 
~----

- 0.45 

- 0.90 

- 6:90 

- 1.20 

- 2.0 

- 0.45 

- +10 

-O.S -1:S 

-0.4 -

*Exceeding these ratings could'cause perma­
nent damage to, the device. This is a stress 
rating only and flJliction'af operation of this 
device at these conditions is not implled­
operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum 
rating conditions for extended periods may 
affect device reliability. 

Units Conditions 
" ~ ... - ,. ._-- ~ 

V 

V (Note 2) 

mA No Load 

mA No Load (Note 3) 

V 

V .. 

V 

V IOH = -100pA provided by 
internal pullups (Note 4) 

V 101. - I.SmA, Vxx - 4.5V 

V IoL = 5.0mA, Vxx = 4.5V 

V IOL = 5.0mA, Vxx = 8.0V 

V IOL = 10.0mA, Vxx = 8.0V 

V 1o~-=-2o:OrTiA,V;x = B.OV (;;,fote-5) 

V Icc = I.SmA (Notes 5 &'6) 

pA Vss ~ V1N ~ Voo 

mA V'L = O.4V internal pullup 

mA V,H = 2.4V 

2. Vxx supply drives only the 1/0 ports. , , 0" "0 

3. The maximum Ixx current will be drawn when all :i16 ports are outputting a High. 
4. Positive current indicates current into pin. Negative current indicates current out of pin . 

. 5. Total IOL for all output pins (IIO ports plus CLK OUT) must not exceed 22SmA. 
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PIC 1650A 

Standard Conditions (unless otherwise stated): 

AC CHARACTERISTICS 

Operating Temperature TA = O°C to +70°C 

Characteristic Sym Min Typ Max Units Conditions 

Instruction Cycle Time tcy 4 - 20 IJS 0.2MHz 1.0MHz external time base 
(Note 1) 

RTCC Input 

Period leT tcy - - -
High Pulse Width tRTH %tcy - - -
low Pulse Width tRlL \>tcy - - - (Note 2) 

. I/O Ports 

Data Input Setup Time Is - - Y4tcy~125 ns 

Data Input Hold Time th 0 - - ns 

Data Output Propagation Delay tpd - 500 800 ns Capacitive load = 50pF 

OSC Input 

External Input Impedance High ROSCH - 120 - n Vase = 5V } APPlies. to external 

External Input Impedance low RoseL - 1d' - n Vase = O.4V OSC dnve only. 

NOTES: 

1. Instruction cycle period (lev) equals four times the input oscillator time base period. 
2. Due to the synchronous timing nature between ClK OUT and the sampling circuit used on theRTCC input. ClK OUT may be 

directly tied to the RTCC input. 
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I/O TIMING 

\ 1\ /\"----~r\~--1 ~---~ \,,---~ GATE ,...---~ - l 
CLK OUT 

OUTPUT 

INPUT 

ClK OUT TIMING 

Ri"CC TIMING 

I~NCREMENT ANSWER WRITE 
PC EXECUTE . TO 

ADDRESS ROM INSTRUCTION INTERNAL '. 1/0 
FOR NEXT BUS 

INSTRUCTION 

I 
I 

... ts: ........ 
I 

I I I 

-l'-l+ I I l~bA----~~ 
I I I 

I 
I 
I 

---------""---------+1 

:""--""M----.J I , 
.1 1 

~--------~--------~ 

Ihl .... 
I 

10< /4--

I ~~; ____ VA_L_ID __ __ 

I I 

SCHMITT TRIGGER CHARACTERISTICS 
Vo (VOLTS) Vo (VOLTS) 

n 
5-

0.4- 0.4 ~ TI 
5 r 

NOTE: 
Rise and fall times 
are load dependenl 

~-----If---I----'" V, (VOLTS) .... ----II----II-----po;. V, (VOLTS) 

2-12 
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Voo= 5V T. = 2S"C 

1.0 2.0 
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PIC 1650A OSCILLATOR OPTIONS (TYPICAL CIRCUITS) 

RC OPTION OPERATION 

REXT 

Voo 

.. ~ R(ext) .. 

b TO ~C "'0. "N '" 
C(ext) 

I 

\ \ !\ 
\ \ \ 
~ \ r\ 
\ " '\. 

\ \ " 
'\ " 

18KO r--r--r--r--r--r--t--r~t-~~t--i 

'" ~" 

TYPICAL' 

40 60 80 100 120 140 160 180 200 220 240 260 

INSTRUCTION CYCLE TIME (kHz) 
Oscillator Frequency With Typical Unit To Unit Variance 

Voo = 5.0V 
C =47pF 
T. = 25°C 

Unit to Unit Variation at Voo = 5.0V, T. = 25°C is±25% 
Variation from Voo = 4.5V -7.0V referenced to 5V is -3%, +9% 
Variation from T. = O°C -70°C referenced to 25°C Is +3%, -5% 

BUFFERED CRYSTAL INPUT OPERATION XTAL 

EXTERNAL CLOCK INPUT OPERATION 

---lo~ 

.. 
~:x>--_ -+---I :x:._>--~ 'TO OSC PIN #36 

-- c - .... C 30%';;; DUTY CYCLE';;; 70% 

I I 

CLOCK. FROM ~ TO OSC PIN #36 
EXT. SYSTEM ~ 

PIC1650A 
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MASTER CLEAR 
VDD 

R ~ R<100K 

~ TO PIC 1650A MciJ'i PIN #37 

C 0.1/lF 

I 
Master Clear requires >1.0ms delay before activation after power 
is applied to the VDD pin. To acheive this, an external RC con­
figuration as shown can be used (assuming VDD is applied as a 
step function). 

OUTPUT SINK CURRENT GRAPH 

IOl 

(rnA) 

VOH VS IOH (1/0 PORTS) 

2-14 

YO" 
(VOLTS) 

40 

30 

20 

10 

/" 

Y '/ 
",-

../ 

-/ V / /" ~ 

~ ~ V V i""" -.,/ ~ 

t?: ~ :::::: V f--~ k---""" 

:J~ ~ 
~ -~ r:....-

1.0 2.0 

VOL (VOLTS) 

10L VB. VOL TYP @ 2S"C 

....-
V 
V 
V --

v" = 10 

V ..-
i"" 

f.-

-r- -
----

Vxx = 9 

Vxx = 8 

Vxx = 7 

Vxx = 6 

Vxx :::::: 5 

3.0 

The Output Sink Current is dependent on the Vxx supply and the 
output load. This chart shows the typical curves used to express 
the output drive capability. 

VOD = V'1.X = 4.2SV 

POWER SUPPLY CURRENT VS TEMPERATURE 

100 

(mA) 

50 

40 

30 

20 

10 

- Voo ,7.0V 

I-r 4'/oc --h .os!A/oC 
~ 

40 0 40 80 120 

TEMPERATURE (0G) 



PIC 1650A EMULATION CAUTIONS 

When emulating a PIC 1650A using aPICES development system 
-certain precautions should be taken. 

A. Be sure that the PICES Module being used is programmed for 
the PIC 1650A mode. (Refe~ to PICES Manual). The PIC 1664B 
contained within the module should have the MODE pin #22 set to 
a high state. 

1. This causes the MCLR to force all I/O registers high. 
2. The OSC 1 pin #59 becomes a single clock input pin. 
3. The interrupt system becomes disabled and the RTCC 
always counts on the trailing edges. 
4. Bits 3 through 7 on file register F3 are all ones. 

PIC 1650A 

B. Make sure to only use two levels of stack within the program. 

C. Make sure all I/O cautions cont/lined in this spec sheet are 
used. 
D. Be sure to use the 40 pin socket for the module plug. 
E. Make sure that during an actual application that the MCLR 
input swings from a low to high level a minimum of 1 msec after 
the supply voltage Is applied. 

-F. If an external oscillator drive is used, be sure that It can drive 
the 1200 Input impedance of the OSC pin on the PIC 1650A. 

G. The cable length and internal variations may cause some 
parameter values to differ between the PICES module and a 
production PIC 1650A. 
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PIC 1655A 

8 Bit Microcomputer 
FEATURES 

• User Programmable 
• Intelligent Controller for Stand-Alone Applications 
• 32 8-bit RAM Registers 
• 512 x 12-bit Program ROM 
• Arithmetic Logic Unit 
• Real Time Clock Counter 
• Self-contained Oscillator 
• Access to RAM Registers inherent in instruction 
• Wide Power Supply Operating Range (4.5V to 7.0V) 
• Available in two temperature ranges: 0° to 70°C and -40°C 

to 85°C 

• 4 inputs, 8 outputs, 8 bi-directionaliiO lines 
• 2 Level Stack 

DESCRIPTION 

The PIC 1655A microcomputer is an MOS/LSI device containing 
RAM, I/O, and a central processing unit as well as customer­
defined ROM on a single chip. This combination produces a low 
cost solution for applications which require sensing individual 
inputs and controlling individual outputs. Keyboard scanning, 
display driving, and other system control functions can be done 
at the same time due to the power of the 8-bit ALU. 

The internal ROM contains a customer-defined program using the 
PIC's powerful instruction set to specify the overall functional 
characteristics of thedevice. The8-bit input/output registers pro­
vide latched lines for interfacing to a limitless variety of applica­
tions. The PIC can be used to scan keyboards, drive displays, 
control electronic games and provide enhanced capabilities to 
vending machines, traffic lights, radios, television, consumer 

PIC 1655A BLOCK DIAGRAM 

appliances, industrial timing and control applications. The 12-bit 
instruction word format provides a powerful yet easy to use 
instruction repertoire emphasizing single bit manipulation as well 
as logical and arithmetic operations using bytes; 

The PIC 1655A is fabricated with N-Channellon Implanttechnol­
ogy resulting in a high performance product with proven reliability 
and production history. Only a single wide range power supply is 
required for operation, and an on-Chip oscillator provides the 
operating clock with only an external RC network (or buffered 
crystal oscillator signal, for greater accuracy) to establish the 
frequency. In,puts and outputs are TTL-compatible. 

Extensive hardware and software support is available to aid the 
user in developing an application program and to verify perfor­
mance before committing to mask tooling. Programs can be 
assembled into machine language using PICAL, eliminating the 
burden of coding with ones and zeros. PICAL is available in a 
Fortran III version that can be run on many popular computer 
systems. Once the application program is developed several 
options are available to insure proper performance. The PIC's 
operation can be verified in any hardware application by using 
the PIC 1664B. The PIC 1664B is a ROM-less PIC microcomputer 
with additional pins to connect external PROM or RAM and to 
accept HALT commands. The PFD 1000 Field Demo System is 
available containing a PIC 1664B with sockets for erasable CMOS 
PROMs. Finally. the PICES (PIC In-Circuit Emulation System) 
provides the user with emulation and debugging capability in 
either a stand-alone mode or operation as a peripheral to a larger 
computer system. Easy program debugging and changing is 
facilitated because the user's program is stored in RAM. With 
these development tools, the user can quickly and confidently 
order the masking of the PIC's ROM and bring his application into 
the market. 

A PIC Series Microcomputer Data Manual is available which gives 
additional detailed data on PIC based system design. 

GENERAL 
REGISTER 

FILES 
(Fl0-F37) 

RAO-3 

if 

l1!~--ip-"'IIIIl"---•• ---""----"~ '" * R8M 
r lil 
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ARCHITECTURAL DESCRIPTION 

The firmware architecture of the PIC series microcomputer is 
based on a register file concept with simple yet powerful com­
mands designed to emphasize bit, byte, and register transfer 
operations. The p.rimary purpose of ihe PIC is to perform logical 
processing, basic code conversions, formatting, and to generate 
fundamental timing and control signals for I/O devices. The 
instruction set also supports cumputing functions as well as these 
control and interface functions. 

Internally, the PIC is composed of three functional elements 
connected together by a single bidirectional bus: the Register File 
composed of 32 addressable 8-bit registers, an Arithmetic Logic 
Unit, and a user-defined Program ROM composed of 512 words 
each 12 bits in width. The Register File is divided ;,;to two func­
tional groups: operational registers and general registers. The 
operational registers include, among others, the Real Time Clock 
Counter Register, the Program Counter (PC), the Status Register, 

PIN FUNCTIONS 

Signal 

PIC 1655A 

and the I/O Registers. The general purpose registers are used for 
data and control information under command of the instructions. 

The Arithmetic Logic Unit contains one temporary working regis­
ter or. accumulator (W Register) and gating to perform Boolean 
functions between data held in the working register and any file 
register. 

The Program ROM contains the operational program forthe restof 
the logic within the controller. Sequencing of microinstructions is 
controlled via the Program Counter (PC) which automatically 
increme~ts to execute in-line programs. Program control opera­
tions can be performed by Bit Test and Skip instructions, Jump 
instructions, Call instructions, or by loading computed addresses 
into the PC. In addition, an on-chip two-level stack is er lployed to 
provide easy to use subroutine nesting. Activating the MCLRinput 
on power up initializes the ROM program to address 777 •. 

Function 

OSC (Input) Oscillator input: This signal can be driven by an external oscillator if a precise frequency of 
operation is required or an external RC network can be used to set the frequency of operation of 
the internal clock generator. This is a Schmitt trigger input. 

RTCC (Input) 

RAO-3 (Input) 

RBO-7 (output) 

RCO-7 (Input/output) 

MClR (Input) 

ClK OUT (output) 

TEST 

Vee' 

Vxx 
Vss 

Real Time Clock Counter. Used by the microprogram to keep track of elapsed time between 
events. The Real Time Crock Counter Register increments on falling edges applied to this pin. 
This register can be loaded and read by the program. This is a Schmitt trigger input. 

4 input lines 

8 output lines 

8 user programmable input/ouput lines 

All inputs and outputs are under direct control of the program. 

Master Clear. Used to initialize the internal ROM program to address 777. and latch all I/O 
register high. Should be held low at least 1 ms past the time when the power supply is valid. This 
is a Schmitt trigger input. 

A signal derived from the internal oscillator. Used by external devices to synchronize 
themselves to PIC timing. 

Used for testing purposes only. Must be grounded for normal operation. 

Primary power supply. 

Output Buffer power supply. Used to enhance output current sinking capability. 
Ground 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

~AfCc 
~ Voo 

---'7 v" 
---+ Vss 

reST 
---7 RAO 

---7 RA1 

---'7 RA2 

---7 RA3 

<E-- RBO 

?-RB1 

<E-- RB2 

~RB3 

?-RB4 

2 

MCIR~ 

OSC <E---
CLKOUT ---7 
RC7~ 

RC6~ 

RC5~ 

RC4~ 

RC3~ 

RC2~ 

RC1 <0-7 
RCO~ 

RB7----;' 

RB6~ 

RB5----;' 
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REGISTER FILE ARRANGEMENT 

File 
(Octal) 

FO 

Fl 

F2 

F3 

Function 

Not a physically implemented register. FO calls for the contents of the File Select Register (lOW order 5 bits) to be used to 
select a file register. FO is thus useful as an indirect address painter. For example, W+FO-W will add the contents of the file 
register pointed to by the FSR (F4) to Wand place the result in W. 

Real Time Clock Counter Register. This register can be loaded and read by the microprogram. The RTCC register keeps 
counting up after zero is reached. The counter increments on the falling edge olthe input RTCC. 

Program Counter (PC).The PC is automatically incremented during each instruction cycle, and can be written into under 
program control (MOVWF F2).The PC is nine bits wide, but only its low order 8 bits can be read under program control. 

Status Word Register. F3 can be altered under program control only via bit set, bit clear, or MOVWF F3 instruction. 

C (Carry): 

(7) (6) (5) (4) (3) (2) (1) (0) 

1 1 1 1 z DC C 

For ADD and SUB instructions, this bit is set if there is a carry out from the most significant bit of the 
resultant. 
For ROTATE instructions, this bit is loaded with either the high or low order bit of the source. 

DC (Digit Carry):For ADD and SUB instructions, this bit is set if there is a carry out from the 4th low order bit of the resultant. 
Z (Zero): Set if the result of an arithmetic operation is zero. 
Bits: 3-7 These bits are defined as logic ones. 

F4 File Select Register (FSR). Low order 5 bits. only are used. The FSR is used in generating effective file register addresses 
under program control. When accessed as a directly addre$sed file, the upper 3 bits are read as ones. 

F5 Input Register A (AG-A3) (A4-A7 defined as zeroes) 

F6 Output Register B (BO-B7) 

F7 I/O Register C (CD-C7) 
Fl0-F37 General Purpose Registers 



Basic Instruction Set Summary 
Each PIC instruction is a 12-bit word divided into an OP code 
which specilies the instruction type and one or more operands 
which lurther specily the operation 01 the instruction. The 
lollowing PIC instruction summary lists byte-oriented, bit-ori­
ented, and literal and control operations. 
For byte-oriented instructions, "I" represents a lile register 
designator and "d" represents a destination designator. The lile 
register designator specilies which one 01 the 32 PIC lile registers 
is to be utilized by the instruction. The 'destination designator 
specilies where the result 01 the operation perlormed by the 
instruction is to be placed. II "d" is zero, the result is placed in the 

BYTE-ORIENTED 
FILE REGISTER 
OPERATIONS 

(11-6) 

OP CODE 

PIC 1655A 

PIC W register. II "d" is one, the result is returned to the file 
register specilied in the instruction. 
For bit-oriented instructions, "b" represents a bit lield designator 
which selects the number 01 the bit allected by the operation, 
while "I" represents the number 01 the lile in which the bit is 
located. 
For literal and control operations, "k" represents an eight or nine 
bit constant or literal value. 
For an oscillator Irequency 01 1 MHz the instruction execution 
time is 4 psec, unless a conditional test is true or the program 
counter is changed as a result 01 an instruction. In these two 
cases, the instruction execution time is 8 psec. 

(5) (4-0) 

I d I f (FILE #) 

For d = 0, I-W (PI CAL accepts d = 0 or d = W in the mnemonic) 
d = 1, 1- I (II d is omitted, assembler assigns d = 1.) 

Instruction-Binary (Octal) Name Mnemonic, Operands Operation Status Affected 

000 000 000 000 (0000) No Operation NOP None 
000 000 111 I I I (0040) Move W to I (Note 1) MOVWF. W-I None 
000 001 000 000 (0100) Clear W CLRW o-w Z 
000 001 1 I I I I f (0140) Clear I CLRF f 0-1 Z 
000 010 d If Iff (0200) Subtract W Irom f SUBWF I, d I-W-d C,DC,Z 
000 011 d f I f If (0300) Decrement I DECF f, d 1- 1-d Z 
000 100 d I I f I f (0400) Inclusive OR Wand f IORWF I, d WVI-d Z 
000 101 d I I f I f (0500) AND Wand f ANDWF I, d W.I-d Z 
000 110 d I I Iff (0600) Exclusive OR Wand f XORWF I, d WIDI-d Z 
000 111 d If f I I (0700) Add Wand I ADDWF I, d W+I-d C,DC,Z 
001 000 d If I I I (1000) . Move I MOVF f, d f-d Z 
001 001 d If I If (1100) Complement I COMF f, d f-d Z 
001 010 d If I I I (1200) Increment I INCF f, d 1+1-d Z 
001 011 d f f I I' (1300) Decrement f, Skip il Zero DECFSZ f, d 1- 1-d, skip il Zero None 
001 100 dll fff (1400) Rotate Right f RRF I, d l(n)-d(n-1),f(0)-C, C-d(7) C 
001 101 dff Iff (1500) Rotate Left f RLF f, d f(n)-d(n+1), 1(7)-C, C-d(O) C 
001 110 dff Iff (1600) Swap halves I SWAPF I, d . 1(0-3)"I(4-7)-d None 
001 111 dff I I I (1700) Increment I, Skip if Zero INCFSZ f, d 1+1-d, skip il zero None 

BIT-ORIENTED (11-8) (7-5) (4-0) 
FILE REGISTER 

OP CODE I b (BIT #) I f (FILE #) OPERATIONS 

Instruction-Binary (Octal) Name Mnemonic, Operands Operation Status Affected 

010 Obb bff Iff (2000) Bit Clearf BCF f, b O-I(b) None 
010 1bb bff Iff (2400) Bit Set I BSF f, b 1-I(b) None 
011 Obb bff Iff (3000) Bit Test I, Skip il Clear BTFSC f, b Bit Test fIb): skip il clear None 
011 1bb bff Iff (3400) Bit Test f, Skip il Set BTFSS f, b Bit Test I(b): skip is set None 

(11-8) (7-0) 
LITERAL AND CONTROL 

OP CODE k (LITERAL) 
OPERATIONS 

Instruction-Binary (Octal) Name Mnemonic, Operands Operation Status Affected 

100 Okk kkk kkk (4000) Return and place Literal in W RETLW k k-W, Stack-PC None 
100 1 k k kkk kkk (4400) Call subroutine (Note 1) CALL k PC+1 - Stack, k - PC None 
101 kkk kkk kkk (5000) Go To address (k is 9 bits) GOTO k k-PC None 
110 Okk kkk kkk (6000) Move Literal to W MOVLW k k-W None 
110 1 k k kkk kkk (6400) Inclusive OR Literal and W IORLW k kVW-W Z 
111 Okk kkk kkk (7000) AND Literal and W ANDLW k k·W-W Z 
111 1 k k kkk kkk (7400) Exclusive OR Literal and W XORLW k kIDW-W Z 

NOTES: 
1. The 9th bit 01 the program counter in the PIC is zero lor a CALL and a MOVWF F2. Therefore, subroutines must be located in program 

memory locations 0-377 •. However, subroutines can be called Irom anywhere in the program memory since the Stack is 9 bits wide. 
2. When ail I/O register is modilied as a lunction 01 itself, the value used will be that value present on the output pins. For example, an 

output pin which has been latched high but is driven low by an external device, will be relatched in the low state. 
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SUPPLEMENTAL INSTRUCTION SET SUMMARY 

, The following supplemental instructions summarized below 
represent specific' applications of the basic PIC Instructions. For 
example, the "CLEAR CARRY" supplemental Instruction is eq~iv-

InstNction-Blnary (Octal) Nanie 

010 000 000 Oil (2003) Clear Carry 

010 100 000 Oil (2403) Set Carry 

010 000 100 Oil (2043) Clear Digit Carry 

010 100 100 Oil (2443) Set Digit Carry 

010 001 000 Oil (2103) Clear Zero 

01·0 101 000 Oil (2503) Set Zero 

Oil 100 000 Oil (3403) Skip on Carry 

Oil 000 000 Oil (3003) Skip on No Carry 

Oil 100 100 Oil (3443) Skip on Digit Carry 

011 000 100 Oil, (3043) Skip on No Digit Carry 

Oil 101 000 Oil (3503) Skip on Zero 

Oil 001 000 011 (3103) Skip on No Zero 

001 000 iff Iff (1040) Test File 

001 000 Off Iff (1000) Move File to W 

001 001 iff tff . (1140) Negate File 
001 010 dff tlf (1200) 

011 000 000 011 (3003) Add Carry to File 
001 010 dff Iff (1200) 

011 000 000 011 (3003) Subtract Carry from File 
000 011 dff fft (0300) 

011 000 100 Oil (3043) Add Digit Carry t~ File 
,001 010 dff fit (1200) 

alentto the basic InstructlonBCF 3,0 ("Bit Clear, FiI~3,BitO"): 
These instruction mnemonics arerecogniz8d by the' PIC Cross 
Assembler (PI CAL). ' . ' 

Mnemonic. Equl"alent StatUI 
Operandi Operatlon(l) Affected 

,', ,;, 

CLRC BCF 3, 0 -
SETC BSF 3, 0 -
CLRDC BCF 3,1 -
SETDC BSF 3,1 -
CLRZ BCF 3,2 -
SETZ BSF 3, 2 -
SKPC BTFSS3,0 -
SKPNC BTFSC 3,0 -
SKPDC' BTFSS3,1 -
SKPNDC BTFSC 3,1 ~ 

SKPZ BTFSS3,2 -
SKPNZ BTFSC 3,2 -
TSTFf MOVF f, 1 Z 

MOVFWf MOVF f, 0 Z 

'NEGF f,d COMFf,1 
INCFf,d Z 

ADDCFf, d BTFSC 3,0 
INCF f, d Z 

SUBCF f,d BTFSC 3,0 
DECF t, d Z 

ADDDCF f,d BTFSG 3,1 
INCFf,d Z 

Oil 000 100 Oil (3043) Subtract Digit Carry from File SUBDCF f,d BTFSC 3,1 
000 Oil dff tff (0300) DECF t,d Z 

'. 

101 kkk kkk kkk (5(J06) Branch Bk GOTO,k -
Oil 000 000 Oil (3003) Branch on Carry , BC k BTFSC3,0 
101 kkk kkk kkk (5000) GOTOk ;-

Oil 100 000 011 (3403) Branch on No Carry BNCk BTFSS3,0 
101 kkk kkk kkk '(5000) , GOTOk -
011 100 100 011 (3043) Branch on ciigitC~rry BOCk BTFSC 3,1 
101 kkk kkk kkk (5000) GOTOk -
0'11 001 000 011 (3443) Branch on No Digit Carry BNDC k , BTFSS3,1 
101 kkk kkk kkk (5000) GOTOk -
011 101 000 011 (3103) Branch on Zero BZk BTFSC 3,2 

; 101, kkk kkk kkk (5000) . 'GOTOk. f -". , 

011 10,1 000 011 (3503) Branch on No Zero BNZk BTFSS:3,2. 
"101 kkk kkk' kkk (5000) GOTOk -

" 



I/O Interfacing 
The equivalent circuit for an 1/0 port bit is shown below as it would 
interface with either the input of a TTL device (PIC isoutputting) or 
the output of an open collector TTL device (PIC is inputting). Each 
1/0 port bit can be individually time multiplexed between input and 
output functions under software control. When outputting thru a 
PIC I/O Port, the data Is latched at the port and !he pin can be 

TYPICAL INTERFACE-BIDIRECTIONAL 110 LINE 

ClNTER~L"-..... ------; 
DATA BUSI 

Programming Cautions 

WRITE 
(INTERNAL 

SIGNALI 

READ 
(INTERNAL 

SIGNAL) 

The use of the bidirectional I/O ports are subject to certain rules 
of operation. These rules must be carefully followed in the in­
truction sequences written for I/O operation. 

Bidirectional 110 Ports 
The bidirectional ports may be used for both input and output 
operations. For input operations these ports are non-latChing. Any 
input must be present until read by an input instruction. The 
,outputs are latched and remain unchanged until the output latch is 
rewritten. Foruseasan inpulportlheoutputlatch must be setln the 
high slate. Thus the external device inputs ,to the PIC circuit by 
forcing the latched output line to the low state or keeping the 
latched output high. This prinCiple is the same whether operating 
on individual ~its or the entire port. ' 

Some instructions operate internally as input followed by output 
operations. The BCF and BSF instruction's, for example, read the 
entire port into the CPU, execute the bit operation, and re-output 
the re~ult. Caution must be used when using these instructions. As 

EXAMPLE 1: 

F7 

OUTPUT INPUT 

What is thought to be happening: 

BSF7,5 
Read Inlo CPU: 
Set bit 5: 
Write to F7: 

00001111 
00101111 
00101111 

If no inputs were low during the instruction execution, there 
would be no problem. 

PIC 1655A 

connected directlytoa TTL gate input. When inputting data thruan 
1/0 Port, the port latch must first be set to a high level under 
program control. "('his turns off Q2, allowing the TTL open collector 
device to drive the pad, pulled up by Q" which can source a 
minimum 01 100IlA. Care, however, should be exercised when 
using open collector devices due to the potentially high TTL 
leakage current which can exist in the high logic state. 

-- PiCiiOB~ 1---
v" 

v", I 
I 

I nL DEYICE OUTPUT 

~~L~I_ 

an example a BSF operation on bit 5 of F7 (port RC) will cause all 
eight bits of F7 to be read into the CPU. Then the BSF operation 
takes place on bit 5 and F7 is re-output to the output latches. If 
another bit of F7 is used as an input (say bit 0) then bit 0 must be 
latched high. If during the ,BSF instruction on bit 5 an external 
device is forcing bit Oto the low state then the intputloutputnature 
olthe BSF instruction will leave bitO latched lowafterexecution.ln 
this state bit 0 cannot be used as an input until it is again latched 
high by the programmer. Refer to the examples below. 

Successive Operations on Bidirectional I/O Ports 

Care must be exercised if successive instructions operate on' the 
same I/O port. The sequence of instructions should be such to' 
allow the pin voltage to stabilize (load dependent) before the next 
instruction which causes that file to. be read ,into the CPU (MOVF, 
BIT SET, BIT CLEAR, and BIT TEST) is executed. Otherwise, the 
previous state of that pin may be'read into the CPU rather than the 
new state. This will happen if tpd (See 1/0 Timing Diagram) is 
greater than 'Mey (min), When indoubt,itisbettertoseparatethese 
instructions with a NOPor other instruction. 

EXAMPLE 2: 

F7 

OUTPUT INPUT 

What could happen if an input were low: 

BSF 7,5 
Read into CPU: 
Set bit 5: 
Write to F7: 

00001110 
00101110 
00101110 

In this case bit 0 is now latched low and is no longer useful as an 
input until set high again. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 
Temperature Under Bias " " " 
Storage Temperature ..... , ..• ; ..•.•..•.•......••.• , .•.•...... -55·C to +f50·c 
Voltage on any pin with Respect to ,Y~s .•.•....•.••..••.•..•..•.. -0,3V to, +12.0V, 
Power Dissipation.; .................................................. ~'1000mW 
Power Dissipated by anyone lIO pin (Note 1) .•••....•••.•.••.••...... ~ SOmW 
Power Dissipated by alillOpins (Noie 1) .•••.••••.••••••••...•.•..•.•. SOOmW 

Standard Condilions (unless otherWise stated): 

DC CHARACTERISTICS 
Operating Temperature T. = O·C to +70·C 

Characteristic Sym Min 

Primary Supply Voltage VDD 4,5 

Output Buffer Supply Voltage Vxx 4.5 

Primary Supply Current 100 -
Output Buffer Supply Current Ixx -
Input Low Voltage VIL -0.2 

Input High Voltage (except MCLR, 
RTCC & OSC when driven externally) VIH1 2.4 . 

Input High Voltage (MCLR, 
RTCC & OSC) VIH2 VDD-1 

Output High Voltage VaH 2.4 

Output Low VO,ltage (lIO only) VOLl -
-
-
-
-

Output Low Voltage (CLK bUT) V~'L2 -
Input Leakage Current,(MCLR, RTCC) ILe -10 

I nput Low Current (all I/O ports) IlL -0.2 
," 

Input High Current (all I/O ports) IIH -0,1 

NOTES: 
1. Power dissipation for 1/0 pins is cal~ulated by 

,1: (Vee -VIL) (III~) + 1: (Vee -VaH) (IIcHi) + 1: (Vad (Icd. 
The termIlOrefers to all interface pins; input, ~uput orI/O. 

2. Vxx supply drives only the lIO ports, 

Typ Max 

- 7.0 ' 

- 10.0 

30 55 

1 5 
- O.B 

- VDD 

- VDD 

- VDD 

- 0.45 

- 0,90 

- 0,90 

- 1.20 

- 2.0 

- 0.45, 

- +10 

-0,6 -1,6 

-0.4 -

*Exceeding these ratings could ca~se perma­
nent damage to the device. This is a stress 
rating only and ,functional operatiolJ of this 
device at these ,conditions is not implied­
operating ranges are specified in Standard" 
Conditions. Exposure to absolute maxi'mum 
rating conditions for exteJlded periods may 
affect devic,e reliability. 

l.inits Conditions 

V 

V (Note 2) 

mA No Load 

mA No Load (Note 3) 

V 

V 

V 

V IaH = -100pA provided by 
internalpullups (Note 4) 

V IaL - 1,6mA, Vxx - 4.5V 
'," 

V IcL = 5,OmA, Vxx' = 4.5V 

V IaL '7 5.0mA, Vxx = B.OV 

V IaL '= 10,OmA, Vxx = B.OV 

V IcL = 20,OmA, Vxx = B.OV (Note 5) 

10L = 1.6,mA (Notes 5 8. 6) " 
"' 

V 
" 

pA Vss ~ V1N ~ Voo 

mA V,L - O.4V internal pull up 

mA V,H - 2.4V 

3. The maximum Ixx current will be ,drawn when all I/O ports are outputting a High, 
4. Positive current indicates current into pin. Negative current indicates current out of pin, , '~ . 
5. Total IaL for all output pins (I/O ports plus CLK OUT) must not exceed 225mA. 

"'.' .:,.,,' 
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Standard Conditions (unless otherwise stated): 

AC CHARACTERISTICS 

Operating Temperature T. = O°C to +70°C 

Characteristic Sym Min Typ Max Units Conditions 

Instruction Cycle Time tcy 4 - 20 J1s 0.2MHz -1.0MHz external time base 
(Note 1) 

RTCC Input 

Period tRr tcy - - -
High Pulse Width tRTH %tcy - - -
low Pulse Width tRTL %tcy - - - (Note 2) 

IIO Ports 

Data Input Setup Time Is - - '.4tcy-125 ns 

Data Input Hold Time th 0 - - ns 

Data Output Propagation Delay tpd - 500 800 ns Capacitive load = 50pF 

OSC Input 

External Input Impedance High RoscH - 120 - n Vosc = 5V } Applies to external 

External Input Impedance low Rosel - 10" - n Vosc = OAV OSC dnve only. 

NOTES: 

1. Instruction cycle period (lev) equals four times the input oscillator time base period. 
2. Due to the synchronous timing nature between ClK OUT and the sampling circuit used on the RTCC input, ClK OUT may be 

directly tied to the RTCC input. 

I 
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1/0 TIMING 

ClK OUT 

\ f\,--~f\ 1\ 
"'I .. ----.J GATE 'I-----.. ~I '"-----~ 

INCREMENT ANSWER WRITE 
PC EXECUTE TO 

ADDRESS ROM INSTRUCTION INTERNAL 1/0 

OUTPUT 

INPUT 

ClK OUT TIMING 

RTCCTIMING 

FOR NEXT BUS 
INSTRUCTION 

too 14--

__ ~I~·-J~~: ____ V_A_Ll_D __ _ 

I : 
II --. "1..- --. t" 1..-
I I 

~ I I 
_I''"" 1+ : :I-"""--~~ I I 

I 
I 
I 

__ ----t~.----__.j 

:'--t., .. --": 
t , 
I I 

SCHMITT TRIGGER CHARACTERISTICS 
Va (VOLTS) Va (VOLTS) 

n 
5 ~ 

0.4 t-- 0.4 t-- n 
5 ~ 

NOTE: 
Rise and fall times 
are load dependent 

'----+---.f---..... ~ VI (VOLTS) '----+---+----t~ V, (VOLTS) 
1.5 2.7 
MCLR,OSC TYPICAL HYSTERESIS 

voo = 5V T. = 25°C 

1.0 2.0 
RTCC 



PIC 1655A OSCILLATOR OPTIONS (TYPICAL CIRCUITS) 

RC OPTION OPERATION 

RExT 

30KCl 

26KCl 

22KCl 

16KCl 

VDD 

~ R(ext) 

b TO PIC 1655A PIN #27 

C(ext) 

I 

\ \ \ 
\ r-.. \ 

1\ \ ~ 
\ 1\ 

\ 

1\ \ 
, 

\ 

"" '\, II" 

VDD = 5.0V 
C =47pF 
TA = 25DC 

14KCl r--+--+--+--;-~r--r--t--+--+-~--, 
TYPICAL I 

40 60 60 100 120 140 160 160 200 220 240 260 

INSTRUCTION CYCLE TIME (kHz) 
Oscillator Frequency With Typical Unit To Unit Variance 

Unit to Unit Variation at VDD= 5.0V, TA = 25DC is ±25'10 
Variation from VDD = 4.5V -7.0V referenced to 5V is -3%, +9% 
Variation from TA = ODC -70DC referenced to 25DC is +3%, -5% 

BUFFERED CRYSTAL INPUT OPERATION 

EXTERNAL CLOCK INPUT OPERATION 

R 
.A 

"::~O---~Ta asc PIN #27 

-- C -'- C 30%';; DUTY CYCLE';; 70% 

I I 

C. LOCK FROM ~ TO OSC PIN #27 
EXT. SYSTEM ~ 

PIC 1655A 

I 
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MASTER CLEAR 

Master Clear requires >1.0ms delay before activation after power 
is applied to the Voo pin. To acheive this, an external RC con­
figuration as shown can be used (assuming Voo is applied as a 
step function). 

OUTPUT SINK CURRENT GRAPH 

IOL 

(rnA) 

VOH VS 10H (I/O PORTS) 

vO" 
(VOLTS) 
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40 

30 

20 

10 

v" = 10 

",-V -....... V "./ 
V 

V 

/ V ~ "./ -
/' '/ ::::.-V ....-....-r- -~ E::::: .-/ ....- ....... 

~ -........ --~ t::::: r:;:: ....- -I---.b -
~ ~ 

:::::--: ~ V 
- ".--

~ 
1.0 2.0 

VOL (VOLTS) 

IOL VS. VOL TYP @ 25°C 

The Output Sink Current is dependent on the Vxx supply and the 
output load. This, chart shows the typical curves used to express 
the output drive capability. 

- Vxx = 9 - Vxx = 8 

i-- Vxx = 7 

f-- Vxx ;0 6 

v" = 5 

3.0 

POWER SUPPLY CURRENT VS TEMPERATURE 

Voo = Vu = 4.25V 

100 

(rnA) 

50 

40 

30 

20 

10 

- VDD i7.OV 

~ N A
/
OC --!-t ~~A/OC 

40 40 80 120 

TEMPERATURE (0C) 



PIC 1655A EMULATION CAUTIONS 

When emulating a PIC 1655A using a PICES development system 
certain precautions should be taken. 

A. Be sure that the PICES Module being used is programmed for 
the PIC 1650A mode. (Refer to PICES Manual). The PIC 1664B 
contained within the module should have the MODE pin 1122 setto 
a high state. 

1. This causes the MCLR to force all I/O registers high. 
2. The OSC 1 pin 1159 becomes a single clock input pin. 
3. The interrupt system becomes disabled and the RTCC 
always counts on the trailing edges. 
4. Bits 3 through 7 on file register F3 are all ones. 

PIC 1655A 

B. Make sure to only use two levels of stack within the program. 

C. Make sure all I/O cautions contained in this spec sheet are 
used. 
D. Be sure to use the 28 pin socket for the module plug. 
E. Make sure that during an actual application that the ~ 
input swings from a low to high level a minimum of 1 msec after 
the supply voltage is applied. 

F. If an oscillator drive is used, be sure that it can drive 
the 1200 input impedance of the OSC pin on the PIC 1655A. 

G. The cable length and internal variations may cause some 
parameter values to differ between the PICES module and a 
production PI C 1655A. 
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8 Bit Microcomputer 

FEATURES 

• Vectored interrupt servicing capability 
• User Programmable 
• Intelligent Controller for Stand-Alone Applications 
• 32 8-bit RAM Registers 
• 512 x 12-bit Program ROM 
• Arithmetic Logic Unit 
• Real Time Clock Counter 
• Event counter capability 
• Self-contained Oscillator for RC network or Crystal 
• Access to RAM Registers inherent in instruction 
• Wide Power Supply Operating Range (4.5V to 7.0V) 
• Available in two temperature ranges: 0' to 70'C and -40'C 

to 85'C 
• 4 inputs, 8 outputs, 8 bidirectional I/O lines 
• 3 Level Stack 
• Same PIC instruction set as PIC 1650A or PIC 1655A with 

the addition of Return (00020) instruction 

DESCRIPTION 

The PIC 1656 microcomputer is an MOS/LSI device containing 
RAM, I/O, and a central processing unit as well as customer­
defined ROM on a single chip. This combination produces a low 
cost solution for applications which require sensing individual 
inputs and controlling individual outputs. Keyboard scanning, 
display driving, and other system control functions can be done 
at the same time due to the power of the 8-bit ALU. 

The PIC 1656 is designed for real-time control applications re­
quiring external and internal clock-driven interrupts. The PIC 
1656 has 20 I/O lines organized as two 8-bit registers and the 4 
LSB's of a third register. 

The internal ROM contains a customer-defined program using the 
PIC's powerful instruction set to specify the overall functional 
characteristics of the device. The8-bit input/output registers.pro­
vide latched lines for interfacing to a limitless variety of applica­
tions. The PIC can be used to scan keyboards, drive displays, 

PIC 1656 BLOCK DIAGRAM 
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control electronic games and provide enhanced' capabilities to 
vending machines, traffic lights, radios, television, consumer 
appliances, industrial timing and controlapplications. The 12cbit' 
instruction word format provides a powerful yet easy to~se 
instruction repertoire emphasizing single bit manipulation as well 
as logical and arithmetic operations using bytes. 

The PIC 1656 is fabricated with N-Channellon Implant technol­
ogy resulting in a high performance product with proven reliability 
and production history. Only a single wide range power supply is 
required for operation, and an on-chip oscillator provides the 
operating clock with only an external RC network (or buffered 
crystal oscillator signal, for greater accuracy) to establish the 
frequency. Inputs and outputs are TTL-compatible. 

Extensive hardware and software support is available to aid the 
user in developing an application program and to verify perfor­
mance before committing to mask tooling. Programs can be 
assembled into machine language using PI CAL, eliminating the 
burden of coding with ones and zeros. PI CAL is available in a 
Fortran III version that can be run on many popular computer 
systems. Once the application program is developed several 
options are available to insure proper performance. Th'e PIC's 
operation can be verified in any hardware application by using 
the PIC 1664B. The PIC 1664B is a ROM-less PIC microcomputer 
with additional pins to connect external PROM or RAM and to 
accept HALT commands~ The PFD 1010 Field Demo System is 
available containing a PIC'1664B with sockets for erasable CMOS 
PROMs. Finally, the PICES (PIC In-Circuit Emulation System) 
provides the user with .emulation and debugging capability in 
either a stand-alone mode or operation as a peripheral to a larger 
computer system. Easy program debugging and changing is 
facilitated because the user's program is stored in RAM. With. 
these development tools, the user can quickly and confidently 
order the masking of the PIC's ROM and bring his application into 
the market. 

A PIC Series Microcomputer Data Manual is available which gives 
additional detailed data on PIC based system design. 

GENERAL 
REGISTER 

FILES 
(F1o-F3r) 

PROGRAM 
ROM 

512 x 12 

INSTRUCTION 
DeCODe 

& 
CONTROL 

RAO-3 

~RB()'l 

RCQ-7 



ARCHITECTURAL DESCRIPTION 

The firmware architecture of the PIC series microcomputer is 
based on a register file concept with simple yet powerful com­
mands designed to emphasize bit, byte, and register transfer 
operations. The primary purpose of the PIC is to perform logical 
processing, basic code conversions, formatting, and to generate 
fundamental timing and control signals for 1/0 devices. The 
instruction set also supports computing functions as well as these 
control and interface functions. 

Internally, the PIC is composed of three functional elements 
connected together by a single bidirectional bus: the Register File 
composed of 32 addressable 8-bit registers, an Arithmetic Logic 
Unit, and a user-defined Program ROM composed of 512 words 
each 12 bits in width. The Register File is divided into two func­
tional groups: operational registers and general registers. The 
operational registers include, among others, the Real Time Clock 
Counter Register, the Program Counter (PC), the Status Register, 

PIN FUNCTIONS 

Signal 

PIC 1656 

and the 110 Registers. The general purpose registers are used for 
data and control information under command of the instructions. 

The Arithmetic Logic Unit contains one temporary working regis­
ter or accumulator (W Register) and gating to perform Boolean 
functions between data held in the working register and any file 
register. 

The Program ROM contains the operational program fortherestof 
the logic within the controller. Sequencing of microinstructions is 
controlled via the Program Counter (PC) which automatically 
increments to execute in-line programs. Program control opera­
tions can be performed by Bit Test and Skip instructions, Jump 
instructions, Call instructions, or by loading computed addresses 
into the PC. In addition, an on-chip two-level stack is employed to 
provide easy to use subroutine nesting. Activatingthe MCLRinput 
on power up initializes the ROM program to address 777a. 

Function 

OSC 1, OSC 2 (Input) Oscillator inputs. The oscillator freuqnecy can be set by a crystal (if a precise frequency is required) or . 
by an external RC network. 

iff (Input) 

RAO-3 (Input) 

RBO-7 (output) 

RCO-7 (InpuVoutput) 

MClR (Input) 

ClK OUT (output) 

TEST 

Voo 
Vss 

Real-Time Input. Function is controlled by bits 4 and 7 of the Status Word Register (F3). A hlgh-Io-Iow 
transition of this pin will increment the RT register (event counter mode) or will inititate a vectored 
interrupt (external interrupt mode). 

Dedicated input lines, read under direct control of the program. The 4 MSB's are always read as logic 
zeroes. 

Dedicated output lines, user programmable under direct control of the program. 

User programmable inputloutput lines. These lines can be inputs and/or outputs and are under direct 
control of the program. 

Master Clear. Used to initialize the internal ROM program to address 777. and latch 1/0 registers F6 
and F710w. Also clears bits 3-7 of status register (F3). Should be held lowat least 1ms pastthetimewhen the 
power supply is valid. 

A signal derived from the internal oscillator. Used by external devices to synchronize themselves to PIC 
timing. 

Used for testing purposes only. Must be grounded for normal operation. 

Primary Power Supply. 

GND. 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

-7 OSC' 

---7 RAO 6 
---;"'AAl 

----7 RA2 
----;:.. RA3 9 

-<0- RBO 

~RB1 

«-- RB2 «-- RB3 

«- RB4 

TOp View 

OSC 2 «--­
McLR<;-­
elK OUT ----7 
RC7 «---7 
RC6~ 

RC5~ 
RC4 ~ 

RC3~ 

RC2 <--7 
RC1 ..:--7 
RCO~ 

RB7 -?> 
RB6 ----7 
RB5~ 
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REGISTER FILE ARRANGEMENT 

File F (Octal) unction 

FO . Not a physically implemented register. FO calls for the contents of the File Select Register (low order 5 bits) to be used to 
select a file register. FO is thus useful as an indirect address pOinter. For example, W+FO-W will add the contents of the file 
register pointed to by the FSR (F4) to Wand place the result in W. 

F1 Real Time Clock Counter Register. This register can be loaded and read by the microprogram. The RTCC register keeps 
counting up after zero is reached. The counter increments on the falling edge of the input RTCC. 

F2 Program Counter (PC).ThePC is automatically incremented during each instruction cycle, and can be written into under 
program control (MOVWF F2).The PC is nine bits wide, but only its low order 8 bits can be read under program control. 

F3 Status Word Register. F3 can be altered under program cOntrol only via bit set, bit clear, or MOVWF F3 instruction. 

(7) (6) (5) (4) (3) (2) (1) (0) 

CNT RTCR IR RTCE IE z DC C 

C (Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the most significant bit of the 
resultant. 
For ROTATE instructions, this bit is loaded with either the high or low order bit of the source. 

DC (Digit Carry):For ADD and SUB instructions, this bit is set if there is a carry out from the 4th low order bit of the resultant. 

Z (Zero): Set if the result of an arithmetic operation is zero. 

Bits: 3-7 Interrupt Service Flags (Cleared on MCLR.) 
Bit 3: IE (external Interrupt Enable) bit 
Bit 4: RTCE (Real Time CLock Enable) bit 
Bit 5: IR (external Interrupt Request) bit 
Bit 6: RTCR (Real Time CLock interrupt Request) bit 
Bit 7: CNT (Count) bit (selects input to RTCC) 

F4 File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generating effective file register addresses 
under program control. When accessed as a directly addressed file, the upper 3 bits are read as ones. 

F5 Input Register A (AO-A3) (A4-A7) defined as zeroes 

F6 Output Register B (BO-B7) 

F7 I/O Register C (CO-C7) 

F10-F37 General Purpose Registers 

2-30 



PIC 1656 

PIC 1656 INTERRUPT SYSTEM 

The interrupt system of the PIC 1656 is comprised of an external 
interrupt and an internal real-time clock/counter interrupt. These 
have different interrupt vectors, enable bits, and status bits. Both 
interrupts are controlled by the Status Word Register F3, shown 
below: 

The Real Time Clock/Counter (RTCC, File Register 1) has a 
similar mechanism of Interrupt service. The clocking source for 
the RTCC Is selected by bit 7 (CNT, Count Select) of the Status 
register. If CNT Is set to a one, the RTCC will Increment on each 
high to low transition of the RT pin. If CNT Is cleared to a "zero", 
the RTCC will count at the Internal Instruction clock rate, 1/16the 
frequency present on the OSC pins. When the RTCC transitions 
from 377. to 0, an interrupt request will begenerated (RTCR is set 
to a one). If RTCE is a one, or as soon as it is set to a one, an 
interrupt will be generated. That is, the present contents of the 
Program Counter is stored on the stack and the instruction at 
location 740. is executed. 

(7) (6) (5) (4) (3) (2) (1) (0) 

I CNT I RTCR I IR I RTCE I IE z DC C 

(NOTE: F3 bits 3-7 are cleared on MCLR.) 

The first high to low transition of the RT pin will set F3, bit 5 (IR, 
Interrupt Request) to a one. [The external interrupt is enabled by 
F3, bit 3 (IE, Interrupt Enable).] If the interrupt is enabled (IE is a 
one), or as soon as it is, during the next two instruction cycles the 
processor will push the current Program Counter contents onto 
the stack and execute the instruction at location 760.. The IR bit Is 
Immediately cleared. Note that although the processor cannot be 
Interrupted again until a return from Interrupt (RETURN) Instruc­
tion is executed, an additional Interrupt request can be generated 
by another high to low transition of the FiT pin, setting IR high 
again. If this Is done, the processor will relnterrupt right after the 
return from the preceedlng Interrupt (assuming IE is a one). 

The RETURN instruction (00020) must be used to return from any 
interrupt service routine as it re-enables interrupts to allow pend­
ing or future interrupts to be generated. External interrupts have 
priority over RTCC driven interrupts in the event that both occur 
simultaneously (and both are enabled). Interrupts cannot be 
nested but will be serviced .sequentially. The existence of any 
pending interrupts can be tested via the state of the IR and RTCR 
bits in the Status Word Register, and enabled or disabled as if 
desired. 

A summary of the PIC 1656 Interrupt Logic Is as follows: 

Status Register Bits 

7 6 5 4 3 
CNT RTCR IR RTCE IE Interrupt Logic 

0 0 0 0 X The first high-to-Iow transition at the RT pin causes IR bit 5 to set to a one. 

0 0 1 0 1 IE and IR both set to ones enables the PIC to interrupt to 760 •. IR (bit 5) then 
immediately resets to a zero. 

0 X X X X The RTCC register is enabled to increment at the internal clock rate. When the contents 
of the RTCC register transition from 377. to 000., RlCR (bit 6) is set to a one. 

X X 
The RTCC register is enabled to increment at the rate of the input at the RT pin (event 

1 X X timer mode). When the contents of the RTCC register transition from 377. to 000., 
RTCC (bit 6) is set to a one. 

Both RTCE and RTCR set to ones enables the PICto interrupllo 740 •. RTCR (bit6) then 
X 1 0 1 0 immediately resets to a zero. 

0 0 X X 
Regardless of the states of IE and RTCE, an interrupt on the RT pin and/or an RTCC 

0 transition from a full count to a zero count will set the I R bit and/or the RTCR bit to 
one(s). 

X 1 0 1 
If the IR bit is set to a zero at the time that the RTCR bit is set to a one, the PIC will 

1 interrupt to 740. (RTCC interrupt mode). The RTCR bit then immediately resets to a 
zero. 

X 0 1 
If the RTCR bit is set to a zero at the time that the IR bit is set to a one, the PIC will 

1 1 interrupt to 760. (external interrupt mode). The IR bit then immediately resets to a zero. 

X 1 1 1 1 
If the IR bit and the RTCR bit are each set to ones at the same time, the PIC wiUfirst 
interrupt to 760. (external interrupt mode). The I R bit then immediately resets to a zero. 
If the IR bits remains at a zero (indicating that no other external interrupts have 
occurred in the meantime). the PIC will then interrupt to 740. (RTCC interrupt mode) 
immediately after a RETFI instruction is executed. The RTCR bit then immediately 
resets to a zero. 

X = DON'T CARE 
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Basic Instruction Set Summary 
Each PIC instruction is a 12-bit word divided into an OP code 
which specilies the instruction type and one or more operands 
which lurther specily the operation 01 the instruction. The 
loll owing PIC instruction summary lists byte-oriented, bit-ori­
ented, and literal and control operations. 
For byte-oriented instructions, "I" represents a Ii Ie register 
designator and "d" represents a destination designator. The Ii Ie 
register designator specilies which one 01 the 32 PIC lile registers 
is to be utilized by the instruction. The destination designator 
specilies where the result 01 the operation perlormed by the 
instruction is to be placed. II "d" is zero, the result is placed in the 

BYTE-ORIENTED 
FILE REGISTER 

(11-6) 

OPERATIONS OP CODE 

PIC W register. If "d" is one, the result is returned to the Ii Ie 
register specilied in the instruction. 
For bit-oriented instructions, "b" represents a bit lield designator 
which selects the number 01 the bit affected by the operation, 
while "I" represents the number 01 the Ii Ie in which the bit is 
located. 
For literal and control operations, "k" represents an eight or nine 
bit constant or literal value. 
For an oscillator Irequency 01 4MHz the instruction execution 
time as 4/lsec, unless a conditional test is true or the program 
counter is changed as a result 01 an instruction, In these two 
cases, the insruction execution time is 8/lsec. 

(5) (4-0) 

f (FILE #) 

For d = 0, I-W (pICAL accepts d = 0 or d = W in the mnemonic) 

Instruction-Binary (Octal) 

000 000 000 000 (0000) 
000 000 1 I I I I I (0040) 
000 001 000 000 (0100) 
000 001 1 II I II (0140) 
000 010 d I I I I I (0200) 
000 011 d I I I II (0300) 
000 100 d I I I II (0400) 
000 101 d I I I I I (0500) 
000 110 d I I I I I (0600) 
000 111 d I I I II (0700) 
001 000 d I I I I I (1000) 
001 001 d I I I II (1100) 
001 010 d I I I I I (1200) 
001 011 d I I I I I (1300) 
001 100 d I I I I I (1400) 
001 101 d I I I I I (1500) 
001 110 d I I I I I (1600) 
001 111 d I I I I I (1700) 

BIT-ORIENTED 
FILE REGISTER 
OPERATIONS 

Instruction-Binary (Octal) 

010 Obb b I I I II (2000) 
010 1 bb b I I I I I (2400) 
011 Obb b I I I II (3000) 
011 lbb b I I I I I (3400) 

LITERAL AND CONTROL 
OPERATIONS 

Instruction-Binary (Octal) 

000 000 000 010 (0002) 
100 Okk k k k kkk (4000) 
100 1 k k kk k kkk (4400) 
101 kkk kkk kkk (5000) 
110 Okk kkk kkk (6000) 
110 1 k k kkk kkk (6400) 
111 Okk kkk kkk (7000) 
111 1 k k kkk kkk (7400) 

NOTES: 

d = I, I-I (II d is omitted, assembler assigns d = 1.) 

Name . Mnemonic, Operands Operation Status Affected 

No Operation NOP None 
Move W to I (Note 1) MOVWF W-I None 
ClearW CLRW O-W Z 
Clear I CLRF I 0-1 Z 
Subtract W Irom I SUBWF I, d 1- W-d C,DC,Z 
Decrement I DECF I, d 1- 1-d Z 
Inclusive OR Wand I 10RWF I, d WVI-d Z 
AND Wand I ANDWF I, d W.I-d Z 
Exclusive OR Wand I XORWF I, d WC!'JI-d Z 
Add Wand I ADDWF I, d W+I-d C,DC,Z 
Move I MOVF I, d I-d Z 
Complement I COMF I, d f-d Z 
Increment I INCF I, d I+l-d Z 
Decrement I, Skip il Zero DECFSZ I, d 1- 1-d, skip il Zero None 
Rotate Right I RRF I, d l(n)-d(n-l),I(O)-C, C-d(7) C 
Rotate Left I RLF I, d I(n)-d(n+l), 1(7)-C, C-d(O) C 
Swap halves I SWAPF I, d 1(0-3)"'1(4-7)-d 
Increment I, Skip il Zero INCFSZ I, d I+l-d, skip il zero 

(11-8) (7-5) (4-0) 

OP CODE I b (BIT #) I f (FILE #) 

Name 

Bit Clear I 
Bit Set I 
Bit Test I, Skip il Clear 
Bit Test I, Skip il Set 

(11-8) 

OP CODE 

,Name 

Return Irom Interrupt 

Mnemonic, Operands 

BCF 
BSF 
BTFSC 
BTFSS 

(7-0) 

I, b 
I, b 
I, b 
I, b 

k (LITERAL) 

Mnemonic, Operands 

RETURN 
Return and place Literal in W RETLW k 
Call subroutine (Note 1) CALL k 
Go To address (k is 9 bits) GOTO k 
Move Literal to W MOVLW k 
Inclusive OR Literal and W 10RLW k 
AND Literal and W ANDLW k 
Exclusive OR Literal and W XORLW k 

Operation 

O-I(b) 
1-I(b) 
Bit Test I(b): skip il clear 
Bit Test I (b): ski p is set 

Operation 

Stack-PC 
k-W, Stack-PC 
PC+l - Stack, k - PC 
k-PC 
k-W 
kVW-W 
k·W-W 
kC!'JW-W 

None 
None 

Status Affected 

None 
None 
None 
None 

Status Aflected 

None 
None 
None 
None 
None 

Z 
Z 
Z 

1. The 9th bit 01 the program counter in the PIC is zero lor a CALL and a MOVWF F2, Therelore, subroutines must be located in program 
memory locations 0-377 •. However, subroutines can be called Irom anywhere in the program memory since the Stack is 9 bits wide. 

2. When an I/O register is modilied as a lunction 01 itsell, the value used will be that value present on the output pins. For example, an 
output pin which has been latched high but is driven low by an external device, will be relatched in the low state. 
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SUPPLEMENTAL INSTRUCTION SET SUMMARY 

The following supplemental instructions summarized below 
represent specific applications of the basic PIC instructions. For 
example, the "CLEAR CARRY" supplemental instruction is equiv-

Instruction-Binary (Octal) Name 

010 000 000 011 (2003) Clear Carry 

010 100 000 011 (2403) Set Carry 

010 000 100 011 (2043) Clear Digit Carry 

010 100 100 011 (2443) Set Digit Carry 

010 001 000 011 (2103) Clear Zero 

010 101 000 011 (2503) Set Zero 

011 100 000 011 (3403) Skip on Carry 

011 000 000 011 (3003) Skip on No Carry 

011 100 100 011 (3443) Skip on Digit Carry 

011 000 100 011 (3043) Skip on No Digit Carry 

011 101 000 011 (3503) Skip on Zero 

011 001 000 011 (3103) Skip on No Zero 

001 000 1 I I I I I (1040) Test File 

001 0.00 Off Iff (1000) Move File to W 

001 001 11f Ifl (1140) Negate File 
001 010 d I I Ifl (1200) 

011 000 000 011 (3003) Add Carry to File 
001 010 dlf Ilf (1200) 

011 000 000 011 (3003) Subtract Carry Irom File 
000 011 dlf Ifl (0300) 

011 000 100 011 (3043) Add Digit Carry to File 
001 010 dlf Ifl (1200) 

PIC 1656 

alent to the basic instruction BCF 3,0 ("Bit Clear, File 3, Bit 0"). 
These instruction mnemonics are recognized by the PIC Cross 
Assembler (PICAL). 

Mnemonic, Equivalent Status 
Operands Operatlon(s) Affected 

CLRC BCF 3, 0 -

SETC BSF 3, 0 -

CLRDC BCF 3,1 -

SETDC BSF 3,1 -

CLRZ BCF 3,2 -
SETZ BSF 3,2 -

SKPC BTFSS 3, 0 -

SKPNC BTFSC 3, 0 -

SKPDC BTFSS 3,1 -

SKPNDC BTFSC 3,1 -

SKPZ BTFSS 3,2 -

SKPNZ BTFSC 3, 2 -

TSTF I MOVFI,1 Z 

MOVFW I MOVF I, 0 Z 

NEGF I,d COMFI, 1 
INCF f, d Z 

ADDCF I, d BTFSC 3,0 
INCFI, d Z 

SUBCF I,d BTFSC 3,0 
DECF I, d Z 

ADDDCF I,d BTFSG 3,1 
INCF I,d Z 

011 000 100 011 (3043) Subtract Digit Carry Irom File SUBDCF I,d BTFSC 3,1 
000 011 d I I Ilf (0300) DECF I,d Z 

101 kkk kkk kkk (5000) Branch Bk GOTOk -

011 000 000 011 (3003) Branch on Carry BC k BTFSC 3,0 
101 kkk kkk kkk (5000) GOTO k -

011 100 000 011 (3403) Branch on No Carry BNC k BTFSS 3,0 
101 kkk kkk kkk (5000) GOTOk -

011 100 100 011 (3043) Branch on Digit Carry BDC k BTFSC 3,1 
101 kkk kkk kkk (5000) GOTOk -

011 001 000 011 (3443) Branch on No Digit Carry BNDC k BTFSS 3,1 
101 kkk kkk kkk (5000) GOTOk -

011 101 000 011 (3103) Branch on Zero BZ k BTFSC 3,2 
101 kkk kkk kkk (5000) GOTO k -

011 101 000 011 (3503) Branch on No Zero BNZ k BTFSS 3,2 
101 kkk kkk kkk (5000) GOTOk -
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110 Interfacing 
The equivalent circuit for an I/O port bit is shown below as itwould 
interface with either the input ofa TTL device (PIC is outputting) or 
the output of an open collector TTL device (PIC is inputting). Each 
I/O port bit can be individually time multiplexed between input and 
output functions under software control. When outputting thru a 
PIC I/O Port, the data ,is latched at the port and the pin can be 

TYPICAL INTERFACE-BIDIRECTIONAL I/O LINE 

(rNTEAN~l - ..... -------1 
DATA BUS) 

Programming Cautions 

WAITE 
(INTERNAL 

SIGNAL) 

READ 
{INTERNAL 

SIGNAL I 

The use of the bidirectional I/O ports are subject to certain rules 
of operation. These rules must be carefully followed in the in­
truction sequences written for I/O operation. 

Bidirectional I/O Ports 
The bidirectional ports may be used for both input and output 
operations. For input operations these ports are non-latch ing. Any 
input must be present until read by an input instruction. The 
outputs are latched and remain unchanged unti I the output latch is 
rewritten, For use as an input porllhe oulpullalch musl be sel in Ihe 
high slale. Thus the external device inputs to the PIC circuit by 
forcing the latched output line to the low state or keeping the 
latched output high. This principle is the same whether operating 
on individual bits or the entire port. 

Some instructions operate internally as input followed by output 
operations. The BCF and BSF instructions, for example, read the 
entire port into the CPU, execute the bit operation, and re-output 
the result. Caution must be used when using these instructions. As 

EXAMPLE 1: 

F7 

INPUT 

What is thought to be happening: 

BSF 7,5 
Read into CPU: 
Set bit 5: 
Write 10 F7: 

00001111 
00101111 
00101111 

If no inputs were low during the instruction execution, there 
would be no problem. 
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connected directlytoa TTLgateinput. When inputting datathruan 
I/O Port, the port latch must first be set to a high level under 
program control. This turns off 0" allowing the TTL open collector 
device to drive the pad, pulled up by 0" which can source a 
minimum of 1OOIlA. Care, however, should be exercised when 
using open collector devices due to the potentially high TTL 
leakage current which can exist in the high logic state. 

-- PIC 110 a7T""l ,---
v" 

I 
I 

I 
I 

I I 
I I 
I I TTL DEVICE OUTPUT 

~ ~P~ll~R)_ 

an examplea BSF operation on bit 5 of F7 (port RC) will cause all 
eight bits of F7 to be read into the CPU. Then the BSF operation 
takes place on bit 5 and F7 is re-output to the output latches. If 
another bit of F7 is used as an.input (say bit P) then bit 0 must be 
latched high. If during the, BSF instruction on bit 5 an external 
device is forcing bit Oto the low state then the intputloutputnature 
of the BSF instruction will leave bitOlatched lowafterexecution.ln 
this state bit 0 cannot be used as an input until it is again latched 
high by the programmer. Refer to the examples below. 

Successive Operations on Bidirectional I/O Ports 

Care must be exercised if successive instructions operate on the 
same I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before the next 
instruction which causes that file to be read into ti)e CPU (MOVF, 
BIT SET, BIT CLEAR, and BIT TEST) is executed. Otherwise, the 
previous state of that pin may be read into the CPU rather than the 
new state. This will happen if tpd (See 1/0 Timing Diagram) is 
greater than 'Moy (min). When in doubt, itis better to separate these 
instructions with a NOP or other instruction. 

EXAMPLE 2: 

F7 

OUTPUT INPUT 

What could happen if an input were low: 

BSF 7,5 
Read into CPU: 
Set bit 5: 
Write to F7: 

00001110 
00101110 
00101110 

In this case bit 0 is now latched low and is no longer useful as an 
input until set high again. 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 
Temperature Under Bias ................................................. 125°C 
Storage Temperature ........................................ -55°C to +150°C 
Voltage on any pin with Respect to Vss .......................... -0.3V to +12.0V 
Power Dissipation ................................................... 1000mW 
Power Dissipated by anyone 1/0 pin (Note 1)' ..................... '," .. SOrnW 
Power Dissipated by all 1/0 pins (Note 1) ............................. SOOmW 

Standard Conditions (unless otherwise stated): 

DC CHARACTERISTICS 
Operating Temperature TA = 0° C to +70° C 

Characteristic Sym Min Typ Max 

Primary Supply Voltage VDO 4.5 - 7.0 

Output Buffer Supply Voltage Vxx 4.5 - 10.0 

Primary Supply Current 100 - 30 55 

Output Buffer Supply Current Ixx - 1 5 

Input Low Voltage VIl -0.2 - O.S 

Input High Voltage (except MCLR. 
RT& OSC when driven externally) VIHl 2.4 . - VOD 

Input High Voltage (MCLR, 
RT & OSC) VIH2 Voo-1 - Voo 

Output High Voltage VOH 2.4 - Voo 

Output Low Voltage (lIO only) VOLl - - 0.45 

- - 0.90 

- - 0.90 

- - 1.20 

- - 2.0 

Output Low Voltage (CLK OUT) VOL2 - - OA5 

Input Leakage Current (MCLR, RT,OSC 1) ILe -10 - +10 

Input Low Current (all I/O ports) III -0.2 -O.S -1.S 

Input High Current (all lIO ports) IIH -0.1 -,0.4 -

NOTES: 
1. Power dissipation for JlO pins is calculated by 

:1: (Vee -VIl) (IIIll) +:1: (Vee -VOH ) (IIOHI) +:1: (VoLl (loL). 

The term I/O refers to all interface pins; Input, Output or I/O. 

2. Vxx supply drives only thp. I/O ports. 

PIC 1656 

"Exceeding these ratings could cause perma­
nent damage to the device. This is a stress 
rating only and functional operation of this 
device at these conditions is not implied­
operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum 
rating conditions for extended periods may 
affect device reliability. 

Units Conditions 

V 

V (Note 2) 

mA No Load 

mA No Load (Note 3) 

V 

V 

V 

V IOH = -100"A provided by 
internal pullups (Note 4) 

V IOL = 1.SmA, Vxx = 4.5V 

V IOL = 5.0mA, Vxx = 4.5V 

V IOL = 5.0mA, Vxx = S.OV 

V IOL = 10.0mA, Vxx = S.OV 

V IOL = 20.0mA, Vxx = S.OV (Note 5) 

V IDL = 1.SmA (Notes 5 & S) 

IJA Vss:S;; V1N ~ VOD 

mA V" = OAV internal pullup 

mA V,H = 2.4V 

3. The maximum Ixx current will be drawn when all JlO ports are outputting a High. 
4. Positive current indicates current into pin. Negative current indicates current out of pin. 
5. Total JoL for all output pins (1/0 ports plus CLK OUT) must not exceed 225mA. 
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Standard Conditions (unless otherwise stated): 

AC CHARACTERISTICS 

Operating Temperature TA.= O°C to +70°C 

Characteristic Sym Min Typ Max Units Conditions 

Instruction Cycle Time tcy 4 - 20 /1S 0.SMHz-4.0MHz external time base 
(Note 1) 

RT Input 

Period tRT tcy - - -
High Pulse Width tRTH %tcy - - -
Low Pulse Width tRlL V2tcy - - - (Note 2) 

IIO Ports 

Data Input Setup Time Is - - \4tcy-125 ns 

Data Input Hold Time th 0 - - ns 

Data Output Propagation Delay tpd - 500 SOO ns Capacitive load = 50pF 

OSC Input 

External Input Impedance High RoscH - lrf - n Vase = 5V } APPlies. to external 

External Input Impedance Low Rosel - lrf - n Vase = O.4V OSC drive only. 

NOTES: 

1. Instruction cycle period (lev) equals four times the input oscillator time base period. 
2. Due to the synchronous timing nature between CLK OUT and the sampling circuit used on the RT input, ClK OUT may be 

directly tied to the RT input. 

INTERRUPT SYSTEM BLOCK DIAGRAM 

OVERFLOW 
Rlec 
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I/O TIMING 

CLK OUT 

\ f\ f\~~n~---I ~I .. ----~ '-____ J GATE ~ 

OUTPUT 

INPUT 

ClK OUT TIMING 

RTCC TIMING 

INCREMENT ANSWER WRliE 
PC EXECUTE TO 

ADDRESS ROM INSTRUCTION INTERNAL 1/0 
FOR NEXT BUS 

INSTRUCTION 

I 
1 

-I 
1 
I 
I 

I 

... ----I"'----~ 

l.---I~".---.l 
I , 
I I 

tpd f4--

____ ~I--J~~;----VA-L-1D---
I : 

SCHMITT TRIGGER CHARACTERISTICS 
Vo (VOLTS) Vo (VOLTS) 

5 

n n 0.4 t- 0.4 

V, (VOLTS) 
1.5 2.7 1.0 2.0 

MCLR, OSC TYPICAL HYSTERESIS RTCC 
voo = 5V T, = 25°C 

NOTE: 
Rise and fall times 
are load dependent 

VI (VOLTS) 
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PIC 1656 OSCILLATOR OPTIONS (TYPICAL CIRCUITS) 

RC OPTION OPERATION 

r---..... ~------~ OSC 1 (PIN 1) 

A 

-+-'V'II"v-'--::1I> OSC 2 (PIN 28) 
A 

CRYSTAL INPUT OPERATION 

OSC 1 (PIN 1) 

c 

I 
A 

XTAL 

o ~-.----,~ OSC 2 (PIN 28) 

A 

EXTERNAL CLOCK INPUT OPERATION 

CLOCKFROM~ 
EXT SYSTEM . ~ OSC 1 (PIN 1) 

N.C. 0) osc 2 (PIN 28) 
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MASTER CLEAR 
Voo 

, 1::: TO "C "" MC," "N ." 

C 0.1!1F 

I 
Master Clear requires >1.0ms delay before activation after power 
is applied to the Voo pin. To acheive this, an external RC con­
figuration as shown can be used (assuming Voo is applied as a 
step function). 

PIC 1656 

OUTPUT SINK CURRENT GRAPH 

IOL 
(rnA) 

VOH VS 10H (I/O PORTS) 

v," 
(VOLTS) 

30 

20 

1.0 2.0 

VOL (VOLTS) 

10L VS. VOL TYP @ 25°C 

The Output Sink Current is dependent on the Vxx supply and the 
output load. This chart shows the typical curves used to express 
the output drive capability. 

3.0 

POWER SUPPLY CURRENT VS TEMPERATURE 

Voo = Vxx = 4.2SV 

IOIt (PAl 

100 
(rnA) 

50 

40 

30 

20 

10 

r-
VDO ,7,QV 

~ ~I"C 

r--
~ ~A/'C 

40 40 80 120 

TEMPERATURE (QC) 

I 
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PIC 1656 EMULATION CAUTIONS 

When emulating a PIC 1656 using a PICES development system 
certain precautions should be taken. 

2-40 

A. Be sure that the PICES Module being used is programmed 
for the PIC 1656 mode. (Refer to PICES Manual). The PIC 
1664B contained within the module should have the MODE 
pin #22 set to a low state. 

1. This causes the MCLR to register F5 high and register 
F6, and F7 low. 

2. The OSC becomes a two input clock (pins 1 & 28). 

3. The interrupt system becomes enabled and the RT 
always counts on the trailing edges. 

4. Bits 3 through 7 on file register F3 are used for interrupt 
service. 

B. Three levels of stack can be used within the program. 

C. Make sure alliiO cautions contained in this spec sheet are 
used. 

D. Be sure to use the 28 pin socket for the module plug. 

E. Make sure that during an actual application that the MCLR 
input swings from a lowto high levela minimum of 1 msecafter 
the supply voltage is applied. 

F. If an external oscillator drive is used, be sure that it can 
drive the 1200 input impedance of the OSC pins on the PIC 
1656. 

G. The cable length and internal variations may cause some 
parameter values to differ between the PICES module and a 
production PIC 1656. 
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8 Bit Development Microcomputer 
FEATURES 

• PIC microcomputer with ROM removed 
• Useful for engineering prototyping of PIC applications 
• PIC ROM address & data lines brought out to pins 
• HALT pin for single stepping or stopping program execution 
• MODE pin for selection of PIC 1650A/1655A or PIC 1656 

emulation 
• User Programmable via external Memory 
• 32 a-bit RAM Registers 
• Arithmetic Logic Uriit 
• User Defined TTL-compatible Input and Output Lines 
• Real Time Clock Counter 
• Self-Contained Oscillator 
• Access to RAM Registers inherent in instruction 
• Wide Power Supply Operating Range (4.5V to 7.0V) 

DESCRIPTION 

The PIC 16649 development microcomputer is an MOS/LSI 
device containing RAM, I/O, and a central processing unit on a 
single chip. 

The PIC 16649 MOS/LSI device is functionally identical to the 
PIC microcomputers except that the ROM is removed and the 
ROM address and data lines are brought out, requiring a 64-pin 
package. The addition of a HALT pin gives the user the ability to 
stop as well as single-step the chip. The logic level applied to a 
MODE pin determines whether the PIC 16649 emulates a PIC 
1650A/1655A or a PIC 1656. 

The external ROM can contain a customer-defined program 
using the PIC's powerful instruction set to specify the overall 

PIC 1664B GENERAL BLOCK DIAGRAM 

functional characteristics of the device. The a-bit input/output 
registers provide latched lines for interfacing to a limitless variety 
of applications. 

The 12-bit instruction word format provides a powerful yet easy to 
use instruction repertoire emphasizing single bit manipulation as 
well as logical and arithmetic oeprations using bytes. 

The PIC Series is fabricated with N-Channellon Implanttechnol­
ogy resulting in a high performance product with proven reliabil­
ity and production history. Only a single wide range power supply 
is required for operation, and an on-chip oscillator provides the 
operating clock with only an external RC network (or buffered 
crystal oscillator signal, for greater accuracy) to establish the 
frequency. Inputs and outputs are TTL-compatible. 

Extensive hardware and software support is available to aid the 
user in developing this application program and to verify perfor­
mance before committing to mask tooling. Application notes and 
sample programs are used to develop programs which can then 
be assembled into machine language using PICAL, eliminating 
the burden of coding with ones and zeros. PICAL is available in a 
Fortran III version that can be run on many popular computer 
systems. Once the application program is developed several 
options are available to insure proper performance. The PFD 
Field Demo Systems are available containing a PIC 16649 with 
sockets for erasable CMOS PROMs. Finally, the PICES (PIC 
In-Circuit Emulation System) provides the user with stand-alone 
emulation and debugging operation or operation as a peripheral 
to a larger computer system. Easy program debugging and chang­
ing is facilitated because the user's program is stored in RAM. 

GENERAL 
REGISTER 

FILES 
(F11-F31) 

INSTRUCTION 
OECODE 

• CONTROL 

'2 

RAQ-7 

RBO-7 

RCO-7 

ADO-7 

-- - ------ - ---, 
: ROM ADDRESS ROM DATA I *PIC 1656 

MODE ONLY 
: EXTERNAL MEMORY I 
I I L-_____________ J 
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ARCHITECTURAL DESCRIPTION the Real Time Clock Counter Register, the Program Counter 
(PC), the Status Register, and the I/O Registers. The general 
purpose registers are used for data and control information under 
command of the instructions: 

The firmware architecture of the PIC 16649 microcomputer is 
based on a register file concept with simple yet powerful com­
mands designed to emphasize bit, byte, and register transfer 
operations. The primary purpose of the PIC is to perform logical 
processing, basic code conversions, formatting, and to generate 
fundamental timing and control signals for I/O devices. The 
instruction set also supports computing functions as well as 
these control and interface functions. 

The Arithmetic Logic Unit contains one temporary working regis­
ter or accumulator (W Register) and gating to perform 900lean 
functions between data held in the working register and any file 
register. 

Sequencing of microinstructions is controlled via the Program 
Counter (PC) which automatically increments to execute in-line 
programs. Program control operations can be performed by 9it 
Test and Skip instructions, Jump instructions, Call instructions, 
or by loading computed addresses into the PC. In addition, an 
on-Chip three-level stack is employed to provide easy to use 
subroutine nesting. Activating the MCLR input on power up 
initializes the external ROM program to address 777 •. 

Internally, the PIC 16649 is composed of three functional ele­
ments connected together by a single bidirectional bus: the Reg­
ister File composed of 32 addressable a-bit registers, an Arith­
metic Logic Unit, and a user-defined external ROM composed of 
512 program words each 12 bits in width. The Register File is 
divided into two functional groups: operational registers and 
general register. The operational registers include, among others, 

PIN FUNCTIONS 

Signal 

MODE (Input) 

OSC 1, OSC 2 (Input) 

AT (Input) 

RAO-7, RBO-7, 
RCO-7, ROO-7 
(input/output) 

MCLR (input) 

ClK OUT (output) 

HALT (input) 

HALT ACK (output) 

00-011 (input) 

AO-A8 (output) 
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Function 

Mode input. Used to set the PIC 16649 to emulate the PIC 1650AlPIC 1655A (logic "one") orthe PIC 1656 
(logic "zero"). The mode must be selected before MCiJ'l is brought high. 

Oscillator inputs. When the MODE switch selects PIC 1650A/1655A operation OSC 1 becomes a single 
input clock using eitherRC control or a buffered crystal. When the PIC 16649 is in the PIC 1656 mode 
both OSC 1 and OSC 2 are used as a two input clock using either crystal, ceramic resonator or RC 
network. 
Real Time input. This pin increments the Real Time Clock Counter Register 1 on high to low transitions 
appied to this input. This pin has different modes of operation depending on ihe MODE input as well as 
the contents of F3, the Status Register. I n PIC 1650Al1655A mode this pin emulates the RTCC pin. In the 
PIC 1656 mode this pin emulates the RT pin. 

User programmable input/output lines. These lines can be inputs andlor outputs and are under direct 
control of the program. During emulation of the PIC 1655A or PIC 1656, Register 0 will become internal 
general purpose File Register 10; I/O lines RDO-7 will be undefined and must be left unconnected. 

Master Clear. Used to initialize the internal ROM program to address 777. and to latch all I/O registers 
high (for PIC 1650A/1655A) orI/O registers F6 and F710w and F5 high (for PIC 1656). Alsoclears bits 3-7 
of status register (F3) (for PIC 1656). This pin should be held low at least lms after the power supply is 
valid: MCLR has no internal pullup resistor. 

Primary Power supply input. 

Output buffer power supply input. Used to increase current sinking capability when emulating the PIC' 
1650A and PIC 1655A. When emulating the PIC 1656 this pin must be connected to Voo. 

A signal derived from the internal oscillator. Used by external dev.ices to synchronize themselves to PIC 
timing. The OSC frequency is divided by 4 for PIC 1650A/1655A mode or by 16 for the PIC 1656 mode. 
Halt. When high this input suspends execution of the next instruction. No data is lost and after HALT is 
brought low execution proceeds exactly as if no HALT signal had been applied. 

Halt Acknowledge. This output is high when the PIC 16649 is halted either due toan active HALT input or 
execution of the HALT instruction (0001.). In the first case HALT ACK is broughi back low when the PIC 
16649 begins execution when the HALT input is brought low; and in the second case it is brought low 
using MCLR or by first raising and then lowering the HALT input. 

Data Input. These twelve lines accept twelve bit PIC instruction codes generated by an external source 
DO is the LS9 of the instruction. 

Address Output. These nine lines represent the address of the next instruction to be executed by the PIC 
16649. AO is the LS9 of the address. 



MODE PIN OPERATION 
The mode pin is used to select either PIC 1650Al1655A emulation 
or PIC 1656 emulation. 

With the MODE pin set high, the PIC 16648 is set to emulate the 
PIC 1650A(1655A. Specifically: 

1. MCLR will force all I/O registers high. 

2. OSC 1 becomes a single clock input. The PIC 16648 will 
execute instructions at one fourth the OSC frequency. 

3. The interrupt system is disabled and the RTCC always 
counts on trailing edges. 

4. 8its 3-7 of F3 are ones. 

When the MODE input is low, the PIC 16648 will emulate the PIC 
1656 circuit. Specifically: 

1. MCLR will force I/O registers F6 and F7 low and F5 high. 
2. OSC 1 and OSC 2 become a two input clock supporting 

crystals, ceramic resonators, or RC networks. The PIC 
16648 will execute instructions at one sixteenth the OSC 
frequency. 

3. The interrupt system is connected and the interrupVRTCC 
operation is as described in thll PIC 1656 data sheat. 

4. 8its 3-7 of F3 are used for interrupt service. 

To insure proper chip operation, the Mode pin should be preset 
before MCLR is brought high at initialization. "Dynamic-type" 
switching of this pin during processor operation will result in 
undefined conditions and must be avoided. 

PROGRAMMING CAUTIONS 

The PIC 16648 is designed as a development circuitforemulating 
the operation of the PIC 1650A.PIC1(l55AandPIC 1656. While 
all circuits in the PIC series have the same basic architecture and 
instruction set, there are differences which require attention on 
the part of the user to insure that all conditions are met for proper 

PINCpNFIGURATION 
64 LEAD DUAL IN LINE 

-?v» 
~Vu 
~A8 3 

~AAO 
~RAl 

~AA2 
E----- A7 7 
~A6 8 

~AA3 9 

';---A5 
~AA4 

~RA5 

.;--- A4 

~AA6 
~AA7 
.;--- A3 
~RBO 

~RBl 

«--A2 
~AB2 
~RB3 

--7 MODE 

E--- CLKOUT 
<E--A1 

~AB4 

~RB5 

.;--- AO 
~AB6 

~RB7 

~011 

~ACO 

~RCl 

PIC 16648 

operation of the PIC 16648 with respect to the target PIC circuit 
(either PIC 1650A, PIC 1655A, or PIC 1656). Thefollowing check­
list should be used to achieve proper emulation. 

1. The MODE pin must be properly set (high for PIC 1650A/ 
PIC 1655A or low for PIC 1656). 

2. With the MODE pin high OSC 1 is a single clock input. A low 
on the MODE pin enables the two input clock. 
3. For PIC 1650A and PIC 1655A emulation, bits 3-7 of F3 (the 
status register) should be considered undefined. 

4. For PIC 1655A and PIC 1656 emulation bits 4-7 of F5 (the 
input only file) should be tied to Vss (ground) as these bits are 
always read as low inputs. 

5. For PIC 1655A and PIC 1656 emulation the pins correspond­
ing to FlO. (I/O port RD on the PIC 1650A) should be left 
unconnected. In this way FlO. will operate as an internal 
register as is appropriate for the PIC 1655A and PIC 1656. 

6. The I/O Programming Caution on page 3-11 describing the 
I/O variations between the PIC 1650A and the PIC 1655A/PIC 
1656 must be carefully followed. The PIC 16649 contains all 
bidirectional input/ouput ports as required for PIC 1650A 
emulation. The I/O structure variation used in the PIC 1655A 
and PIC 1656 require careful adherence to the cautions listed 
in the foliowing pages. 

7. The RETURN (0002.) instruction is not supported by the 
PIC 1650A and PIC 1655A and should not be used when 
emulating these parts. The HALT instruction (0001.) is not 
recognized by any PIC circuit other than the PIC 16648. 
8. For PIC 1656 emulation the Vxx pin must be tied directly to 
Voo as there is no Vxx pin on the PIC 1656. 
9. The PIC 16648 contains 3 levels of Stack. 8ecuase the PIC 
1650A and PIC 1655A only use 2 levels of Stack, caution 
should be used in programming. Make sure the PIC 1650A or 
PIC 1655A emulation is not utilizing 3 levels of Stack in 
software. 

Voo <€-­
liT<E-­
HALT<E-­

MCLA .;.­

HALTACK~ 

OSC1~ 

OSC2<E-­
DO~ 
D1~ 

D2E-­
AD7~ 

AD6~ 
03«--

51 AD5~ 
50 RD4 <E----?> 04 ___ 

AD, «---i> 
AD2 «---i> DS ___ 

RD1~ 

AOO~ 00 ___ 

RC7~ 

41 D7<E-

ACO~ 

0 • .;....­

ACS «---i> 
AC4~ 

D9E-­
AC3~ 

AC2~ 

010«--
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REGISTER FILE ARRANGEMENT 

File 
(Octal) Function 

FO Not a physically implemented regisier. FO calls for the contents of the File Select Register (low order 5 bits) to be used to 
select a file register. FO is thus useful as 'an indirect address pointer. For example, W+FO-W will add the contents of the file 
register pointed to by the FSR (F4) to Wand place the result in W. 

Fl Real Time Clock Counter Register. This register can be loaded and read by the microprogram. The RTCC register keeps 
counting up after zero is reached, The counter increments on the falling edge olthe input RTCC. In the PIC.1656, Register F1 
can also be incremented by the internal clock and is used to produce vectored interrupts. 

F2 

F3 

Program Counter (PC). The PC is automatically incremented and each instruction cycle can be written into under program 
control e.g., MOVWF F2. The PC is nine bits wide, but only the low order B bits can be read under program control. 

Status Word Register. F3 can be altered under program control only via bit set, bit clear, or MOVWF F3 instruction. 
(7) (6)' (5) (4) (3) (2) (1) (0), 

CNT 1 RTCR 1 IR 1 RTCE 1 IE, Z ,I, DC C 

C (Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the most significant bit of the 
resultant. . " 
For ROTATE instructions, this bit is loaded with either ttie high or low order bit of the source. 

DC (Digit Carry):For ADD and SUB instructions, this bit is set if there is a carry out from the 4th low order bit of the resultant. 

Z (Zero): Set if the result cif an arithmetic operation is zero. 

Bits: 3-7 Interrupt Service·Flags. (Read as "ones" in PIC 1650A and PIC 1655A mode. In PIC 1656 mode, these bits are 
cleared on MCLR.f 

Bit 3: IE (extern'al Interrupt Enable) bit 

Bit 4: RTCE (Real Time Clock Enable) bit 

Bit 5: IR (external Interrupt Request) bit 

Bit 6: RTCR (Real Time Clock interrupt Request) bit 

Bit 7: CNT (Count) bit (selects input toRTCC) 

F4 File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generating effective file register addresses 
under program control. When accessed as a directly addressed file, the upper 3 bits are read as ones. 

F5 I/O Register A (AO-A7)' ' 

F6 I/O Register B (BO-B7) 
F7 I/O Register C (CO-C7) 

FlO I/O Register 0 (00-07) 

Fll-F37 General Purpose Registers 

PIC 16648 INTERRUPT SYSTEM 
The interrupt system of the PIC 1656 is comprised of an external 
interrupt and an internal real-time clock/counter interrupt. These 
have different interrupt vectors, enable bits, and status bits. Both 
interrupts are controlled by the Status Word Register F3, shown 
below: 

(7) (6) (5) (4) (3) (2) (1) (0) 

I CNT I RTCR I IR I RTCE I IE z DC C 

(NOTE: F3 bits 3-7 are cleared on MCLR.) 

The first high to low transition of the RT pin will set F3, bit 5 (IR, 
Interrupt Request) to a one. [The external interrupt is enabled by 
F3, bit 3 (IE, Interrupt Enable).] If the interrupt is enabled (IE is a 
one), or as soon as it is, during the next two instruction cycles the 
processor will push the current Program Counter contents onto 
the stack and execute the instruction at location 76Q,. The IR bit is 
immediately cleared. Note that although the processor cannot be 
interrupted again until a return from interrupt (RETURN) instruc­
tion is executed, an additional interruplrequest can be generated 
by another high to low transition of the RT pin, setting IR high 
again. If this is done, the processor will reinterrupt right after the 
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return from the preceeding interrupt (assuming I E is a one). 

The Real Time Clock/Counter (RTCC, File Register 1) has a 
similar mechanism of interrupt service. The clocking source for 
the RTCC is selected by bit 7 (CNT, Count Select) of the Status 
register. If CNT is set to a one, the RTCC will increment on each 
high to low transition of the RT pin. If CNT is cleared to a "zero", 
the RTCC will count at the internal instruction clock rate, 1/16the 
frequency present on the OSC pins. When the RTCC transitions 
from 377. to 0, an interrupt request will be generated (RTCR is set 
to a one). If RTCE is a one, or as soon as it is set to a one, an 
interrupt will be generated. That is, the present contents of the 
Program Counter is stored on the stack and the instruction at 
location 74Q, is executed. 

The RETURN instruction (0002,,) must be used to return from any 
interrupt service routine as it re-enables interrupts to allow pend­
ing or future interrupts to be generated. External interrupts have 
priority over RTCC driven interrupts in the event that both occur 
simultaneously (and both are enabled). Interrupts cannot be 
nested but will be serviced sequentially. The existence of any 
pending interrupts can be tested via the state of the IR and RTCR 
bits in the Status Word Register, and enabled or disabled as if 
desired. 
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The following is a summary of the relationship of F3 bits 3-7 to the PIC 1656 interrupt function: 

StatuI Regllter Bltl 

7 6 5 4 3 Interrupl Logic 

CNT RTCR IR RTCE IE 

0 0 0 .0 X The first high-Io-Iow transition at the RT pin causes IR bit 5 to set to a one. 

0 0 1 0 1 IE and IR both set to oiles enables the PIC to interrupt to 760.. IR (bit 5) then 
immediately resets to a zero. 

0 X X X X The RTCC register is enabled to increment at the internal clock rate. When the contents 
of the RTCC register transition from 377. to 000.. RTCR (bit 6) is set to a one. 

1 X X X X The RTCC register is enabled to increment at the rate of the input at the RT pin (event 
timer mode). When the contents of the RTCC register transition from 377. to 000.. 
RTCC (bit 6) is set to a one . 

. X 1 0 1 0 Both RTCE and RTCR selto ones enables the PIC to interruptto 740.. RTCR (bit 6) then 
immediately resets to a zero. 

0 0 0 X X Regardless of the states of IE and RTCE. an interrupt on the RT pin and/or an RTCC 
transition from a full count to a zero count will set the IR bit and/or the RTCR bit to 
one(s). 

X 1 0 1 1 If the IR bit is set to a zero at the time that the RTCR bit is set to a one. the PIC will 
interrupt to 740. (RTCC interrupt mode). The RTCR bit then immediately resets to a 
zero. 

X 0 1 1 1 If the RTCR bit is set to a zero at the time that the IR bit is set to a one. the PIC will 
interrupt to 760. (external interrupt mode). The IR bit then immediately resets to a zero. 

X 1 1 1 1 If the IR bit and the RTCR bit are each set to ones at the same time. the PIC will first 
interrupt to 760. (external interrupt mode). The IR bit then immediately resets to a zero. 
If the IR bits remains at a zero (indicating that no other external interrupts have 
occurred in the meantime). the PIC will then interrupt to 740. (RTCC interrupt mode) 
immediately after a RETFI instruction is executed. The RTCR bit then immediately 
resets to a zero. 

X = DON'T CARE 
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Basic Instruction Set Summary 
Each PIC instruction is a 12-bit word divided into an OP code 
which specifies the instruction type and one or more operands 
which further specify the operation of the instruction. The 
following PIC instruction summary lists byte-oriented, bit-ori­
ented, and literal and control operations. 
For byte-oriented instructions, "I" represents a lile register 
designator and "d" represents a destination 'designator. The Ii Ie 
register designator specilies which one 01 the 32 PIC lile registers 
is to be utilized by the instruction. The destination designator 
specilies where the result 01 the operation perlormed by the 
instruction is to be placed. II "d" is zero, the result is placed in the 

BYTE-ORIENTED 
FILE REGISTER 

(11-6) 

OPERATIONS OP CODE 

PIC W register. II "d" is one, the result is returned to the Ii Ie 
register specilied in the instruction. 
For bit-oriented instructions, "b" represents a bit lield designator 
which selects the number 01 the bit allected ,by the operation, 
while "I" represents the number 01 the Iile in which the bit is 
located. 
For literal and control operations, "k" represents an eight or nine 
bit constant or IiteraJ'iialue. 
For an oscillatorlrequencyol 1 MHz for PIC 1650Aand PIC 1655A 
(4MHz lor PIC 1656) the instruction execution time as 4l1sec, 
unless.a conditional test is true or the program counter is 
changed as a result 01 an instruction. In these two cases, the 
insruction execution time is 8l1seC. 

(5) (4-0) 

I d I f (FILE #) 

For d = 0, I-W (pICAL accepts d = 0 or d = W in the mnemonic) 

Instruction-Binary (Octal) 

000 000 000 000 (0000) 
000 000 1 II I I I (0040) 
000 001 000 000 (0100) 
000 001 1 I I I I I (0140) 
000 010 d I I I I I (0200) 
000 011 d I I I I I (0300) 
000 100 d I f I I I (0400) 
000 101 d I I I I I (0500) 
000 110 d I I I I I (0600) 
000 111 d I I I I I (0700) 
001 000 d I I I I f (1000) 
001 001 d I I I II (1100) 
001 010 d I I I I f (1200) 
001 011 d I I I I I (1300) 
001 100 d I I I I I (1400) 
001 101 d I I I I I (1500) 
001 110 d I I f I I (1600) 
001 111 d I I I I I (1700) 

BIT-ORIENTED 
FILE REGISTER 
OPERATIONS 

Instruction-Binary (Octal) 

010 Obb b I I I I I (2000) 
010 1 bb b I I I II (2400) 
011 Obb b I I I I I (3000) 
011 1 bb b I I I I I (3400) 

LITERAL AND CONTROL 
OPERATIONS 

Instruction-Binary (Octal) 

000 000 000 010 (0002) 
100 Okk k k k kkk (4000) 
100 1 k k kkk kkk (4400) 
101 kkk kkk kkk (5000) 
110 Okk kkk kkk (6000) 
110 1 k k kkk kkk (6400) 
111 Okk kkk kkk (7000) 
111 1 k k kkk kkk (7400) 

NOTES: 

d = 1, 1- I (II d is omitted, assembler assigns d = 1,) 

Name Mnemonic, Operands Operation Status Affected 

No Operation NOP None 
Move W to I ,(Note 1) MOVWF W-f None 
Clear W CLRW O-W Z 
Clear I CLRF I 0-1 Z 
Subtract W Irom I SUBWF I, d 1- W-d ' C,DC,Z 
Decrement I DECF I, d 1- 1-d Z 
Inclusive OR Wand f ' 10RWF I, d WVI-d Z 
AND Wand f, ·ANDWF I, d W·I-d Z 
Exclusive OR Wand I XORWF I, d W@I-d Z 
Add Wand f ADDWF I, d W+I-d C,DC,Z 

. Move I, MOVF I, d I-d Z 
Complement f COMF I, d f-d Z 
Increment I INCF I, d 1+1-d Z 
Decrement I, Skip il Zero DECFSZ I, d 1- 1-d, skip il Zero None 
Rotate Right f RRF I, d l(n)-d(n-1),1(0)-C, C-d(7) C 
Rotate Left I RLF I, d f(n)-,d(n+1), 1(7)-C, C-d(O) C 
Swap halves I SWAPF f, d f(0-3)"7f(4-7)-d 
Increment f, Skip if Zero INCFSZ f, d t+1-d, skip if zero 

(11-8) (7-5) (4-0) 

OP CODE I b (BIT #) I f (FILE #) 

Name 

Bit Clear I 
Bit Set I 
Bit Test I, Skip if Clear 
Bit Test f, Skip if Set 

(11-8) 

OP CODE 

Name 

Return Irom Interrupt 

Mnemonic, Operands 

BCF 
BSF 
BTFSC 
BTFSS 

(7-0) 

f, b 
f, b 
f, b 
I, b 

k (LITERAL) 

Mnemonic, Operands 

RETURN 
Return and place Literal in W RETLW k 
Call subroutine (Note 1) CALL k 
Go To address (k is 9 bits) GOTO k 
Move Literal to W MOVLW k 
Inclusive OR Literal and W 10RLW k 
AND Literal and W ANDLW k 
Exclusive OR Literal and W XORLW k 

Operation 

O-f(b) 
1-f(b) 
Bit Test feb): skip if clear 
Bit Test 1(1;l): skip is set 

Operation 

Stack,PC 
k-W, Stack-PC 
PC+1 - Stack, k - PC 
k-PC 
k-W 
kVW-W 
k·W-W 
k@W-W 

None 
None 

Status Affected 

None 
None 
None 
None 

Status Affected 

None 
None 
None 
None 
None 

Z 
Z 
Z 

1. The 9th bit 01 the program counter in the PIC is zero for a CALL and a MOVWF F2. Therefore, subroutines must be located in program 
memory locations 0-377s. However, subroutines can be called from anywhere in the program memory since the Stack is 9 bits wide. 

2. When an I/O register is modified as a lunction 01 itsell, the value used will be that value present on the output pins. For example, an 
output pin which has been latched high but is driven low by an external device, will be relatched in the low state. 
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SUPPLEMENTAL INSTRUCTION SET SUMMARY 

The lollowing supplemental instructions summarized below 
represent specilic applications 01 the basic PIC instructions. For 
example, the "CLEAR CARRY" supplemental instruction is equiv-

Instruction-Binary (Octal) Name 

010 000 000 011 (2003) Clear Carry 

010 100 000 011 (2403) Set Carry 

010 000 100 011 (2043) Clear Digit Carry 

010 100 100 011 (2443) Set Digit Carry 

010 001 000 011 (2103) Clear Zero 

010 101 000 011 (2503) Set Zero 

011 100 000 011 (3403) Skip on Carry 

011 000 000 011 (3003) Skip on No Carry 

011 100 100 011 (3443) Skip on Digit Carry 

011 000 1'00 011 (3043) Skip on No Digit Carry 

011 101 000 011 (3503) Skip on Zero 

011 001 000 011 (3103) Skip on No Zero 

001 000 1 I I I I I (1040) Test File 

001 000 a I I I I I (1000) Move File to W 

001 001 1 If. I I I (1140) Negate File 
00.1 010 d I I I I I (1200) 

011 000 000 011 (3003) Add Carry to File 
001 010 d I I I I I (1200) 

011 000 000 011 (3003) Subtract Carry Irom File 
000 011 d I I I I I (0300) 

011 000 100 011 (3043) Add Digit Carry to File 
001 010 d I I I I I (1200) 

PIC 16648 

alent to the basic inst(uction BCF 3,0 ("Bit Clear, File 3, Bit 0"). 
These instruction mnemonics are recognized by the PIC Cross 
Assembler (PICAL). 

Mnemonic, Equivalent Status 
Operands OperaUon(s) Affected 

CLRC BCF 3, 0 -

SETC BSF 3, 0 -

CLRDC BCF 3,1 -

SETDC BSF 3,1 -

CLRZ BCF 3, 2 -
SETZ BSF 3,2 -
SKPC BTFSS 3, a -

SKPNC BTFSC 3, a -
SKPDC BTFSS 3,1 -

SKPNDC BTFSC 3,1 -
SKPZ BTFSS 3,2 -

SKPNZ BTFSC 3, 2 -
TSTFI MOVFI,1 Z 

MOVFWI MOVF I, 0 Z 

NEGF I,d COMFI,1 
INCF I, d Z 

ADDCF I, d BTFSC 3,0 
INCF I, d Z 

SUBCF I,d BTFSC 3,0 
DECF I, d Z 

ADDDCF I,d BTFSG 3,1 
INCF I,d Z 

011 000 100 011 (3043) Subtraci Digit Carry Irom File SUBDCF I,d BTFSC 3,1 
000 011 d I I I I I (0300) DECF I,d Z 

101 kkk kkk kkk (5000) Branch Bk GOTO k -
011 000 000 011 (3003) Branch on Carry BC k BTFSC 3,0 
101 kkk kkk kkk (5000) GOTO k -

011 100 000 011 (3403) Branch on No Carry BNC k BTFSS 3,0 
101 kkk kkk kkk (5000) GOTOk -

011 100 100 011 (3043) Branch on Digit Carry BDC k BTFSC 3,1 
101 kkk kkk kkk (5000) GOTO k -
011 001 000 011 (3443) Branch on No Digit Carry BNDC k BTFSS 3,1 
101 kkk kkk kkk (5000) GOTO k -

011 101 000 011 (3103) Branch on Zero BZ k BTFSC 3,2 
101 kkk kkk k k k (5000) GOTOk -

011 101 000 011 (3503) Branch on No Zero BNZ k BTFSS 3,2 
101 kkk kkk kkk (5000) GOTO k -
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I/O Interfacing 
The equivalent circuitforan 1/0 port bit is shown below as it would 
interface with either the input of a TTL device (PIC is outputting) or 
the output of an open collector TTL device (PIC is inputting). Each 
I/O port bit can be individually time multiplexed between input and 
output functions under software control. When outputting thru a 
PIC I/O Port, the data is latched at the port and the pin can be 

TYPICAL INTERFACE-BIDIRECTIONAL 110 LINE 

D. 
(INTERNAL -'--.--------1 
DATA BUS) 

Programming Cautions 

WRITE 
(INTERNAL 

SIGNAL) 

READ 
(INTERNAL 

SIGNAL) 

The use of the bidirectional I/O ports are subject to certain rules 
of operation. These rules must be carefully followed in the in­
truction sequences written for I/O operation. 

Bidirectional I/O Ports 
The bidirectional ports may be used for both input and output 
operations. For input operations these ports are non-latching. Any 
input must be present until read by an input instruction. The 
outputs are latched and remain unchanged until theoutputlatch is 
rewritten. For use as an input porllhe output lalch musl be sel in the 
high slale. Thus the external device inputs to the PIC circuit by 
forCing the latched output line to the low state or keeping the 
latched output high. This principle is the same whether operating 
on individual bits or the entire port. 

Some instructions operate internally as input followed by output 
operations. The BCF and BSF instructions, for example, read the 
entire port into the CPU, execute the bit operation, and re-output 
the result. Caution must be used when using these instructions. As 

EXAMPLE 1: 

F7 

OUTPUT INPUT 

What is thought to be happening: 

BSF 7,5 
Read into CPU: 
Set bit 5: 
Write to F7: 

00001111 
00101111 
00101111 

If no inputs were low during the instruction execution, there 
would be no problem. 
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connected directlytoa TTL gate input. When inputting data thru an 
I/O Port, the port latch must first be set to a high level under 
program control. ThisturnsoffQ2,allowing the TTL open collector 
device to drive the pad, pulled up by Q" which can source a 
minimum of 100/lA. Care, however, should be exercised when 
using open collector devices due to the potentially high TTL 
leakage current which can exist inthe high logic state. 

-- PICI/OB"l ,---
v~ 

I 
I 

I TTL DEVICE OUTPUT 

~P~L~)_ 

an example a BSF operation on bit 5 of F7 (port RC) will cause all 
eight bits of F7 to be read into the CPU. Then the BSF operation 
takes place on bit 5 and F7 is re-output to the output latches. If 
another bit of F7 is used as an input (say bitO) then bit 0 must be 
latched high. If during the BSF instruction on bit 5 an external 
device is forcing bit 0 to the low state then the intput/output nature 
of the BSF instruction will leave bit 0 latched low,afterexecution.ln 
this state bit 0 cannot be used as an input until it is again latched 
high by the programmer. Refer to the examples below. 

Successive Operations on Bidirectional I/O Ports 

Care must be exercised if successive instructions operate on the 
same I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before the next 
instruction which causes that file to be read into the CPU (MOVF, 
BIT SET, BIT CLEAR, and BIT TEST) is executed. Otherwise, the 
previous state of that pin may be read into the CPU rather than the 
new state. This will happen if tpd (See I/O Timing Diagram) is 
greater than '''Icy (min). When in doubt, it is betterto separate these 
instructions with a NOP or other instruction. 

EXAMPLE 2: 

F7 

OUTPUT INPUT 

What could happen if an input were low: 
BSF 7,5 

Read into CPU: 
Set bit 5: 
Write to F7: 

00001110 
00101110 
00101110 

In this case bit 0 is now latched low and is no longer useful as an 
input until IJet high again. 



ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 
Temperature Under Bias ..............•.................••...•........•.. 125°C 
Storage Temperature ........................................ -55°C to +150°C 
Voltage on any pin with Respect to Vss .........•................ -0.3V to +12.0V 
Power Dissipation .................................................... 1000mW 
Power Dissipated by anyone I/O pin (Note 1) ..........•............... 60mW 
Power Dissipated by all I/O pins (Note 1) ...................•...•.•... 600mW 

Standard Conditions (unless otherwise stated): 
DC CHARACTERISTICS ' 
Operating Temperature TA = O°C to +70°C 

Characteristic Sym Min Typ Max 

Primary Supply Voltage Vee 4.5 - 7.0 

Output Buffer Supply Voltage Vxx 4.5 - 10.0 

Primary Supply Current Icc - 30 55 

Output Buffer Supply Current Ixx - 1 5 

Input Low Voltage VIL -0.2 - 0.8 

In~ High Voltage (except MCLR,RTCCl 
RT & OSC 1 when driven externally) VIH1 2.4 . - Vee 

Input High Voltage (MCLR, 
Ri'CC/1!i'f & OSC 1) VIH' Vee-1 - Vee 

Output High Voltage VeH 2.4 - Vee 

Output Low Voltage (I/O only) VOL1 - - 0.45 

- - 0.90 

- - 0.90 

- - 1.20 

- - 2.0 

Output Low Voltage AO-AB, (CLK OUT), 
HALT ACK VOL2 - - 0.45 

Input Leakage Current (MCLR, RTCC/RT Ice -10 - +10 

Input Low Current (all I/O ports) Ill. -0.2 -0.6 -1.6 

Input High Current (all liD ports) IIH1 -0.1 -0.4 -
Input High Current (HALT) IIH2 - 50 200 

NOTES: 
1. Power dissipation for I/O pins is calculated by 

PIC 16648 

*Exceeding these ratings could cause perma­
nent damage to the device. This is a stress 
rating only and functional operation of this 
device at these conditions is not implied­
operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum 
rating' conditions for extended periods may 
affect device reliability. 

Units Conditions 

V 

V (Note 2) 

rnA No Load 

rnA No Load (Note 3) 

V 

V 

V 

V IeH - -100pA provided by 
internal pull ups (Note 4) 

V IOL - 1.6mA, Vxx - 4.5V 

V IcL = 5,OmA, Vxx = 4.5V 

V IaL = 5.0mA, Vxx = 8.0V 

V IaL = 10.0mA, Vxx = 8.0V 

V IcL = 20,OmA, Vxx = 8.0V (Note 5) 

V IaL = 1.6mA (Note 5) 

pA Vss .;; V,N .;; Vee (Note 6) 

rnA V,L - O.4V internal pullup 

rnA V,H - 2.4V 

pA V'H=2.4V, internal pulldown 

1: (Vee -VIL) (ilI~) + 1: (Vee -VaH) ClIcHi) + 1: (Vae) (Icc). 
The term I/O refers to all interface pins; input, ouput orl/O. 

2, Vxx supply drives only the liD ports. 
3. The maximum Ixx current will be drawn when all liD ports are outputting a High. 
4. Positive current indicates current into pin. Negative current indicates current out of pin. 
5. Total IcL for all output pins (I/O ports plus CLK OUT) must not exceed 225mA, 
6. Also applies to OSC 1 pin in PIC 1656 mode. 
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S~andard Conditions (unless otherwise stated): 

AC CHARACTERISTICS 

Operating Temperature T. = O·C to +70·C 

Characteristic Sym Min Typ Max Units Conditions 

I'hstruction Cycle Time tcy 4 - 20 Jis 0.2MHz -1.0MHz external time base 
1650Al1655A mode 

0.8MHz -4.0MHz external time base 
1656 mode 
(Note 1) 

RT/RTCC Input 

Period tRT tcy - - -
High 'Pulse Width tRTH 'htcy - - -
loW Pulse Width tRll lhtcy - - - (Note 2) 

1/0 Ports 

Data Input Setup Time Is - - I4tcy-12! ns 

Data Input Hold Time th 0 - - ns 

Data Output Propagation Delay tpd - 500 800 ns Capacitive load = 50pF 

OSC Input 

External Input Impedance High RoscH - 120 - n Vose = 5V 
(PIC 1650A, 55A mode) } App"" ~ "",,,, 

External Input, Impedance High RoscH - 106 - n Vose = 5V OSC drive only. 
(PIC 1656 mode) 

External Input Impedance low Rosel - HI' - n Vose = OAV 
-, 

HALT ACK Output 

Delay from 1/>2 t... :- 200 - ns 

AO-AB Output 

Delay from I/> 1 t.o - 350 - ns 

NOTES: 

1. Instruction cycle periCid(tcv) equals four times the input oscillator time base period for 1650A/1655A operation or sixteen times 
oscillator time base period for 1656 operation. 

2, Due to the synchronous timing nature between ClK OUT and the sampling circuit used on the RT input, ClK OUT may be directly 
tied to the RT input without any loss of counts. 
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I/O TIMING 
INTERNAL 

WAVEFORMS 
(4'1 and 412 Fre­

quency IS 1/4 ( ¢1 
External Oscillator 

Frequency. lose. lor 1/12 
PIC 1550A or PIC 

1655A. 1/16 lose lor 
PIC 1656) 

eLK OUT 

I 

I~ 
I 
~ 
I =ex 

- I, "H-
INPUT I 

I \1 I ~,",~ 
iu ~ I," I- I 

HALT -------

HLT ACK _________ ~ 

Ao-Ae 
OUTPUT 

NOTE: Rise and latilimes are load dependent. 

CLK OUT TIMING 
~itc ..... 

I 
I 
I 

>l 
~ I 
1 1_'''''_1 

I I 
: I 
I 

-----.".-----.j 

RTCC/RT TIMING 
~t., .. ~ . , 
I I 

SCHMITT TRIGGER CHARACTERISTICS 
Vo (VOLTS) Vo (VOLTS) 

X 

VALID 

n n 
5 r 5 c-

0.4 I- 0.4 I-

PIC 16648. 

'----+-I--+---..... ~ V, IVOLTS) L.. __ --1I-_--1I-___ VI (VOLTS) 

1.5 2.7 
MCLR, asc TYPICAL HYSTERESIS 

Voo SV 

1.0 2.0 
RTCC 
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PIC 1650A, 1655A EMULATION OSCILLATOR OPTIONS (TYPICAL CIRCUITS) 

RC OPTION OPERATION 

30KO 

26KO 

22KO 
REXT 

18KO 

14KO 

Vee 

!R(ext) 

b TO PIC 16648 PIN #59 

C(ext) 

I 

\ \ \ 
\ 11 \ 
\ \ 1\ 
\ 1\ 

\ 

1\ \ " 
\ "-

'\ ~" 
TYPICAL/ 

40 60 80 100 120 140 160 180 200 220 240 260 

INSTRUCTION CYCLE TIME (kHz) 
Oscillator Frequency With Typical Unit To Unit Variance 

Vee = 5.0V 
C = 47pF 
T. = 25°C 

Unit to Unit Variation at Vee = 5.0V, T. = 25°C is ±25% 
Variation from Vee = 4.5V -7.0V referenced to 5V is -3%, +9% 
Variation from TA = O°C -70°C referenced to 25°C is +3%, -5% 

BUFFERED CRYSTAL INPUT OPERATION XTAL 

EXTERNAL CLOCK INPUT OPERATION 
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PIC 1656 EMULATION OSCILLATOR OPTIONS (TYPICAL CIRCUITS) 

RC OPTION OPERATION 

,....---1~----~ ose 1 PIN #59 

Ie R 

ose 2 PIN #58 
R 

I 
e 

-

CRYSTAL INPUT OPERATION 

ose 1 PIN #59 

e 

I 
R 

XTAL 

ase 2 PIN #58 

R 

EXTERNAL CLOCK INPUT OPERATION 

eLaeKFRoM~ 
EXT SYSTEM ~ OSC 1 PIN #59 

N.C. :> ase 2 PIN #58 
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MASTER CLEAR 
Voo 

R ~ R<100K 

~ TO PIC 16648 MCi:'Fi PIN #61 

C O.l/lF 

I 
Master Clear requires >1.0ms delay before activation after power 
is applied to the Voo pin. To acheive this, an external RC con­
figuration as shown can be used (assuming Voo is applied as a 
step function). 

OUTPUT SINK CURRENT GRAPH 

IOL 

(rnA) 

VOH VS IOH (1/0 PORTS) 
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v," 
(VOLTS) 

40 

30 

20 

10 

Vxx = 10 

./ V -- Vxx = 9 

V ,../" V 
V - Vxx = 8 

V V I'" ---.../ -- Vxx = 7 

./' r:::-V V 
V --- ..-- Vxx ~ 6 

~ ~ V V I--"'" f.---"..- f.-- Vxx = 5 

~ ~ t:::::: -;:::. --- ~ ~ --~ ~ ;::;.-: f.---:....-
~ 

1.0 2.0 3.0 

VOL (V.OL TS) 

IOL VB. VOL TYP @ 25°C 

The Output Sink Current is dependent on the Vxx supply and the 
output load: This chart shows the typical curves used to express 
the output drive capability. 

VOD = Vxx = 4.25V 

IOH (PA) 

POWER SUPPLY CURRENT VS TEMPERATURE 

I" 
(rnA) 

50 

40 

30 

20 

10 

...... 
V" 17.OV 

~ ~::::roc --~ .05~A/QC 
~ 

-40 40 80 120 

TEMPERATURE (0G) 



PIC 1650A/PIC 1655A EMULATION CAUTIONS 

When emulating a PIC 1650A or PIC 1655A using aPICES 
development system certain precautions should be taken. 

A. Be sure that the PICES Module being used is programmed 
for the PIC 1650A/PIC 1655A mode. (Refer to PICES Manual). 
The PIC 16648 contained within the module should have the 
MODE pin #22 set to a high state. 

1. This causes the MCt:R to force all IIq registers high. 

2. The OSC 1 pin #59 becomes a single clock input pin. 

3. The interrupt system becomes disabled and the RTCC 
always counts on the trailing edges. 

4. Bits 3 through 7 on file register F3 are all ones. 

B. Make sure to only use two levels of stack within the program. 

PIC 1656 EMULATION CAUTIONS 

When emulating a PIC 1656 using a PICES development system 
certain precautions should be taken. 

A. Be sure that the PICES Module being used is programmed 
for the PIC 1656 mode. (Refer to PICES Manual). The PIC 
16648 contained within the module should have the MODE 
pin #22 set to a low state. 

1. This causes the MCLR to force F5 register high and F6 
and F7 low. 

2. The OSC 1 pin #59 becomes a single clock input pin. 

3. The interrupt system becomes enabled and the RT 
always counts on the trailing edges. 

4. Bits 3 through 7 on file register F3 are used for interrupt 
servicing. 

PIC 16648 

C. Make sure all 1/0 cautions contained in this spec sheet are 
used. 

D. Be sure to use the 40 pin socket for the PIC 1650A and the 
28 pin socket for the PIC 1655A module plugs. 

E. Make sure that during an actual application that the MCLR 
input swings from a low to high level a minimum of 1 msec after 
the supply voltage is applied. 

F. If an external oscillator drive is used, be sure that it can 
drive the 1200 input impedance of the OSC pin on the PIC 
1650A and PIC 1655A. 

G. The cable length and internal variations may cause some 
parameter values to differ between the PICES module and a 
production PIC 1650A and PIC 1655A. 

B. All three levels of stack can be used within the program. 

C. Make sure all 110 cautions contained in this spec sheet are 
used. 

D. Be sure to use the 28 pin socket for the module plug. 

E. Make sure that during an actual application that the MCLR 
input swings from a low to high level a minimum of 1 msec after 
the supply voltage is applied. 

F. If an external oscillator drive is used, be sure that it can 
drive the 1200 input impedance of the OSC pin on the PIC 
1656. 

G. The cable length and internal variations may cause some 
parameter values to differ between the PICES module and a 
production PIC 1656. 
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PIC Series 

PIC CUSTOMER ORDER FORM 

CustomerName ______ ~--------~------------------~ Division ______ ~_'_ ____ _'_ _________ _ 
Address ________________________________________________________________________________ _ 

City _________________________ State' _______________ Zip, _______ _ Country ____ _ 

Telephone Number Ext. ______________________ _ 

Customer Contact Tit I e _________________________ _ 

PIC part number _________________________________ _ 

Customer Part Number _____________________________ _ 

Customer Mark i ng Req ui rement _____ ---, _____________ _ 

PIC Temperature Range Selection: 

Program ROM Pattern Media Paper TapeD Prom D Other ____ D 
Part Number 

Refer to PICES and PFD Manuals for formats 

Customer Purchase Order Number _____________________ _ 

Date of Purchase Order ____________________________ _ 

Prototypes requested by _________________________________ _ 

Customer Signature ____________________________ -..,. ____ _ 

Title _____________________________ _ 

Date _________________ ~ _________________ __ 
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PICES 

I PIC In-Circuit Emulation System 
_ - FEATURES 

• Complete in-circuit emulation and debug capability 
:- • Multiple system configurations to match user requirements 

• Standard serial interface for system integration 
• Powerful 16-bit microprocessor for system control 
• Multiple breakpoints, single step, program trace and editing 

capabilities 
• On-board diagnostics for system hardware troubleshooting 

DESCRIPTION 

The PICES is an in-circuit emulation and debug system designed 
to provide the user with a complete tool for testing, trouble­
shooting, and modifying both the software program for the PIC 
circuit as well as the total system application. The PICES is a self­
contained unit which can operate in a stand-alone configuration 
or as a peripheral device to a host processor. 

ARCHITECTURE 

The PICES system contains two processors. The User Processor 
is a PIC 16648 ROM-less microcomputer with external RAM. With 
the RAM loaded with the user's application program, the PIC 
16648 emUlates the operation of the PIC 1650A, PIC 1655A, or 
PIC 1656. A;18 or 40 pin in-circuit emulation cable attaches the 
PIC 16648 to the application system. The Control Processor is a 
CP1600 sixteen bit microprocessor with BK of program Ram and 
1 K of RAM. This processor controls the functions of the PICES 
including IIO interfacing, manipulation of the User Processor 
and interpretation and execution of the PICES command set. 

OPERATION 

STAND-ALONE MODE: The PICES is attached directly to a serial 
IIO device; typically a teletype. The user program is entered 
either using the paper tape reader/punch unit on the teletype or 
by manually setting each location in the PIC program memory to 
the desired value. Once the program memory is loaded, all PICES 
emulation and debug commands can be issued on the teletype 
keyboard and PICES responses are returned on the teletype 
printer. The serial interface can be either RS232C or current loop 
and the baud rate is switch selectable. 

PERIPHERAL MODE: The PICES can be configured such that the 
unit itself is peripheral to another computer system. The PICES 
can be attached as an additional peripheral device or in series 
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with the system TTY or CRT device. In this mode the user's 
computer facility can become a one. station total development 
system. The computer text editor is used to develop the PIC 
source code. The Fortran PIC cross assembler will translate this 
source code into PIC machine code; the machine code is then 
downloaded into the PICES. All PICES commands are entered 
through the system terminal. Minor modifications can be done 
directly to the PICES. Major changes require re-editing the 
source code, re-assembling and loading of the PICES. 

DATA MANUAL 

A detailed PICES Data Manual is available. This manual describes 
the installation and operation of the PICES system. Included in 
the manual are explanations of the command set with examples 
for illustration. 
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PFD 1000/PFD 1010 

PIC Field Demo System 

FEATURES 

• Single +5V operation 
• Adjustable on-board clock 
• Optional external clock and reset 
• 512 x 12 words of program storage 
• Dimensions: 4" x 4%" 
• In circuit emulation cable length: 14" 
• PFD 1000 emulates PIC 1650A and PIC 1655A 
• PFD 1010 emulates PIC 1656 

DESCRIPTION 

The PIC Field Demo Systems provide the user with a compact and 
portable method of evaluating and demonstrating application 
performance before the commitment is made to ROM masking of 
the PIC circuit. The PFD 1000/1010 systems each consist of a 
single printed circuit module containing a PIC 16649 ROM-less 
PIC circuit with external Erasable/Programmable Read Only 
Memory (EPROM) attached. The EPROM contains the user's 
application program. A 40 or 28 lead ribbon cable attaches to the 

PFD Module terminating with a DIP plug providing emulation of 
the PIC circuit in the application. 

Provision for jumper options on the PFD Series module allows the 
user to select various modes of operation as appropriate to the 
application. Internal or external clock and power supply is 
available. 

ORDERING INFORMATION 

The PFD Module comes complete with a PIC 16649 ROM-less 
PIC emulator circuit, EPROMs and an in-circuit-emulation cable. 
Order the module to emulate the particular PIC circuit to be 
emulated. 

DATA MANUAL 

A complete description of the PFD 1000/1010 system is contained 
in the PIC Field Demo Systems Data Manual. 
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PICAL 

PIC Cross Assembler 
FEATURES 

• Symbolic machine operation codes (opcodes, mnemonics) 
• Symbolic address assignment and reference 
• Relative addressing 
• Data creation statements 
• Storage reservation statements 
• Assembly listing control statements 
• Character codes may be specified as ASCII or EBCDIC 
• Addresses can be generated as constants 
• Comments and remarks may be encoded for documentation 
• Cross reference table listing 

DESCRIPTION 
The PICAL Cross Assembler is used for the General Instrument 
family of microcomputers including the PIC 1650A, 1655A, and 
1656. The function of this Cross Assembler program iS,to trans­
late the Symbolic Code into the machine code required by the 
actual processors. The assembler program is written in FortranIll 
to aChieve compatibility with most computer systep1s, including 
those manufactured by DEC, Data General, Hewlett-Packard, 
Xerox, and others. It is modular and may be executed in an 
overlay mode should memory restrictions make that necessary. 
The program is approximately 3400 Fortran card images in 

, length, 20% of which are comments. The program is written in 
ANSI standard Fortran III and no facility peculiar to one machine 
was utilized. This was done in orderto eliminate Fortran compati­
bility problems. 

The mnemonic Operation Codes are identical to those used in 
other PIC literature and in other software products. This has been 
done to eliminate any possible problems of program compatibil­
ity and to obviate the necessity of learning new assembly 
languages. In addition, several directives and features are imple­
mented and described in the PICAL Users Manual. 
The assembler is a two pass program that builds a symbol table, 
issues helpful error messages, produces an easily read program 
listing and symbol table, and outputs a computer readable object 
(load) module. 

The assembler features macro capability, sy~bolic and reiative 
addressing, forward references, complex expression evaluation, 
cross reference listing and a versatile set of directives. 

The assembler program, written in Fortran, is usually supplied as 
9 track, 1600 BPI, 80 colum!l card image records, unblocked and 
unlabeled magnetic tapes in either EBCDIC or ASCII code. The 
label on the tape reel will clearly specify the information. 
The program is also supplied in compiled version for appropriate 
media and machines, including the Data GeneralpNoval!> system. 

ASSEMBLER LANGUAGE 

An assembly language program is written in symbolic machine 
language. It is comprised of statements. A statement is either a 
symbolic instruction, a directive statement, a macro statement, 
or a comment. 

The symbolic machine instruction is a written specification for a 
particular machine operation expressed by symbolic operation 
codes and sometimes symbolic addresses or operands. 

A directive statement is a statement which is not translated into a 

machine instruction, but rather is interpreted as a directive to the 
assembler program. 

Statements are always written in a particular format. This format 
below. 

OPERAND FIELD COMMENT FIELD 

SYNTAX 

The Assembler Language is a language like any other. That is, it 
has a character set, vocabulary, rules of grammar, and allows for 
individuals to define' new words or elements. The rules that 
describe the language are termed the syntax of the language. 

For an expression or statement in assembler language to be 
translated by the assembly program it must be written correctiy in 
accord with the rules of syntax'. 

A symbol is a sequence of characters. The first character in a 
symbol must be alphabetic or the special characters 7, $, or &. 
Special characters except for the above three may not be used in 
a symbol. Imbedded blanks are not permitted. The user is 
cautioned not to use symbols that start with the 7 character as the 
assembler generates "local" symbols starting with this character. 

Only the first six characters of a symbol are used by the 
Assembler to define that symbol; the remaining characters are for 
documentation. The parameter that dictates the number of 
characters used to define a symbol may be changed in the Fortran 
Source code. 

A constant is an invariant quantity. It may be an arithmetic value 
or a character code. There are several ways of specifying 
constants in this assembler language. 

Octal constants may be defined as a sequence of numeric 
characters optionally preceded by a plus sign or a minus sign. If 
unsigned, the value is assumed to be positive. Decimal constants 
are defined in the same manner but preceded by a decimal point. 

In most cases constants must be contained in one 8 bit word. A 
constant can contain an unsigned number with a value from 0 to 
255.When a constant is negative its equivalent two's complement 
representation is generated and placed in the f,ield specified. An 
eight bit two's complement number can range from -128 to +127. 
Whenever an attempt Is made to place a constant In a field for 
which it is too large, an error message is generated by the 
assembler. 

An expression is a sequence of one or more symbols, constants, 
or other expressions separated by ttie arithmetic operators +,-, 
., I. Parentheses are used in the normal manner to establish the 
correct order of the arithmetiC operators. Expressions are evalu­
ated left to right with multiplication and division being performed 
before addition and subtraction. 

The expression must resolve to a single unique value. All 
expressions are evaluated modulo 65536 and hence are all 16 bit 
quantities. In most cases the value olthefinal expression must be 
contained in a 12 bit word. 

DIRECTIVES 

The directives or pseudo-operations are written as ordinary 
statements in the assembler language, but rather than being 
translated into equivalent machine language, they are interpreted 
as commands to the assembler itself. 

Through' use of these directives, the Assembler will reserve 
memory space, define bytes of data, control the listing, assign 
values to symbols, etc. 
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The directives are: 
ORG Set Program Origin 
END End of Assembly 
EQU Equate a Symbol to an Expression 
SET Set a Symbol equal to an Expression 
DATA Data Definition 
RES Reserve Storage 
ZERO Reserve Storage and fill with zeros 
PAGE Advance Listing Form to next page 
SPAC Space lines on listing 
TITLE Set Program Heading 
LIST List the Elements Specified 
OPTION Set Program Options (same as LIST) 
NLiST Suppress listing of the Elements Specified 
IF Conditional Assembly Statement 
ELSE Conditional Assembly Statement Converse 
ENDIF End Conditional Assembly Code 

MACROS 

A macro is a sequence of instructions that can be inserted in the 
assembly source text by encoding a single instruction, the macro 
call. The macro definition is written only once and can be called 
any number of times. The macro definition may contain param­
eters which can be changed for each call. The macro facility 
simplifies the coding of programs, reduces the chance of pro­
grammer error, and makes programs easier to understand as the 
source code ne.ed only be changed in one location, the macro 
definition. 
A macro definition consists of three 'parts: a heading, a body, and 
a terminator. This definition must precede any macro call. A 
macro may be redefined at any time with the latest definition of a 
macro name applying to a macro' call. A standard assembler 
mnemonic (e.g. CLRF) may also be redefined by defining a macro 
with the name CLRF. In this case all subsequent uses oftheCLRF 
instruction in the program will cause the macro to be expanded. 
The PIC assembler which is precompiled forthe Intel MDSI!!> does 
not have a MACRO capability due to the possibly limited memory 
space available. 

USING THE ASSEMBLER 

The Assembler is written entirely in Fortran and is comprised of a 
main program and several subroutines. The main program 
appears first on the tape and the last subroutine is followed by a 
tape mark. The Assembler may be compiled from the tape. 

The Assembler should be compiled and its object module stored 
on some secondary storage device. If desired, the Assembler may 
be compiled and linked to perforll) in the overlay mode. Commu­
nications between subprograms is via blank common and sub­
routine call parameters. 
The Assembler is a two pass Assembler wherein the source code 
is scanned twice. During the first pass the labels are examined 
and placed into a symbol table. Certain errors may be detected 
during Pass 6ne; these will be displayed on the output listing.' 
During Pass Two, the object .code is completed,· symbolic 
addresses resolved, a listing and object module are produced. 
Certain errors, not detected during Pass One may be detected 
and displayed on the listing. 

At the end of the Assembly process a symbol table or cross 
reference table may be displayed. 

The following steps are taken to assemble a source program: 
1. Write a program utilizing the instruction mnemonics of the 

PIC Instruction Set and directives. Encoele the argument 
fields with constants, labels, symbolic addresses, etc. 

2. Transfer the source program to some computer readable 
medium; cards, tape, etc. This medium Should correspond 
to the input device expected by the Assembler. On some 

.. systems device assignments may be changed during the 
course of an assembly by utilizing proper system control 
cards. 
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3. Load the source code. 
4. Execute the Assembler Program. 
5. Get listing and object module as output. 

During Pass Two of the assembly process a program listing is 
produced. The listing displays all information pertaining to the 
assembled program, both assembled data and the users original 
source statements. 

The listing may be used as a documentation tool through the 
inclusion olthe comments and remarks that describe the function 
of the particular program segment. 

The main purpose of the listing is to convey all pertinent 
information about the assembled program, i.e. the memory 
addresses and their contents. The load module, also produced 
during Pass Two, contains the address and content information 
but in a format that can be read by people only with great effort. 

TYPICAL ASSEMBLER LISTING 

LINE ADDR ., ., TEST CHlCI(SU'" 

I TITLE 'TEST CHECI<6U"" 
l LIST P.lbS5,lI.E. 
J 000000 (1000 8T ART '00 • 00(100 I 0000 0000 "0' •• *** I"IPCODE ERROR 
5 000003 0070 ~D\I .. F 3. 

000001.1 0041 START2 "'011,,"' , 
oooonlS ST,ARTJ 
000005 1)0C/3 ~O\lI'!F 3 

00. 2. ,. 000020 000 t OUl)2 DATA I, C. 3 

" 000n22 ou03 
12 (l000<'3 RES , 
13 000025 lE~O 3 ,. I' START 
IS lORi'o' " ,. ADO .. ' '" 17 ~ L S~ ,. OoOO~O oSS I ,o.r~D ... F •• to EflJDIF 
20 000031 oolq ~OV"'F 

21 oon032 (li\1.I3 MOlofll.F 
;22 (I"lOOll' (10(14 ~OV~F . 
23 000031.1 15002 Gorn. STun+z 
2' UOO 30 
25 000010 llill30 (;OT['1 I 
2. (\OOOll "031 t.'OVL'" , 
27 000,032 "(HII MO .... ,,' 

, 
26 (l000]! oc)l.I.? "0'1"" 2 
2' OO('lnH nou] "'0 V I'< F , 
" 00tl(l]5 {)'lUU ~(lYI"!F 

l' 00(0)t! 001,1'; "'OYI'rF ... TNVAll1' FlU. ~fGI5H~ 
II 000017 0047 '-'OVlllF 7 
33 00004('< ',nOIj(l t-·OV ... F. 10· 
l' 

". 00(10'1 I 1 005 '-'0"''' ~,:.. 

3. 0000'12 I ('lOb "'OVF ., . ... INVALID FlU. PfGI5Tt.~ 

" nooo'l3 t 041 "'(lVF 
30 00004(1 lot II "'OVF to, ~. 
]Q 

"" ooo(.la-; "BUS FlTFSC ',7 
a, OOt'!OUb 3005 STF!C S,o 
.i 0000a7 HOb J'lTFSC .,0 ... lNVAl In F 11 F. RFGISTlR 
.] 000050 J3(1t! bTF!IIC .,7 ... r~vAl In FIll ~FGISH~ 
.u OOOO'i I J007 rTFSC: 7,0 
a5 (\(10052 131.17 ~T" SC 7,7 .. OOou'i3 JO t (I t-TF SC to, (I 
.7 (I(1I'10I:iU 13'10 flTFS( ! u, '1 .. 
•• 
" U'G "7 
,51 01)0171 "\ono GC'Tn ~T4RT 
51 

. " 
5' no I o)nL ~ ~'Il 

A5!11E"'(oILF.J.l PHHJQS I: 

USERS MANUAL 

A.complete description of the PICAL Cross Assembler program 
with detailed explanations of how it is used is contained in the 
PICAL Users Manual. 
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CP1600 CP1610 

16-Bit Microprocessor 

FEATURES 

• 8 program accessible 16-bit general purpose registers 
• 86 basic instructions 
• 4 addressing modes: immediate, direct, indirect, relative 
• Conditional branching on status word and 16 external 

conditions 
• Unlimited interrupt nesting and priority resolution 
• 16-bit logic and 2's complement arithmetic 
• Status logic and word: carry, overflow, sign, zero 
• Direct memory access (DMA) for high speed data transfer 
• 64K memory using single address 
• TTL compatible/simple bus structure 
• CP1600: 600ns cycle time, 3.3MHz 2-phase clock 
• CP1610: lJ.1s cycle time, 2MHz 2-phase clock 

DESCRIPTION 

The CP1600/CP1610 are compatible members of the Series 1600 
Microprocessor products family. Each is a complete, 16-bit, sin­
gle chip, high speed MOS-LSI Microprocessor. The Series 1600 
family is fabricated with General Instrument's N-Channel lon­
Implant process, insuring high performance with proven reliabil­
ity and production history. All members of the Series 1600family 
are fully compatible with the CP1600/CP1610. 

The Microprocessor has been designed for high speed data 
processing and real time applications. Typical applications 
include programmable TV games, home computer systems/ 
home information centers, programmable calculator systems, 
peripheral controllers, process controllers, intelligent terminals 
and instruments, data acquisition and digital communications 
processors, numerical control systems and many general 
purpose mini-computer applications. The Microprocessor can 
readily support a variety of peripheral equipment such as TTY, 
CRT display, tape reader/punch, A/D & D/A converter, keyboard, 

CP1600 SYSTEM DIAGRAM 

16-81T BIDIRECTIONAL BUS 
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PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Top View 

MS~!~I ~ 
., 40 J pelT 
2 39 J GNO 

Be" 3 383<1 

Be" 4 373<12 
BDIR t 5 36 J VOD (+12VI 

D15 C • 35 J Vss (-3V) 
014 C 7 34 :J Vee (+SV) 

D13 ~ • 33 ~ BORDY 
012 C 9 32 ? STPsT 
D" C ,. 31 J BiJSRQ 
0'0 C " 30 J HALT 

09C 12 29 J BliSAK 
OS( " 28 J iNffi 
DOC 14 21 J INTRM 

0' C 15 28 3 Tel 
07 C ,. 25 ~ EBCAQ 

~~ 
17 24 J EBCA1 ,. 23 3 EBCA2 

D4 C " 22 :J EBCA3 
03 C 2. 21 302 

cassette tape, floppy disk, and RS-232C data communication 
lines. 

The CP1600/CP1610 utilize third generation minicomputer archi­
tecture with eight general purpose registers to achieve a versatile, 
sophisticated microcomputer system. The 16-bit word enables 
fast and efficient processing of alphanumeric or byte oriented 
data. The 16-bit address capability permits access to 65,536 
words in any combination of program memory, data memory, or 
peripheral devices. This single address space concept, combined 
with a powerful instruction set, provides an efficient solution to 
microcomputer and many minicomputer-based product require­
ments. 

__ Yoo Vee v .. 
MSVNC +12V +sv ·JV 



PROCESSOR SIGNALS 

DATA BUS 
00-015 
InpuVOutpuVHlgh Impedance 

Data 0-15: 16-blt bidirectional bus used to transfer data, 
addresses, and Instructions between the microprocessor, 
memory, and peripheral devices. 

PROCESSOR CONTROL 

STPST 
Input 
SToP-STart: Edge-triggered by negative transition; used to con­
trol the running condition of the microprocessor. 
HALT 
Output 
HALT: Indicates that the microprocessor is in a stopped mode. 
MSYNC 
Input 
Master SYNC: Active low input synchronizes the microprocessor 
to the </>1, </>2 clocks during power-up initialization. 
ESCAo-3 
Outputs 
External Branch Condition Addresses 0-3: Address for one-of-16 
external digital ~tate tests via the BEXT (Branch on EXTernal) 
Instruction. 
ESCI 
Input 
External Branch Condition Input: Return signal from the one­
of-16 selection made by EBCA 0-3. 

CP1600 INTERNAL BLOCK DIAGRAM 

PROCESSOR 
CONTROL 

VDD~ Vee 

V" 
GND 

0' 
G2 

M5VNC 

EBCAO 

~~g~~ ~=:JIE--I 
EBCA3 

ESCI 
STPST 
HALT~----'r--,.., 

PCIT .... -....'""---' 
TCI 

BORDY 
iNTR 

INTRM 
BUs"RO 

BUS BUSAK 
CONTROL 

BC' 
BC2 ~~Iof--I 

BOlA 

(SP) 

IPCI 

R2 

R3 

R4 

R5 

R6 

R7 

BUS CONTROL 

BDIR, BC1, BC2 
Outputs 

CP1600. CP1610 

Bus DIRection, Bus Controls 1, 2: Bus control signals externally 
decoded to define the state of bus operations (see State Flow 
Diagram). 
BUSRQ 
Input 
BUSAK 
Output 
BUS ReQuest, BUS AcKnowledge: BUSRQ· requests the micro­
processor to relinquish control of the bus indefinitely. BUSAK· 
inlorms devices that the bus has been released. 
BOROY 
Input 
Bus Data ReaDY: causes the microprocessor to "walt" and re­
synchronize to slow memory and peripheral devices. 
INTR ,INTRM 
INTeRupt, INTeRupt Masked: request the microprocessor to 
service an interrupt upon completion of current Instruction. 
TCI 
Output 
Terminate Current Interrupt: pulse outputted by the micro­
processor in response to the Tel instruction. 
PCIT 
Input/output 
Program Counter InhibiVTrap: As an input, inhibits incrementa­
tion of the Program Counter during the instruction fetch se­
quence. As an output, generates a pulse during execution of a 
Software INterrupt (SIN) instruction. 

1 
:;; 
2 
~ 0 

~ 
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SIMPLIFIED STATE FLOW DIAGRAM 

INITIALIZATION 
SEQUENCE 

FETCH 
SEQUENCE 

INTERNAL 
REFERENCE 

INSTRUCTION 

r-~±o--~ 

BUS CONTROL SIGNALS 

BDIR BC2 

0 0 
0 0 

0 
0 1 

0 
0 
1 
1 
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UN­
INTERRUPTABLE 
INSTRUCTION 

+'N 

BC1 

0 
1 

0 
1 
0 
1 
0 

Signal 

NACT 
AOAR 

lAB 
OTB 
BAR 
OW 
OWS 
INTAK 

ADDRESS 
SEQUENCE 

IEXECUTE 
SEQUENCE 

T.us REOUEST 

lSEOUENCE 

INTERRUPT 
SEQUENCE 

Decoded Function 

No ACTion, 00-015 = high impedanr.e 
Address Data to Address Register, 

00-015 = high impedance 
Interrupt Address to Bus, 00-015 = Input 
Data To Bus, 00-015 = Input 
Bus to Address Register 
Oata Write 
Oata Write Strobe 
INTerrupt AcKnowledge 



CP1600 • CP1610 

INSTRUCTION SET (SUMMARY LISTING) 

Mnemonics Operation Mlcrocyclea Comments 

MOVR MOVe Register 6/7 
TSTR TeST Register 617 MOVR to itself 

E_ JR Jump to address in Register 7 MOVR to PC _ .. 
ADDR ADD contents of Registers 6 .. -

:§~ SUBR SUBtract contents of Registers 6 
01" CMPR CoMPare Registers by subtr. 6 Results not stored .. a: 
a: ANDR logical AND Registers 6 

XORR eXclusive OR Registers 6 
CLRR CLeaR Register 6 XORR with itself 

INCR INCrement Register 6 

~ 
DECR DECrement Register 6 

III 
COMR COMplement Register 6 One's Complement 

z 'c. NEGR NEGate Register 6 Two's Complement 
0 .. 

ADCR ADd Carry Bit to Register 6 
j:: 

a: 

" GSWD Get Status WorD 6 0 c;, 
::J c NOP No OPeration 6 a: iii SIN Software INterrupt 6 

--
I- Pulse to PCIT pin 
III RSWD Return Status WorD 6 ~ 
w SWAP SWAP a-bit bytes 6 0 

~~ z SLL Shift Logical Left 6 w :;: RLC Rotate Left thru Carry 6 ".c Not interruptable. a: III -<I> 
W SLLC Shift Logical Left thru Carry 6 s;." One or two position u.. 

" u ° w 10 SLR Shift Logical Right 6 o :-e shift capability. Two position a: 
...J 'c. SAR Shift Arithmetic Right 6 ;:: <I> SWAP not supported. 

" 
_0 

<! a: RRC Rotate Right thru Carry 6 'O'i'-
Z 'ON 
a: SARC Shift Arithmetic Right thru Carry 6 <! 
w 
I-

HLT ~ HaLT 4 
<I> SDBD Set Double Byte Data 4 Must precede external reference c 

e~ EIS Enable Interrupt System 4 I '" '"0"" """ ... -0 DIS Disable Interrupt System 4 c" 0_ 
TCI Terminate Current Interrupt 4 Not interruptable 010 

.5 CLRC CLeaR Carry to zero 4 
SETC SET Carry to one 4 

'" 
J Jump 12 

c JE Jump, Enable, interrupt 12 c.E 
Eu JD Jump, Disable interrupt 12 

" " JSR Jump,·Save Return 12 -..:: } Return Address '" JSRE Jump, Save Return & Enable 12 .5 
JSRD Jump, Save Return & Disable interrupt 12 saved in R4, 5 or 6. 

B unconditional Branch 9* • NOPP No OPeration 7* C. Two words 

'" BC (BLGE) Branch on Carry 7 " C=1 c u 
0 BNC (BLLT) Branch on No Carry 7 x C=O " :u BOV Branch on OVerflow 7 .,; OV=1 

+'~ ~ BNOV Branch on No OVerflow 7 E OV=O 
<I> UE 

III .5 BPL Branch on PLus 7 S=O 0.." z BMI 
c 

S=1 "u 
0 .c Branch on Minus 7 g .- '" 0 -Ci j:: c BZE (BEQ) Branch on ZEro or EQual 7 ii Z=1 

l!! " <I> u BNZE (BNEQ) Branch if Not ZEro or Not EQual 7 " z=o ".-
::J III ° EO 

u ,,-H a: c;; BLT ",o,ch if Less Than 7 
<I> 

S\tOV=1 uU 
I- " BGE lch if Greater than or Equal S\tOV=O ~o.. III g 7 $ Cl.j 
~ BLE lch if Less than or Equal 7 '- ZV(S\tOV)=1 ·~o 'ti <I> 00.. W C BGT lch if Greater Than 7 " ZV(S\tOV)=O 
0 0 u ~ z 0 BUSC lch if Sign" Carry 7 >- C\tS=1 
w BESC lch if Sign=Carry 7 

() 

C\tS=O a: N 
w BEXT 1ch if External condition is True 7 '0 4 LSB of instruction are decoded u.. '0 
W <! select 1 of 16 external conditions. a: 
...J Oir. Imm, Indir. Slack <! 
Z 
a: MVO MoVe Out 11 9 9 9 Not interruptable w 0 
I- ;:, PSHR PuSH Register to stack - - - 9 PSHR=MVO@R6. Not interruptable 
>< w MVI MoVe In 10 a a 11 

PULR PUll from stack to Register - - - 11 PULR=MVI@R6. 

0 ADD ADD 10 a a 11 
:;u SUB SUBtract 10 a a 11 " .-ell' CMP CoMPare 10 a a 11 Result not saved .c...J 

~., AND logical AND 10 a a 11 
,XOR eXclusive OR 10 a a 11 

1 MICROCYCLE=2 CLOCK CYCLES 



CP1600 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings' 
voo, V"e, GND and all other inpuVoutput voltages 

with respect to V.. . . . . . . . . . . . . -'0.3V to +18.0V 
Storage Temperature ............ -55·C to +150·C 
Operating Temperature. . . .'. . . . . . . . . O·C to +70·C 

Standard Conditions: (unless otherwise noted) 

SPECIFICATIONS 

'Exceeding thesE! ratings could cause 
permanent damage. Functional operation 
of this device at these conditlbl)s is not 
Implied-operating ranges are specified 
below. 

Voo=+12V±5%, 70mA(typ) ,l10mA(max.) V •• = -3V±10%, 0.2mA(typf , 2mA(max.) 
Vee=+5V±5%, 12mA(typ) ,25mA(max.) Operating Temperature (T .)=O·C to +70·C 
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Characterl.ile Sym Min Typ" . Ma. Units Conditions '. 

DC CHARACTERISTICS 

Clock Inputs 
High V.He 10.4 - Voo V 
Low VII.(l 0 - 0.6 V 
Input Current Ie - - 15 mA 'V'HC= (Voo-l)V 
Logic Inputs 
Low VK. 0 - 0.65 V 
High (All Lines except BOROY) V,K 2.4 - Vee V 
High (Bus Data Ready Line ,": 

See Note) VIHB 3.0 - Vee V 
Logic Output. 
High VOK 2.4 Vee - V 10. = 100"" 
Low (Data Bus Lines 00-015) VOL - - 0.5 V 10L= 1.6mA 
Low (Bus Control Lines, 

BC1,BC2.BOIR) VOL -' - 0.45 V 10L= 2.0mA 
Low (All Others) VOL - - 0.45 V . IOL=:1.6mA 

AC CHARACTERISTICS : 

Clock Putse Inputs, </>1 or <i>2 
Pulse Width 1</>2. I</>2 120 - ns 

Skew (</>1, </>2 delay) t12, t21 0 .- .- ns 

Clock Period Icy 0.3 - 2.0 "s 
Rise & Fall Times 

; 
tr.tl - - 15 ns 

M .. terSYNC: 
Delay Irom </> tms - - 30 ns 
DG-D15 Bus Signals 
Output delay Irom </>1 

(iloat to output) tBO - - ,120 ns 1 TTL . Lqad & 25 pF 
Output delay Irom </>2 )" 

(output to 1I0at) t BF - 50 - ns 
Input setup timB.belore </>1 t B1 0 - - ns 
Input hold time alter </>1 t82 10 - - ns 
Bu. Control Signal. 

BC1,BC2,BDIR 
Output delay Irom </>1 t DC - - 120 ns 
Skew - - - 30 ns 

BUSAK Output delay Irom </>1 t BU - 150 - ns 
TCI Output delay'lrom </>1 tTO - 200 - ns 
TC.I Pulse Width tTw - 300 - ns 
EBCA output delay Irom BEXT 

input t DE - - ISO ns 
EBCA wait time lor EBCI input tAl - - 400 ns 

CAPACITANCE TA = +25·C; Voo - +12V; Vee = +5V; 
.. V •• =-3V; t,</>l = t <1>2 = 120ns 

</>1, </>2 Clock Input capaditance C</>l,C<t>l! - 20 30 pF 
00-015 - - 8 15 pF 
All Other - - 5 10 pF .. . TYPical values are at +25 C and nominal voltages . 
NOTE: The Bus Data ReaOY(BOROY) line is sampled during time period TSI alter a BAR or ADAR bus control signal. BDRDY must 

go low requesting a wait state 50 ns belore the end 01 TS1 and remain low 10rSO ns minimum. BDROY may go high 
asynchronously. In response to BDROY, the CPU will extend bus cycles by adding additional microcycles upto a maximum 
of 40 "sec duration. 



CP1610 SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 'Exceeding these ranges could cause 
Voo, Vee, GND and all other inpuVoulput voltages permanent damage. Functional operation of 

with respect to V.. . . . . . . . . . . . . -0.3V to +16.0V this device at these conditions is not 
Storage Temperature ............ -55'C to +150'C 
Operating Temperature ............. O'C to +70'C implied-operating ranges are specified 

Standard Conditions: (unless otherwise noted) below. 
Voo=+I1V±5%, 70mA(typ), 110mA(max.) V •• = -2.2V ± 5%, 0.2mA(typl. 2mA(max.) 
Vee=+5V±5%, 12mA(typ), 25mA(max.) Operating Temperature (T,)=O'C to +70'C 

Characteristic Sym Min Typ" Max Unit' Conditions 

DC CHARACTERISTICS 

Clock Inputs 
High VIHC 10.0 - Voo V 
Low Vile 0 - 0.6 V 
Input current - - - IS mA V'HC = (Vee -1)V 
Logic Inputs 
Low V'L 0 - 0.65 V 
High (All Lines except BDRDY) VIH 2.4 - Vee V 
High (Bus Data Ready Line 

See Note) VIHB 3.0 - Vee V 
Logic Outputs 
High VOH 2.4 Vee - V 10H = 100"A 
Low (Data Bus Lines 00-015) VOL - - 0.5 V 10L = I.SmA 
Low (Bus Control Lines, 

BC1,BC2,BDIR) VOL - - 0.45 V 10L= 2.0mA 
Low (All Others) " VOL - - 0.45 V 10L= I.SmA 

AC CHARACTERISTICS 

Clock Pulse Inputs, <1>1 or <1>2 

Pulse Width 1<1>2,1<1>2 250 - ns 

Skew (<1>1, <1>2 delay) 112,121 0 - - ns 

Clo'ck Period tcy 0.5 - 2.0 I'S 

Rise & Fall Times Ir, If - - 15 ns 

Master SYNC: 
Delay from <I> Ims - - 30 ns 
00-015 Bus Signals 
Oulput delay from <1>1 

(floal to oulpul) IBO - - 100 ns 1 TTL Load & 100pF 
Output delay from <1>2 

(oulput to float) I BF - 50 - ns 
Input setup time before <1>1 tB1 0 - - ns 
Input hold time after <1>1 tB2 10 - - ns 

Bus Control Signal, 
BC1,BC2,BDIR 

Output delay from <1>1 I DC - - 100 ns 
Skew - - - 30 ns 
BUSAK Output delay from <1>1 t BU - 150 - ns 
TCI Output delay from <1>1 tTO - 200 - ns 
TCI Pulse Width tTW - 300 - ns 
EBCA output delay from BEXT 

t DE input - - 150 ns 
EBCA wait time for EBCI input tA' - - 400 ns 

CAPACITANCE TA = +25'C; VOD = +12V; Vee = +5V; 

<1>1,4>2 Clock Input capacitance C<I>I,C<I>2 
VB. = -3V; t.pl = t.p2 = 120ns 

- 20 30 pF 
00-015 - - B 15 pF 
All Other - - 5 10 pF 

"Typical values are at +25'C and nomonal voltages. 
NOTE: The Bus Data ReaDY(BDRDY) line is sampled during time period TSI after a BAR or ADAR bus control signal. BDRDY must 

go low requesting a wait state 50 ns before the end of TSI and remain low for 50 ns minimum. BDRDY may go high 
asynchronously. In response to BDRDY, the CPU will extend bus cycles by adding additional microcycles upto a maximum 
of 40 I'sec duration. 
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DAC1600 

Dual Digital to Analog Converter 
DESCRIPTION 

The DAC1600 Digital to Analog Converter has been designed to 
serve as a powerful, yet economic interlace to a process control 
loop. The DAC1600 provides two 10-bit Pulse Width Modulated 
outputs and an array of switch inputs and light driver outputs. 
Essentially the DAC1600 contains four registers which can be 
loaded or read through a 10-bit I/O data port. Fig. 1 shows the 
data base information In these registers. 

ANALOG OUTPUTS 

The value of the analog outputs SP and VO are determined 
respectively by the ten-bit numbers loaded in the Set Point 
Register and the Valve Register. An output is a pulse train with a 
period of approximately 1 kHz (1MHz/1!)24) whose high/low ratio 
is inversely related to the 10-b-itvalue stored in the register. (See 
Fig. 2). 
The high/low ratio is unaffected by temperature and supply 
variations and is the basis of the 10-bit D/A accuracy. The length 
of the high or low portions of the pulse will never be in error by 
more than a fraction of an LSB. 
If the chip output (SP or VOl is passed through a low pass filter 
the result will be approximately equal to the desired' analog 
voltage. However, it will not be accurate because,"whlle the 
output ratio is accurate, the chip's output voltage levels are not, 
and would thereby degrade the accuracy of the signal. The chip's 
output should be used to drive a good switch which, in 
conjunction with a voltage reference and filtering will yield an 
analog voltage having 10-blt accuracy. 

VALVE REGISTER (Manual Mode) 

In addition to being a register, the Valve Register (B) is also an 
UP/DOWN counter. By setting MI (Manual Interrupt) to a "1" and 
either UP or ON to a "1", the B register will be slewed up or down. 
This allows an operator to manually adjust the B register value. 
The design allows bumpless, balanceless transfers between 
computer and manuai control. In order to provide both a precise 
degree of manual control and an ability to slew the B register 
through a substantial change, a variable slewing rate has been 
incorporated in the chip. 

BLOCK DIAGRAM 

'03 

'0' 
'0' 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

lD. 
CC 

Vee 
SP 

CMt vo 
101 
1.02 

MI 103 
MBt 10' 
MB. lOS 
DNt 106 
UPt 107 
MO 108 
VDD 109 

S~4 1010 
SO GND 

as IS 
FAt FA3 

SW3 (RD1) FA. 
SW2 SW' 

MODE REGISTER 

The first five bits of Mode Register (A) may be used to store the 
mode of control. Manual Interrupt is in bit 1. Bits M2, M3, M4and 
M5 can be read or loaded via the 110 bus or set by inputs from 
three switch inputsCM1, CM2, or CM3. The condition ofthese 
bits is encoded and output on light drivers MB1 and MB2. The 
Mode Register may be used to inform the operator of computer 
determined conditions or Inform the computer of operator 
actions. 

SWITCH/LAMP DRIVER REGISTER 

The Switch/Lamp Driver Register contains three light drivers 
wh ich can be used for panel alarm lights. It also stores six switch 
Inputs. 

ADDITIONAL ALARM FEATURE 

Light driver MO outputs a 2 cps signal which can flash a light to 
attract an operator's attention. 
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DAC1600 

PIN FUNCTIONS 

101-10: 10 bit bidirectional data bus. Data can be loaded 
synchronously or asynchronously. Data are read onto the I/O 
bus without strobing. 

MI: Manual Input line. It forces the chip into a manual modeo! 
operation. 

CS: Chip select line. It Is low active for synchronous data trans­
fer. high active for asynchronous data transfer. 

IS: Input strobe line. It loads one of the four Internal registers 
defined by FA1-3. when C§ is low. If the chip is in the manual 
mode via MI. the ability to load one of the four registers. namely. 
the valve register. is unconditionally Inhibited independent of the 
as signal. . 

FA1-3: Function select lines. It Is used to specify one of the four 
registers and whether an Input or output function Is to be 
performed. See Table 2 for definition. 

CM1·3: Control mode lines. A pulse on one of these lines will 
alter the bit M3. M4 or Ms in the mode register. See Table 3. 

UP1. DN1, RD1: Up counting. down counting and reversing line~. 
They are used to control the direction of counting serially In the 

10-10 10·9 10-8 

I/O Buffer Q Q Q 
Register A (mode register) 1 1 .. 1 

Register B (valve 'reglster) V10 V9 va 
Register C (set point register) SP10 spg spa 
Register D 
(switch/lamp driver register) 0 .SW1+ SW2+ 

+Read only locations (asynchronous input signals) 

valve register during the manual mode. Overflow or underflow of 
the register Is prevented by Internal circuitry. See Table 4 for 
definition. 

SD: DAC1600 shed signal. It is used in conjunction with manual 
Input line to form different manual mode outputs. See Table S. 

MO: DAC1600 manual mode output. It oscillates around 2Hz 
whenever MI is low and SO is high. See Table S. 

MB1. MB2: ModB'bit·llnes. They are used to indicate the status of 
the mode register. See Table 6 .. 

VO: Valve register output. It is a 10 bit pulse width modulated 
waveform. See Fig. 2 

SP: Set point register output. It is a 10 bit pulse width modulated 
waveform. See Fig. 2. 

CC: DAC1600 counter clock input. 

SW1·SW6: They are used by CPU as switch word. SW3 (RD1) is 
also used in reversing the direction of counting In valve register 
during manual mode. 

LD1-LD3: Panel lamp driver outputs. 

10-7 10-6 10-5 10·4 10·3 10-2 10·1 

Q Q Q Q (} Q () 
UPH DNH MS M4 M3 M2 M1+ 

V7 V6 'VS V4 V3 V2 V1 

SP7 SP6 SPS SP4 SP3 SP2 SP1 

SW3+ SW4+ SWS+ SW6+ LD3 LD2 LD1 

Fig. 1 REGISTERS DATA BASE 

, Valve'Reglster Valve Register Ouiput (VO) 
or or 

Set Point Register Set Point Register Output (SP) 

ASSUMING 1MHz CLOCK 

1 1 1 1 1 1 1 0 0 0 Jl n 
(LSB) 7jJs .... 1 I .. 1017Jls -I 

0 1 1 1 1 1 1 1 1 1 --.J I I 
~S12}JS "I" S12!JS~ 

0 0 0 0 1 1 1 1 1 1 --.J U 
I .. 960jJs _I 64jJs I----

Fig. 2 PULSE WIDTH MODULATED OUTPUT WAVEFORMS 
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ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS" 
Vee, Vee and all other input/output voltages 

with respect to GND .......................... '.. .. .. .. .. ... -0.3V to +18.0V 
Storage Temperature ....................................... -55°C·to +150°C 

DAC1600 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied~ 
operating ranges are specified below. 

Standard Conditions (unless otherwise noted) TA = O°C to 75°C VDD = +12V ±5% Vee = +5V ± 5% 

Symbol Characterlsllc Min. Max Units Condillons 

VIL Input Low Voltage -0.5 +0.65 V " 
VIH Input High Voltage 2.2 Vee V " 
liN Input Current - I 10 ~A VIN = OV to 5.25V 

ILOH Output Lkg. Curro - 10 ~A CS = 2.2V 10 (1-10) = 4.0V 

ILOL Output Lkg. Curro - -10 /-IA CS = 2.2V; Vee = 5.25 V; 10 (HO) = 0.4V 

CIN Input Capac - 8 pF f= lMHz 

COUT Output Capac - 10 pF f = lMHz @ VOUT = O.OV 
Tri-State Mode 

VOL Output Low Voltage - 0.45 V "IOL = 1.6 mA 

VOH Output High Voltage 2.7 Vee V 'loH = 300/lA, CL = 100pF 

Icc Supply Current - 5 mA 

100 Supply Current - 25 mA No Load 
'. " Applies to TTL compatible Inputs and outputs. See Table 1 for other Inputs and outputs. 

Table 1: THE FOLLOWING TABLE DEFINES INTERNAL ,----------------------, 
PULL UP CURRENT SOURCES -

Signal In / Out Pull Up Comp Loading 

FA1,2,3 In To+5V TTL '" lma @ AV 
LDl Out - - Load Type A 

LD2 Out - - Load Type A 

MI In None Comp Type 1 
MO Out - - Load Type A 

CM1 In None Comp Type 1 
CM2 In None Comp Type 1 

CM3 In None Comp Type 1 

MBl Out - - Load Type A 

MB2 Out - - Load Type A 

SW3 (RDl In To +5V TTL _lma@ .4V 
SW2 In To+5V TTL ",lma@ .4V 
SWl In To+5V TTL <:;lma @.4V 
VO Out - - Load Type B 

SP Out - - Load Type A 

UPl In None Comp Type 1 

SW5 In None Comp Type 1 

DNl In None Comp Type 1 

SW6 In None Comp Type 1 
SW4 In None Comp Type 1 

LD3 Out - - Load Type A 

SD In To +5V TTL .;;lma@AV 

CC In Series RC to Common 
IS In To +5V TTL ~lma @AV 

CS In To +5V TTL ';lma @ AV 

101, -10 In/Out Tri State - Load Type C 

COMPATIBILITY 

Compo Type 1 

LOADING 

Load Type A 

Load Type B 

Load Type C 

High ............................ 4V to 12V 
Low .................................. OAV 

Source ................... 2.5 mA @ 4V Min 
Sink ................... 300 ~A @ OAV Max 

Source ................... 10 ~A @ 9V Min 
Sink ...................... 1mA @ 1.2V Max 

Sink ..................... 1.6 mA OA5V Max 
Source ................. 300 ~A @ 2.7V Min 
Cap ...................... 1 00 pF Max Load 

LOAD A,a,C,D 

READ A,a,C,D 

FA1-3 ---y,. __ ,----_L 
OUTPUT 

DATA 
101-10 

NOTE 1: 

1------~b~OM~~X A~~~~7~~~R. 
NO ASYNeH OPER. PERMITTED 

(Note 1) 

Asynchronous Data Entry 
Data transfer in and out of the chip is made 
via the 10-bit bidirectional data bus (I/O 1-
10). Data may also ~entered asynchron­
ously with respect to CS and IS. Asynchrous 
data entry during I/O data transfers is inhi­
bited by an internal "Iockout" signal derived 
from the BS signal. When CS falls to zero, a 
delay of from <Ips to 1 (jIs is generated. Asyn­
chronous inputs are inhibited from entry 
during this time. 

Fig. 3 TIMING DIAGRAM 
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Table 2 REGISTER AND FUNCTION SELECT 

FA 

2 1 Operation Condition 
3 

0 0 Load 'A' 

0 1 Load 'B' MI+ =0 

1 0 Load 'c' SL 
1 1 Load '0' 

0 0 Read 'A' CM1-3 

0 1 Read 'B' 

1 0 Read 'C' 

1 1 Read '0' -

CM 

2 

JL 

Table 3 MODE CONTROL 

1 

SL 
M5 

1 

0 

0 

0.02 MIN 

20 MAX 

M4 

0 

1 

0 

M3 M2 

0 0 

0 0 

1 0 

MSEC 

Table 4 MANUAL MODE FUNCTION CONTROL 

CS UP1 DN1 RDI Operation 

1 0 0 0 NoOp 

1 0 0 1 NoOp. 

1 0 1 0 Incr "B" 

1 0 1 1 Decr "B" 

1 1 0 0 Decr "B" 

1 1 0 1 Incr "B" 

1 1 1 0 Indeterminate 

1 1 1 1 Indeterminate 

O· X X X NoOp. 

0 X X X As specified by FAl-3 

1 X X X NoOp. 

Table 5 MANUAL MODE OUTPUT 

MI SO Me:; 

0 0 0 

0 ~f=2Hz 
0 

INCR/DECR speed is controlled by an internal variable 
frequency.clock. The clocking rates are as follows: 

16Hz for 2 seconds 
64Hz for 2 seconds 

128Hz thereafter unfTI UP1 or DN1 are deactivated. 

"lfCS' remains low for longer than 10 JJsec. normal 
operation (per UP/ON) will resume. 

Table 6 MODE REGISTER STATUS 

MB 
M5 M4 M3 M2 2 1 

0 0 0 1 0 0 

0 0 1 0 0 1 

0 1 0 0 1 0 

1 0 0 0 1 1 



1081680 

Input/Output Buffer 
FEATURES 

• Single 16-Bil Port or Dual 8-Bit Ports for 
Bidirectional Input/Output 

• Parity Check Logic on Both Ports 
• Three Levels of Priority Interrupt Logic 
• 'Real Time' Presetable 16-Bit Timer 
• Capability to Monitor Peripheral Error Status 
• Three Interrupt Vectors for Error, 1/0 and Timer 
• Automatic Handshake Logic and Signals 
• Control Register 
• TTL Compatible 

DESCRIPTION 

The IOB1680 is a byte oriented programmable inputloutput 
buffer which provides comprehensive interfacing facilities forthe 
CP1600 microprocessor with a minimum of additional 
components. The circuit is fabricated in General Instrument N­
Channel Ion Implant GIANT II process insuring high 
performance with proven reliability and production history. 

The IOB1680 enables efficient interfacing between a peripheral 
and the CP1600 by the use of six 8-bit registers and a 16-bit 
programmable timer. Two of the 8-bit registers are a Quffer store 
between the CP1600 and the bidirectional 110 lines to peripheral, 
latching any data sent to them from the CP1600. Three other 8-
bit registers hold the Interrupt Vector Addresses associated with 
110, Error Status and the Timer. The Control Register governs the 
operation and characteristics of the IOB1680 and provides a 
convenient means for the CP1600 to monitor 1/0 status 
information. The 16-bit timer gives the IOB1680 a real time 
capability which is suitable for confirming system security and 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

TCi iNi'Ra' 
IMSKO IMSKI 

DO BC1 

01 BC2 

02 BOlA 
03 Ce' 
04 ERROR 
05 Vee 
06 GNO 
07 voo 

CKi P.E. 

PCLii A.A. 
PDO P015 

P01 P014 

P02 P013 
P03 PD12 
P04 POll 
P05 POlO 
P06 P09 
P07 POB 

for timing peripheral activities. These registers are initialized 
after power clear by the CP1600 program writing the required 
interrupt vector addresses into the appropriate registers. The 
interrupt· vectors may also be altered at any time by program. 

BLOCK DIAGRAM lNT'Ra lMSKI IMSKO Tel PE AR 

00 

BOlA --+-+------P'--~ 
BC2 '-------' 

BCl 

00-07 of 
CP16O(} 

DATA BUS 
(61 DIRECTIONALl 

I.V.A. *'NPUT/OUTPUT 

LV.A: TIMER 

l.V.A: ERROR 

RESET LOGIC 

GNO Voo Vee 

PARITY 
LOGIC 

"'.V.A. '" INTERRUPT VECTOR ADDRESS 

1681T 
PERIPHERAL 
DATA BUS 
(BI DIRECTIONAL) . 
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IOB1680/CP1600 SIGNALS 

Data Bus: 
00-07 (Input/Output/High Impedance) 
DATA 0-7: The bidirectional data lines 00-07 are used to 
transmit data and address information between the Series 1600 
Microprocessors arid the IOB1680. These correspond to the 
lower 8-bits of the Series 1600 Microprocessor's data bus. These 
data lines have tristate capability, being in the high impedance 
state except when transferring data or status information from 
the IOB1680 under control of the control bus signals BDIR, BCl 
and BC2. 

Bus Conlrol Signals 
BOIR, BC1, BC2 (Inputs) 

· Bus DIRection, Bus Control 1 and 2: Bus control signals from the 
CP1600 which define the state of data bus operations. These 
signals are decoded internally by the IOB1680 to control its 
operation. 

· TCT (Input) 
'Terminate Current Interrupt: A pulse output by the CP1600 in 
response to the TCI instruction to indicate the end of the current 
interrupt service routine. 

INTRa (Output) 
INTerrupt Request: This output is pulled low to a logic '0' by the 
IOB1680 to request an interrupt froin the series 1600 Micro­
processor. This is an open drain output capable of sinking 1.6mA 
.with an output voltage 0.5V. Because of the open drain feature 
the INTRQ output of several IOB16805 can be wired ORed 
together. 

CK1 (Input) 
ClocK 1: This clock defines when the bus control signals BDIR, 
BCl and BC2 are valid and is used in the IOB1680 to strobe their 
decode signals. It is also used to increment the timer. 

CE (Input) 
Chip Enable: Th is low true address input enables the lOB 1680 for 

'data read and write operations. 

IMSKI/MSKO (Input/Output) 
Interrupt MaSK In, Interrupt MaSK Out: These two signals are 
used to form the interrupt priority daisy chain and prevent a lower 
priority device from requesting an interrupt while a higher device 
is being serviced. The IMSKI input of the IOB1680 which is to 
have highest priority must be connected to GND. 

IOB1680 PERIPHERAL SIGNALS 

Data 
POO-P015 (Input/Output) 
Peripheral Data 0-15: Communication of data to and from the 

· peripheral device is via this 16 bit highway. Each output can sink 
1.6mA for an output voltage of 0.5V. In the high state each output 
can source 100}JA. These lines can be used as wire ORed inputs 
by 'pulling down' the line to a logic '0' sinking the 100jJA 
externally. 

Peripheral Control Signals: 
PE (Output) 
Peripheral Enable: This output is a function of the Ready bit of the 
control register. When it is at a logic '0' no action is required by 
the peripheral. a 'I' indicates that peripheral activity has been 
requested by the CP1600. 

AR (Input) 
Attention Request: This input from the peripheral device is 
normally high at a logic '1' and is taken low to a logic '0' by the 
peripheral to request attention. This edge triggers the Ready bit 
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of the control register forcing itto a logic "1", causing an interrupt 
request to be made' via the INTRQ output if the peripheral 
interrupt enable bit of the control register is set. If the interrupt is 
disabled the Ready bit of the control register can be used in 
'polling' handshake routines. 

ERROR (Input) 
ERROR: The error status of the peripheral is indicated by this 
input; being low indicating an error condition, e.g. tape low. 

PCLR (Input) 
Power CLeaR: Initializes registers. 

INTERNAL CONTROL SIGNALS 

Control Register: 
The Control Register can be written and read under program 
control. The function of the individual bits are: 

Bit 7-Parity Status for Peripheral Data 0-7: 
The parity of the low order byte of the Peripheral Data bus is 
indicated by this Control bit, a'logic '1' indicates even parity while 
a '0' indicates odd. 

Bit 6-Parity Status for Peripheral Data 8-15: 
Similar to bit 7, but indicates the parity of the high order byte of 
Peripheral Data. 

Bit 5-Timer Clock Enable (TCE): 
The clock to the 16-bit timer is controlled via TCE, the clock is 
enabled by setting TCE.to a logic 'I'. The timer can only request 
an interrupt when its clock is enabled by TCE. 

Bit 4-Timer Interrupt Enable (TiE): 
For the timer to cause an interrupt request on the i'iiiTRQ .output 
TIE must be set to a logic '1', a '0' disables the timer interrupt 
logic. 

Bit 3-Peripherallnterrupt Enable (PIE): 
PIE must be set to a logic 'I' to enable interrupt requests on the 
INTRQ output as a result of peripheral Attention Request or 
Error Status conditions. 

Bit 2-Data Width Select (DWSL): 
The re-enabling of the peripheral by automatic handshake can be 
chosen to occur wilh 8 or 16-bits wide data; DWSL being an '0' 
indicates an 8-bit wide data word while a 'I' indicates a sixteen 
bit wide data word. 

Bitl-Error Summary 
The ERROR STATUS of the peripheral is indicated by this bit of 
the Control Register, being a logic '0' shows an error condition. 
This will cause an interrupt request on the INTRQ output if PIE is 
set to a 'I'. 

Bit O-Ready 
This READY bit indicates the operational status of the peripheral. 
When it is a logic '0' the peripheral is active while a logic '" 
indicates that the peripheral is idle and requiring service. The 
AR input going low indicates to the Ready bit the end of a 
peripheral activity and thereby causes the Ready bit to be set. In 
this condition, if the PIE bit is set, an interrupt request results via 
the INTRQ output. Reading or writing to the Peripheral Data 
lines causes the resetting of this Ready bit re-enabling the 
peripheral activity. 



1081680 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voo and Vee and all other input/output voltages 
with respeclloGNO ........................................... -0.3Vto+18V 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Storage Temperature ..................................... -55·Cto+150·C 
Operating Temperature ....................................... 0·Cto+70·C 

Standard Condillons (unless otherwise noted) 

All voltages referenced to GNO 
Voo = +12V =5% 
Vee = +5V £5% 
Operating Temperature (Til) = O· C to +70· C 

Characteristic Symbol 

DC CHARACTERISTICS 

Clock Input: High Vlhe 

Low Vile 

Logic Inputs: High Vlh 
Low VII 

Logic Outputs: High VOh 
Low Vol 

AC CHARACTERISTICS 

Clock Inputa 

CK1 Clock period t)Jc 

Clock width tcl 

Rise & Fall times ter,tef 

CAPACITANCE (TA = 25·C, 

Voo = +12V, 

Vee = +5V) 

Input Capacitance: 00-07 Cln 
All others 

Output Capacitance: Cout 

Min 

2.4 

0 

2.4 

0 

2.4 

-

0.4 

70 

-

-
-
-

""Typical values are at +250 C and nominal voltages. 

TIMING DIAGRAM 

Typ·· Max Unit Condition 

- Voo V 

- .5 V 

- Vee V 

- .65 V 

Vee - V 10h = 100).lA 

- .5 V 101 = 1.6mA 

- 4.0 ps 

- - ns 

- 10 ns 
-

6 12 pF Vln = OV 

5 10 pF Vln = OV 

8 15 pF 

H~~~HH 
r-I .. I------I~e -I 

CK1U U u 
Ie! ----I f-:---i I-- Ie, I lei 

BOIR I ---t] 
BC2,BC1 I. ,... ______ _ 

---I IDe I---

CIRCUIT DESCRIPTION 
This circuit is designed to provide all the data buffering and 
control functions required when interfacing the Series 1600 
Microprocessor System to a simple peripheral device. Data is 
transferred to and from the peripheral on 16 bidirectional lines, 
each of which can be considered to be an input or output. The 
transfer of information with the CP1600is accomplished via an 8-
bit highway, the 16-bits being transferred as two 8-bit bytes. The 
register addresses are assigned CP1600 memory locations. as 
follows (N is an arbitrary starting address): 

Nole: CK1 nol drawn 10 scale. 

Register Address Description 
N Control Register 
N + 1 Data Register Low Order 8-bits 
N + 2 Data Register High Order 8-bits 
N + 3 Timer Low Order 8-bits 
N + 4 Timer High Order 8-bits 
N + 5 Peripheral Interrupt Address Vector 
N + 6 Timer Interrupt Address Vector 
N + 7 Error Interrupt Address Vector 

2-n 
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8-Blt Data Registers 
These two 8-bit registers are the butter store between me (.;1"'1600 
and the peripheral interface. These registers, when addressed, 
accept data from the CP1600data bus during a Move Out (II.wO) 
instruction to the peripheral lines on the IOBI680. 
During a CPI600 Move In (MVI) instruction, the data present on 
the IOB1680 peripheral lines is transferred to the CPI600 data 
bus. If the registers have not been setloa 'I' prior to the Move In 
instruction, the data read will be the wire OR of the peripheral 
data and that contained in the registers. 
These two registers have consecutive word addresses N + 1 and 
N + 2. The high order byte is held in register N + 2. 

16-Blt Binary COllnter-Tlmer 
This 1.6-bit down counter can be set untler program control to 
give any count length up to 64K. Since only 8-bits are available to 
transfer data between the CP1600 and the IOB1680 the counter 
must be set as two 8-bit bytes, these bytes having word addresses 
N + 3 and N + 4. The clock for the timer is the Series 1600 
Microprocessor System clock divided by 8. The clock inputto the 
counter is enabled when the 'timer clock enable' bit of the control 
register is set to a '1', being disabled when this bit is reset to a 'a'. 
Every time the count reaches zero the timer signals 'end of·count' 
which will generatean interrupt request via the i'iiITRQ outputof 
the IOB1680 if both the 'timer interrupt enable' and 'timer clock 
enable' bits of the control register are both set to a '1 '. The clock 
to the timer is still enabled after this interrupt request has been 
made and remains so even after it has been serviced, assuming 
that the service routine did not disable it by resetting the TCE bit 
of the control register. After requesting an interrupt therefore the 
counter begins from a count of 64K, giving the IOB1680 a Real 
Time Clock capability. 
The timer has the lowest priority on the IOB1680 daisy chain. The 
peripheral error summary has the highest priority. 
When the timer is set under program control the 'end of count' 
logic is reset clearing any previously unserviced interrupt 
requests from the timer. The acknowledge flip flop and ihe 
control register are unaffected. 
It is not possible to read the 'current' state of the timer as it is 
counting in 'real time' and therefore asynchronously with any 
program running on the CPI600. A typical operating sequence is: 
1. Load two bytes of counter. 
2. Set 'timer interrupt enable' and 'timer count enable' bits of 

Control Register. 
If an interrupt is required only once after the preset count the 
service routing would reset the 'timer clock enable' bit of the 
Control register disabling the timer clock and interrupt capability. 
If, however, the interrupt was required on a regular 'real time' 
basis then the service routine would leave the 'timer interrupt 
enable' and 'timer clock enable' bits set. 

8-Bit Interrllpt Vector Address Registers 
The start address of the interrupt service routines for the error 
status, peripheral and timer are held in these three registers. The 
8-bit Interrupt Vector Addresses are written into these registers 
d.!!!:!!!a.. system initialization. When an interrupt request 
(INTRO ), generated from the IOB1680 is acknowledged by an 
INTAK from the CP1600, the subsequent lAB signal on the 
control bus causes the contents of the appropriate interrupt 
vector address register to be strobed onto the lower 8-bits of the 
CP1600 data bus. This data is used as the program counter start 
address of the interrupt service routine. 
The word addresses of these registers are N + 5, N +6 and N + 7. 
This corresponds to the peripheral, timer and error respectively. 

Power Clear Statlls of Circllit 
Reset logic sets the initial state-of the chip upon application of 
Power Clear. In this condition the states of the on chip registers 
are: 

(a) Data Registers. 
These are set to a logic 'I' so that the peripheral input/output 
interface is high at a logic '1', this allows the peripherallinesto 
be used as inputs without any setting up procedure. 

(b) Timer. . 
This is set to its maximum count length of 64K, all bits set to a 
10gic'I'. 

(c) Interrupt Vector Address Registers. 
These registers have all their bits reset to a 'a' by the poweron 
reset logic. 
Control Register. 

(i) Bit a - Ready. This bit is set to a logic '1' indicating that no 
activity is required by the peripheral. 
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(ii) Bit 1 - Error Summary. This is a hard wired input indicating the 
status of the peripheral and is unaffected by the power on 
reset logic. 

(iii) Bit 2 - Data Width Select. This bit is reset to a logic 'a', 
selecting the data width of the interface to be 8-bits. 

(iv) Bit 3 - Peripheral Interrupt Enable. 
Bit 4 - Timer Interrupt Enable. 
Both bits 3 and 4 are reset to a '0' at power on, disabling 
interrupts from the peripheral, and the timer. 

(v) Bit 5 - Timer Clock Enable. During power up this bit is resetto 
a logic '0' disabling the counter clock. 

(vi) Bit 6'- Parity Data 8-15. 
Bit 7,- Parity Data 0-7. 
Both these bits will be at a logic '1' showing even parity as the 
data register bits are all set to a '1'. This assumes no inputs 
from the peripheral; if this is not so, these bits will settle to a 
state depending upon the wire OR condition of the data 
registers and the peripheral inputs. 

Interrupt Logic 
The interrupt priority of the peripheral error status, peripheral 
interface and the timer is established by a daisy chain. The 
peripheral error status has the highest priority and the timer the 
lowest. 
If a number of IOB1680s are being used then they can be 
connected in a daisy chain using the signals IMSKI, IMSKO and 
ro to define their priority. An interrupt request is made' by the 
IOB1680 pulling down, to a logic 'a', the ii'JTRQ output. This 
output is open drain enabling wire OR capability. The 
acknowledgement to this request is an INTAK signal via the 
Series 1600 Microprocessor control bus. Each IOB1680decodes 
this signal which sets an acknowledge flip flop in the interface of 
the interrupting device, causing the IMSKO output of that device 
to go to a '1'. This propagates to all lower priority devices causing 
their IMSKI inputs to go to a '1', thus disabling their interrupt 
capability. 
When an lAB is valid on the control bus only the highest priority 
interrupting device must strobe its Interrupt Vector Address onto 
the Data Bus. Thus the IMSKI input of a device controls its lAB 
decode. The lAB signal is only enabled on the IOB1680which has 
its IMSKI input at a logic '0' and its acknowledge flip flop set. 
If two devices interrupt simultaneously they will both be 
acknowledged by an INTAK since this is decoded on each chip. 
However, the IMSKO output of the higher priority device going to 
a '1' will force the IMSKI input of the lower priority interrupting 
device to a '1'. The IMSKI input of the lower priority device being 
set to a '1' disables the lAB decode of the control bus thereby 
resolving simultaneous interrupts. 
The negative edge of the TCI signal from Series 1600 
Microprocessor resets the interrupt logic of the highest priority 
device whose interrupt logic has been set by an interrupt request 
and acknowledged by an INTAK. 
The IMSKI/IMSKO daisy chain has a propagation delay which' 
allows a maximum of eight IOB1680s to be daisy chained in 
series. 
The IMSKI input to the highest priority device should be 
connected to Gnd. 

Control Logic 
The CP1600 control bus signals BDIR, BC1, BC2 are decoded to 
perform'the internal control functions required. 

Parity Logic 
The peripheral interface is constantly monitored and the parity of 
bits 0-7 and 8-15 checked. Depending on the parity of these two 
words, bits 6 and 7 of the control register are updated. These bits 
can be convenientlv accessed by the CP1600 for use in branch 
instructions. 

Branching on Parity 
Bits 6 and 7 of the IOB1680 Control register contain the parity 
status cif the upper and lower eight bits of the peripheral interface 
respectively. The positioning enables the standard branch 
instructions of the CP1600 to be conveniently utilized. A typical 
example is: 
MVI CTRLRS, R;Fetch Control Register 
RLC R2, 2 
BNC 
Be 
BNOV 
BOV 

;Branch if lower eight bits have odd parity 
;Branch if lower eight bits have even parity 
;Branch if higher eight bits have odd parity 
;Branch if higher eight bits have even parity 



The 1081680 as an Output Device 
The power clear reset logic of the 1061680 sets the Ready bit of 
the Control Register to a '1', causing the Peripheral 
Enable/Ready output to go to a '0', a condition that requires no 
activity from the peripheral. This power clear reset logic also 
disables the 1061680's ability to request an interrupt on the 
status of the peripheral by resetting the Peripheral Interrupt 
Enable bit of the Control Register to a '0', 

A flow chart for a typical output operation is shown to the right; 
the waveform diagram corresponding to this operation is also 
shown to the right. 

The main program setting up the output operation would go 
through the following sequence of operations. 

1. The Ready bit of the Control Register would be tested to 
ensure that the peripheral was indeed inactive. Thiswould 
be so initially after power clear. 

2. If condition (1) above is met, memory location CHAR of the 
CP1600 would be set to the number of output operations 
required. This is shown as 'SET CHAR; n'. 

3. Send data from CP1600 to 1061680 using MVO instruct. 
This operation resets the Ready bit to a '0' causing the 
Peripheral Enable/Ready output to go to a '1', requesting 
an operation by the peripheral device. This isshown atA in 
the waveform diagram. 

4. The Peripheral Interrupt Enable (PIE) bit of the Control 
Register is now set to a '1' by programmer allowing the 
1061680 to request inierrupts from the CP1600 via the 
INTRO' output. Enabling the PIE bit after sending the data 
to the peripheral ensures' that no 'false' interrupts are 
generated. 

5. After the data has been sent to the peripheral (3) above, the 
1061680 hardware monitors the status of the Attention 
Request input. A '1' to '0' edge on the input sets the Ready 
bit to a '1' and the Peripheral Enable/Ready outputto a '0', 
stopping the peripheral activity. The PIE bit and the Ready 
bit both being set to a '1' causes an interrupt requestto be 
generated via the INTRO output, if no higher priority 
devices are interrupting. Refer to C in the waveform 
diagram. 

6. When the CP1600 accepts the interrupt it starts the 
interrupt sequence by issuing the INTAK acknowledge 
signal which resets the I NTRQ output to its inactive state. 
The subsequent IA6 signal causes the Interrupt Vector 
Address for the peripheral device to be strobed onto the 
data bus and then used as the start address for its service 
routine. 
Once entered, the service routine might go through the 
following sequence. 

7. Decrement n, the number of output operations required 
(buffer length). 

8. Test the resulting value n. 
(a) If it is zero the output operations are completed. Reset 

the PIE bit to disable the interrupt capability of the 
1061680 and EXIT. 

(b) If n is not zero output the next data to the 1061680. This 
resets Ready to a '0' and Peripheral Interrupt 
Enable/Ready to a '1', re-enabling the peripheral 
activity automatically. 

The peripheral acknowledges this operation by returning 
the Attention Request input to a '1', the timing of this signal 
is not too critical as the it edge triggers the Ready bit of the 
control register by a 1-0 transition. 

9. The interrupt is terminated by TCI instruction which resets 
the acknowledge flip flop in the 1061680 interface logic. 

MAIN 
PROGRAM 

HARDWARE 

INTERRUPT 
ROUTINE 

OUTPUT DATA 
WHICH SETS 

READY = 0 
PERIPHERAL 
ENABLE = 1 

r--
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

READY-1 
PERIPHERAL 
ENABLE-O 

OUTPUT NEXT CHAR 
WHICH CAUSES 

REAOY-O 
PERIPHERAL 
ENABLE$-1 

L __ 

1081680 

WAIT 

FLOW CHART FOR DATA OUTPUT 

EXIT 

PERIPHERAL 
INT&~RUPT 

f.i~ABLE '0' 

OATA'rI-------~r-------·,· 

-J~-------~~------,o, 
READY 

PERIPHERAL 
ENABLE 

ATTENTION 
REQUEST 

A. I 
I 
I 

~i 
INTERRUPT CAUSED DATA WRITTEN INTO 1081680 

BY A.R. '1' TO THIS RESETS READY AND SETS 
'0' EDGE PERIPHERAL ENABLE 

TIMING DIAGRAM FOR MVO INSTRUCTION 
(Data .rom CP1600 to 1081680) 

~. 

.,. 

.,. 
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The 1081680 as an Input Device 
The power clear status of the IOB1680 for input is thesameas for 
output which is described under the section 'The IOB1680 as an 
Output Device'. 
A flow chart for a typical input operation and the corresponding 
waveform diagram is shown to the right. 
The main program setting up the input operation would probably 
go through the following sequence: 

1. Test the Ready bit of the Control Register to ensure that 
the peripheral device is inactive. After power clear this will 
be its condition, i.e. set to '1 '. 

2. If condition (1) is true a CP1600 memory location will be 
set to contain the number of input operations required. 
Another memory location will be set to the input buffer 
start address. This is shown as 'SET CHAR = N, SET 
BUFFER START ADDRESS'. 

3. The Ready bit of the Control Register should now be reset 
to a '0' by program. This causes the Peripheral 
Enable/Ready output to go to a '1', requesting an 
operation from the peripheral device. On the waveform 
diagram, this is point A. 

4. The Peripheral Interrupt Enable bit, PIE, of the Control 
Register is now set to a '1' by program. This allows the 
IOB1680 to request interrupts from the CP1600 via the 
INTRa output (see point B). Enabling the PIE bit after the 
Ready Bit ensures that initially no false interrupts are 
generated. 

5. After the Ready bit has been reset by program, (3) above, 
hardware on the IOB1680 monitors the Attention Request 
input. A '1' to '0' edge on this input causes the Ready bit to 
be set to a '1' and the Peripheral Enable/Ready output to 
go to a '0'. The change in state of the output stops the 
peripheral operation. As both the PIE bit and Ready bit of 
the Control Register are set an interrupt request will be 
generated via the i'N'i'RQ output if no higher priority 
devices are interrupting. 

6. When this interrupt is accepted by the CP1600 the 
acknowledge signal, INTAK, will reset the INTRQ output 
to its inactive state. The subsequent lAB signal will cause 
the Interrupt Vector Address associated with the 
peripheral to be strobed onto the data bus. This address 
will be used as the start address for the peripheral's 
interrupt service routine. 

A typical service routine for the peripheral could be: 

7. Test value of N. the number of input operations required 
(a) if it is zero all the required input operations have been 

completed. Reset the PIE bit of the Control Register to 
a '0' to disable the interrupt capability of the IOB1680 
and EXIT. 

(b) if not zero increment the buffer address and decrement 
N. 

8. Move data from the IOB1680 and CP1600 by a MVI 
instruction. This resets the Ready bit to a '0' and sets the 
Peripheral Enable/Ready output to a '1', re-enabling the 
peripheral. The handshake from the peripheral in 
response to this action is to return the Attention Request 
input high to a '1'. This timing, however, is not too critical 
as the input edge triggers the Ready bit. 

9. The interrupt is terminated by a TCI instruction which 
resets the acknowledge flip flop in the IOB1680 interface. 
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MUX1600 

18 Channel Analog Multiplexer 

FEATURES 

• Connects 1 of 18 analog inputs to analog output pin 
• Address latch on-chip 
• 0 to 6 volt input range 
• Single +12V supply 
• Analog output controlled by chip select signal 

DESCRIPTION 

The MUX1600 is a binary addressed 18 channel analog multi­
plexer fabricated in General Instrument's advanced N-channel 
Ion Implant process. Featuring on-Chip address latches and 
separate address strobe and chip select signals, the MUX1600 
operates from a single +12 Volt supply. 

BLOCK DIAGRAM 

IN 1 
',I 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

GND 

Chip Select 
Address Strobe 

2D Address 
21 Address 
22 Address 
23 Address 
2~ Address 

Voe (+12V) 

IN1 

IN2 

IN3 

IN4 

INS 

IN 18 
',I 

f---------

2' 

2' 

ADDRESS 2' 

2' 

2' 

ADDRESS 
STROBE 

"-

"-
~ 
~ 
~ 

, 

LATCH 
REGISTER 

l' 

" CHIP SELECT 

I MULTIPLEXER SWITCHES 
I 
r 

/, 

18/ 
/ 

5/ " 51018 
/ , DECODER 

-~ 

J 
~ 

Analog Output 

IN18 

IN17 

IN16 

IN15 

IN14 

1N13 

IN12 
IN11 

IN10 

IN9 

INS 

IN7 

INS 

" 7 ANALOG OUTPUT 

~ 
~ GND 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voo and all other input/output voltages 
with respecttoGND ...............•......•..••..........•.•.•. -0.3Vto+18V 
Storage Temperature .............•..•.•....•........•..•. -55°C to +150° C 
Operating Temperature ..•....•..•.•.•.•....•..........•...••. 0° C to + 70° C 

Standard Conditions (unless otherwise noted) 

All voltages relerenced to GND 
Voo = +12V ± 5% 
Operating Temperature (TA) = O°C to +75°C 

Characteristic Symbol 

Input Load Current (all digital i~puts) liN 
Power Supply Current 100 
Input Low Voltage VIL 
Input High Voltage VIH 
Analog Input Voltage VA 
Channel on Resistance RON 
Channel leakage (each channel) ICL 
Voo Leakage 'pL 
Source to Drain Capacitance ,Cso 
Analog Input Cap. CA 
Analog Output Cap. Co 
Digital Input Cap. Co 
Substrate Leakage ISL 
18 ICL + IpL + ISL 'LT 

Min Typ Max 

- - ±10 
- - 8 

-0.5 - 0.80 
2.2 - Voo 
0.0 - S.O 
- - SOO 
- - 5 
- - 10 
- - 5 
- - 5 
- - 20 
- - 5 
- - 410 
- - 500 

Unit 

IJA 
mA 
V 
V 
V 
Q 

nA 
nA 
pF 
pF 
pF 
pF 
nA 
nA 

'Exceeding these ratings could cause 
permanent damage. Functional operation 01 
this device at these conditions is not 
implied-operating ranges are specilied 
below. 

Condition 

VIN = OV to 5.25V 
All digital inputs = 5.25V 

VA = OV to SV 
VA - VOUT = SV 
Voo - VOUT = 17V 
1 =1 MHz 
1 = 1 MHz 
1 = 1 MHz 
1 = 1 MHz 
Vo - Vss = SV 
Vo - Vss = SV 

SWITCHING CHARACTERISTICS LEAKAGE CURRENT DIAGRAM 

ADDRESS 

ADDRESS 
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RO-3-9504 

20480 Bit Static Read Only Memory 

FEATURES 

• 2048 X 10 bit ROM organization 
• Address and data on single 16 bit tristate bus 
• 5 bit programmable chip select 
• Internal address status and data bits latched 
• 300 ns typical data access time 
• 1.8J.1s complete cycle time 
• TTL compatible I/O 
• Single +5 Volt power supply 
• Ideal for microprocessors with multiplexed I/O bus for 

address and data. 
• Totally automated custom programming 
• 16 bit programmable initialization and interrupt response 

addresses output to I/O bus 

DESCRIPTION 
The RO-3-9504 is a unique 20,480 bit ROM employing a single 16 
bit address and data tristate bus. The RO-3-9504 increases the 
power of single bus microprocessors or microcontrollers by pro­
viding separate latched address and control lines for static RAM 
chips. The RO-3-9504 internally decodes ROM via an 11-bit word 
address and a 5-bit chip select code. Ten bit data is outputted on 
the lower 10 bits oftheI/O bus. In addition there are two program­
mable 16-bit interrupt response codes, one for the first interrupt 
after master clear and one for all other interrupts. These codes are 
output to the I/O bus in response to control codes, which do not 
require a chip select code. The RO-3-9504 contains a 10 bit latch 
and address port. The address is latched by a control code on the 
three mode control lines. The stored address is copied from bitsO 
through 9 on the data bus. 
The RO-3-9504 has two programmable features, in addition to the 
2048 word by 10-bit ROM. A five bit chip select code decodes data 
bits 11 through 15 in order to generate the internal chip enable 
signal. Second, the two 16-bit interrupt response codes are pro­
grammable. 

PIN CONFIGURATIONS 
28 LEAD DUAL IN LINE 

v", BCl 

MCLR BC2 

NC BDIR 
0615 NC 

DB14 DBO 
0813 DBl 

DB12 DB2 
DB11 DB3 

.0610 DB4 

DB9 NC 
DB6 NC 

NC NC 

DB7 DBS 
DB6 v" 
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RO-3-9504 

PIN FUNCTIONS 

OBO-OB15 

BC1, BC2 } 
BOIR 

Bidirectional, tristate data and address bus, high output impedance for NACT control code. 

Bus cantrall and 2, and bus direction control signals determine chip mode control. 

Vee 

Vss 

+5 Volts 
Ground 

Master clear, sets all outputs to high impedance state when low. 

BLOCK DIAGRAM RO-3-9504 

BAR+ADAR+INTAK 

BAR+ADAR+INTAK 

ALL BITS 
PROGRAMMABLE 

ROM 
OUTPUT 

16 BIT 
BIDIRECTIONAL 

BUS 

16 
BIT 

OUTPUT 

~~~~ ~TCH ~-----~ 

BUFFER 1+ ....... _ .... -

CE 

(OUTPUT TRISTATE CONTROL) 
FIRST lAB AFTER MCLR ____ --I 

SECONO OR GREATER ______ --1 

NOTES: 

2048 x 10 . 
ROM 

1. Input data and internal chip enable latched by control codes = BAR + AOAR + INTAK 
2. Internal chip enable signal cleared by = BAR + AOAR + INTAR 

UPPER TRI STATE CONTROL 
(BAR+ADAR+INTAK) 

3. Internal RAM enable signal flip flop set by PBll-15 all zeros, cleared by = BAR + AOAR + INTAK 
4. RAM enable plus OWS creates Iowan Read/Write line. 
5. RAM enable plus OTB, AOAR or DWS creates enable output signal. 
6. OTB or ADAR plus internal chip enable puts output ROM data to tristate bus. 
7. Maximum skew tfme between control code transitions is 40 nsec to avoid false states. 

v" 

8. Enable R/W and ADDRO - 9 lines normally high impedance outputs. When circuits are enabled, active ~ JII up 
transistors turned on to allow wires or connection to other chips. RAM control signals and output addresses revert to 
high impedance state in 2 and 0 - 3pSec respectively. After master clear, chip enable and RAM enable flip-flops turned off 
and all outputs in high impedance states. 
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RO-3-9504. 

OPERATING MODES 
the RO-3-9504 Is designed to enhance the system operation of 
16-blt Microprocessors that use a single multiplexed bus for data 
and memory addresses; such as the GI CP1600, the Intel 8085 and 
the Fairchild 9440. The state diagram shows recommended se­
quence for initialization, program storage with RAM addressing, 
and Interrupt handling. 

For the lAB (Interrupt Address to Bus) commands to work prop­
erly, an address must first be loaded Into the chip to disable the 
Internally latched chip enable code. 

The three mode control lines BC1, BC2 and BOI R create 8 func­
tions. As shown In figure one, these functions are chosen to 
simplify program and data storage In the ROM. Functionally the 
RO-3-9504 performs the following functions In a microprocessor 
system: 

SIMPLIFIED STATE FLOW DIAGRAM 

BUS CONTROL SIGNALS 

BOIR BC1 BC2 

INTE~NAL 
A[FERENCE 

tN5TRUCTlONr-_....;*;=~~=~ 

U.· 
INTERRUPTABtf 
INSTRUCTION 

Signal Decoded Function 

I,N,TlAlIZAT,ON 
SEQUENCE 

FETCH 
S[OUENCE 

]

.OORESS 
SEQUENCE 

IE)([CUTE 
SeQUENCE 

T.u. REOUEST 

1SEOUENc. 

INTERRUPT 
SE~UENCE 

0 0 0 
0 0 1 

NACT 
lAB 

No ACTion. 00-015 = high impedance 
Interrupt Address to Bus, 00-015 = Input 

0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 0 
1 1 

AOAR 
OTB 
BAR 
OWS 
OW 
INTAK 

Address Oata to Address Register, 00-015 = high Impedance 
Oata to Bus, 00-015 = Input 
Bus to Address Register 
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RO-3-9504 

ELECTRICAL CHARACTERISTICS 

Maxlmu"" Ratings· 

Temperature Under Bias .. " ............ ; .......... "'.,, ......... O°C to +40°C· 
Storage Temperature ................................. " ..... -SsoC to+1S0°C 
All Input or Output Voltages 
with respect to Vss ......... , •....•.. , ..••.•..•....•.•....• " ..• -0.2V to +9.0V 

. Vee with respect to Vss .....•..................•. " ......• " •.•. -0.2Vto +9.0V 

Standard Conditions (unless otherwise noted) 
TA = OOG to 400 G 
Vee = +4.7SV to +S.2SV 
Vss = O.OV 

Characteristics 

DC CHARACTERISTICS 
Inputs 
Input Logic Low 
Input Logic High 
Input Leakage 

CPU BUS Outputs 
Output Logic Low 
Output Logic High 

Supply Current 
Vee Supply 

AC CHARACTERISTICS 
Inputs 
Address Set Up 
Address Overlap 
Write Set Up 
Write Overlap 

CPU BUS Outputs 
Turn ON delay 
Turn OFF delay 

2-86 

Sym 

V'L 
V'H 
I'L 

VOL 
VOH 

-

lAs 
40 
tws 
two 

loA 
100 

Min lYP Max 

0 - 0.7 
2.4 - Vee 
- - 10 

0 - O.S 
2.4 - Vee 

- - 120 

300 - -
- SO -

300 - -
- SO -

- - 300 
- - 200 

* Exceeding these ratings could cause perm-
anent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Units Conditions 

V 
V 
pa V'N = Vee 

V HTL Load 
V +100pF 

mA Vee = S.2SV at 40° C 

ns 
ns 
ns 
ns 

ns HTL Load 
ns +100pF 



20K ROM 
BAAJlNTAK INSmUCTION FOLLOWED BY ore INSTRUCTION 

BCt L ____ ~~::::::~:::::::::f------~L--------

BOlA 

DATA BUS 
FROM CPU L -----T----~ 

DATA BUS 
FROM ROM L 

RAM 
ADDRESS L ----------+--'! 

(BAA) 
LOAD 
ROM 

ADDRESS 
LATCH 
(INTAK) 

- U!,,~ p~S'!."U.:!- ~ T!. ---
I (OTB) I READ 

ROM 

NACT DAJ~BUS 
IDTB) 

• Minimum hold time aUer OTB belore going tristate. Maximum lime to tristate"" 300ns 
•• BC1. BC2 and BOIR arB return to .tero signals 

}- .. 

•• , Upper !flslale means thai the upper push pull output deviee Is diubled and an mternalload resistor will hold the 
output positive 

.... Proper CE address must bQ latched to allOW ROM oulpullO luneUon during OTB 
••••• Since chip is assumed 10 be selected RIW and RAM enable remain in the high slale 

Fig. 1 

20K ADM 
BAA/INTAK INSTRUCTION FOLLOWED BY ADAR INSTRUCTION 

Be, L-+---'-r"=!=---'+'-----"-·-d 
BC2L------~~r-----___1___--~--------------------------

BO'R : --.JI L ________________________ _ 

BC2 L 

DATA BUS H 
FROM ROM L 

RAM H 

ADDRESS L ...;.;.=="-----t-:---l 

(BAR 
AND 

lNTAK) 
LOAD 
ROM 

ADDRESS 
LATCH 

., BCI. BC2 and BDiR are return to zero signals 

(ADAR) 
READ ROM 
TO DATA 

BUS 
AND 

LOAD ROM 
ADDRESS 

LATCH 

••• Proper CE address must be latched to allow ROM output to function during DTB 
.... Since chIp is assumed to be selected R/Wand RAM enable remain in the high s11te 

Fig. 2 

BAR-ADAR 

INTAK-ADAR 

RO-3-9504 
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RO·3·9504 

20 K ADM (RAM ADDRESSING) 
INTAK INSTRUCTION FOLLOWED BY DTB OR ADAR INSTRUCTION 

BC' :---F=,,=+=,.,,:d 
BC2:~' 

8R1R 

BC':~ 
BC2 L 

BOlA 

• DATA 8US 
FROM ROM 

H- UPPER 
ROM L TAl STATE 

ADDRESS CHANGING 

RAM L 
ENABLE 

UPPER TAl STATE 

(lNTAK) 
LOAD 
ROM 

ADDRESS 
LATCH 
WITH 
RAM 

ADDRESS 

(OTe • AOAR)' 
OUTPUT 
R/WAND 

RAM 
ENABLE 
SIGNALS 

Fig. 3 

20K AOM (RAM ADDRESSING) 
INTAI( INSTRUCTION FOLLOWED BY OWS INSTRUCTION 

BC' :---F='~L __ '_"·,_, __ ~·I~ ______________ __ 

BC':~ 
eOIR 

DATA BUS 
FROM CPU 

:~ I ,~, I:=- I 
H_ - - ~- - "\r==1-';;'=-

DATA BUS 
FROM ROM 

RAM 
ADDRESS 

TAl STATE_l_j __ L __ TAl STATE 

H j ---f- ;;, ;;A;;' - - - - -
L _,,,. 

H~MP:1;.RT; r- - - 300\r-~±---':"'+UP""'P-'R-T""'R-' S""'T-A'"""f--------­

L CHANGING --- ---1-----
R'W 

RAM 
ENABLE 

UPPER TAr 51 A TE 

(INTAKI 
LOAD 
ROM 

ADDRESS 
LATCH 
WITH 
RAM 

ADDRESS 

• MaXimum lime 10 upper tn Slalecondllion 
-- RAM address has DB" toru DB" LogiC "0" 

lOWS) 
OUTPUT 

Rm 
AND 
"AM 

ENABLE 
SIGNALS 

,-, BAR or AOAR can be used Instead 01 INTAK 10 load RAM address If AOAR IS used 
remember RAM addreSS Witt be provided Irom ROM output to data bus ,I chip previously 
enabled " 
IAII lime In nSec) 

Fig. 4 

INTAK - OTB 

INTAK - AOAR 

UPPER TAl STATE 

UPPER TAl STATE 



RO-3-9504 _ 

20K ROM 
MCLR FOLLOWED BY lAB INSTRUCTIONS 

H 1--,",---/ 
MCLR L 

H 

BCI 

H 

BC2 

H 

BDIR 

H 
DATA BUSS 
FROM CPU L 

H 
DATA BUSS 
FROM ROM L 

H 
RAM 

ADDRESS L 

f.--t"'C.o.CT 1,_ 

1 

-------- ---
TRI STATE L -- r- I", L - r-""' __ I",. __ lAO' - -- - - - - - - ----.... -----... r----

UNDEFINED TRISTATE '~ ____ 1 TRISTATE \1 ____ f TRISTATE 

--------- ----------- - - ----
UNDEFINED 

H - - - - - - - - - -,--------------
RAM 

ENABLE L 
UNDEFINED 

MASTER 
CLEAR 

NEGATIVE 
ACTIVE 

lAB"' 
AFTER 

MASTER 
CLEAR 

(CODE I) 

• Minimum hold time after lAB before going tri state. Maximum time to tri state = 300n5 

lAB"' 
(CODE 2) 

•• The firsllAB after master clear will present a 16 bit programmable code to the data bus. Subsequent lAB instructions 
will output a second code that is gate programmable on ROM chip. 
(All time in nsec) 

Fig. 5 
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1IIIII~ _____ R_O_.3_._51_2_0 ______ ~ 
5120 Bit Static Read Only Memory 

FEATURES 

• 512-10 Organization 
• Single +5 Volt Supply 
• TTL/DTL Compatible 
• Static Operation-no clocks required 
• 500ns Maximum Access Time 
• 150mW Typical Power 
• Three-State Outputs-under control of 'Output 

Inhlblt'slgnal 
• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-5120 Is a 5120 bit static Read­
Only-Memory. It Is organized as 512 ten bit words and requires 9 
bits of addressing. An 'Output Inhibit' function Is provided to 
simplify the connection of several ROMs to a common bus. The 
RO-3-5120 Is constructed on a single monolithic chip utilizing 
low-voltage N-channel Ion Implant technology. 
A separate publication, "RO-3-5120 Custom Coding 
Information," available from GI Sales Offices, describes the 
punched card and truth table data format for custom 
programming of the RO-3-5120 memory. 

BLOCK DIAGRAM 

Vee 

AO 

AI 

A2 

A3 

INPUT ADDRESS 
A4 

BUFFERS DECODE 

AS 

A6 

A7 

AB 

3-4 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

ClNC 
A8 
AT 
AB 
AS 
A4 
A3 

N.C. 

vee 
A2 
Al 
AD 

GND 

MEMORY 
OUTPUT MATRIX 

512xl0 BUFFERS 

OUTPUT 
INHIBIT 

N.C. 
Out 1 
Cut 2 
Out 3 
Out 4 
Out S 

Out T 
Out 8 

Output Inhibit 

01 

02 

03 

04 

as 

06 

07 

08 

09 

010 



ELECTRIC CHARACTERISTICS 

Maximum Ratlnga· 
Vee and Input voltages (with respect to GND) . . . . . . -0.3V to +8.0V 
Storage Temperature ................ -65·C to +150·C 
OperatlngTemperature (TA) ............... 0·Cto+70·C 

Standard Condition. (unless otherwise noted) 

Vcc=+5 Volts ±5% 
Temperature (TA) =O·C to +70·C 
Output Loading: One TTL Load, CL TOTAL=50pF 

Characterlltlc Sym Min 

DC CHARACTERISTICS 
Addr ... , Output Inhlbll Input. 
Logic "1" VIII 2.2 
Logic "0" V'L -
Leakage IL' -
Data Outputs 
Logic "1" VaH 2.2 
Logic "0" VOL -
Leakage ILa -
Power Supply Current Icc -
AC CHARACTERISTICS 
Inputa 
Cycle Time te 500 
Capacitance C, -
Deta Outputl 
Access Time tAee -
Inhibit Response Time to -
Capacitance Co -
"Typical values are at +25·C and nominal voltages 

TIMING DIAGRAMS 

AaORESS ~IC ----V--- V1H 

INPUTS ._ ~ 'V1L. 

'- I.cc >t 
'2.0 

OUT~e~~ 
. '.45 

ACCESS TIME (ADDRESS TO OUTPUT­
OUTPUT INHIBIT AT LOGIC '0') 

Typ" 

-
-
-
-
-
-
30 

-
5 

350 
-
8 

MIx 

-
0.65 
10 

-
0.45 
10 

45 

-
8 

500 
230 
10 

OUTPUT 
INHIBIT 

RO·3·5120 • 

·Exceedlng these ratings could cause 
permanent damage. Functional operation 01 
this device at these conditions Is not 
:Implled-operatlng ranges are specified 
1b.eIQw. 

Units Condition. 

V 
V 

/JA 

V lo~ = 100/JA 
V IOL=1.6mA 

/JA 
mA Outputs Open 

ns 
pF 1= 1MHz 

ns 
ns. 
pF 1 = 1MHz 

r-----.... VIH 

INHIBIT RESPONSE TIME 
(ADDRESS INPUTS STABLE) 

"·VII. 

2.0 

.. .45 
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RO-3-8316A 
RO-3-83168 

RO-3-9316A 
RO-3-93168 
RO-3-9316C 

16384 Bit Static Read Only Memories 

FEATURES 

• 2048 x 8 Organization-ideal for microprocessor 
memory systems 

• Single +5 Volt Supply 
• TTL Compatible-all inputs and outputs 
• Static Operation-no clocks required 
• 850ns Maximum Access Time: RO-3-8316A/9316A 
• 450ns Maximum Access Time: RO-3-8316B/9316B 
• 350ns Maximum Access Time: RO-3-93HiC I. Three-Stage Outputs-under the control of three 

mask-programmable Chip Select inputs to simplify 
memory expansion 

• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-8316A/8316B and RO-3-9316AI 
9316B/9316C are 16,384 static Read Only Memories organized as 
2048 eight bit words and are ideally suited for microprocessor 
memory applications. Fabricated in Grs advanced GIANT II N­
channel lon-Implant process to enable operation from a single +5 
Volt power supply, the RO-3-8316A/8316B and RO-3-9316A! 
9136B/9316C offer the best combination of high performance, 
large bit storage, and simple interfacing. 
The RO-3-8316A/8316B are direct replacements in pin 
~onnection and operation for the Intel 8316A and 2316A. 

The RO-3-9316N9316B/9316C pin configuration is identical to 
that of the Intel 2716 16K EPROM. . 

A separate publication, "RO-3-8316/9316 Custom Coding 
Information,"available from GI Sales Offices, describes the 
punched card and truth table format for custom programming. 

BLOCK DIAGRAM vee 

AO 

AI 

A2 

A3 ADDRESS 
A4 INPUT ADDRESS 

DECODE 
A5 BUFFERS 

A6 

A7 

AS 

A9 

AID 

CS I CHIP CHIP 
CS2 SELECT SELECT INPUT DECODE CS3 BUFFERS 

3-6 

PIN CONFIGURATION 

24 LEAD DUAL IN LINE 

R0-3-8316N8316B 

A7 

A8 
A9 

A10 

AO 
A1 

A2 

A3 

A4 

AS 
A6 

GNq 

RO-3-9316A/9316B/9316C 

GND 

MEMORY 
MATRIX 

2048 X 8 

A7 

AS 

AS 
A4 

A3 

A2 
A1 

AO 
01 

02 

OUTPUT 
BUFFERS 

Vcc,(+5V} 
01 

02 
03 
04 

CS3 

Vee (+5V): 

AS 
A9 

CS3 
CS1 

A10 

CS2 

08 

05 
04 

01 

02 

03 
04 

05 

06 

07 
08 



RO-3-8316A. RO-3-83168 _ 
RO-3-9316A-. RO-3-93168 • RO-3-9316C 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Vcc and input voltages (with respect to GND) . . . . -0.3V to +8.0V 
Storage Temperature .............. -S5·C to +150·C 
Operating Temperature (TAl ............. O·C to +70·C 

Standard Conditions (unless otherwise noted) 

Vcc=+5 Volts ±5% 
Operating Temperature (TA) = O·C to +70·C 
Output Loading: One TIL load, CL TOTAL = 100pF. 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied'-:operating ranges are specified 
below. 

RO-3-8316A19316A, RO-3-8316B/9316B, and RO-3-9316C 

Characteristic Sym Min Typ" Max Unlls Condllions 

DC CHARACTERISTICS 

Address, Chip Select 
Inputs 
Logic"1" V,H 2.0 - - V 
Logic"O" V,L - - O.S .V 
Leakage ILl - - 10 p.A 
Data Outputs 
Logic"1" VOH 2.4 - - V IOH =100pA 
Logic"O" VOL - - 0.4 V IOL =1.SmA 
Leakage ILO - - 10 p.A 
Power Supply Current 
RO-3-831 SAl931 SA Icc - 50 85 mA Outputs open 
RO-3-831 SB/931 SB icc - 65 95 mA Outputs open 
RO-3-9316C icc - - 105 mA Outputs open 

RO-3-8316A19316A 

AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time tc 800 - - ns 
Capacitance C, - 5 8 pF f=1MHz 

Data Outputs 
Access Time t ACC - SOO 850 ns 
Chip Select Response Time TR' - 200 300 ns 
Capacitance Co - 8 10 pF f=1MHz 

RO-3-8316B/9316B 

AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time tc 400 - - ns 
Capacitance C, - 5 8 pF f=1MHz 
Data Outputs 
Access Time tACC - 350 450 ns 
Chip Select Response Time tR - 100 200 ns 
Capacitance Co - 8 10 pF f=1MHz 

RO-3-9316C 
-. 

AC CHARACTERISTics 
Address, Chip Select Inputs 
Cycle Time tc 300 - - ns 
Capacitance C, - 5 8 pF f=1MHz 

Data Outputs 
Access Time t ACC - 250 350 ns 
Chip Select Response Time tR - 100 200 ns 
Capacitance Co - 8 10 pF f=1MHz 

'·Typical values are at +25· C and nominal voltages. 
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_ RO-3-8316A. RO-3~8316B 
RO-3-9316A • RO-3-9316B. RO-3-9316C 

TYPICAL SYSTEM APPLICATION 

A complete system of 16K words of ROM (8 bits/word) is easily 
obtained without any external address decoding by making use 
of programmable chip select features and by wiring the outputs 
of eight different RO-3-8316's as shown in the figure below. 

ADDRESS BUS 
{AQ-AID) 

* CHIP SELECT BUS 
les, -cs, )-r-1 

I T 1 1 
I 1 I 1 I 1 I 

000 001 010 all 

RO-3-83rs RO~3-8316 RO-3-83r6 RO-3-83IS 

16KO 16KI 161<2 161(3 

I 1 1 1 
* UTILIZED AS ADDRESSES A,,-A I 3 

TIMING DIAGRAMS 

'?Z~"l ==>{ 
DATA 

OUTPUTS 

CHIP SELECT TABLE 

DEVICE 

CS3 CS2 CS1 SELECTED 

0 0 0 16KO 

0 0 1 16K1 

0 0 16K2 

0 1 16K3 

0 0 16K4 

0 1 16K5 

0 16K6 
16K7 

I 1 1 
I I r I r 1 
100 101 110 

RO-3-B3IS RQ-3-8316 RO-3-B316 
161(4 16K5 161<6 

j j 1 

te 

>1 ... V1H 

.. V1L 

tece 

X= .. 2.2 

6 

ACCESS TIME (ADDRESS TO OUTPUT -CHIP SELECTED) 

CHIP 
NOT >< SELECTED )X NOT VIH 

SELECT SELECTED (AS PROGRAMMED) SELECTED 
INPUTS ,V1L 

_ tR r-- - tR I--

DATA OUTPUTS .7 OUTPUTS OUTPUTS 2.2 
OUTPUTS HIGH IMPEDANCE \ VALID HIGH 

IMPEDANCE .6 

CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE) 

3-8 

l I 
III 

RO-3-83IS 

161(7 

1 OUTPUT 8US 
(0 1 - De) 



RO-3-8316A • RO-3-8316B _ 
RO-3-9316A • RO-3-9316B • RO-3-9316C 

TYPICAL CHARACTERISTIC CURVES 

1000 

BOO 

u; 
.5 

u 600 
u ..... -f-

I 

400 
I 

I 

I 

~OO 
I 

I , 
o 

700 

650 

'" c 

u 600 
u ..... 

550 
I 

I 

500 I 

I 

1.7 

70 

60 

,........ 
50 

40 

30 

o 

Vee -+5V 

r--I-
I 
I 

I 

I 
I 

I 

I 
I 

20 40 60 

TEMPERATURE (OC) 

RO-3-8316A/9316A 

eo 

on 
C 

u 
u 
~ 

550 

450 

350 

250 

15 0 

-~ 
I 
I 

I 

I 
I 

: 
o 

Fig.1 ACCESS TIME VS. TEMPERATURE 

TA - +25°C 
Vee - +5V 

/ 
V 

........ V: 
r--V I 

I 

, 
I 

I 

I 
I 

1.9 2.1 2.3 

VOH (VOLTS) 

RO-3-B316A/9316A 

I--~ 
450 

1/ 400 

'" c 

u 350 
u ..... 

300 
I 

I 

250 I 

I 

2.5 1.7 

Flg.2 ACCESS TIME VS. OUTPUT VOLTAGE 

Vee -+5V 

80 

70 

Vee - +5V 

_r--f-
I 
I 

I 

I 
I 

I 

I 
I 

20 40 60 

TEMPERATURE (OC) 

RO-3-8316B/9316B 

TA - +25°C 
Vee - +5V 

/ 
V 

........ /: 
I--" V I 

I 

, 
I 

I 

I 
I 

1.9 2.1 2.3 

VOH (VOLTS) 

RO-3-8316B/9316B 

eo 

- -
I 

/ 

2.5 

Vee -+5V 

- 1-r--
,:---:--
I 
I 

I 
I 

I 
I 

I 

20 40 60 

TEMPERATURE (OC) 

RO-3-8316A/9316A 

eo 

u 
~u 

60 

50 

o 

Fig.3 POWER SUPPLY CURRENT VS. TEMPERATURE 

I r----I 
I 
I 

, 
I 

I 
I 

I 

20 40 60 

TEMPERATURE (OC) 

RO-3-8316B/9316B 

eo 
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R6~3-9316A iii RO-3-9316B • RO-3-9316C 

TYPICAL CHARACTERISTIC CURVES 

70 
TA =+25"C 

60 

-!-r-
f-;"- I I 

I 

I : I 
I I 

;t 
g 50 

.Jl 
40 

I I I I I 

I I I 

30 
I I I 

I I I 

4.6 4.8 5.0 5.2 5.4 

80 

;t 70 

E 

50 

4.6 

f-;"-
I 
I 

I 
I 

I 
I 

I 

4.8 

TAO= +25"C 

- ...... 
I 
I 

I 

I I 
I I 

I I 
I 

I I 
I I 

I I 

5.0 5.2 5.4 

Vee (VOLTS) 

RO-3-8316A19316A 

Vee (VOLTS) 

RO-3-8316B/9316B 
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Flg.4 POWER SUPPLY CURRENT VS. SUPPLY VOLTAGE 

;t 
5 

oJ 
... 0 

TA = +25"C 
24 r- Vee=+5V 

l-t-
./ 

V 
18 

/ 

12 
j 

V 

6 1/ 

o V: 
I 

o 2 3 4 

VOL (VOLTS) 

RO-3-8316A18316B, R0-3-9316A19316B 

Flg.S OUTPUT SINK CURRENT VS. OUTPUT VOLTAGE 

;t 
.s 

:J: .:; 

2.4 , TA = +25"C 
Vee = +SV t-

1.8 1\ 
\ 

1.2 1\ 
'\ 

0.6 1'\ 

'" 0 
Ii' t--. 

I 

o 2 3 4 

VOH (VOLTS) 

RO-3-8318A18316B, RO-3-9316A/9316B 

Flg.6 OUTPUT SOURCE CURRENT VS. OUTPUT VOLTAGE 



RO-3-9332A 
RO-3-9332B 

32768 Bit Static Read Only Memory 

FEATURES 

• 4096 x 8 Organization-Ideal for microprocessor 
memory systems 

• Single +5 Volt Supply 
• TTL Compatible-ali inputs and outputs 
• Static Operation-no clocks required 
• 650ns Maximum Access Time: RO-3-9332A 
• 450ns Maximum Access Time: RO-3-9332B 
• Three-State Outputs-under the control of two 

mask-programmable Chip Select inputs to simplify 
memory expansion 

• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 
The General Instrument RO-3-9332A/9332B are 32,766 bit static 
Read Only Memories organized as 4096 eight bit words and are 
ideally suited for microprocessor memory applications. Fabri­
cated in GI's advance GIANTII N-channellon-Implantprocessto 
enable operation from a single +5 Volt power supply, the RO-3-
9332A/9332B offer the best combination of high performance, 
large bit storage, and simple interfacing of any MOS Read-Only 
Memories available today. 

BLOCK DIAGRAM 

AO 
AI 
A2 
A3 

A4 

A5 
A6 
A7 

AS 
A9 

Ala 

All 

CSI 
CS2 

, 
; 

.; 

; 

.; 

.; 

ADDRESS 
INPUT 

BUFFERS 

CHIP 
SELECT 
INPUT 

SUFFERS 

Vee 

r 

~ ADDRESS 
DECODE 

CHIP 
~ SELECT 

DECODE 

f----? 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

Top VIew 

A7 

AJJ 

AS 
A4 

A:J 
A2 
Al 

AO 

01 

02 

03 

GND 

GND 

r 

MEMORY 
MATRIX ~ OUTPUT 

BUFFERS 4096 X S 

Vee '-tSV) 
AS 

A9 

CS2 
CSl 

Al0 

A11 

08 
07 

06 
05 

04 

l-I--? 
l-I--? 
I-~ t-

I-~ I-
I-~ t-

01 

.02 

03 
04 

05 

06 
07 

08 
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_ RO-3-9332A. RO-3-9332B 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Vcc and input voltages (with respect to GND) 
Storage Temperature 
Operating Temperature (T A) . 

Standard Conditions (unless otherwise noted) 

Vee = +5 Volts ±10% 
Operating Temperature (TA) = O°C to +70°C 
Output Loading: Two TTL Loads, CL TOTAL = 100pF 

Characteristic Sym 

DC CHARACTERISTICS 

Addiess, Chip Select . 
Inputs 
Logic "1" V,H 

Logic "0" V,L 

Leakage ILl 
Data Outputs 
Logic "1" VOH 
Logic "0" VOL 
Leakage ILO 
Power Supply Current 
RO-3-9332A Icc 
RO-3-9332B Icc 
RO-3-9332C Icc 

AC CHARACTERISTICS 
Address, Chip Selecl Inputs 
Cycle Time tc 
Capacitance C) 
Data Outputs 
Access Time tACC 
Chip Select Response Time TR 
CapaCitance Co 

AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time tc 
Capacitance C, 

Data Outputs 
Access Time tAcC 

Chip Select Response Time tR 
Capacitance Co 

-0.3V to +8.0V 
-65°C to +150° C 

. O°C to HO°C 

RO-3-9332A/9332B 

Min Typ" 

2.0 -
- -
- -

2.4 -
- -
- -

- -
- -
- -

RO-3-9332A 

800 -
- 5 

- 600 
- 200 
- 8 

RO-3-9332B 

450 -
- 5 

- 350 
- 100 
- 8 

"Typical values are at +25° C and nominal voltages. 
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'Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Max Units Conditions 

- V 
0.8 V 
10 J.lA 

- V IOH = 200pA 
0.4 V IOL = 3.2mA 
10 J.lA 

60 mA Outputs open 
125 mA Outputs open 

140 . mA Outputs open 

- ns 
8 pF f=1MHz 

850 ns 
300 ns 
10 pF f=1MHz 

- ns 
8 pF f=1MHz 

450 ns 
200 ns 
10 pF f=lMHz 



RO-3-9332A • RO-3-9332B 

TIMING DIAGRAMS 

'?z:m=:>{ 
Ie. 

X ... V1H 

",V1L 

lace >t .. ~: DATA 
OUTPUTS 

ACCESS TIME (ADDRESS TO OUTPUT -CHIP SELECTED) 

CHIP 
NOT .>< SELECTED )]>< NOT . VIH 

SELECT SELECTED (AS PROGRAMMED) SELECTED INPUTS '''V1L __ IR 
:-- - IR r-

DATA OUTPUTS OUTPUTS OUTPUTS .. 2.2 
OUTPUTS HIGH IMPEDANCE \ VALID HIGH 6 IMPEDANCE 

CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE) 
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RO-3-9364B 

65536 Bit Static Read Only Memory 

FEATURES 

• 8192 X 8 Organization-ideal for microprocessor 
memory systems 

• Single +5 Volt Supply 
• TTL Compatible-all inputs and outputs 
• Edge-activated 
• 450ns Maximum Access Time 
• Three-State Outputs 
• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-9364B is a 65,536 bit static Read 
Only Memory organized as 8192 eight bit words and is ideally 
suited for microprocessor memory applications. Fabricated In 
Gl's advanced GIANT II N-channel lon-Implant process to 
enable operation from a single +5 Volt power supply, the RO-3-
9364B offers the best combination of high performance, large bit 
storage, and simple interfacing. 

3-i4 

BLOCK DIAGRAM 

AO 
AI 

A2 
A3 
A4 
A5 

A6 
A7 

AS 

A9 

AIO 

All 

A12 

, 

.-

.-

.-

CS1 

I' 
I 

INPUT 
BUFFER 

REGISTER 

Vee 

I 

~ ADDRESS 
DECODE 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

Top View 

A7C .' ~ 
24 :J Vee (t5V) 

A6C 2 23 tJ A8 

ASC 3 22 tJ A9 

A4~ 4 21 :J A12 

:~ 
5 20 ~ CSt 
6 19 :J AtO 

A1C 7 18 ~ A11 
AOC 8 17 ~ 08 

O1C 9 16 tJ 07 

02 C 10 15 P 06 

03 C 11 14 pos 
GNOC 12 13 poo 

GND 

1 
r-~ t-
r-~ MEMORY t-

f--? MATRIX ~ OUTPUT t-

~ BUFFERS 4096 X B t-
r-~ r-

01 

02 
03 
04 

05 
06 
07 

08 



ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 
Vcc and input voltages (with respect to GND) ...................... -0.5V +7.0V 
Storage Temperature .................................•...... -65·C to +150·C 
Operating Temperature (TA) ...................................... O·C to +70·C 

Standard Conditions (unless otherwise noted) 

Vcc=+5 Volts ±10% 
Operating Temperature (TA)=O·C to +70·C 
Output Loading: two TTL Loads, CL TOTAL=100flF 

Characteristic Sym 

DC CHARACTERISTICS 
Address, Chip Enable 
Inputs 
Logic "1" V'H 
Logic "0" V'L 
Leakage IL' 
Data Outputs 
Logic "1" VOH 
Logic "0" VOL 
Leakage I Lo 
Power Supply Current 
Icc (Active) -
Icc (Standby) -

AC CHARACTERISTICS 
Cycle Time tc 
CE Pulse Width tCE 
CE Precharge Time tp 
CE Access Time tAC 
Output Turn Off Time tOFF 

Address Set Up Time tAS 
Address Hold Time tAH 

CAPACITANCE 
I nput CapaCitance C, 
Output Capacitance Co 

* *Typical values are at +25·C and nominal voltages. 

Min Typ ** Max 

2.0 - -
- - 0.8 
- - 10 

2.4 - -
- - 0.4 
- - 10 

- - 50 

- - 10 

400 - -
300 - -
100 - -
- - 300 
- - 75 
0 - -

75 - -

- - 7 
- - 10 

Units 

V 
V 

J1A 

V 
V 

J1A 

rnA 

rnA 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

pF 
pF 

RO-3-9364 

*Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Conditions 

IOH=200J1A 
IOL=3.2mA 

Output Loading=1MCl and 100pF 
CE at Minimum Cycle Time 
CE=Logic "1" 

I '" ~·P"· """PO "" TTL Loads and 100pF 

f=1MHz 
f=1MHz 

TIMING DIAGRAM ~---------------- Ic------------------~ 

CHIP ENABLE 

~--------- I" --------~.., 

ADDRESS 

DATA OUTPUT ________ ot-PE .... N-_-_-_-_-_-_-__ IA_C~~~~~~~~ ..... ~~ '"'' ~ )_---OPEN 

v.e 

3-15 



3-16 



GENERAL 
INSTRUMENT 

Keyboard Encoders 

3-17 



AY-5-2376 

Keyboard Encoder 
FEATURES 

• One integrated circuit required for complete keyboard 
assembly 

Ii Outputs directly compatible with TILlDTL or MOS logic 
arrays 

• External control provided for output polarity selection 
• External control provided for selection of odd or even parity 
• Two key roll-over operation 
• N-key lockout 
• Programmable coding with a single mask change 
• Self-contained oscillator circuit 
• Externally controlled delay network provided to eliminate the 

effect of contact bounce 
• Static charge protection on all input and output terminals 
• Entire circuit protected by a layer of glass passivation 

DESCRIPTION 

The General Instrument AY-5-2376 is a 2376 Bit Read Only 
Memory with all the logic necessary to encode single pole single 
throw keyboard closures into a usable 9-bit code. Data and 
strobe outputs are directly compatible with TTLlDTL or MOS 
logic arrays without the use of any special interface components. 

The AY-5-2376 is fabricated with MTNS technology and contains 
2942 P-channel enhancement mode transistors on a single 
monolithic chip. 

BLOCK DIAGRAM 

r---
VGG~ 

VGl~ 
vcc~ 

I 
I 
I 

'1'0 VI '1'2 '1'3 '1'4 '1'5 '1'6 '1'7 '1'8 '1'9 '1'10 

31 3029 28 272621:> 24 23 2221 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

vee 
Frequency Control B 

prequency Control C 

Shift Input 

Control Input 

Parity Invert Input 

Parity Output 

Data Output B8 

Data Output B7 

Data Output 86 
Data Output 85 

Data Output 84 
Data Output 83 

Data Output 82 
Data Output 81 
Strobe Output 

vG, 

VGG 

Strobe Control Input 

Data & Strobe Invert Input 

--------, 

'0 
" 

0 , " 
STAG£ " RING 

COUNTER " 
" 
" 

I"f-+~-I 

Top View 

PAIUTY IN;~~~~~' t' ---*"--'r-1~:;::;:~"",J :)(7 
____ ~y~.~l':J 

, 
DATA OUTPUTS 
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• AI (680"'OHMS). Cl I-fX)4uF) 
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., ~~~~c"E!·~I,i~lloCK FREOUENCV 

••• EXTERNAL CLOCK INPUT {OPTION) 

Frequency Control A 

xo 
Xl 

X2 

X3 

X4 Keyboard Matrix 

XS Outputs 

X6 

X7 
YO 
Yl 

Y2 
Y3 

Y4 
YS 

Keyboard Matrix 
YB 

Y7 
Inputs 

YB 
Y9 

Yl0 



OPERATION 

The AY-S-2376 contains (see Block Diagram) a 2376-blt ROM,8-
stage and 11-stage ring counters, an 11-blt comparator, an os­
cillator circuit, an externally controllable delay network for elim­
Inating the effect of contact bounce, and TTL/DTL/MOS 
compatible output drivers. 

The ROM portion of the chip Is a 264 by 9 bit memory arranged 
into three 88-word by 9-bit groups. The appropriate levels on the 
Shift and Control Inputs selects one of the three 88-word groups; 
the 88-lndlvldual word locations are addressed by the two ring 
counters. Thus, the ROM address is formed by combining the 
Shift and Control Inputs with the two ring counters. 

The external outputs of the 8-stage ring counter and the external 
Inputs to the 11-blt comparator are wired to the keyboard to form 
an X-Y matrix with the 88-keyboard switches as the crosspoints. 
In the standby condition, when no key is depressed, the two ring 
counters are clocked and sequentially address the ROM; !he 
absence of a Strobe Output Indicates that the Data Outputs are 
'not valid' at this time. 

When a key Is depressed, a single path Is completed between one 
output of the 8-stage ring counter (XO thru X7) and one input of 
the 11-blt comparator (YO-Y10). After a number of clock cycles, a 
condition will occur where a level on the selected path to the 
comparator matches a level on the corresponding comparator 

TIMING DIAGRAM 

SWITCH 
CLOSURE 

AY-5-2376 

input from the 11-stage ring counter. When this occurs, the 
comparator generates a signal to the clock control and 9, the 
Strobe Output (via the delay network). The clock control stops 
the clocks to the ring counters and the Data Outputs (B1-B9) 
stabilize with the selected 9-bit code, Indicated by a 'valid' signal 
on the Strobe Output. The Data Outputs remain stable until the 
key is released. 
As an added feature two inputs are provided for external polarity 
control olthe Data Outputs. Parity Invert (pin 6) provides polarity 
control of the Parity Output (pin 7) while the Data and Strobe 
Invert Input (pin 20) provides for polarity control of Data Outputs 
B1 thru B8 (pins 8 thru 1S) and the Strobe Output (pin 16). 

SWITCH 
RELEASE 

f4----MINIMUM SWITCH CLOSURE---~ 

Y KEYBOARD 
MATRIX OUTPUT 

STROBE 
OUTPUT 

88CLOCK=1 F CYCLES 

SWITCH STROBE 
BOUNCE DELAY 

1-4--1-*-- STROBE WIDTH 

I -.Jf- .5ps 

/..--..J-.- DATA VALID 

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88 X 1/11 + STROBE DELAY + STROBE WIDTH 

MAX'IMUMC ! ' DETERMINED BY 
EXPECTED EXTERNAL RC 

DETERMINED 
BY FREQUENCY 
OF OPERATION 

(EXTERNAL RCI 

MINIMUM TIME 
REQUIRED BY 

EXTERNAL 
CIRCUITRY 
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_ AY-5-2376 

ELECTRICAL CHARACTERISTIC.S 

Maximum Ratings 

VOl and VGG (with respect to Vee) . . . . . . . -20V to +0.3V 
Logic input voltages (with respect to Vee) . . . -20V to +0.3V 
Storage Temperature ........... -65°C to +150°C 
Operating Temperature Range ........ O°C to +70°C 

Standard Conditions (unless otherwise noted) 

Vee = +5 Volts ± 0.5 Volts, (Vee = Substrate Voltage) 

'Exceeding these ratings could cause permanent damage. 
Functional operation of this device at these conditions is not 
implied--:operating ranges are specified below. 

VaG = -12 Volts + 1.0 Volts, VGI = GND. Operating Temperature (TA) = O°C to +70°C -

Characteristics Sym Min Typ" Max Units Conditions 

Clock Frequency f 10 50 100 KHz See Block diagram 
footnote" for typical 
R - C values 

Data Input 
(Shift, Control, Parity 
invert, data & strobe invert). 

Logic "0" Level VIO VGG - +0.8 V 
Logic "1" Level V;, Vee-1.5 - Vee+0.3 V 

-
Shift & Control Input 

Current IINS,C 15 36 60 p.A VI=+5V 
8 16 30 p.A VI=OV 

Data, Parity Invert Input 
Current hND,P - .01 1 p.A VI=-5V to +5V 

X Output (XO-X7) 

Logic "1" Output Current IXI - 0 - p.A VOlJT=Vee 
80 150 400 p.A VOUT= Vee-1.3V 
140 300 800 p.A VOlJT=Vee-2.0V 
250 700 1500 p.A VOlJT=Vee-5V 
500 1500 3000 p.A VOlJT=Vee -10V 

Logic "0" Output Current Ixo 15 30 80 p.A VOlJT=Vee 
13 27 65 p.A VOUT = Vee -1.3V 
12 25 60 p.A VOUT = Vee -2.0V 
5 10 40 p.A VOlJT=Vee-5V 
- 1 20 p.A VouT=Vee-10V 

V Input (VO·V1O) 

Trip Level Vy Vee -5 Vee-3 Vec-2 V Y I nput Going 
Positive 

Hysteresis !:lVy .5 .9 1.4 V Note 1 
Note 2 

Selected Y Input Current lv, 30 60 160 p.A VIN = Vee 
26 54 130 p.A VIN = Vee -1.3V 
24 50 120 p.A VIN=Vee-2.0V 
10 20 80 p.A VIN=Vee-5V 
- 2 20 p.A VIN=Vee-10V 

Unselected Y InputCurrent Iyu 15 30 80 p.A VIN = Vee 
13 27 65 p.A VIN =Vee -1.3V 
12 25 60 p.A VIN = Vee -2.0V 
5 10 40 p.A VIN = Vee -10V 

I nput Capacitance CIN - 3 10 pF atOV 

Switch Characteristics 
Minimum Switch Closure - - - - - See Timing Diagram 
Contact Closure 
Resistance Zee - - 300 n 

ZeD 1X107 - - n 
Strobe Delay 

Trip Level (Pin 19) VSD Vee-4 Vee-3 Vec-2 V 
Hysteresis V'D .5 .9 1.4 V See Note 1 
Quiescent Voltage (Pin 19) -3 -5 -8 V With 680K. to V 55 

Data Output (B,-B9) 
Logic "0" - - - 0.4 V iOL = 1.6ma 
Logic "1" - Vee-1 - - V iOlr100p.a 

Power 
Icc - - 5 10 mA Vee=+5V 
IGG - - 5 10 mA VGG = -12V 

"TYPical values at +250 C and nominal voltages. 

NOTE 1. Hysteresis is defined as the amount of return required to unlatch an input. 
2. Guaranteed number of X & Y loads which may be applied to an X output = eleven. 
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TYPICAL CHARACTERISTIC CURVES 
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AY-5-2378 

STANDARD CODE ASSIGNMENT CHART 

Illustrated using a Logic "0" on the Data a;;d Strobe In~ert Input (Pin 20) and the Parity Invert Input (Pin 6). 

NOTE 1: This code is an 8 bit ASCII code (Bl-B8). Output B9 is included as an odd parity bit operating on outputs Bl-B7. 

"EXAMPLE 

Bl B2 B3 B4 B5 B6 B7 B8 PARITY 
BIT 

~ ~ ~ Xo It 
,I I 1···5··' 9 

-- -Y ~ - - - - - - ... - .... - B ... NORMAL 
N = NORMAL MODE 
S = SHIFT MODE 
C = CONTROL MODE Y9 8- T - - - - - - - - B- - ... SHIFT 

__ - - - - - ~ - - - - ---... CONTROL 
• = OUTPUT LOGIC "e (SEE DATA Bl - BBI 
LOGIC "1" = +5V 

(CODE REPRESENTATIVE OF KEY DEPRESSION AT 
LOCATION XO - Yii AND PROPER MODE SELECTION) 

TRUTH TABLES 

3-22 

DATA (B1-B8) INVERT TRUTH TABLE 

DATA AND STROBE CODE DATA 
INVERT INPUT ASSIGNMENT OUTPUTS 

(PIN 20) CHART (Bl-B8) 

1 1 0 
0 1 1 
1 0 1 
0 0 0 

STROBE INVERT TRUTH TABLE 

DATA AND STROBE 
INVERT INPUT 

(PIN 20) 

1 
o 
1 
o 

INTERNAL 
STROBE 

1 
o 
o 
1 

STROBE 
OUTPUT 
(PIN 16) 

o 
o 
1 
1 

LOGIC "0" = GND 

PARITY INVERT TRUTH TABLE 

PARITY 
INVERT INPUT 

(PIN 6) 

1 
0 
1 
0 

CODE 
ASSIGNMENT 

CHART 

1 
1 
0 
0 

MODE SELECTION 

S C= N 
S C = S 
S c = c 
S c = c 

PARITY 
OUTPUT 

(PIN 7) 

0 
1 
1 
0 



AY-5-3600 

Keyboard Encoder 
FEATURES 

• One integrated circuit required for complete keyboard assembly 
• N key rollover or lock out operation 
• Quad mode operation 
• Lock ouVroliover selection under external control (option) 
• Self-contained or slave oscillator circuit 
• 10 output data bits available 
• Outputs directly compatible with TTUDTL or MOS logic arrays 
• Output data buffer register included 
• Output enable provided (option) 
• External data complement control provided (option) 
• Pulse or level data ready output signal provided (option) 
• "Any Key Down" output provided (option) 
• Externally controlled delay network provided to eliminate the 

effect of contact bounce 
• Programmable coding with a single mask change 
• Static charge protection on all input and output terminals 
• Entire circuit protected by a layer of glass passivation 

.DESCRIPTION 
The General Instrument AY-5-3600 is a Keyboard Encoder 
containing a 3600 bit Read Only Memory and all the logic 
necessary to encode single pole single throw keyboard closures 
into a usable 10 bit code. Data, Any Key Down and Data Ready 
outputs are directly compatible with TTUDTL or. MOS logic 
arrays without the need for any special interface components. 
The AY-5-3600 is fabricated with MTNS technology and contains 
5000 P channel enhancement mode transistors on a single 
monolithic chip. 

BLOCK DIAGRAM 

VGG~ 
Voo~ 
Vcc~ 

I 
I 
I 
I 
I 
I 
I, ' 
I :; v"" 

1 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

See next page .l ~~::~~ 
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AY-5-3600 

CUSTOM CODING INFORMATION 

The custom coding information for General Instrument's AY-5-
3600 Keyboard Encoder ROM should be transmitted to General 
Instrument in the form of 80 column punched cards. Each ROM 
pattern requires 92 cards (1 title card, 1 circuit option card and 90 
ROM pattern cards). (See Note 1) 

If it is not possible to supply punched cards, then the Truth Table 
should be completed (See Note 1). However, there would be a 

PIN OPTIONS 

Pins 6-40 of the AY-5-3600 are permanently assigned. The func­
lions assigned to pins 1-5 depend on which funcllonal opllons are 
selected from the following: 

External Clock 
-requires one package pin to input an external clock source. 
Internal Oscillator 
-requires three package pins interconnected with an external 
RC network to develop the clock required. 
Lockout/Rollover (LO/RO) 
-requires one package pin to externally select N-Key Lockout or 
N-Key Rollover. LO = +5V, RO = GND. 
Complement Control (CC) 
-requires one package pin to externally control the logic state of 
the data bits (Bl-Bl0) and, if required, the Data Ready output. 

substantial savings in both the coding charge and turn-around 
time if punched cards were used. Upon receipt of the punched 
cards or the Truth Table, General Instrument will prepare a 
computer-generated Truth Table which will be returned to the 
user for verification. 

NOTE 1: Card and Truth Table format available upon request. 

Chip Enable (CE) 
-requires one package pin to controlthe data bits (Bl-Bl0)and,if 
required, the Data Ready and Any Key Output. 
Any Key Output (AKa) 
-requires one package pin to indicate a key depression. 
Output Data Bit 10 (B10) 
-requires one package pin when ten data bits are required to 
encode each key. 

Select the pin options desired: 
External Clock + 4 of the following functions 

OR 
Internal Oscillator+ 2 of the following functions 
LO/RO, CC, CE, AKO, BIO 

The following chari lists the pin assignments according to the funcllons 'selected above: 

PIN 1 PIN2 PIN3 

External Clock LO/RO CC 
External Clock LO/RO CC 
External Clock LO/RO CC 
External Clock LO/RO CE 
External Clock CC CE 

Internal Oscillator 

ELECTRICAL CHARACTERISTICS 

Maximum Rallngs· 

VDD and Vaa (with respect to Vee) . . . . . . . . . . -20V to +0.3V 
Logic input voltages (with respect to Vee) . . . . . . -20V to +0.3V 
Storage Temperature . . . . . . . . . . . . . . -65· C to +150· C 
Operating Temperature Range. . . . . . . . . . ; . O· C to +70· C 

Standard Conditions (unless otherwise noted) 

Vee = +5 Volts ±0.5 Volts 
Vaa = -12 Volts ±1.0 Volts, VDD = GND 
(Vee = Substrate Voltage) 
Operating Temperature (TA)=O·C to +70·C 
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PIN4 PtNS 

CE AKO 
CE BIO 

AKO BIO 
AKO BIO 
AKO BIO 

LO/RO CC 
LO/RO CE 
LOIRO AKO 
LOIRO BIO 

CC CE 
CC AKO 
CC BIO 
CE AKO 
CE BIO 

AKO BIO 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied~operating ranges are specified 
below. 



ELECTRICAL CHARACTERISTICS 

Characteristics Sym Min 

Clock Frequency I 10 

External Clock Width 7 

Clock Input Via Vaa 
VI1 Vee -1.4 

Data Input 
(Shift, Control, 

Complement Control, 
Lockout/Rollover, 

Chip Enable 
& External Clock) 

Logic "0" Level VIO Vaa 
Logic "1" Level VI1 Vee -1.1 
Shilt & Control Input 
Current r..sc 75 

X Output (Xo-X.) 
Logic "1" Output Current IXI 40 

600 
900 
1500 
3000 

Logic "0" Output Current 1xo 8 
6 
5 
2 
-

Y Input (Yo-Y.) 
Trip Level Vv Vec-5 
Hysteresis I!.Vv 0.5 
Selected Y Input Current I" 18 

14 
13 
6 
-

Unselectlld Y I nput Current Ivu 9 
7 
6 
3 
-

Input Capacitance CIN -
X-Y Precharge 

Characteristics q,P 1500 
200 

Switch Characteristics 
Minimum Switch Closure - -
Contact Closure 

Resistance Zee -
Zeo 1 X 107 

Strobe Delay 
Trip Level (Pin 31) V,a Vec-4 
Hysteresis V,a 0.5 
Quiescent Voltage (Pin 31) -3 

Data Output (81-810). 
Any Key DO'Jln Output. 
Data Read}, 

Logic "0:' - -
- -

Logic "1" - Vee-1.3 
Power 

Icc - -
IGG - -

··Typical values are at +25°C and nominal voltages. 
NOTE 

Typ·· Max 

50 100 

- -
- .15 
- Vee +0.3 

- +0.75 
- Vee+0.3 

95 120 

170 400 
1300 2500 
1600 3500 
3800 6000 
6000 10000 

15 50 
11 35 
10 30 
5 15 

0.5 5 

Vee-3 Vec-2 
0.9 1.4 
36 100 
28 90 
25 80 
12 60 
1 30 
18 50 
14 45 
13 40 
6 30 

0.5 15 

3 10 

3500 5000 
600 1500 

- -
- 300 
- -

\(ec-3 Vcc-2 
0.9 1.4 
-5 -9 

- .55 
- 0.8 
- -

8 13 
8 13 

LHysteresis is defined as the amount of return required to unlatch an input. 
2; Precharge of X outputs and Y inputs occurs during each scanned clock cycle. 

AY-5-3600 

Units Conditions 

kHz See Block diagram footnote· 
for typical R-C values 

I'S 

V 
V 

V 
V 

p.A V, =+5V 

I'A VOUT = Vee (See Note 2) 
I'A VOUT = Vec-1.3V 
I'A VOUT = Vec-2.0V 
!LA VOUT = Vec-5V 
I'A VOUT = Vec-10V 
I'A ·VOUT = Vee 
I'A VOUT = Vec-1.3V 
I'A VOUT = Vec-2.0V 
I'A VOUT = Vec-5V 
I'A VOUT = Vec-10V 

V Y Input Going Positive (See Note 2) 
V (See Note 1) 

I'A VIN = Vee 

I'A VIN = Vee-1.3V 
p.A VIN = Vcc-2.0V 
I'A VIN = Vee-5V 
I'A VIN = Vcc-10V 
I'A VIN = Vee 
I'A VIN = Vec-1.3V 
I'A VIN = Vec-2.0V 
I'A VIN = Vcc-5V 
I'A VIN = Vec-10V 

pF at OV (All Inputs) 

I'A V=Vce 
!LA V = Vec-5 (See Note 2) 

- See Timing Diagram 

n 
n 

V 
V (See Note 1) 
V With I nternal Switched Resistor 

V IoL= .25mA 
V IoL = 1.6mA 
V 10H= .95mA 

mA Vee=+5V 
rnA VGG = -12V 
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OPERATION 

The AY-5-3600 contains (see Block Diagram) a 3600 bit ROM, 9-
stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys 
for n key rollover operation, an externally controllable delay 
network.for eliminating the effect of contact bounce, an output 
data buffer, and TTL/DTL/MOS compatible output drivers. 
The ROM portion of the chip is a 360 by 10 bit memory arranged 
Into four90-word by 10-bit groups. The appropriate levels on the 
Shift and Control Inputs selects one of the four 90-word groups; 
the 90-indivldual word locations are addressed by the two ring 
counters. Thus, the ROM address is formed by combining the 
Shift and Control Inputs with the two ring counters. 
The external outputs of the 9-stage ring counter and the external 
inputs to the 10-bit comparator are wired to the keyboard to form 
an X-V matrix with the 90-keyboard switches as the crosspolnts. 
In the standby condition, when no key Is depressed, the two ring 
counters are clocked and sequentially address the ROM, thereby 
scanning the key switches for key closures. 
When a key Is depressed, a single path is completed between one 
output of the 9-stage ring counter (XO thru X8) and one Input of 
the 10-blt comparator (Yo-Y 9)' After a number of clock cycles, a 
condition will occur where a level on the selected path to the 
comparator matches a level on the corresponding comparator 
Input from the 10-stage ring counter. 
N KEY ROLLOVER 
- When a match occurs, and the key has not been encoded, the 
switch bounce delay network Is enabled. If the key Is stili de-

TIMING DIAGRAM 

SWITCH 
CLOSURE 

pressed at the end of the selected delay time, the code for the 
depressed key is transferred to the output data buffer, the data 
ready signal appears, a one Is stored in the encoded key memory 
and the scan sequence is resumed. If a match occurs at another 
key location, the sequence is repeated thus encoding the next 
key. If the match occurs for an already encoded key, the match Is 
not recognized. The code of the last key encoded remains in the 
output data buffer. 

N KEY LOCKOUT 
- When a match occurs, the delay network is enabled. If the key 
is stili depressed at the end of the selected delay time, the code 
for the depressed key is transferred to the output data buffer, the 
data ready signal appears and the remaining keys are locked out 
by halting the scan sequence. The scan sequence Is resumed 
upon key release. The output data buffer stores the code of the 
last key encoded. 

SPECIAL PATTERNS 
- Since the selected coding of each key and all the options are 
defined during the manufacture of the chip, the coding and 
options can be changed to fit any particular application of the 
keyboard. Up to 360 codes of up to 10 bits can be programmed 
into the AY-5-3600 ROM covering most popular codes such as 
ASCII, EBCDIC, Selectric, etc., as well as many specialized 
codes. The ASCII code In conjunction with Internal oscillator, 10 
data outputs and any key down output, is available as a standard 
pattern (See Figure 2). 

SWITCH 
RELEASE 

MINIMUM SWITCH CLOSURE 

1 F90 CLOCK CYCLES 

'-- SWITCH STROBE --I 
r~- BOUNCE DELAY I 
h n n r : FOUR I 

l 
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KEY 
CLOSURE 

DATA READY 
STROBE 

I LJ LJ L-l -.-j CLOCK t--
I CYCLES r 
I r -------T-------- 11-- -

~--------~I------------~~r~1 I 
I r I r 

! 
I 

--: PULSE n KEY 
: ROLLOVER 

~--------~I------------~~r I I 
DATA r r r r 

-:LEVEL} 

r 

OUTPUT I 

I 
I 

ANY KEY I I 

Du~~~~--L------' 
I I 
I I 
I I 

':-":--":-------;: I r r 
I I I 

: rRESETS AT FiRST Xo Yo] L LAFTER FIRST XI YI 

RESUME SCAN FOR 
n KEY LOCKOUT 

I I I 
I I r 

r r I r 
r r r r 

RESUME SCAN FOR---1 
n KEY ROLLOVER I 

MINIMUM SWITCH CLOSURE' SWITCH BOUNCE + (90 x t) + STROBE DELAY + STROBE WIDTH 

MAJMUM 1 DETERMtNED BY 1 
EXPECTE D EXTERNAL C 

DETERMINED MINIMUM TIME 
BY FREQUENCY REQUIRED BY 
OF OPERATION EXTERNAL 
(EXTERNAL RC) CIRCUITRY 
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AY·5·3600 

SYMBOl. 
MODE MODE 

N S C se SYMBOL N S e sc 
• XI YO,XD V9 SOH kOY9 xs YO. xo V9 
A xon )(1 Y2 STX Xl V9 X.- VO, XI V9 • XSYJ X2 Y2 ETX X4Y4 X4Y4 )(4'1'4 X4 Y4, )(6 YO 
C XlVJ K3Y2 EOT )(4 VI 
0 XlVZ X4 Y2 !NO X3Vl , X2 VI kH2 ACK X2YB Xl VI. )(2V8 
F k3Y2 K6 Y2 BEL Xl VB x6 VI, k3Y8 
0 X4Y2 '1.7 y,/ as XJV4 
H xo y!. XOV5, X!:IV,/ xov!'! XCys HT XOY4 XOy", XD r4. XB V9 )(8 v9 
I kJVI KOY4 LF X7 v6 X1YB k7Y6 
J )(6 Y2 X6Y6 vT XJY7 XJY] )(3 Y7 XJY1 , Xl V2 KlY6 FF X7YB X1 VB X7 v8 
L K2Y6 x2 Y6, xa Y2 X2Y6 X1Y6 CR XJ'15 XJY!! Xl Y5, XI YB XI '1'6 

" X7 vl XJY!'! SO l(OY7 XOY7, XI VB xQY], Xl VB • K6 Vl X4Y5 SO XI Y7 XI '1'7 )(1 V7 XI V1 
0 XB VI OL' XOYI 
P )(6Y6 XOY'1. XOY3 OCO KSVI 
0 xo VI Xlv3 OC2 K6Y7 
A XlVI x'/ vl 0" x2VI 
S Xl Y2 X4 Vl 0" KJYO 
1 XUI XHJ ,A' X2\'O 
W XOYI )(6 vJ SYN )(5Y4 
V )(4 Yl Xl v3 E18 XI YO 
W 1(1 VI )(6Y5 CA. X3Y4 XJ V4 , Xl Vl )(8 Y2 

'" XBYO , )(5 VI XH6 SWB XOYO 
I xo vl X5 '1'5 ESC )(1 YO · kOY2 KDYl fS XlV4 

f 
· X!)YJ X5V3 OS X7 V6 , XlV3 K2YJ AS XI Y4 Xl V4 X 1'/'4 
d "1.'/Y2 '(2Y2 OS X2V7 '(2V7 '(2V7 '(2Y7 

; X2 VI X2VI SP X3 V3,X4V9 X4 V9,X3V3 X4 V9,X3 V3 X4 V9, x3v3 
'(3 V2 XJY2 I XS v9 XSV9,XOV9 Xsv9 Xsv9 

I , UV2 X4 V2 x3 V9 X3 V9, X7 v5, XI Y9 X3 v9 X3Y9, Xl Y5 

" x5 Y2 XSY2 .. X6Y9 X6Y9,X2 YO '(6Y9 . X6Y9 
Xl YI )(7 Yl $ X2YS X2VS, X3YO XH5 X2Y5 

I X6Y2 X6Y2 • XI Y5 XI YS, X4 YO XI YS Xl Y5 · Xl Y2, X2 Y9 Xl Y2 • X6YB X6 YO, X6 YB, X2 Y8 X6 YB X6Y8 
I X8 Y2 X8 Y2 X1Y5 X3Y8 X7YS X1Y4 
m Xl Y3, XI Y6 X7 Y3 I X1 Y9 Xl Y4, X3 n, XB YO X7Y9 X1Y9 

" X6 Yl, XI '8 X6 Y3 I X4 Y8 X4 YB, X6 Yl. IC8 Y9 IC4V8 XH8 · X8 YI X8 YI XS Y8 XS Y8, X7 YO. XS Y4 XSYB XSV8 , X6 Y6, XO V8 X6 Y6 ICOV6 XO Y6, XS Y6, X7 Y7 XO Y6 XOV6, IC7 Y7 , XOYI XO VI X9YJ XBY3 XB V3 X8 Y3 
XJ YI XJ Yl - XlV4 IC2 n,X8 Y7 XH4 XBV7 · Xl Y2 XJY2 X8Y4 X8n XB V4 X8 Y4 

I X4 VI X. Yl I X1V4 X7Y. 
X6 VI X6Yl 0 X6Y1, IC8Y8 XBY8 X6 Yl, X8 Y8 X8 Y8 
Xn3 X4 YJ I XO'VO, XO Y9 XOVO · Xl VI XI VI 2 Xl YO, Xl Y9 XI va 
Xl YJ XI Y3 3 XH6 XHO , XS VI X5VI • XlYO XJYO , XOVJ XOYJ S X4 YO XUO 

C x8 Y6, X2Y9 X4 V6, X8 Y8 , ICSYO,X2Y8 XS YO , ICI YI , X6 YO, X3 Y8 xo YO 
J XIYB XI Y6 X8Y6 X8 Yl 8 X7YO xno , Xl YB X2 Y4 9 xa yo, X8 Y9 X8 va 

I X. Y7, xa v7 X4 Yl, X8Y1 XU7 xsn xavs '(sn xa YS 
XJY8 Xlv6 X3V6 X8 vs. x5 YB X8 V5, XS V6 

I X4 vs xns xos ( XBYS X7 YB, x6 YS. XO YO x6 YS 
X6Y4 X6Y.,X7Y1 X7 Y1, X6 V4, X4 Y7 X6V" 

DEl XH9 "" > XSYS xs ys, XS YO, xo Y7 XSVS 
HUll XS Y7 XS Yl XSY1,XOY8 XS Y1, xo va , ",. X .. Y6,X7Y" XU6 

--
Not. 1. BIb; 1 to lS.nd bit a of th. AV·I5·3ISOO correspond to bits 1 to 7 of ASC II. 

Not. 2. Codn 0000011 and 0011111 .... not PNMnt In th. Uanct.rd A V,I5-3600 p.ttllrn. 

Flg.2 STANDARD AY·S-3600 CODE ASSIGNMENTS ASCII CODE 

OPTIONS PROVIDED WITH STANDARD ENCODER 

• Device Marking: AY·5·3600 • N-Key Rollover Only 
• Internal Oscillator on Pin Nos. 1, 2, 3 • True Outputs Only 
• Any Key Output on Pin No.4 • Pulse Data Ready Signal 
• Any Key Output True (Logic 1) During Key Depression • Internal Resistor to Vee on Shift/Control Pin 
• Output Data Bit B10 on Pin NO.5 • Plastic Package 
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Flg.3 

"y" 

K~~~~~RD >-~_+-_ .... -, TO 
INTERNAL 
GATING t--+--<r-__ ~TO KEYBOARD 

STATIC/ 
CHARGE 

PROTmlg~ Vee COUNTER 
INPUT 

T 
"",STATIC 

'--.---' ~~~~~gTION 
DEVICE 

"Y" INPUT STAGE FROM KEYBOARD Vee 

"X" OUTPUT STAGE TO KEYBOARD 

+-....... -..--~ OUTPUT 

OUTPUT DRIVER 

NOTE: Output driver capable of driving one TTL load with no 
external resistor. 
Capable of driving two TTL loads using an external6.8KO resis­
tor to V(;(;. 

TYPICAL CHARACTERISTIC CURVES 
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AY-S-3600-PRO 

Keyboard Encoder and PROM/EPROM Application 

The AV-5-3600-PRO Is pre-programmed during manufacture to 
provide specific yet simple binary coded outputs thus allowing 
the purchase of off-the-shelf devices (distributors, etc.). To 
enhance the device flexibility, the binarY outputs have been 
organized to provide direct Interface with a PROM/~PROM. 

KEY 
MATRIX 

AY-5-3BQO.PRO 
KEVBOARO 
ENCODER 

ROM 

PROM/EPROM 

The PROM (Programmable Read Only Memory) permits the 
programming of the required output code in the factory or the 
field within minutes, thus making it extremely suitable for small 
quantity, fast turnaround keyboard requirements. The EPROM 
(Erasable Programmable Read Only Memory) is ideally suited for 
prototyping, where patterns are quite variable, allowing the 
EPROM to be erased and reprogrammed repeatedly. Similar 
advantages are realized in the field where pattern changes are 
necessary in order to respond to redefined requirements or to 
subtle system peculiarities not previously encountered. 

Technical Description 
The AV-5-3600-PRO is a binary coded MOS-LSI device 
programmed to furnish 360 unique 9-bit codes (90 keys x 4 
modes x 9 bits). Option selections include such popular 
functions as Internal Oscillator, Lockout/Rollover and an Any 
Key Down output. For further, more explicit device 
characteristics refer to the preceding pages. The internal 
oscillator is a self contained (on-chip) circuit option wh·ich 
eliminates the need for any external clock source. For applica­
tions necessitating an external clock source the internal 
oscillator input pins may be utilized to function in the slave mode 
of operation. Lockout or Rollover is selectable via an input pin, 
thus allowing the v/lrsatility required on various keyboard 
applications. The Any Key Down output performs the function of 
a gating signal by acknowledging both a key depression and 
release, making it a convenient signal for use in a repeat 
application. 

For ease of translation, each key is assigned an x-v coordinate 
and, in turn, each X-V coordinate has been identified with a 

specific yet simple binary coded output. Two formats are 
described: the first for application with a 64 key 4 mode keyboard 
and the second for a 90 key 4 mode keyboard. 
The 64 key 4 mode application as Illustrated In Fig. 8 utilized 
keyboard encoder addresses XO VO thru X6 V3. A unique 
combination of one Input (V) and one output (X) is assigned to 
each key, for a total coverage of 64 keys. 81nary coded outputs 
82-89 have been arranged to provide the necessary B-blt address 
inputs to the PROM/EPROM, with 82 and 83 representing the 
variable mode identification and 84-89 each specific key 
closure. 
When a key is depressed a path is completed between one X line 
and one V line thus addressing that specific X-V ROM coordinate 
In the A V-5-360o-PRO. The 8-bit binary code for that X-V location 
(ref. Truth Table page 14-15) is transferred into a one character 8-
bit output latch (82-89) thus providing the appropriate B-bit 
address to the 256 x 8 PROM/EPROM. 
expansion to a 90 key 4 mode operation (see Fig. 9) is Identical to 
the 64 key 4 mode except: the 90 key 4 mode version utilizes the 
full complement of addresses XO VO thru X8 V9 (90 keys). The 8-
bit binary code (82-89) previously produced to address the· 
256 x 8 PROM/EPROM is now expanded to a 9-blt binary code 
(81-89) for addressing to a 512 x 8 PROM/EPROM.li'lithexpan-. 
sion to a 90 key 4 mode application outputs 81-83nowserve as the 
variable mode identification. 
The interface to a PROM/EPROM enables the custom 
programming of the required output data in the PROM/EPROM 
to directly coincide to the specific address inputs from the AV-5-
3600-PRO. Any PROM whether It be bipolar, ultraviolet erasable 
or electrically alterable, may be employed to provide a wide 
variety of "off-the-shelf" keyboards. Once the keyboard 
assembly has gone beyond the.prototyplng stage, and assuming 
the quantity/cost permit, the PROM/EPROM data can be 
converted to the standard A V -5-3600 data format (ref. A V -5-3600 
Custom Coding Information sheet) and produced in production 
quantities. This eliminates the PROM/EPROM expense while 
assuring the absence of undefined coding changes. 

Summary of Important Features 

• Ability to deliver complete keyboard assemblies within days 
without sacrificing the features offered In the AV-5-3600 
Keyboard Encoder 

• Ability to buy off-the-shelf devices (distributor, etc.) 
• Ability to verify the specific pattern format using a PROM/ 

EPROM prior to a 'custom' encoder commitment 

3-29 



NORMAL 

X Y BI I B 

I • 
B3 B. B, B. B, . B. B. 

0 0 0 1 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 1 
0 2 0 I 0 0 0 0 0 b 0 
0 '3 0 0 0 0 0 0 I) 1 
0 4. 0 0 0 0 iI 0 0 0 

o 1 6, 3 0 0 .L-______ ~ ____ --~ 

- t 
6 OF B Bit 
ADDRESS 

MODE IDENT. ILLUSTRATED USING 
NORMAL MODE ONLY, FOR REMAINING 

MODES REFER TO TRUTH TABLE 

64 x 4 BLOCK DIAGRAM 

Fig •• 84 KEY 4 ~ODE KEYBOARD APPLICATION 

NORMAL" 
X Y BI B. B3 I B. B. B. B, B8 B,. 

0 0 0 
,I 

'0 0 1m! 4 BLO~K DIAgRAM 0 01 0 0 0 0 
0 

". 
0 0 0 

1 
0 0 0 0 0 1 

0 ;Z 0 II 0 0 0 0 0 0 
0 3 0 0 0 I 0 0 0 0 1 1. 
0 4 0 0 0 I 0 

, 
0 0 0 0 x. 

I 
1 
I 
1 
1 
1 

,I 
1 

8 9 0 0 I 0 0 0 

t 6 OF 9 Bit 
ADDRESS 

MODE IDENT. ILLUSTRATED USING 
NORMAL MODE ONLY, FOR REMAINING 

MODES REFER TOTRUTH TABLE 

Fig •• 10 KEY 4 MODE KEYBOARD APPLICATION 

01 

~ 
04 gg 
07 
08 

01 gz 
512x& ~ 

PROM/EPROM gs 
~ 
08 



A Y -S-3600-PRO 

OPTIONS 

• Device Marking: AY-5-360o-PRO • Any Key Output on Pin No.5. 
• Internal Oscillator on Pin Nos. 1, 2, 3 Any Key Output True (Logic 1) During Key Depression 
• Lockout/Rollover on Pin No.4 • Pulse Data Ready Signal 

Internal Resistor to Voil on Lockout/Rollover Pin 
• True Outputs Only 

• Plastic Package 
• Internal Resistor to V;;;;- on Shift/Control Pin 

XY NORMAL SHIFT CONTROL SHFT/CTR XY NORMAL SHIFT CONTROL SHFT/CTR 

0 000000000 001000000 010000000 011000000 45 000101101 001101101 010101101 011101101 
1 000000001 001000001 010000001 011000001 46 000101110 001101110 010101110 011101110 
2 000000010 001000010 010000010 011000010 47 000101111 001101111 010101111 011101111 
3 000000011 001000011 010000011 011000011 48 000110000 001110000 010110000 011110000 
4 000000100 001000100 010000100 011000100 49 000'10001 001110001 010110001 011110001 
5 000000101 001000101 010000101 011000101 50 000110010 001110010 010110010 011110010 
6 000000110 001000110 010000110 011000110 51 000110011 001110011 010110011 011110011 
7 000000111 001000111 010000111 011000111 52 000110100 001110100 010110100 011110100 
8 000001000 001001000 010001000 ,011001000 53 000110101 001110101 0101101'01 011110101 
9 000001001 001001001 010001001 011001001 54 000110110 001110110 010110110 011110110 

10 000001010 001001010 010001010 011001010 55 000110111 001110111 010110111 011110111 
11 000001011 001001011 010001011 011001011 56 000111000 001111000 010111000 011111000 
12 000001100 001001100 010001100 011001100 ' 57 000111001 001111001 010111001 011111001 
13 000001101 001001101 010001101 011001101 58 000111010 001111010 010111010 011111010 
14 000001110 001001110 010001110. 011001110 59 000111011 001111011 010111011 011111011 
15 000001111 001001111 010001111 011001111 60 000111100 001111100 010111100 011111100 
16 000010000 001010000 010010000 011010000 61 000111101 001111101 010111101 011111101 
17 000010001 001010001 010010001 011010001 62 000111110 001111110 010111110 011111110 
18 000010010 001010010 010010010 011010010 63 000111111 001111111 010111111 011111111 
19 000010011 001010011 010010011 011010011 64 100000000 101000000 '10000000 111000000 
20 000010100 001010100 010010100 011010100 65 100000001 101000001 110000001 111000001 
21 000010101 001010101 010010101 011010101 66 100000010 101000010 110000010 111000010 
22 000010110 001010110 010010110 011010110 67 100000011 101000011 110000011 111000011 
23 000010111 0010101 " 010010111 011010111 68 100000100 101000100 110000100 111000100 
24 000011000 001011000 010011000 011011000 69 100000101 101000101 110000101 111000101 
25 000011001 001011001 010011001 011011001 70 100000110 101000110 110000110 111000110 
26 000011010 001011010 010011010 011011010 71 100000111 101000111 110000111 111000111 
27 000011011 00101101,1 010011011 011011011 72 100001000 101001000 110001000 111001000 
28 000011100 001011100 010011100 011011100 73 100001001 101001001 110001001 111001001 
29 000011101 001011101 010011101 011011101 74 100001010 101001010 110001010 111001010 
30 000011110 001011110 010011110 011011110 75 100001011 101001011 110001011 111001011 
31 000011111 001011111 010011111 011011111 76 100001100 101001100 110001100 111001100 
32 000100000 001100000 010100000 011100000 77 100001101 101001101 110001101 111001101 
33 000100001 001100001 010100001 011100001 78 100001110 101001110 110001110 111001110 
34 000100010 001100010 010100010 011100010 79 100001111 101001111 110001111 11 1001 11 1 
35 000100011 001100011 010100011 011100011 80 100010000 101010000 110010000 111010000 
36 000100100 001100100 010100100 011100100 81 100010001 101010061 110010001 111010001 
37 000100101 001100101 010100101 011100101 82 100010010 101010010 110010010 111010010 
38 000100110 001100110 010100110 011100110 83 100010011 101010011 110010011 111010011 
39 000100111 001100111 010100111 011100111 84 100010100 101010100 110010100 111010100 
40 000101000 001101000 010101000 011101000 85 100010101 101010101 110010101 111010101 
41 000101001 001101001 010101001 011101001 86 100010110 101010110 110010110 111010110 
42 000101010 001101010 010101010 011101010 87 100010111 101010111 110010111 111010111 
43 000101011 001101011 010101011 011101011 88 100011000 101011000 110011000 111011000 
44 000101100 001101100 010101100 011101100 89 100011001 101011001 110011001 111011001 
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Capacitive Keyboard Encoder 

FEATURES 

• 128 key keyboard encoder: 112 fully decoded keys, 16 discrete 
function keys 

• 112 keys with 4 modes, 10 bit output 
• Key validation logic protects against bounce 
• N-key roll over or 2-key roll over 
• Internal ROM allows any keys to control SHIFT CTRL, 

SHIFT LOCK and ALPHA LOCK' 
• ~LPHA LOCK and SHIFT LOCK indicator lines 
• Any key down(AKD) strobe 
• Single +5 Volt power supply 
• Programmable coding of standard and special function keys 
• Zener diode protection on all 1/0 pins 
• Low power consumption, less than 2 milliwatts per key 
• Usabie with capacitive, magnetic, inductive. Hall effect or 

mechanical keyboard switches 
• Inputs and outputs TTL and CMOS compatible 
• Internal Oscillator 

DESCRIPTION 

The G.I. AY-3,-4592 is a unique dual pulse scanning encoder and 
keyboard controller for 112, keys in four modes, and 16 
programmable discrete function keys. ROM programming 
permits any keys to control the shift control and lock functions. 
The AY-3-4592 can be used with capacitive, inductive (magnetic) 
or switch closure type switches since it works on pulse detection. 

BLOCK DIAGRAM 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

GNO Vee (+5V) 

0' AKO 

02 MATIN 

03 Pc5R 
04 Clock 

0.18 
05 KPii Outputs 
06 SLI 

07 AU 

08 X6 

09 X7 

0'0 XS 
KBINH X,4 

LOIRO X'S Keyboard 
Keyboard {-VA X,3 Matrix 

Matrix -YC X,2 Outputs 
Inputs -Ys. x,, 

rxo 
X,O 

Key~~~~ -X1 X9 

Outputs -X2 X8 
-X3 X4 

The AY-3-4592 is fabricated with N-channel MOS technology on 
a single chip containing a 4592 bit ROM, a 128 bit shift register 
and an internal oscillator. 

D6 Dl0 X15 X1413 12 11 10 9 8 7 6 5 4 3 2 1 xo 

ALI 

SLI 

K81NH 

LOIRe 

AKD 
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POR 

I 
I 
I 
I 
I 
I L_ 

POR 

VALIDATION AND 
CONTROL LOGIC 

128 BIT 
SHIFT REGISTER 

COUNTER BUS 

CLOCK BUS 

----I 
I 

f----'I:---o y. 

OAIJERS I--I--OY, 

7 BIT 
COUNTER 

AND 
DRIVERS 

Y, 

I 
I 

.:- __________ E1_~v" 
KPD • t~ND 



PIN FUNCTIONS 

Pin No. 

1 
2-10 

11 
12 

13 

14-16 

17-27.30-32 

28.29 

33 

34 

35 

36 

37 

38 

39 

40 

Name 

Ground 
Data Out 
Data Out 

Key Inhibit 

lockout/rollover 

V-Address 

X Outputs 

X15.14 

Alpha lock 
Indicator 

Shift lock 
Indicator 
Key Pressed 

CLOCK 

Reset 

Matrix Input 

Any Key Down 
Strobe 

Power 

Symbol 

GND 
01-09 

010 
KBINH 

lO/RO 

AY·3-4592 

Function " 

Ground Pin '. 
Data Outputs. 01 through 09 
Data Output 010. See "AV-3-4592 options" for complete description 
logic "1" on KBINH will inhibitthe processing of Key closures and prevent new 
output codes. See "A'i'-3-4592 options" for other custom options 
High for 2 Key Rollover operation. low for N Key Rollover operation. This Input 
is a high Impedancll Schmitt trigger with thresholds of approximately % (low) 
and 'l4 (high) of Vee. This allows easy Interfacing with. very slow RC circuits 
for such functions as "repeat delay". lO/RO Is internally "anded" with 
AKD/STB; If either is low. N Key rollover ,is automatically selected. ' 

VA. VB. VC V Address lines select one of eight·V inputs through external multiplexer. 
Scan sequence Is V7 to VO ' 

Xo-X13. X5-X7 X output drivers for Matrix scanning. Scan sequence is X15 to XO. Each driller 
generates 8 pairs of pulses each scanning cycle. 

X15. X14 X15 is programmed as a "discrete output" key in the standard part. Optionally 
It may be programmed as a error flag or as a Matrix drive line. See "AV-3-4592 
options". Unlike Xo-X13. neither X14 nor X15have associated ROM output· 
codes. These lines are·used to enable separate discrete keys to be debounced 

ALI 

SLI 

KPD 

IJsing an addressable latch as Illustrated in figure 2. 
All will indicate If "op code" XX101 Is selected. (Sse operation codes). In 
the standard device there is no other function. If alpha lock Is selected as an 
option"op code XX10l will result in bit 6 being replaced by bit 9 when a key 
Is depressed. 
SLI will indicate if "Op code" XX011 is selected. (See "operation codes"). 'In; 
the standar,d device this op code will also select the shift lock function. 
KPD is used to shift the threshold of the external sense amplifier in order to 
provide hysteresis to improve noise immunity. In addition KPD may be 
inverted to provide the data Inputto the 8 bit latches for decoding X14 and X'15. 
When a key closure is detected KPD is generated causing tne 8 bit latch output 
to go high. See figure 2. 

ClK Resistor/capacitor tie point for the Internal oscillator. Nominal frequencies 
and scan times are shown below:' 

c= 15Op1 C = 22Op1 C = SOOpI 

R Fntq 5cantlme Fraq ~cantlm. Fntq SCIIn Um. 

5K 1.3 MHz 1.5 msec 1.2 MHz 1.7 msec .71 MHz 2.8 msec 

10K .8 MHz 2.3 msec ,8 MHz 2.7 msec .45 MHz 4.3 msec 

25K .4 MHz 4.8 msec .3 MHz 6.0 msec .20 MHz 10.0 mssc 

POR Reset clears all internal registers and flip flops. Suggested circuitfor power on 
reset is illustrated in Figure 1. 

MATIN Input from external multiplexer. Senses signal from X-V scan of depressed 
key. 

AKD AKD is low when no key is depressed. When a key is depresed AKD goes high. 
If while one key is held. a second key is depressed AKD will go low for 2 
clock cycles. 

V cc Power supply input; +5 Volts 
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OPERATION 

Keys are connected in a 16 x 8 matrix. Scanning of the matrix is 
performed by the encoder In conjunction with an external, 
multi plexer. The encoder prov'ides a3 bit bi nary add ress (VA, VB, 
YC) used to scan each of eight possible sense lines (Y·llnes). The 
drive lines (X-lines) are each pulsed low by the encoder. If a key is 
closed, the pulse is coupled from the drive to the sense lines, 
amplified and sent to the encoder. When used to encode ,reactivE! 
switches, a detection circuit is necessary between the output of 
the multiplexer and the MATIN Input to the encoder. In this 
manner, each matrix cross-point Iii interrogated in turn. Each 
matrix cross-point is gi~en a unique' binary code that is 
determined by the Internal scan counters. This code is used to 
address a ROM which generates the output codes (such as ASCII 
or other customer defined codes). The output of the ROM is 
entered Into an output holding register when the key is cleter­
mined to be' a valid k&y closure. Only the cross-points on XO 
through X13 can have output codes: X14 and X15 can be used for 
scanning discrete keys. 

An Internal oscillator controls the matrix scanning rate. The 
minimum scanning time Is 1.7 msec, lit a 1.2MHz clock. This-, 
allows a burst typing speed equivalent to over 250 words/min. 
When a key Is depressed; a matrix address from an X driver and Y 
Input line representing that key Is loaded Into a 7 bit latch. On the 
second keyboard scan, the matrix address and the stored address 
are compared. If the two addresses match, the ROM 10bitword at 
that address is loaded into the data holding register. This datare­
mains valid until the next key is depressed. The internal error flag 
is set, If this option was utilized, whenever there is a mismaich be-
tween 7 bit addresses. ' . 

Two negative pulses must be detected during the MAi'iiii timing 
window for the depression to be recognized. 

Keyboard Selection 

The AY-3-4592 keyboard encoder can b'e used with a wide variety , 
of available keyboards. An external multiplexing circuit and one 
external sense amplifier can be tailored to the user's specific 
requirements. As shown in Figure 1, ,the sense amplifier detects 
changes in voltage caused by variations in the switch impedance 
as a key is depressed and released. Given the key switch 
impedances for depressed and released states, the values of Rx 
and Rh can be chosen to guarantee switch closure detection and 
noise margins. 'Rx Is chosen to match the capacitor or reactor 
time constants. For example, given a variable' capacitance 
keyboard switch with C1 =' 100pf, and C2 = 10pffordepressed and 
released positions respectively, with a 1.5MHz oscillator and Rx = 
10 Kohm, a depressed key would make a 4.7 volt pulse while a 
raised key would produce a 2:6 volt pulse. The potentiometer 
would then be set for best noise immunity with minimum pulse 
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width, 90ns for all keys. The hysteresis resistor, Rh, is chosen.at 
roughly ten tirnes the value of Rx to provide increased noise im­
munity for detected key depressions. 

Operation Codes 

Depending on the internal programming of the AY-3-4592, keys 
may have one of three different functions. Keys on matrix lines XO 
through X13 have in addition to the output code bits a function 
flag bit ,(FFB). If the FFB is programmed as a zero, the key 
produces a data output when depressed. 

When FFB is a one, the key is a "function" key for which bits 1-5 
determine the function. These bits are referred to as the "op code" 
and are used to provide special functions such as shift, shift lock, 
alpha lock etc. Bits 6-10 are not used. 
Op codes may be programmed to provide data outputs as well as 
change the mode of operation. Data when outputted is not 
latc;~ed as are normal coded outputs. 
Bits 1c3 indicate what operation the key will perform; pertable 1. 

Bit 4 programmed as one indicates a "down-coded" key, for 
which the 10 data bits programmed In the shift mode level of ROM 
are outputted when the key Is depressed. 

Bit 5 programmed as one indicates an "up-coded" key for which 
'the 10 data bits programmed in the control mode level of ROM are 
outputted when the key is released. 

Neither bit 4 nor 5 will have any effeci on the operational control 
of bits 10-3. 

Table 1 
Op-Code Funcllon 

5 4 3 2 

X X '0 0 0 Function key (with up/down codes)* 

X X 0 0 1 Right Shift Key 

X X 0 0 Left Sh ift Key 

X j( 0 Shift Lock Key or Discrete Key 
(output SLI) 

X X 0 0 Control Key 

X X ·1 0 Alpha Lock Key or Discrete Key 
(output ALI) 

X 0; .0 : Error Reset Key or discrete key 
(output X15) 

X X Discrete Key (output 010) 

*If the op-code is 00000 the key has no internal function but KPi5 
will go low when it is processed. 



OPTIONS 

Pin or Funcllon 

X15 

Error Flag 

Alpha Lock 

Shift Lock 

KBINH 

010 

Key Type 

AY-3-4592 

Option 

X15 may be programmed as 

1) an X-output to provide a second set of 8 discrete lines 
2) a "discrete output" which indicates when a function key with op code XX110 Is depressed 

3) an Error Flag Indicator (EFI). See "Error Flag" 

In the AY-3-4592 STO X15 is a discrete output 

When this option is selected, the AY-3-4592 has the capability of detecting multiple key depressions during 
the same scan cycle. When selected, the error flag may be programmed to generate KBINH and or appear at 
the X15 output. The error flag may be reset by three methods. lithe "automatic reset" is selectedlthe flag will 
be reset when the error causing Key is released. 

Op-code XX110 may be programmed on a function key to reset the error flag. 

If pin 12 is programmed for KBINH error flag will be reset by pulsing pin 12 high. The reset will occur on the 
negative edge of the KBINH signal; the pulse must be at least 16 clock cycles. 

In the AY-3-4592 STO, error flag causes KBINH and is automatically reset. 

When programmed for Alpha lock, the function key with op-code XX101 will cause the bit 6 output to be 
replaced by bit 9. Bit 9 is not altered. Alpha lock is normally used to force printing of upper case characters 
irrespective of the shift function. Op Code XX101 will also cause an output on ALI (pin 33). 

When Alpha lock is not programmed, op code XX101 will simply result in an output on ALI (pin 33). 

Op code XX101 may be programmed for momentary action, or latched push-on, push-off alternating action. 
ALI may be programmed for normally low or high output. 

Op code XX101 is momentary action. ALI is normally low. 

The AY-3-4592 STO is not programmed for Alpha lock, although there will be an output on ALI. 

When programmed for shift lock, the function key with op-code XX011 will cause normal electronic shift 
action. Op code XX011 will also cause an output on SLI (pin 34). 

If shift lock is not programmed, op code XX011 will simply cause an output on SLI. SLI may be programmed 
for normally low or high output. 

The AY-3-4592 STO is programmed for shift lock operation with SLI normally low. 

KBINH, Keyboard Inhibit, may be programmed to be caused by Pin 12 high, by the error flag, or both. In 
addition, function keys with up or down codes may be programmed, as.a group, to be inhibited by KBINH. 
This is the "KCI Out" option. 

When pin 12 is programmed to cause KBINH, a "high" input on pin 12 will inhibit processing of common keys. 

If a key is depressed while the KBINH signal is present, output and output strobe will be generated when 
KBINH is released. 

The AY-3-4592 STO has KBINH actuated by pin 12 high, and by the error flag. The "KClln" option is used, 
that is, the function key operation is independent of KBINH. 

010, pin 11, may be programmed as the output for the memory bit 10 or as a "discrete" output. As a discrete 
output pin 10 is switched from its normal state (programmable as high or low) by the function key with op­
code XX111. 

The AY-3-4592 STO is programmed for 010 as a discrete key, normally low. 

Keys may be either normally open or normally closed. The AY-3-4592 STO is designed for normally 
open keys. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee .................................. -0.3 Volts to +7.0 Volts 
Maximum voltage with respect to Vee •••..•..•....• +0.3 Volts 
Storage Temperature •.•..•....•.••..•..••.. 6SoC to +1S0°C 
Operating Temperature ........................... 0 to70°C 

Standard Conditions (unless otherwise noted) 

Vee ~ S.OV ±S% 
T A = 0° to 70° C 

Characteristic Symbol Min. Typ."" 

Data Output "1" Voltage VOH 3.S -
Data Output "0" Voltage VOL - -
All Inputs "1" Voltage VIH 2.2 -
All Inputs "0" Voltage VIL - -
All Inputs Leakage IIH - -
X Output "1" Voltage XOH 3.S -
X Output "0" Voltage XOL - -
AKd Outpul Voltage VA - -
MATIN Input Voltage Vx - -
paR, 2KRO high threshold VSH - 1.3 
paR, 2KRO low threshold VSL - 3.7 

Power Supply Current Icc - 3S 

Clock Frequency tfJ 200 -
Matrix Delay t, - -
Input pulse width t2 90 -
X Output pulse width tx 1.7 -
X Output fall time tXF - -
X Output rise time tXR1 - -
X Output rise time tXR2 - -
X Output rise time tXR3 - -
KPD-X Output set time r KX SOO -
X Output-KPD hold time tXK 100 -
Data out to AKD time tOA 1.7 -

""Typical values are at +2So C and nominal voltages. 
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Max. 

-
O.S 
-

0.8 
10 
-

O.S 
0.6 
0.4 
-
-

60 

1200 
2S0 
-
-

1S0 
1S0 
SOO 
1S00 

-
-
-

Unit 

V 
V 
V 
V 

/lA 
V 
V 
V 
V 
V 
V 

rnA 

kHz 
ns 
ns 

ps 
ns 
ns 
ns 
ns 

ns 
ns 

ps 

"Exceeding these ranges could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Condition 

10H~ SOpA, 2SpF 
10L = 1.6mA 
except paR, 2KRO 
except paR, 2KRO 
Vin = SV 
10H ~ SO/lA, 100pF 
10L = 1.6mA 
10L = 3.2mA 

Schmitt trigger 
Schmitt trigger 

Vee =S.3V 

VOH = 4.3V, VOL = O.4V 
VOH = 2.4V, VOL = O.4V 
VOH = 3.SV, VOL = O.4V 
VOH = 4.3V, VOL = O.4V 
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TIMING DIAGRAMS 

CLOCK 

x, 

MAriN _---=-==-"-------, .,lR-.-, -~v. ----. 
KEY PROCESSED UP ~ ~ ~l- .--

I KEY PROCESSED DOWN I 
.---______ :::..OT"1HER KEY STILL DOWN 

f-'=J ~ 
D~~~ =================================~~ _______ ---'X=== 

~ 

! Val 

,~ 
VOH 

Val 

v, 

Discrete Function Key 

I Y2 I Y1 I YO 

~""'--UlJ'---U1J---

KPD 
OUTPUT FROM ENCODER FOR 
XU -Y2 KEY DEPRESSED 

CLATCH OUTPUT IF X,.-Y 2 RELEASED 

FLATCH OUTPUT IF X,.-Y, DEPRESSED 
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CODE CHART I AY-3-4592·STD 

IXY ·····NORMAL •• ;. •• ······SHIFT •••••• ····CONTROL····· ··SHIFT/CONTROL·· 
HEX BINARY HEX IINART ~EX BlHARy HEX eINAR' 

000 I 00 1 0000000001 Righi ShIll 1F"f 1111111111 lrr IIlil11111 IFF 1111111111 
001 I 002 0000000010 Left Shill IFF 1111111:11 IFF 1I111111l1 3FF 11111111&1 
002 I 003 O~DOOoooll Shill Lock IFF 1111111111 I'F 1111111111 IFF 1111111111 
003 I 00' OOOOO~OIOO Control 3FF 1111111111 ]'F il11I111l1 3F' 1111111111 
00' I 005 0000000101 ALI IFF 111i1l1111 3FF 1111111111 IFF 1111111111 

~ 
ff 

m 
OOS I 006 OOOOOO~IIO XIS Jrf 1111111111 3ff 1111111111 3FF 11111111&1 
006 I 007 OOOOOOOIIl 010 lrf 1111111111 3FF 1111111111 3r. 1111111111 
007 0 OCE 0011001110 1 ODE 0011011110 I OCE 0011001110 I OOE 0011011110 I 
010 0 IE' 0111100100 ESC IE' 0111100100 E5C IE' 0111100100 ESC IE4 0111100100 ES 
011 0 OCO 0011001101 2 lB' 011011111' @ OCO 0011001\01 2 IF. 0111111111 NUL 
012 0 oco 0011001101 2 000 0011011101 OCO 0011001101 2 ODD 0011011101 
011 0 188 01100nooo w IA8 0110101000 W IE8 0111101000 ETB lEa 0111101000 ETB 
01. 0 liE 0110001110 9 tAE oll'"HlI~ Q 1££ 0111101 \10 DCl lEE 0111101110 DCI 
OIS 0 18C 0110001100 5 lAC 011010110" 5 IEC 0111101100 DC3 IEC 0111101100 ~ 
016 0 UE 0110011 110 • 18£ 0110111110 A IFE 0111111110 SOH I'E 0111111110 SOH 
017 0 185 0110000101 Z lA5 0110100101 Z 1£5 0111100101 5UB IE5 0111100101 SUB 
020 0 17F 0101111111 NUL 11F 01011111 11 NUL I1F 0101111111 NUL 17F 0101111111 NUL 
021 0 OCB 0011001011 4 ooB 0011011011 $ oca 0011001011 4 OOB 0011011011 $ 
022 0 OcC 0011001100 3 OOC 0011011100 • OCC 00110011 00 3 OOC 0011011100 • 023 0 180 0110001101 UO 0110101101 R 1[0 0111101101 DC2 1[0 0111101101 DC2 
02e 0 19- 0110011010 I8A 0110111010 E tr_ 0111111010 ENQ IFA 0111111010 ENQ 
025 0 198 ul1U011011 IBB 0110111011 0 IfS 0111111011 EOT IFs 0111111011 EOT 
026 0 187 0110000111 !A7 0110100111 X 1[7 0111100111 ETB lE7 0111100111 ETB 
027 0 19C 0110011100 c ISC 0110111100 c 1FC 0111111100 ETX IFC 0111111100 ETX 
030 0 11[ 01011 11110 50H 11E 0101111110 50H 17E 0101111 IIU 50H 17E Olall II 110 SOH 
031 0 110 0101111101 STX 110 010111IIUI 5T)( 170 0101111101 5T)( 170 0101111101 5T)( 
032 0 DC_ 0011001010 5 OOA 0011011010 '110 OCA 0011001010 5 OOA 0011011010 '110 
OU ° 18S 0110001011 lAB 0110101011 T IE8 0111101011 DC4 lEa 0111101011 DC4 
034 0 199 0110011001 IB9 0110111001 F Iro 0111111001 ACK I'. 0111111001 ACK 
0)5 0 196 0110011000 9 IB8 0110111000 G IFa 0111111000 BEL I'S 0111111000 BEL 
030 0 180 0110001001 y IA9 0110101001 V IE' 0111101001 5YN IE. 0111101001 8YN 
037 0 190 "'110011101 b IBD 0110111101 B IFO 0111111101 ST)( 1'0 0111111101 STX 
0.0 0 I1C 0101111100 ETX 11C 0101111100 ETX 17C 0101111100 ETX 17e 0101111100 ETX 
041 0 Oe8 co II 00 I 000 7 009 0011011001 ~ OC8 0011001000 7 009 0011011001 ( 
042 Q OC9 0011 001001 8 009 0011011 001 t 'OC9 0011001001 6 00. 0011011001 t 
043 0 186 0110000110 1A6 0110100110 Y 1[6 0111100110 EM IE6 0111100110 EM 
ou 0 191 UIIOOIOIII IB1 0110110111 H Ir7 0111110111 B5 IF1 0111110111 BS 
045 0 191 0110010001 n IBI 0110110001 N In 0111110001 50 IFI 0111110001 eo 
040 0 OC9 0011001001 8 OC3 001100UOII' < UC. 0011001001 6 OC] 0011000011 < 
047 0 OOr 0011011111 5P OOF 0011011111 5P 00' 0011011111 SP 00. 0011011111 5P 
050 0 I1B 0'101111011 EOT 17B 0101111011 EOT 17B 0101111011 EOT 1711" 0101111011 EOT 
051 0 OC1 0011000111 6 005 0011010101 • OC1 OOIlUOOIII 8 005 0011010101 • 
052 II OC8 0011001000 7 008 0011011000 OC8 0011001000 7 oOa 0011011000 
053 a Ia' 0110001010 I .. 0110101010 u lE_ 0111101010 NAK lEA 0111101010 NAK 
05' 0 195 0110010101 las 0110110101 J lfS 0111110101 ENQ 1'5 0111110101 ENQ 
OS~ 0 19< 0110010100 la~ OIlOIlOIOU K If. 01111111100 VT I'. 0111110100 VT 
056 0 1.2 1111«1010010 m 182 0110110010 M l' 2 Ollll1U010 CR If2 0111110010 CR 
051 0 001 0011010011 Oe3 0011000011 < ODl 0011010011 OC3 0011000011 < 
060 0 17A 0101111010 ENQ I1A 0101111010 ENQ lH 0101111010 ENQ 17A 0101111010 ENQ 
061 0 OC6 0011000110 9 007 0011010111 I OC6 0011000110 9 007 0011010111 ( 
062 0 OC7 0011000111 8 007 0011010111 OC7 001100lUII 8 007 0011010111 ( 
063 0 1.6 0110010110 I 186 OIlOtlOIlO I 1F6 0111110110 HT If6 0111110110 HT 
06" 190 0110010000 0 IBO Ql10110000 0 1F0 0111110000 51 IFO 0111110000 51 
Oos 0 I •• UIIOOIOIOO K IH 0110100100 [ I" 0111110100 VT 1£4 0111100100 ESC 
066 0 191 OIlUOI~ol1 I 183 0110110011 L In 0111110011 FF IF) 0111110011 FF 
067 0 192 011001001~ m 142 0110100010 ) IF2 0111110010 CR 1£2 0111100010 G5 
070 0 179 0101111001 ACK 179 0101111001 ACK 119 0101111001 ACK 119 0101111001 ACK 
071 0 OCF 0011001111 • OD6 0011010110 ) OC' 0011001111 • 006 0011010110 ) 
072 0 OC6 0011000110 9 006 0011010110 ) OC6 uOII000110 9 006 0011010110 ) 
013 0 "8 0101111-uOO BEL 178 01011110110 BEL 118 0101111000 BEL 17a 0101111000 BEL 
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CODE CHART I AY-3-4592·STD 

KIT r ·····NORItA1. ••••• •••••• SHIFT •••••• ·.·.·CONTROL· •• • --SHIFT/CONTROL·· 
I HEX BI"ART HEX BINARY HEX BINARY "EX BI"A_' 

07. a ISf 0110001111 P IAf ryllOIOIiU P IEf 0111101111 OLE IEr 0111101111 OLE 075 0 DC. 0011000100 ocs OOllooOrOI : OC. 0011000100 ocs 0011000101 
076 0 193 0110010011 L' 1.3 0110100011 , If) 0111110011 FF IE] 0111100011 FS 077 0 001 01)11010001 DC I DOllooaOOI > 001 0011010001 oCI 0011000001 > DaO 0 002 0011010010 - lAO 0110100000 - 002 0011010010 - 1'0 0110100000 -
081 0 191 0110010001 n IAI t)11fJl00001 - If! 0111110001 SI lEI 0111100001 RS 
082 0 18r 0110001 III p lef 011')1 11111 @ IEf 0111101111 OLE Iff 0111111111 NUL 
0&] 0 Uq 0110100100 I IA2 0110100010 J IC' 11111100100 ESC IE2 0111100010 G5 
08. 0 008 0011011000 ODD 0011011101 .. 008 0011011000 000 0011011101 0&5 0 OCq 0011000100 00. 00 II 0 I 0 I 00 + oc. 0011000100 00. 0011010100 + 0&6 0 000 0011010000 I OCO 001100JOOU 1 000 0011010000 I OCO 00 II 000000 1 
087 0 117 0101]10111 BS 117 0101110111 BS 171 0101110111 BS 177 0101110111 BS 
090 0 OC2 0011000010 = 004 0011010100 + OC2 0011000010 = 000 0011010100 + 
091 0 OCS 0011000101 OOS 01111010101 * OC5 0011000101 005 0011010101 * 092 0 116 0101110110 HT 116 0101110110 HT 176 0101110110 HT 17 6 0101110110 HT 
093 0 1.3 0110100011 , 083 00 I 00000 II ! 1[3 0111100011 FS IE3 0111100011 FS 
09. 0 115 0101110101 LF 175 0101110101 LF 175 0101110101 LF 175 0 101110101 LF 
095 0 I •• 0110100100 I 064 0010000100 I IE_ 0111100100 ESC IE. 0111100100 ESC 
096 0 If2 01111\0010 CR If2 0111110010 CR In 0111110010 CR If2 01\1 \10010 CR 
097 0 I A2 011IJI00ul0 I 062 0010000010 } 1[2 0111100010 GS IE2 01\1100010 GS 
100 0 080 Of}10000000 DEL 080 00100UOl)00 DEL 080 0010000000 DEL 060 0010000000 DEL 
101 0 114 0101110100 VT 174 0101.1101-,)0 VT 17. 0101110100 VT 17 • 0101110100 VT 
102 0 002 0011010010 - I~O 01,0100000 - lEO 0111100000 US lEO 0111100000 US 
103 0 \73 010\110011 FS 113 0101110011 FS 173 0101110011 FS 113 0101 \100 II FS 
10' 0 If5 01l111CllOl LF Irs 0111110101 LF IfS 0111110101 LF Ir5 0111110101 LF 
105 0 18F 01101 t 1 111 @ IA3 0110100011 , IFf 0111111111 NUL IfF 0111111111 NUL 
106 0 IAI iHIOloonOl - 081 0010000001 "- lEI 0111100001 RS 1[1 0111100001 RS 
101 0 lAO 0110100000 oc2 0011\10U010 = lAO 011 0 1 00000 OC2 0011000010 = 
110 0 112 0101110010 CR 172 0101110010 CR 172 ~11)1110010 CR 172 0101110010 CR 
III 0 1F6 all !.l10110 HT lr. 0111 ilOilo HT IF 6 0111110110 HT If. 0111110110 HT 
112 0 002 0011010010 - OC2 0011000010 = 002 C011\)10010 - OC2 0011000010 = 
113 0 171 0101110001 SO ITI 0101110001 SO 171 0101110001 SO 171 0101110001 SO 
110 0 190 0110010000 0 lAO 1)1101000;)0 - Iro 0111110000 SI lEO 0111100000 US 
115 0 lA- o II 0 I 00 I 00 I 142 nl1C'llO<JOlO J I .. 0110100100 I IA2 0110100010 J 116 0 1fT 0111110111 BS IF7 011111 0 111 BS I F7 {ll1tllOl11 BS 1fT 0111110111 BS 
111 0 160 010110UOOO US 160 Ot01100001l US 160 0101100000 US 16 0 0101100000 US 
120 0 170 011)11100UO SI UO OlOlllt)OJO SI 110 0131110000 SI 1 70 0101110000 SI 
121 0 OC6 0011001000 7 OC8 ~t)1! 01)1000 7 oce 0011001000 7 OC& 0011001000 7 
122 0 IFq 0111110100 VT If' Qlll11\JllJ~ VT IF. OIIlIlOIOJ VT If" 0111110100 VT 
123 0 16r 010111)1111 OLE 16r 1101101111 OLE ~ 16f 0101101111 ' OLE 16r 0101101111 OLE 
12_ 0 OC6 l1011001011 4 OC9 0011 00 1 a 11 4 OCB 0011001011 4 OCB 0011001011 4 
125 0 003 0011010011 

i 003 nU 11 0 1 Jo 11 
i 006 nOll0l00ll 

i 
003 0011010011 i 126 0 OCE ()OllOO1110 OCE \)01! oJOI \ 1 () OCE 00 II 00 111 0 OCE 0011001110 121 0 ocr 001 1001111 ~ OCf OOlll:0111l g ocr 0011001111 ~ OCf 0011001111 0 

130 0 16E 0101101/10 DCl 16E OIJIIOIIIO OCl 16[ 0101101 I 10 DCl 16E 0101101110 DCl 
131 0 oc. 0011000110 9 OC6 QUl10QUllu 9 OC6 0011000110 9 oC6 0011000110 9 
132 0 oct \)OllOao III 8 OC1 r)01100J111 8 OC7 OOIlOOJIII 8 OC 1 0011 000 111 8 
133 0 (leA DOIIO:llOlO 5 aCA n) 11 (.10 Ilj III 5 aCA 0011001010 5 OC. 0011001010 5 
13' 0 QC9 00110)11)01 6 oC' oullUO~uO~ 6 OC9 11011001001 6 OC. 00 II 00 I 00 1 6 
1]5 0 oeo 0'1110011 v 1 2 OCD 001 IO,ll ~ul 2 OCD 0011001101 2 OCO 0011001101 2 
136 0 OCC 'h1110111t:lO 3 OCC 0011JOl J:)o 3 OCC 0011001100 3 OCC 0011001100 3 
137 0 001 001 ! 0 1 000 1 001 ou1l')1<')001 001 0011010001 001 0011010001 
OPTIONS ARE: Error Flag - Programmed 

X15 - Discrete output, normally low 
KBINH - Set by high on pin 12 or error flag. Function keys not inhibited by KBINH 

NOTE: Bit 9 - Programmed to allow alpha lock implementation using external logic Error Flag - Reset by releaSing error-causing key 
Bit 8 - Programmed low for "mono mode" keys, for which the output is the same in- all modes. Shift Lock - Operational. SLI normally low 

Alpha Lock - Inhibited. ALI normally low. set by OP code XX101 Bits 1-7 - "Inverted" ASCn data bits 
Dl0 - Discrete output, normally low 
Key Type - Normally open 

~ 
~ 

~ 



AY-3-4592 

8 PLACES 10K 

50pF 
r- +V 

.A A _ +5V 

0.1/iF 
() 

220 pF 

I ~ 100n rl l~ -- 40 36 - -- -
17 

RC 
2 

Xo Dl -_ ..... , 
18 

D2 
3 ... 

X, , 
19 4 

D3 --" X2 , 
20 

D4 
5 

--" X3 , 
21 6 

Ds _ ..... 
X4 

30 
D6 Xs 

.7 
--" , 

32 8 
D7 .... X6 

31 9 
~ X7 Do ",. 

22 
D9 10 ... 

Xo , 
23 

D'0 
11 _ ..... X9 , 

24 
X 10 A Y -3-4592 

25 28 _ ..... X11 , X,s 

26 
X'2 ~ STB/AKD 

27 34 --" SLI X'3 , 
28 33 ... 

ALI X'4 , 
29 

X,s 37 
100K - +V POR J.. .. 

13 14 15 12 1 5 2 4 

1 2 3 4 5 6 7 0 
-r 0.1/iF 

A ~ VA LO/RO 
13 

CD4051 10 15 KBINH 
12 

B VB 

MUX 9 16 Vc GND 1 
C 

KPD MATiN .b 
+V 

3 35 38 -
C;> 

+V RH 
Q ,AA ..... 

R, 

1K ~ 
+V 

X DRIVER 

L....-..; ,~ 
+ CA 6 TVPICAL 

> -q; ~'TC" 10K 
LOCATIO: ? 2 4 

1K 

I J\IV\r -
V SENSE LINE 

Fig. 1 SAMPLE KEYBOARD DESIGN ROM CODED KEYS 
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8 LATCHED 
DISCRETE 
FUNCTION 

LINES 

8 MUX SENSE LINES 

~----~~~------~ 
/ " 

13 14 15 12 1 

AY-3-4592 

28 X,. 

29 X,. 

AY-3-4592 
38 o 123 456 7 ~3~ ________ ~~ 

MATIN 

11 14 
VA 

15 CD4051 MUX t-:-1 ;;,..O _+---+-~~ VB 

141 

~ 
E 

0 

~1 
~ 2 

~ 3 

~ 4 

~ 5 

~ 6 

~ 7 

~ -

9 

3 2 1 

A2 A, Ao D 
13 

9334 
8-BIT +V 

LATCH ) 

_15 
C~ 

Vee ~ 

3 2 1 

A, A, Ao D 13 

9334 
8-BIT +v 

LATCH ( 

C~ 
16 

Vee -

16 
Ve 

\7D 
KPD 

NOTE: X,. OPTIONAL, MAY ALSO BE 
USED FOR ERROR CONTROL. 

Fig, 2 SAMPLE KEYBOARD DESIGN DISCRETE FUNCTION KEYS 
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GENERAL 
INSTRUMENT I 

Character Generator 
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RO-.3-2513 

Character Generator 

FEATURES 

• 64 x 8 x 5 Organization-ideal for systems requiring a row 
scan 5 x 7 dot matrix character generator 

• Single +5 Volt Supply 
• TTL Compatible - all inputs and outputs 
• Static Operation - no clocks required 
• 450ns Maximum Access Time 
• 175mW Maximum Power 
• Three-State Outputs - under the control of an 'Output 

Inhibit' input to simplify memory expansion 
• Standard ASCII (RO-3-2513/CGR-001) or Totally Automated 

Custom Programming Available 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-2513 is a 2560 bit static Read-Only 
Memory organized as 512 .five bit words and is ideally suited for 
use as a Character Generator. Fabricated In General Instrument's 
advanced GIANT II N-channel lon-Implant process to enable 
operation from a single +5 Volt power supply, the RO-3-2513 can 
store, for high speed raster scan CRT displays, a full 64 charac­
ters in a standard 5 x 7 dot matrix format. 

The RO-3-2513 is available pre-programmed with ASCII encoded 
5 x 7 characters (General Instrument's part no. RO-3-2513/CGR-
001) a direct replacement in pin connection, operation, and char­
acter font for the Signetics 2513/CM2140. The RO-3-2513 is also 
available preprogrammed with lower case ASCII encoded 5 x 7 
characters (General Instrument's part no. RO-3-2513/CGR-005), 
a direct replacement for the Signetics 2513/CM3021. 

BLOCK DIAGRAM 

{
AI 

ROW 
ADDRESS A2 

A3 

Vee 

A5 

CHARACTER A6 
ADDRESS A7 lA4 ADDRESS 

INPUT 
BUFFERS 

ADDRESS 
DECODE 

3-44 

AB 

A9 

PIN CONFIGURATION 

24 LEAD DUAL IN LINE 

Top View 

N.C. 
N.C. 
N.C. 

01 

02 

03 

04 

05 

N.C. 
GND 

OUTINH 
N.C. 

vcc(+SVj 
N.C. 

A9 
AS 

A7 
A6 

AS 

A4 
A3 
A2 

A separate publication, "RO-3-2513 Custom Coding Informa­
tion," available from General Instrument's Sales Offices, des­
cribes the punched card and truth table format for custom 
programming of the RO-3-2513 memory. 

GND 

MEMORY 
MATRIX 
512 X 5 

OUTPUT 
BUFFERS 

OUTPUT 
INHIBIT 

01 
02 
03 
04 
05 



RO-3-2513 

ELECTRICAL CHARACTERISTICS 

MaxImum Ratings· 

Vee and input voltages (with respect to GND) . . -0.3V to +8.0V 
Storage Temperature . . . . . . . . . . . . -65° C to +150°C 
Operating Temperature (TA) ........... O°C to +70°C 

·Exceeding these ratings could cause perma­
nent damage to this device. Functional oper­
ation at these conditions is not implied­
operating conditions are specified beloW. 

Standard CondItions (unless otherwise noted) 

Vee = +5 Volts ±5% 
Operating Temperature (T A) = 0° C to +70° C 
Output Loading: One TTL load, CL TOTAL = 50pF. 

Characteristic Sym 

DC CHARACTERISTICS 

Address, Oulpullnhlblt Inpuls 
Logic "1" VIH 
Logic "0" VIL 
Leakage ILl 
Dala Oulputs 
Logic "1" VOlI 

Logic "0" VOL 
Leakage ILO 

Power Supply Currenl 
Ice -

AC CHARACTERISTICS 
Inpuls 
Cycle Time Ie 
Capacitance CI 
DataOulputs 
Access Time tAce 

Inhibit Response Time tR 
Capacitance Co 

"TYPical values are at +25°C and nominal voltages. 

TIMING DIAGRAMS 

Min Typ" Max Units 

2.2 - - V 
- - 0.65 V 
- - 10 J.tA 

2.2 - - V 
- - 0.45 V 
- - 10 J.tA 

- 25 33 mA 

400 - - ns 
- 5 8 pF 

75 250 450 ns 
- 150 200 ns 
- 8 10 pF 

A?~~5~~ ~l"",,-:.~~~~~~~_tc __ --_ -_ -_ -_-~---I '--___ .. : .. ~:~ 
~ tOcc.-----i)t' 

DATA ". 2.0 
OUTPUTS _______________ . .. .• 65 

A. ACCESS TIME (ADDRESS TO OUTPUT-OUTPUT INHIBIT AT LOGIC '0') 

OUTPUT 
INHIBIT 

DATA OUTPUTS 
OUTPUTS -HiGH' iMPEDANCE 

B. INHIBIT RESPONSE TIME (ADDRESS INPUTS STABLE) 

Conditions 

10H = 100J.tA 
10L= 1.6mA 

Outputs open 

f = 1MHz 

f= 1MHz 
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RO-3-2S13 

RO-3-2S13-001 STANDARD PATTERN CHARACTER FORMAT (Upper Case ASCII) 

The RO-3-2513ICGR-001 is a pre-programmed version of the R0-3-2513 series with ASCII encoding and the character font shown 
below. A logic "1" represents an input or output voltage nominally equal to Vcc (+5V) and a logic "0" represents a voltage nominally 
equal to GND (OV). 

An example demonstrating the correspondence of device outputs and addressing sequence to the 5 x 7 dot matrix font is shown 
below: 

RO"'3-2513/CGR-Q01 
Address Bit 

ASCII Bit 

ASCII upper case "S" 
Character 

RO-3-2513/CGR-OOI 
CHARACTER A9 0 
ADDRESS AS 0 

As A5 A4 A7 0 

0 0 0 I 
0 0 I I 
0 I 0 I 
0 I I I 
I 0 0 I 
I 0 I I 
I I 0 I 
I I I I 

3-46 

CHARACTER 
ADDRESS 

A9 A8 

6 5 

0 1 

0 
0 

I 

I 
I 
I 
I 
I 
I 
I 
II 

A7 A6 

4 3 

0 0 

0 
I 

0 

I 
I 
I 
I 
I 
I 
I 
II 

A5 A4 

2 1 

1 1 

0 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
0 

0 

I 
I 
I 
I 
I 
I 
Ii 
I 

ROW 
ADDRESS 

A3 Az AI 

000 

001 

010 

o 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

I 
0 

I 

I 
I 
I 
I 
I 
I 
I 
I 

OUTPUTS 

0 0 o 0 0 

0 1 1 1 0 

1 0 o 0 1 

1 o 0 o 0 

0 1 1 1 0 

0 o 0 0 1 

1 0 0 0 1 

0 1 1 1 0 

I I 
I I 

0 I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 



RO-3-2513 

RO-3-2513-005 STANDARD PATTERN CHARACTER FORMAT (Lower Case ASCII) 

The RO-3-2513/CGR-005 is a pre-programmed version olthe RO-3-2513 series with ASCII encoding and the character font shown 
below. A logic "1" represents an Input or output voltage nominally equal to Vcc (+5V) and a logic "0" represents a voltage nominally 
equal to GND (OV). 

An example demonstrating the correspondence of device outputs and addressing sequence to the 5 x 7 dot matrix font is shown 
below: 

RO-3-2513/CGR-005 
Address Bit 

ASCII Bit 

ASCII lower case's' 
Character 

RO-3-2513ICGR-005 
CHARACTER Ag 
ADDRESS As 

A6 A5 A4 A7 

0 0 0 

0 0 I 

0 I 0 

0 I I 

I 0 0 

I 0 I 

I I 0 

I I I 

CHARACTER 
ADDRESS 

A9 AS A7 

6 5 4 

1 1 0 

0 0 
0 0 

0 I 

I I 
I I 
I I 
I I 
I I 
I a 
~ I 
~ I 

A6 A5 

3 2 

0 1 

0 
I 

0 

I 
I 
I 
I 
[I 
~ 

.. 

~ 
., kl 

A4. 

1 

1 

0 
I 

I 

I 
I 
I 
I 
I 
I 
~ ... 

... 

~ 

ROW 
ADDRESS 

A3 A2 A1 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

I 
0 

0 

I 
I 
I 
I 
I 
.... i 
I] 
g 

OUTPUTS 

05 04 03 02 01 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 1 1 1 1 

1 0 0 0 0 

0 1 1 1 0 

0 0 0 0 1 

1 1 1 1 0 

I I I 
0 I I 

I 0 I 

I I I 
I It I 
I I I 
I I I 
I I I 
I I I 
I I I a m .- I 
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RO-3-2S13 

TYPICAL CHARACTERISTIC CURVES 

350 

300 

~ 
c 

u 250 
u 

1-" 

200 

150 

24 

18 

~ 
5 12 

..J 
.... 0 

6 

0 

" 

, 
, , 
I 

o 

Vee "+5V 

/ 

V 
V , 

, , 
, 
, , 
, 

20 40 60 
TEMPERATURE (OC) 

I 
J-, , 
, 
, 
I 

, 
, 
, , 
I 

80 

ACCESS TIME VB. TEMPERATURE 

TA = +25°C 
- Vee "+5V -I-,-

V 

/ 

/ 

I: 
, 

o 2 4 
VOL (VOLTS) 

OUTPUT SINK CURRENT VB. OUTPUT VOLTAGE 

~ 
c 

350 

300 

-:, 250 
u 

1-'" 

200 

150 

I 

I , 
, 

1.5 

TA " +25°C 
Vee" +5V f-,- V-

V 
/ 

/ 
;" 
/, -- , , 

I , , 
, 

1.7 1.9 2.1 2.3 
VOH (VOLTS) 

ACCESS TIME VB. OUTPUT VOLTAGE 

TA "+25°C 
24 

\ vee" +5V I-

~ 
\ 

18 

\ 

"'-i'-6 

o i"- t....... 
, 

o I 2 3 4 

VOH (VOLTS) 

OUTPUT SOURCE CURRENT VS. OUTPUT VOLTAGE 
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ER0082 PRELIMINARY INFORMATION 

82 Bit Electrically Alterable Read Only Memory 
FEATURES 

• 82 x 1 bit organization 
• Addressing by two 4-bit BCD·digits 
• +5, -30V power supplies 
• Set inputs have debounce circuits 
• Bit erasable 
• 100/1sec Read Access Time 
• Minimum Data Retention, 7 years unpowered, 2 years 

powered 
• P-Channel output transistor, open drain, pull down resistor 
• Control, Address and Data Inputs TTL or CMOS compatible 
• Ideally suited for T.V. receiver channel selection 

DESCRIPTION 

The ER0082 is a 82 x 1 bit electrically alterable read only memory. 
This device can be used as part of a television receiver tuner 
control system. The memory is programmed by the user to 
maintain a record of channels the user wishes to be tuned, and is 
non-volatile in that the Information stored within is not affected 
by the condition of or the sequencing of power supplied to the 
chip. 

OPERATION 

Memory Address 
The address is provided by two positive logic binary coded 
decimal (BCD) digits, LSD (Ao-A3) and MSD (A.-A7) (least and 
most significant digits); i.e. 8 bits which supply the address of a bit 
in the memory. There is an address in memory associated with 
each of the BCD numbers 2 through 83. Addresses outside the 
range of 2 to 83 at the LSD and MSD. inputs do not cause any 
modification of the stored bits or change in the output data. 

Example: Address 83 = 10000011 (A7 ... Ao) 
Address 2 = 00000010 (A7 ... Ao) 

Address changes must occur only during OS high and must be 
stable at least 20/1s before e:s goes low. 

Memory Read 
The negative transition of CS (from a "I" level to a "0" level) 
initiates a memory read cycle, except when the transition occurs 
during a memory alteration cycle, in which case the transition is 
ignored. A read cycle will cause the DATA OUT pin to indicate the 
state of the memory· bit read. The DATA OUT pin will retain the 
state until either CS goes to "1" or a memory alteration cycle is 
initiated. DATA OUT will show the contents of the address 100/1s 
after CS starts falling. When CS is high the DATA OUT pin is low. 
The DATA OUT pin is internally pulled up to the positive supply, 
Vss and for a "0" output the DATA OUT pin floats with an external 
pull-down (10KO) to ground. 

Memory Alteration 
A memory alteration cycle is initiated only when the SET DATA 
"0" or the SET DATA "1" input, but not both, has been continu­
ously at "0" for the specified debounce time. This allows an input 
to be entered via a contact closure to ground using switches. 
These inputs are connected to Vss via internal pull-ups. During 
the alteration cycle the address is held latched within the LSI. 
Changes in the address and SET DATA inputs are ignored, and 
the DATA OUT pin is held at "0". Only one memory bit may be 
erased or written during any single memory alteration cycle. The 
alteration cycle, once initiated, must go to completion. Upon 

PIN CONFIGURATION 
18 LEAD DUAL IN-LINE 

A. 

NC 

NC 

Top View 

BLOCK DIAGRAM 

10 

" 

seT DATA 1 

82 
BIT 

BCD 
DECODER 
2 ..... 83 

SET OAIA 0 

62 
CELL 

MEMORY 

TI 

SET 1 

SET 0 

DATA OUT 

TEST 

A, 

A, 

LATCHING 
SENSE 
AMPLIFIER 

>-r.o13 
DATA 
OUT 

Io-~~~---~-~r-"' 
CHIP >----'1--.1--..... 
SELECT 

17 16 
V ... c. TIMING INPUT 

completion of an alteration cycle or the fall of CS whichever 
occurs last, the memory bit corresponding to the current input 
address will be read and outputted on the DATA OUT terminal. A 
memory read of a bit altered dueto SET DATA "0" input will cause 
the DATA OUT pinto be "0". Similarly, a read of a bit altered dueto 
a SET DATA "1" input will cause the DATA OUT pin to be"1". The 
SET DATA inputs have internal circuits to provide delays for 
interfacing to mechanical switches or relays. Each successful 
debounce of a SET DATA input will initiate only one memory 
alteration cycle. Another alteration cycle will not occur until both 
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ER0082 

SET DATA inputs have remained continuously at a "1" level for 
the specified release time and only one of the SET DATA inputs 
has again been successfully debounced. After an alteration cycle 
is complete, a read cycle may not be initiated by CS until3 cycles 
of the clock on the "Timing" input pin have occurred (about 
12.Sms for a nominal 200Hz frequency). 

PIN FUNCTIONS 

NAME 

Address bus used to select 1 of 82 addresses. 

Timing 
This is an input provided for external components used for a 
timing reference. A resistor (680K) and a capacitor (.01pF) may be 
connected to this input to provide a 200Hz nominal clock fre­
quency. A lower capacitor or resistor value will provide a higher 
frequency. The timer will run only during a read cycle, alteration 
cycles, or while timing a debounce, or release. Increasing the 
clock frequency will shorten these times. The frequency can vary 
from SOHz min to SOOHz max. and may be measured on the timing 
pin. 

FUNCTIONS 

Ao-A7 

CS 
Data Out 

Set Data 0 
Set Data 1 

TI 

Chip select. An active low signal which enables or disables the, data out pin. 

DATA OUT is a single bit indicating the state of the addressed memory cell. 

These are inputs by which the user can modify the memory contents. 

Provides a timing reference for internal timing cycles. 
TEST A TEST pin which provides a connection to Vm, an internal voltage used for evaluating chip memory 

performance. In normal operation this pin should be left unconnected. 

Vss 

VNEG 

Substrate Supply. Nominally +SV. 

Power supply input. Nominally -30V. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 
All inputs and outputs 
(except VNEG) with respect to Vss ........... , .................... -20V to +0.3V 
VNEG with respect to Vss ........................... ".' .................... -40V 
Storage temperature (No Data Retention) .•................... -6S'C to +1S0'C 
Storage temperature (with Data Retention) 

Operating ............................ : .... ; .................... O'C to'+70'C 
Un powered ............... ; ............. ; ... ,' ................ -40'C to +8S'C 

Standard Conditions (unless otherwise noted) 

Vss = +4.SV to +8.0V 
Vss -VNEG = -32V to -38V 
Operating Temperature T. = O'C to 70'C 

Characteristic 

DC CHARACTERISTICS 
Input Logic "1" 
Input Logic "0" 
I nput Leakage 
Output Logic "1" 
Power Supply 
Power Dissipation 

AC CHARACTERISTICS 
Read Cycle Time 
Read Access Time 
Memory Alteration Time 
Time between Memory Alteration Cycles 
Debounce Time for Changing Memory 
Address Setup Time 
Address Hold Time 
Reset Time 
Input Rise & Fall Times 

EAROM ,CHARACTERISTICS 
Data Retention, Power Off (Storage) 
Data Retention, Power On 
Read Cycles Per Cell 
Erase/Write Cycles per Cell 
Erase/Write Cycles per Cell 

4-4 

Sym 

V,H 
V'L 
IL 

VOH 
Iss 
Pss 

-
t. 
-
Ie 
Ie 
Is 
t.. 
10 
-

-
-
-
-
-

Min Max 

Vss -2.0 Vss +.3 
Vss -10 Vss -4.1 

- 10 
- Vss -.S 
4 20 

130 700 

130 -
- 100 

200 -
12.S -
12.S 37.S 
20 -
100 -
2 30 

.03 30 

10 -
10 -
107 -
1(i' -
10' -

Units 

V 
V 

pA 
V 

rnA 
mW 

ps 
ps 
ms 
ms 
ms 
ps 
ps 
ps 
ms 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Conditions 

@O.SmA 

/rom fall of CS 

from rise of CS 
on all inputs 

Years -40'C to +85'C 
Years O'C to +70"C 

- no loss of data 
cycles 10 year retention 
cycles 1 year retention 



TIMING DIAGRAMS 

SET DATA 0 
OR SET DATA 1 

ER0082 

READ OPERATION 

AO-A7 
________ C_A_N_C_H __ AN __ G_E ______ -')( VALID )(~C_A_NpC-H-A-N-G-E---------------------------------

r~1-lH--~ 
----'/r----.~'------,-___ _ 

DATA OUT 

~toi ~t'~ 
VALID FROM \ I /r---S- E- E-----------------------------------

PREVIOUS READ j NOTE 1 

NOTE 1: Data will be valid until the next positive CS transition or until initiation of an alteration 
cycle. 

SET DATA 0 
OR SET DATA 1 

AO-A7 

DATA OUT 

DATA ALTERATION 

SEE NOTE 1 

VALID VALID 

t,'----~+-~----------------------__ ~4_-----------t,------------_.~~ 
DEBOUNCE 

PERIOD 
(3 CLOCK CYCLES 

MIN.) 

ALTERATION PERIOD 
(-200ms) 

NOTE 1: Address may change here, but should not change if verification of correct alteration is 
required. 

AUTOMATIC READ PERIOD 
(3 CLOCK CYCLES MIN. TO 

NEXT READ OR ALTERATION 
CYCLE) 
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ER1400 

1400 Bit Serial Electrically Alterable Read Only Memory 

FEATURES 

• 100 word x 14 bit organization 
• Addressing by two consecutive one-of-ten codes 
• Single -35 Volt supply . . 
• Word alterable 
• 10 year data storage 
• MOS compatible signal levels 
• Write/erase time: 10ms 

DESCRIPTION 

The ER1400 is a serial inpuVoutput 1400 bit electrically erasable 
and reprogrammable ROM, organized as 100 words of 14 bits 
each. Data and address are communicated in serial form via a 
one-pin bidirectional bus. 

Mode selection is by a 3 bit code applied to C1, C2 and C3. 

Before writing, a selecled location must be preconditioned by an 
Erase operation. Data is then stored by internal negative writing 
pulses that selectively tunnel charge into the oxide-nitride inter­
face of the gate insulator of the 1400 MNOS memory transistors. 
When the writing voltage is removed the charge trapped at the 
interface is manifested as a negative shift in the threshold voltage 
of the selected memory transistors. 

BLOCK DIAGRAM 

DATA REGISTER 

MSB 
T 
E 
N MEMORY 
S ARRAY 

A 
D 100x14 
D 
R 
E 
S 
S 

LSB 
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PIN CONFIGURATIONS 
Standard package 
14 LEAD DUAL IN LINE 

v .. (GND) 

v"" (-35V) 

N.C. 

N.C. 

N.C. 

. Clock 

Cl 

Special Order Package 
8 LEAD TO-8 (ER1400T) 

N.C.= No external connection 
for normal usage 

READ 
C, 

WRITE 
Co 

ERASE 
C. 



ER1400 _ 

PIN FUNCTIONS 

HIIme 

Data 

VM 
Vss 

VGa 
Clock 
Cl,C2,C3 

Function 

In the Accept Address and Accept Data modes, this pin is an input pin for address and data respecitvely. 
When outputting data is has MOS drive capability, while in all other modes it is left floating. 

Used for testing purposes only. Must be left unconnected for normal operation. 

Chip substrate. Normally connected to ground. 

DC supply. Normally connected to Vss -35 Volt supply. 

Timing reference. Required for all operations. May be left at logic zero when device is in standby. 
Mode control pins. Their operation is as follows: 

Cl C2 C3 Function 

0 0 0 Standby-the output buffer is left floating. If the clock is maintained, the contents of the Address 
and Data Registers will remain unchanged. 

0 Accept Address-Data presented at the I/O pin is shifted into the Address Register with each 
clock pulse. Addressing is by two consecutive one-of-ten codes. 

0 0 Read-The address word is read from memory into the data register. 
0 1 Shift Data Out-The output driver is enabled and the contents of the Data Register are shifted 

out one bit with each clock pulse. 
0 0 Erase-The word stored at the ad des sed location is erased to all ones. 

1 Accept Data-The data register accepts serial data presented at the I/O pin. The Address 
Register remains unchanged. 

0 Write-The word contained in the Data Register is written into the location designated by the 
Address Register. 

0 0 Not Used 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings· 

All inputs and outputs 
(except VaG) with respect to Vss .. .. .. . .. .. .. .. .. .. . . .. .. .. .. . . .. -20V to +O.3V 
VGG with respect to Vss ................................................... -40V 
Storage temperature (No Data Retention) ...................... -65°C to +150°C 
Storage temperature (with Data Retention) 

*Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Operating ................................................. -25°C to +75°C 
Un powered ............................................... -65°C to +80°C 

Standard Conditions (unless otherwise noted) 
vss = GND 
vGa = -35V ± 8% 
Operating Temperature (T.) = O°C to +70°C 

Characteristics Symbol 

DC CHARACTERISTICS 

Input logic "1" VIL 
Input logic "0" V'H 
Input leakage Ie 
Output logic "1" VOL 
Output logic "0" VOH 
Power consumption, PGG 
Power supply current IGG 

, AC CHARACTERISTICS 

Clock Frequency f¢ 
Clock duty cycle D¢ 
Write time tw 
Erase time te 
Rise. fall time tr. If 
Control, Data set up time tcs 
Control. Data hold time IeH 
Propagation delay tpw 
Non-volatile data storage Ts 
Number of erase/write cycles Nw 
Number of read accesses between writes NR• 

I< * Typical values are at +25° C and nominal vOltages. 
NOTE 1: Ts is for powered or unpowered storage. 

Min Typ·· Max 

Vss-15.0 - Vss-8.0 
Vss-l.0 - Vss+O.3 

- - 10 
- - Vss·-12.0 

Vss-l.0 - Vss+0.3 
- - 300 
- - B.O 

10.0 14.0 17.0 
35 50 65 

10.0 15.0 24.0 
10.0 15.0 24.0 
- - 1,0 
1 - -

0 - -
- - 20.0 
10 - -
- - 10' 
10' - -

Units Condition. 

Volts 
Volts 
I1A V,. = -15V 

Volts Load = 1.5 Meg, l00pF 
Volts ISOURCE = 200I1A 
mW 
mA 

kHz 
% 
ms 
ms 
I1s 
I1S 
I1S 
I1S Load - 1 Meg. 100pF 

Years See Note 1. 
- Per word. See Note 2. 
- Per word 

NOTE 2:. Nw (=10') is a maximum Tor data retention times greater than 10 years. Beyond 10' reprograming cycles, there is a 
gradual, logarithmic reduction in retention time with 1 year being a typical value after 10' cycles. 
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ER1400 

TIMING DIAGRAMS 

4-8 

C2--, 

C3--, 

c 
c 

A~ _____ ~ _____ ~ ______ ~ __________________ _ 

ADDRESS k90.(.aO.(.70.(.SO-!..SO-!..40-!..30-!..20-!..'0..!-0±9..J-a..J-7..J-S..J-S..J-4..J-3..J-2..J-,..J-0.J 
LOCATION ~ MSB - LSB---------I~ 

NOTE: Addressing is via two consecutive one-of-ten codes. Address 99 is illustrated. 

Flg.1 ACCEPT ADDRESS 

o l.SLflJl-Jl.Jl,~ ~ 
C1 I I " - 0 

L-.J " 1 

I I ,I' 0 
I I 

C2 

C3--41--+I---------i(~,------------

-J L 1 CLOCK CYCLE REQUIRED 

Flg.2 READ 

o L.[UVUUI)LJUlSLJ ~ 
Cl 

I (' 0 

I 
C2~L ____________ ~'I~, __________ ~r-° r- I 1 

C3 1-1.----- •. ->1'------1.1 0 

Flg.4 ERASE 

o u"LJlSLJ1J17,J1SU"LJlI ~ 
C1 ~L __ ~ ________ -i//I~ __ ~ ______ ~r-~ 

c21 r- 0 
~I---------~'O~'------~I 1 

Il-o-----.w-,I'---------ooj.1 0 
C3 

Flg.6 WRITE 

600 

500 

400 

10H (pA) 
300 

200 

100 

Vss-o.s -1 -1.5 -2 -2.5 

Flg.8 TYPICAL OUTPUT SOURCE CURRENT va 
OUTPUT VOLTAGE 

CLDCK~~ 

C1 -il i :1 I 
C2 II I :1 I 
C3 --n I // I 

DATA 
(OUT) i: \: ~: II 

---ll i..:--T.w --I ~T'W 
I 14 CLOCK PERIODS----1 

Tpw measured initial!yfromcontrol line transition to dalaoul, then measured from the 
positive clock edges to data changes. Timing measurements are made'at Vss -2 and 
-10 volt points. 

Flg.3 SHIFT DATA OUT 

C1 I 
1'1' r-~ 

C21 ,'I' r-~ 
c31 ,'/0 r-~ 

DATA I ;::: I 
I. 14 CLOCK PERIODS .1 

Flg.5 ACCEPT DATA 

r-~AD~D~R~E~SS~OR~~Jr--
DATA STABLE "'--

Flg.7 INPUT TIMING 

100 

90 

80 

70 

60 
lodpA) 50 

40 

3C 

20 

10 

0 
Vss-8 -9 --10 -11 -12 

Y"dY) 

Flg.9TVPICAL OUTPUT SINK CURRENT v. 
OUTPUT VOLTAGE 



ER2051 
ER20511R 
ER2051 HR 

512 Bit Electrically Alterable Read Only Memory 
• 32 word x 16 tiit organization 
• 5 bit binary addressing 
• +5, -2B V power supplies 
• Word Alterable 
• 10 year data storage for ER2051 (at +70°C) 
• 1 year data storage for ER2051 IR (at +B5° C) 

and ER2051 HR (at +125°C) 
• TTL compatibility with pull-up resistors on inputs 
• Tri-state outputs 
• Read Time: 1J1s (ER2051), 2ps (ER2051 IR and ER2051 HR) 
• Write/Erase Time: 50ms (ER2051), 100ms (ER2051 HR) 
• No Voltage switching required 
• Chip select 
• Two extended temperature ranges: 

-40°C to +B5°C (Industrial) Part # ER2051 IR 
-55°C to +125°C (Hi-Rei) Part # ER2051 HR 

DESCRIPTION 
The ER2051, ER2051 IR and ER2051 HRarefuilydecoded32x 16 
electrically erasable and reprogrammable ROMs. Write, erase, 
and read voltages are switched internally via a 2-bit code applied 
to C1 and C2. 
Data is stored by applying negative writing pulses that selectively 
tunnel charge into the oxide:nitride interface of the gate insulator 
of the 512 MNOS memory transistors. When the writing voltage is 
removed the charge trapped at the interface is manifested as a 
negative shift in the threshold voltage of the selected memory 
transistors. 
The EAROM may be operated with the Vss power supply between 
+5V and +10Volts, as long as the VSS-VGG always equals 33 
Volts. Thus, Vss can be +5Volts for TTL compatibility or up to 
+10Volts for CMOS compatibility, ifVGG is appropriately adjusted. 
The ER2051 IR and ER2051 HR are screened to Mil Std. BB3B/ 
method 5004.1/level B, pre-cap visual inspection, environmental 
testing, burn-in and external visual. They are available in 2B lead 
ceramic dual in line packages. 

OPERATION 
Data is stored in a two transistor memory cell. After the cell is 
preconditioned by an erase signal (which causes a positive shift 
in the threshold of both transistors), data is written into one of the 
transistors making its threshold more negative. A sensing flip 
flop is used to read the memory cell and presents a logic high or 
low to the output depending on Which transistor is "written." 
It is important to note two things: first, that an erase is required 
before a wire to precondition the cell, and second, that after an 

PIN FUNCTIONS 

5-Bit Word Address 

Data input and output pins 

PIN CONFIGURATION 
28 LEAD DUAL I~ LINE 

01 

02 
03 
o. 
05 

06 
Val (GNO) 

07 
DB 
DO 

010 

011 
012 
013 

BLOCK DIAGRAM C, C2 

oo~o.r---, 

0' 
02 

03 

01. 
01S~ ....... __ -, 

cs 

00 

CS 
C2 

C1 

VaG (-28V) 
A4 
A3 

A2 

A1 

AO 
Clock 

Vss (+5V) 
015 

01' 

CLOCK 

erase, both transistors will have the same threshold voltage and 
valid data will not be present at the output. 

The ER2051, ER2051 IR and ER2051 HR EAROMs use dynamic, 
edge triggered circuits internally. This requires either a mode 
change, a clock or a transition of the chip select between 
successive operations. Thus successive operations in the same 
mode must be separated by transitions of one of these four lines. 
Clock pulses are not normally required during erase or write 
operations, but are needed for successive operations if the chip 
select is held high, i.e., applications where one EAROM is used. 

In using the 'read clock to refresh the outputs during a read 
operation, a minimal frequency is recommended to insure that 
the read cycle lifetime between writes (NR.) is kept to a 
maximum. 

Chip Select. Chip selected at logic "1". When chip select is at logic "0", outputs are open circuit. read, write and erase are 
disabled. Power is reduced. 

C1, C2 Mode Control Inputs 

C1 g 
o 1 Erase Mode: stored data is erased at addressed location. 
1 0 
o 0 

Read Mode: addressed data read after clock pulse. Output data retained at output pins until next read operation. 
Write Mode: input data written at addressed location. Clock not required. 

eLK Clock Input. Pulse to logic "1" for read operation. Data will remain valid for 20 to 60 seconds; the outputs will then become 
open circuit until another clock pulse is received. 

Vss Substrate supply. Normally at +5 volts. 

VGI Ground Input. 

VGG Power Supply Input. Normally at -28 volts. 
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ER2051 • ER2051 IR • ER2051 HR 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All inputs and outputs (with respect to Vss) ....................... -35V to +0.3V 
Storage temperature .•........•..... , .....•.•. , .............•. _65° C to +150° C 
Soldering temperature of leads (10 seconds) ..•.............•.....•..... +300°C 

Standard Conditions (for TIL compatibility) 

vss= +5V±5% 
V GG = -28V ±5% 
VGI = GND 
Operating Temperature T. = O°C to +70°C for ER2051 

T. = -40°C to +85°C for ER2051 IR 
T. = -55°C to +125°C for ER2051 HR 

Output Load = 100pF. 1 TTL load 

* Exceeding " these ratings could cause per­
manent damage. Functional operation of 
these devices at these conditions is not im­
lied-ranges are specified below. 

ER2051 ER2051 IR/ER2051 HR 

Characteristics sym Min. Typ.- Max. Min. Typ.- Max. Units Conditions 

DC CHARACTERISTICS 
Input Logic "1" V,H Vss -1.5 - Vss +0. Vss -1.5 - Vss +0.3 V 
Input Logic "0" V,L Vss -15 - 0.8 Vss -10 - 0.6 V 
Output Logic "1" VOH Vss -1.5 - - Vss -1.5 - - V IOH = 100pA 
Output Logic "0" VOL - - 0.6 - - 0.6 V IOL = f.6mA for Vss = 5V 
Input Leakage IL - 2 10 - 2 10 pA Y,N = Vss -15 
Output Leakage 10 - 2 10 - 2 10 pA Chip deselected 
Power Supply Current 
Read IGG - - 14 - - 18 mA 
Write loG - - 11 - - 15 mA ( loG returned 
Erase loG - - 11 - - 15 mA through Vss 
Deselected IGG - - 9 - - 12 mA 
AC CHARACTERtSTICS 
Access Time tACC - - 1.0 - - 2.0 ps 
Clock Pulse width tpw 2.0 - 20.0 2.0 - 20.0 ps 
Erase Cycle Time tE 50 - 200.0 100 - 200.0 ms 
Write Cycle Time tw 50 - 200.0 100 - 200.0 ms 
Read Cycle Time tA 3.5 - 24.0 4.5 - 25 ps 
Address to Clock Time t. 50 - - 50 - - ns 
Data Set Up Time tos 50 - - 50 - - ns 
Data Hold Time tOH 50 - - 50 - - ns 
Control toAddress& Data Change Ie 0 - - 0 - - ns 
Number of ReadsfWord Refresh NA' 10" - - 10" - -
Number of Erase/Write Cycles Nw 10· - - lOs - - -
Input Capacitance. all pins C'O - 8 15 - 8 15 pF 
Un powered Data Storage Time Is 10 - - 1 - - Years at max. temperature 
Power DiSSipation Read Cycle Po - 450 500 - 450 500 mW at 25° C Vss = +5. VGG = -29 

Po not applicable - - 500 mW at 125°C Vss = +5. VGG = -29 
Po not applicable - - 600 mW at -55°C Vss = +5. VGG = -29 

Pulse Rise. fall time t~1 tF 10 I - I 100 10 - 100 ns 

** ° TYPical values are at +25 C and nominal voltages. 
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ER2051 • ER2051 IR • ER2051 HR 

TIMING DIAGRAM 

CS 

Cl 

C2 

CLOCK 

p",-A. 

Do-D,. 

V'H ERASE I WRITE . READ 

_ ___ ..J~ IE ---I.~.4--lw -...,....-+I ..... I-------'---.-oIR --....... ootl 
V'L • L-_ --I1)J---

DESELECT 

v'HIIII 

V'L lilt .. 
'-----~ .. ~ .. V'H 

V'L 

V'H 

V'L 

V'H 
--.J f.-IA 
X 

V'L 

V'H 
FLOATING 

V'L 

p:;l'----~ ---------~---'~t...j ~IA UJ---

'--___ A_D_D_R_ES_S_S_T_AB_L_E ___ --JX STABLE X . ::1--__ 
-..J ~IDS. -..j j...-tc ~ ~ID~ 

~======~~~~~~~-_-_~X S~~~~E· X FLOATING XIII'X3:rAT-IN-G-
. ---..j f.-- IACC 

4-" 



ER2055 
ER2055IR 
ER2055 HR 

512 Bit Electrically Alterable Read Only Memory, 
~--~--------~-------------, 

FEATURES 

• 64word x 8 bit organization 
• 6 bit binary addressing' : 
• +5. ~28V power supplies 
• Word Alterable 
• 10 year data storage for ER2055 (at +70' C) 
• 1 year data storage for ER2055 IR (at +85' C) 

and ER2055 HR (at +125'C) 
• TTL compatible with pui,-up resistors on inputs 
• Tri-state outputs ' 
.. Read Time: 21ls (ER2055). 41ls (ER2055 IR and ER2055 HR) 
• Write/Erase Time: 50ms (ER205,5). lOOms (ER2055 HR) 
• No voltage switching required 

.• 2 chip selects 
• Two extended temperature ranges: 

-40'C to +85'C (Industrial) Part #ER2055 IR 
-55'C to +12S'C (Hi-Rei) Part # ER20fi5 HR 

DESCRIPTION 
The ER2055 is a fully decoded 64 x 8 electrical'ly erasable and 
reprogram mabie ROM. Write. erase. and read voltages are 
switched internally via a 2-bit code applied to Cl and C2. 
Data is stored by applying negative writing pulses that selectively 
tunn,el charge into the oxide-nitride interface ofthe gate insulator 
of the 512 MNOS memory transistors. When the writing voltage is 
removed the charge trapped at the interface is manifested as a· 
negative shift in the threshold voltage of the selected memory 
transistors. 

OPERATION 
Data is stored in a two transistor memory cell. Afier the cell is 
preconditioned by an erase signal (which causes a positive shift 
in the threshold of both transistors). data is written into one of the 
transistors making its threshold more negative. A sensing flip' 
flop is used to read the memory cell and presents a logic high or 
lciw to the output depending on which·transistor is "written". 

The ER2055 EAROM may be operated with Vss between +5 and 
+10 volts for either TTL or CMOS compatibility. The negative 
power supply. VGG. should be adjusted so that the difference 
between Vss and VGG is always 33 volts. 
It is important to note two things: first. that an erase is required 
before a write to precondition the cell. and second. that after an 
erase. both transistors will have the same threshold voltage and 
valid data will not be present at the output. 

PIN FUNCTIONS 

60Sit Word Address 
Data input and output pins 

PIN CONFIGURATION 
22 LEAD DUAL IN LINE 

D, 
.0, 
D, 
D, 

D, 
v •• (+SV) 

A. 
A, 
A, 

A. 
A, 

BLOCK DIAGRAM 

00 

0' 
D. 
03 
D. 
0' 
0' 
07 

D. 
D, 

D. 
v., (aND) 

cs. 
cs, 
c. 
c, 
v •• (-28V) 

ClK 
A. 

CLOCK 

The ER2055 EAROM uses dynamic. edge. triggered circuits 
internally. This requires either a mode change. a clock or a 
transition of the chip selects between successive operations, 
Thus successive operations in the same mode must be separated 
by transition of one of these four lines. Clock pulses are not 
normally required during erase or write operations. but are 
needed for successive operations if the chip select is held high, 
i.e .• applications where one EAROM is used. 
In using the read clock to refresh the outputs during a read 
operation a minimal frequency is recommended to insurethatthe 
read cycle lifetime between writes (NRA) is kept to a maximum. 
The ER2055IR and ER2055 HR are screened to Mil Std. 883S/me­
thod 5004.1/level S. pre-cap visual inspection. environmental 
testing, burn-in and external visual. They are available in 28 lead 
ceramic dual in line packages. 

AcrA5 

0.-0, 
CSI. CS2 Chip Selects Chip selected at logic "1" on CSI and logic :'0" on CS2. When chip is not selected, outputs are open circuit. 

read, write and erase are disabled. Power is reduced. 
Cl, C2 

ClK 

,4-12 

Mode Control Inputs 

£! C2 
o 1 
1 0 
o 0 

Erase Mode: stored data is erased at addressed location. 
Read Mode: addressed data read after clock pulse. Output data retained at output pins until next read operation. 
Write Mode: input data written at addressed location. Clock not required. 

Clock Input. Pulse to logic "1" for read operation. Data will remain valid for 20 to 60 seconds; the outputs will then become 
open circuit until another clock pulse is received. 
Substrate supply. Normally at +5 volts. 

Ground Input. 

Power Supply Input. Normally at -28 volts. 



ER2055 • ER2055IR • ER2055 HR 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All Inputs and outputs (with respect to Vss) ............•......•••. -35V to +0.3V 
Storage temperature ..........•...........•...............•... -65°C to +150°C 
Soldering temperature of leads (10 seconds) •..•....•.••••....•.•......• +300°C 

Standard Conditions (for TTL Compatibility) 

Vss = +5V±5% 
VGG = -28V;;5"% 
VGI= GND 
Operating Temperature TA = O°C.to +70°C fN ER2055 

TA = -40°C to +85°C for ER2055 IR 
TA = -55°C to +125°C for ER2055 HR 

Output Load = 100pF, 1 TTL load 

*Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

.. .ER20SJ ER2055 IR/ER2055 HR 
Characteristics Sym Min. Typ •• Max. Min. Typ." Max. Units Conditions 

DC CHARACTERISTICS 
Input Logic "1" VIH Vss -1.5 - Vss +0.: Vss -1.5 - Vss +0.3 V 
Input Logic "0" VIL Vss -15 - 0.8 Vss -10 - 0.6 V 
Output Log ic "1" VOH Vss -1.5 - - Vss -1.5 - - V IOH = 100llA 
Output Logic "0" VOL - - 0.6 - - 0.6 V IOL = 1.6mA for Vss = 5V 
Input Leakage IL - 2 10 - 2 10 IIA VIN = Vss -15 
Output Leakage 10 - 2 10 - 2 10 IIA Chip deselected 

Power Supply Current 
Read laG - 8 10 - 8 13 rnA Iss approx. laG 
Write IGG - 6 7 - 6 9 rnA Iss approx. laG 
Erase laG - 4 6 - 4 8 rnA Iss approx. IGG 
Deselected laG - 3 4 - 3 6 rnA Iss approx. laG 

AC CHARACTERISTICS 
Access Time tAce - - 2.0 - - 4.0 liS 
Clock Pulse width tpw 2.0 - 20.0 2.0 - 20.0 liS 
Erase Cycle Time tE 50 - 200.0 100 - 200.0 ms 
Write Cycle Time tw 50 - 200.0 100 - 200.0 ms 
Read Cycle Time tR 5.0 - 24.0 6.0 - 25.0 liS 
Address to Clock Time tA 50 - - 50 - - ns 
Data Set Up Time tos 50 - - 50 - - ns 
Data Hold Time tOH 50 - - 50 - - ns 
Control to Address & Data Change 1<;. 0 - - 0 - - ns --
Number of Reads/Word Refresh NR. 10" - - 10" - -
Number of Erase/Write Cycles Nw 10· - - 10' - - -
Input Capacitance, all pins CIO - 6 10 - 6 10 pF 
Un powered Data Storage Time Is 10 - - 1 - - Years at max. temperature 
Power Dissipation Read Cycle Po - 450 500 - 450 500 mW at 2SoC Vss = +S. VGG = -29 

Po not applicable - - SOO mW at 12SoC Vss = +5, VGG = -29 
Po 

1:
ot r~cre100 - - 600 mW at -SsoC Vss = +S, VaG = -29 

Pulse Rise, fall time tR1 tF 10 - 100 ns 

* *Typical values are at +2So C and nominal voltages. 
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ER2055 • ER2055 IR • ER2055 HR 

TIMING DIAGRAM 

CS 

V,H ERASE I WRITE READ DESELECT 

V" ___ ....JJ:=tE--.. ., ..... ~ .. · --'--tw----I .. ~I·4---'---tR --'--..... ;".1_--11))---

C1VIHail 
V".Iol_oI.IoI.l.l.Iol.Ilol.lol.l.l.Iol.Il.l.l&. ______________ --' .... 

C2 ::~..,...---~'----_______ --li.I.Il.I.I.I .. ~ .. 

~ ... -------~ V,,-------------,.----'·· llJ----
~ j.-tA ~j.tA~ f.--tA 

--....... X\. ____ A_D_D_R_E_SS_S_TA_B_L_E ____ --IX STABLE Xr----~---I:;~-_-
~ ~tDS ~ ~tc ~ ~tDH 

----F-L-O-A-T-IN-G----\X;---S-~-~-~-~-E----''-;X FLOATING X\.'~l"'~T-I-NG--

---...j ~tACC 

CLOCK· 

V,H 
~-A5 

V,L 

V,H 

Do-D7 
V,L 

TYPICAL OUTPUT CHARACTERISTICS TYPICAL SUPPLY CURRENT 
VS POWER SUPPL Y VOLTAGE 

3.5 

+5V 

3.0 

2.5 
:~~', 

2.0 
I, 

mA 
1.5 

o '----'----'--/ 
o 1.0 3.0 3.5 4.0 4.5 
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35 . 
11 

3.0 

25 

2.0 

mA 
1.5 

1.0 

.5 

0 
5.0 

READ WAITE 

27 29 31 27 29 31 

VOG(V) 

EAASE 

27 29 31 

DESELECTED 
(ALL MODES) 

27 29 31 



ER2810IR 
ER2810 HR 

PRELIMINARY INFORMATION 

8192 Bit Electrically Alterable Read Only Memory 

FEATURES 

• 2048 word x 4 bit organization 
• 11 bit binary addressing 
• ±5, -14, -24V power supplies 
• Block erasable 
• 1 year unpowered data storage 
• TTL compatible with pull up resistors on Inputs 
• Tri-state outputs 
• Read time: 1.6ps 
• Write time: 10ms, erase time: 100ms 
• Chip select 

DESCRIPTION 

The ER2810 IR and ER2810 HR are fully decoded 2048 x 4-bit' 
electrically erasable and reprogram mabie ROMs utilizing 
second-generation MNOS epitaxial processing technology. 

Data is stored by applying negative writing pulses that selectively 
tunnel charge into the oxide-nitride interface of the gate insulator 
of the 8192 MNOS memory transistors. When the writing voltage 
is removed, the charge trapped at the interface is manifested as a 
negative shift in the threshold voltage of the selected memory 
transistors. 

The ER2810 IR and ER2810 HR are screened to Mil Std. 883BI 
method 5004.1/1evel B, pre-cap visual inspection, environmental 
testing, burn-in and external visual. They are available in 24 lead 

BLOCK DIAGRAM 

'/'10 

VooO 

Vss.O 

VEEO 

VM 

AD 

A, 

A2 ~i 
A3 ~i 

" A, 

A5 

W 

VA 

cs 

0, 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

Clock 1 (.,) 
Vss (+5V) 

N.C. 

VEE 

04 

03 

02 

01 

Vi 
VR 
AD 

AI 

ceramic dual in line packages., 

Voo 

VM 

CS 
1\10 
AS 

AB 

A7 

AS 
A5 

A4 
A3 

A2 

Stored data may be accessed a minimum of2 x 10' °times without 
refresh and is non-volatile in the unpowered state in excess of 
one year. Data is erased by applying a Vss -28V pulsetothe erase 
substrate of the device. Data may be reprogrammed, without 
degradation of the retention time, up to 105 times, beyond which 
a gradual, logarithmic fall off is seen. All outputs are at logic high 
when the device is in the erased state. 

. . 
~~ 

.~ 

~~ ~~ 
if ~i 

~ 
~i 

~ 

" " " 

0, °3 0, 
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ER2810IR • ER2810 HR 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All inputs or outputs relative to V". . . . . . . . . . . +0.3V to -30V 
Storage temperature . . . . . . . . -65°C to +150°C 
Soldering temperature of leads (10 seconds). . . .'. . . . . +300° C 

* Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

RECOMMENDED OPERATING CONDITIONS TA = -40°C to +85°C for ER2810 IR 
TA = -55°C to +125°C for ER2810 HR 

Erase Mode Write Mode 
Symbol Parameter 

Min Typ Max Min Typ Max 

Vuu Supply Voltage 4.75 Vss Vss +0.3 Vss-29 Vss-28 Vss-27 
Vss Substrate supply 

voltage 4.75 5.0 5.25 4.75 5.0 5.25 
VM Memory voltage - Vss - Vss-29 V,,-28 Vss-27 
V. Reference voltage - Vss - - Vss -
VI'.J~H Erase substrate input 

high Vss-O.4 Vss Vss+0.3 Vss-0.4 Vss Vss+0.3 
VI'U Erase substrate input 

low Vss-29 Vss-28 Vss-27 Not Applicable 
VWH Write control input high Vss-1.5 Vss Vss+0.3 Vss-1.5 Vss Vss+0.3 
VWI. Write control input low Vss-29 - Vss-4.4 Vss-29 - Vss-4.4 
V"JH <1>, input high voltage - Vss - Vss-0.8 Vss Vss+0.3 
V<I>L <1>, input low voltage Not Applicable Vss-29 Vss-28 Vss-27 
V'N Address and CS input 

high Don't Care Vss-1.5 Vss Vss+0.3 
VII. Address and CS input 

low Don't Care Vun - Vss-4.4 
VUH Data input high voltage Don't Care Vss-1.5 Vss Vss+0.3 
Vm, Data input low voltage Don't Care Vun - Vss-4.4 

STATIC ELECTRICAL CHARACTERISTICS TA = -40°C to +85°C for ER2810 IR 
TA = -55°C to +125°C for ER2810 HR 

Read Mode . 

Min Typ Max 

Vss-20 Vss-19 Vss-18 

4.75 5.0 5.25 
Vss-10.5 Vss-10 Vss-9.5 
Vss-20 Vss-19 Vss-18 

Vss-0.4 Vss Vss+0.3 

Not Applicable 
Vss-1.5 I Vss I Vss+0.3 

Not Applicable 
Vss-0.8 Vss Vss+0.3 
Vss-25 Vss-19 Vss-18 

Vss-1.5 Vss Vss+0.3 

Vun - Vss-4.4 
Not Applicable 
Not Applicable 

(NO EXTERNAL LOADS EXCEPT AS NOTED) 

Symbol Parameter Conditions Min Typ Max 
All Pln .. t Vss Unless Noted 

I 'iii Input leakage current (except pins 1, 2, 
4,5,6,7,8, and 24) atV,,-15V <l>1=V",,=Vss,:g0 - - -2.0 

1<1>, <1>, leakage current at Vss-29V V",,=Vss-29, W= Vss-25 - - -200 
10 Output leakage current at V,,-15V Chip deselected - - -10.0 
IHI Erase leakage current at 

Vss-28V W=Vss-25 - - -200 
IUl)l Voo supply current -

Outputs open (See Figure 6) read mode at Vss-19V - 16 20 
11)1)2 Voo supply current -

Write mode at Vss-28V Outputs open (See Figure 5) - 30 40 
VOH Data output high voltage - TTL load One Series 7400 TTL load with 

Rs = 1 K , Vcc = Vss Vss -1.5 - -
VOL Data output low voltage - TTL load (See TTL Notes) - - Vss -10 
VOH Data Output high voltage - MOS Vss-1.5 - -
VOl. Data Output low voltage - MOS Cl = 100pF - - Vss -14 
Ts Unpowered nonvolatile data storage Typical write conditions 1 - -

CAPACITANCE AT V'N = Vss• ALL OTHER PINS GROUNDED (Vss). f = 1MHz 

Symbol Parameter Min Typ Max 

C, Address and chip select input capacitance - 5 7 
Cw Write control input capacitance - 10 20 
C" Strobe input capacitance - 10 15 
C<I>, <1>, Input Capacitance - 40 50 
Cn Erase substrate capacitance - 600 700 
CIl Data inpuV.output capacitance - 6 10 
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Units 

V 

V 
V 
V 

V 

V 
V 
V 
V 
V 

V 

V 
V 
V 
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p.A 
p.A 
p.A 

p.A 

mA 

mA 

V 
V 
V 
V 

Years 

Unit 

pF 
pF 
pF 
pF 
pF 
pF 



ER2810IR • ER2810 HR 

ERASE CYCLE CHARACTERISTICS T A = -40° C to +85° C for ER2810 IR 
TA = -55°C to +125°C for ER2810 HR 

Symbol Parameter 

IE VEE erase"i:lljlse width 
tRI tF VEE rise time, VEE fall time 
to Write-erase overlap 

Write Control VWH I 
(W) I ~ VWL 

'E 
Erase 

Min Typ 

100 -
0.01 -
10 -

i 
~,01t= '- .1r'o~ VEEH I Substrate 

VEEL I -l " -1-'1 
(VEE) 

Max Units 

1000 ms 
1.0 ms 
- flS 

Add, ... (AO .... A'O) 
VIH VJ@l!/ !77J!l [l;J~N~TJA:VJIlI/!7P / !.!J1!llffll andlor VIL Chip Select (CS) 

V</>H I 
</>, 

V</>L I 
Data Input 

VOH r IZZZZZZfZCZZZZZ09~'~ <A~E'llZlZZlZ7.lj/ / /lllllZi; ([), ->04) VOL 

WRITE. CYCLE CHARACTERISTICS TA = -40°C'to +85°C for ER2810 IR 
T. = -55°C to +125°C for ER2B10 HR (See Note 3) 

Symbol Parameter Min Typ 

N<I>w Numberof <1>, write pulses at 100 flS ±10%, 5 flS min. dead time between 
pulses) 100 200 

tm Write control rise to pulsed <1>, rise delay 500 
tUIl Address change and chip select fall to pulsed <1>, rise delay 500 
tm Pulsed <1>, fall to address and chip select change delay 0.0 
tl)lO Data input change to pulsed <1>, rise delay 0.0 
tOil Pulsed <1>, fall to data input change delay 0.0 
Nw Number of times word may be rewritten 

Write Control VWH 
(W) 

VWL 
Erase 
Substrate 

VEEH 

(VEE) VEEL 

Add, ... (Ao-A,O) VIH 
and/or 
Chip Select (CS) VIL 

Pulsed </>, V</>H 

liP,) V</>L 

Data Input VOH 
(0,->04) 

VOL 

NOTES: 1. Due to the dynamic nature of the circuit a "<p, NOT" time in excess of 40 !-Isec may result in a 
floated output condition. Consequently data must be resampled with a40!-lsec time period following 
the fall of <1>, to ensure its validity. 

2. Several seconds may be required following a programming operation for the circuit to become 
operable in the read mode. If data is to be verified immediately following programming, a forward 
current of +1 mA ± 10% may be forced into the erase substrate junction (Pin 4, VEE), for a period not 
to exceed 10 milliseconds, to quickly dissipate charge trapped at internal circuit nodes. 

3. Maximum power dissipation occurs during programming. When programming multichip systems 
where the application of programming voltages is required for several minutes, forced air cooling is 
recommended to reduce package temperature. Power is not reduced when chip is deselected. 

4. All typical values are at +25°C and nominal voltages. 
5. <p pulses are required after the fall of the chip select line to force the data outputs into a high 
impedance state. 

Max Units 

300 Pulses 
ns 
ns 
flS 
flS 
flS 

10' 
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ER2810IR • ER2810 HR 

READ CYCl.E CHARACTERISTICS TA = -40·C to +85°C for ER2810 IR 
TA = -55°C to +125·C for ER2810 HR 

Symbol 

Chip Select 

les) 

Parameter 
(See Figures 1 through 4) 

Access lime 
Pulse width (rise and fall times ';;SOns) (See Note 1) 
Address and chip select change to 911 fall delay 
1/l1 Rise to address and chip select change delay 
rfJ 1 Rise to data output valid delay (See Notes 1 and 2) 
rfJ 1 Fall to floated output delay 
Number of read accesses/word between refresh 

V 1H 

v lL 
Selected 

Min 

800 
400 
50 

2 x 10'0 

Typ Max Units 

1.6 2.0 ps 
5000 ns 

ns 
ns See Note 1 

750 ns See Note 1 
300 ns 

vIH~~----------------------~--------------------~~------------------
VILLJ~ ______________________ /~ _______________ ~ ______ J1~ ____ ~ __________ __ 

VrpH--j-""::;';"'-.,J. 

Data Output 

(01 -+°4 1 

VrpL 

°H -

°L -

______________ t~=d 
______ ~o~::. ____ £t'--__ V_al_id __ ~ 

PIN FUNCTIONS 

Chip Select (CS) 
Must be in the high state to enable the data output terminals or 
to write data into the device. 
Data 'Input/Output (01-04) 
D1 through D4 are bidirectional data terminals. Data are entered 
on these terminals during the write cycle and read out during the 
read cycle. When deselected, these terminals are. in a floating 
condition. 

Write Control (W) 
The write control terminal must be in the low state in order to 
write data into the device. 

Phase One (4)1) 
During the write and read operations, pulses must be applied to 
the rfJ1 terminal to fully shift the memory transistor threshold 
voltage to its most negative state. This is required for voltage 
bootstrapping in the row-selection circuitry. The rp 1 input is high 
level and not TTL-compatible. 

NOTE: All control, address and data inputs are TTL-compatible 
with pull-up resistors. 

TTL INTERFACE 

Vss = +5 

r---
I 
I 
I 
I 
I 
I 

-1 

L __ _ 

Rs = 1K '" 5% 

Cs = 1000 pF'" 20% 

,-------, 
I I 
I I 
I I 

I 
I 

7400 I 
SERIES I 

TTL I ____ .J 

Voo = Vss -19V GND 

4-18 

ER2810 OPERATION 

MOS INTERFACE 
VOO = Vss -19 

r--- .--------, 
I MaS I 

: -i I : 
I I I 

i -l ~-+-! -<J".--'ll......· ..., r 1 

L___.J L-~-r..J 

Vss Vss' 



ER3400 
ER3400IR 
ER3400 HR 

4096 Bit High Speed Electrically Alterable Read Only Memory 

FEATURES 

• 1024 word x 4 bit organization 
• 10 bit binary addressing 
• +5, -12, -30V power supplies 
• Word or block alterable 
• 10 year data storage for ER3400 
• 1 year data storage for ER3400 IR at +8S· C 

and ER3400 HR at +12S·C 
• TTL compatible with pull-up resistors on inputs 
• Tri-state outputs 
• Read access time: 900ns max. 
• Write time: 1 ms, Erase time: 10ms 
• 10' Read cycles/word between refreshes 
• 107 Read cycles/word ior ER3400 IR and ER3400 HR 
• Two extended temperature ranges 

DESCRIPTION 

The ER3400, ER3400 IR and ER3400 HRare 1024 x 4 bit fully 
decoded, Electrically Alterable Read Only Memories intended for 
use as read mostly memories. Word or. block alterability of data 
may be selected by application of the appropriate binary code to 
the control lines, CO and Cl. These devices operate with one 
clock, CHIP ENABLE (CE), which also serves for chip selection. 

OPERATION 

Selection of one of four possible operating modes is made by 
setting the correct code on the CO and Cl lines as defined under 
"Pin Functions." On'chip latching of the control, address and 
data imputs occurs on the falling edge of CE, thus releasing these 
lines for system use during a Write or Erase operation. 

Two points should be noted: 

First, an Erase is required before a Write to precondition the. 
memory cells to be written. 

Second, both an Erase and a Write operation is terminated by a 
"Dummy Read" operation, during which data out is not valid. This 
is necessary to discharge internal, precharged nodes of the 
circuit and is similar to a normal read except fortDs which must be 
a minimum of 1500ns. The "Dummy Read" need not occur on t.he 
same addressed location as the preceding Write or, Erase. . 

The rising edge of a CE pulse in the Erase or Write mode signals 
the start of the charge trapping mechanism which produces 
respectively a positive or a negative shift in the threshold voltage 
of the selected MNOS transistor. An erased location is mani­
fested as a logic '1' on the data output lines. 
In the Write mode,a WRITE ENABLE (WE) pulse in conjunction 
with a CE pulse indicates to the ER3400 that the data on the 
00-03 data bus is valid input data. 

WE may be tied to CE for all operations. 

Due to the non-volatile properties of the memory and the unpre­
dictable nature of power up and power down sequences in some 
systems, power sequencing protection circuitry is provided on 
the ER3400. Added protection against accidental erasure, should 
this be necessary, may be afforded by implementing one or more' 
of the following suggestions. 

Since VGG is essential for erasing or writing, the most effective 
prepaution is to apply and remove VGG while VDD and Vss are 
within the specification limits. 

PIN CONFIGURATION 
22 LEAD DUAL IN LINE 

TopViaw 

VGG(-3QV) Vss (+5V) 

Voo (-12V) AS 

A6 A4 
A7 A3 

A6 A2 
A9 A1 

CO AO 
C1 CE 

V.,(GNO) WE 
03 00 
02 01 

BLOCK DIAGRAM 

DO 

01 

02 

D3 

Keeping CO and Cl low (chip in Read mode) and/or maintaining 
CE high during power-up and power~down will also aid in safe~ 
guarding against accidental erasure. ' 

In Read mode, VGG may be tied to Vss resulting In a reductio'n of 
power consumption of approximately 30%. Application Note 
1203A describes a DC-DC converter circuit capable of producing 
the -30V, VGG from the +S and -12V supplies. 

The ER3400 IR and ER3400 HR are screened to Mil. Std. 883B/ 
method S004.1/ level B, pre-cap visual inspection, environmental 
testing, burn-in and external visual. 

MEMORY CHARACTERISTICS 

At some point in time after writing a particular memory location, 
the stored charge will have decayed beyond the point at which 
the internal sensing circuitry is capable of distinguishing a logic 
'1' from a '0'. This time is known as the data retention time. 
Reprogramming will restore the location to its original, zero-time 
condition. 

Endurance is the number of reprogramming cycles a location 
may experience before the retention time is reduced beyond that 
specified. 

Both parameters are functions of supply voltage, write and erase 
time and temperature. 

A description of the means by which retention time may be 
determined appears in Application Note 1210. 
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ER3400 • ER34001R • ER3400HR 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings· 
All inputs and outputs except VGO 

(with respect to Vss) .••••.•.•. " ................ -20V to +0.3V 
Storage temperature (without data retention) •... -65·C to +150·C 
Soldering temperature of leads (10 seconds) ••.••.••••••.•. +300·C 

Standard Conditions (unless otherwise noted) 
Vss = +5V ±50/0 
Voo = -12V ±5% 
V GG = -30V ±5% 
VGI = GND 
Operating Temperature (TA) = O·C to +70·C (ER3400) 

-40°C to +85°C (ER3400IR) 
-55°C to +125°C (ER3400HR) 

* Exceeding these ratings could cause per­
manent damage. Functional operation of 
these devices at these conditions is not im­
plied-operating ranges are specified below. 

ER3400 ER3400 JR/ER3400 HR 

Characteristic Sym Min -ryt* Max Min -ry;* Max Unit Conditions 

DC CHARACTERISTICS 

Input Logic ''1'' V'H Vss -1.5 - Vss +0.15 Vss -1.0 - Vss +0.15 V 
Input Logic "0" V'L -10 - 0.8 -10 - 0.6 V 
Output Logic "1" VOH Vss -1.5 - - Vss -1.5 - - V IOH = 2mA 
Output Log ic "0" VOL - - 0.4 - - 0.5 V IOL = 2mA 
Control Input Leakage ILc - - -2.0 - - -2.0 J1A VON = Vss -15 Volts 
Data Input Leakage I Lo - - -10.0 - - -10.0 J1A V'N = Vss -15 Volts 
Power Supply Current 
Voo Supply Current: Chip selected Ioo - - -25.0 - - -27,0 rnA Voo = Vss -17 Volts 

Chip de-selected Ioo - - -12.0 - - -14.0 rnA Voo = Vss -17 Volts 
VGG Supply Current: Write mode IGG - - -4.0 - - -5.0 rnA VGG = Vss -35 Volts 
Vss Supply Current: Chip selected Iss - - -31.0 - - -32.0 rnA VGG = Vss -17V, VGG = Vss -35V 

Chip de-selected Iss - - -14.5 -'- - -16.0 rnA VGG = Vss -17V, VGG = Vss -35V 

AC CHARACTERISTICS 

Input capacitance-control inputs C, - 6 8 - 6 8 pF 
Input capacitance-data inputs Co - 8 Hi - 8 10 pF 
Read Mode Characteristics 
Address and control to CE to, 100 - - 200 - - ns 
Address and control hold time to2 250 - - 300 - - ns 
CE to Data I/O Off to3 50 - 300 50 - 350 ns 
CE high to. 700 ~ - 700 - - ns 
CE high (Dummy Read) tos 1500 - - 1500 - - ns 
Access time t. - - 900 - - 1000 ns RL' = 2K to Vss , CL = 100pF 
CE pulse width tEE 1 - 50 1 - 25 J1S 
Read cycle time Icv 1700 - - 1700 - - ns 
CE rise. fall time I,.tf 10 - 100 10 - 100 ns 
Write/Erase Mode Characteristics 
Address and control to CE t011 100 - - 200 - - ns 
Address and control hold time t012 250 - - 350 - - ns 
CE fall to W-E, fall delay t013 a - - 0 - - ns 
WE rise to CE rise delay t014 -50 - - -50 - - ns WE rise may overlap CE rise 
Data stable 10 WE t0 15 0 - - 0 - - ns by a maximum of 50ns. 
WE rise to End of Data Stable t016 100 - - 200 - - ns Data is latched on 
CE pulse width icE 1 - 50 1 - 25 (..Is the chip on the posi-
WE pulse width tWi: 500 - - 500 - - ns live edge of WE 
Write time tw 1 - 2 l' - 2 ms 
Erase time tE 10 - 20 10 - 20 ms 
Unpowered Data Storage Time ts 10 - - 1 - - yrs. See Note 2 
Number of Reprogramming Cycles Nw 103 - - 103 - - - See Note 2 
Number of Read Accesses/Location NRA 10' - - 107 - - -
between refresh .. 

TYPical values are at +25° C and nominal voltages. 
NOTES: 1. Data read during "dummy read" is not valid data; 

2. The minimum ts is guaranteed for a minimum of 10' reprogramming cycles beyond which a logarithmic fall off in 
retention time is seen with 1 year being a typical value after 10' cycles (ER3400 only) 
3. Data for ER3400IR and ER3400 HR is PRELIMINARY. 
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TIMING DIAGRAMS 

ER3400 • ER3400IR • ER3400 HR 

~----------------------tCY----------------------~~ 

Stable Can Change 

~----------tCE--------~~ 
~--_________ tA __________ ~ 

t04 
~------t05 

Stable 

VOH-----------·-
Open Open 

00-03 VOL -------------

PIN FUNCTIONS 

AO-Ag 

00-0 3 
CE 

CO. C1 

Fig. 1: READ AND DUMMY READ MODE TIMING 

~ ________ c_a_n_C_ha_n_g_e ____ ~~---J)x:~----

~------~------tCE------------~~ 

_tD15=i~0'''' 
Can changeA ______ S_ta_b_le _____ K-

Flg.2: WRITE AND ERASE MODE TIMING 

10-Bit Word Address 
Data input and output pins 

Chip Enable. Chip selected when CE is pulsed to logic "0". 

Mode Control Inputs 

CO C1 

o Block Erase Mode: erase operation performed on all words. 

1 1 Word Erase Mode: stored data is erased at addressed location. 

a 0 Read Mode: addressed data read after leading edge of CE pulse. 

o Write Mode: input data written at addressed location. 

Write Enable. Input data read when WE is pulsed to logic "0". 

Substrate supply. Normally at +5 volts. 

Ground Input 

Power Supply Input. Normally at -12 volts. 

Power Supply Input. Normally at -30 volts. 
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ER3400 • ER3400 IR • ER3400 HR 

TYPICAL CHARACTERISTIC CURVES 
,.-

Max Spec r No'm" 0"",,", -I Ma>tSpec r Normal operalrng--\ 

Lim,' Aal1ge ll,\ Aange 

"00 2000 

\: I \: I 
I I 

"00 "00 

............... I 

900 i'. i'll I ..:..... I I 
1600 Access 

'00 ~LI 
Cycle -- I 7O"C 

Time I Time +-(ns) (ns) 14'" 

700~ I -----.l I 2S"C 

I O'C 
1200 :--...... ~ - I -- ro·e I I 

600 "" -15 -16 O"C -17 2S·C -18 -19 -15 -16 -17 -18 ~'19 

,",oo-V,,(VOlls) Vco-Vss{Volts) 

Fi,g.3: TYPICAL ACCESS TIME vs. Fig.4: TYPICAL CYCLE TIME vs. 
POWER SUPPLY VOLTAGE POWER SUPPLY VOLTAGE 

Normal 

roper!!!!ng -1 VDD-VSS~-17V 

., Range 
-25 

I 
Mu sp~ lImll 

I 
I I 

-7 

:~ 
-20 

V,........... I 2-·6 -15 
'00 I ---t ~ '00 .-----: ~ (rnA) I -- (rnA) 

-5 :-----

J-..--" - I ':~ ~ I -, ,...-
I I 

-J 0 
-15 -16 -17 -18 " 0 200 '00 600 800 

VOO-VSS (VOIISI Operating Frequency (KHz) 

Fig.S: 100 vs. Voo-Vss POWER SUPPLY VOLTAGE Fig.6: 100 vs. OPERATING FREQUENCY 
IN READ MODE AND NOT SELECTED IN READ MODE AND SelECTED 

r-- NOfmal operatlng --1 
Range 

-" 
I I 
I I ,35 

. \ Mu sp~c Lim!! 
I I 

JO 
I 

'GG I ~ r--rs·C 
(mAl I -25 - t-i 

-20 I 7Q°C 

I I 
I I 

15 
,J2 " -J< ,35 -36 -37 ,38 

VGG-VSS (Volts I 

Fig.7: IGG vs. VGG-VSS POWER SUPPLY VOLTAGE 
IN READ MODE AND NOT SELECTED 
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CP1610 

16-Bit Microprocessor 
FEATURES 

• 8 program accessible 16-bit general purpose registers 
• 86 basic instructions 
• 4 addressing modes: immediate, direct, indirect, relative 
• Conditional branching on status word and 16 external 

conditions 
• Unlimited interrupt nesting and priority resolution 
• 16-bit logic and 2's complement arithmetic 
• Status logic and word: carry, overflow, sign, zero 
• Direct memory access (DMA) for high speed data transfer 
• 64K memory using single address 
• TTL compatible/simple bus structure 
• CP1610: 1JlS cycle time, 2MHz 2-phase clock 

DESCRIPTION 
The CP1610 is a compatible member of the Series 1600 Micropro­
cessor products family. It is a complete, 16-bit, single chip, high 
speed MOS-LSIMicroprocessor. The Series 1600 family is fabri­
cated with General Instrument's N-Channellon-Implant process, 
insuring high performance with proven reliability and production 
history. All members of the Series 1600 family are fully compatible 
with the CP1610. 

The Microprocessor has been designed for high speed data 
processing and real time applications. Typical applications 
include programmable TV games, home computer systems/ 
home information centers, programmable calculator systems, 
peripheral controllers, process controllers, intelligent terminals 
and instruments, data acquisition and digital communications 
processors, numerical control systems and many general 
purpose mini-computer applications.The Microprocessor can 
readily support a variety of peripheral equipment such as TTY, 
CRT display, tape reader/punch, A/D & D/A converter, keyboard, 

CP1610 SYSTEM DIAGRAM 

1&'IIT BIDIRECTIONAL IuS 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Top View 

EBCI C ., ~ 
.. ~ PCIT 

iiSvNc C 2 " ~ GND 
SCI C 3 38 ~ ., 

SC, ~ 4 37~" 
BOIR ~ 5 36 ~ Veo '+12V1 

D15 C • 35 :J VIS (-3V) 
014 C 7 34 :J Vee (+SV) 
DI3C • 33 :J BORDY 
D12 C • 32 :J STPST 
DI1 C •• 31 :r BUSRQ 

D •• C " 30 :J HALT 

:~ 
12 29 ~ BUSAK 
13 28 :J INTR 

DOC 14 27 ? iNfiW 
DIC " ,. ~ TCI 

D7C .. 25 :J E&CAO 
DOC 17 24 tJ EBCAl 
D5C •• 23 =' EBCA2 

~~ " 22 ~ ESCA3 

20 21 :J 02 

cassette tape, floppy disk, and RS-232C data communication 
lines. 

The CP1610 utilizes third generation minicomputer architecture 
with eight general purpose registers to achieve a versatile, so­
phisticated microcomputer system. The 16-bit word enables fast 
and efficient processing of alphanumeric or byte oriented data. 
The 16-bit address capability permits access to 65,536 words in 
any combination of program memory, data memory, or peri­
pheral devices. This single address space concept, combined 
with a powerful instruction set, provides an efficient solution to 
microcomputer and many minicomputer-based product re­
quirements. 
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CP1610 

PROCESSOR SIGNALS 

DATA BUS 
DO-015 
InpuVOutpuVHigh Impedance 

Data 0-15: HI-bit bidirectional bus used to transfer data, 
addresses, and instructions between the microprocessor, 
memory, and peripheral devices. 

PROCESSOR CONTROL 

STPST 
Input 
SToP-STart: Edge-triggered by negative tranSition; used to con­
trol the running condition of the microprocessor. 
HALT 
Output 
HALT: indicates that the microprocessor is in a stopped mode. 
MSYNC 
Input 
Master SYNC: Active low input synchronizes the microprocessor 
to the </>1, </>2 clocks during power-up initialization. 
EBCAD-3 
Outputs 
External Branch Condition Addresses 0-3: Address for one-of-16 
external digital state tests via the BEXT (Branch on EXTernal) 
instruction. 
EBCI 
Input 

. Externai Branch Condition Input: Return signal from the one­
of-16 selection made by EBCA 0-3. 

CP1610 INTERNAL BLOCK DIAGRAM 
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PROCESSOR 
CONTROL 

BUS 
CONTROL 

EBCAO 

~:~~~ ~=:1IE--l 
EBCA3 

eeci 
STPST 
lolA l T .L.--Ir --.., 

PClr"""--...,,,,----, 

BCI 

BC> ~-iIE--l 

~SP' 

(PCI 

Al 

A> 

A3 

A' 
A5 

A6 

A7 

BUS CONTROL 

BDIR, BCt, BC2 
Outputs 
Bus DIRection, Bus Controls I, 2: Bus control signals externally 
decoded to define the state of bus operations (see Siate Flow 
Diagram). 
BUSRQ 
!!!e!!L 
BUSAK 
Output 
BUS ReQuest, BUS AcKnowledge: BUSRQ' requests the micro­
processor to relinquish control of the bus indefinitely. BUSAK' 
informs devices that the bus has been released. 
BDRDY 
Input 
Bus Data ReaDY: causes the microprocessor to "wait" and re­
synchronize to slow memory and peripheral devices. 
INTR ,INTRM 
INTeRupt, INTeRupt Masked: request the microprocessor to 
service an interrupt upon completion of current instruction. 
TCI 
Output 
Terminate Current Interrupt: pulse outputted by the micro­
processor in response to the TCI instruction. 
PCIT 
Input/output 
Program Counter InhibiVTrap: As an input, inhibits Incrementa­
tion of the Program Counter during the instruction fetch se­
quence. As an output, generates a pulse during execution of a 
Software INterrupt (SIN) instruction. 

r 

... 
'" i<' 
0 ~ 

~ 



SIMPLIFIED STATE FLOW DIAGRAM 

INTERNAl. 
REfERENCE 

I'NITIALIZAT'ON 
SEQUENCE 

FETCH 
SEQUENCE 

INSTRUCrIONr-_.....;~=::;:::::b;:::· 

BUS CONTROL SIGNALS 

BOIR BC2 

0 0 
0 0 

0 J 
0 1 

0 
0 

U.· 
INTERRUPTABLE 
INSTRUCTION 

+1 

BC1 

0 

0 
1 
0 
1 
0 
1 

Signal 

NACT 
AOAR 

lAB 
OTB 
BAR 
OW 
OWS 
INTAK 

-----_ .. _._-- ._-- --_._------ -----

iUSiiQ.o 

ADDRESS 
SEOUENCE 

TU£C\lT£ 
lSEQUENCE 

1, BUS REOUEST 
lSEOU£NC£ 

INTERRUPT 
S[OUENCE 

Decoded Function 

No ACTion. 00-015 = high impedance 
Address Data to Address Register, 

00-015 = high impedance 
Interrupt Address to Bus, 00-015 = Input 
Oata To Bus, 00-015 = Input 
Bus to Address Register 
Oata Write 
Oata Write Strobe 
INTerrupt AcKnowledge 
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CP1610 

INSTRUCTION SET (SUMMARY LISTING) 

Mnemonics Operation Mlcrocyclel Comments 

MOVR MOVe Register 617 
TSTR TeST Register 6/7 MOVR to itself 

S~ JR Jump to address in Register 7 MOVR to PC 
t.! ADDR ADD contents of Registers 6 
l!-s. SUBR SUBtract contents of Registers 6 
DI" CMPR CoMPare Registers by subtr. 6 Results not stored .. a: 
a: AN DR logical AND Registers 6 

XORR eXclusive OR Registers 6 
CLRR CLeaR Register 6 XORR with itself 

INCR INCrement Register 6 
DECR DECrement Register 6 

~ COMR COMplement Register 6 One's Complement 
til 
Z 'c;, NEGR NEGate 'Register 6 Two's Complement 
0 .. 

ADCR ADd Carry Bit to Register -6 j::: 
a: .. GSWD Get Status WorD 6 0 g, 

::J e: NOP No OPeration 6 a: iii SIN Software INterrupt 6 Pulse to pelT pin I-
til RSWD Return Status WorD 6 ~ 
IU SWAP SWAP a-bit bytes 6 (J 

-;:E z = SLL Shift Logical Left ... 6 
IU :E I ,.;~~~,. a: RLC Rotate Left thru Carry 6 Q)J:: 

en ~~ IU SLLC Shift Logical Left thru Carry 6 One or two position '" ! 00 IU SLR Shift Logical Right 6 o:€ shift capability. Two position a: 
-' 

'c;, SAR Shift Arithmetic Right 6 1: '8 SWAP not supported. .. 
ct a: RRC Rotate Right thru Carry 6 ,,'i'-z "'" a: SARC Shift Arithmetic Right thru Carry 6 <I: 
IU 
I-

HLT HaLT: 4 ~ .. SDBD Set Double Byte Data 4, Must precede external reference 

e~ EIS Enable Interrupt System 4 I ~ "'""" .,.. "" -" DIS Disable Interrupt System 4 e:" o~ TCI Terminate Current Interrupt 4 Not interruptable 00; 
.5 CLRC CLeaR Carry to zero 4 

SETC SET Carry to one 4 

.. J Jump 12 
e:. JE Jump, Enable, interrupt 12 

... .2 Eu JD JU,mp, Disable interrupt 12 
"2 JSR Jump, Save Return 12 

} 'Return Address .. -.. JSRE Jump, Save Return & Enable 12 ;saved in R4, 5 or 6 . .5 
JSRD Jump, Save Return & Disable interrupt 12 

B unconditional Branch 9* . 
,NOPP No OPeration 7* a. Two words .. BC (BLGE) Branch on Carry 7 Q) C=1 e: 0 

0 BNC (BLLT) Branch on No Carry 7 x C=O Q) n BOV Branch on OVerflow 7 oj OV=1 +c 2 BNOV Branch on No OVerflow 7 E OV=O 0; 0" 
til .5 BPL Branch on PLus 7 .!!l S=O a.~ 
Z J:: BMI Branch on Minus 7 

c: 
S=1 <:0 

0 g .- '" " -a. j::: e: BZE (BEQ) Branch on ZEro or EQual 7 ii Z=1 
0 I! BNZE(BNEQ) Branch if Not ZEro or Not EQual 7 c: Z=O 

~.~ 
::J ID' 0 EO 
a: ii BLT Branch if Less Than 7 0 SlfOV=1 ,,-Ii 

"' 
00 l- e: BGE Branch if Greater than or Equal 7 SlfOV=O .!!la. til 0 J!! 0.1 

~ ::: BLE Branch if Less than or Equal 7 .- ZV(SlfOV)=1 ·~U 
IU 

;; 
BGT "' Oa. e: Branch if Greater Than 7 " ZV(S\fOV)=0 

0 0 
Branch if Signf'Carry" '0 

Z 0 BUSC 7 >- C\fS=1 
IU BESC Branch if Sign=Carry 7 

0 
C\fS=O a: '" IU BEXT Branch if E~ternal condition is True 7 " 4 LSB of instruction are decoded 

'" " IU <I: select 1 of 16 external conditions. a: 
-' Oir. Imm. Indlr. Stack ct 
Z 
a: MVO MoVe Out 11 9 9 9 Not interruptable 
IU g I- PSHR PuSH Register to stack - - - 9 PSHR=MVO@R6. Not interruptable .. 
IU MVI MoVe In 10 a a 11 

PULR PUll from stack to Register - - - 11 PULR=MVI@R6. 

" ADD ADD 10 a a 11 
:::u SUB SUBtract 10 a a 11 e! CMP CoMPare 10 a a 11 Result not saved :5-' AND logical AND 10 a a 11 ~011 

XOR eXclusive OR 10 a a 11 

-1 MICROCYCLE-2 CLOCK CYCLES 
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CP1610 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· ·Exceeding these ranges could cause 
Voo, Vee, GND and all other input/output voltages permanent damage. Functional operation of 

with respect to V.. . . . . . . . . . . . . -0.3V to +18.0V this device at these conditions is not 
Storage Temperature . . . . . . . . . . . . -55· C to +150· C 
Operating Temperature ............• O·C to +70·C implied-operating ranges are specified 

Standard Conditions: (unless otherwise noted) below. 
Voo=+11V±5%, 70mA(typ), 110mA(max.) V •• = -2.2V ± 5%, 0.2mA(typ), 2mA(max.) 
Vee=+5V±5%, 12mA(typ) , 25mA(max.) Operating Temperature (T .)=O·C to +70· C 

Chsfllclerlltlc Sym Min Typ" Max Unlll Condltlonl 

DC CHARACTERISTICS 
Clocklnpull 
High VUle 10.0 - Voo V 
Low VII.C 0 - 0.6 V 
Input current Ie - - 15 mA V,He = (VOD -1)V 
Loglclnpull 
Low V,L 0 - 0.65 V 
High (All Lines except BDRDY) VIH 2.4 - VlT V 
High (Bus Data Ready Line 

See Note) VIHB 3.0 - Vl'l' V 
Logic Oulpull 
High VOH 2.4 Vex - V 10H = 10011A 
Low (Data Bus Lines 00-015) VOL - - 0.5 V 10L = I.SmA 
Low (Bus Control Lines, 

BC1,BC2,BDIR) VOL - - 0.45 V 10L= 2.0mA 
Low (All Others) VOl. - - 0.45 V 10L = I.SmA 

AC CHARACTERISTICS 

Clock Pul .. Inputl, </>1 or <1>2 

Pulse Width t</>2, t</>2 250 .- ns 

Skew (</>1~ </>2 delay) t12, t21 0 - - ns 

Clock Period tcy 0.5 - 2.0 "s 
Rise & Fall Times tr,tf - - 15 ns 
Maller SYNC: 
Delay from</> tms - - 30 ns 
DO-D1S BUB Signals 
Output delay from </>1 

(float to output) teo - - 100 ns 1 TTL Load & 100pF 
Output delay from </>2 

(output to float) t BF - 50 - ns 
Input setup time before </>1 tB1 0 - - ns 
Input hold time after </>1 te2 10 - - ns 

BUI Control Signall 
BC1,BC2,BDIR 

Output delay from </>1 t DC - - 100 ns 
Skew - - - 30 ns 
BUSAK Oulput delay from </>1 t eu - 150 - ns 
TCI Output delay from </>1 tTO - 200 - ns 
TCI Pulse Width tTW - 300 - ns 
EBCA output delay from BEXT 

toe input - - 150 ns 
EBCA wait time lor EBCI input tAl - - 400 ns 

CAPACITANCE TA=+2S·C; Voo=+12V; Vce=+5V; 
V •• = -3V; tl/)1 = tl/)2 = 120ns 

</>1, </>2 Clock Input capacitance C</>I,Cct>l - 20 30 pF 
00-015 - - 8 15 pF 
All Other - - 5 10 pF 

.. TYPIcal values are at +25· C and nominal voltages. 
NOTE: The Bus Data ReaDY(BDRDY) line is sampled during lime period TSI after a BAR or ADAR bus control signal. BDRDY must 

go low .requesting a wait state 50 ns before the end of TSI and remain low for .50 ns minimum. BDRDY may go high 
asynchronously. In response to BDRDY, the CPU will extend bus cycles by adding additional microcycles upto a maximum 
of 40 "sec duration. 
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CP1610 

CLOCK AND BUS TIMING· 

BUS 
CHANGING FROM 
FLOAT MODE TO 
OUTP\jT MODE 

~. '1 
BIIS BUS 

OUTPUT CHANGING FROM 
VALID OUTPUT MODE TO 

FLOAT MODE 

1<-->1 
INPUT 

INSTRUCTION 
OR DATA 
OPERAND 

TYPICAL INSTRUCTION SEQUENCE (EXTERNAL BRANCH TIMING) 

I t I I I I I I I , I I I I I I I I I I I I I 
'TSloTSZoTS3oTS4oTSloTS2oT$3oTS4oTSloTSZ,T$3oTS4oTSloTSZ'T$3,TS4,TSIOTSZITS3'TS4oTSIOTS2o 
I I I I I I I I I I I I I I I t I I I I I I I 

~I 

BCI f--------....J/ \~------------~ 

BCZ If------------J/ \~------------~J 

BD1Rr---l \~------------~/ 

00-015 ; FLOAT ~ FLOAT 'D\~ __ F_LO_AT __ ~= 
~ 
OUTPUT 

PROGRAM COUNTER 

LEGEND: \\\\\\~. 00-015 BUS 
\\\\\\ CHANGING DIRECTION 

~ 

INPUT 
BEXT INSTRUCTION 

~ 
OUTPUT PC + I TO 

FETCH DISPLACEMENT 



GIMINI "8900" GENERAL INFORMATION 

GIMINI Deluxe "8900" Programmable Game System 
FEATURES 
• Infinite game selection 
• Lowest cost expandable system 
• Uses programmable Read Only Memories with 16K and 

20K Storage (RO-3-9502, RO-3-9503, and RO-3-9504) 
• Eight color selectable, coordinate addressable game 

objects 
• Resident library of 256 complex game objects, including 

full 64 character alpha numerics 
• Shape library extenable by a further 256 objects using 

graphics RAM. 
• Full multicolor background capability 
• Sixteen selectable color "tones 
• Program controllable moving background 
• Two hundred and forty independently programmable 

background locations 

DESCRIPTION 
The GIMINI 8900 system is based on two processors; one 
computes the game action against the stored program rules; and 
the second interprets a condensed memory area and uses this to 
generate the T.V. raster display. The second processor fetches 
moving and background pictures from the graphic picture 
storage and presents the data as a video output. 

The set consists of five General Instrument supplied N-Channel 
circuits. The AY-3-8900 Standard Television Interface Circuit 
(STIC); the CP1610 GIMINI Microprocessor; an RO-3-9502 20K 
program ROM; a similar RO-3-9503 graphics picture ROM and an 
RA-3-9600 RAM. To complete the system the user supplies clock­
ing and modulation circuitry plus any other peripheral control 
requirements. Other circuits may be optionally added to expand 
the system capabilities. They are the AY-3-8910 Sound Genera­
tor, the RO-3-9504 ROMs, and Standard RAM devices. 

8900 SYSTEM DIAGRAM 

r-;;T~N~--' 
SUPPORT I 
MEMORY I 

I 
I 
I 
I 
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AY-3-8900 
AY -3-8900-1 

Standard Television Interface Chip 

FEATURES 

• Outputs include coded signal timings for CC1R or NTSC 
compatible video signal generation. AV-3-8900 for CCIR, 
A V -3-8900-1 for NTSC 

• Operation from a 4.000MHz clock for AV-3-8900 and from a 
3.579545MHz clock for AV-3-8900-1 

• 8 coordinate addressable foreground objects on a grid of 
168H by 104V for AV-3-8900 or 167H by 105V for AV-3-
8900-1 of which 159 x 96 are visible positions 

• Foreground objects independently programmable for half 
height, y zoom, x zoom and 8 or 16 character lines high 

• Selectable background display on a matrix of 20H x 12V' 
using 8 x 8 picture elements 

• Capable of accepting data, address and graphics 
information on common multiplexed bus 

• 16 digitally selectable colors 

DESCRIPTION 

The AV-3-8900/8900-1 STIC is designed for use within a comput­
er system having an external CPU and an area of ROM and RAM 
memory. Some of the memory must be dedicated to the support 
of the graphic character descriptors and patterns. 

The display facilities of the circuit are separated into two simul­
taneously operating modes. The main chip function provides 
eight coordinate positioned "foreground" objects, which have a 
number of display options including selection from a choice of 
sixteen colors. The second mode provides a background display 
facility, which is composed of a matrix of twelve rows by twenty 
columns of which 19 are composed of 8 x 8 picture elements and 
the 20th 7 x 8 picture elements. The "background" mode utilizes a 
dedicated area of external memory (240 by 14 bit words) to store 
the character control codes for each display position and both 
modes require some external memory assigned to the storage of 
the character patterns. The graphic pattern memory is eight bits 
wide. 

The AV-3-8900/8900-1 operates within the computer system by 
time sharing a bidirectional 14 bit bus. The demultiplexing and 
the system synchronization are defined by three sets of.control 
signals. 

The main synchronization which operates at the T.V. frame rate 
uses SR1, SR2 and SR3. The SRl signal occurs once per frame 
and it is used to synchronize the CPU algorithms to the intended 
display sequences. SRl indicates that STIC time is complete and 
that the AV-3-8900-1 has switched to the CPU controlled mode. 
SR2 is issued thirteen or fourteen times per picture frame de­
pending on picture offset. The AV-3-8900/8900-1 takes this signal 
low to request the first line access for a new row of twenty 
characters. 

The SR3 signal operates in conjunction with SR2 to read the 
"background" character descriptors out of external memory. The 
AV-3-8900/8900-1 pulses SR3 positive for each character posi-
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PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 

A V -3-8900/ A Y -3-8900-1 

V" 
SA3 

OWS' 

OTB' 

BAR' 

BC2 
BCl 

BOIR 
SAl 

01 
02 

SA2 

MSYNC 
RSTIN 
Clock 

V4 

v" 
V3 
VS 

Vo< 

v .. 
Y2 
Yl 
YO 

SOO 
SOl 

S02 
S03 
S04 
SOS 
sos 
S07 

sos 
SOg 

SOlO 
SOll 
S012 
S013 
Vl 
V2 

tion. Once the first line has been accessed by the SR2, SR3 
combination, the following fifteen lines to complete the 8 x 8 array 
are fetched by SR3 alone. 

The SR3 signal is also issued during the CPU controlled mode in 
response to BAR, ADAR or DW to enable an external device onto 
the 14 bit BUS. 

The second control bus is used to specify address, read and write 
sequences for the area of external memory used to store the 
graphic character "dot" patterns. The three signals on this BUS 
are BAR', DTB' and DWS'. The BAR" is output by the AV-3-
8900/8900-1 when a valid graphics character address is on the 14 
bit BUS. The external memory must latch this address for future 
read orwrite operations. The DTB' signal indicates that a "read" is 
requested and the external memory must place the eight bits of 
character pattern onto the 14 bit BUS. The DWS' signal indicates 
that a "write" is requested. 

The graphics control BUS is used during "STIC" time in the fetch 
of "foreground" object patterns and "background" object pat­
terns. During the non "STIC" time when in the CPU controlled 
mode, the graphics control BUS can be used to link thememory 
area containing the graphics patterns tothe main memory area of 
the external microprocessor. 

The third control BUS communicates with the external CPU. This 
BUS comprises signals BC1, BC2 and BOIR. They are coded to 
signify address, read and write sequences. The CPU control BUS 
is only validated if the AV-3-8900/8900-1 is in the CPU controlled 
mode, otherwise it is ignored. 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings·. , 
Temperature Under Bias ......................................... O·C to +40·C 
Storage Temperature ....•................................... -55·C to +150·C 
All Input or Output Voltages with Respect to V ••................. -0.2V to +9.0V 
Vee, Vee & Vss with Respect to V ••.............................. -0.2V to +9.0V 

Standard Conditions (unless otherwise stated) 
T. = O·C to +40·C, 
Vee = ±4.85V-±5.15V, 

V •• = -3.3V, 
Vss = O.OV 

Characteristic 

DC CHARACTERISTICS 

Bus Inputs 
, Input Logic Low 
Input Logic High 
Input Current 

, Bus Outputs 
Output Logic Low 
Output Logic High 

Supply Current 
Vee Supply 

AC CHARACTERISTICS 

Clock Input Freq, 

Bus Inputs 
Address Set Up 
Address Overlap 
Write Set Up 
Write Overlap 

Bus'Outputs 
Turn ON Delay 
Turn OFF Delay 

Sym 

V,L 
V,H 
I,L 

VOL 
VOH 

Icc 

fel 

tas 
tao 
tws 
two 

tda 
tdo 

Min Typ Max 

0 - 0.7 
2.4 - -
- - 10 

0 - 0.5 
2.4 - Vee 

- - 200 

- - -

200 - -
30 - -
100 - -
30 - -

- - 140 
0 - -

AV-3-8900 • AV-3-8900-1 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these condit,ions is not implied­
operating ranges are specified below. 

Units Conditions 

V 
V 

JiA V'n ='Vee 

V 1 TTL Load 
V +100pF 

mA Vee = +5.25,v 
@40·C 

MHz 4.000 for AV-3-8900 
3.579545 for AV-3-8900-1 
both externally adj usted 

ns 
ns 
ns 
ns 

ns 1 TTL Load 
ns +100pF 
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AY-3-8900 • AY-3-8900-1 

SYSTEM SYNCHRONIZATION TIMING 

,SR' IJ u u 
SR2 

SR2 ~L. _____ .s1 .".... -----:---:-.- ----------- -- ---:. _____ ....Jr 
SM ____ ~I~III~III~III~III~III~I"~I __ I~III~III="I~III~III~III~I-----_-~"=III~III~III~III="I=III--~"~IIII~III~III~III~III=" __ 

LINE' LINE 2 ____ . __ LINE'S LINE' 

CONTROL SIGNAL OPERATION DURING CPU TIME 

TIME SLOT I , I 2 I 3 I 4 I , I 2 I 3 I • I , I'~ I ~ I • I , 1 2 1 3 1 • I,' 1 2 'I 3 I • I , 1 2 1 3 1 • 1 , 1 2 1 3 1 • 1 , 1 2 1 3 1 • I" 

CONT~~~ ..J ADDRESS READ ADDRESS WRITE 

SM I -_ ...... 
BAR' _'-----' 

DTB' ___ :--___ --J 

DWS' 

OBJECT FETCH TIMING 

BAR' ..J 

DTB' I Ii-----~I _____ _ 

_to~j,oo~ I 
DATA OUT ---ft~j-I ------f-----1:=::Jr-

l700~ J~~ 
DATAIN -------{===J--------

AY-3-8900-1 CPU CONTROL TIMING 
123.,234123412341234, 23412341234 
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RO-3-9502 

Program ROM 

FEATURES 

• Mask programmable storage providing 2048 x 10 bit words 
• 16 bit on-chip address latch 
• Control decoder 
• Programmable memory map circuitry to place 2K ROM 

page within 65K word· memory space located on 2K page 
boundaries 

• Master logic with programmable 16 bit vectored start 
address 

• Interrupt logic with programmable 16 bit vectored interrupt 
address 

• 16 bit static address outputs for external memory 
• Control signals for external memory: 

ENABLE = (DTB + DWS) Address External = RIE 
WRITE = DWS. Address External = R/W 

• Programmable memory map selection for external 
memory area 

• Bus drive capability, 1 TTL load and 100pF plus tri-state 

CIRCUIT REQUIREMENTS 

The RO-3-9502 operates as the program memory for systems 
using a CP1610 series microprocessor. 

It is configured as 2048 x 10 bit words and contains several 
features which reduce the device count in a practical microproc­
essor application. 

OPERATING DESCRIPTION 

The RO-3-9502 is initialized by the MSYNC Input and from the 
positive edge of this signal, it remains in a tri-state output condi­
tion, awaiting the lAB response. During the lAB, the 9502 trans­
mits a 16 bit code onto the external bus thus providing the system 
start address vector. The completion of the MCLR sequence is 
recorded on chip such that any further lAB Codes output the 
second interrupt vector. From initialization, the 9502 waits forthe 
first address code. For this address code and all subsequent 
address sequences, the 9502 reads the 16 bit external bus and 
latches the value into its address register. The contents of this 
address register are made available for connection to external 
memory and are supplied on 16 latched outputs with a drive 
capability of 1 TTL load and 100pF. 

The 9502 contains a programmable memory map location for its 
own 2K page and if a valid address is detected, the particular 
addressed location will transfer its contents to the chip output 
buffers. If the control code following the address cycle was a 
Read, the 9502 will output the 10 bits of addressed data and also 
drive a logic zero on the top six bits of the bus. 

PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 

v" BCl 

AE' BC2 
R/W BOlA 
N.C. DBO 

0815 ADoRO 
N.C. DBl 

0614 ADDRl 
N.C. DB2 

0813 ADDR2 

N.C. DB3 
0812 ADDR3 
N.C, DB4 

DB11 ADDR4 

N.C. DBS 

0810 ADDR5 

AODR9 DBS 

DB9 ADoR6 

ADOR8 DB7 

088 AODR7 

MsYNC v" 

INPUT CONTROL SIGNALS 

BOIR BCl BC2 
EQUIVALENT 

RESPONSE 
SIGNAL 

0 0 0 NACT NACT 
0 0 lAB lAB 
0 0 ADAR ADAR 
0 1 1 DTB DTB 

0 0 BAR BAR 
0 DWS 

0 OW 
lNTAK 

OPERATION WITH EXTERNAL MEMORY 

The 16 bits from the address register are provided as static out­
puts for connection to external ROM or RAM devices. Two other 
signals are provided to control the external memory area. An 
enable signal is provided for any read or write operation, and a 
write signal, for any move out operation. The two external mem­
ory control signals are gated by a min-max memory map compar­
ator. The minimum and maximum values are programmable on 
boundaries within the 65K word memory area. The memory map 
comparator for external memory is a simple single compare and 
the operation is such that when a 2K area is chosen, a five bit 
compare is used and for a 4K area a four bit compare, etc. The 
effect of this is that 2K pages may start on 2K boundaries, i.e., 0, 2, 
4,6,8 etc., but 4K pages must be on 4K boundaries, i.e., 0, 4, 8, 12, 
etc. The same is true for 8K and 16K pages. 
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RO-3-9502 

ELECTRICAL CHARACTERISTICS 

Maximum Ralings* 
Temperature Under Bias ..............•.....................•...• O°C to +40°C 
Storage Temperature .............•.......................... -SsoC to +1S0°C 
All Input or Output Voltages with Respect to Vss ................. -0.2V to +9.0V 
Vee with Respect to Vss ..................•............ , ........• -0.2V to +9.0V 

Standard Conditions _(l!nless otherwise stated) 
TA = O°C to +40°C Vss = O.OV 
Vee = +4.8SV - +S.15V 

Characteristic Sym Min Typ Max 

DC CHARACTERISTICS 

Inputs 
Input Logic Low V,L 0 - 0.7 
Input Logic High V,H 2.4 - Vee 
Input Leakage V,L - - 10 

CPU BUS Outputs 
Output Logic Low VOL 0 - O.S 
Output Logic High VOH 2.4 - Vee 

Address and Enable Outputs 
Output Logic Low VOL 0 - O.S 
Output Logic High VOH 2.4 - Vee 

Supply Current 
Vee Supply Icc - - 120 

AC CHARACTERISTICS 

Inputs 
Address Set Up tas 300 - -
Address Overlap tao - SO -
Write Set Up tws 300 - -
Write Overlap two - SO -
CPU BUS Outputs 
Turn ON Delay tda - - 300 
Turn OFF Delay tdo - - 200 

Address and Enable Outputs 
Turn ON Delay tad,ted - - 200 
Turn OFF Delay teo - - 1S0 

Turn ON Delay twd - - 300 
Turn OFF Delay two - - 1S0 

5-14 

Units 

volts 
volts 
JlA 

volts 
volts 

volts 
volts 

mA 

nsec 
nsec 
n::,;ec 
nsec 

nsec 
nsec 

nsec 
nsec 
nsec 
nsec 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Conditions 

V,N = Vee 

1 TTL Load 
+100pF 

1 TTL Load 
+100pF 

Vee = S.2SV @ 40°C 

1 TTL Load 
+100pF 



RO-3-9502 

MEMORY TIMING RO-3-9502 

I I '----..... ADDRESS '----..... WRITE 
CONTROL CODE --.J 

ADDRESS READ 

I" I ~ ~ I lao ~ I... I ~ ~ Ilwo I-+-
DATA IN ----1r--il---------lL--_--'~-~1 ~ 

+ild'~ ~ldO~ 

DATA OUT -----------lll __ -1I--:-------------

~ lad I"+-
EXTERNAL ~r---------------'~ 

ADDRESS OUT ~ r---l ... __________ _ 

I,d ~ ~ ~ 1,0 I"+-
------------~I ~------------~ r-

ENABLE. I--__ ..JI 

IWd I ~ ~ I -..{ tw I--+-
WRITE LF 
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Graphics ROM 
FEATURES 

RO-3-9503 

• Mask programmable storage providing 2048 x 8 bit words 
• 16 bit on-chip address latch 
• Memory map circuitry to place the 2K ROM page within a 

65K memory·area 
• 8 bit tri-state bus with higher 8 bits driven to zero during 

read operations 
• 11 bit, static address outputs for external memory 
• Control signals for external memory: 

ENABLE 
R/W 

• Bus drive capability, 1 TTL load and 100pF plus tri-state 

OPERATING DESCRIPTION 

The device. operates in three memory configurations. These con­
figurations are selected via the input control signals. 

1. When SR1 has been pulsed negative, the memory is located at 
12288 to 14335. The external memory is addressed at 14336 to. 
16383. 

2. When BUSAK has been pulsed negative, the memory is lo­
cated at 0 to 2047. The external memory is addressed at 2048to 
4095. 

3. When BAR' and DWS' are pulsed positive, the memory will not 
respond to address bit 9 and address bit 10, which restricts the 
memory to 512 locations. The memory is now located from 0 to 
511 relative to the current memory origin. The external mem-

MEMORY TIMING 

BAR' ~ 

DTB' 

DWS' 

PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 

v" A/W 

SAl E"NA8["E 

(BUSAK) DWS' 

0815 OTB' 

N.C. BAR' 

OB14 N.C. 

oe13 DBD 

0812 ADDAD 

DB11 DBl 

N.C. ADOR1 
0810 DB2 

N.C. ADDA2 

DB9 DBa 

ADORa ADDA3 
DBB N.C. 

MSvNC DB' 
ADDA7 ADOA4 

DB7 DB5 

ADOR6 ADDA5 

DBB v" 

ory is also addressable from 0 to 511 relative to its current 
origin. Configuration three may be released by applying a 
negative pulse on the SR1 input. 

~~~~~ ~~~~~ 

DATA IN ~ I-----------~ f-------t I-
----,~. ------~ ~------~ ~------~ 

td. I" "I 
DATA OUT I 

t,,~ 

EXTERNAL ~ r--------------, 
ADDRESS . 

OUTPUT 

tod I.. "'1 t.d 14 .... 1 ~t,,~ 

ENABLE r-
twd 14 .... 1 ~t,,~ 

WRITE r-
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MEMORY POSITION RELATIVE TO CONTROL OPERATION 

SRI u 
BUSAK U 

DAR' DWS' 

MEMORY 12-14K 0-2K I 12-14K 
POSITION 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 
Temperature Under Bias ......................................... O°C to +40°C 
Storage Temperature ........................................ -55°C to +150°C 
All Input or Output Voltages with Respect to Vss .....•........... -0.2V to' +9.0V 
Vee with respect to Vss .......•.•...•...•....•...•...•...•.•.... -0.2V to +9.0V 

Standard Conditions (unless otherwise stated) 
TA = O°C to +40°C 
Vee = +4.85V - + 5.15V 
Vss = O.OV 

Characteristic 

DC CHARACTERISTICS 

Bus Inputs 
Input Logic Low 
Input Logic High 
Input Leakage 

CPU BUS Outputs 
Output Logic Low 
Output Logic High 

Address and Enable Outputs 
Output Logic Low 
Output Logic High 

Supply Current 
Vee Current 

AC CHARACTERISTICS 

Bus Inputs 
Address Set Up 
Address Overlap 
Write Set Up 
Write Overlap 

CPU BUS Outputs 
Turn ON Delay 
Turn OFF Delay 

Address and Enable Outputs 
Turn ON Delay 
Turn OFF Delay 

Sym 

V,L 
V,H 
I,L 

VOL 
VOH 

VOL 
VOH 

Icc 

t., 
tao 
tws 
two 

tda 
tdo 

tad,ted,twd 
teo 

Min 

0 
2.4 
-

0 
2.4 

0 
2.4 

-

300 
-

300 
-

-
-

-
-

All delays measured between 2.2 Volts and 0.7 Volts test points 

Typ Max 

- 0.7 
- Vee 
- 10 

- 0.5 
- Vee 

- 0.5 
- Vee 

- 150 

- -
50 -
- -
50 -

- 300 
- 200 

- 200 
- 100 

n 

RO-3-9503 

U 

12-12.5K O-O.5K I 12-14K 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Units Conditions 

Volts 
Volts 
pA V,N = Vee 

Volts 1 TTL Load 
Volts +100pF 

Volts 1 TTL Load 
Volts +100pF 

mA Vee = +5.25V @ 40°C 

nsec 
nsec 
nsec 
nsec 

nsec 1 TTL Load 
nsec +100pF 

nsec 1TTL Load 
nsec +100pF 
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RA-3-9600 

System RAM 

FEATURES 

• Memory area 352 words of 16 bits 
• Address counter and control logic for D.M.A. operation 
• Control decoder for CPU data control signals 
• Memory map comparator and control logic for additional 

memory on 14 bit bus 
• Current line buffer - 20 words of 14 bits 
• Drive capability on 16 bit and 14 bit bus for 1 TTL load and 

100pF 

FUNCTIONAL DESCRIPTION 

The ,RA-3-9600 is a 'dual port' interface and 16 bit wide RAM 
storage area. The RA-3-9600 contains twenty 14 bit serial data 
buffer registers with separate bus contr~lsignals. 

The RA-3-9600 memory is 352 x 16 bit contiguous words from 
address 512-863 with the graphics descriptors using the first 240 
words. The graphics use only the lower 14 bits of each word 
leaving the two most significant bits available for user storage. 

OPERATION DESCRIPTION 

The RA-3-9600 RAM accepts data from the CPU via a 16 bit 
bi-directional bus which is time multiplexed with address and 
data. A 3 bit control bus from the CPU is used to provide strobe 
signals for the on-chip address latch and main memory area. 

The RAM has two operating modes: 
Mode 1 - On decoding an interrupt the RAM is enabled into a bus 
copy mode. In this mode the RAM copies the lower fourteen bits 
of the CPU bus onto the graphics bus. The direction of copy is 
always from the CPU and towards the graphics except during a 
bus reversal condition. The reversal condition is indicated when 
the CPU requests a read from an external graphics address on the 
14 bit bus. Under this condition the 9600 will turn its 14 bit bus 
outputs into tri-state and gate the 14bit bus through to the 16 bit 
CPU bus. 

Mode 2-ls selected wh"!n the CPU issues BUSAK command 
(DMA request). The effect of BUSAK inside the 9600 is to resetthe 
interrupt synchronizing logic and to switch the address decoder 
from the CPU address register to the graphics address counter. 
This counter. which sequences through the 240 words of graph­
ics data. will have been previously set to zero when the interrupt 
signal was decoded. When the CPU is in the, DMA state. the 
graphics system will prepare to display a new row of twenty 
characters and to load the 20 buffer registers within the 9600. For 
the first cycle of DMA after interruptthe graphics address counter 
will be at zero and the data at thafaddress is p'assed to the 14 bit 
output. The action of SR3 will enable the output buffers and drive 
the 14 bit bus. The twenty shift registers are also loaded at this 
time. The negative edge of SR3 tri-states the 14 bit output and 
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PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 

086 SDS 
087 SD5 
SD7 085 
SDS 084 
DB6 SD4 

089 SD3 
SD9 083 
¢2 DB2 

v" SD2 

v" v" 
v" 081 

iiUsiiK SD1 

SR3 SDO 
8C1 080 
8C2 0815 

BDIR 0814 
0810 0813 
S010 S013 

501' 5012 
DB11 D812 

increments the graphics address counter. The shift registers are 
also clocked at this time. The SR3 input provides twenty positive 
pulses to the 9600 and loads the shift register buffers while giving 
the graphics the first row of characters. Atthe end of the first DMA 
cycle. after the CPU interrupt. the graphics address counter will 
be at value 20. The 9600 operation for the next fifteen lines wil'l be 
to clock the 20 shift registers and gate the contents onto the 14 bit 
bus under control of the SR3 input. When the CPU is running and 
BUSAK is a logic i. the graphics address counter is not incre­
mented and it stays at the value 20. At the end of the first row of 
characters, the complete DMA operation is repeated and the 
address counter will be left at 40. This sequence occurs for the 12 
rows of characters until all 240 have been successfully accessed. 

The operation of SR3, INCREMENT/TRI-STATE signal,is to step 
the shift register sequentially through each of the twenty charac­
ters. If the BUSAK signal is low, i.e., in DMA, it also increments the 
graphics ADDRESS COUNTER. SR3 disables the 14 bit graphics 
bus during the low period. 

At the end of active picture the STIC issues an interrupt request to 
the CPU. The RA-3-9600 tests for the INTAK· response from the 
CPU and uses this signal as an entry control for a copy mode 
between the two buses. The end of the copy mode is controlled by 
the first BUSAK negative edge. 

:INTAK, equivalent BC1, BC2, BOIR = '1' 



'ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 
Temperature Under Bias •.•......••...•....•...••...•............ O°C to +40°C 
Storage Temperature ........................................ -SsoC to +1S0°C 
All Input or Output Voltage With Respect to V ••................ -0.2V to +18.0V 
Vee, Vee and Vss With Respect to V ............................. -0.2V to +18.0V 

Standard Conditions (unless other~.ise stated) 
TA = O°C to +40°C 
Vee = +11.6V-+12.4V 

Characteristic 

DC CHARACTERISTICS 

Clock Inputs 
Clock Input Freq. q,2 
Input Logic Low 
Input Logic High 
Input Current 

Bus Inputs and Control Inputs 
Input Logic Low 
Input Logic High 
Input Currents 
Bus Outputs 
Output Logic Low 
Output Logic High 

AC CHARACTERISTICS 

Clock Input 
Rise & Fall Time 

CPU Bus Timing 
Address Set Up Time 
Address Hold Time 
Data Access Time 
Data Hold Time 
Write Data Setup 
Write Data Hold 

Graphics Bus Timing 
Data Access Ti me 
Data Hold Time 

Vee = +4.8SV-+S.1SV 
V •• = -3.3V 

Sym 

-
V,Le 
V1HC 

IILe 

V,L 
V,H 
I'L 

. V,L 
VeL 

tr,tl 

t., 
lao 
tda 
tdo 
tws 
tas 

tga 
tgo 

Min Typ Max 

- - -
0 - 0.7 

2.4 - Vee 
- - 10 

0 - 0,7 
2.4 - Vee 
- - 10 

0 - O.S 
2.4 - Vee 

- - SO 

300 - -
- - 50 
- - SOO 
- 100 -

100 - -
0 - -

- - 150 
- 100 -

Units 

MHz 
Volts 
Volts 
iJA 

Volts 
Volts 
iJA 

Volts 
Volts 

nsec 

RA-3-9600 

• Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Conditions 

1.79S4SMHz 

Vin = Vee 

Vin = Vee 

1 TTL Load 
+100pF 

"reo} nsec 
nsec 1 TTL Load 
nsec +100pF 
nsec 
nsec 

nsec 1 TTL Load 
nsec +100pF 
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RA-3-9600 

CPU BUS TIMING (1~ BIT) 
CONTROL 

CODES .-J 
ADDRESS READ ADDRESS ~--------------~ WRITE 

~~~~ ~~~ ~~~ 

DATAIN ----It=~j---------_[==}_---_{I~===~r_ 

DATA OUT 

. GRAPHICS BUS (14 BIT) 
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SR3 

DATA OUT 

CPU 
INTERRUPT 
RESPONSE 

CPU DMA 
RESPONSE 

GRPHICS 
COUNTER 

RESET 

CPU DMA 
RESPONSE 

~ fg.~. .; 1'0 I--

I 
Fig. 1 

U 

~ ~---------------------------~~ 
r--, 

.) L_ 
,...,.--- -------

~~ ---
,.,.,""-~ ---
I EXPANDED - - -

I 

GRAPHICS nn 
COUNTER INC ~UL __ ~L ________________________ ~ .J"---_ --20 PULSES 

LINE BUFFER 
LOAD 

--20 PULSES 
... --20 PULSES 

15 GROUPS OF PULSES 

15 LINE BUFFER 
REPEATS 

Fig. 2 RAM GRAPHICS OPERATION 

GRAPHICS BUS DRIVEN 
DURING SR3 



RO-3-9504 

Cartridge ROM 

FEATURES 

• Mask programmable storage providing 2048 x 10 bit words 
• 16 bit on-chip address latch 
• Memory map circuitry to place the 2K ROM page within a 

65K Memory area 
• 16 bit tri-state bus with higher 6 bits driven to zero during 

read operations 

CIRCUIT REQUIREMENTS 

The RO-3-9504 operates as the program memory for systems 
using a CP1610 microprocessor. It is configured as 2048 x 10 bit 
words and contains several features which reduce the device 
count in a practical microprocessor application. 

DESCRIPTION 

From initialization, the RO-3-9504 waits for the first address code, 
i.e., BAR. For this address code and all subsequent address 
sequences, the 9504 reads the 16-bit external bus and latches the 
value into its address register. 

MEMORY TIMING RO·3·9504 

CONTROL CODE .-J 
ADDRESS READ 

tal I. "I too ~ 

The 9504 contains a programmable memory map location for its 
own 2K page, and if a valid address is detected, the particular 
address location will transfer its contents to the chip output 
buffers. If the control code following the address cycle was a 
READ, the 9504 will output the 10 bits of addressed data'and drive 
a logic zero on the top six bits of the bus: 

INPUT CONTROL SIGNALS 

BOIR BC1 BC2 EQUIVALENT RESPONSE 
SIGNAL 

0 0 0 NACT NACT 
0 0 1 lAB NACT 
0 1 0 ADAR ADAR 
0 1 1 DTB DTB (READ) 
1 0 0 BAR BAR 
1 0 1 DWS -
1 1 0 OW -
1 1 1 lNTAK -

ADDRESS 1--___ -1 WRITE 

tws I. -.Itwot..-

DATAIN -----1 r------------~ ~------~ ~ ~.----~ ~----~ ~----~,-

DATA OUT 
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RO-3-9504 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
Temperature Under Bias ........•...........•.............•.•.•.• O°C to +40°C 
Storage Temperature ..•........•...........•......•........• -55°C to +lS0°C 
All Input or Output Voltages with Respect to Vss .•....•......•... -0.2V to +9.0V 
Vee with respect to Vss •....................•...............•... -0.2V to +9.0V 

Standard Conditions (unless otherwise stated) 
TA = O°C to +40°C 
Vee = +4.8SV - + S.lSV 
Vss = O.OV 

Characteristic 

DC CHARACTERISTICS 
Inputs 
Input Logic Low 
Input Logic High 
Input Leakage 

CPU BUS Outputs 
Output Logic Low 
Output Logic High 

Supply Current 
Vee Supply 

AC CHARACTERISTICS 

Inputs 
Address Set Up 
Address Overlap 
Wrile Sel Up 
Write Overlap 

CPU BUS Outputs 
Turn ON Delay 
Turn OFF Delay 
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Sym 

V,L 
V,H 

V,L 

VOL 
VOH 

Icc 

tas 
lao 
Iws 
two 

tda 
tdo 

Min Typ Max 

0 - 0.7 
2.4 - Vee 
- - 10 

0 - O.S 
2.4 - Vee 

- - 120 

300 - -
- SO -

300 - -
- SO -

- - 300 
- - 200 

Units 

volts 
volts 
/lA 

volts 
volts 

rnA 

nsec 
nsec 
nsec 
nsec 

nsec 
nsec 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Conditions 

V,N = Vee 

1 TTL Load 
+100pF 

Vee = S.2SV @ 40° C 

1 TTL Load 
+100pF 



AY-3-8910 AY-3-8912 

Programmable Sound Generator 

FEATURES 
• Full software control of sound generation 
• Interfaces to most 8-bit and 16-bit microprocessors 
• Three independently programmed analog outputs 
• Two 8-bit general purpose 110 ports (AY-3-8910) 
• One 8-bit general purpose 110 port (AY-3-8912) 
• Single t5 Volt Supply 

DESCRIPTION 
The AY-3-8910/8912 Programmable Sound Generator (PSG) is a 
Large Scale Integrated Circuit which can produce a wide variety of 
complex sounds under software control. The AY-3-8910/8912 is 
manufactured in GI's N-Channel Ion Implant Process. Operation 
requires a single 5V power supply, a TTL compatible clock, and a 
microprocessor controller such as the Gl16-bit CP160011610 or one 
of Gl's PIC 1650 series of 8-bit microcomputers. 

The PSG is easily interfaced to any bus oriented system. Its flexibility 
makes it useful in applications such as music synthesis, sound 
effects generation, audible alarms, tone signalling and FSK modems. 
The analog sound outputs can each provide 4 bits of logarithmic 
digital to analog conversion, greatly enhancing the dynamic range of 
the sounds produced. 

In order to perform sound effects while allowing the processor to 
continue its other tasks. the PSG can continue to produce sound 
after the initial commands have been given by the control processor. 
The fact that realistic sound production often involves more than one 
effect is satisfied by the three independently controllable channels 
available in the PSG. 

All of the circuit control signals are digital in nature and intended to 
be provided directly by a microprocessor/microcomputer. This 
means that one PSG can produce the full range of required sounds 
with no change in external circuitry. Since the frequency response of 
the PSG ranges from sub-audible at its lowest frequency to post­
audible at its highest frequency. there are few sounds which are 
beyond reproduction with only the simplest electrical connections. 

Since most applications of a microprocessor/PSG system would also 
require interfacing between the outside world and the microproces­
sor. this facility has been designed into the PSG. The AY-3-8910 has 
two general purpose 8-bit I/O ports and is supplied in a 40 lead 
package: the AY-3-8912 has one port and 28 leads. 

PIN FUNCTIONS 
DA7--DAO (input/output/high impedance): pins 30--37 (AY-3-8910) 
Data/Address 7--0: . pins 21--28 (AY-3-8912) 

These 8 lines comprise the 8-bit bidirectional bus used by the 
microprocessor to send buth data and addresses to the PSG and to 
receive data from the PSG. In the data mode. DA7--DAO correspond 
to Register Array bits B7--BO. In the address mode. DA3--DAO select 
the register # (0--17,) and DA7--DA4 in conjunction with address 
inputs All and A8 form the high order address (chip select). 

A8 (input): pin 25 (AY-3-8910) 
pin 17 (AY-3-8912) 

AS (input): pin 24 (AY-3-8910) 
(not provided on AY-3-8912) 

Address 9, Address 8 
These "extra" address bits are made available to enable the position­
ing of the PSG (assigning a 16 word memory space) in a total 1.024 
word memory area rat~er than in a 256 word memory area as defined 
by address bits DA77 0AO alone. If the memory size does not require 
the use of these exira address lines they may be le!!.unconnected as 
each is provided With either an on-chip pull down (A9) or pull-up (A8) 
resistor. In "noisy" environments, however, it is recommended that 
A9 and A8 be tied to an external ground and +5V, respectively. if they 
are not to be used. 

PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 
AY-3-8910 

Vss (GNO) 
N.C. 

ANALOG CHANNEL B 
ANALOG CHANNEL A 

N.C. 
IOB7 
IOB6 
lOBS 
IOB4 
IOB3 
IOB2 
IOB1 
lOBO 
IOA7 
IOA6 
IOA5 
1OA4 

IOA3 
IOA2 
IOA1 

28 LEAD DUAL IN LINE 
AY-3-8912 

ANALOG CHANNEL C 
TEST 1 

Vee (+5V) 
ANALOG CHANNEL B 
ANALOG CHANNEL A 

Vss (GNO) 
IOA7 
IOA6 
IOA5 
10A4 

IOA3 
IOA2 
IOA1 
10AO 

MICROPROCESSOR 
MICROCOMPUTER 

Vee (t5V) 
TEST 1 
ANALOG CHANNEL C 
OAO 
DA1 
DA2 
DA3 
DA4 

DA5 
DA6 
DA7 
BC1 
BC2 
BDIR 
TEST 2 
A8 

A9 
RESET 
CLOCK 
10AO 

OAO 
OA1 
OA2 
DA3 
OA4 
OA5 
OA6 
DA7 
BC1 
BC2 
BOIR 
A8 

RESET 
CLOCK 

Fig. 1 SYSTEM BLOCK DIAGRAM 
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_ AY-3-8910 • AY-3-8912 

RESET (input): pin 23 (AY-3-8910) 
pin 16 (AY-3-8912) 

For initialization/power-on purposes. applying a logic "0" (ground) 
to the Heset pin will reset all registers to "0". The Heset pin is provided 
with an on-chip pull-up resistor. 

CLOCK (input): pin 22 (AY-3-8910) 
pin 15 (AY-3-8912) 

This TTL-compatible input supplies the timing reference for the 
Tone. Noise and Envelope Generators. 

BDIR, BC2, BC1 (inputs): pins 27.28,29 (AY-3-8910) 
pins 18,19,20 (AY-3-8912) 

Bus DIRection, Bus Control 2,1 
These bus control'signals are generated direclly by Gl's CP1600 
series of microprocessors to control all external and internal bus 
operations in the PSG. When using a processor other than the 
CP1600. these signals can be provided either by comparable bus 
signals or by simulating the signals on I/O lines of the processor. The 
PSG decodes these signals as illustrated in the following: 

!: 0 0 CP1600 PSG g .... FUNCTION FUNCTION 

o NACT INACTIVE. See 010 (lAB) below. 
ADAR LATCH ADDRESS. See 111 (INTAK) below. 
lAB INACTIVE. The PSG/CPU bus is inactive. DA7--DAO 

are in a high impedance state. 
DTB READ FROM PSG,'This signal causes the contents 

of the register which is currently addressed to 
appear on the PSG/CPU bus. DA7--0AO are in the 
output mode. 

o BAR LATCH ADDRESS. See 111 (INTAK) below. 
OW INACTIVE. See 010 (lAB) above. 

DWS WRITE TO PSG. This signal indicates that the bus 
contains register data which should be latched into 
the currentfy addreflsed register. OA7-DAO are in 
the input mode. 

INTAK LATCH ADDRESS. This signal indicalesthatthe bus 
contains a register address which should be latched 
in the PSG. DA7-DAO are in the input mode. 

While interfacing to a processor other than the CP1600wouid simply 
require simulating the above decoding. the redundancies in the PSG 
functions vs. bus control signals can be used to advantage in that 
only four of the eight possible decoded bus functions are required by 
the PSG. This could simplify the programming of the bus control 
signals to the following, which would only require that the processor 
generate two bus control signals (BDIR and BC1, with BC2 tied to 
+5V): 

a: N PSG 
PSG 

is c.> 1) .. III .. FUNCTION BOIR 

INACTIVE. - ,"OM { '5 BC' 
READ FROM PSG. - PROCESSOR 

WRITE TO PSG. BC' 
LATCH ADDRESS. 

ANALOG CHANNEL A, B, C (outputs): pins 4. 3. 38 (AY-3-8910) 
pins 5. 4. 1 (AY-3-8912) 

Each of these signals is the output of its corresponding D/A 
Converter. and provides an up to 1 V peak-peak signal representing 
the complex sound waveshape generated by the PSG. 

IOA7--IOAO (input/output): pins 14--21 (AY-3-8910) 
pins. 7--14 (AY-3-8912) 

IOB7--IOBO (input/output): pins 6--13 (AY-3-8910) 
(not provided on AY-3-8912) 

Input/Output A7--AO, B7--BO 
Each of these two parallel input/output ports provides 8 bits of 
parallel data to/from the PSG/CPU bus from/to any external devices 
connected to the lOA or lOB pins. Each pin is provided with an on­
chip pull-up resistor. so that when in the "input" mode. all pins will 
read normally high. Therefore. the recommended method for scan­
ning external switches. for example. would be to ground the input bit. 

TEST 1: pin 39 (AY-3-8910) 
pin 2 (AY-3-8912) 

TEST 2: pin 26 (AY-3-8910j 
(not connected on AY-3-8912) 

These pins are for GI test purposes only and should be leftopen-gg 
not use as tie-pOints. 

Vee: pin 40 (AY-3-8910) 
pin 3 (AY-3-8912) 

Nominal +5Volt power supply to the PSG. 

Vss: pin 1 (AY-3-8910) 
pin 6 (AY-3-8912) 

Ground reference for the PSG. 

5-24 

ARCHITECTURE 

The AY-3-8910/8912 is a register oriented Programmable Sound 
Generator (PSG). Communication between the processor and the 
PSG is based on the concept of memory-mapped lIO. Control 
commands are issued to the PSG by writing to 16 memory-mapped 
registers. Each of the 16 registers within the PSG is also readable so 
that the microprocessor can determine, as necessary. present states 
or stored data values. 

All functions of the PSG are controlled through its 16 registers which 
once programmed, generate and sustain the sounds, thus freeing the 
system processor for other tasks. 

REGISTER ARRAY 
The prinCipal element of the PSG is the array of 16 readlwrite control 
registers. These 16 registers look to the CPU as a block of memory 
and as such occupy a 16 word block out of 1.024 possible addresses. 
The 10 address bits (8 bits on the common data/address bus. and 2 
separate address bits A8 'and AS) are decoded as follows: 

• As is 
f--t-+-+-t--t--+-+-+--f---f not provided 

11 
HIGH 

ORDER 
(Chip Select) 

1 1 

LOW 
ORDER 

(Register #) 

on the AY·3-B912. 

The four low order address bits select one of the 16 registers (RO-­
R17B). The six high order address bits function as "chip selects" to 
control the tri-state bidirectional buffers (when the high order 
address bits are "incorrect". the bidirectional buffers are forced to a 
high impedance state). High order address bits A9 A8 are fiKed in the 
PSG design to recognize a 01 code; high order address bits DA7-­
DA4 may be mask-programmed to any 4-bit code by a special order 
factory mask modification. Unless otherwise specified. address bits 
DA7--DA4 are programmed to recognize only a 0000 code. A valid 
high order address latches the registei address (the low order 4 bits) 
in the Register Address Latch/Decoder block. A latched address w.ill 
remain valid until the receipt of a new address. enabling multiple 
reads and writes of the same register contents without the need for 
redundant re-addressing. 

Conditioning of the Register Address Latch/Decoder and the Bidi­
rectional Buffers to recognize the bus function required (inactive. 
latch address •. write data. or read data) is accomplished by the Bus 
Control Oecode block. 

SOUND GENERATING BLOCKS 
The basic blocks in the PSG which produce the programmed sounds 
include: 
Tone Generators produce·the basicsquare wave tone frequen­

cies for each channel (A.B.C) 
Noise Generator produces a frequency modulated pseudo 

random pulse width square wave output. 
Mixers combine the outputs of the Tone Generators 

and the Noise Generator. One for each chan­
nel (A.B.C). 

Amplitude Control provides the D/A Converters with either a 
fixed or variable amplitude pattern. The fixed 
amplitude is under direct CPU control; the 
variable amplitude is accomplished by using 
the output of the Envelope Generator. 

Envelope Generator produces an envelope pattern which can be 
used to amplitude modulate the output of 
each Mixer. 

D/A Converters the three D/A Converters each produce upto 
a 16 level output signal as determined by the 
Amplitude Control. 

1/0 PORTS 
Two additional blocks are shown in the PSG Block Diagram which 
have nothing directly to do with the' production of sound-these are 
the two 1/0 Ports (A and B). Since virtually all uses of microproces­
sor-based sound would require interfacing between the outside 
world and the processor. this facility has been included in the PSG. 
Data to/from the CPU bus may be read/written to either of two 8-bit 
I/O Ports without affecting any other function of the PSG. The I/O 
Ports are TTL-compatible and are provided with internal pull-ups on 
each pin. Both Ports areavailable on the AY-3-8910: only I/O Port A is 
available on the AY-3-8912. 



~ 

REm 

I 
I 
I 
I 
I 
I 
1 

1 

I 
1 

1 

1 

I 
1 

1 

.---t------ -----------, 

1 

I 

REG. 
ADDRESS 

LATCHI 
DECODER 

BI-DIRECTIONAL 
BUFFERS 

L _________ _ 

RESET 
REGISTERS 

I 
I 
I 
1 

I 
I 
I 
I 
I 

. • 4 t t tl 
~I ;;;;;1 CON~~~TERS II 

Fig. 2 PSG BLOCK DIAGRAM 

I 
I 
I 
I 

J 

~ 
o 

• 
~ ; 
.... 
N 



AY-3-8910 • AY-3-8912 

OPERATION 

Since all functions of the PSG are controlled by the host processor 
via a series of register loads, a detailed description of the PSG 
operation can best be accomplished by relating each PSG function to 
the control of its corresponding register. The function of creating or 
programming a specific sound or sound effect logically follows the 
control sequence listed: 

Operation 
Tone Generator Control 
Noise Generator Control 
Mixer Control 

Amplitude Control 

Envelope Generator 
Control 

Registers 
RO--RS 

R6 
R7 

Al0--R12 

R13--A1S 

Function 
Program tone periods. 
Program noise periodr 
Enable tone and/or noise 
on selected channels. 
Select "fixed" or "envelope­
variable" amplitudes. 
Program envelope period 
and select envelope pattern 

Tone Generator Control 
(Registers RO, R1, R2, R3, R4, RS) 
The frequency of each square wave generated by the three Tone 
Generator~ (one each for Channels A, B, and C) is obtained in the 
PSG by first counting down the input clock by 16, then by further 
counting down the result by the programmed 12-bit Tone Period 
value. Each 12-bit value is obtained in the PSG by combining the 
contents of the relative Coarse and Fine Tune registers, as illustrated 
in the following: 

Coarse Tune Fine Tune 
Register Channel Register 

Rl A RO 
A3 6 R2 
AS C R4 

I~I~I~I~I~I~I~I~I I~I~I~I~IMI~I~I~I 

~ V ~ 
ITPI*Plol TP.I TPa I TP,I TP61 TPS I TP.I TP31 TP21 TPI I TPO I 

12-bit Tone Period {TP) to Tone Generator 

Noise Generator Control 
(Register R6) 
The frequency of the noise source is obtained in the PSG by first 
counting down the input clock by 16; then by further counting down 
the result by the programmed 5-bit Noise Period value. This 5-bit 
value consists of the lower 5 bits (B4--BO) of register R6, as 
illustrated in the following: .. 

Noise Period 
Register R6 

NOT 5·bit 'Noise Period (NP) 
USED to NOIse Generator 

Mixer Control-II0 Enable 
(Register R7) . 
Register 7 is a multi-function Enable register which controls the 
three Noise/Tone Mixers and the two general purpose I/O Ports. 

The Mixers, as previously described, combine the noise and tone 
frequencies for each of the three channels. The determination of 
.combining neither/either/both noise and tone frequencies on each 
channel is made by the state of bits B5--BO of R7. 

The direction (input or output) of the two general purpose I/O Ports 
(IDA and lOB) is determined by the state of tiits B7 and B6 of R7. 

These functions are illustrated in the following: 

I B' 

Funclion: Input Enable 

Mixer ControH/O Enable 
Register A7 

110 Pori: '---_'-_ 
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Function: I---'.y:.:.:==r--j 
Channel: '---"--'--"--'--'-'--' 

BI BO 

Amplitude Control 
(Registers R10, R11, R12) 

The amplitudes of the signals generated by each of the three D/A 
Converters (one each for Channels A, B, and C) is determined by the 
contents of the lower 5 bits (B4--BO) of registers Rl 0, Rll, and R12 as' 
illustrated in the following: 

Amplitude Control 
Register # 

RtO 
AT1 
R12 

amplitude 
"Mode" 

Channel 

A 

6 
C 

IL**'I LO I 
4-bit "fixed" 

amplitude Level. 

Envelope Generator Control 
(Registers R13, R14, R15) 

To accomplish the generation of fairly complex envelope patterns, 
two independent methods of control are provided in the PSG: first, it 
is possible to vary the frequency of the envelope using registers R13 
and R14; and second, the relative shape and cycle pattern of the. 
envelope can be varied using register R15. The following paragraphs 
explain the details of the envelope control functions, describing first 
the envelope period control and then the envelope shape/cycle 
control. 

ENVELOPE PERIOD CONTROL (Registers R13, R14) 

The frequency of the envelope is obtained in the PSG by first 
counting down the input clock by 256, then by further counting down 
the result by the programmed 16-bit Envelope Period value. This 
16-bit value is obtained in the PSG by combining the contents of the' 
Envelope Coarse and Fine Tune registers, as illustrated in the 
following: 

Envelope 
Coarse Tune 
Register R 14 

Envelope 
Flne Tune 

Register R13 

IB,IB.IBSI •• 1.3IB21 ~IBol l"IB61.sIB41~1.2IBI IBol 

./ ~ " IEP1sjePI.IEPlajePI>jEPTTIEPI01 EPOI EPa I EP'I EPSI EPS I EP.I EP31 EP21 EPI I EPa I 
l6-bit Envelope ~eriod (EP) 

to Envelope Generator 

ENVELOPE SHAPE/CYCLE CONTROL (Register R1S) 

The Envelope Generator further counts down the envelope fre­
quency by 16, producing a 16-state per cycle envelope pattern as 
defined by its 4-bit counter output, E3 E2 El EO. The particular shape 
and cycle pattern of any desired envelope is accomplished by 
controlli[lg the count pattern (count up/count down) of the 4-bit 
counter and by defining a single-cycle or repeat-cycle pattern. 

This erivelope shape/cycle control is contained in the lower 4 bits 
(B3--BO) of register R15. Each of these 4 bits controls a function in 
the envelope generator, as illustrated in the following: 

Envelope Shape/Cycle 
Control Register (R1S) 

1671661651641631621 6t 1601 Function 

USeD ~ Allernale To ~lSl'L-HOld } 
Envelope 

_. . . Attack Generator 

Continue 
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• T 
T 

• C • 
GRAPHIC REPRESENTATION 
OF ENVELOPE GENERATOR 

OUTPUT E3 E2 E1 EO. 

EP IS THE ENVELOPE PEAIOD 
(DURATION OF ONE CYCLE) 

Fig. 3 ENVELOPE SHAPE/CYCLE OPERATION 

GRAPHIC REPRESENTATION Of 
THE OECIMAL VALUES OF THE 

ENVELOPE GENERATOR 
OUTPUTE3E2E1EO 

Fig. 4 DETAIL OF TWO CYCLES OF Fig. 3 
(ref. waveform "1010" In Fig. 3) 

I/O Port Data Store 
(Registers R16. R17) 

Registers R16 and R17 function as intermediate data storage regis­
ters between the PSG/CPU data bus (OAO--OA7) and the two I/O 
ports (IOA7--10AO and 10B7--IOBO). Both ports are available in the 
AY-3-8910; only I/O Port A is available in the AY-3-8912. Using· 
registers R16 and R17 for the transfer of I/O data has no effect at all 
on sound generation. 

D/A Converter Operation 

Since the primary use of the PSG is to produce sound for the highly 
imperfect amplitude detection mechanism of the human ear, the O/A 
conversion is performed in logarithmic steps with a normalized 
voltage range of from 0 to 1 Voll. The specific amplitude control of 
each of the three 0/ A Converters is accomplished by the three sets of 
4-bit outputs of the Amplitude Control block. while the Mixer outputs 
provide the base signal frequency (Noise and/or Tone). 

NORMALIZED 
VOLTAGE 

1V 15 

14 

13 

12 

A Y -3-8910 • A Y -3-8912 

NOTE: THIS IS THE ENVELOPE 
ONLY-NOISE AND TONES 
ARE DISABLED. 

/ 
DECIMAL VALUE 
OF E3 E2 El EO 

12 

15 

14 

13 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratl~gs* 
Storage Temperature ..•....•.••...•.•.•...•••••.•..••••...•. -55·C to +150·C 
Operating Temperature •••..•••.....••.••.•..•...•.••••.••••.•••. O·C to +40·C 
Vee and all other input/output 

voltages with respect to Vss ••••.•..•••.••.••••.•.• : ••••..•••.• -0.3V to +8.0V 

Standard Conditions (unless otherwise noted) 

Vee=+5V ±5% 
Vss=GND 
Operating Temperature=O·C to +40·C 

Characterlsllcs Sym Min Typ** Max 

DC CHARACTERISTICS 

All Inputs 
Logic "0" V,L 0 - 0.6 
Logic "1" V,H 2.4 - Vee 
All Outputs (axcept 

Analog Channel Outputs) , 
Logic "0" VOL 0 - 0.5 
Logic "1" VOH 2.4 - Vee 
Analog Channel Outputs Vo 0 - 60 
Power Supply Current Icc - 45 75 

AC CHARACTERISTICS 

Clock Input 
Frequency fe ' 1.0 - 2.0 
Rise Time tr - - 50 
Fall Time tr - - 50 
Duty Cycle - 25 50 75 
Bus Signals (BDIR, BC2, BC1) 
Associative Delay Time tao - - 50 
Reset 
Reset Pulse Width tRW 500, - -
Reset to Bus Control D~lay Time tRO 100 - -
A9, AB, DA7--DAO (Address Mode) 
Address Setup Time tAS 400 - -
Address Hold Time IAH 100 - -
DA7--DAO'(Write Mode) 
Write Data Pulse Width tow 500, - 10,000 

Write Data Setup Time I'D. 50 - -
Write Data Hold Time 'tDH 100 - -
DA7--DAO'(Read Mode) 
Read, Data Access Time tDA '- 250 500 
DA7--DAO(lnacllve, Mode) 
Tristate Delay Time tTS - 100 200 

** Typical values are at +25·C and nominal voltages. 

* Exceeding these ratings could cau,se 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Units Condltloris 

if 
V 

V IoL=1.6mA,20pF 

V ' IoH=100~A, 20pF 

dB Test circuit: Fig. 8 
mA 

MHz 

} ns 
ns Fig. 9 
% 

ns 

ns } Fig. 10 
ns 

ns } Fig. 11 
ns 

ns 

} ns Fig. 12 
ns 

ns 

} Fig. 13 
ns 

ANALOG 
CHANNEL 0 

OUTPUT %~. I 0', 

-= " (OP AMP MUST NOT SATURATE) :~ " 

Fig. B ANALOG CHANNEL OUTPUT TEST CIRCUIT 
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TIMING DIAGRAMS 

BDIRI 

CLOCK v"V/lbJJ~ jA ~ .... -------V'" 
BC2/BCI _______ _ 

- VIL 

t,~ 1-
\--tl 

tao t---
----.. r------ V," 

t/fe 

BDIRI VI 
BC2/BCI ___ ~/~ ... ______ V" 

b. a. 
Fig. 9 CLOCK AND BUS SIGNAL TIMING 

CONTROL NACT VALID BUS SIGNAL BUS , 

DECODE -----to t,Wjl:',...8 ________ V'" 

RESET 

V" 
~ BUS CONTROL 
~ SIGNALS CHANGING 

---I I-- 50 ns MAX .. 
INCLUDING SKEW. 

Fig. 10 RESET TIMING 

CONT~g~-------,~r--~~--
DECODE------------~~~~------

As. AB. 
DA7--DAO 

~ BUS CONTROL 

PREVIOUS 
STATE 

~ SIGNALS CHANGING 

-...j j.- 50 ns MAX .• INCLUDING SKEW. 

"REFER TO PARAGRAPH 2.1.1 
FOR A DESCRIPTION OF 
··VALlD·· PSG ADDRESSING. 

,.--------- V," 

'---------- V" 

'ANY COMBINATION OF BOlA. BC2. BCI 
WHICH DECODE ··LATCH ADDRESS··: 

or 
or 

BOIR BC2 BCI 

a a 
a 

Fig. 11 LATCH ADDRESS TIMING 

BUS--------------~~--------~~-----------------
CONTROL 
DECODE-------------~~~--------~A-------------------

DA7--DAO PREVIOUS 
STATE 

~ BUS CONTROL 
~ SIGNALS CHANGING 

-...j j.- 50 ns MAX .. 
INCLUDING SKEW. 

DATA 

Fig. 12 WRITE DATA TIMING 

BUS __________ __ 

CONTROL 
DECODE -------

DA7--DAO 

~ BUS CONTROL 
~ SIGNALS CHANGING 

-...j I-- 50 ns MAX .. 
INCLUDING SKEW. 

Fig. 13 READ DATA TIMING 

,.-------- V," 

'------..;...- V" 

'·"WRITE TO PSG·: 

BOIR BC2 BCI 

J:----VO" 

'f----Voc 
'··READ FROM PSG··: 

BOIR BC2 BCI 
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1IIIIII~ ______ A_Y_-3_-_89_1_5 ______ ~I· 
Color Processor Chip 

FEATURES 

• Operation from 7.15909MHz crystal 
• Five-line digital selection for 1 of 16 colors, blanking, Sync 

and color burst 
• 3.579545MHz buffered output 

DESCRIPTION 

The required color to be displayed for each 280 nsec PIXEL is 
decoded on a four line binary coded input. This selects one of 
sixteen possible colors. An external resistor network completes 
the D to A function as shown In the schematic Fig. 1 of this 
document. The waveform plus table Illustrates the use of the five 
inputs to produce composite sync, color burst, line blanking, 
frame blanking and video. 

The external video input pin provides the ability to superimpose 
white high resolution (140 nsec wide) video Information overthe 
picture (color image). 

TIME SLOT 
INPUT RELATIVE COLOR 
CODE VOLTAGE OUTPUT 

ASSIGNMENT AMPLITUDES DESCRIPTION 

V5 V4 V3 V2 V1 +Q -I -Q +1 

0 0 0 0 0 3 3 3 3 Black 

jGm", 
0 0 0 0 1 5 13 9 1 Blue 
0 0 0 1 0 8 0 4 12 Red 
0 0 0 1 1 4 4 12 12 Tan 
0 0 1 0 0 3 8 11 6 Grass Green 
0 0 1 0 1 3 11 13 5 Green 
0 0 1 1 0 9 11 15 13 Yellow 
0 0 1 1 1 13 13 13 13 White 
0 1 0 0 0 9 9 9 9 

G"y j 0 1 0 0 1 8 13 12 7 Cyan 
0 1 0 1 0 9 4 9 14 Orange 
0 1 0 1 1 4 4 8 8 Brown 
0 1 1 0 0 13 5 3 11 Magenta Group B 
0 1 1 0 1 12 12 6 6 Light Blue 
0 1 1 1 0 5 9 13 9 Yellow-Green 
0 1 1 1 1 10 5 2 7 Purple 
1 X X 0 0 3 3 3 3 Blanking 
1 X X 1 0 1 1 5 5 Color Burst 
1 X X 0 1 0 0 0 0 Sync 
1 1 1 1 1 0 15 0 15 Test 

X - Don't Care 
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PIN CONFIGURATIONS 
18 LEAD DUAL IN LINE 

15 

v .. 
OSC In 

OSC Oul 

V5 

V4 

V3 

V2 

Vt 

RFt 

CYCLE 
COLOR BURST 

I / 
I I 
I 280 / 

----: NS r-
/ / 
/5 15 

N.C. 

Test Aeset (Connect to Voo) 

N.C. 

Clock Oulpul (3.579545MHz) 

EXI. Video 

Vee 

RFB 

RF4 

RF2 

+Q-I-o+.l 
I IT' 
I I I I 
I 1131 I 
I I 
1 I 
1 I 
I / 
I 81 



ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 
Temperature Under Bias .......................... ." .............. 0' C to +40' C 
Storage Temperature .............................•.......... -55' C to +150' C 
All Input or Output Voltages with Respect to Vss ................ , . -0.2V to +9.0V 
Vee with respect to Vss ......................................... -0.2V to +9.0V 

Standard Conditions (unless otherwise stated) 
TA = O'C to +40'C 
Vee = +4.85V - + 5.15V 
Vss = O.OV 

Characteristic 

Oscillator Freq. In. 

3.579545MHz Clock Output 
Output Logic Low 
Output Logic High 

Logic Inputs V1, V2, V3, V4, V5, 
EXT. VIDEO 
Input Logic Low 
Input Logic High 

Outputs RF1, RF2, RF4, RF8 
Output ON 
Output OFF 

Supply Current 
Voo 

Sym 

-

Voc 
VOH 

V,c 

V'H 

I 
I 

Icc 

Min Typ Max 

- - -

0 - 0.5 
2.4 - Vee 

0 - 0.7 
2.4 - Vee 

5.0 - -
- - 10 

- - 80 

Units 

MHz 

volts 
volts 

volts 
volts 

mA 
I1A 

mA 

AY-3-8915 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions Is not Implied­
operating ranges are specified below. 

Conditions 

7.15909MHz crystal 
Trimmed by external capacitor 

Vou' = +0.5V 
Vou' = +2.4V 

Vee = S.25V @ 40' C 
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TELEVIEW System 

INTRODUCTION 

Teletext and Viewdata are the generic names for two basically 
similar systems for displaying pages of information on a TV 
screen. 

Teletext (otherwise known as Ceefax, Oracle, Videotext) 

In the Teletext system the data is coded onto normally unused 
lines of a television transmission. It'has the following features: : 

(a) Being a broadcast system the data flow can be one way' 
only. 'Pages' of data are sent continuously.ona rotating basis 
and the decoder will grab the required page as it passes. 

(b) The number of 'spare' TV lines is limited so for a reasonable 
access time the data bank is restricted to 100-800 pages per 
channel. 

(c) Being broadcast the data may be 'live', it may update very 
rapidly and everyone receives the data. simultaneously. Sub­
tities and newsflashes are good e'xamples of live data. 

Viewdata (otherwise known as Prestel, Bildschirmtext). 

in the Viewdata system the decoder is connected to the users 
telephone line and uses the public telephone network in order to 
transmit information to and from a computerized data bank. It has 
the following features. 

(a) There is a direct and individual connection to the user and 
the data flow may be two way. The user thus requests the page 
he wants directly. 

(b) The data bank may be as large as desired, there are no 
system limitations. 

(c) Being an individual connection the service may be a per­
sonal one and the data content may reflect this, and may 
indeed be restricted to a selected group of users. 

TELEVIEW 

Teleview is a General Instruments' 3 chip integrated circuit kit 
which forms the basis of an inexpensive, comprehensive View­
data and Teletext system. 

Other optional':circuits provide additional features such a Infra 
Red Remote C,ontrol, Viewdata modem, Autodiallerand Terminal 
identifier, and.'various TV Digital Tuning Systems. 

The kit provides switchable Viewdata or Teletext operation with 
automatic selection of "on" and "off hours" operation. Provision 
has been made for addressing up to 8 pages of memory thus 
giving great flexibility and economy of operation. 

The system is organized around parallel Data and Address high­
ways, this allows easy expansion of the system and the connec­
tion of other equipment such as Home Computers and Disc 
Memories. 

A single chip microcomputer is used to control the system and to 
interface to the user. The microcomputer allows easy alteration of 
the system features enabling manufacturers to have personalized 
systems if desired. 

As far as possible adjustable and critical components have been 
eliminated and the circuitry has been designed to facilitate the 
use of single sided printed circuit boards. 
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GENERAL INFORMATION 

TELEVIEW FEATURES 

• Switchable Viewdata - Teletext, 625 line system with 24 rows 
of 40 characters 

• Up to 8 page stores 
• Microcomputer controlled, gives system flexibility 
• 'Data bus organization for easy system expansion 
• On/Off hours operation 
• Don't care digit feature in Teletext 
• Half page expansion feature 
• Black/White output for Monochrome TV and Printers 
• Special Graphics feature for high resolution 
• Boxed clock capability in Teletext 
• 'Selectable character rounding 
• Simple printed board layout 
• 4 x 4, ASCII, REMOTE Keyboard options 
• Low power consumption typically +12V at 

+12V at 10mA) 
+ 5V at 400mA) for a single page store 
- 5V at 100mA) 

SYSTEM DESCRIPTION 

The system consists of four basic blocks. 

(a) Data Acquisition 
This block acquires data from either the TV IF (Teletext) or the 
telephone line (Viewdata) and after verification passes it to the 
Page. Store. 

(b) Page Store 
The page store, of which there may be up to 8, is the repository 
for the information to be displayed. It is written into by the Data 

· Acquisition block arid read by the Video Generator. 

(c) Video Generator 
The Video Generator reads the information in the store, de­
codes it into a dot pattern and outputs video signals to TV tube. 

The information to be displayed is chosen by the user via the 
Controller. 

(d) Controller 
The Controller (which is a single chip microcomputer) is pri­
marily the interface between the operator and the system. 

Fig. 1 shows a typical complete system broken up into the blocks 
described. 

An important feature to note is the way that each block in the 
system communicates to the others by means of a 10 bit Address 
highway and an 8 bit Data Highway. The interchange of data is 
controlled by the signals TS1 and TS2 which are provided by the 
Video Generator. 
See TELEVIEW, CPSS 70005 SYSTEM DESCRIPTION for full 
description of the system. 



OPERATING TELEVIEW 

Teleview provides a number of features over and above those 
normally.provided for Teletext and Viewdata systems. 

Most of these features concern the Keyboard operations, which 
have been designed for ease of use with a minimum number of 
keys and no lock up situations. 

Key Funcllons-The besl way 10 describe the features is with 
reference to a typical keyboard (See Fig. 12). 

Picture Text-Repeated operation oUhis key switches the system 
between Picture and Text modes. 

Mix-Repeated operation of this key switches the system be­
tween Mix and Normal modes. In the Mix Mode Captions, subti­
tles and Newsflashes are inset into the picture. 

Hall Page-Repeated operation of this key cycles the system 
from Normal to Upper Half Expanded to lower Half Expanded 
back to Normal. Operation of the P key restores Normal Mode. 

Store Select-Operating Store Select and Digit 1-8 selects a new 
store for display (assuming that more than one is provided). 

Box Clock-Operation of this key when in Picture Mode causes 
the Clock to be Boxed into the picture in Double Height Charac­
ters. A second operation cancels the command. 

Hold-Operation of this key will hold displayed the current one of 
a set of rotating pages. If more than one store is provided the 
remainder of the set will be automatically stored in the unselected 
stores. 

R~veal-Repeated operation 01 this key Reveals and Conceals 
. concealed information. 

Update (Clear)-'-Operation of this key removes the information 
from the display until. the page is updated. A second operation 
restores the display .. 

Update (Clear)-Operation of P or Store Select also restores the 
display. (In Viewdata mode this keys acts as a Clear.) 

. Roll Headers-Operation of this kel! starts the Teletext headers 
rolling. 

Cursor OFF Operation of these keys switch the cursor 
Cursor ON ON and OFF in Viewdata mode. ~ 

TELEVIEW System 

Rounding OFF-Operation of this key removes the character 
rounding and inhibits the flashing of characters. Normally used 
when printing. Reception of a new page or operation of Cursor 
ON or OFF restores rounding. 

P (*) Page No. Key. Operation of this key primes the system to 
accept a 3 digit page number. (' in Viewdata mode.) 

T (#) Time Key. Operation of this key primes the system te;> 
accept a 4 digit time code. (II in Viewdata mode.) 

Initialization-At Power Up the page stres are cleared and up to 
10 characters of text are inserted in the middle of the page. 

For PIC 1650-513 VIEWDATA in White is displayed and Text 
mode is selected. 

For PIC 1650-514 TELEVIEW in White is displayed and Picture 
mode is selected. 

For PIC 1650(IR)-516 TELEVIEW in Yellow is displayed and Pic­
ture mode is selected. 

For PIC 1650 (ASCII)-516 TELEVIEW in Cyan in displayed and 
picture mode is selected. 

Page No.XOO is selected to be stored in store 7 (so that the 
Teletext index is immediately available). (Note: alternative initiali­
zation can be provided). 

Page Selection-In Teletext mode pages are selected by pressing 
the P key and entering a page number. Toleview has the ability to 
accept don't care digits (-) as well as normal digits (0-9). Opera­
tion of the Update Key (which has no use at this time) enters the 
(-) so, if for instance, 1-0 were keyed every tenth page starting at 
page 100 would be displayed as soon as it was transmitted 
(approximately at 2 sec. intervals). 

Operation of the time code KeyT terminated the page no enty and 
fills any unentered page digits as blanks. 

The rolling of pages described above can be stopped by pressing 
Store Select or Hold. If the Hold key is pressed and morethan one 
store is provided subsequent pages will automatically be stored . 
The P key will also stop, rolling but· the page may be erased. 

Page selectio'n may also take place in the Picture mode in which 
case the page header will be boxed (in double height characters) 
for 5 seconds after each digit is pressed. 
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PIC 1650A-513, 514, 516 

Teleview Controller 
FEATURES 
• Microcomputer Based Circuit 
• PIC 1650A-513-Accepts full ASCII Keyboard input for 

Viewdata reception 
• PIC 1650A-514-Accepts basic 4 x 4 Keyboard matrix for 

either Viewdata or Teletext reception 
• PIC 1650A-516-Accepts full ASCII Keyboard input or 

Remote Control receiver (AY-3-8475) interface with up to 24 
keys. 

DESCRIPTION 
The PIC 1650A-513, 514 and 516 are special programmed ver­
sions of the standard General Instrument PIC 1650A microcom­
puter circuit. The PIC 1650A contains a central processing unit, 
RAM registers, Program ROM and a clock generator on a single 
chip. The program is contained within the ROM which consists of 
powerful 12-bit words placed in permanent memory. The 1/0 
lines have been dedicated through the program to contain a 10 bit 
address port and an 8 bit data port, for the Teleview control 
functions. An 8 bit input port for Keyboard input information, two 
time slot inputs, and three output control bits for RAM chip 
selection to store up to eight pages are also provided. 

The three current preprogrammed PIC 1650A Teleview Control 
chips are as follows: 

PIC 1650A-513- Accepts full ASCII Keyboard input for Viewdata 
reception. Powers up to Viewdata Text Mode. 

PIC 1650A-514- Accepts basic 4 x 4 Keyboard matrix for either 
Viewdata or Teletext. Powers up to Picture 
Mode. 

ELECTRICAL CHARACTERISTICS 
Maximum Ratlngs* 

PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 

vu 
AD 

Al 

A2 
TEST 

A3 

A4 
AS 

A6 
A7 

AS 

A9 

AeadiWiiie" 

SSO 

SSl 
SS2 

TSl 

TS2 
Keyboard 0 

Keyboard 1 

Vxx (+SV) 
Voo H5V) 
RT'CC (Not Connected) 

(RESET) 

osc 
elK OUT (Not Connected) 

07 
D6 

DS 
D4 

D3 

D2 

Dl 
DO 
Keyboard 7 

Keyboard 6 

Keyboard 5 
Keyboard 4 

Keyboard 3 

Keyboard 2 

PIC 1650A-516- Accepts full ASCII Keyboard or RemDte CDn­
trol receiver (AY-3-8475) interface with upt024 
keys. Powers up to Picture Mcide. 

Voltage on any pin with respect to Vss ........................... -0.3V to +15V 
Storage temperature ........................................ -55°C to +150·C 

Standard Conditions (unless otherwise stated) 
Supply Voltage = Vss = Ov (Substrate voltage) 

Vee = +5 ± 5% 
Vxx ± +5 ± 5% 

Temperature range = O°C to +70·C 

Characteristic 

Address Inputs 
High level 
Low level 

Data Outputs 
High level 
Low level 

Keyboard Inputs 
High level 
Low level 

Time 510tlnput T51, T52 
High level 
Low level 

Control function Outputs 
Readlwrlte, 550, 551, 552 
High level 
Low level 

Power 
Veo Supply Current 
Vxx Supply Current 

Min 

2.4 
-0.2 

2.4 
0 

2.4 
-0.2 

2.4 
-0.2 

2.4 
0 

-
-

Max 

Vee 
0.8 

Vee 
0.45 

Vee 
0.8 

Vee 
0.8 

Vee 
0.45 

55 
5 

Units 

V 
V 

V 
V 

V 
V 

V 
V 

V 
V 

rnA 
rnA 

* Exceeding these ratings could cause per­
manent damage. Functional operation of these 
devices at these conditions is not implied­
operating ranges are specified below 

Conditions 

IOH = -10D/.tA provided 
IOL = 1.0mA, Vxx = 4.5V 

IOH = -10D/.tA provided 
IOL = 1.0mA, Vxx = 4.5V 

No loads 
No loads 
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The Teleview Data Acquisition Chip 

FEATURES 

• Process Teletext and Viewdata input data 
• Direct interface with Teleview highways 
• Direct interface with standard UAR/T (AY-3-1014A) 
• TTL compatible serial teletext data input 
• Full checking of teletext data including parity, hamming and 

data freq uency 
• "Don't Care" digit facility 
• Non-used viewdata control codes made available to Control 

processor 
• Addresses up to eight page Stores 

DESCRIPTION 

The Data Acquisition (DA) chip takes data from either the TV 
·(teletext) or telephone line ,(viewdata) via the appropriate inter­
fRce, processes it according to type and user requests and loads 
the display data in the correct position in one of eight page 
Stores. 

The processing of teletext and viewdata information is described 
in separate sections as is the interchange of data with the rest of 
Teleview system. 

INTRODUCTION 

The Data Acquisition chip is one of the set of LSI devices com­
prising the G.I. TELEVIEW (TeletextlViewdata) system. It may 
receive data from a TV signal or Telephone line via an appropriate 
interface and process the data accordingly. Under instruction 
from a control device it will acquire the requested data and load it 
into the correct location in the preselected page Store. Control 
information extracted from the incoming data will be provided to 
the Teleview system. 

The device is fabricated in G.I.'s N-channel metal gate MOS 
process providing direct TTL interfacing, high speed and good 
reliability. It is supplied in a 40 lead dual-in-line package. 

TELETEXT 

If pin 2 is held low the DA will receive data via the serial Teletext 
data input. 

While TS2 is true the DA will monitor RSYNC and the address 
highways. If a pulse appears on RSYNC it will process a teletext 
data-line. At other times while TS2 is true it will respond to signals 
on the address highway and interchange data with a Control 
Device. 

While TS2 is fa:lse the DA will do nothing. 

TELETEXT DATA RECEPTION 

Data is extracted from the TV video signal by an external circuit 
called the Data Grabber. This circuit provides a serial data signal 
and a clock to the DA's input. 

A 0.5 psec pulse will appear on the RSYNC line just before a 
possible teletext line. The DA will recognize this pulse and moni­
tor the serial data input for clock run-in. It will count four positive 
transitions of the serial data input and check the frequency of the 
signal by ensuring that six clock pulses have been received in that 
time. It will then output a second RSYNC pulse to resynchronize 
the Data Grabber. If the check fails or the clock pulse counter 
times out more than two to three teletext characters the DA will go 
back to its idle state waiting for RSYNC or Data Interchange. 
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PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 

(Vss) 

(Teletext Strap) I (OS) 

AD 

A1. 
A2 
A3 

A4 

AS 

A6 
A7 

AS 

A9 

Readl Write 
SSD 
SS1 

SS2 

ASvNC 
TS2 
AD1 

AD2 

Clock 
Teletext Dala 
DAV 
(Reset DAV) 

li7 
De 
Os 
54 
03 
52 
01 
DO 
Parity error 
A07 

AD6 
ADS 
A04 

AD3 

After a valid clock run-in has been detected teletext data is 
clocked into a serial to parallel converter and Framing Code 
waited for. Again a time out will cause DA to go idle while the 
detection of Framing Code will byte synchronized the S-P con­
verter and start the DA receiving the Teletext data as shown in 
Fig. 1. 

The first two words following the Framing Code havedata pro­
tected by Hamming Code and the appropriate checks and cor­
rrections are performed. If the row address indicates that the data 
is a Page Header (Row 0) then the following 8 words are also 
processed by the Hamming Code circuit. If any Hamming Code 
fails such that it cannot be corrected, then that data line is 
rejected. 

Requests for pages of teletext data are input to the DA during the 
Data Interchange periods, described later. When a new page is 
selected the Page and Time store in the DA is loaded with all '1's 
indicating "don't care" digits. As keys are pressed by the user of 
the Teleview system the values are loaded into the DA in the 
appropriate position. 

A comparator in the DA compares Magazine, Page and Time 
digits one at a time as they are received in the data stream with the 
digits stored. The comparator will give a true output if the digit 
compares exactly or if the stored digit is al11 (value 15). Where an 
incoming digit has a range less than 4 bits, e.g. time hours tens 
has the range 0-3 or 2 bits, the unused bits will be made to 
compare. 

Every line of data received is checked for comparison on Maga­
zine number. If this does not compare and the row address indi­
cates that the row is not a Page Header then that row is rejected. 

If the Magazine number does not compare and it is a Page Header 
then, with the exception of Rolling Headers, it is again rejected. 

From the time that the DA is told that the P key has been pressed 
until the selected page has been captured for the first time all 
Page Headers that compare on Magazine number are loaded into 



PIN FUNCTIONS 

Pin No. Name 

Vss 

2 (Teletext Strap)/(DS) 

3-12 AD to A9 

13 Read/ Write 

14-16 SSO-SS2 

17 (RSYNC) 

18 TS2 

19-25 RD1 - RD7 

26 Parity error 

27-34 (DO) - (D7) 

35 (Reset DAV) 

36 DAV 

37 Teletext data 

38 Clock 

39 Vee 

40 Voo 

AY-3-9710 

Function 

This is the negative supply for the device and the reference for all signals and 
electrical parameters. 

When strapped to Vss (low level) the DA chip will process Teletext. In Viewdata it is 
the data strobe output to the UAR/T (active low). 

The 10 bits of address connected to the Address Bus of the Teleview system. As 
outputs they are tri-state and active push-pull for high speed driving the Store. 
They are also inputs to enable the device to be addressed. 

The read/write control of the page Stores. The Stores will output data (read) when 
this signal is high. 

Three bits of Store Select code enabling one of eight page Stores. Normally true 
logic levels but if three or less Stores active low signalling on individual bits may 
directly enable the Stores. 

A low going pulse indicates to the DA the start of a teletext line. The DAwili output 
a low going pulse within a few microseconds to resynchronize the Data Grabber. 

The second of the two time slot bits which, when true, indicates that the DA may 
use. the Data and Address highways. 

Received Data taken directly from the UAR/T. 

The parity error signal from the UAR/T. 

Data I/Os for connection directly to the Teleview Data highway. As an output the 
active state is low and there is a passive pull-up on chip so that the signals on the 
highway may be "wire-ored". 

An output, low active signal tothe UAR/Twhich will reset its data available output. 

The Data Available signal from the UAR/T to indicate a character is available at the 
RD1-7 pins. 

Serial data input from Data Grabber. TTL compatible. 

Normally the teletext clock running at 6.9375MHz and synchronized to the teletext 
data by (RSYNC). In Viewdata only applications a 6MHz clock as used by the 
Video Generator may be input here. TTL compatible .. 

Connected to +5V. This has a low current requirement and is used mainly for the 
output drivers. 

Connected to +12V, the main positive supply for the device. 

VIEWDATA the Store except those with the Interrupted Sequence bit (C9) set. 
This mode of display is referred to as Rolling Headers and pro­
vides an indication to the user that data is being received. During 
this mode the Magazine Serial bit (C11) will override the Maga­
zine comparison. A page of data may be captured when the page 
number has been fully entered, i.e. the3rd digit has been received 
or the T key has been pressed, and a Page Header is received 
whose Magazine, page and time digits compare with those stored 
in the DA. That header and all subsequent data lines with correct 
Magazine number will be stored up to and excluding the next 
Page Header of correct Magazine number. A "page being re­
ceived" indication will be set at this time for transmission to the 
Control device. 

With pin 2 connected to the Data Strobe input to a UAR/T and not 
held to earth the DA will process Viewdata. 

Whenever a Page Header is received that fully compares the 
Control bits accompanying that Header will be stored for subse­
quent transmission to the Control. 

When the content of a data line is ready to be stored that data is 
loaded into the appropriate Store as defined by the signal from 
the Control device. Its position in the Store is defined by the Row 
Address of that data line, the location of the first character being. 
40 times the Row Address (with the exception of the Page Header 
which does not have the first 8 characters), with following charac­
ters being stored in the next 39 locations of Store. 

Each character is checked for odd parity and if the check fails that 
character is not written. The write signal is removed to avoid 
overwriting a possible valid character already existing in Store. 
The last eight characters of every Page Header contain the cur­
rent clock time and are always written to Store. 

While TS2 is true the DA is active as far as the Teleview highways 
are concerned and it will monitor RSYNC and the Address 
highway. . 

When an RSYNC pulse appears the DA will process any Viewdata 
character it has available. Whenever it is not processing charac­
ters it may receive characters asynchronously from the telephone 
line, via the exclusive connection to the UAR/T, and store them 
within the DA. Up to three characters may be received and stored 
before the next processing period when they may be loaded into 
the page Store. Data Interchange with the teleview system may 
occur when TS2 is high. 

ASYNCHRONOUS DATA RECEPTION 

The standard UAR/T (AY-3-1014A) will convert the serial data 
received via the modem to parallel data for inputting to the DA 
and indicate a character is ready by the data available (DAV) line. 
At any time, except when actually processing previously received 
characters, the DA will read the data and acknowledge on RDAV, 
a minimum of 3 psec after the DAV signal. 

VIEWDATA CHARACTER PRO~ESSING 

The eight bit input consists of seven bits of data plus a parity fail 
indication. The codes are shown in Fig. 2. 

Characters intened for storage are loaded into the Store in a 
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location determined by the Character Address counter which is 
always arranged to point to the position in Store into which the 
next character will be written. The counter is manipulated by the 
Control Characters appearing in Cols 0 and 1 in the character 
table. 

0/8, Back Space, will cause the Character Address counter 
to be decremented by one. 

0/9, Horizontal Tab, wi·1I cause the Character Address 
counter to be incremented by one. 

0/10, Line Feed, will increment by 40. 

0/11, Vertical Tab, will decrement by 40. 

0/12, Form Feed, will reset to zero. 

0/13, Carriage Return, will position the Character Address 
counter to the beginning of the current block of 40. 

0/14, Cursor Home, will reset to zero. 

A character in columns 2-7 will be written into the appropriate 
Store at the location indicated by the Character Address counter 
which will then be incremented by one. 

The ESC character (1111) will cause some modification of the 
following character as follows: 

if ihe character is in cols 4 or 5 it will be written to Store:with 
the most significant bit changed to zero. 

if the character is in col3 it will not be written to Store but 
made ready for transmitting to the Control device. 

any other characters, except NUL, will cancel the ESC 
sequence and be ignored. 
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The Form Feed character (0/12) will cause the F bitto be set in the 
appropriate DA to Control signalling word. 

All other control characters in cols 0 and 1, except NUL, will be 
sent to the Control at the appropriate time. 

If any character has the parity fail indication. set then the charac­
ter 7/1 5 will be written to Store. Althe start cif a processing period 
(Le. at RSYNC) if a character is available for processing then the 
DA will erase the Cursor bit by reading the location pointed to by 
the Character Address couriter and re-writing it. Since the DA 
never write·s the 8th bit in the Store the cursor will be removed. 

DATA INTERCHANGE 

During the DA's active period, indicated by TS2, when it is not 
performing any data processing then it will monitor the Address 
highway for the following codes. 

1'1'XXXX01 indicates the DA should receive data from the 
data highway. 

'1"XXXX,O indicates that the DA should send data to the 
data highway. 

",'XOXXXX indicates that the DA should provide control to 
the UAR/T. 

In the Receive mode the Control device may send data according 
to codes in Fig. 3. The most significant bit of the data acts as a 
strobe which will cause the other 7 bits to be received and stored 
in the DA. Magazine, Page and Time digits will be stored in .the 
appropriate location in the digit store, the Store Select number 



will be stored for use when accessing the Store and the indica­
tions of P and T keys being pressed will also be latched for use in 
the processing period. 

The receiving of data from the Control is completely asynchro­
nous to the DA's internal clock and is controlled entirely by the 
Strobe bit. 

The Send mode will cause the DA to apply the first code, shown in 
Fig. 4. to the data highway. When the code has been read by 
Control the signal will be acknowledged by Control forcing all 1 s 
(low levels) which will step the DA on to the second word and so 
on. The Strobe bit is used in this case to indicate that the data is 
appearing for the first time and once read I>y Control, is cleared 
until new data is available.rrhe exception is the,first word which 
always has the Strobe set. 
The UAR/T control is recognized by the DA since it has the 
UAR/T connections and in this mode a Strobe on the data high­
way will cause the DA to provide a data strobe (DS) to the UAR/T. 

During the Data Interchange period the DAwili monitortheStore 
Select lines and if they are all taken low it will output the current 
content of the Character Address counter to the address highway 
so that the control may know where to insert the Cursor. 

Control to Data Acquisition Signalli,ng 

Active low signalling, most significant bit is a strobe. 

Highway Free 0000 0000 
Magazine Number 1000 Dddd 
Page number tens 1001 Dddd 

units 1010 Dddd 
Store Select 
Key pressed 
Spare Code 
Spare Code 
Spare Code 
Dummy Code 
Time, hours tens 

units 
minutes tens 

units 

Where KK is key identification: 

P 00 
T 01 
Spare 1 10 
Spare 2 11 

1011 
1011 
1011 
1011 
1011 
1011 
1100 
1101 
1110 
1111 

OSss 
10KK 

1100 
1101 
1110 
1111 
Dddd 
Dddd 
Dddd 
Dddd 

Sss is store select number, 000 to 111, Codes 110, 101 and 011 
may be used to address 3 store without decoding and for this 
veason the system is originally initialized to code 110. 

0 000 Digit key value. initially values 0-9and 15 used although any 
value may be sent. For Teletext the magazine range is 0-7, Time 
hours tens range 0-3, Time minutes tens range 0-7. In addition 
digit 15 is recognized by the DA as a 'don't care' digit causing 
automatic comparison. 

AY-3-9710 

Data Acquisition to Control Signalling 

Active low signalling, most significant bit is a strobe, Signals 
acknowledged by the Control forcing all ones. Control word 1 is 
sent first and is alwasy sent. 

1000 T Sss 
where T is the Teletext bit, 1 = Teletext 

S s s is the Store Select number the DA is 
currently using. 

Control words ·2-4 depend on whether Teletext or Viewdata is 
being processed. 

Teletext 

Control word 2 1001 PBR C, 
Control word 3 1010 ClO C. 
Control word 4 1011 C14 C'3 

Sent* only when Valid Header recieved. 
PBR is set when a page is being received. 
C, to C14 are the Teletext Control Bits. 

Viewdata 

C. 
C. 
C'2 

Cs 
C7 

C" 

Control word 2 1001 X F 0 0 
Control word 3 1010 b7 0 b6 b5 
Control word 4 1011 b4 b3 b2 bl 

Sent* only when a Control Character received by DA. 
F is set when Form Feed character detected, 
bl-b7 are the 7 bits comprising the Viewdata Character. 

* NOTE: that 'sent' means the Strobe bit is set. The other seven 
bits are actually put onto the highway at the request of 
the Control and may be used if appropriate (page 
being received, for example). 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 
Voltage on any pin with respect to Vss ........................... ,O.3V to +15V 
Storage temperature ..................•.....•...•....•.•.... -55°C to +150°C 

Standard Conditions (unless otherwise stated) 
Supply voltages = Vss = OV (substrate voltage) 

Vee = +5V ± 5% 
Voo = +12V ± 5% 

Temperature range = DoC to +70°C 

Characteristic 

Address Outputs (tri-state) 
High level 
Low level 
Capacitance 
Trise, Tfall 
Leakage, high impedance state 

Data Outputs (passive pull-up) 
High level 
Low level 
Capacitance 

R/(W) and Store Select Outputs 
High level 
Low level 
Capacitance 
Current sourced; 'off' state 

(ROAV) and (OS) Outputs 
High level 
Low level 
Capacitance 

RSYNC Output (Open Drain) 
Low level 
Leakage, output off 
INPUTS 
High level 
Low level 
Leakage (except I/Os) 

POWER 
Vee supply current 
Voo supply current 
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Min 

+2.4 
-
-
-
-

+2.4 
-
-

+2.4 
-
-
1.2 

+2.4 
-
-

-
-

+2.0 
Vss 
-

-
-

Typ Max Units 

- Vee V 
+0.2 +0.4 V 
- 12 pF 
- 200 ns 
- 5 JlA 

- Vee V 
+0.2 +0.4 V 
- 12 pF 

- Vee V 
+0.2 +0.4 V 
- 7 pF 
- 2.6 mA 

- Vee V 
+0.2 +0.4 V 
- 7 pF 

+0.2 +0.4 V 
- 10 JlA 

- Voo V 
- +O.B V 
- 5 JlA 

- 15 mA 
- 55 mA 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Conditions 

IOH = -320JlA 
IcL = 3.2mA 
V= OV 
CLOAO = 100pF 
Your = OV or +5V 

IOH = -320JlA 
IOL = 3.2mA 
V= OV 

IOH = -320JlA 
IOL = 3.2mA 
V= OV 
Your = OV 

IOH = -50JlA 
IOL = 100JlA 
V= OV 

IOL = 4mA 
V = +12V 

V = +12V 

Vee = +5.0V 
Voo = +12.0V 
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Video Generator Chip 
FEATURES 

• Direct interfacing with the TELEVIEW busses 
• Provides master timing signals for the other TELEVIEW 

chips to indicate the status of the display scan 
• Can address up to eight Page Stores 
• Provides the address information to scan the allocated Page 

Store 
• Provides composite synchronizing signals for the receiver 

for 'Off-Hours' working 
• Provides various display facilities 

DESCRIPTION 

The Video Generator chip is one of a set of LSI chips used in the 
General Instrument TELEVIEW TeletextlViewdata system. It 
reads the contents of a Page Store and generates outputs suitable 
for driving a normal color television receiver to display the con­
tents of the Page Store. 

The chip also monitors the composite synchronizing signals 
within the receiver and locks the total TELEVIEW system onto the 
incoming signals. When no transmission is taking place the chip 
develops a composite sync signal which is used to synchronize 
the receiver. 
The device is fabricated in General Instrument's N-channel metal 
gate MOS process providing direct TTL interfacing, high speed 
and good reliability. 

OPERATION 

The Video Generator Chip contains the logic and control func­
tions to interrogate a selected TELEVI EW Page Store and display 
the contained information at the correct period within the raster 
scan on a normal TV receiver. The chip also generates the master 
timing signals TS1 and TS2 which indicate the raster status to the 
Control processor and Data Acquisition chips. 

The basic block diagram of the chip is shown in Fig. 1 and major 
functional blocks are described below. 
Line Synchronizing Detector and Generalor- The prime function 
of this block is to detect negative going sync. signals from the 
incoming mixed sync and to synchronize the TELEVIEW system 
with the transmitted signal. This is necessary for News flashes 
and subtitling functions. When the incoming transmission is 
turned off, (i.e. goes "off-hours"). this is recognized by the detec­
tor after three frames of missing sync. pulses. The internal link 
between Compo Sync In and Compo Sync Out is removed and an 
internally generated "Comp Sync" is switched to the Compo Sync 
Out pin. Thus the receiver will continue in lock but synchronized 
to the Video Generator. Similarly if the normal transmission 
resumes the fact that external sync pulses are being received is 
recognized by the Video Generator and the chip will re-synchro­
nize itself with the incoming transmission. Because the Video 
Generator is aware of the status of the mixed sync at all times the 
chip can detect frame sync, line sync and even or odd frames. 
Thus with this information the chip can continuously monitor the 
current line number. The relevant sections of the line scan are 
decoded and are indicated externally by the TS1, TS2 time slot 
outputs. These signals are fully described in Fig. 3, but.there are 
four periods i.e. 

PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 

v" 
Chip Select Input 

Address 0 

Address 1 

Address 2 

Address 3 

Address 4 

Address 5 

Address 6 

Address 7 

Address 8 

Address 9 

Read/WrTIi Output 

Store Select 0 Output 

Store Select 1 Output 

Store Select 2 Output 

Time Slot 1 Output 

Time Slot 2 Output 

19.2kHz Output 

1.2kHz Output 

a) Writing to RAM. 

Vdd (+12V) 

Vee (+SVj 

Composite Sync Input 

Composite Sync Output 

Line Flyback Input 

Phase Comparator Output 

Data Input"7 

Dala Input 6' 
Data Input ~ 
Data Input 4 

Data Input 3 
Data Input ~ 
Data Input r 
Data Input '0' 
Picture/"l'e'Xi Output 

Red } 
Green GUN OUTPUTS 
Blue 

'A'S'Y'NC Output 

6MHz Input 

This occurs during Teletext lines during the frame 
fly-back period, under control of the D.A. chip. 
b) Reading from RAM. 
This occurs under control of the Video Generator 
chip between lines 48 and 288, and is when the 
display is active.-

c) Data Interchange Periods. 
The Interchange of information between D.A. and 
Control Processor and Video Generator occurs dur­
ing these periods (23-47 and 289-6). Total flexibility 
is available to the Control Processor at these times 
as it becomes 'bus master', the peripherals being 
serviced under the control of the processor. 

As the chip is aware of the raster status the chip also starts and 
stops the Address counter/latch combination which is used to 
scan the relevant Page Memory. The form of the generated sync 
pulses are shown in Fig. 2. 

Address Counter/Lalch- The address counter is a binary coun­
ter which is incremented at the character display rate (1 MHz). It 
can also be loaded from a latch which contains the start address 
of each character row. Since each character consists of 10 verti­
cal lines of raster scan, the counter is incremented 40 times from a 
start address and then is reloaded with the same start address 
ready for the next raster scan of the same forty characters. This 
occurs nine times. On the last line the counter is incremented an 
extra count and this new address is stored in the latch. This 
address being the start address of the next row of forty charac­
ters. The above sequence is then repeated. 
If one is displaying only one half of a page with all characters in 
double height, the Video Generator scans the same forty addres­
ses nineteen times and stores the new address on the twentieth 
raster scan. If one is in the bottom half of the page, the address 
counter must be initialized to 480. 
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BLOCK DIAGRAM 
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The display format of 40 characters, each 1/ls wide, occurs on a 
line of 64ps duration thus leaving a border of 12ps on each end of 
the character row. This address counter is actually started some 
4ps before the start of the proper character display thus allowing 
time for address generation, RAM access time, ROM access time 
and display processing, these actions being pipelined. Facilities 
are also provided such that the output address can be reduced by 
40 thus allowing accessing of the character in the row above. This 
isa necessary operation for a 'Double Height' display option 
which will be discussed later. This facility is inhibited when we are 
only displaying one half of a page. The address so produced is 
presented on the address bus and the required Page Memory is 
activated by the Store Select Outputs. The address drivers are 
tristate thus allowing easy bus interface. 

Input Latches and Character Read-Only Memory-The data 
being read from the required Page Memory is placed on the Data 
Bus and is latched into the Data Bus latches. A total of 650ns is 
allowed for the RAM read cycle and thus quite slow Random 
Access memories may be used. Having been latched by the Video 
Generator chip the seven bit character is used to address the 
character Read Only Memory. This memory is organized as 96 
characters each of 45 dots (5 x 9 array). 

Data Control Latches-Certain characters indicate to the Video 
Generator a change in display status. These characters are con­
tained within columns 0 and 1 of the normal TeletextlViewdata 
character set and may be used to change character color, back­
ground color, height etc. These facilities, and the control of them, 
are fully described in the British Broadcasting Teletext Specifica­
tion (Sept. 1976) published by the BBC, IBA and BREMA. 

Output Logic and Drivers-The output logic reads the character 
ROM into a six bit parallel to serial shift register. This operation 
occurs at the left-hand side of the character to be displayed, the 
data in the register is then shifted out at 6MHz (character dot­
rate) the data bits selecting between character and background 
information. This information is used to drive the fast Gun output 
drivers. These outputs have to be closely matched for propoga­
tion delay and rise and fall time to ensure good legibility. 

DATA INTERCHANGE 

During the TS11 timeslot the Video Generator can send informa­
tion to or receive information from other devices attached to the 
TELEVIEW system busses. This is normally used by the control' 
chip to update the control and display latched within the Video 
Generator. The Video Generator is enabled to receive by putting 
the address 1111XXOXXX on the address highway (active high). 

AY-3-972S 

The latches are updated by the following control words, active 
low signalling, most significant bit is a strobe. 

Highway Free 0 0 0 0 0 0 0 0 
Control Word 1 1 0 0 0 T S s s 

Control Word 2 0 0 1 Xc.CaGs} 
Control Word 3 0 0 c'o C. Ca C, Teletext 
Control Word 4 0 c,. C,3 C'2 c" 

Control Word 2 0 0 1 X F 0 0 
} Viewdata Control Word 3 0 0 b,Obsbs 

Control Word 4 0 b., b3 bs b, 

Store Select 
for Display 0 0 SP 0 d d 
Key Data 0 1 P 
Other FaCilities 1 0 X X M BC 

The Control bits are as follows: 

T TELETEXT MODE i.e. NOT VIEWDATA 
Sss 
DOD 

G./F 

Gs 
Ca 
C, 
Ca 
C. 
c'o 
C" 
C,2-C 

b,-I>, 
001 0001 
001 0100 

F 
SP 

P 
M 
BC 

001 
010 
011 
100 

Identification of Store being written to 
Identification of Store being displayed from 
Erase page (Rows 1-23 Teletext, 
Rows 0-23 Viewdata) 

Newsflash } 
Subtitle TELETEXT ONLY 
Suppress Header 
Update Indicator} 
No action .. TELETEXT ONLY 
Inhibit display 
No action 
Switches rounding off 
if all set 

Cursor bits (Viewdata Only) 
Cursor ON 
Cursor OFF 

Form feed or first appearance 
Sets Picture/Text to picture 
(For initialization) 

P Key pressed 
Mix Mode 
Box Clock (Teletext Only) 
These are coded as follOWS 
Picture/Text Key pressed 
Reveal/Conceal Key pressed 
Update/Clear Key pressed 
'h Page Key pressed 

(Cycles Full, Top, Bottom, Full etc.). 
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PIN FUNCTIONS 

Pin No. Name 

Vss 

2 Chip Select Input 

3-12 Addresses 0-9 

13 Read/Write Output 

14-16 Store Select Outputs 0-2 

17,18 Time Slot Outputs 1 and 2 

19,20 19.2KHz and 1.2KHz Outputs 

21 6MHz Input 

22 'Fi'SYN'C Output 

23-25 Red, Green and Blue 
Gun Outputs 

26 PicturelText -Output 

27-34 Data Inputs ¢ to '7 

35 Phase Comparator Output 

36 Line Flyback Input 

37 Compo Sync Output 

38 Compo Sync Input 

39 Vee 

40 Voo 
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,Functions 

This is the negative supply for the chip and is used as a reference for a-II the 
electrical parameters. 

The Chip can be put into its passive state with all Bus and Gun outputs off by 
taking this input high. This input is internally loaded low. This facility is useful in 
comprehensive display systems, where several devices may be required to drive 
the display. 

These pins are connected to the Address Bus of the TELEVIEW system. They are 
used for address Input/Output. 

This output is used to drive the Random Access Memories forming the Page 
Memory. 

These outputs are used to select the required page store. 

These outputs are generated by the Video Generator from the status of the raster 
scan and are used to indicate this status to other chips within the TELEVIEW 
system. 

These outputs provide 19.2KHz and 1.2KHz square wave signals which are used 
by the UAR/T as reception and transmission clocks respectively. 

This input is fed from a 6MHz oscillator which may be phase locked to the normal 
transmission. During 'off-hours' working a crystal oscillator is normally used. 

This output is an open~d-ra:in output and is used to indicate the presence of 
Teletext lines to the D.A.Chip and Data Grabber. The timing of this signal is 
indicated in Fig. 4. 

These outputs are push-pull outputs which go high to turn on the relevant color gun 
for displaying. These outputs are closely matched for propogation delay and rise 
and fall times. 

This output is used by the TELEVIEW system to indicate to the receiver if data is to 
be displayed and is used to change the display from normal video to data video from 
the Red, Green and Blue chip outputs. In the mix mode this generates Black and 
White data video. It will then be matched to the gun outputs for propogation delay 
and rise and fall times. 

The Data Inputs from the communic1jtion highway between the Video Generator 
and the Control Processor and Page Memory. 

In on-hours operation the display Line Flyback signal is compared for phase with an 
internal 64Jls period signal derived from the 6MHz display clock. The output is a 
pulse which, when integrated, produces a voltage for controlling a V.C.O. 6MHz 
display oscillator, thus locking the display to the incoming picture. In off hours 
operation this open drain output goes low permanently, and thus can be used as an 
indication of on-hours/off-hours status. 

The Line Flyback input is a signal from the display deflection circuitry which is used 
for positioning the display on the TV. screen. 

The Compo Sync Output outputs either the Compo Video input in 'on-hours' opera­
tion or an internally generated Compo sync signal in 'off-hours' operation. 

The Compo Sync Input monitors the composite video being received and extracts 
synchronizing information and 'on-hours' 'off-hours' information for the Video 
Generator. 

This pin is connected to the +5.0V supply. This supply has a low current require­
ment. 

The Voo forms the positive supply for the chip. 



DISPLAY OPTIONS 

Logic is contained on the Video Generator chip to process the 
Display Modes as described in the Broadcast Teletext Specifica­
tion. These facilities are outlined below. Some extra facilities are 
also included. 

Character Set 
The chip can display 96 Alphanumeric characters and 64 Graphic 
shapes which may be either contiguous or separated. The alpha­
numeric format is determined by a 4320 bit Read Only Memory 
organized as: 

96 (character) x 5 (dots) x 9 (lines) = 4320 

The graphic shapes are determined directly from the bits of the 
character code Fig. 5. 

Display and Background Color 
The characters and the background can be displayed in one of 
seven colors. In addition the background may be black. This 
information is stored in two sets of three latches representing 
character and background colors. 

Conceal and Flash 
Selected characters can be concealed and optionally released by 
the viewer. Selected characters can be flashed on command. The 
flashing is controlled by an on-chip flash oscillator. During the 
flash period or when concealed only background information is 
displayed. 

Boxing 
Text or graphics characters can be inserted in a normal video 
picture when required. This is achieved by means of the Picture­
ITeXt output which can be used externally to switch the guns 
between Picture and text signals. 

Double Height 
Double height characters are characters contained between the 
control characters "Double Height" and "Normal Height" (or end 
of line). When a "Double Height" control character is read from 
the RAM only the top half of the subsequent character(s) are 
displayed during the 10 raster scans. During the next 10 scan 
lines, 40 is subtracted from the addresses being output on AO-A9 
so the same 40 addresses are read for another 10 times. Charac­
ters which are not double height are displayed asthe background 
color and the bottom(s) of the double height character(s) is (are) 
displayed. 

Hold Graphics 
When this latch is set, any subsequent control characters (except 
Double/Normal Height or change alpha/graphics) are displayed 
as the last graphics characters. 

Special Graphics 
This is a high resolution graphics facility, not available in normal 
TeletextlViewdata systems. There is a one to one correspondence 
between data bits b" b2 , b3 , b., bs, b7 and the six dots in each 
horizontal line of a character. This gives an overall graphics 
resolution of 6 x 20 for each character. 

Box Clock 
The last eight characters of the top row (Row 0) of a teletext page 
can be boxed in double height into a normal television picture. 
These eight characters contain the time in BBC/IBA broadcasts. 
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Half-page Operation 
This allows either the top or bottom half of a normal TeletextlView­
data page to be displayed over the whole screen, with each 
character in double height. This makes the display easier to read 
from a distance. Double height characters are ignored in this 
mode. 

Black and White Output 
In normal operation this is the Picture/Text output and is used to 
blank the normal picture information for boxing newsflashes or 
displaying a page of teletext information, etc. 
In the mix mode this outputs black and white teletext information 
which is matched tothe Gun Outputsignals in delay and drive. This 
can be used to superimpose text onto a picture by "cutting away" 
the picture below text data or as an output for Black and White 
displays or printers. 

Character Rounding Inhibit 
Normally characters are rounded, i.e. half dots are added to 
smooth diagonals on an interlaced television display. This can be 
switched off when outputting to a printer. 

Cursor 
The cursor is stored as bit eight in the PageStore Data Character. It 
is displayed as a flashing bar on the bottom line of acharacter. The 
flashing is complementary to the normal character flashing and 
any character information on the bottom line (tails or graphics 
information) is suppressed to improve legibility. 

SIGNAL DETECTION CRITERIA 
The Video Generatordetection circuitry for incoming sync signals 
is designed to prevent mis-operations in the presence of noise. The 
criteria for detection is defined below. 

Line Sync 
The Compo Video Input must be negative for greater than 3ps. 

Frame Sync 
The Compo Video Input must be negative for greater than 10ps 
and at least 310 lines (Line Flyback pulses) must have occurred 
since the previous Frame Sync detection. 

Odd Frame Detection. 
Odd Frame Detection occurs when a Line Flyback pulse falls in a 
window 326-354 uS after Frame Sync Detection. However this 
detection must disagree with the internal Odd/Even frame status 
for 4 successive full frames before the internal status is inverted. 

On-Hours/Off-Hours Detection 
The Line Flyback pulse is compared for synchronism with the 
detected Line Sync such that the negative edge of Line Flyback 
should occur within 14ps of the negative edge of an incoming 
Line Sync signal. If such synchronism does notoccurthe number 
is accumulated and if more than 16 occur for two successive V, 

frames the logic deems that the composite sync does not repres­
ent a valid transmitted signal and the Video Generator goes "Off­
Hours". If however, less than eight occur in any two successive '/' 
frames, the logic deems that a valid Compo Sync is being received 
and the system goes "On-Hours". If between eight and sixteen 
occurrances of no synchronism happen, then the system stays as 
it was. 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratlngs* 
Voltage on any pin with respect to Vss .•....•...•......•...•...... -0.3 to +15V 
Storage temperature range .................................. -550 C to +1500 C 

Standard Conditions (unless otherwise indicated) 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied"':'" 
operating ranges are specified below. 

Vss = OV (substrate voltage) Vee = +5V ± 5% Voo = +12V ± 5% Operating Temperature TA = O°C to +70 

Characteristic Min Typ Max Units Conditions 

INPUTS 
Chip Select 
Input Logic High 2.0 - Voo V 
Input. Logic Low Vss - 0.6 V 
Input Current 25 - 120 /lA V'N = 5V 
COMP 
Input Logic High 2.5 - Voo 
Input Logic Low Vss - 0.3 
Input Capacitance - - 15 pF V'N = OV 
6MHz 
Input Logic High 2.0 - Vo'o V 
Input Logic Low Vss - 0.6 V 
Input Capacitance - - 25 pF V'N = OV 
Mark to Space Ratio 45:55 - 55:45 
Frequency 1.0 - 6.5 MHz 
All OTHER INPUTS 
Input Logic High 2.0 - Voo V 
Input Logic Low Vss - 0.8 V 
Input Capacitance - - 15 pF V'N = OV 
Input Leakage - - 10 /lA V'N = 12V 
OUTPUTS' 
Addresses, Read/Write 
Store Select (Trl-state) 
logic High Output 2.4 - Vee V IOH = -320/lA 
Logic Low Output Vss 0.2 0.4 V IOL = 3.2mA 
Capacitance - - 15 pF V'N = OV @ 1MHz 
T RISE. T FAL.L - - 200 ns CLOAO = 100pF 
Leakage (Disabled) - - 10 /lA Vo = OV, 5V 
TIME SLOTS (TS1, TS2) 
(PUSH-PUll) 
logic High Output 2.4 - Vee V IOH = -320/lA 
logic Log Output. Vss 0.2 0.4 V IOL = 3.2mA 
T RISE. T FALL - - 200 ns CLOAO = 100pF 
COMP VIDEO (PUSH-PUll) 
Logic High Output 4 - Voo V IsouReE = -500/lA) } 
logic Low Output Vss - 0.4 V IS'NK = 1.6mA) Off Hours Mode 

Capacitance - - 20 pF 
Series Resistance - - 100 ohms Compo Video In = 2V), On Hours Mode 

RSYNC (OPEN DRAIN) 
Logic Low Output 'Vss - 0.4 V IOL = 4.0mA 
Logic High leakage - - 10 /lA Vo= 5V 
Capacitance - - 15 pF V'N = OV 
PHASE COMPARATOR (OPEN DRAIN) 
Logic Low Output Vss - 0.5 V IOL = 5mA 
Logic High Leakage - - 10 /lA Vo = 5V 
Capacitance - - 15 pF V'N = OV 
R.G.B. GUN OUTPUTS 
PICTURE/TEXT OUTPUTS (TRISTATE) 
Logic High Output Vee-l - Vee V IsouRcE = 2mA 
Logic Low Output Vss - 1 V ISlNK = SmA 
Capacitance - - 20 pF V'N = OV 
T R'SE, T FALL (10%-90%) - - 30 ns Co = 30pF 
Differential T R'SE, TFALL - - 30 ns Co = 30pF PicturelText matched in mix mode only 
Leakage (Disabled) - - 10 /lA Vo = 0, 5V' 

POWER 
Vee Supply - - 25 mA Vee = 5V 
Voo Supply - - 60 mA Voo=12V 
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623 624 625 \3 

310 I 311 3'2 313 314 315 I 3'. 317 3'6 

--A .. \_ ----------~·~1~4~--------C--------~·~i~4~-------- ...... A-

A. LINE SYNC PULSES NEGATIVE. 5pS WIDTH. 64pS PERIOD. 
B. EQUALIZING PULSES NEGATIVE. 2pS WIDTH. 32pS PERIOD. 
C. BROAD PUSLES POSITIVE 4pS WIDTH. 32pS PERIOD. 
ALL NEGATIVE EDGES AT 64pS OR 32pS INTERVALS. 

Fig. 2 COMPOSITE SYNC 

~~.E 01 23 48 288 320 336 361 601 625/0 
I I I I I I I I I 

TS' -tiH HJ-l ~ :: : I~------------------------~ : I :~------------------------~ 
II I I I I I 

~\---L-1 ~ 
TS2 JJ I I IL. __________ -,-______________ --'-__ 

COMPVIDEO I 
'-, ---------' , , 

Fig. 3 TIME SLOT OUTPUTS 

, Ll A'S'V'NC' I , " . , " 
1-1 .. _-----6.5 + (0 -.5)"S ----I .. ~I ~ .5"S 

Fig. 4 RSYNC TIMING 

"/ / 
~ V, 

v: V/ 
1,/ ~ 
v: // 

1// // V/ / 
'i /:: ~ / 

CONTIGUOUS SEPARATE 

BIT 1 IS LEAST SIGNIFICANT, BIT 6 = 1 

SHADED EXAMPLE 1110101 

Flg.5 GRAPHICS FORMAT 
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bb • 0 0 0 o 1 10 • ~5 • .0 0 o 1 1 Q 1 0 

Bits 

+ i r .~ Col 0 1 2 : 2a 3 I 3a 
Row I 

I I 
o 0 o 0 0 NULQ) DLEQ) 

I o I~ 
I I 

o 0 o 1 1 
AlphaN Graphics 

I I~ 1 :~ Red Red I . 
o 0 1 0 2 

AlphaN Graphics 
" l~ 2 :~ Green Green 

I I 
o 0 1 1 3 

AlphaN Graphics 
£ 1m 3 I~ . Yellow Yellow 

I I 
o 1 o 0 4 

AlphaN Graphics. 
$ I~ 4 I~ Blue Blue I 

AlphaN Graphics :~ 
I 

o 1 o 1 5 
Magenta Magenta 

% 5 113 
AlphaN I~ 

I 
o 1 1 0 6 

Graphics 
& 6 I~ Cyan Cyan 

I~ 
I 

o 1 1 1 7 
AlphaN(j) Graphics , 

7 I~ White White 

I 
I~ 1 0 o 0 8 Flash 

Conceal 
( I~ 8 Display 

I 
~~ 1 0 o 1 9 SteadY(j) 

Contiguous(j) 
) I~ 9 

Graphics 
1 I 

1 o 1 0 10 End Box(j) 
Separated . I~ : :~ Graphics I 

:~ 1 0 1 1 11 ; Start Box ESC(D + I~ ; 

1 1 0 0 12 
Normal(j) Black(j) l~ < I~ Height Backgrou'nd 

I I 
1 1 0 1 13 

Double New 

I~ 113 Height Background - -

1 1 1 0 14 
. Special Hold :~ > I~ Graphics Graphics 

1 I~ 1 1 1 1 15 
Normal(j) Release(j) 

1 !~ ? Graphics Graphics 

" 
(DThese control characters are reserved for compatability with other data codes. 

(DThese control characters are presumed before each row begins 
Codes may be referred to by their column and row e.g. 2/5 refers to % 

Character rectangle 

Black represents display color 

White represents background 

Fig. 6 TELETEXT CHARACTER CODES 

4 

@ 

A 

B 

c. 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M· 

N 

0 

1 0 
1 

1. 0 
1 1 1 1 

5 
6 I 6a 7 i 7a 

I~ p IW p -

I I 
Q a I~ q I~ 

I I 
R b lEe r I~ 

I I 
S c I~ 

s 1= I 

:~ T 
d :~ t 

1 I~ U 
e I~ u 

V f :~ v ~ 
W g :~ w -= 
X h lEi x ~ 

Y i I~ Y C'i 
I 

Z j lEi z I~ 
lrl - k X ICI 

X· I I~ " Iii I I - m I~ X Iii 
I lil I I~ -'-n 

I . ~. # o I~ 
I 
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AY-5-9050 

Five Channel Relay Driver / High Voltage Interface 

FEATURES 
• Reference voltages generated and regulated on-chip from 

a single power supply 
• High noise immunity 
• High reliability and low cost using P-channel MTNS process 

(approved to BPO 04000) 
• Defined output states under external fault conditions 
• Provides isolation between +5V logic and exchange 

powered relays 
• TTL compatible 
• Supplies continuous load currents up to 250mA. 

DESCRIPTION 

The circuit contains five individual channels, each comprising a 
logic section which switches a high current output driver. Delay 
circuitry is incorporated to improve rejection of noise 
interference on the inputs. The input logic levels are standard 
TTL compatible, and since only a very small input current is 
required, a resistor of up to 10K may be connected in series to 
protect the preceding logic under fault conditions. 
Each output driver is capable of supplying 50mA to a load 
connected directly to a nominal -48V exchange supply, and 
when higher currents and/or lower output voltages are required, 
channels may be paralleled externally to provide up to 250mA. 
Each driver operates as a buffer with a high impedance input and 
a high current output able to withstand large negative voltages in 
the OFF condition. In the ON condition, each output may be 
considered as a resistor of 400 maximum witha current rating of 
50mA. 
Isolation is provided betweer;J the logic circuitry and the 
exchange (noisy) earth. Although the exchange earth may 
fluctuate by±4V, malfunction of the logic circuitry will not occur 
since the exchange .earth is at -5V with respect to the logic 
supply. 

BLOCK DIAGRAM 

10 11 

6-4 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 

Vcc-

Output 1 

Output 2 

Output 3 

Output 4 

Output 5 

Electronic Earth 

CIRCUIT FUNCTION 
Input State 

Logic '0' 
Logic'l' 
Open Circuit 

vo<:+ 

Input 1 

Input 2 

Input 3 

Input 4 

Input 5 

Noisy Earth 

Output State 

On 
Off 
Off 

CIRCUIT FUNCTION UNDER FAULT CONDITIONS 

12 

Fault Condition 

Vcc+ open circuit 
Electronic earth open circuit 
Noisy earth open circuit 

13 14 1 

POWER 
SUPPLY 

-30V 
-12V 

Output State 

Off 
Not defined 
Off 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Maximum continuous power dissipation ................................ 800mW 
Maximum continuous supply voltage (Vcc+) ............................. +7.0V 
Minimum continuous supply voltage (Vcc+) ........................... " .. -0.3V 
Maximum continuous supply voltage (Vcc-) Pin 8 = OV ................... -60V 
Maximum continuous positive input voltage Pin 7 = OV ................... +7.0V 
Maximum continuous negative input voltage Pin 7 = OV ................... -12V 
Maximum continuous positive output voltage Pin 8 = OV ................. +4.0V 
Maximum continuous negative output voltage (output off) ................ -65V 
Maximum continuous negative output current per channel ................ 60mA 
Maximum continuous noisy earth voltage with respect 

to electronic earth ................................................. ±5.25V 
Operating temperature range ...................................... DoC to 70°C 
Storage temperature range .................................... -55°C to 125°C 

Standard Condillons (unless otherwise noted) 

Positive supply (Vcc+) = +4.75V to +5.25V 
Negative supply (Vcc-) = -44V to -52 V 
Noisy earth wrt OV = ±4.0V 
Ambient temperature = DoC to +70°C 

Characteristic 

Supply current (Icc) 

Outputs Off 
Logic '1' Input voltage 
Logic '1' Input current 

Outputs On 

Min 

-

3.0 
-

Logic '0' Input voltage -12.0 
Logic '0' Input current -
Output On Resistance (RoN) -
On State Output Voltage 0.2 
Output Leakage Current (Off) -
Output Leakage Current (Off) -
Propagation Delay and Transition Time -
(Tpon + Ton and Tpoff + Toll) 

"Typical values are at +25°C and nominal voltages. 

Typ·· Max Units 

3.5 5.0 . mA 

- Vcc+ Volts 
7 25 J1A 

- 0.4 Volts 
7 25 J1A 

20 40 0 
1.0 2.0 Volts 
50 200 J1A 
60 1000 J1A 
50 300 J1S 

AY-5-9050 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 

. this device at these conditions is not 
implied-operating ranges are specified 
below. 

Conditions 

Vcc+=5.25V; Vcc-=-52V; Outputs on 

Vcc+=5.25V; Vcc -=-44V 
Vcc+=5.25V; V'N ;;'3.0V; Pin 7=OV 

Vcc+=4.75V; Vcc-=-52V 
Vcc+=5.25V; V'N';;;0.4V; Pin 7=OV 
Vcc+=4.75V; Vcc-=-44V; Iou.=50mA 
Vcc+=4.75V; Iou.=50mA; Pin 8=OV 
Vcc+=4.75V; Vou. =-60V; Pin 8=OV 
Vcc+=4.75V; Vou.=-65V; Pin 8=OV 
See Fig. 1 

to 

3.0V ~ l to j4--
1_----3.0V 

2QV 

. . 1~ 

INPUT 

-52V ______ -_4_7V.J~;" L·.. j.-26V -47V 

TON TOFF J.-
52V 

Flg.1 TRANSITION TIME 
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1IIIIIIL-_____ A_Y_-_5-_9_10_0 ______ ~ 
Push Button Telephone Diallers 

FEATURES 

• 20 Digit Storage 
• Selectable dialling rate 
• Selectable mark/space ratio 
• Selectable Inter-Digit Pause 
• Dynamic circuitry - low power consumption 
• Re-dial of last number 
• Access Pause Facility 
• Companion Repertory Dialler chip (AY-5-9200) 

DESCRIPTION 

The AY-5-9100 Series Push Button Dialler provides all of the 
logic required to convert a push button input to aseriesof pulses 
suitable for simulating a telephone dial. Pulse repetition rate, 
interdigital pause, and mark-space ratio are all programmable. 
Outputs are provided for line pulsing and muting. An "inhibit 
input" is provided to allow redial of one number of up to 20 
digits. An "Access pause" capability is provided to allow 
automatic operation with a PBX or WATS line system. The low 
power consumption enables line-powered operation in a PBX or 
similar system. An AY-5-9100 Series circuit may be operated 
alone or in conjunction with the AY-5-9200 repertory dialler. 

BLOCK DIAGRAM 

CI 

FROM C2 
KEYBOARD C3 

C4 

>-
>-
>-
>-

y 

r-
r-

INPUT - DECODER 
r- AND 

VERIFIER 

y y 

I--

I-- 4x 21 BIT SHIFT 
REGISTERS 

~ (RI- R41 

~ 

H ACCESS PAUSE REGISTER 

PIN CONFIGURATION 
18 LEAD DUAL-IN-LiNE 
AY-5-9100 

TOpVl8W 

r---
r---
I---

I---

Re-dialOutput 

Access Pause Output 

Reset 

Muting Output 

Keyboard Strobe 

Cl 

C2 

C3 

C4 

OUTPUT 
LOGIC 

I 
r--

SECONDARY r-- 1.0 P 
DIVIDER f-- LOGIC 

f--

1 IJ 

~ 

~ 

KEYBOARD 
STROBE 

1 rt MARKER REGISTER ~ H ANTi-l PRIMARY 

RESET 

INHIBIT 
INPUT 

>-

* 

BOUNCE 
LOGIC '--

I . 
DIVIDER 

CONTROL LOG IC 
r-

r----, 
-¥ + -¥ -¥ 

I.D.P. Select 

Inhibit Input 

Strobe Output 

Mark/Space Select 

Line Output 

Dialling Rate Control 

LINE 
OUTPUT 

lOP 
SELECT 

MARK/SPACE 
SELECT 

DIALLING RATE 
CONTROL-

MUTING STROBE REi>IAL* ACCESS 
PAUSE * *NOI available on AY-5-9118. 
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PIN FUNCTIONS 

Pin No. 

2 

3 

4 

5 

6-9 

10 
11 
12 
13 

Name/Description 

Re-Dlal Output: A logic "0" at this 
output indicates that redial mode has 
been selected. 
Access Pause Output: A logic "0" at this 
output indicates that an access pause 
is required. 
Reset: A logic "0" on this input clears all 
shift registers and resets all counters. 
Reset should be applied after power on 
to clear the device. 
Muting Output: The muting output goes 
to logic "0" whenever data is being 
entered or transmitted. It returns to 
logic "1" when the access pause output 
turns on and when transmission is 
complete. . 
Keyboard Strobe: This is the common 
signal from all the keys. A logic "0" 
on this input indicates that either the in­
hibit input or C1-C4 are to be read. 
C1-C4 These are the keyboard data in­
puts. They are encoded as follows to 
allow simple interface with a standard 
push button )2-of-7) keyboard. 

Olgll 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 

Access 
Pause 

Vss 
</>1 
</>3 

Impulses Cl 
1 1 
2 1 
3 1 
4 1 
5 1 
6 1 
7 0 
8 0 
9 0 

10 1 

- 0 

C2 C3 C4 
1 1 1 
1 1 0 
1 0 1 
0 1 1 
0 1 0 
0 0 1 
1 1 1 
1 1 0 
1 0 1 
1 0 0 

0 1 1 

Dialling Rate Control This input 
controls the line pulsing frequency as 
follows: (See Note 1): 

Input 
</>1 
</>3 

Vss 

Line Pulse Rate 
600 p.p.s. 
20 p.p.s. 
10 p.p.s. 

TYPICAL APPLICATION 

Pin No. 

14 

15 

16 

17 

18 

AY-5-9100 

Name/Description 

Line Output A logic "0" on this output 
is a line pulse "mark" or "break." 
Mark/Space Select The mark to space 
ratio is controlled by this input as 
follows: 

Input Mark Space 
</>1 70 30 
</>3 50 50 

Logic 0 662/3 33 1/3 
Logic 1 60 40 

These ratios are exact and do not de­
pend on clock frequency. 
Strobe Output This output goes to 
logic "0" to indicate that a digit is being 
out-pulsed. 
Inhibit Input 
The inhibit input is used to inhibit out­
pulsing and to place the device in re­
dial mode. 

The keyboard strobe must be taken to 
logic "0" at any time the inhibit input 
is strobed, except when an Access 
Pause is being signalled. 

This input normally operates as a 
"toggle flip-flop". If it is taken to a logic 
"1" any time other than when an access 
pause is being signalled, the circuit will 
lock into the redial mode and the redial 
output will go to logic "0". The chip will 
remain in the re-dial mode until this 
input is taken to logic "1" again. 

If the chip is cleared before inhibit is 
toggled, digits entered are accepted, 
but out-pulsing does not commence 
until the inhibit is re-strobed. If a 
number is being outpulsed when the in­
hibit is strobed, dialling ceases until the 
inhibit is re-strobed. If the inhibit is 
strobed when a dialling sequence is 
completed, the redial output goes to 
logic "0" and the number is stored. Re­
strobing the inhibit starts the dialing 
sequence. 

When an access pause is signalled, this 
input no longer operates as a toggle, 
but rather as a gate, with a logic "1" 
inhibiting further out-pulsing. 
I.D.P. Select This input controls the 
inter-digital-pause as follows: (See 
Note 1): 

Input 

¢3 
vss 

¢1 

10p.p .•. 

400ms 
BOOms 
1000ms 

20p.p .•. 

200ms 
400ms 
500ms 

600p.p .•. 

6.66ms 
13.33ms 

18.33 

A pre-digital pause equal in length to 
the inter-digital pause precedes the 
first digit of any number.' 

NOTE 1: Line Pulse Frequency and Inter-Digital Pause are 
specified with an 18KHz clock frequency. 
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_ AY-5-9100 

OPERATION 
The 4 bit code from the keyboard arrives on inputs C1-C4 of the 
Push Button Dialler. A fifth input from the keyboard, the Key­
board Strobe, is also required. In its quiescent state the five 
inputs are at logic 1 (-volts). A logic 0 on the Keyboard Strob!l 
input indicates to the input circuitry that it is to read the data on 
C1-C4, thus allowing 1111 as an allowable code from the 
keyboard. . 

When a digit key is depressed the logic detects the 1-0 transition 
on the Keyboard Strobe input. When this occurs a timer with a 
minimum count time of 4.2 msec Is started. If the common input 
is removed before .thls period has elapsed, the counter will be 
reset to Its starting state. If the Keyboard Strobe input is stable for 
at least 8.7 msec the code is fed to the code verifier and 
converter. 

If the code is invalid, it is ignored. If valid it is converted to the 
proper BCD code and written into recirculating shift registers R1-
R4. If an access pause is decoded, it is written Into the access 
pause register. 

Simultaneous with the data being written into R1-R4, the muting 
output goes to logic "0", to disconnectthe transmission circuitry. 
When all digits that have been keyed into the circuit have been 
dialled out the muting output returns to logic "1". 

During dialling if an access pause is required, the muting output 
will reconnect the transmission circuitry so that the caller can 
listen for the dial tone and ensure himself that the system is 
functioning correctly: . 

The digit store has a capacity of 20 digits. The numbers are read 
non destructively allowing redial; 

Four 21 bit registers hold the number in BCD format; the 
number is stored in parallel. A fifth register holds a marker bit 
(Signified as A) showing the first number entered. This fifth 
register has a gated 22nd bit allowing the marker bit (A) to be 
'slipped'backwards one bit with respect to the number. Gating 
ensures that all numbers are sequentially entered, the first align­
ing itself with the marker A. When the first number is to be loaded 
into the counter, A is decoded in its 21st position and the parallel 
enable signal reads the first digit into the counter. Gating is 
enabled to allow A to be shifted through the 22nd bit of the 
marker store, so aligning itself with the next number to be dialled 
out. When A is decoded at the 21st bit and no number is in the 
stored digit register, A remains aligned in this state until 'redial' is 
depressed and the marker store goes into its 22nd bit mode until 
A aligns with the first digit. 

Gating ensures that only 20 digits are entered Into R1-4. One 
empty state at least is required to indicate to the system that a 
number is complete. . 

TIMING DIAGRAMS (L = Low = Logic "1"; H = High = Logic "0") 

Flg,1 CI.ock Waveforms 

FIg,3 Line, Muting and Strobe Output Timing 

8-8 

Fig.2 Reset and Keyboard Strobe Timing 

CLOCK '~~~~ffiL' _._,-,-'-w 
FULL AMPLITUDE 

CLOCK I REACHES 

to -1- t., v'H=======l 
~------

RESET 

KEYBOARD 
STROBE 

,--1 tkpw 

Flg.4 Line, Muting and Access Pause Output Timing 

MUTING 
OUTPUT 

LINE 
OUTPUT 

ACCESS 
PAUSE 

OUTPUT 

INHIBIT 
INPUT 



AV-5-9100 _ 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 
Input Voltages (with respect to Vss) ...... -20V to +0.3V 
Storage temperature ............ -65°C to +150°C 
Operating temperature. . . . . . . . . . . -25°C to +70°C 

Standard Conditions (unless otherwise noted) 
V.,,=OV TA= -25°C to +70°C 
Negative logic conventions are followed for this data sheet. 

Characteristic Sym Min 

Clocks (see Fig.1) 
Logic'1' VqJ" -13.5 
Logic'O' Vcj>1I +0.3 
Frequency f 10 
Capacitance Ccj> -
RiseTime tr .1 
Fall Time tf .1 
Leakage It,cj> -
Pulse Width tcj>pw 5 
Pulse Separation tcj>es 5 

All Outputs (Note 3) 
On Resistance (Logic '0') RON -
Off Leakage (Logic'1') ILL -
Line Output (See Fig.3) 
Strobe-Line Delay tp -
Line-Strobe Delay to 33 

Muting Output (See Fig.3, 4) 
Line-Muting Delay tm 33 

All Inputs (Except Reset) 
Logic '1' VII, -4.0 
Logic '0' Vm +0.3 
Leakage 11.1 -
Rise and Fall Time tr,t, -
Capacitance C, -
Keyboard Strobe Input (See Fig.2) 
Pulse Width tKPw 10 

Reset Input (See Fig.2) 
Logic '1' VII, -4.0 
Logic '0' Vltt +0.3 
Leakage 11.1 -
Capacitance C, -
Fall Time tAl 3 
Delay Time t" 3 

Power - -
.. TYPical values are at +25° C and nom mal voltages. 

Typ" 

-
-
18 
90 
-
-
-
-
-

-
-

-
-

-

-
-
-
-
-
-

-
-
-
-
-
-
0.9 

'Exceeding these ratings could cause' 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Max Units Conditions 

-16.5 V 
-1.0 V Match clocks within O.5V 
30 kHz See Note 2 
150 pF Each clock input, Vcj>=QV, f= 1MHz 
8 I's 
4 I's 

30 I'A Vcj>=-16.5, TA=+80°C 
40 I'S 
40 I's 

1 kll VolI =-1 volt 
10 I'A Vo,,=-10V. T,7'25°C 

3 ms 
- ms MARK/SPACE=662/3-331/3 

(to increases for other 
MARK/SPACE RATIOS) 

- ms MARK/SPACE = 66 2/3-331/3 
(tm increases for other 
MARK/SPACE RATIOS) 

-16.5 V 
-1.0 V 

1 I'A V, = -16.5, T, = 25°C 
10 I'S 
5 pF V,=QV, F= 1MHz 

- ms Effective only when RESET input is 
at Logic '1' 

-16.5 V 
-1.0 V 

1 I'A Vin = -16.5, T, = 25°C 
5 pF Vin = OV, f = 1MHz 

100 I's 
- ms After clocks reach full amplitude 

2 mW Vcj> = 16.5V 

NOTES: 2. Line Pulse Rate depends upon frequency of clock input. Standard clock frequency is 18kHz. 
3. Outputs require external pull-down resistors (47K typical). 

ACCESS PAUSE OPERATION TYPICAL OUTPUT INTERFACE 
-15V 

AY-5-9100 

6 7 8 9 --~~h 
~I 

____ ...l 
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AY-S-91S1A 
AY-S-91S3A 

AY-S-9152 
AY-S-91S4A 

Push Button Telephone Diallers 
FEATURES: AY-5-9151A 

• 2.SV to SV and 200pA operation, plus standby mode 
• Frequency of on-chip clock set by external RC network 
• Selectable break: make ratio and interdigital pause 
• Uses 3 x 4 matrix keyboard with no keyboard ground or 

common contact 
• Keyboard inputs have anti bounce protection 
• Input pull-up or pull-down resistors on-chip 
• Data entry inhibited and error signal produced if more than 

one key is pressed 
• Redial and access pause controlled from keyboard 
• 22 digit capacity including access pauses 
• Dialler reset for line power breaks >200ms. 

FEATURES: AY-5-91S2. Same as AY-S-9151A except: 

• Break: Make fixed at 60:40 plus: 
• Two antiphase mask outputs for driving bistable relay 

FEATURES: AY-S-91S3A. Same as AY-5-91S1Awhen in 3 x 4 
matrix keyboard mode plus: 
• Pin selectable options of 1 of 12 keyboard, 2 of 7 keyboard 

with common and 4 bit binary with common 
• Repertory dialler capability when used with AY-5-9200 
II 8 bit output for displaying number in digit store 
• Simple call-barring facility using display outputs 

FEATURES: AY-S-9154A. Same as AY-S-91S3A except: 

• Break: Make fixed at 60:40 plus: 
• Two antiphase mask outputs for driving bistable relay 

DESCRIPTION 
This range of CMOS Pushbutton diallers consists'offourdevices 
AY-S-91S1A to AY-S-9154A, all of which perform the function of 
converting input data (e.g. from a keyboard) into a series of 
pulses suitable for loop disconnect dialling. The series is based 
on two devices: a simple, basic diallercircuit and a more complex 
and versatile device which accepts a variety of data entry codes 
and has a display facility. 
The use of CMOS technology results in low voltage and current 
requirements, enabling easy interfacing with a variety of 
telephones. The versatility of the devices and the low external 
component count enables the building of sophisticated, reliable 
telephones at low cost. 

PIN CONFIGURATIONS 
22 LEAD DUAL IN LINE 
AY-5-91S1N 

KI1 

KI3 

Voo 1 

N.C. 

KI4 

Veo 2 

CLOCK INPUT 

N.C. 

N.C. 

AY-5-9152' 

CLOCK 

CLOCK 

KI2 

KI3 

Voo 1 

N.C. 

KI4 

Voo 2 

CLOCK INPUT 

N.C. 

N.C. 

CLOCK 

CLOCK 

KI1 

KS3 

KS2 

N.C. 

KS1 

MASK 

HANDSET 

I.D.P. SELECT 

B:M SELECT 

LINE 

KI1 

KS3 

KS2 

N.C. 

KS1 

MASK 2 

MASK 1 

HANDSET 

I.D.P. SELECT 

LINE 

'The AY-5-91S1A and AY-5-9156 are also available in 18 lead D.I.L. 
,-_________________________ -' ceramic packages. Conlncl faclory for pin out. 

PIN CONFIGURATIONS 
28 LEAD DUAL IN LINE' 
AY-S-9153A 

6-10 

Voo 1 

D04/KI12 

DISPLAY ENABLE 

Voo 2 

CLOCK IN 

CLOCK 

cc:OcK 
LINE OUTPUT 

B:M SELECT 

I.D.P. SELECT 

HANDSET 

MASK 

ACCESS PAUSE 

v" 

Kill 
KilO 

KI4 

KI9/D01 

KEYPAD MODE 

KI3 

KI2 

KI1 

KIB/DS4 

KI7/KS3/DS3 

KI6/KS2/DS2 

KIS/KS1/DS1 

COMMON 

INHIBIT 

AY-S-9154A 

Voo 1 

D04/KI12 

DISPLAY ENABLE 

Voo 2 

CLOCK IN 

CLOCK 

cc:OcK 
LINE OUTPUT 

I.D.P. SELECT 

HANDSET 

MASK 1 

MASK 2 

ACCESS PAUSE 

v" 

Klll/D03 
KI10/D02 

KI4 

KI9/D01 

KEYPAD MODE 

KI3 

KI2 

KI1 

KI8/DS4 

KI7/KS3/DS3 

KI6/KS2/DS2 

KI5/KS1/DS1 

COMMON 

INHIBIT 



PIN FUNCTIONS 
vss - The negative supply to the device. All voltages are referenced to 
this pin. 

Voo• - The positive supply to the digit store and write counter. Power 
must be maintained on this pin if the redial function is used. 

Voo, - The positive supply to the clock generator and control logic. 
V002 should rise to 2.5V withing 20 ms of switch-on. 

Clock In, Clock, Clock - These pins are connected to an external RC 
network which controls the frequency of the clock generator and 
hence the timing of the line and mask outputs. 

Handset Input - The state of the handset is used to control this input, 
a logic 1 on the input indicating that the handset is on-hook and a 
logic 0 indicating that the handset is off-hook. This input is used to 
reset the control logic depending on the past history of the inpu·t. 
If the input is taken from logic 1 to logic 0, and the clock is not 
oscillating, a reset pulse is produced when clock pulses are 
detected. The device is then ready for operation. 
If the input is taken to logic 1 for less than 200ms and the clock 
generator is operating throughout this period, a reset pulse is not 
produced when the input is taken back to logic O. Thus short breaks 
in line power will not affect the operation of the circuit. 
If the input is taken to logic 1 for more than 200ms, and clock pulses 

.are presentthroughoutthis period, a reset pulse will be generated at 
the end of the 200ms period. 

Line Output - The loop disconnect dial pulses appear at this output. 
It is an open drain output with the source of the output transistor 
being connected to Vss. A break period corresponds to this 
transistor being switched on and a make period or IDP corresponds 
to the transistor being switched off. The first digit of any outdialling 
sequence is preceded by a pre-digit pause equal in length to an 
interdigital pause. 

Mask Output/Mask 1 Output - This is a push-pull output and is used 
to mute the telephone speech circuit. A logic 1 indicates that the 
speech circuit is to be muted, this occurring immediately on 
recognition of an input from the keypad. 

Mask 2 Output - The AY-5-9152 and AY-5-9154A are fixed at 60:40 
Break:Make ratio and a Mask 2 output is substituted for the Break: 
Make input. The mask 2 output is identical to the mask 1 but is driven 
in antiphase to enable a bistable mask relay to be used. 
On initial application of power, a pulse is produced on Mask 1 and 
Mask 2 outputs to reset a bistable relay which may be connected to 
these outputs. 

lOP Input - This pin is used to select the duration of the interdigital 
pause. With a clock frequency of 18kHz, interdigital pauses of 700, 
800 or 900ms may be selected. A further option for test purposes 
enables the IDP to be fixed at 13.3ms and the impulsing rate to be 
fixed at 600 impulses per second. 

Break: Make Ratio - A choice of four break:make ratio is available 
as a pin programmable option, 70:30, 66.6:33.3, 60:40 and 50:50. 

Display Enable - When display data is being output from the dialler, 
this output goes to a logic 1. 

Common Input - When a4 bit'code is used for data input a logic 1 on 
this input strobes the data into the device. Antibounce protection is 
provided for this input. A steady logic 1 of less than 5msduration will 
not be recognized and a steady logic 1 of greater than 10ms duration 
will be recognized. This input has a pull down resistor to Vss. 

Inhibit Input - This is used to inhibit outdailling. If a logic 1 is placed 
on this input while a digit is being dialled, outdialling will cease 
when the digit has been completed. If the logic 1 appears during an 
IDP, outdialling will cease immediately. When outdialling has ceased, 
the Mask 1 output goes to logic 0 and Mask 2 goes to logic 1. When 
the input is taken to logic 0, the Mask signal reappears and dialling 
continues, starting with an IDP. 

Aceess Pause Output - When an access pause is reached in the 
dialling sequence, this output goes toa logic 1. By connecting this to 
the inhibit input, further outdialling will be prevented. 

AY-S-91S1A • AY-S-91S2 
AY-S-91S3A • AY-S-91S4A • Keyboard Mode - The data on this pin determines whether the device 

will accept data from: 
a) 1 of 12 keyboard with keyboard ground 
b) 2 of 7 keyboard with keyboard ground and common switch 
c) 4 bit binary code with common signal 
d) 4 + 3 matrix keyboard without keyboard ground 

and common switch 
When modes b, c or d are in use with the AY-5-9153A or AY-5-9154A 
data in the form of two, four-bit words is available for display pur­
poses, except when a key is pressed. 

Keyboard Inputs/Keyboard Scans/Display Outputs 1 of 12 Mode -
All twelve pins are used as keyboard inputs, on-chip pull-up resistors 
to logic 1 being incorporated. A logical AND of the twelve inputs 
produces an on-chip Any Key Down signal when any input is taken 
to 10gicO. Detection of this Signal initiates an anti-bounce period and 
at the end of this period, the data on the twelve inputs is read into the 
digit store, providedthe Any Key Down signal is prosentthroughout 
this period. Any further data is then inhibited umil an antibounce 
period has been completed with all keys up. If, during the anti­
bounce period, the Any Key Down signal disappears, the anti­
bounce timer will be reset. 

2 of 7 Mode - Keyboard inputs 1-4 are used for the .4-bit data, the 
common input strobing the data into the digit store. On-chip pull 
down resistors to logic 0 are incorporated on the four data inputs and 
the common input. When the common input is taken to logic 1, an 
anti bounce timer is started and if the common input is at logic 1 
throughout, the data is read at the end of the period. Further data is 
then inhibited until the common input has been at logic 0 for an 
anti bounce period. 

Binary Mode - The 4-bit word is entered into the digit store via inputs 
1-4 by use of the common input, in a similar manner to the 2 of 7 
mode. On-chip pull down resistors to 10gicOare incorporated. When 
data is not being read into the device (Le. when the common input is 
at logic 0) these four inputs are used as output pins for a 4-bit word 
for digit display purposes as described later. 

4 x 3 Matrix Mode - This function will be described for the AY-5-
9151A and AY-5-9152. The mode of operation is slightly different for 
the AY-5-9153A and AY-5-9154A, as explained later. 
A pulse to 10gicO is sequentially switched around the three keyboard 
scan outputs, taking 5ms for a complete scan cycle. When a key is 
pressed the pulse appears on one of the four keyboard inputs 1-4 
(provided with pull-up resistors to logic 1), and if it occurs on the 
same input on the next scan cycle, the data is entered into the digit 
store. Before a second key depression may be recognized, the first 
key must be released and a full scan cycle completed without a pulse 
on any input. 
If two keys are pressed during the same scan cycle, the data will be 
rejected and again a full scan cycle must be completed without a 
pulse appearing on any of the inputs before another key depression 
may be recognized. 
If a key is pressed during an inhibit period, or two keys are pressed 
simultaneously, all three scan outputs will go to logic 0 until file key 
or keys is/are released. 

Display Scans/Display Outputs - Data for the first 16 digits and 
access pauses in the store is available for display. 
The position of a digit within a telephone number is indicated by a 4 
bit binary word from the Display Scan outputs. Display Scan 1 is the 
least significant bit and Display Scan 4 is the most significant bit. 
Binary word 0000 corresponds to the left-hand digit of the display 
(the first number entered) and 1111 corresponds to the right-hand 
(16th) digit of the display. 
The digit being output is available as a 4 bit word on the display 
outputs (Display Out 1 = least significant bit). Binary word 0001 
represents digit 1 and so on to 0000 = digit 10. Access pauses are 
represented by 1011. 
When in the 2 of 7 mode or the Binary mode, the display data is 
inhibited by the appearance of the common signal. When in the 4 X 3 
matrix mode, depression of a key causes display scan data to appear 
on the keyboard inputs. The dialler then reverts to the normal 
keyboard sca.nning mode of operation. 

6-11 



- AY-5-9151A • AY-5-9152 
AY-5-9153A • AY-5-9154A 

LINE AND MASK OUTPUT TIMING 

.... ~ 

II I I 
, 2 8 ' 

The above sequence of events is that which occurs when the digit 
store is initially empty, The time intervals" quoted in the following 
explanation are valid only for a clock frequency of 18kHz. The 
time intervals are inversely proportional to the clock frequency. 

Event 

The first key is depressed 
and the anti·bounce timer is 
started 

2 The data from the keyboard 
Is accepted. The mask out· 
put appears and the pre­
digital pause commences, 
This is the same duration 
as the Inter-digital pause 
and is pin selectable, 

3 Dialling of the first digit 
starts. The example shown 
is a digit 2. 

4 End of 1st digit and start 
of inter·digital pause, 

S Dialling of 2nd digit starts. 
The example shown is a 
digit 1, 

6 End of 2nd digit and start 
of inter-digital pause. 

Time Interval 

T'.2 = 5-10ms after end of 
bounce 

T 2-3 = 700, 800 or 900ms 

T3-4 = n X lOOms " 
where n = digit dialled 

T~o§. = 700, 800 or 900ms 

TS_6 = n X lOOms 
where n = digit dialled 

T 6-7 = 700, 800 or 900ms' 

Dialling of further digits continues In a similar manner until the 
last digit. 
7 Dialling of last digit 

commences, in this case a 
digit 2. 

8 End of last digit and end 
of mask signal. 

6-12 

T7-8 = n X lOOms 
where n = digit dialled" 

EFFECT OF ACCESS PAUSE ON LINE AND MASK 
OUTPUT TIMINGS 

MASK 

I I 
4' 

The following time intervals are valid only for a clock frequency 
of 18kHz. 

Event 
Dialling of the last digit before 
the access pause com­
mences. A digit 3 is shown in 
this example, 

Time Interval 
T,_2 = n X lOOms where 
n = digit dialled. 

2 The end of the last digit before T2 _ 3 = 700, 800 or 900ms 
the access pause. 

3 The mask signal is removed so 
that the telephone user can ' 
listen for the appearance of 
the second dial tone. 

4 The telephone user presses T4- 5 = 5-10ms 
the # key to release the access 
pause, The anti bounce timer 
is started, 

5 The data from the # key is T 5-6 = 700, 800 or 900ms 
accepted or the inhibit input is 
taken to logic" 0 and the mask 
signal reappears, A pre-
digital pause equal In length 
to an inter-digital pause 
starts. 

6 The digit after the access 
pause is dialled out. Dialling 
then continues as normal. 

Access Pause and Redial Operation 
These facilities are available on all devices, control being via the 
keypad or data input codes. The 1 of 12 keypad and 4 x 3 keypad 
use the '" button to insert an access pause and the '#' button to 
release the access pause, 
The '#' button may also be used to redial the number in the digit 
store, If the redial mode is used, power must be maintained on 
VDD' at all times. 



PIN SELECTABLE OPTIONS 

a) Break:Make Ratio 

Ratio 

70:30 
66.6:33.3 

60:40 
50:50 

Voltage On Pin 

Clock 
Voo 

Vss 
Clock 

b) lOP (with 18kHz clock frequency) 

lOP 

700ms 
800ms 
900ms 
13.3ms 

c) Keyboard Mode 

Mode 

2 of 7 
3X4 

1 of 12 
Binary 

DATA INPUT CODES 
KI = Keyboard Input 

Binary 

KI4 KI3 KI2 

0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 

2 of 7 

KI1 KI2 KI3 

0 0 0 
0 0 0 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
0 0 1 
1 1 0 
1 1 0 

KI1 

1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

KI4 

0 
1 
0 
0 
1 
0 
0 
1 
0 
1 
0 
1 

Voltage On Pin 

Voo 

Vss 
Clock 
Clock 

Voltage On Pin 

Voo 

Vss 
Clock 
Clock 

.- Digit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Access Pause 

Redial 

Digit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Access Pause 

Redial 

4-bit codes other than those shown above are ignored. 

AY-S-91S1A • AY-S-91S2 
AY-S-91S3A. AY-S-91S4A 

DATA OUTPUT CODES 

Display Scan (OS) 

054 DS3 DS2 DS1 Position 

0 0 0 0 1 
0 0 0 1 2 
0 0 1 0 3 
0 0 1 1 4 
0 1 0 0 5 
0 1 0 1 6 
0 1 1 0 7 
0 1 1 1 8 
1 0 0 0 9 
1 0 0 1 10 
1 0 1 0 11 
1 0 1 1 12 
1 1 0 0 13 
1 1 0 1 ·14 
1 1 1 a 15 
1 1 1 1 16 

Display Outputs (DO) 

004 003 002 001 Digit 

a a a 1 1 
0 0 1 a 2 
a a 1 1 3 
0 1 a a 4 
a 1 a 1 5 
a 1 1 a 6 
a 1 1 1 7 
1 a 0 a 8 
1 a a 1 9 
0 a a a a 
1 0 1 1 Access Pause 

The Display Scan outputs are continuously incremented, and the 
Display outputs changed accordingly, to enable the display of all 
the digits in the digit store by the use of multiplexing. 
The Display Scan code is incremented at half the clock 
frequency. 

The relationship between Clock, Display Data out and Display 
enable is as follows. 

CLOCK 

DISPLAY DATA X'__ ___ ~X'__ ___ --'X'__ __ ___'x 

DISPLAY ENABLE 
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AY-S-91S1A • AY-S-91S2 
AY-S-91S3A • AY-S-91S4A 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 

Voltage on any pin with respect to V ............................ +7.0V to -0.3V 
Storage Temperature Range' ............................. , ...• -65°C to +150°C 

Standard Conditions (unless otherwise noted) 

V •• = OV 
VOD1 = Voo2 = 2.5 V to 5.0V (Voo,;;' Voo2) 
TA = -25°C to +80°(; 

"Exceeding these ranges could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Clock frequency = 18kHz The device will function correctly from 8kHz to 50kHz but all timings (break period, lOP etc.,) will be directly 
dependent on the clock period. ' 

Characteristic Min. Typ. Max. Units Conditions 

Inputs 
lOP, B:M, Key Pad Mode 
Logic '0' Level -0.3 - 0.2 V 
Logic '1' Level V002 -0.2 - Voo2+0.3 V 
All Other Inputs 
Logic '0' Level -0.3 0 0.5 V Note 1 
Logic '1' Level V002 -0.5 Voo V002 +O.J V 
Capacitance - - 10 pF Y'N = V •• , f= 1MHz 
CURRENT SOURCETO Voo2 
Keyboard Inputs 2 - 60 /lA 
CURRENT SINK TO V •• 
Keyboard Inputs Common lOP, B:M 3 - 90 /lA 

0.6 - 15 /lA 
Clock In Leakage Current - - 20 nA TA=+25°C 

Y'N = Vss or VOD1 
Key Depression Period 10 - - ms 
OUTPUTS 
LINE: 
Logic '0' Output Current 2 - - rnA Vo= 1.0V 
Logic '1' Leakage Current - - 1 /lA Vo =5.0V 
MASK: 
Logic '0' Output Current 2 - - rnA Vo= 1.0V 
Logic '1' Output Current 2 - - rnA Vo = V002 -1 :OV 
ALL OTHER OUTPUTS: 
Logic '0' Output Current 0.1 - - rnA Vo = 1.0V 
Logic '1' Output Current 0.1 - - rnA Vo = Voo -1.0V 

CLOCK FREQUENCY 17.2 - 18.6 kHz Voo, = Voo2 = 3.75V 
14.3 - - kHz Voo, = Voo2= 2.5V 
- - 19.5 kHz Voo, = Voo2= 5.0V 

Temperature Stability - - ±2 % Relative to value at +25°C V002 = 5.0V 
- - ±5 % Relative to val ue at +25° C V002 = 2.5V 

SUPPLY CURRENT 
1001 - - 7 /lA Voo, = 5.0V; V002 = OV 
1002 - - 200 /lA V002 = 5.0V, Note 2 

NOTES: 

1. The device will function correctly with a maximum logic '0' of 1.0V and a minimum logic '1' of Voo -1.0V. However, use under these 
conditions may result in an increased supply current, 

2. Measured with Break: Make, lOP, Inhibit and Keyboard Mode inputs at V •• , and with no keys depressed. 
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.L 

KS1 

r------------ KS2 

KS3 
..L 

'-i--" ..... +--..... - K 11 

L-t-...:..~t-...:..- K 12 

'-i---..... +--..... - K 13 

L... __ ...:..~ __ ...:.._ K 14 

CONNECTION FOR 4 X 3 MATRIX 
KEYBOARD 

AY·5·9151A • AY·5·9152 
AY·5·9153A • AY·5·9154A 

r---------1_---------.--~----~~_vCOMMON 

r-------+-1_-------t-.------~~-- SWITCH 

'-i-+---+ ... ++---f-.... -+-+---if------ K 11 

L-t-t---t-~t-t---t-~t-t---t------ KI2 

L-t-t---t-L-t-t---t-~t-t---t-----KI3 

'-------+ ... -------f-.... -------if-----KI4 
KS3 

'---------------- KS2 

'------------------------- KS 1 
CONNECTION FOR DTMF KEYBOARD 

Fig. 1 KEYBOARD CONNECTIONS FOR AY-5·9151A & AY-5-9152 

TOB~lgg~-..... ----..... -------t-------~-------.--------------------1---, 
-47pF 

51K 

470K 2K 

2NS551 

3.9V 

4 x 3 KEYPAD 

1 2 3 
KI1 

4 5 6 
KI2 

7 , 9 KI3 . 0 . 
KI4 

KS1 KS2 KS3 

SELECT R FOR 18KHZ AT PIN 7; 
NOMINAL VALUE"" 390K 

Fig. 2 PROVISIONAL PUSH-BUTTON DlALLER CIRCUIT USING AY-5-91S1A 

RL = Clare HORM·X-2096 
KG = KEYBOARD COMMON SWITCH 
SELECT A FOR 18kHz AT PIN 7; TYPICALLY 360K 

1M 

470K 

AY-5-9152 11 

2",F 

100K 

470K 

Fig. 3 PUSHBUTTON DIALLER USING MASK RELAY 
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AY-5-9158 

Loop Disconnect Dialler 

FEATURES 

• 2.S to S.OV supply voltage 
• Low power standby mode for redial 
• On-chip clock generator 
• 4 X 3 matrix single contact keypad 
• Pin selectable lOP 
• On-chip input pull up/down devices 
• Redial and access pause controlled from keypad 
• 22 digit capacity including access pauses 
• Plastic or Ceramic package 

DESCRIPTION 

The AY-S-9158 is a CMOS loop disconnect diallerwith full access 
pause and redial capabilities, featuring pin-programmable Inter­
digital Pause. The use of a low voltage CMOS process realizes well 
known advantages of low power and high noise immunity, particu­
larly desirable features in a loop disconnect telephone dialler. 

PIN FUNCTIONS 

v.s 
This should be connected to the negative terminal of the power 
supply to the dialler. Voltages on all other pins of the dialler are 
normally referenced to this pin. 

Vdd 

. This should be connected to the positive supply of the dialler. If 
the redial facility is required, power must be maintained on this 
pin when the handset is on-hook 

Clock Input, Clock and Cloc.k 

The clock pulse generator consists of two inverters, the fre­
quency of oscillation being controlled by external components 
connected to these three pins. The circuit is sufficiently versatile 
to allow the use of a variety of external component configura­
tions. Figure 1 shows the configuration used throughout this data 
sheet. Details of the performance of this circuit are given in the 
section describing electrical characteristics. 

lOP Select 

The signal applied to this pin controls the duration of the interdig­
ital pause as follows: 

Voltage on Pin lOP 

Vss 800ms 

Clock SOOms 

The pin may also be connected to CLOCK. This increases the 
keypad scan frequency and outdialling frequency by a factor of 

. lS to facilitate high speed testing of the device. The data on this 
pin is read ,during a reset controlled by the Trigger 1 input. This 
pin has an,on-chip pull down device to Vss. 

Line 1 and Line·2 Outputs 

The loop disconnect dial pulses appear at these outputs. The 
ouput stage is a push-pull type with separate pins for the drains of 
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PRELIMINARY INFORMATION 

PACKAGE INFORMATION 
PIN CONFIGURATION 
18 LEAD DUAL IN LINE 

AY-S-91S8 

Keypad Input 2 

Keypad Input 3 

Keypad Input 4 

Clock Input 

Clock 

ClOck 
Line 1 

Line 2 

Top View 

Keypad Input 1 

Keypad Scan 3 

Keypad Scan 2 

Keypad Scan 1 

V .. 

Mask Output 

Trigger 2 

Trigger 1 

lOP Seleet 

the output transistors as shown in Figure 2. During a dial pulse 
break period, the N channel device is off and the Pchannel device 
is on, creating a logic 1 at the Line 2 output. During a make penod 
and an lOP the N channel device is on and the P channel device is 
off, creating a logic 0 at the Line 1 output. The timing of the Line 1 
output relative to the Mask output is shown in Figure 3. The 
Break:Make ratio is fixed at 66.7:33,3. 

Mask Output 

This is a push-pull output and is used to control the muting of the 
telephone speech circuit during dialling. A logic 1 indicates that 
the telephone is to be muted, the transition to logic 1 occurring 
immediately on recognition of a key depression. 

Keypad Scans 1-3 

These are push-pull outputs used to scan the keypad columns at 
a rate of 200Hz. Figure 4 shows how these outputs are connected 
to the keypad. 

Keypad Inputs 1-4 

The keypad contacts are used to connect one keypad scan output 
to one keypad input to enable recognition of a key depression, 
Each olthese inputs has an on-chip pull up device to Vdd. For a de­
scription of how the keypad inputs recognize data, see Section 2. 

Trigger 1 and Trigger 2 

These are connected to the input and output respectively of two 
inverters in series as shown in Figure S. Connection of resistors 
Rl and R2 allows a Schmitt trigger circuit to be realized, the 
switching thresholds being determined by the values of these 
resistors. The characteristic of the Schmitt trigger is shown in 
Figure 6. If the input voltage VT is lower than the lower threshold 
VTC , the clock generator is stopped and the scan outputs become 
high impedance. In this state the dialler consumes only a small 
leakage current and data in' the RAM is maintained. If VT is 
increased and exceeds VTH the clock generator is started, the read 
and write counters are reset and a pulse appears at the Mask 
output as shown in Figure 7. The duration olthe pulse is 16-19ms 
for a clock frequency of 18kHz. 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings 

Permanent damage may result If these ratings are exceeded. 
Functional operation Is not guaranteed under these conditions. 
Voltage on any pin with respect to V ••.•.••.•••.•••.••••.•.•.••••.. +7.0 to -0.3 
Storage tempereture range .••.•.•..•.....•.•••.•..••.•.••.•. -65· C to +150· C 

Standard Conditions (unless otherwise stated) 

V •• = O.OV 
VDD = 2.5V to 5.0V 
Ambient temperature = -25·C to +80·C 
Clock frequency = 18kHz nominal (set by c'omponents shown in Fig. 1) 

Characteristics Min Typ Max Units 

Supply Current 
IDD - - 7 /JA 

- 90 240 /JA 

Inpula 
KEYPAD SCANS: 
Logic '0' -0.3 - 0.5 V 
Logic '1' VDD - VDD V 

-0.5 - +0.3 V 
·IDP: 
Logic '0' -0.3 - 0.2 V 
Logic '1' Vdd - Vdd V 

-0.2 - +0.3 V 
VTH 1.98 - 2.34 V 
VTL 1.26 - 1.62 V 
CURRENT· SOURCE TO VDD: 
Keypad Inputs 2 - 60 /JA 
CURRENT SINK TO V •• : 
lOP 0.6 - 15 /JA 
LEAKAGE CURRENT: 
Trigger 1, Clock 1 - - 20 nA 
Outputl 
MASK: 
Logic '0' Output Current 2 - - mA 
Logic '1' Output Current 2 - - mA 
LINE 1: 
Logic '0' Output Current 2 - - mA 
Logic '1' Leakage Current - - 1 /JA 
LINE 2: 
Logic '0' Leakage Current - - 1 /JA 
Logic '1' Output Current 2. - - mA 
KEYPAD SCANS, Trigger 2: 
Logic '0' Current 100 - - /JA 
Logic '1' Current 100 - - /JA 
Clock Frequency 17.2. - 18.6 kHz 

14.3 - - kHz 
- - 19.5 kHz 

Clock Frequency 
Temperature Stability - - ±2 % 

- - ±5 % 

NOTES: 
1. Measured with lOP at V •• , Keypad Inputs at VDD and all outputs open circuit. 
2. Values of R1 and R2 yet to be defined. 

AY-5-9158 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implled­
operating ranges are specified below. 

Conditions 

Vdd = 5.0, VTL = 0.0 
Vdd = VTL = 5.0V 

Note 1. 

VDD 3.6V, with specified Values of R1 and R2. 
Note 2. 

V'N = V .. 

V'N = VDD 

T. = +25 ·C, V'N = VDD or V •• 

Vo = 1.0V 
Vo = Vdd -1.0V 

Vo = 1.0V 
Vo = VDO 

Vo = Vs. 
Vo = VDD -1.0V 

.vo = 1.0 
Vo = VOD -1.0V 
VDD = 7.75V 
VDD = 2.5 T. = +25·C 
VDD = 5.0 

Relative to value at VOD = 5.0V 
Relative to value at VDD =.2.5 
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MASK 

LINE 1 

CLOCK INPUT CU:iCK 

C 

_~~~""",~~ ________ ~~~---------I ..... -C---- ______________ Vss 

NOMINAL COMPONENT VALUES: R = 374 Kfl 
C = 47pF 

FROM PRECEDING ______ ~ 
CIRCUITRY 

Fig. 2 

1J 
o . 

OFF 

LfU ON 

II I 1 2 3 4 

VDD 

Line 2 

Line 1 

Vss 

L 
Lf --- ---uu-
I I I I 
5 6 7 8 

The above sequence of events is that which occurs when the digitstore is initially empty. The time intervals quoted in the following 
explanation are valid only for a clock frequency of 180kHz. ""he time intervals are inversely proportional to the clock frequency. 

Fig. 3 



AY-5-9200 

Repertory Dialler 

FEATURES 

• Stores 10 x 22 digit telephone numbers, including 
access pauses 

• Devices can be 'stacked' to give a store expandable in blocks 
of 10 numbers 

• Operates in conjunction with the AY-5-9100 
Push-Button Dialler 

• Single or Dual Keyboard operation 
• Interfaces to standard MF Tone Dialler Keyboards 
• Applications in Repertory Diallers and Security Systems 
• Will operate MF Tone Diallers such as the AY-3-9400 
• Low power consumption, typically 2.25mW 

DESCRIPTION 

The AY-5-9200 is a 10 number store designed to work in conjunc­
tion with the AY-5-9100 Push Button Telephone circuit to form a 
Repertory Dialler, each of the 10 numbers containing up to 22 
digits or access pauses. 
The keyboard, AY-5-9100 and as many AY-5-9200's as required 
are all connected to a 4 line data bus. Numbers for direct dialling 
are routed to the AY-5-9100, numbers to be stored go straight to 
the AY-5-9200. Numbers that are being retrieved are transmitted 
from the AY-5-9200 to the AY-5-9100 while control outputs from 
the AY-5-9200 determine the routing of the data. 
The system may operate either with a single 12 button keyboard, 
which is used for both address and digit entry, or with separate 

BLOCK DIAGRAM 

STORE 

RETRIEVE 

ENABLE 

DIGIT KEY DISABLE 

ADDRESS KEY OISABLE 

COMMON COMMON OATA IN/OUT 
KEY KEY 

OUTPUT INPUT 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

Retrieve Input 

Control Logic Enable Input 

Common Key Input 

Store Input 

Chip Select Input 

Top View 

~: l Data Inputs/Outputs 
C, 

C, 

Common Key Output 

Power-On Reset Input 

Address Keyboard Disable Output 

Digit Keyboard Disable Output 

address and digit keyboards. Single keyboard operation would 
normally be employed in a 10 number Repertory Dialling tele­
phone. Dual keyboard operation is usual for 10 to 100 number 
Repertory Diallers. 
The AY-5-9200 may also be used in MF tone dialling systems, the 
output data rate being directly compatible. 
Four phase logic is used to achieve minimum power consump­
tion, the circuits being manufactured using the MTNS P-channel 
nitride MOS process. 

STORAGE 
REGISTERS 

10 22-BIT SLOTS 

v .. 
01 

03 

RESET 

CHIP SELECT 
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-Pin.No. 

2-3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13-16 

NOTE: 

AY-5-9200 

Name 

Vss 

Clocks <1>1, cf>3 

Retrieve Input 

Control Logic Enable Input 

Common Key Input 

Store Input 

Chip Select Input 

Digit Keyboard Disable Output 

Address Keyboard Disable Output 

Power-On-Reset Input 

Common Key Output 

C, C2 Co C. 

Function 

This is the ground and substrate connection and is used as a 
reference for all the electrical parameters. 
These inputs form the two supply clocks, and alternate negative­
going pulses are required. These are described in the Electrical 
Characteristics and fig. 1. Any deviation from the nominal 18KHz 
will result in a proportional modification of the on-chip timings. 
The retrieve input must be taken to a logic '1' for at least lams to 
indicate when a retrieve operation is to be performed. Anti­
bounce logic is provided on this input. 

This input must be taken to a logic "1" for the duration of any 
store or retrieve operation. The control logic is reset when the 
input returns to logic '0'. Anti-bounce is provided for this i~put. 

This input is taken from the common contact on all keyboards. A 
'1' to '0' transition will indicate a key closure. Anti-bounce is 
provided to ensure only a single depression is read. 
This input must be taken to a logic '1' forthe duration of any store 
operation. Anti-bounce logic is. provided for both logic 
transitions. 
When at logic '0' all inputs and outputs (except for Common Key 
input and output) are inhibited. It may be permanently wired to 
logic '1' if only one AY-5-9200 is used in the system. 

The digit keyboard must be disabled while information is being 
transferred from the Store chip to the Push Button Dialler during 

. a Retrieve operation. This output goes to a logic '0' during this 
period. In a single keyboard system this output is the one to be 
used. 
The address keyboard is to be disabled, both during a Retrieve 
operation when information is being transferred between chips 
and during the Store operation after an address has been allo­
cated, until the Store operation is finished. This output goes to a 
logic '0' during these periods. 

An initial reset is required for clearing the chip when power is 
initially applied. This input must be held at a logic '0' initially, 
going to a logic '1' to activate the chips. 
This output is fed directly to the Common Key input of the 
associated AY-5-91aD Push Button Dialler and goes to a logic 'a' 
to indicate a valid code signal. It controls the routing of data into 
the AY-5-91DD. (See Function Description for further details.) 
DatalnputlOutputs. These four lines are connected to the sys­
tem. Address and dialled digit information is input on these pins 
and dialling information is fed out from these pins to the Push­
Button Dialler. The standard keyboard code accepted by the 
AY-5-9200 is shown below. When outputting information, the 
output is normally at a logic '1' and goes to a logic '0' for a data 011. 

Chip Select, Retrieve, Control Logic Enable and an address can 
all be applied simultaneously to the Store Chip. Also Store and 
Control Logic Enable signals can be applied simultaneously .. 

KEYBOARD CODE 

Digit No. of Impulses Code 

C, C2 Co C. 

1 1 1 1 1 1 
2 2 1 1 1 a 
3 3 1 1 0 1 
4 4 1 a 1 1 
5 5 1 a 1 a 
6 6 1 a a 1 
7 7 0 1 1 1 
8 8 a 1 1 D 
9 9 0 1 a 1 
0 10 1 1 a a 

Access Pause 0 a 1 1 
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FUNCTION DESCRIPTION 

The following description applies to a Push Button Repertory 
Dialler using the AY-S-9100 and AY-S-9200 circuits. The system 
provides normal push button telephone facilities· with access 
pause and redial ling, together with a repertory dialling store 
expandable in blocks of 10 numbers. 

The AY-S-9100 is a standard Push Button Dialler circuit with 
normal diaUing and redialling facilities. It also has the capability 
of storing access pauses and waiting until a dial tone is detected 
by external circuitry before diaUing is recommenced. This chip 
can operate by itself when a storage facility is not required. A 
detailed description of this device is contained in the AY-S-9100 
data sheet. 

The AY-S-9200 contains all the control logic and store facility 
required to store ten telephone numbers. Each number may be 
up to 22 characters in length, each character being either a digit 
or access pause; a dynamic memory technique being used for the 
data storage. Digits, access pauses and memory addresses are 
entered into the AY-S-9200 as 4-bit codes on 4 input/output pins 
which are also connected to the digit input pins of the AY-S-9100 
as in Figs.4 and S. While data is being transferred between the 
AY-S-9200 and the AY-S-9100, the keyboards are externally 
disabled by signals generated by the AY-S-9200, so that further 
key depressions have no effect until the transfer of. data has been 
completed. Further address inputs are inhibited until the call is 
terminated. 

The digit keyboard common key output is routed through the 
control logi.c and depending on the state of the logic, the Com­
mon Key output to the Push Button Dialler chip is enabled or 
disabled. This prevents digits to be stored and memory ad­
dresses from entering the Push Button Dialler. 

The Common Key output from the AY-S-9200 is controlled as 
follows: 

C,S. 
Logic Level '0' 

Logic Level '1' 

Logic Level '0' 

C.L.E. 
'0' 

'1' 

'1' 

Common output is a direct rep­
lica of Common input and digits 
are dialled directly by the 
AY-S-9100 
Common signals to the Push 
Button Dialler are generated 
only as a number is being re­
trieved (see Fig. 3). After a re­
trieve operation, Common 
signals are gaied through, al­
lowing further dialling unless 
externally inhibited. 
No Common signals are gener­
ated and the output device goes 
off. 

The control logic operates so that the first key depression at the 
beginning of an operation determines the subsequent sequence. 
Invalid key depressions at a later stage in a sequence are then 
ignored by the control logic. 

The system is expanded by connecting further AY-S-9200 chips 
to the busses and using the Chip Select input to enable the 
required chip. 

When a separate address keyboard is to be used an address 
keyboard strobe can be fed to the 'Retrieve' input, thus allowing a 
single button depression when retrieving a number from the 
store. 

OPERATION MODES 

1. STORE OPERATION 
DEPRESS STORE 

AY-5-9200 

This sets the logic into a store mode. This signal must be present 
throughout the store operation. Thus, either electrical or me­
chanical bistable switching is required, or the 'Store' button must 
remain depressed during the sequence. The .Control Logic Ene 
able and Chip Select inputs should be activated at the same time. 
The Common Key output is inhibited and the address and digit 
codes are routed into the AY-S-9200 chip. The order of applica­
tion of the signals is not important, they may be applied simul­
taneously with Address if required. 

DEPRESS ADDRESS (one digit) 
The address code, if valid, is latched and the memory location 
associated with this address is cleared to prevent corrupting the 
new number with old information. The Common Key output 
remains disabled. The Address Keyboard is also disabled for the 
remainder of the Store operation. 

ENTER NUMBER DIGITS (and Access Pauses) 
The number to be stored is then entered using the digit keyboard, 
and is stored in the addressed location. The maximum allowable 
number of digits or access pauses is 22. Chip select must be at 
logic '1' during digit entry. 

RELEASE STORE, CONTROL LOGIC 
ENABLE AND CHIP SELECT 
This is accomplished by re-setting the electrical or mechanical 
bistable or releasing the Store button. The control logic is then 
reset and disabled. 

2. RETRIEVE OPERATION 
DEPRESS RETRIEVE 
For separate address keyboard systems, this signal can be gener­
ated automatically with the address. The control logic is set in a 
retrieve mode and the address inputs are enabled. Control Logic 
Enable and Chip Select must be at logic '1' for the whole of the 
Retrieve operation, including the data transfer period. The Re­
trieve input must be returned to logic '0' before the end of data 
transfer to prevent a repeat operation. 

DEPRESS ADDRESS (Digit) 
The address is decoded and latched, both keyboard disable 
outputs go active, disabling the keyboards. After a minimum 
period of 60ms, the first digit code is transmitted to the Push 
Button Dial chip together with a Common signal. The Common is 
stable for a minimum period of 60ms, the Common only being 
present while the code is stable. Thedata transmission continues 
at 60ms on, 60ms off until the whole number has been transferred 
after which the chip is reset, the keyboard disable signals are 
removed and the Common signal is enabled to the Push Button 
Dialler chip. (See Fig. 3.) 

3. ERASE OPERATION 

This operation is basically a Store operation with no digits being 
input. 

DEPRESS STORE 
This sets up the logic as in the Store operation. 

DEPRESS ADDRESS (Digit) 
This then clears the decoded address. 

RELEASE STORE 
This is accomplished either by releaSing 'Store' input, or re­
setting the mechanical or electrical 'Store' bistable. 

4. RECALL AND NORMAL DIALl,ING 
These are performed as for the Push Button Dialler on its own. 
See AY-S-9100 data sheet for full description. 
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AY-S-9200 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respect to Vss . . . . . -20V to +0.3V 
Storage temperature range ......•.. -65°C to +150°C 
Ambient operating temperature range. ; .. -55°C to +80°C 

Standard Conditions (unless otherwise noted) 

Vss=OV 
V<I>=-15±1.5V (seeRg. 1 for waveform) 
Clock frequency=18kHz 
Operating Temperature (T.);' -55°C to +80°C 
Negative logic conventions are lollowed lor this data sheet. 

Characteristic Min. 

Clock 
Logic '0' level +0.3 
Logic '1' level -13.5 
Frequency 10 
Rise Time (Tr) 0.1 
Fall Time (TI) 0.1 
Width (Tw) 5 
Separation (Ts) 5 
Capacitance -
Leakage -
Inputs 
Logic '0' level +0.3 
Logic'I' level -5 
Capacitance -
Leakage -
Common Key Input 
Pulse Width (Tc) 10 
Reset Input 
Pluse Width (Td) 3 
Fall Time (Te) -
Anti-bounce on; I Inputs except 

Chip Select & Hesel 4.2 
Outputs 

All outputs including C, to C. 
when acting as outputs 

Logic '0' output current 0.6 
Logic '1' output leakage -
Digit Output Rate -
Power -

"Typical values are at +25° C and nominal voltages. 
NOTES: 

Typ." 

-
-
18 
-
-
-
-
70 
-
-
-
-
-
-

-
-
-

-
-
8.35 
2.25 

1. Clock logic '0' levels should be within 0.5V of each other. 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Max. Units Conditions 

-1 V Note 1 
-16.5 V 

30 kHz 
4 p,s 
8 p,s 

40 p,s At logic '1' min. level 
40 p,s At logic '0' max. level 

pF Per phase VtfJ=OV, 1= lMHz(Note 2) 
10 p,A V<I>=16.5V, TA=25°C 

-1 V 
-16.5 V 

5 pF V'N=OV, f= lMHz 
1 p,A V,N =-16.5V,TA = 25°C 

- ms At logic '0' max level see fig. 2 

ms After clocks reach full amplitude 
100 p,s Fig.2 

- ms 

- mA Vo=-tV 
10 p,A Vo=-10V 
- Hz 
- mW 

2. The effective dynamic clock capacitance while operating is 260pF. 
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TIMING DIAGRAMS 

o 

o 

1------------

Flg.1 CLOCK WAVEFORMS 

C.L ENABLE 
& CHIP SELECT 

RETRIEVE 

COMMON KEY 
& ADDRESS 

C1 TO C4 

COMMON KEY 
OUTPUT 

CODE 
OUTPUTS 

KEYBOARD 
DISABLES 

o 

AY-5-9200 

0._·_·_· ___ 11 
CLDCKS 

1---- -

I =l" o -- ---

,~~:J~n~~ : ____ nnnm 
TIMING 

Flg.2 CLOCK WAVEFORMS WITH RESET TIMING 

NOTE: 
NOT TO SCALE. 
All. TIMES SPECIFIED ARE MINIMUM. 

Flg.3 "'RETRIEVE"' WAVEFORMS 
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AY-S-9200 

AY-S-9100 

lCI _C4 

II J 

-ve COMMON 

RETRIEVE 

'----..----' COM 
C, _C4 

ADDRESS 
-r- -va 

a DIGIT 
~ KEYBOARD 

OUTPUT 

LcJ:~ 
AY-5-9200 C.S. 

-J:-
=}C I _C4 ,... 

-r- - ,..---ve 
COMMON 

II 

" 

~ 
~ 

v 

-ve , 
L~ t- .... 

STORE ~ 
::> 
0 

z z 
~ 0 .w 0 

<- :IE ci ci w'" :IE 
:IE 

" " '0 :IE 
~ 0 -I .... 0 

U ci <r <.J III U 

Flg.4 SINGLE KEYBOARD SYSTEM FOR REPERTORY DIALLER 

AY-S-SIOO 

} (:,-C4 

I .. ... COMMON 

~COM ~COM 

"'""-
ADDRESS DIGIT 
KEYBOARO KEYBOARD -ve 

-ve -.---
OUTPUT 

lo(J:L AY-5-S200 C.S. 

E }C I _C4 kJ COMMON 

=:= -ve 
-r-

~" 
~ IJ .... 

'L --ve 

L -~ ~ 
STORE 

~, z 
0 
:IE Q q ,w 
:IE w'" 

-=- 0 " " ~~ 
U ci <i UIIl 

Flg.S DUAL KEYBOARD SYSTEM FOR REPERTORY DIALLER 
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Note for Flgs.4 and 5 
Logic: CD4011A (C-MOS) 
Resistors: 1 DDK 
Capa cltors: D.l uF 
Diode 5: lN914 
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• ' '---______ A_Y_-_3_-9_4_0_0 ______ ~ L AY-3-9401 AY-3-9410 

Dual Tone Multi-Frequency Generators 

FEATURES 

• No tuning required, inherent accuracy ± 0.25% 
• Uses low cost ceramic resonator 
• 12 tone pairs (16 tone pairs with AY-3-9401/9410and choice of 

high group pre-emphasis with AY-3-9410) 
• Total harmonic distortion less than 8% (but dependent on 

external filter) 
• I nstant generation of tone outputs 
• Low voltage drop 
• Low power consumption (less than 35mW) 
• Good thermal and voltage stability 
• Keyboard lock out inhibits output if more than one key 

depressed 
• N-channel ion implant construction 
• High group pre-emphasis fixed at 3.52dB (AY-3-9400), 

2dB (AY-3-9401). 3/6dB (AY-3-9410) 
• Pre-emphasis can be varied by simple component adjustment. 

DESCRIPTION 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 
AY-3-9400 

16 LEAD DUAL IN LINE 
AY-3-9401IAY-3-9410 

Ground 

A 

B 

Reset 

c 
o 

Tone output 

Top View 

Top View 

Ground 

Any Key Down output 

Oscillator output 

Oscillator input 

G 

Any KIilY D9wn output 

Oscillator output 

Oscillator input 

Pre-emphasis * 

E 

G 

H 

The AY-3-9400/9401/9410 DTMF circuits generate all the tone 
pairs required for multifrequency tone dialing. The tones are 
generated from a single ceramic controlled master oscillator, 
ensuring high accuracy and stability of the output frequencies 
and eliminating the need for any adjustments. The digitally 
synthesized tones give precisely controlled characteristics. 

The AY-3-9400/9401/9410 is fabricated using the ion implant N­
channel low voltage process, and employs novel logic 
techniques to minimize power consumption and voltage drops. 
The circuit is suitable for operation direct from telephone line 
power, or it can be used with main power or battery supplies. 

*2dB on AY-3-9401, 3/SdB on AY-3-9410. 

BLOCK DIAGRAM 
VII 

I 

.!L r--
,JL. I- -
.£... I-
.I.-I-

KEYBOARD 

KEYBOARD LOGIC 

-
I..Q...... I-
,..£..., r--
,L I-
,~ l- I 

I 
I 

AKD 

HIGHER PRESCALER 

LOWER PRESCALER 

MASTER OSCILLATOR I 
I 
I I 
'----y---/ 

MASTER FREQUENCY 
ELEMENT 

A Y -3-9401/9410 

GROUND 

I 

- HIGH GROUP 
D.A.C • 

-i-- OUTPUT 

- LOW GROUP 
D.A.C. 
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_ AY·3·9400 • AY·3·9401 • AY·3·9410 

OPERATION 

When a key Is pressed the chip will Immediately start operating, 
the. output tones both starting from zero on the first negative half 
cycle. The first cycle will be of full amplitude assuming the power 
supply Is at the correct level. If power Is applied at the same time 
as a key Is pressed, the power on reset circuit will operate, 
preventing spurious outputs. 
When two or more keys are pressed together, one or both tones 
will be switched off. The tones will start· from zero as soon as the 
extra keys have been released. When all keys are released, the 
tone outputs wlilimmedlately·cease. 
If only one key contact Is made, a single tone corresponding to 
the closed contact will be output. The "Any Key Down" output, 
which requires a pull·up resistor (typ. 47K), goes to logic '0' as 
soon as a key depression Is recognized. 

NOTES: 

The tones are output on a single pin, as a mixture of pulse width 
modulated, constant amplitude square waves. This output 
signal Is constructed Into resultant sine waves In the external low 
pass filter. The approximation chosen yields a total harmonic 
distortion of less than 8%. 

The amplitude of the output signal Is directly proportional to the 
Vee supply voltage. 

A low pass filter buffer amplifier Is used to remove switching noise 
and Interface the tones to the line. There Is an option of either a 
low Impedance or a high Impedance output for Interfacing to 
telephone lines. The low Impedance circuit Is shown In Fig. 1; the 
high Impedance circuit Is shown In Fig. 2. 

1. Pre-emphasls selection for the AY-3-9401: Connect pin 13 to ground for 2dB pre-emphasis, Pre-emphasis selection forthe AY-3-9410: 
Connect pin 13 to Vcc for 3dB high group pre-emphasis, or to ground for 6dB pre-emphasis. The circuits are otherwise Identical In 
operation to the AY-3-9400. 

2. See MF02 specification for the resonator (for reference, the MF02 specification Is reproduced In Fig. 4). 

KEYBOARD' 

Fig. 1 LOW IMPEDANCE INTERFACE CIRCUIT 

, 
3 

• 8 
7 

12 
10 
11 1. 

S.8K 

lOOK 

AY·3·9410 

RESONATOR 470 II 

S2pF 82pF 

Fig. 2 HIGH IMPEDANCE INTERFACE CIRCUIT 

-



AY-3-11400 • AY-3-9401 • AY-3-9410. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 
Voltage on any pin with respect to ground pin. . . . +10V to -0.3V 
Storage temperature range ........... -65'0 to +150'0 
-Ambient operating temperature range ........ -25'0 to -70'0 

Standard Conditions (unless otherwise noted) 

V,·,· = +3.5 to +6V 
F 010ck=559.7kHz 
Operating Temperature (T A) -25'0 to +70'0 

Characterl,lIc Min 

Input Logic '1' +3.3 
Input Logic '0' -0.3 
Input pull down resistance 20 
Input capacitance -
Tone output Low Group -
Tone output High Group -
High group pre-emphasis -
Output Impedance -
Any Key Down output 

On resistance -
Off Leakage -

Total Distortion -
Harmonic component -
Supply current -

-
"Typlcal values are at +25' 0 and nominal voltages. 
NOTE: 

Typ" 

----
0.312 
0.466 
3.52, 
-
----
-
-

Max 

+6 
+0.4 
100 
10 

---
500 

1 
10 

-23 
-30 

8 
10 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions Is not 
Implied-operating ranges are specified 
below. 

Unit. Condition. ' 

Volts Logic '1' activates tone 
Volts 

kCl Resistor to ground 
pF 

Vp •• k } Vet· = 4V, Note 1, Note 4 
Vp •• k Vl'<' = 4V,Note 1, Note 4 
dB 1.6dB typo for AY-3-9401. 
Cl Note 2, Note 3 

kCl Vout=+1V 
p.A Vout=+6V 
dB Note 4 
dB Note 4 
mA Vl'<·= +3.5V 
mA Vl'C= +8V 

1. The amplitudes of the output signals are directly related to the Vee supply voltage. 
2. The chip output is Intended to drive a low pass filter having an input Impedance of greater than 8K. 
3. The output would be buffered to drive the line, the buffer can be 'arranged·to have either a high Impedance current outputora 

low impedance voltage output (See Flg_ 1). 
4. Output parameters determined by Test Olrcult (See Fig. 2). 

FREQUENCY OUTPUTS 
All output frequencies are derived from a SS9.7kHz master oscillator. 
The output frequencies are as follows: 

Nominal frequency Actual Frequency 
Hz Hz 

697 695.28 
770 768.82 

Low Group 852 850.61 
941 940.66 

1209 1211.48 
1336 1332.62 

High Group 1477 , 1480.69 
1633 1631.78 

TYPICAL CHARACTERIST,IC CURVE~ 
~.02 

--~- : I ......... V .01 
z i of..-S 0 - - V: If .02 

S 
V 

e: .01 
i!l I z 
~ .04 

I i .02 / ~ : vee' 4 VO~ TS 
0.06 
... , 0.03 

: I , 
... ,04 .08 

i 
, , 

-20 -10 0 10 20 30 40 50 
TEMP ·C 

-

I 

Flg.3 OSCILLATOR CHARACTERISTICS 

ElTor Key 
Of. 

-0.25 A 
-0.15 B 
-0.16 0 
-0.03 D 

+0.21 E 
-0.25 F 
+0.25 G 
-0.07 H 

I -- - , ...... 
I l"-

........ , 
r-... , 

, , 
TEMP' 20'C , 

, , 
I 
I 

2- 3 4 5 6 7 8 
Vee VO~TS 
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AY-5-9500 

C-MOS Clock Generator 

FEATURES 

• Generates 2 phase clock from single power supply 
• Operates with AY-5~9100 Push Button Dialler 

and AY-5-9200 Repertory Dialler 
• Very Low power consumption, allowing use of line 

powered lelephcmes ' 
• Minimizes external components in Push Button Telephones 
• Stable generation of clock frequencies ' 

DESCRIPTION 

The AY-5-9500 is a C-MOS circuit designed to generate the 2 
phase clock required by the AY-5-9100 series of Push Button 
Telephone Diallers and the AY-5-9200 Repertory Dialler circuit. 
It consists of an RC oscillator, a I,evel shifter, a 2 phase clock 
generator and driver, and a clocked D-type bistable. The RC 
oscillator is set by external components to run at 36kHz and is 
normally operated from a -4 Volt supply to minimize power con­
sumption. The oscillator output is shifted and used to drive the 2 
phase clock generator. The D-type bistable is either used as a 
Reset generator for the AY-5-9,100 or AY-5-9200 or it is used to 
drive a Cockroft-Walton voltage multiplier to generate the 
nominal 15 Volt supply for the AY-5-9100 and AY-5-9200. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respect to Vee pin ... , ....... -15V to +0.3V 
Storage temperature range ......•.•.......•.•..• -65°C to +150°C 
Ambient operating temperature range ............. -25°C to +70°C 
Output Current .................................... 7mA per output 

Standard Conditions (unless otherwise noted) 

Vee = OV 
Vss1 = '"'-3.BV to -B.5V 
V.s2 = -3.BV to -15.0V 
Vss3 = -3.8V to -15.0V 
F Clock = 36kHz ± 10% 
Operating Temperature (TA) = +25°C 

Characteristic Min. Typ"* , Max. 

Clock Outputs 
Frequency at pin 12 15,8 18.0 20.2 
Frequency stability -5 +8 
Rise Time (TA) - - 700 

- 120 250 
Fall Time (TF) - - 600 

- 90 200 
Width (Tw) 10 - -
Separation (Ts) 10 - -
Input Leakage - - 20 

Outpui Current-Logic "0" (High) 
Pin 2 0.5 - -
'" 1, '" 3 

0.5 - -
Q,Q 0.8 - -

Output Current-Logic "1" (Low) 
Pin 2 0.5 - -
'" 1, '" 3 

0.5 - -
Q,Q 0.8 - -

Power Supply Current 
Iss, - 200 250 
Iss2 - - 50 

- 200 250 
Iss3 - - 15 

- 50 60 

"" Typical values are at +25° C and nominal voltages. 

AY-5-9500 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Units Conditions 

kHz Vss = 4.0V, TA = +25°C, Note 1, Fig 1. 
% Vss 1 = -4,OV, TA = +25°C, Fig. 2. 
ns Vss 2 = -3.8V I 
ns Vss 2 = -15V At 360 pF 
ns Vss 2 = -3.8V load/phase 
ns Vss 2 = -15V 
JiS } Fig. 1 
JiS 
nA TA = +25°C, Fig. 3 

} VeuT = -0.5V 
mA 
mA 
mA 

rnA 
}VOUT = +0.5V mA 

mA 

JiA Vss, = -4.0V 
JiA Vss2 = -4.0V 
JiA Vss2 = -15V 
JiA VSS3 = -4,OV 
JiA Vss;= -15V 

NOTES: 1. In practice, it is re'commended that the capacitor at pin 3, or the resistor at pin 4, be adjusted to setthe frequency to 18 kHz with 
a nominal supply voltage at an ambient temperature of +25° C. 

TIMING DIAGRAM 

0------ -- -----'--
01, 

TI Tr 
T, T. 

Tr 
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AY~5-9500 

VSS I VSS2 

56pF n 
II 6 1 11 

I I 3 

100K 
AA 4 vv 

470K 
AA 5 VVw 

14 

Fig. 1 

8 

> 6 
0 z w 
::J 4 0 w 
a: 
IL 

~ 

+70·C 

f...--I-

----
+2S·C 

V ~ ~ V -2/j·C 

L ./ l..--r--
W 
Cl z « 
J: 0 0 
w 
Cl 

~ -2 z w 
0 
a: w 
Il. -4 

t/-: ..... V 
/ V-
i V 
I 

-6 
-3 -4 -5 -6 -7 -8 -9 

Fig. 2 TYPICAL FREQUENCY STABILITY 
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VSS3 

7 
12 

10 

8 

l 

r--

CLOCK 
OUTPUT 

Vee 

,...... ______ -. ____ vss= -12.0 

14 

UNUSED INPUT TO BE 
CONNECTED TO Vss OR Veo 

'-------_----v" 

Flg.3 INPUT LEAKAGE CURRENT TEST 



AY-S-9S00 

L" 
0 

14 

13 T 470K 5 
,01 

OV 

lOOK 4 12 I 
-r: iJ'3 

AY-5-9500 I 
~r 

9 

I 
RESET 

p 2 8 
i-

6 ~ 
I 

7 
10 

lOOK lOOK 

15 v 

Fig.4 SINGLE SUPPLY OPERATION 

OV 

14 

470K 
13 ¢, 

lOOK 
12 

1113 
AY-5-9500 

56pF 
a 

-4V -15V 

ALL DIODES IN914 

Fig. 5 DC-DC CONVERTER CONNECTION 
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A Y -5-9800 Series 

Dual Tone Multi-Frequency Receivers 
FEATURES 
• No tuning required; inherent discrimination better 

than"'O.l% 
• Digitally defined bandwidths with no inherent 

voltage or temperature drift 
• Fast acquisition of tones 
• Frequency correlation provides good SIN performance 
• Inter-tone separation checked for correct I DP period 
• Many programmable features provide wide applications 
• High reliability and low cost using P-channel process 
• On-chip analog amplifiers for analog preprocessing 
• Interfaces directly with the AY-5-9100 for M.F.-Strowger 

converters (A Y -5-9801/9805) 
• Handshaking facility to interface directly with CPl600 

microprocessor 
• Three-State code outputs 

PROGRAMMABLE OPTIONS 
These options can all be provided by a single layer mask change. 
• Programmable center frequencies 
• Programmable accuracies 
• Variable "Acquire" criteria (lout of 5 to 5 out of 5) 

Variable "Release" criteria (lout of 5 to 5 out of 5) 
• Normally arranged for 2 of 8 detection, but can be 

reprogrammed for single tone (1 of 8) detection 

BLOCK DIAGRAM 

AY-5-9800 SERIES 

Part Output On-Chip 
Number' Code OPAmps Pins 

AY-5-9801 4-Bit Yes 28 
AY-5-9802 1 of 16 Yes 40 
AY-5-9803 2 of 8 Yes 40 
AY-5-9804 Binary Yes 28 
AY-5-9805 4-Bit No 24 
AY-5-9807 2 of 8 No 24 
AY-5-9808 Binarv No 24 

'Part numbers AY-5-9801 through 9808 are supplied in 
ceramic packages. 

• Common output can be delayed by 1-32 ms after tones 
are detected valid 
Note: lOP period = common delay + common width 

• Common output pulse can be programmed from 1-31 ms. 
• Output code can be any 4 bit code in 24/28 lead DIP or any 

16-bit code in 40 lead DIP (e.g. 2 of 7, 1 of 12 etc.) 

r~~~--I - - -
I + + + 

HIGH GROUP TONE INPUT 

BIAS <>-t- vr----H-I-G-H-G--'R~UP 
+Vss o--r I 
OV~ OPAMPS 

-Voo 0--:- I 
RESET~ 1\ 
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LOW GROUP 
\ 

OUTPUT 
LINES 

COMMON 
OUTPUT 

L----r-oO INTERRO-
~ __ ~ ___ ~ GATE INPUT 

LGV 

1 PERIOD COUNTER I 
------~ 

LOW GROUP TONE INPUT 



PIN CONFIGURATIONS 

26 LEAD DUAL IN LINE 
A V -5-9601/9604. 

Vss 
Amp 1 input 

Amp 1 output 

Amp 2 input 

Amp 2 output 

Amp 3 input 

Amp 3 output 

Low group tone input 

VGG 

Vee 
Common output 

Low group valid output 

Code output C1 
Code output C2 

24 LEAD DUAL IN LINE 
A V -5-9605/9608 

Vss 
NC 

NC 

NC 

low Group Tone Input 

VGG 

Voo 
Common output 

Low Group Valid Output 

NC 

Code Output C1 

Code Output C2 

24 LEAD IN DUAL LINE 
AV-5-9607 

V" 
N.C. 

N.C. 
Low Group Tone Input 

V •• 
v •• 

Common Output 
Low Group Valid Output 

Code Output C1 
Code Output C2 

Code Output C3 

Code Output C4 

SYSTEM DIAGRAM 

LINE 
INPUT 

0--- BALANCED 
0--- INPUT r--

Amp bias input (Vb) 

Amp 4 output 

Amp 4 input 
Amp 5 output 

Amp 5 input 

Amp 6 output 

Amp 6 Input 
High group tone input 

Reset Input 

Clock input 

Interrogate input 

High group valid output 

Code output C4 

Code output C3 

NC 

NC 

NC 

NC 
High group tone input 

Reset Input 

Clock Input 
Interrogate Input 
High Group Valid Output 

NC 

Code Output C4 

Code Output C3 

N.C. 
N.C. 

N.C. 

High Group Tone Input 
Reset Input 

Clock Inpul 

Interrogate input 

High Group Valid Output 
Code Output C8 

Code Output C7 

Code Output C6 

Code Output C5 

BAND 

I 

AGC 

40 LEAD DUAL IN LINE 
AV-5-9602 

Vss 
Amp 1 input 

Amp 1 output 

Amp 2 input 

Amp 2 output 

Amp 3 input 

Amp 3 output 

Low group tone input 

VGG 

Voo 
Common output 

Low group valid output 

Code output C1 

Code output C2 

Code output C3 

Code output C4 

Code output C5 

Code output C6 

Code output C7 

Code output CS 

40 LEAD DUAL IN LINE 
AV-5-9603 

V" 
Amp 1 Input 

Amp 1 Output 

Amp 2 Input 

Amp 2 Output 

Amp 3 Input 

Amp.3 Output 
Low Group Tone Input 

V •• 

V" 
Common Output 

Low Group Valid Output 

N.C. 

N.C. 

N,C. 

N.C. 
Code Output C1 

Code Output C2 

Code Output C3 

Code Output C4 

AY-S-98DD Series 

Top VIew 

Amp bias input (Vb)j, 

Amp 4 output 

Amp 4 inpu~ 

Amp 5 output 

Amp 5 input 

Amp 6 output 

Amp 6 input 

High group tone input 

Reset input 

Clock input 

Interrogate input 

High group valid output 

Code output C16 

Code output C15 

Code output C14 

Code output C13 

Code oulput C12 

Code output C11 

Code output C10 

Code output C9 

Amp Bias Input (Vb) 

Amp 4 Output 

Amp 4 I.nput 
Amp 5 Output 

Amp 5 Input 

Amp 6 Output 
Amp 6 Input 

High Group Tone Input 
Reset Input 

Clock Inpul 

Interrogate Input 
High Group Valid Output 
N.C .. 

N.C. 

N.C. 
N.C. 
Code Output cs 

Code Output C7 

Code Output C6 

Code Output C5 

r-------l 
HIGH PA~S FILTER DIGITAL I 

H-i 
- FREQUENCY 

I 
ANALYZER 

I EXTERNAL OPAMPS R'S & C'S 

I I 
i I 
I OUTPUT :> PASS I--- AMPLIFIER ENCODER PREFILTER 

I 
I I 
I 

I 
l EXTERNAL 

OPAMPS J I R'S & C'S 

I DIGITAL 
r-- FREQUENCY I LOW PA1S FILTER ANALYZER 

L _______ J 
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A Y -5-9800 Series 

DESCRIPTION 
The AV-5-9800 series circuits are fabricated in P channel MTNS 
process thus minimizing cost and providing high reliability. The 
basic chip block diagram is shown on the previous page. For 

· analog preprocessing six amplifiers are .included on-chip, exter­
nal components being used to determine the filter characteris­
tics. The major functions are mask programmable thus giving a 
flexible system at a low cost. 

· The tone pair is separat~d into two individual tones using the 
· analog circuitry, the separated tones being applied to the 

Schmidt triggers to square incoming signals which are then 
processed by the digital circuitry. The high and 10wgrou,P logic is 
similar; only the decode values for frequency recognition are 
different. The incoming signal is divided by two or three to 
eliminate the effects of changing mark/space ratio and its period 
counted by a timer which is clocked by the accurate 1 MHz clock. 
If the period value is within encoded limits, the result is stored. 

· Five cycles of incoming signal are stored and a decision is made 
with this information as to whether the tone is valid. A 
programmable logic array scans the five cycle store for both 
an "Acquire" criteria and "Release" criteria. If the "Acquire" 
criteria is exceeded (e.g. 4 out of 5), and the "Release" criteria is 
not reached (e.g. less than 2 out of 5), the frequency is deemed to 
be valid. If both high and low frequencies are detected, a time-out 
timer is started. This timer is mask programmable and will 
normally require 25ms of valid tone pair signal. Once this period 
has elapsed the Common Output pulses high, again for a 

· preprogrammed period. After thi.s pulse, the system will not 
respond again until an lOP of a preprogrammed duration occurs, 
after which a new input tone pair can be applied. 

The Code Outputs and Common Output can be configured for a 
wide variety of systems. A typical device, AV-5-980l/982l, 
provides four Three-State Code outputs suitable for 
microprocessor controlled systems and direct interfacing to the 

· AV-5-9l00 for OTMF-Strowger converters. A handshaking 
interface is provided using the Interrogate input thus allowing 
very simple microprocessor interfacing. The outputs will directly 
drive low power TTL, CMOS or MOS and, beingThree'State, can 
be bussed in large systems. 

Input Clock - The recommended clock frequency is lMHz 
which will then give a frequency detect range of 620-3400Rz 
with a discrimination of ± lj,Js. The discrimination of 1633Hz 
using a 1MHz clock will be beUerthan ± 0.1%. Any deviation of 

AV-S-98DO SERIES SYSTEM IMPROVEMENT NOTE 

LOW I 10K I C2 

GROUP 
OUTPUT I O.lpF 

ACF 7711C I Cl HIGH 
GROUP 

OUTPUT 

,.snFp 1.SnF 

LOW PASS FILTERS 
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the 1 MHz clock will result in a proportional deviation of the tone 
recognition bands. 

Power-On-Reset-An external power-on reset is required which 
is used to reset all counters, etc. An on-Chip resistor pulls this 
input to Voo; a O.luF capacitor connected from the P.O.R. input 
to Vss will provide automatic power-on-reset. This input can be 
used as a chip select putting all Three-State outputs into their 
high impedance state when held high. 

Input Amplifiers-Input amplifiers are suitable for use in band­
pass and general buffer amplifiers. They have an open loop gain 
of approximately 250 and are trimmed by a single 'Bias Input'. 

Period Counters-The' input frequency, which must be A.C. 
coupled, is interrogated by the period counter. Each counter has 
eight values decoded, these representing Fl'low limit; Fl high 
limit etc. Once a positive going edge is detected;the period 
counter is started and if the next positive going edge occurs 
during a time slot decode, the circuit deems the tone to be valid 
and a bistable indicating the tone decoded is seLSpeciallogic is 
incorporated' to prevent the counter from being continuously 
triggered in the presence of noise. 

Status Word Register-The Status Word Register is a five bit 
register which is filled with 1 's for an in-band signal but filled with 
O's for out-of-band signals. With the data in this register a 
decision is performed which sets a bistable (Acquires the signal) 
or resets a bistable (Releases the signal). Thus by changing the 
preprogrammed acceptance standard, a direct trade-off batween 
SIN ratio and stimulation rate can be obtained for different 
systems. 

Output Logic-Two outputs, HGV and LGV, indicate the current 
state of the correlator for each group. A valid high group 
frequency, if present for longer than the correlation time, will 
cause the HGV (high group valid) output to go high. Similarly with 
the LGV (low group valid) output. Once both high and loiN group 
tones have been detected valid, a preprogrammed timer is 
started. If the tone pair is still valid after the timer has counted out, 
the Common Output goes high for a preprogrammed period and 
the Code' Outputs present the programmed outputs 
corresponding to the tone pair input. 

If the interrogate input is used for handshaking, the Code 
Outputs are only presented after the interrogate input goes low, 
the interrogate input going high removes both the Codes and the 
Common. Output. 

L.G. 
INPUT 

AV-S-9800 
SERIES 

H.G. 
INPUT 

Leakage of the lMHz Clock Signal onto the 
High or Low Group inputs can cause inter­
mittent High or Low Group Valid outputs, and 
reduction of the system senSitivity. 

To remedy this. the low pass filters shown 
below are inserted between the ACF 7711 
Band Separation Filter and the input 
decoupling capacitors (Cl and C2) of the 
A Y-S-9800 series Multi~Frequency Receivers. 
This restores proper operation of the MFR 
while attenuating stray clock signals more 
than 39 db 



AY-S-9800 Series 

OUTPUT CODE CHART 

Input Tone Pair AV-S-9801 AV-S-9802 AV-S-9803 AV-S-9804 
Low High 

Normal Digit 
AV-S-980S AV-S-9806 AV-S-9807 AV-S-9808 

Group Group 
Representation Output Code' Output Code Output Code Output Code" 

(Hz) (Hz) Cl Cl C2 C3 C4 1 of 16 2018 Cl C2 C3 C4 

697 1209 1 1 1 1 1 C1 C1.C5 1 1 1 0 
697 1336 2 1 1 1 0 C2 C1.C6 1 1 0 1 
697 1477 3 1 1 0 1 C3 C1.C7 1 1 0 0 
697 1633 (A) 0 0 0 1 C4 C1.C8 0 0 0 1 
770 1209 4 1 0 1 1 C5 C2.C5 1 0 1 1 
770 1336 5 1 0 1 0 C6 C2.C6 1 0 1 0 
770 1477 6 1 0 0 1 C7 C2.C7 1 0 0 1 
770 1633 (9) 0 0 1 0 C8 C2.C8 0 0 1 0 
852 1209 7 0 1 1 1 C9 C3.C5 1 0 0 0 
852 1336 8 0 1 1 0 C10 C3.C6 0 1 1 1 
852 1477 9 0 1 0 1 C11 C3.C7 0 1 1 0 
852 1633 (C) 0 1 0 0 C12 C3.C8 0 0 1 1 
941 1209 . 0 0 1 1 C13 C4.C5 0 1 0 0 
941 1336 0 1 1 0 0 C14' C4.C6 0 1 0 1 
941 1477 # 0 0 0 0 C15 C4.C7 0 0 0 0 
941 1633 (D) 1 0 0 0 C16 C4.C8 1 1 1 1 

FREQUENCY MEASUREMENT TOLERANCES 
'Compatible with AV-5-9100 "Compatible with AY-5-9120. 

NOMINAL CENTER BANDWIDTH 
FREQUENCY (Hz) (Hz) % TOLERANCE 

697 663.3- 711.2 -1.97 to +2.04 

Low { 770 755.0- 765.9 -1.95 to +2.06 
Group 652 635.4- 869.6 -1.97 to +2.07 

941 922.5- 960.2 -1.97 tG +2.04 

1209 1185.5-1233.8 -1.94 to +2.05 
1336 1309.8-1363.3 -1.96 to +2.04 
1477 1448.2-1507.2 

NOTE: High { 
Group 

1633 1601.3-1666.7 
-1.95 to. +2.04 
-1.94 to +2.06 The figures quoted are as programmed. Any variation in master 

clock frequency will cause additional errors. 

'106.8K 150K 122.2K 

1.64M 330K 620K 

L--------.:-....... ~--------......j ...... _oVoo 

HIGH PASS FILTER 

OTMFo-t 
INPUT 47nF 

1000pF 470pF l000pF 

510K 510K 

220K 220K 

10K 
L-~~ __ ~ _____ ~----4----......j"""----4---oV" 

LOW PASS FILTER 

Fig. 3 FILTER CONNECTIONS (Active elements on chip) 

TO HIGH GROUP 
TONE INPUT 

t 
EXTERNAL 
EMITTER 

FOLL1WERS 

TO LOW GROUP 
TONE INPUT 
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AY-S"9800 Series 

ELECTRICAL CHARACTERISTICS 

Maximum Rallngs· 
Voltage on any pin with respectto V ss ........................... -20V to +0.3V 
Storage Temperature Range ............................... -65°Cto+150°C 
Ambientoperatingtemperature ............................. -25°C to +70°C 

Standard Conditions (unless otherwise noted) 
Vss = OV 
Vee = -8.5 ± O.5V 
VGG = -17V =W 
Clock frequency = 1 MHz 
Operating Temperature (T A) = +25° C 

, Characteristics 

Clock 
Logic '0' level 
Logic '1' level 
Frequency (see NOTE below) 
Rise Time 
Fall Time . 
Width 
Capacitance 
Leakage 

Logic Inputs 

Logic '0' level 
Logic '1' level 
Capacitance 
Leakage 

Logic Outputs 

(I) Code outputs 
Logic '0' output current 
Logic '1' output current 

(II) Common output 
LogiC '0' output current 
Logic '1' output current 
Pulse delay 
Pulse width 

(III) Group valid outputs (HGV & LGVj 
LogiC '0' output current 

Signal Input 

"Handshake" Routine 
(See Fig. 1 for timing diagram). n, T2 
Pull-down resistor (to Vee) 

Power-on R.sel 

Pull-down resistor (to Vee) 
Pulse Width 

Amplifiers 
Open loop gain 
Open loop bandwidth 
Output Impedance 

~ow.r D""patlon 

Min 

+0.3· 
-6.5 
0.01 
10 
10 

450 
-
-

+0.3 
-3.7 
-
-

1 
460 

1 
620 

1 
1 

500 

.5 

-
50 

50 
10 

-
-
-
-

Typ Max 

- -1.0 
-8.5 -18 
1.0 1.1 
- 50 
- 50 

500 550 
- 20 
- 10 

- -1.0 
-5 -18 
- 10 
- 10 

- -
- -
- -
- -
- 31 
32 32 

- -
- 2 

- 2.5 
150 500 

150 500 
- -" 

500 -
1 -
- 6 

- 350 

"Exceeding these ratings could cause per­
manent damage. Functional operation of 
these devices at these conditions is not 
implied - operating ranges are specified 
below. 

Units Conditions 

V 
V 

MHz 
ns 
ns 
ns 
pF 
pA 

V 
V 
pF 
pA 

mA Vo =-W 
pA Vo = -5V 

mA Vo =-W 
pA Vo = -5V 
ms 
ms 

pA Vo = -lV (External pull-down 
resistors to Vee required). 

V Peak to peak sine wave 

ps 
kO 

kO 
ps 

- Fin = 1kHz 
MHz 
kO Fin = 1kHz 

mW Vee = -9V 
VGG = -18V 

NOTE: Any deviation from the nominal 1 MHz clock frequency Will result In a corresponding deViatIOn of the frequency detection 
bands. Other frequencies than 1 MHz clock can be preprogrammedln, but circuit characteristics will be modified. 
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AY-3-9900 

PCM Code Converter (CODEC) 

FEATURES 

• Converts a delta-sigma modulated pulse stream at 2048 
kblt/sec into 8 ksample/sec companded PCM 

• Converts 8 ksample/sec companded PCM into a delta­
sigma modulated pulse stream at 2048 kbit/sec 

• Enables the realization of a single channel PCM Co dec 
using a minimum of external components 

• Serial PCM input/output interface can operate in a s.ingle 
channel mode at 64 kbitlsec, or at up to 2048 kbitlsec for a 
multi-channel burst format 

• All digital technique uses no on-chip precision components 
• Pin-selectable A-Iawlp-Iaw companding characteristic 
• Optional alternate digit inversion provided 
• Direct interface with standard TTL or CMOS 
• Encoder and Decoder can be clocked asynchronously 

(useful for PCM multiplex applications) 

DESCRIPTION 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

TopVi"ew 

v",c '1 
'-" 24 ~ NC 

MS[ 2 23 ~ DSMR 
DSH 3 22::J SCD 
DS2 [ 4 21 :JCLKE 
ADI[ 5 20 J CLKD 
VOD [ 6 19 J seE 
Np[ 7 18 J DTW 

Voc[ 8 17 :J SGBO 
DSMO[ 9 16] PCMI 

SGN[ 10 15 J ETV 

DSMI C 11 14:J 5GBI 

SRF [ 12 130 PCMO 
The AY-3-9900 is a PCM Code Converter containing all the logic 
necessary to realize a high performance low cost single channel 
PCM Codec according to the system block schematic, Fig. 1. It 
contains no analog components and is fabricated with General 
Instruments' N-Channellon-Implant GIANT II process, ensuring 
high performance with proven reliability and production history. 
Together with the chip, an external delta-sigma modulator and 
demodulator using a small number of easily obtainable compo­
nents, is required to construct the Codec, which uses delta-sigma 
modul.ation as an intermediate stage in the conversion of an 
analog signal into PCM and vice-versa. A pin-selectable com­
panding characteristic which meets the CCITT recommenda-

tions G711/G712 for both. A law and p law with good safety 
margins is included, together with a very flexible serial PCM 
input/output interface to allow the Codec to be readily used in a 
wide number of applications. 

ANALOG 
LOW-PASS 
FILTERS 

ANALOG OUTPUT 

I-~-------------' 

I I 
DELTA-SIGMA I DSM TO LINEAR I SERIAL 
MODULATOR I-----,r-~ LINEAR PCM TO I---r-~ PCM 

IDSM) PCM COM~~~SSED OUTPUT 

OSM 
LEVEL & 
TIMING 

CONTROL 

LINEAR PCM 
TO DIGITAL 

DSM 

AY-3-9900 

COMPRESSED 
PCMTO 
LINEAR 

PCM 

w 

~ 
a: 
w .... 
~ 
g 

SERIAL 
..... '--If--PCM 

INPUT 

I 
I I L ____ ~ __________ ~ 

.-19:1 BLOCK DIAGRAM OF A COMPLETE CODEC 
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AY-3-9900 

CIRCUIT DESCRIPTION 

The AV-3-9900 consists of two autonomous logic systems, 
designated In this specification as encoder and decoder. The 
encoder provides the necessary logic forthe digital conversion of 
a delta-sigma encoded pulse density signal at 2048 kbltlsec Into 
standard 8 ksample/sec 8 bit compressed PCM codewords. The 
decoder provides the necessary logic forthedlgltal conversion of 
standard 8 bit compressed PCM characters at 8ksample/sec Into 
a delta-sigma encoded pulse density signal at 2048 kbltlsec. 
Serial PCM Input/output Interlaces are also provided with 
facilities for a data rate of 64 to 2048 kblt/sec to enable Its use In 
either a single channel system or a standard 30 channel TDM 
environment. Forthe necessary timing Information to clarify this 
section reference should be made to the waveform diagrams, 
Figs. 5a, 5b, and 5e. 
The encoder logic, operating continuously on the delta-sigma 
Input pulse train, will generate a corresponding compressed 
PCM codeword every 125ps; with alfernate digit Inversion being 
provided If required by appropriate use of the ADI control Input. 
A timing vector pulse (ETV) of nominal width equal to one 
encoder clock period, will define the required frame start time 
and should be repeated every 125ps to ensure correct 
synchronization. 
If the mode select (MS) input is connected high then the 8 bit 
PCM codeword will be transmitted serially at a rate of 64 kbitlsec 
at which speed each codeword will occupy the full 125ps frame 
period for transmission, with the leading edge of the first bit 
occurring at a time defined by the ETV pulse. 
Alternatively, if the MS input Is left open circuit or connected low, 
the serial PCM transmission will be under the control of an 
externally generated shift clock (SCE) which can vary In 
frequency from 64kHz to 2048kHz. The timing of this Input 
function allows the Insertion of a number of signalling bits Into 
the PCM stream via the SGBI Input. 
With the MS input connected high, an input PCM bit stream at 64 
kbltlsec will be accepted by the decoder logic under the control 
of Internal clocks generated from the CLKD signal. Because of 
delays through the transmission network, normally under the 
control of transmission switches, the Input pulse stream maybe 
delayed in time by numberof digit periods from the original pulse 
stream as transmitted. To allow forthis, a discrete delay of 0 to 3 
digit periods can be selected by the control inputs DS1 and DS2 
which results In a controlled shift of decoder timing in orderto re­
align bit 1 In its correct position In the input register. 
Alternatively, if the MS Input Is left open circuit or connected low, 
the decoder Input interlace will be under the control of externally 
generated waveforms In which case It requires an input shift 
clock (SCD) and timing waveform (DTW) to define the time when 
bit 1 of the Input codeword occupies Its correct position in the 
input register. In this mode, the device will accept an Input PCM 
stream at up to 2048 kbltlsec, with any Signalling bits present in 
this signal being extracted via the SGBO output. 
Upon receipt of a compressed PCM codeword, the decoder logiC 
will first remove alternate digit inversions If necessary (under the 
control of the ADI Input) after which the codeword will be 
linearized. A digital delta-sigma modulator will then generate a 
delta-Sigma bit stream at 2048 kbltlsec for external decoding to 
produce the required analog signal. 

AII'Inputs and outputs of the AV-3-9OO0 are directly compatible 
with standard TTL (driving capacitive loads) or CMOS. 

INPUT/OUTPUT FUNCTIONS 

Supplies: 

Vss GND 
Vee +!iV 
Vee +9V 
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DC Control Signals: 

MS Mode Select - Selects between Internal and external 
PCM I/O Interlace timing 
Logic 0 = external 
Logic 1 = Internal 
A resistor Is connected Internally between this Input 
and Vas. 

ADI Alternate-dlglt-Inverslon control-SelectsADI or no ADI 
Logic 0 = no ADI 
Logic 1 = ADI 
A resistor Is connected Internally, between this Input' 
and Ves. 

DS1, Decoder delay select - A two bit binary word to select 
DS2 the required digit delay between encoder and dacoder. 

DS1 DS2 ru911 Delay 
000 
o 1 1 
102 
1 1 3 

A resistor Is connected Internally between each Input and Vae. 

A/p Companding characteristic select-selects either A law 
or J1law 

LogiC 0 = A law 
Logic 1 = J1law 

A resistor is connected Internally between this unput 
and V ••. 

CLOCKS & AC CONTROL SIGNALS 

CLKE 
CLKD 

SCE 

SCD 

ETV 

DTW 

DSMR 

Encoder main clock - 2.048MHz clock signal 
Decoder main clock - 2.048MHz clock signal 

Encoder shift clock - Used to control the. output of 
serial PCM data from the encoder (when MS=O) 

Decoder shift clock - Used to control the Input of 
serial PCM data to the decoder (whEm MS=O) 
Encoder timing vector - A pulse defining the 
beginning of each frame, used to maintain encoder 
timing .. 
Decoder timing waveform - A pulse used to Indicate to 
the decoder when the Input PCM stream Is In the Input 
register (only required when external shift clocks are 
used). 
Delta-s Igma reset -a pu Ise used to resetthedig ital delta­
sigma modulator during testing only. Should be tied to 
grou nd during normal operation. 

ENCO,DER OPERATIONAL INPUTS & OUTPUTS 

DSMI Delta-Sigma modulated Input signal - Input to the 
encod.er from the delta-Sigma modu.l,ator. 

SRF Spectral redistribution function - 8kHz Output signal 
used to operate on the delta-sigma modulator to 
reduce low frequency quantization noise. 

, SGN Sign bit output-Sign bit from theencoder, usedtooper­
, ateon thedelta-sigma modulator for DCalignment. 

SGBI Signalling bit input - facility for adding signalling 
bit(s) to the output PCM stream. (MS = 0). 

PCMO PCM output - Serial PCM outputunderthecontrolofthe 
encoder shift clock (MS = 0) or the encoder main clock 
(MS=1). 

DECODER OPERATIONAL INPUTS AND OUTPUTS 

PCMI PCM Input - Serial PCM input under the control olthe 
decoder shift clock (MS = 0) or the decoder main clock 
(MS=1). 

SGBO Signalling bit output - Serial output for extracting 
signalling bit(s) from the incoming PCM stream. 

DSMO Delta-sigma modulated output signal - Output pulse 
stream from the decoder. 



A SINGLE CHANNEL PCM CODEC 

The block schematic of a single channel Codec using the AY-3-
9900 Is shown In Fig. 1.lt consists of a band limiting low pass filter 
followed by a delta-sigma modulator which, by sampling at a rate 
of 2048kHz provides a highly over-sampled, waveform-tracking 
AID conversion. The bit stream produced by this modulator at 
;1048 kblts, Is then converted Into 8 bit compressed PCM code 
words at the standard rate of 8 ksample/sec; which, after 
conversion Into serial format Is transmitted serially at a bit rate of 
64 kbltlsec. By the application of external timing signals, the 
PCM output transmission rate can be Increased to allow for 
multiplexing In a burst format, with a maximum bit rate of 2048 
kbltlsec. 
The PCM Input Interf!lce will accept either a 64 kbltlsec bit stream 
or, by the application of external timing signals, a bit rate of up to 

FOR ASYNCHRONOUS OPERATION USE 
2 x SN7474 DUAL 0 TYPES. 
FOR SYNCHRONOUS OPERATION USE 
SN74175 QUAD 0 TYPE WITH A 
COMMON ENCODER/DECODER CLOCK. 

3.3pF 
C1 

ANALOGUEo-j 1--+-AJ'V'v-t-...... ~ 
OUTPUT 

r--

C9,J;3.3PF 

68pF 
C2 

__ ...J 

47K 
R6 

620 
R9 

10K 
R2 

AY-3-9900 

2048 kbltlsecln a burst format. This Input PCM stream will be 
converted Into a delta-sigma modulated pulse stream at 2048 
kbltlsec, from which the original analog signal can be recovered 
by the use of a low pass fllter,cuttlng off Just above the highest 
signal frequency to be recovered (3.4kHz). 

The transition times and voltage levels of the delta-sigma 
modulated pulse streams are critical to the performance of the 
system. The delta-sigma modulator should therefore be 
constructed using TTL D-Types; with the delta-sigma modulated 
output pulse stream from the AY-3-9900 being clocked through a 
similar D-type before the analog signal Is recovered. 

Fig. 2 shows a more detailed diagram of the necessary external 
components (Including component tolerances) required to 
realize a complete PCM Codec using the AY-3-9900. The 
response of such a Codec Is shown graphically In Figs. 3 and 4. 

+5V (REG) 
2048kHz 

r- --, ENCODER CLOCK 

I 
2600 

R10 1 

12 
SRF V" 

...J r-...J 
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MS 
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AD! 

A LAW/IJ LAW 

1:1 
11 

DSMI 

I ~--~~~~~~--~--~ AY-3-9900 

IF FAST START-UP 
CIRCUIT IS NOT 
REQUIRED: 
REMOVE A7,R8,C4 
AND CONNECT C3 TO 
GROUND 

I .01#F OS 

I +5VREG r T ___ -, m 

I 10K I R7 03 6.8pF 
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...JI r 
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I 
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03 
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ANALOGUE~ I---------...J 
OUTPUT --I 

04 

3.3.uF 

01-04 HP 1N6263 
OR EOUIV. 

PRECISION REFERENCE 
(FERRANTI ZN'58 
OR EQUIV.) 

Flg.2 DETAILS OF DELTA-SIGMA MODULATOR, 
WITH DEMODULATOR LEVEL GENERATOR 

PCMI 
16 

PCMD 
13 

SCD 
22 

SCE 
,. 

DTW 
16 

SGBO 
17 

SGBI 
,. 
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15 
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TYPICAL PERFORMANCE MEASUREMENTS: A-LAW 

'" 40 

" 0 

~ 
a: 
z 30 
0 
;:: 
a: 
0 
I-

'" 

.,,-

~ - l\ 
lA ~ \\ 

0 I\. 20 
0 
0 lO CCITT G712 
I-
...J .. 10 z 
Cl 
Ui 

'" +1 
" z o 
~ a: 
~ 
z 
~ -1 

/ 

60 

...... 

450-550Hz NOISE 

-50 -40 -30 -20 -10 

INPUT SIGNAL LEVEL dBmO 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

o I 
TMA~ 

+-3dBmO 

I 
J 

J 
I 

REFERENCE LEVEL 
OdB GAIN 

450-550Hz NOISE TEST FOR LEVEL < -lOdBmO 
850Hz SINEWAVE TEST FOR LEVEL> -10dbmO 

TYPICAL PERFORMANCE MEASUREMENTS:p-LAW 

40 

~ 
0 

~ 30 a: 
z 
0 
;:: 
a: 

20 0 
I-

'" 0 
0 
I-

10 ...J .. 
Z 
Cl 
Ui 

'" +1 

" Z 
o 
~ a: 
~ 
z 
;;: 
Cl 

/' 
1/ 

/ 

60 -50 

\ 
I-

, 
V - ,/ 

/V V 
,/ 

/ 

CCITT G712 
850Hz SI NE WAVE 

-40 -30 -20 

INPUT SIGNAL LEVEL dBmO 

-

A -

-10 

, 

I 

o I 
TMAX 

3dBmO 

I 
I 

I 
I 

REFERENCE LEVEL 
OdS GAIN 

850Hz SINEWAVE TEST 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss ........................... -0.3V to +15V 
Storage temperature range ...............•.................. -55·C to +150·C 

Standard Conditions (unless otherwise noted) 

Vss = OV (substrate voltage) 
Vee = +5V ± 5% 
Vee =+8.5Vto+12.5V 
Operating temperature (TA) = -25·,C to +75·C 

Characteristic Min. Typ."" Max. 

DC Control Inputs 
Logic 1 4.75 5 10 
Logic 0 0 - 0.4 
Pull down resistor 200 - 1000 
CLOCKS (CLKD & CLKE) 
Logic 1 3 - 10 
Logic 0 -0,2 0 0.4 
Rise & Fall Times 5 - 40 
Frequency - 2.048 -
Pulse Width 200 - -
Input Capacitance - - 10 

Other A.C. Control Signals 
Logic 1 3 - 10 
Logic 0 -0.2 0 0.4 
Rise & Fall times 5 - 40 
SCE/SCD pulse width 200 - -
ETV width (tvw) - 488 -

edge variation (tvv) - - 100 
DTW width 10 - -
Input Capacitance - - 10 

Operational Inputs 
Logic 1 3 - 10 
Logic 0 -0.2 0 0.4 
Rise & Fall Times 5 - 40 
Pulse Width 200 - -
Input capacitance - - 10 
Operational Outputs ' 
Logic 1 4 5 5.25 
Logic 0 0 - 0.4 
Logic 1 source current 100 - -
Logic 0 sink current 1,6 - -
Rise & Fall times - - 40 

PCMO delay (from SCE edge) 40 100 140 

Power Consumption - - 450 

""Typical values are at +25· C and nominal voltages. 

AY-3-9900 

"Exceeding these ranges could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Units Conditions 

V Connect to Vee or Vee 
V Connect to Vss 

kO Resistor to Vss 

V 
V 
ns 0.4V-3V transition 

MHz 
ns Between 1,5V levels (Fig, 4c) 
pF 

V 
V 
ns 0.4-3V transition 
ns between 1.5V levels 
ns } ns 

See Fig. 4c. 

JlS One digit period (see Fig. 4c) 
pF 

V 
V 
ns 0.4-3V transition 
ns between 1.5V levels 
pF 

V 

JlA at Va = 3V 
mA at Va = 0.4V 
ns 0.4-3V transition 

(driving 15pF) 
ns between 1.5V levels 

mW at Vcc=5V,Vee=9V 
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ENCODER TIMING 
VECTOR-ETV 

_CLKE/ 
CLKD 

ETV 
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I 
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I 
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\ tv 

~ 
DATA PRESENT IN OUTPUT 
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tv 
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I 
I 

L 

'-----64 CLOCK--..I 

~""7\ h . 
_J UL 

I 
I 
I 
I 
I 
I 
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I 
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1 1 

AA 
~ . 

LOAD RECEIVED 
CODE WORD INTO 
LINEARIZING LOGIC 

LOAD LINEAR 
CODE WORD INTO 
DIGITAL DELTA-SIGMA 
MODULATOR 

Cb) DETAIL OF ETV TIMING AND INTERNAL CLOCK MODE INPUT/OUTPUT TIMING 



ETV 

PCMO 
(64KbiVs) 

PCMI 
(ZERO DELAY) 

INTERNAL DECODER 
TIMING 

(DS1,DS2 = 0,0) 

PCMI 
(3 DIGITS DELAY) 

INTERNAL DECODER 
TIMING 

(DS1,DS2 = 1,1) 

7 8 2 

(a) PCM OUTPUT DATA STREAM 
(INTERNAL CLOCKS) 

3 4 5 6 7 8 2 

INPUT DATA CLOCKED 
INTO CHIP IN CENTER OF BIT POSITION 

AY-3-9900 

t LOAD LINEAR CODEWORD INTO DIGITAL DELTA-SIGMA MODULATOR 

LOAD INPUT DATA INTO LINEARIZING LOGIC (SEE Fig. 3) 

____ ~/l~ ________ ~Il~ ____ __ 
(b) PCM INPUT DATA STREAM 

(INTERNAL CLOCKS) 
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TZ-2000 Series 

Programmable Microcomputer Telephone Diallers 

FEATURES 

• Microcomputer based dialler 
• On board keyboard debounce circuitry 
• Single button redial of last number dialled 
• Program can be customized by single mask change 

STANDARD PROGRAMMED DEVICE FEATURES 
TZ-2001 - Pulse Dianer 
• Outputs for 12 digit time multiplexed display 
• 16 numbers by 12 digit repertory storage via 1 button recall 
• Real time clock (hrs" min., sec.) 
• Elapsed time timer/stopwatch 
• Optional calculator interface with C-59X series 

TZ-2002 - Dual Tone Dlaner 
• Outputs for 12 digit time MUX display 
• 16 numbers by 12 digit repertory storage via 1 button recall 
• Real time clock (hrs., min., sec.) 
• Prompting display for simple operation 

TZ-2003 - Pulse or Dual Tone Dianer 
• 32 numbers by 16 digit repertory storage 
• Selectable pulse dialling rates 
• Selectable tone duration lengths 
• Indicators for auto redial, hold and store modes 

DESCRIPTION 

The TZ-2000 series telephone diallers are from the General 
Instrument PIC series microcomputers. They'are programmed to 
function as dialler circuits to produce either dual tone or pulse 
dialling functions. As with the PIC microcomputers, the TZ-2000 
series are fabricated in N-channel Ion Implant technology and 
contain RAM, 110 parts, C.P.U. and pre-programmed ROM. 

The TZ-2001 is a pulse dialler that simulates the outputs of a 
rotary telephone dial. It also displays and stores up to 1612-digit 
telephone numbers, keeps real time displaying hours, minutes, 
and seconds, and can act as a stopwatch to enable the telephone 
user to time a call. 

The TZ-2002 is a dual-tone dialler that produces the tone codes 
for the General Instrument AY-3-9400 Dual Tone Multifrequency 
Generator to generate the tonal outputs in a telephone set. It also 
displays and stores up to 16 12-digit telephone numbers and 
keeps real time displaying hours, minutes, and seconds. 

The TZ-2003 is a pulse or dual tone dialler with the ability to store 
32 16-digit telephone numbers. It also has selectable pulse dura­
tion rates and selectable tone duration rates plus LED function 
indicator drivers. 

The logic timing is provided by an on-chip oscillator using an 
external R-C network. The use of an external 32. 768kHz crystal is 
implemented for real time events. 
The repertory storage is achieved through the use of external 
RAM devices. The TZ-2001 and TZ-2002 use a 256 x 4 bit RAM 
device. 

The Keyboards required for these devices consist of single key 
depression switches arranged in matrixes. The TZ-2001 and TZ-
2002 devices require an 8x 4 matrix and the TZ-2003requiresa 4 x 
4 matrix. 
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PIN CONFIGUJ:iATIONS 
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TZ-2000 SERIES OPERATION 

Dial Mode 
The TZ-2001 simulates a rotary dial telephone in that the output 
produces a series of pulses. The TZ-2001 may be dialled by 
consecutive numerical entries from the keyboard after depress­
ing the Dial Key: 

The number depressed will appear in the right hand side of the 
display. As consecutive numbers are entered the numbers will 
shift left on the display. The minimum time interval between 
number entries is 80 msec. 

The "PA" key allows a pause in access or break within the dialled 
sequence. The "RE" key allows a redial of the number entered. A 
double depression of the "DIAL" key erases the number dis­
played. 

The TZ-2002 drives the AY-3-9400 to generate a dual tone fre­
quency. Depression of the "DIAL" key prompts the user with the 
words "DIAL PLEASE" on the display. 

Consecutive digit entries with a minimum of 80 nsec between 
entries will be displayed and dialled. 

A double depression of the "DIAL" Key enables the complete 
number to be redialled. Adisplayof "NONE" indicates no number 
in storage or an erasure of a number. The "P" Key enables the 
user to pause or break the dial out sequence for 2 seconds. To dial 
from the repertory storage, depress one of the 16 storage keys L 1 
to L16 after a "DIAL PLEASE" prompt display. 

Store Mode 
Depression of the "Store" key enables numbers to be entered into 
the storage memory. Both the TZ-2001 and TZ-2002 have prompt­
ing messages displayed after the store modEl is entered. 

The TZ-2001 prompts with a "ST" displayed and the TZ-2002 
prompts with "STORE INTO" displayed after entering the 
"STORE" mode with the given prompting, the location must be 
selected by depressing one of the L 1 to L 16 keys. After the 
location is determined the TZ-2001 prompts with "STORE 
PLEASE" displayed. Then the telephone numbe'r can be entered 
as in the dial mode. 

TZ-2000 Series 

Time Mode 

Depression of the "TIME" key puts the TZ-2001 and TZ-2002 
circuits into the time display mode. They both indicate real time in 
a hours, minutes and seconds formal. To set the time of day on 
the TZ-2001 depress the "TIME SET" key on the TZ-2002 depress 
the "P" key. Then enter the correct time starting with tens of 
hours, hours, tens of minutes then minutes. The real time starts 
with the fourth digit entry of the time. . 

The stop watch on the TZ-2001 starts with a double depression of 
the "TIME" key and can count up to 12 hours of elapsed time. 
Another depression of the "TIME" key stops theelapsed time and 

,a final depression of the "TIME" reverts back to real time. 

TZ-2003 OPERATION 

The TZ-2003 has four modes of operation: 
1. Dial 
2. Automatic redial 
3. Store 
4. Hold mode 

Dialling 
Dialling can be operated in either the pulse or tone functions. 
Consecu,tive digit and pause entries cause the dialling to occur. 
Dialling may be made with either the hardset on hook oroff hook. 
A redial of the same number can be made by depressing the redial 
key. 

Automatic Redial 

Automatic redialling of the same number consecutively at 40 sec 
intervals can be augmented by depressing the redial key twice. 
This makes the n. 

Store 

Depression of store key enters circuit into the store mode indi­
cated by LED store indicator. Next two digits enters the storage 
location number from 01 to 32. 
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TZ-2000 Series 

ELECTRICAL CHARACTERISTICS 

Maximum Rallngs * 
Storage Temperature ..•.•.••...•.•.•. , ...................... -55°C to +150°C 

,Operating Temperature .......................................... O°C to +70°C 
Vee. Vxx• all other I/O voltages .••..•.•.•.•.. -0.3V to 12.0V (with respect to Vss) 

Standard Conditions (unless otherwise noted) 

Vee = +5.0V ±5% 
Vxx = 4;75V to 10.0V 

Characteristic Sym 

Power Supply Currents Icc 
Ixx 

Logic Inputs 
low V'L 

V'H 
Logic Outputs 
low VOL 
High VOH 
Osc Freq uency fin 

Rt Clk Frequency frt 
ClK OUT Frequency -
Key Debounce Time tdb 
Interdigit Pause IDP 
Tone Duration -

Min Typ Max 

- 35 50 
- 1 5 

0 - 0.65 
2.4 - Vee 

- - 0.45 
2.4 - Vee 
0.8 - 1.0 
- 32.768 -

0.25 fin - -
15.6 - 23.4 
- 125 -
- 125 -

* Exceeding these ratings could cause per­
manent damage. Functional operation of 
these devices at these conditions is not im­
plied-operating ranges are specified below. 

Units Conditions 

mA 
mA 

V 
V 

V Vxx = 5V @IOL =1.6mA 
V IOH = 100tlA 

MHz 
kHz Crystal Gen,erated 
-
ms 
ms 
ms 

TABLE 3: DUAL TONE FREQUENCY OUTPUTS 

DIGIT LOW FREQUENCY (Hz) HIGH FREQUENCY 

1 697 1209 
2 697 1336 
3 697 1477 
4 770 1209 
5 770 1336 
6 770 1477 
7 852 1209 
8 852 1336 
9 852 1477 
0 941 1336 

A (*) 941 1209 
n (#) 941 1477 
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ACF 7092C 

Universal Active Filter 

FEATURES 

• Low Pass, High Pass, Band Pass, and Band Reject responses 
from the same unit 

• Independent control of Frequency, Q and Amplifier Gain 
• External resistors need not temperature track internal NPO 

capacitors 
• 10Hz to 10kHz operating frequency range 
• 0.5 to 50 adjustable Q range 

DESCRIPTION 

The schematic diagram for the ACF 7092C is shown in Figure 1. 
The filter is composed of 4 operational amplifiers. The first three 
form the basic state variable configuration (triad) and the fourth 
can be utilized for increased gain or in the biquadratic configura­
tion with the addition of external components. Twofilterinputsare 
provided; a non-inverting input and an inverting input. 

In the Triad configuration, amplifier A, is a summing amplifier 
providing the high pass output, amplifiers A2 and A3 are 
integrators providing band pass and low pass outputs. The 
external resistors establish the operating parameters for each 
filter mode. R, and R2 determine the resonant frequency (Fn). R7 
and R3 or R7 and Ra determine the values for gain and Q. 

APPLICATIONS 

General Instrument Hybrid universal active filters are low cost 
units that can be used to generate any filter response. Some 
common applications for these filters are found in sonar systems, 
telephone and paging systems, navigation systems, modems, 
transducers, biomedical measuring systems, process control 
equipment, data acquisition systems, radar systems, audio signal 
processing equipment and seismology. 
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Fig. 1 SCHEMATIC 

PACKAGE INFORMATION 
PIN CONFI,GURATION 
16 LEAD DUAL IN LINE 
ACF 7092C 

PIN FUNCTION , "'(+IN) 
2 '" (-IN) 
3 VHP 
4 V+ 
5 VLP 
6 A4 (+IN) 
7 "3 (-IN) 
8 NC 
9 GNO ,0 "4 (-IN) 

'" VO 
'2 V-
'3 VBP 
'4 A2(-IN) 
'5 NC 
16 NC 

v+ v- GNO 

I­
I 

------, 

_I 
71 

"3 ;[1 {'2 C>-'\M.--O - -

I 
I 
I 
I 
I 
I 
I '" "1:, !: ~I L---~4_~~~~~1 

1 '----Mi""'" +----1 
R3,R1,8R8 L ___ ~k 
DETERMINE 

GAIN a Q 

RI a R2 DETERMINE 
NATURAL FREQUENCY 

Fig. 2 TRIAD CONFIGURATION 
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ACTIVE FILTER DESIGN WITH UNIVERSAL FILTERS 

TRIAD TRANSFER FUNCTIONS 

The Triad configuration illustrated in Figure 2 gives transfer 
functions at the various points, HP, BP, and LP as shown in Table 
1 for infinite gain band width operational amplifiers. 

Table I TRANSFER FUNCTIONS 

GHP(S) 
vHP ·,N 

GBP(s) 
.VBP ·,N 

GLP 
VLP 

"IN 

Fn V'ln/21T = 

S 
Goo 
Go 
G(O) 

Q 

Q 

Q 

Goo S2 

S2 + Wn S + Wn 2 

Q 

S2 + Wn S + Wn2 

Q 

G(O)Wn 2 

S2 + Wn S + Wn2 

Q 

HIGH PASS 

BAND PASS 

LOW PASS 

jlJatural or corner frequency for low or 
high pass outputs. Center frequency 
for band pass output. 
Transform variable 
Gain at Infinite frequency (high pass) 
Gain at center frequency (band pass) 
Gain at zero frequency (low pass) 

Center frequency 

Bandwidth 
BAND 
PASS 

Gain at Natural Frequency HIGH 
Gain at Infinite Frequency PASS 

Gain at Natural Frequency 

Gain at DC 
LOW 
PASS 

DESIGN EQUATIONS 

The design equations for the transfer functions listed in Table 1 
are: 

Wn = J"3W1W2 

Non-Inverting 

Figure 3 

Goo "1 (1 + "3 + "4) 

Go -"1 /"2 

G(O) a] (1 + a3 + 34) 

"3 

Note: 

1 + RS + RS 
R6 R7 

Inverting 

Figure4 

-"4 

"4 

"2 (1 +"4 + "3) 

-a4/a3 

Since operational amplifiers have finite gain-bandwidths, the Q 
will be greater than calculated. A correction factor will be 
required and will operate on the desired Fn Q product. See Step 
#1 of Triad tuning procedure. 

ACF7092C 

r-+-______ ~r--,G GINO 

t-+-+----+-----j--o VHP 

L----f-----+-'" VLP 

R2 

V+ 

Fig. 3 NON-INVERTING CONFIGURATION 

GNO 

Fig. 4 INVERTING CONFIGURATION 

TRIAD TUNING PROCEDURE 

The following four step tuning procedure allows the selection of 
the external resistors Rl ,R2, R7 and R3 or Rs. The procedure Is 
based on first selecting an output function (low-pass, band-pass 
or high-pass) and the inverting or non-Inverting configuration. If 
other gains are desired the uncommitted operational amplifier 
can be used. 

Step #1: Determine Design Q 

Calculate the product of the desired Fn and Q. If this product 
exceeds 10,000 refer to Figure 5 to obtain the corresponding 
design FnQ. Divide the design FnQ product by Fn to determine 
the design Q for all subsequent calculations. The design Q now 
Includes the effects of operational amplifier finite gain 
bandwidths. 
If the desired FnQ product Is less than 10,000, use the desired Q 
as the design Q for all subsequent calculations. The operational 
amplifier's finite gain-bandwidth In this lower FnQ region has a 
second order effect on the Q and can be Ignored. 

Step #2: Calculate R3 or Ra as a Function of Design Q 

R3 or Rs can be calculated from the equations listed In Table II. 
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ACF 7092C 

Configu~ation 

Low-Pass 

Band-Pass 

High·Pass 

TableU Ra OR R3 CALCULATION 

Nonelnvertlng InYertlng 

Figure 3 Figure 4 

R =316kl1 R3=100kl1 
8 Q design 

RS = 0 desired (lOOk) R3 =Odesign(31.6kl1) 
Q design 

RS = 31.6kl1 R3 = 10kl1 
Q design 

Step #3: Calculate Rl and R2 as 8 Function of Fn 

For basic unity gain configuration, R, = R2· 

R, = R2 = S.04 x 107 
Fn 

LOW FREQUENCY OPERATION 

For very low frequencies (fn '" 50Hz) additional capacitance 
can be used to shunlthe internal integrating capacitors from pins 
5 to 7 and 13 to 14. R, and R2 are then calculated as follows: 

step #4: Calculate R7 as a Function of Design a 

R7 can be calculated from the equations listed in Table III 

Table m R7 CALCULATIONS 

Non-Inverting Inverting 

Configuration Figure 3 Figure 4 

100kl1 100kl1 
Low-Pass R7 = R7 = 3.8 (0 design)-l 3.16 (0 design)-l 

100kl1 100kl1 
Band-Pass R7 = 3.48 (0 design)-2 R7 = 3.48 (0 design) 

High-Pass 
100kl1 

R7 = 0.32 (0 design)-l 
100kl1 

R7 = 6.64 (0 design)-l 

BlaUAD TRANSFER FUNCTION 

The BIQUAD configuration for generating Cauer or Band Reject 
responses is shown in Figure 6. 

The transfer function is: 

eo _ A lS2 + aWnS+ bwn2J' eJN - S2 + Wn S + Wn2 

o 

The parameters for the Transmission Zeros (numerator) are 
given by: 

A=_(R14lxl~l x G(O) 
R'3 RS 

R'3 RS 
b=-- x 

Rll R4 

provided that R 12 R 14 R (R11 R'3 1 
15R11+R13 

The tuning procedure for Wn and Q is the same as in the TRIAD 
configuration. 

ABand Reject filter can be obtained by making Constant (b) = 1 
and R'2 infinite which makes the Constant (a) = zero. Thetransfer 
function then becomes: 

~= 52 + Wn2 

elN 52 + WnS + Wn2 

o 

.,4 
V+ v- GNO 

,­
I 

_I 
~I 

{ .3 JI .,. :~~1:7 . [: 

DESIRED FnQ 

Fig. 5 FnQ CORRECTION 
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PERFORMANCE SPECIFICATIONS 

MAXIMUM RATINGS * 
Supply Voltages ......•....•...•..•.....•.•...••.•.••••••••.•••••••••.• ±18V 
Supply Current (±15 Volt Supplies) .••...............•....•.•....•....• ±7.5mA 
Operating Temperature Range .....................•........•..•• 0oC to +70°C 
Storage Temperature Range ........•...•.................... -55°C to +125°C 

ELECTRICAL PERFORMANCE CHARACTERISTICS 

ACF 7092C 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implled­
operating ra(lges are specified below. 

Unless otherwise specified, these oarameters apply over a temperature range of O°C to +70°C with ± 15 vec supplies 

Characteristic Min Typ Max. Units Conditions 

FnQ Product 5 - 50,000 -
Fn Range 10 - 10,000 Hz Self Resonant Frequency 
Fn Accuracy - ± 1.5 ±2.5 % Note 1, TA = 25°C 
Fn Temp. Coeff. - ± 40 ±75 ppm/oC Note 2 
Q Range 0.5 - 50 -
Q Accuracy - ±7 - % 
Q Temp. Stability - ± FnQxl0·· - % O°C";;TA ";;70°C 
Pass band gain 1 - 10 - Note 3 
Input offset voltage - 2 10 mV TA =25°C 

- - 15 mV O°C";;TA";; 70°C .. 
Input offset current - 5 200 nA TA = 25°C 

- - 300 nA 0°C";;TA";;70°C 
I nput bias current - 40 500 nA TA = 25°C 

- - 800 nA O°C ";;TA ";;70°C 
Input voltage range ± 12 ± 14 - V 
Input Resistance 0.3 5 - MIl 
Large Signal 20,000 300,000 - - RL ;;;. 2K, Vo = :i: 10V, \A = 25°C 
Voltage Gain RL ;;;. 2K, Vo = ± 10V, 

15,000 - - - O°C < TA < 70°C 
Supply Voltage Rejection Ratio - 30 300 I,VN 
Output Resistance - - 100 II 
Load Resistance 1,000 - - II 
Output Voltage Swing - - 20 V p-p f Low pass 

- - 8 V p-p Fn = 10Hz to 1kHz l Band pass .. ; 

- - 2 V P-P High pass 
- - 8 V P-P { Low pass 
- - 3 V P-P Fn = 10kHz Band pass 
- - 0.8 V P-P . High pass 

Common mode rejection ratio 70 90 - dB 

Note 1: The 25°C Fn accuracy is determined by the internal capacitor tolerance ( ± 1%), and the R4/Rs tolerance ( ±2%) lind does not 
include the tolerance of the external resistors Rl and R2. 

Note2: The internal capacitors have a temperature coefficient of ±30ppmI"C. The remaining portion of the temperature coefficient 
is due to the change of the operational gain band width products over temperature. 

Note 3: Gain greater than 1 can be provided with the uncommitted amplifier. 
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ACF 7270C 

PCM Transmit low Pass Filter 

FEATURES 

• Pass band ripple: ±0.125dB. from 300 to 3kHz. 0° to 70· C 
• Stop band attenuation: 32dB. 4.2kHz to 100kHz 
• Insertion Loss: OdB 
• Wide power supply range: ±12VDC to ±15VDC 

DESCRIPTION 

The ACF 7270C is a linear hybrid low pass active filter with a 
Cauer type response (transfer function based on elliptic 
functions). The hybrid will pass a signal in the pass band with 
±.125 dB ripple to 3kHz and be 32 dB down at 4.2kHz with equal 
rejection out to 100kHz. The filter is designed to be used in peM 
transmit applications. 

MAXIMUM RATINGS 

Vee ............................•................... ±1_81f[)Q 
Input Voltage .......................•........ , ...... ±15VDC 
Storage Temperature ... , ................. -65·C to +1500 e 
Operating Temperature .........•............. ooe to +70 0 e 

* Exceeding these ratings could cause per-
manent damage. Functional operation of this 
device at these conditions is not implied-
operating ranges are specified below. 

ELECTRICAL CHARACTERISTICS 

O°C';; T • .;; 70°C 
Vee = +12 to +15VDC 
-Vee = -12 to -15VDC 

Characteristic Min Typ 

Gain -.125 0 
Passband ripple -.125 0 
Passband response -.5 0 
Transition alten. 15 18 
Stop band alten. 32 35 
Low freq 3dB pt 20 40 
Differential delay - 78 
Output noise - 0 
Distortion - 0.1 
Output swing 10 12 
Input impedance lOOk lmeg 
Output impedance - 1 
Supply current - 10 

NOTES: 

1. Specifications apply with an input of OdBm Ref 600n. 

PACKAGE INFORMATION 
PIN CONFIGURATION 

REAR VIEW 

PIN FUNCTION PIN FUNCTION 

1 Input 5 N.C. 
2 N.C. 6 Vee 
3 GND 7 -Vee 
4 N.C. S Output 

Max Units Conditions 

+.125 dB f = 1kHz 
+.125 dB f = 300-3kHz. ref 1kHz 
+.2 dB f = 3kHz-3.4kHz. ref 1 kHz 
- dB f = 4kHz, ref 1kHz 
- dB f = 4.2kHz 
50 Hz ref. 1kHz 
90 I1s 1 kHz, 2.6kHz 
6 dBrnc input grounded 

0.25 % 1kHz 
- Vp-p RL = 2K. Vee = +15VDC. -Vee = -15VDC 
- n DC to 10kHz 
5 n DC to 10kHz 
15 rnA 

2. To obtain the full signal range. the filter should be driven from a source with a nominal DC voltage of OV. 
3. The source must provide a DC path to ground of not more than 10K. 
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ACF7270C _ 

-10~----+-----4-----4-----~\~----+-----~-----r-----+----~----~ 

-20~----+-----~-----r----~-----+----~------r-----T-----;---~~ 

-30~----+_----4_----_r----_t~--_+----_1------r_----t_----1_----~ 
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o 2 

SYNTHESIZER 

3 4 5 -­f(kHz) 

6 

Flg.1 TYPICAL FREQUENCY RESPONSE 

+15V 

OdBM t 
';:;500 6 

\A 

ACF 7270C 

~ 
3 

7 

J, 
-15V 

~ 
ANALYZER 

-'" 

Fig. 2 TEST CIRCUIT 

7 8 9 10 

8 t 2K 

3 

.J: 

~ 

I' 
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ACF 7271C 

PCM Receive Low Pass Filter 

FEATURES 

• Pass band ripple: ±0.125dB, from 300 to 3kHz, 0° to 70° C 
• Stop band attenuation: 32dB, 4.2kHz to 100kHz 
• Insertion Loss: 0 dB 
• Wide power supply range: ±12VDC to ±15VDC 

DESCRIPTION 

The ACF 7271 C is a linear hybrid low pass active filter with a 
Cauer type response (transfer function based on elliptic 
functions). The hybrid will pass a signal in the pass band with 
±.~25dB ripple to 3kHz and be 32dB down at 4.2kHz with equal 
rejection out to 100kHz:. Thefiiter is-designed to be used in PCM 
receive applications. 

MAXIMUM RATINGS * 
Vee ............................................... ±18VDC 
Input Voltage ...................................... ±15VDC 
Storage Temperature ...................... -55°C to +125°C 
Operating Temperature ....................... O°C to +70°C 

* Exceeding these ratings could cause per-
manent damage. Functional operation of this 
device at these conditions is not implied-
operatin!:) ranges are specified below. 

ELECTRICAL CHARACTERISTICS 

.O°C";; TA ";; 70°C 
Vee = +12 to +15VDC 
-Vee = -12 to -15VDC 

Characteristic Min Typ 

Gain -.125 0 
Passband ripple -.125 0 
Passband response -.5 0 
Transition atten. 15 18 
Stop band atten. 32 35· 
Differential delay - 85 
Output noise - 0 
Distortion - 0.1 
Output swing 10 12 
Input impedance 130 140 
Output impedance - 1 
Supply current - 10 

NOTES: 

1. Specifications apply with an input of OdBm Ref6000 . 

PACKAGE INFORMATION 
PIN CONFIGURATION 

Max 

+.125 
+.125 
+.2 
-
-
95 
6 

0.25 
-
-
5 
15 

PIN 

REAR VIEW 

I n IJ:i1 r:':~~~=-=-l II! I 

:: I 1 
:: I : 

:: 8~~: GI xxxx : 
II MAX I ACF7271C 01 
11 k60i ! II REF I I 
II I l 

l50!:! l 
j ,,~. '", 

f I. MAX 

FUNCTION 

Internal Connection 
Input 
GND 
N.C. 

PIN FUNCTION 

Vo< 
N.C. 
-Vee 
Output 

Units Conditions 

dB f = 1kHz 
dB I = 300-3kHz, reI 1 kHz 
dB 1= 3kHz-3.4kHz, ref 1kHz 
dB f = 4kHz, ref 1 kHz 
dB f = 4.2kHz 
JiS 1kHz,2.6kHz 

dBrnc input grounded 
% 1kHz 

"Vp-p RL = 2K, Vee = +15VDC, -Vee = -15VDC 
kO DC to 10kHz 
0 DC to 10kHz 

mA 

. 2. To obtain the full signal range, the filter should be driven from a source with a nominal DC voltage of OV. 
3. The source must provide a DC path to ground of not more than 10K. 
4. Frequency response data is multiplied by sin xix response. 
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SYNTHESIZER 
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Fig. 1 TYPICAL FREQUENCY RESPONSE 
MULTIPLIED BY SIN X/X 

+15V 

OdBM t 
~50n 5 

2 

ACF7271C 

~ 
3 

7 

-J, 
-15V 

~ 
ANALYZER 

..". 

Fig. 2 TEST CIRCUIT 
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~ 

~ 
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ACF 7300C 

Band Pass Filter and Full Wave Detector 

FEATURES 

• Low Power Dissipation 
• Can be operated from a single ended power system 
• 20dB minimum attenuation at stop band frequencies 
• OdB Insertion loss In pass band 
• Fixed band width filter 
• Internal full wave detector 

DESCRIPTION 

The ACF 7300C consists of a four (4) pole, fixed band width, band 
pass filter, factory tunable over a center frequency (Fo) range of 
540Hz to 1980Hz, and a full wave detector. This RC active filter 
and detector Is packaged in a dual In line package. Only one 
external capacitor is required for filtering the detector output, the 
balance of the circuitry Is self contained requiring no additional 
components for proper operation. 

MAXIMUM RATINGS * 

Vce (Max) ...................................... , .. ±18 Volts 
Vee (Min) .......................................... ±5 Volts 
Input Voltage Range ..•.•..........•. Power Supply Potential 
Storage Temperature Range ................ -65·Cto+150·C 
Operating Temperature Range .....•........•... O·C to +70·C 

* Exceeding these ratings could cause per-
manent damage. Functional operation of this 
device at these conditions Is not implled-
operating ranges are specified below. 

ELECTRICAL CHARACTERISTICS (unless otherwise specified) 

Vee = ±12 Volts 
O·C to +70·C 
Filter Load Resistance = 5kn 
Detector Load Resistance = 5kn 
Source Impedance, Filter or Detector = 50!! 

PACKAGE INFORMATION 
PIN CONFIGURATION 

NOTE: For proper operation connect Pin 4 
to Pin 5 and Pin 7 to Pin 14. 

.060 
TYP 

-.1 

1 
.300 
MAX 

1--1- .150 
l I MIN. 

T 
.

012J

'·000 

.008 

" 
PIN FUNCTION 

1 Filter Input 
2 Test Point I 
3 GND !=Iatentlal 
4 Output Stage 1 
5 Input Stage 2 
6 Tesl Point 2 
7 Output Filter 
8 Detector Output 
9 Filtering Capacitor Input 

10 Minus Potential 
11 Test Point 3 
12 Positive Potential 
13 Test Point 4 
14 Detector Input 

Characteristic Min. Typ. Max. Units Conditions 

Filter 
I nput Impedance - 2 - kn 
Voltage Gain See Figure 1. 

- 0 1.5 ±dB Ideal Center Frequency (Fo) 
- 0 1.5 ±dB Pass Band (±10Hz from Fo)* 
-20 - - dB Stop Band (±110Hz from Fo)* 

Input Voltage 5 - - VRMS 
Output Impedance - - 25 n 

Detector 
Input Impedance 25 - - kn 
Input Voltage 5 - - VRMS 
Voltage Gain 0.95 . 1.0 1.05 VDCIVRMS See Figure 2. 
Output Impedance - - 25 n 
Output Offset Voltage - - 20 mVolts 

Power Supply Current - 1.5 3.0 rnA -. RelereJ1c;ed to. G!lln at Fo. 
Standard factory tuned filters available with the following Ideal center frequencies: 

540Hz, 660Hz, 780Hz, 900Hz, 1020Hz, 1140Hz, 1380Hz, 1500Hz, 1620Hz, 1740Hz, 1860Hz, and 1980Hz. To order one of the 
above tuned filters, specify the device as follows; ACF 7300C - Frequency. e.g. ACF 7300C - 0540 

Other factory iuned frequencies are available upon request and nominal set up charge. 
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+2db­
+ldb­
Odb­

-ldb-
-2db-
-3db-
-4db-
-5db-
-6db-
-7db-
-8db-
-9db-

-10db-
-lldb-
-12db-
-13db-
-14db-
-15db-
-16db-
-17db-
-18db-
M 190 tl-I/, //%-

-21db-
-22db-
-23db-
-24db-

Fa 

FREQUENCY 

Flg.1 FREQUENCY RESPONSE 

DETECTOR 
INPUT 

14 12 10 

FILTERING 
CAPACITOR 

FULL WAVE 
...--..... --0 DETECTOR 

OUTPUT 

ACF 7300C 

FILTER 
INPUT 

FILTER OUTPUT 

Flg.2 TYPICAL APPLICATION 

Center 
Frequency 
(FO)(Hz) 

540 
660 
780 
900 

1020 
1140 
1380 
1500 
1620 
1740 
1860 
1980 

Low 
Stop Band 
Frequency 
(FSBL)(tlz) 

430 
550 
670 
790 
910 

1030 
1270 
1390 
1510 
1630 
1750 
1870 

ACF 7300C 

Table I 

Low High High 
Pass Band Pass Band Stop Band 
Frequency Frequency Frequency 
(FPBL)(Hz) (FPBH)(Hz) (FSBH)(Hz) 

530 550 650 
650 670 770 
770 790 890 
890 910 1010 

1010 1030 1130 
1130 1150 1250 
1370 1390 1490 
1490 1510 1610 
1610 1630 1730 
1730 1750 1850 
1850 1870 1970 
1970 1990 2090 
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ACF 7301C 

Band Pass Filter and Full Wave Detector 

FEATURES 

II Low Power Dissipation 
II Can be operated from a single ended power system 
II Odb Insertion loss in pass band 
II 20dBminimum attenuation at stop band frequencies 
II Fixed band width filter 
II Internal full wave detector 

DESCRIPTION 

The ACF 7301 C consists of a four (4) pole, fixed band width, band 
pass filter, factory tunable over a center frequency (Fo) range of 
700Hz to 1700Hz, and a full wave detector. This RC active filter 
and detector is packaged in a dual in line package. Only one 
external capacitor is required for filtering the detector output, the' 
balance of the circuitry is self contained requiring no additional 
components for proper operation-. 

MAXIMUM RATINGS * 

Vec!Max) •.....•...................•.... " ..•..... ± 18 Volts 
Vee (Min) .•....•..•..........•.............•....... ±5 Volts 
Input Voltage Range ...•....•.•....... f'ower Supply Potential 
Storage Temperature Range .•..........•.... -65°Cto +150°C 
Operating Temperature Range ................. O°Cto +70° C 

PACKAGE INFORMATION 
PIN CONFIGURATION 

i----- .600---1 
141 131211 109 Is 

~~~~~~~ll 

ACF 7301C-FREQ. 1.020 
GI xxxx MAX. 

"=~ J L "",-,--, 
1.010 MAX.---J 

NOTE: For proper operation connect Pin 4 
to Pin 5 and Pin 7 to Pin 14. 

'---1 .300 
MAX 

i--l- .150 , 'i' I 

1.000 

.012J .008 

PIN FUNCTION 
1 Filter Input 

Test Point 1 
GND Potential 
Output Stage 1 
Input Stage 2. __ 
Test.P6inl2 
OUtput Filter 

~ 

Detector Output 
Filtering Capacitor Input 

,0 Minus Potential 
11 NC 
12 Positive Potential 
13 NC 
14 Detector Input I * Exceeding these ratings could cause per­

manent damage.' Functional operation of this 

- ;':::':::~::::::R~:~~:~~"~'~' olh.,., .. 'poc;o;.d) 
Vee = ±12 Volts 
O°C to +700 ,C 
Load Resistance, Filter Output or Detector Output = 5k ohms 
Source Impedance, Filter Input or Detector Input = son 

Characteristic Min Typ 

Filter 
Input Impedance - 2 
Voltage Gain 

.- 0 
- 0 
-20 -

Input Voltage 5 -
Output Impedance - -
Detector 
Input Impedance 25 -
Input Voltage 5 -
Voltage Gain 0.95 1.0 
Output Impedance - -
Output Offset Voltage - -
Power Supply Current - 1.5 

• Referenced to Gain at Fo. 

Max Units Conditions 

- kO 
See Figure 1 

1.5 ±dB Ideal Center Frequency (Fo) 
2.5 ±dB Pass Band ( '" 15Hz from Fo)' 
- dB Stop Band ( "' 185Hz from F 0) • 
- VRMS 

25 0 

- kO 
- VRMs 

1.05 VDCIVRMS See Figure 2. 
25 0 
20 mVolts 

3.0 mA 

Standard factory tuned filters available with the following ideal center frequencies: 700Hz, 900Hz, 1100Hz, 1300Hz, 1500Hz, and 
1700Hz. To order one of the above tuned filters, specify the device as follows; ACF 7301C \ Frequency. e.g. ACF 7301C - 0700. 
Other factory tuned frequencies are available upon request and a nominal set up charge. 
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'2db­
'ldb­
Odb­

-ldb-
-2db-
-3db-
-4db-
-Sdb-
-6db-
-7db-
-8db-
-9db-

-10db-
-lldb~ 

-12db-
-13db-
-14db-
-lSdb-
-16db-
-17db-
-18db-
-19db~ . 

-21db-
-22db-
-23db-
-24db-

Center 
Frequency 
(FO) (Hz) 

700 
900 

1100 
1300 
1500 
1700 

FREQUENCY 

Flg.1 FREQUENCY RESPONSE 

DETECTOR 
INPUT 

+Vee -Vee FILTERING 
CAPACITOR 

FULL WAVE 
;---..... -~:J DETECTOR 

OUTPUT 

14 12 10 9 

ACF 7301C 

FILTER I.NPUT FILTER OUTPUT 

Flg.2 TYPICAL APPLICATION 

TABLE 1 

Low Stop Band Low Pass Band High Pass Band 
Frequency Frequency Frequency 

(FSBL) (Hz) (FPBL) (Hz) (FPBH) (Hz) 

505 685 715 
715 885 915 
915 1085 1115 

1115 1285 1315 
1315 1485 1515 
1515 1685 1715 

ACF7301C _ 

High Stop Band 
Frequency 

(FBBH) (Hz) 

885 
1085. 
1285 
1485 
1685 
1895 
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ACF 7302C 

Band Pass Filter and Full Wave Detector 

FEATURES 

• Low Power Dissipation 
.. Can be operated from a single ended power system 
• 22dB minimum attenuation at stop band frequencies 
• OdB Insertion loss in pass band 
• Fixed band width filter 
• Internal full wave detector 

DESCRIPTION 

The ACF 7302C consists of six (6) pole. fixed band width. band 
pass filter. factory tunable over a center frequency (Fa) range of 
2280Hz to 2600Hz. and a full wave detector. This RC active filter 
and detector is packaged in a dual in line package. Only one 
external capacitor is required for filtering the detector output. the 
balance of the circuitry is self contained requiring no additional 
components for proper operation. 

MAXIMUM RATINGS * 

Vcc (Max>.. ......................................... ±18Volts 
Vcc(Min) .......................................... ±5Volts 
InputVoltageRange .•.•..........•••• Power Supply Potential 
Storage Temperature Range .................. -65·C to +150·C 
Operating Temperature Range .......•.•...•.•..• O·C to +70C 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

PACKAGE INFORMATION 
PIN CONFIGURATION 

1---.600----1 
,41 13121110 II Ie 
~~~~~wull 

ACF 7302C-FREO. 1.020 

"GO= J 
1 -,' -,. 3 • • ,- -'--1 
~1.010 MAX.----l 

NOTE: For proper operation connect Pin .4 
to Pin 5 and Pin 7 to Pin 14. 

.060' 
TYP 

-.-l 

1 
.300 
MAX 

1--1- .150 
! I MIN. 

l' 
.
012J

1.0oo 

.008 

I< 

PIN FUNCTION 
1 Filter Input 
2 Test Point 1 
3 GND Potential 
4 Output Stage 1 
5 Input Stage 2 
6 Test Point 2 
7 Output Filter 
8 Detector Output 
9 Filtering Capacitor Input 

10 Minus Potential 
11 Test Point 3 
12 Positive Potential 
13 Test Point 4 
14 Detector Input 

ELECTRICAL CHARACTERISTICS (unless otherwise specified) 

Vcc =±12 Volts 
O·C to +70·C 
Filter and Detector Load Resistance = 5k ohms 
Filter and Detector Source Impedance = 50n 

Characteristic Min 

Filter 
Input Impedance -
Voltage Gain 

-
-

-22 
Input Voltage 5 
Output Impedance -
Detector 
Input Impedance 25 
Input Voltage 5 
Voltage Gain 0.95 
Output Impedance -
Output Offset Va.ltage -
Power Supply Current -. Referenced to Gam at Fe. 

Typ 

2 

0 
0 
-
-
-

-
-
1.0 
-
-
3.0 

Max Units Conditions 

- kO 
See Figure 1. 

1.5 ~dB Ideal Center Frequency (Fo) 
1.5 ±dB Pass Band (±15Hz from Fo)* 
- dB Stop Band (±120Hz from Fo)* 
- VRMS 
25 0 

- kO 
- VRMS 

1.05 VDCIVRMS See Figure 2. 
25 0 
20 mVolts 

5.0 mA 
~----

Standard factory tuned filters available with the following ideal center frequencies: 2280Hz. 2400Hz. 2600Hz. To order one of the 
above tuned filters. specify the device as 'follows: ACF 7302 C - Frequency. e.g. ACF 7302C - 2280. Other factory tuned frequencies 
are available upon' request and a nominal set up charge. 
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+2db-'­
+1db­
Odb­

-1db-
-2db-
-3db-
-4db-
-Sdb-
-6db-
-7db-
-8db-
-9db-

-10db-
-11db-
-12db-
-13db-
-14db-
-1Sdb-
-16db-
-17db-
-18db-
-19db-
-20db-
-21db-
-22db-
-23db-
-24db-

Center 
Frequency 
(FO) (Hz) 

2280 
2400 
2600 

FREQUENCY 

Flg.1 FREQUENCY RESPONSE 

DETECTOR 
INPUT 

+Vee -Vee FILTERING 
CAPACITOR 

FULL WAVE 
,..--...... ---0 DETECTOR 

OUTPUT 

14 12 10 9 

ACF 7302C 

FILTER INPUT FILTER OUTPUT 

Flg.2 TYPICAL APPLICATION 

Table I 

Low Stop Band Low Pall Band High Pass Band 
Frequency Frequency Frequency 

(FSBL) (Hz) (FPBL) (Hz) (FPBH) (Hz) 

2160 2265 2295 
2280 2385 2415 
2480 2585 2615 

ACF7302C. 

High Stop Band 
Frequency 

(FBBH) (Hz) 

2400 
2520 
2720 
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ACF 7310C 

2600Hz Band Pass Filter 

FEATURES 

• OdB Insertion Loss 
• Narrow Band Width 
• High Out of Band Attenuation 
• Can be operated with single-ended power system 

DESCRIPTION 

The ACF 7310C is a linear hybrid band pass RC active filter. The 
ACF 7310C is a sharply tuned filter designed to detect and pass 
the 2600Hz signaling frequency. This filter provides for a 
minimum attenuation of 30dB, plus and minus 200Hz from the 
ideal center frequency. The filter is self contained and requires 
no external components for proper operation. This filter is 
packaged in a dual in line configuration. 

MAXIMUM RATINGS * 
Vcc (Max) .•.•.........•..••..•.•............•...•• ± 18 Volts 
Vcc (Min) .......•...•.••.•••.•.•..•••.•.•...•...••. ±8 Volts 
Input Voltage Range ..•.•.•.•.•.••.•. Power Supply Potential 
Storage Temperature Range •••.....•....•. -65°C to +150°C 
Operating Temperature Range •...•....•.••.... O°C to +70°C 

* 'Exceeding these ratings could cause per-
manent damage. Functional operation of this 
device at these conditions is not implied-
operating ranges are specified below. 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) 

VCC = ±12 Volts 
TA = 25°C 
Rs = 50 
Rl = 10K 

Characteristic 

Voltage Gain 
Frequency Response 

Ripple 
Input Impedance 
Output Offset Voltage 
Output Impedance 
Harmonic Distortion 
Current Drain 

6-66 

Min 

-1.25 

-70 
-50 
-30 
-3 
-
-
-3 
-30 
-50 
-70 
-
25 
-
-
-
-

Typ Max 

0 +1.75 

- -
- -
- -
- -
- -3 
- -3 
- -
- -
- -
- -
- +0.5 
- -
- 20 
- 25 
- 1.0 
8 15 

PACKAGE INFORMATION 
PIN CONFIGURATION 

~-=4 
.100TVP.J L JL.01B :t_oo2 

PIN FUNCTION PIN FUNCTION PIN 
1. Input 10. Stage 2 Input 20. 
2. NC 11. NC 21. 
3. NC 12. Stage 2 Output 22. 
4. NC 13. NC 23. 
5. NC 14. Output 24. 
6, GND 15. Stage 3 Input 25. 
7. NC 16. NC 26. 
8. NC 17. NC 27. 
9. NC 18. NC 28, 

19. NC 

FUNCTION 
NC 
NC 
·12VOC 
NC 
+12 VDC 
NC 
Stage 1 Output 
NC 
NC 

NOTE: For proper operation connect Pin 26 to Pin 10, Pin 12 to Pin 15. 

Units Conditions 

dB . Ideal Center Frequency (Fo), 2600Hz 
Referenced from Fo Gain 

dB DC to 1600Hz 
dB 2100Hz 
dB 2400Hz 
dB 2540Hz 
dB 2560Hz 
dB 2640Hz 
dB 2660Hz 
dB 2800Hz 
dB 3100Hz 
dB 3600Hz to 50kHz 
dB 2541 Hz to 2659Hz (Reference Fig. 1) 
kO 
mV 
n 
% VOUT = 10 Vpp, Freq. = 2600Hz 

mA ... 



-10 

-20 

-30 

-40 

-50 

+1 
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o 

-1 

-2 

-3 r----3dB 

-4 
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-6 
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.~ 
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1 
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~ 

2550 
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~ 

V \ / 
/ 

:\ ~ 
~ 
/ 

v 

~. 
~ 

2600 2650 

Flg.1 ACF 7310C PASS BAND ATTENUATION LIMITS EXPANDED 

~ ~ +,5dB 

.J ~ \-3d~ 

J \ 
f , 

,/ 
-30dB ,~ -30dB 

~. 
Y' ~ 

ACF7310C _ 

2700 

,rL ~"'" ./ ~, -60 

/ 
-70 

1600 1800 2000 2200 2400 2600 2800 3000 

Flg.2 ACF 7310C PASS BA,ND ATTENUATION LIMITS 

3200 

~~ 
-70dB 

3600 3400 
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ACF 7323C ACF 7363C 
ACF 7383C 

DTMF Tone Detection Band Pass Filter 

FEATURES 

• Standard model tone frequency settings of 697, 770, 
852,941,1209,1336,1477 and 1633 and MF frequencies of 
700,900, 1100, 1300, 1500, 1700 . 

• ± 0.3% Fo tolerance 
• ± 0.0075%/° C Fo temperature coefficient 
• ±0.1 %1" C Q temperature coefficient 
• Preset Q, 22 ±10% (4.5% BW.) 
• Filter design factory tunable over Fo range of 500 to 3kHz 

and Q range of 10 to 30 
• Low power consumption 72mW max at ±12VDC 
• Can be operated with single-ended poiver supplies 

DESCRIPTION 
The General Instrument ACF 7323C/ACF 7363C/ACF 7383C 
Band Pass Active Filters are pre-tuned active filters designed 
specifically for tone receiver applications. Thes.e filters are avail­
able in hermetically sealed 12-lead TO-8, D.D.I.L., and S.I.L. 
packages. 

Maximum Ratings * 
Vee (Max) ................... , ...................... ±18 Volts 
Vee (Min) ........................................... ±8 Volts 
Input Voltage Range ................... Power Supply Potential 
Storage Temperature Range ....•........•.. -65° C to +150° C 
Operating Temperature Range ..•.............•. 0° C to +70°C 

* Exceeding these ratings could cause per­
manent damage. Functional operation ofthis 
device at these conditions is not implied­
operating ranges are specified below. 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise 

+VCC = +12V, 
-Vcc = -12V 

Characteristic 

F req uency Range 
Q Range 
Fo Accuracy 
Fo Temp Coef 
Q Accuracy 
Q Temp CDef 
Voltage Gain 
Input Impedance 
Output voltage 
Output Impedance 
Output Noise 
Output Offset Voltage 
Positive Supply Voltage 
Negative Supply Voltage 
Power Supply Current @±15V 
Operating Temp Range 
Storage Temp Range 

NOTE 1: 

specified) 

Min Typ 

500 -
10 -
- ±0.2 
- ±35 
- -
- ±500 
-1 0 
22.5 30 
- 7 
- -
- 0.25 
- ±40 
+5 +12 
-5 -12 
- 1.5 
0 -

-55 -

TYPICAL APPLICATION 
8-SECTION TONE FILTER 

MUL TIFREQUENCY 
INPUT SIGNAL 

Max. Units 

3000 Hz. 
30 -

±0.3 % 
±75 ppml"C 
±10 % 

±1000 ppmloC 
+1 dB 
- kO 
- VAMS 

1 n 
0.75 mVRMS 

±60 mV 
+18 V 
-18 V 
3.0 mA 
70 °C 
150 °C 

LOW GROUP 
INDIVIDUAL TONE 

FREQUENCIES 

697Hz 

-0- 770HZ 

)----- 852Hz 

1----__ 941Hz 

1----_l209Hz 

~1336Hz 

)---__ 1477Hz 

1633HZ 

HIGH GROUP 

Conditions 

Note 1 
Note·1 

(O°C to 70°C) 

(O°C to 70°C) 
@Fo (O°C to 70°C) 

10 to 10kHz 
10 to 10kHz 

Forthe eight standard models, Q is presetto 22 and Fo is preset atthe tone frequencies: 697, 770, 852, 941,1209,1336,1477 and 1633. The 
model number designation is ACF 73XXC - Fo (e.g., ACF 7323C-0697). Other values of Q are indicated by a dash number (e.g., ACF 
7323C-0697-18). 
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TEST CIRCUIT 

A.C. SIGNAL 
GENERATOR 

PACKAGE INFORMATION 
PIN CONFIGURATION 

ACF7323C 

f·~:~~~ L REF~I 
.185 

MAX. 

I 
.500 

L 12 LEADS 
.017 DIA. 

PIN FUNCTION 
1. NC 
2. Ne 
3. GND 
4. Input Test Point 
5. Input 
6. Ne 
7. Ne 
8. Ne 
9. Ne 

10. Output 
11. -Vee 
12. +Vee 

ACF 7323C • ACF 7363C • ACF 7383C 

Vee 

r - -----

I 
I 

22.SK 

L -= -= -----_ .. _-

ACF7383C 

ACF 7363C 
GIXXXX 

PIN FUNCTION 
1. Ne 
2. Input 
3. Test Point 
4. Ne 
5. Ne 
6. -Vee 
7. GND 
B. +Vee 
9. Output 

10. Ne 

-Vee 

m.IPl TVP~II 
.045-o!11-,023j 

.200 
MAX 

-l 
I 
I 

I 
I 
I 
I 

___ -.J 

ACF7383C 

PIN FUNCTION 
1. GND 
2. Input Test Point 
3. "'Vee 
4. -Vee 
5. Output 
6. Input 

A.C. VOLTMETER 
OR SCOPE 

.170-, .150 
MAX I MIN 
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ACF7328C 

. 2800Hz Band Pass Filter 

FEATURES 

• OdB Insertion Loss 
• Low Power Dissipation 
• Narrow Band Width 
• High Out of Band Attenuation 
• Can be operated with single-ended power system 

DESCRIPTION 

The ACF 7328C is a linear hybrid band pass RC active filter. The 
ACF 7328C is a sharply tuned filter designed to detect and pass the 
2800Hz signaling .frequency. This filter' provides for a minimum 
attenuation of 30dB, plus and minus 200Hz from the ideal center 
·frequency. The filter is self contained and requires .no external " 
components for proper operation. This filter is packaged in a dual 
in line configuration. 

MAXIMUM RATINGS * 
Vcc (Max) ......................................... ± 18 Volts 
Vcc (Min) .......................................... ±8 Volts 
Input Voltage Range ................. Power Supply Potential 
Storage Temperature Range ............... -65'C to +150'C 
ODerating Temperature Range ................. O·C to +70'C 

* Exceeding these ratings could cause per-
manent damage. Functional operation of this 
device at these conditions is not implied-
operating ranges are specified below. 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) 

Vcc =±12 Volts 
TA = 25'C 
Rs ~ 50 
Rl ", 10K 

Characlerlstlc Min Typ Max 

Voltage Gain -1.5 0 1.5 
Frequency Response 

-70 - -
-50 - -
-30 - -
-3 - -
-, - -3 
'--- - -3 
-3 - -

-30 - -
-50 - -
-70 - -

Ripple - - +0.5 
Input Impedance 25 - -
Output Offset Voltage - - 20 
Output Impedance - - 25 
Harmonic Distortion - - 1.0 
Current Drain - - 15 
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PACKAGE INFORMATION 
PIN CONFIGURATION 

.140 
I< . MAX, 

1.300----°1,,1 100 l n-~~~ 

ACF 7328C f15 ~1 0010 ..... 

. . or xxxx .• LI llt1: 
I.. 1.500 MAX. .1 .010' .., 

~~ 
.100TYP.J L JL.o18'"'' . 

PIN FUNCTION PIN FUNCTION PIN FUNCTION 
1. Input 10, Stage 2 Inpul 20 .. NC 
2 NC 11. NC 21. NC 
3. NC 12. Stage 2 Output 22. ·12VDC 
4. NC 13. NC 23. NC 
5. NC 14, Output 24. ·12VDC 
6. GND 15. Stage 3 Input 25. NC 
7. NC 16. NC 26. Stage 1 Output 
8. NC 17. NC 27. NC, 
9. NC 18. NC 28. NC '. 

19. NC 
NOTE: For proper operation connect Pin 26 to Pin 10. Pin 12 to Pin 15. 

Units , Conditions 

dB Ideal Center Frequency (Fo); 2800Hz 
Referenced from Fo Gain 

dB DC to 1800Hz 
dB 2300Hz 
dB 2600Hz 
dB 2740Hz 
dB 2760Hz 
dB 2840Hz 
dB 2860Hz 
dB 3000Hz 
dB 3300Hz 
dB 3800Hz to 50kHz 
dB 2741 Hz to 2859Hz (Reference Fig. 1) 
kO 
mV 
!l 

0/0 VOUT = 10Vpp, Freq. = 2800Hz 
mA 



-10 

-20 

-30 

-40 

-50 

+1 

o 

-1 

-2 

-3 

-4 

-5 

-6 
2700 

ACF7328C 

+1.LB ~ 

~ , 
~ V 

.;jf· j ~ 
1 \ 

I \ 

I~ ~ 
2750 2800 2850 2900 

Fig. 1 ACF 7328C PASSBAND ATTENUATION LIMITS EXPANDED 

~~ +1.5dB 

j ~1\-3d~ 
! \ 
~ 

, 
/ 

-30dB -3adB 

" 
, 

~ 

vi: ~"'" ./ ~, 
-60 

V 
-70 

1800 2000 2200 2400 2600 2800 3000 3200 

Fig. 2 ACF 7328C PASS BAND ATTENUATION LIMITS' 

3400 
~ -70dB 

3800' 3600 
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ACF 7410C 

2600Hz Band Suppression Filter 
FEATURES 

• 60dB attenuation from 2585Hz to 2615Hz 
• "farrow Band Rejection 
• Low Ripple 
• Can be operated with single-ended power system 

DESCRIPTION 

The ACF 7410C Is a linear hybrid band suppresslonRC Active 
Filter. The ACF 7410C is a sharply tuned filter designed to reject 
the 2600Hz signaling frequency. This filter provides for a 9dB 
attenuation to match the characteristics of a passive filter system. 
In addition, the filter provides a minimum attenuation of irodB, 
plus and minus 15Hz from the ideal center frequency of 2600Hz. 
This filter Is packaged In a dual in line configuration. 

ELECTRICAL CHARACTERISTICS 

Maximum Rallngs * 
Vcc (Max) .......................................... ± 18 Volts 
Vcc (Min) .......................................... ±8 Volts 
Input Voltage Range .....•....•.••.•. Power Supply Potential 
Storage Temperature Range ............... -65°C to +150°C 
Operating Temperature Range ..•......•.....•• O°C to +70°C 

* Exceeding these ratings could cause per-
manent damage. Functional operation of this 
device at these conditions is not implied-
operating ranges are specified below. 

Standard Condillons (unless otherwise stated) 
at Vcc =±12 Volts 
TA = 25°C 
Rs = 50n 
RL = 10K 

Characteristic Min Typ 

Voltage Gain -9.5 -9.0 
Frequency Response 

-0.5 0 
+1.0 -
-60 -
+1.0 -
-0.5 0 

Input Impedance 25 -
Output Offset Voltage - -
Output Impedance - -
Harmonic Distortion - -
Current Drain - 12 
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Max 

-8.p 

+0.5 
-5.0 
-

-5.0 
+0.5 
-

100 
25 
0.5 

22.5 

PACKAGE INFORMATION 
PIN CONFIGURATION 

~ ~ 
J" 1.600-----1tr- 'OO Ml~1 tlJ~~ 

~I ~mActmFm741!IDl!loc~~1~1 ~]O~O" 
° ~SG~I~~~fiij~~MAX l~oo, 

I.' " 
... -0-----1760 MAX 010 002 

~i 
100-1 l -IL.01B '02075 

NOTE: 
For proper operation 
connect Pin 29 to Pin 27, 
Pin 24 to Pin 22. 

TYP. 
PIN FUNCTION PIN FUNCTION PIN FUNCTION PIN 
1. T.P. 9. +12VCD lB. -12VDC 2B. 
2. NC 10. NC 19. Oulput 27. 
3. NC 11. NC 20. T.P. 2B. 
4. NC 12. T.P. 21. NC 29. 
5. NC 13. NC 22. Stage 3 Input 30. 
6. NC 14. NC 23. NC 31. 
7. T.P. 15. NC 24. Stage 2 Output 32. 
B. NC 16. NC 25. T.P. 33. 

17. GND 34. 

FUNCTtON 
NC 
Stage 2 Input 
NC 
Stage 1 Output 
NO 
T.P. 
Input 
NO 
NO 

"" "" ///~ ~/I /W/ W~ 
0 -1 

!g -1 

~ 

~ -1 
C!J 

-1 

-1 

-1 

1 ~ i 
2r------- j- TYPICAL 

RESPONSE -J- t- -SOdB 
3 % ~ 

~ 4 ,r, 
r//~ ~//I / 

5 
16001800 2000 2200 2400 2600 2800 3000 3200 3400 3600 

FREQUENCY IN Hz 

Fig. 1 FREQUENCY. RESPONSE LIMITS ACF 7410C 

Units Conditions 

dB 1000Hz 
Referenced from the 1000Hz Gain as OdB 

dB 250Hz to 2200Hz 
dB 2200Hz to 2400Hz 
dB 2585Hz to 2615Hz 
dB 2800Hz to 3000Hz 
dB 3000Hz to 3400Hz 
kO 
mV 
n 
% .vOUT = 4.0 Vpp, Freq. = 1.0kHz 
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ACF7412C 

2600Hz Band Suppression Filter 

FEATURES 

• 30dB attenuation from 2585Hz to 2615Hz 
• Low Power Dissipation 
'. Narrow Band Rejection 
• Low Ripple 
'. Can be operated wit~ single-ended power system 

DESCRIPTION 

The ACF 7412C is a linear hybrid band suppression RC Active 
Filter.TheACF 7412C isasharplytuned filterdesignedto rejectthe 
2600Hz signaling frequency. This filter provides foraOdBattenua­
tion to match the characteristics of a passive filter system. In 
addition, the filter provides a minimum attenuation of 30dB, plus 
and minus 15Hz from the ideal center frequency of 2300Hz. This 
filter is packaged in a dual in line configuration. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 
, Vee (Max) .....••...•.••.....••.•....•. ',' ........... ±18 Volts 
Vee (Min) •..•............•..•..•.•.................. ±8 Volts 
Input Voltage Range •....•............ , Power Supply Potential 
Storage Temperatu re Range ..........•...... -65° C to +150° C 
Operating Temperature Range .•.....•.........• O°C to +70°C 

* Exceeding these ratings could cause per-
manent damage. Functional operation of 
these devices at these conditions is not im-
plied-operating ranges are specified below. 

Standard Conditions (unless otherwise noted) 

at Vee = ±12 Volts, 
TA=25°C, 
Rs =50n, 
RL = 10K 

Characteristic Min Typ Max 

Voltage Gain -0.75 0 +0.75 
Frequency Response 

-0.2 0 +0.3 
-1.0 - +1.0 
- - -30 

-3.0 - +1.0 
-1.0 0 +1.0 

Input Impedance 25 - -
Output Offset Voltage - - 100 
Output Impedance - - 25 
Harmonic Distortion - - 0.5 
Current Drain - - 22 

PACKAGE INFORMATION 
'pIN CONFIGURATI~I\! ___ 

ce 
ce 1401 r-r 150 ,.I" 1600 tr 100 MAX M; 

0000 n ~l I ACF 7412C \1035 1000'''' 
° GI XXXX MAX 1 ." 
'F.lF.lF.lF.lF.lF.lF.lF.lF.lF.I~ ce 

I: 1760 MAX ~ 010 002 

NOTE: 

~-=1 
For proper operation 
connect Pin 29 to Pin 27, 
Pin 24 10 Pin 22. 

100-1 l -ll.018 ,00' ,075 
TYP. 

PIN FUNCTION PIN FUNCTION PIN FUNCTION PIN FUNCTION 
1. T,P. 9. +12VCD 18. -12VDe 26, Ne 
2. Ne 10. Ne 19. Output 27. Stage 2 Input 

3. NC 11. NC 20. T.P. 28, Ne 
4. Ne 12. T,P. 21. Ne 29, Stage 1 Output 

5. Ne 13. Ne 22. Stage 3 Input 30. Ne 
6. Ne 14. Ne 23, Ne 31. T,P. 
7. T.P, 15. Ne 24. Stage 2 Output 32. Input 
8. Ne 16. Ne 25. T.P, 33. Ne 

17. GND 34, Ne 

" 
-0 

'\ V -
-, 

~ -2 
1\ 

~ 

~ -3 t---~~:~~~ 
Cl * --:lOd6 

-4 

-5 

-. 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 

FREQUENCY IN Hz 

FIg. 1 FREQUENCY RESPONSE LIMITS ACF 7410C 

Units Conditions 

dB 1000Hz 
Referenced from the 1000Hz Gain as OdB 

dB 300Hz to 2300Hz 
dB 2300Hz to 2400Hz 
dB 2585Hz to 2615Hz 
dB 2480Hz to 2720Hz 
dB 2800Hz to 3400Hz 
kn 
mV 
n 
% Vour = 4.0 Vpp, Freq. = 1.0kHz 

rnA 
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• 
NCS2061 

~-

NCS 2062 

2600Hz/2800Hz Band Suppression Filters 

FEATURES 

• 45dB attenuation from 2585Hz to 2615Hz and from 2785Hz to 
2815Hz 

• 0.875 inch high SIP configuration allows close board spacing. 
• Low ripple 

DESCRIPTION 

The NCS 2061 and the NCS 2062 are linear hybrid band suppres­
sion RC Active Filters. They are a matched pair and combined to 
reject the 2600Hz and the 2800Hz signaling frequencies. These 
two filters are packaged In the dual In line configurations. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 
Vee (Max) ...•........•............................. ±18 Volts 
Input Voltage Range ...................... , ............... Vee 
Storage Temperature Range ........... '" ... -65· C to +150· C 
Operating Temperature Range .................. O·C to +70· C 

* Exceeding these ratings could cause per-
manent damage. Functional operation of 
these devices at these conditions is not im-
plied-operating ranges are specified below. 

Standard Conditions (unless otherwise noted) 

at Vee = ±12 Volts, 
TA=25·C, 
Rs=6000, 
RL = 150KO 

Characteristic Min 

Voltage Gain -.5 
Frequency Response * 

-.5 
-1.0 
-5.0 
-
-

-5.0 
-1.0 

Input Impedance 10 
Output Offset Voltage -
Output Impedance -
Harmonic Distortion -
Current Drain -

* NOTE: Frequency response is lor the 2061/62 pair. 
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Typ 

0 

0 
-
-
-
-
-
-
-
-
-
-
-

Max 

+.5 

+.5 
+.5 
-

-45 
-45 
-

+.5 
-

±100 
5 

0.5 
30 

PACKAGE INFORMATION 
PIN CONFIGURATION 

PIN FUNCTION 

1. INPUT 
2. N.C. 
3. TPI 
4. N.C. 
5. TP2 
S. TP3 

Units 

dB 1000Hz 

PIN 

7. 
8. 
9. 
10. 
11. 
12. 

GIXXX 
NCS 2061/2 

FUNCTION 

N.C. 
TP4 
N.C. 
TP5 
TPS 
N.C. 

Conditions 

'I 

PIN FUNCTION 

13. OUTPUT 
14. TP7 
15. -V 
16. +V 
17. GND 

Referenced from the 1000Hz Gain as OdB 
dB 300Hz to 2000Hz 
dB 2000Hz to 2200Hz 
dB 2200Hz to 2400Hz 
dB 2585Hz to 2615Hz 
dB 2785Hz to'2815Hz 
dB 3000Hz to 3200Hz 
dB 3200Hz to 3400Hz 
KO 
mV 
KO 
% VOUT = 4.0 Vpp , Freq. = 1.0kHz 
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ACF 7711C 

DTMF Band Separation Filter 
FEATURES 

• Dual Filter in one package 
• 24dB minimum out of band attenuation 
• Low in band ripple 
• OdB Insertion loss 
• 30dB minimum out of band attenuation at 941 Hz 

and 1209Hz respectively 
• Low power dissipation 
• Can be operated from a single-ended power system 

DESCRIPTION 

The ACF 7711 C Is a dual RC active filter which has been designed 
to provide channel Isolation between the low frequency group of 
the Tone (DTMF) frequencies of 697Hz through 941 Hz, and the 
high frequency group of the Tone (DTMF) frequencies of 1209Hz 
through 1633Hz. This dual filter Is packaged in a dual In line 
package. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 
Vcc (Max) ..............•.......................... ±18 Volts 
Vce (Min) .......................................... :=5 Volts 
Input Voltage (at Vee max) .......•.................. ±15 Volts 
StorageTemperatureRange ............... -65°C to +150°C 
Operating Temperature Range .................. 0° C to +70° C 

Standard Conditions (unless otherwise stated) 

Vee = ± 12V (Note 1) 
RL = 5kU 
Rs = 50 I! 
O°C to 7Q°C 

Characteristic Min 

Low Group Filter Section 
Input Impedance 30 
Input Voltage Range -
Gain -
Frequency Response 

650Hz to 941 Hz -.75 
1209Hz -30 
1209Hz to 1700Hz -24 

Output Voltage Range ±3.2 
Output Impedance -
High Group Filter Section 
I nput Impedance 60 
Input Voltage Range -
Gain -
Frequency Response 

1209Hz 10 1700Hz -.75 
941Hz -30 
941 Hz to 650Hz -24 

Output Voltage Range ±3.2 
Output Impedance -
Power Supply Current -

NOTE: 
1. Or equivalent single-ended power supplies. 

Typ 

-
-
0 

0 
-
-
-
-

-
-
0 

0 
-
-
-
-
4.0 

PIN FUNCTION 
1 Low Group Output 
2 Plus Vee 
3 Test Point #2 
4 Low Group Input 
5 Interstage Output #3 
6 GND #1 
7 GND #2 
e Test Point #4 

PIN FUNCTION 
9 Interstage Input #4 

10 Test Point #3 
11 High Group Output 
12 High Group Input 
13 Test Point #1 
14 Minus Vee 
15 Interst8g8 Output #2 
16 Interstage Input #1 

NOTE: An external connection is requi,red between Pins: 3&13. 5&9, 
6&7.8&10.15&16. 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Max. Units Conditions 

- kn 
±12 Volts 

±O.25 dB 941Hz 
Reference to 941 Hz Gain 

+.75 dB 
- dB 
- dB 
- Volts No Clipping 
10 n 

- kn 
±12 Volts 

±0.25 dB 1209Hz 
Reference to 1209Hz Gain 

+1.5 dB 
- dB 
- dB 
- Volts No Clipping 
10 n 

5.0 mA 

6-75 



ACF 7711 

OdB 

-20dB 

-25dB 

-40dB 

v ~ r-. 
/ ~ 

500Hz 

FREQUENCY 

\ / 

1KHz 

Flg.1 TYPICAL FREQ RESPONSE 

DTMF 
INPUT ~ ______ ~ 

2 OF 8 
FREQUENCIES 

ACF 7711 
BAND 

SEPARATION 
FILTER 

2KHz 

-12V 

HIGH GROUP ""7------+---4 
OUTPUT" 

HIGH GROUP _---, __ --11---, 
INPUT 

ACF 7711C 

LOW GROUP~_..,..... 
OUTPUT 

LOW GROUP ----1----' 
INPUT 

+12V 

Flg.2 TONE SEPARATION FILTER TERMINATION 

W 
..J 
::J 
o 
o 
:::; 
a: 
w 
o 
o 
u 
w o 
ii: 
~ 
u 
w 
t;; 
o 

1 OF 10 
OUTPUTS 

Flg.3 TYPICAL DTMF RECEIVER APPLICATION 
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ACF7720C 

DTMF Low Group Band Splitting Filter 

FEATURES 

.• 0.73 inch high SIP configuration allows close board spacing 
• Pass band ripple: ±1dB, from 686Hz to 955Hz 
• Stop band attenuation: 30dB min, from 1190Hz to 1660 Hz 

DESCRIPTION 

The ACF 7720C Is a linear hybrid low pass active filter. The hybrid 
'will pass a signal in the pass band with ±1 dB ripple from 686Hz to 
955Hz and be 30dB down from 1190Hz to 1660Hz. The filter is 
designed to be used in DTMF band splitting applications with the 
tone frequencies of 686Hz through 955Hz. 

ELECTRICAL CHARACTERISTICS 

Maximum Rallngs * 
Vee, VEE .............................•.............. ±18VDC 
Input Voltage ...................•...•. PowerSupply Potential 
Storage Temperature ....................... -65°C to +150°C 
Operating Temperature ......................... O°C to +70°C 

* Exceeding these ratings could cause per-
manent damage. Functional operation of this 
device at these conditions is not implied-
operating ranges are specified below. 

Standard Conditions (unless otherwise stated) 

Vee = +12 Volts' 
VEE = -12 Volts 
T. = 25°C 

Characteristic Min 

Passband Response 0 
Passband Ripple -1 
Stop Band Attenuation 30 
Output Noise -
Distortion -
Input Impedance 10K 
Output Impedance -
Supply Current -

Typ 

+1.5 
0 
-
-
-
-
-
-

Max 

+3.0 
+1 
-

-50 
1 
-

200 
15 

PRELIMINARY INFORMATION 

PACKAGE INFORMATION 
PIN CONFIGURATION l rrt--" -~~:-~'I 

I 1:l: __ rn-r~~A_C_F_7_7_20_C ____ ~~~TJ 

J 
.150 
MAX 

060 
MAX _----'200-----001 

lQOTYP 

PIN FUNCTION 

INPUT 

PIN FUNCTION 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

Units 

dB 
dB 
dB 

dBm 
% 
n 
n 

rnA 

8. N.C. 
GND 9. N.C. 
Vee 10. VEE 
N.C. 11. N.C. 
N.C. 12. T.P. 
N.C. 13. OUTPUT 
N.C. 

Conditions 

'f = 686Hz -955Hz 
f = 686Hz -955Hz 
f = 1190Hz to 1660Hz 
input grounded 
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ACF7721C 

DTMF High Group Band Splitting Filter 

FEATURES 

• 0.73 inch high SIP configuration allows close board spacing 
• Pass band ripple: ±ldB, from 1190Hz to 1660Hz 
• Stop band attenuation: 30dB min, from 686Hz to 955Hz 

DESCRIPTION 

The ACF 7721 C is a linear hybrid high pass active filter. Thehybrid 
will pass asignal in the pass band with ±ldB ripple from 1190Hzto 
1660Hz and be 30dB down from 686Hz to 955Hz. The filter is 
designed to be used in DTMF band splitting applications with the 
tone frequencies of 1190Hz through 1660Hz. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 
vee VEE .................•....•..•...........•...... ±18VDC 
Input Voltage ......................... Power Supply Potential 
Storage Temperature ....................... -65° C to +150° C 
Operating Temperature ......................... O°C to +70°C 

* Exceeding these ratings could cause per-
manent damage. Functional operation of this 
device at these conditions is not implied-
operating ranges are specified below. 

Standard Conditions (unless otherwise stated) 

•

. vee = +12 Volts 
VEE = -12 Volts 

_ TA =25°C 

• Characteristic Min Typ 

Passband Response 0 +1.5 
Passband Ripple -1 0 
Stop Band Attenuation 30 -
Output Noise - -
Distortion - -
Input Impedance 10K -
Output Impedance - -. 
Supply Current - -
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Max 

+3.0 
+1 
-

-50 
1 
-

200 
15 

PRELIMINARY INFORMATION 

PACKAGE INFORMATION 
PIN CONFIGURATION 

l 

II" 
1.535 MAX ., 

GIXXXX 

11 
ACF 7721C 

.'so MAX 

J .100TYP 

.040 
1.000 

MAX. ''''''' 

PIN FUNCTION PIN FUNCTION 

1. INPUT 8. N.C. 
2. GND 9. N.C. 
3. Vee 10. VEE 
4. N.C. 11. T.P. 
5. N.C. 12. N.C. 
6. N.C. 13 . N.C. 
7. N.C. 14. OUTPUT 

Units Conditions 

dB f= 1190Hz -1660Hz 
dB f= 1190Hz-1660Hz 
dB f = 686Hz to 955Hz 

dBm input grounded 
% 
11 
11 

rnA 
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AY-S-1013A 
AY-6-1013 

AY-3-1014A 
AY-3-101S0 GENERAL INFORMATION 

UAR/T: Universal Asynchronous Receiver/Transmitter 

FEATURES 

• DTL and TTL compatible-no interfacing circuits required­
drives one TTL load 

• Fully Double Buffered-eliminates need for system 
synchronization, facilitates high-speed operation 

• Full Duplex Operation-can handle multiple bauds 
(receiving-transmitting) simultaneously 

• Start Bit Verification-decreases error rate with center 
sampling 

• Receiver center sampling of serial input; 46% distortion 
immunity 

• High Speed Operation 
• Three-State Outputs-bus structure capability 
• Low Power~minimum power requirements 
• Input Protected-eliminates handling problems 

AY-5-1013A 
• GIANT P-channel nitride process 
• 0 to 40kbaud 
• Pull up resistors to Vcc on all inputs 

AY-6-1013 
• GIANT P-channel nitride process 
• 0 to 22.5kbaud 
• Extended Operating Temperature Range: 

-40°C to +85°C (plastic package) 
_55°~ tn +12~oC {,=~!,!~~!~ p::::~::;:::} 

• Pull-up resistors to V cc on all inputs 

AY-3-1014A11015D 
• Single Supply Operation: 

'4.75V to +14V (AY-3-1014A) 
+4.75V to+5.25V (AY-3-1015D) 

• CMOS compatible (AY-3-1014A) 
• 1 17 stop bit mode 
• External reset of all registers except control bits register 
• GIANTl[ N-channel Ion Implant Process 
• 0 to 30k baud 
• Pull-up resistors to Vee on all inputs (AY-3-1015D) 

DESCRIPTION 

The Universal Asynchronous ReceiverlTransmitter (UARIT) is 
an LSI subsystem which accepts binary characters from either a 
terminal device or a computer and receives/transmits this 
character with appended control and error detecting bits. All 
characters contain a start bit, 5 to 8data bits, one or two stop bits 
(117 stop bit capability with the.AY-3-1014A11015D), and either 
odd/even parity or no parity. In order to make the UARIT 
universal, the baud, bits per word, parity mode, and the number 
of stop bits are externally selectable. The device is constructed 
on a single monolithic chip. All inputs and outputs are directly 
compatible with MTOS/MTNS logic, and also with 
TTLlDTLlCMOS logic without the need for interfacing 
components. All strobed outputs are three-state logic. 
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PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Vcc(+SV) 
'VaG (-12V) 

GND 
~ 
ROB 
RD7 

ROB 
RDS 

RD4 

RD3 

RD2 

RDl 
PE 
FE 

OR 
SWe 
RCP 

R5Av 
DAV 

51 

Top View 

TCP 
EPS 

NBl 
NB2 
T5B 

NP 

C5 
DBB 
DB7 
DBB 

DBS 
DB4 

DB3 

DB2 
DBl 

50 
EOC 

!lll 
TBMT 

XR 

• Pin 2: AY-3-1014A11015D - No Connection. 

BLOCK DIAGRAM 

TRANSMITTER 
DATA 81TS . -

~---~ 

[=::;:::========::::::;=::J-+-o SERIAl 
OUTPUT 

I~L~~ o--l-----' L._-+-o ~~~l'If~TUt 

16 X R :=t=:{=~====~=====:::J EkTERNAL 

C!.OCIC RECEIVER RESET 
SERIAL 

INPUT 

. -
~---~ 

RECEIVER 
DATA SITS 



PIN FUNCTIONS 

Pin No. 

1 
2 
3 
4 

5-12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26-33 
34 

35 

36 

37-38 

39 

40 

Name (Symbol) 

Vet' Power Supply (V,c) 
VIa, PowerSupply (V",,) 
Ground (V'iI) 
Received Data Enable (ROE) 

Received Data Bits (ROS-R01) 

Parity Error (PE) 

Framing Error (FE) 

Over-Run (OR) 

Status Word Enable (SWE) 

ReceiverClock (RCP) 

ResetOataAvaiiable (ROAV) 

OataAvailable (OAV) 

Serial Input (SI) 

External Reset (XR) 

Transmitter Buffer Empty (TBMT) 

Data Strobe (OS) 

End of Character (EOC) 

Serial Output (SO) 

OataBitinputs (OB1-0B8) 
Control Strobe (CS) 

NoParity (NP) 

Number of Stop Bits (TSB) 

Number of Bits/Character (NB2, NB 1) 

Odd{Even Parity Select (EPS) 

Transmitter Clock (TCP) 

UARIT GENERAL INFORMATION 

Function 

+5VSupply 
-12V Supply (Not connected for AY-3-1014A/l015) 
Ground 
A logic "0" on the receiver enable line places the received data 
onto the output lines. 
These are the 8 data output lines. Received characters are right 
justified: the LSB always appears on ROI. These lines have tri­
state outp\!!2J.e., they have the normal TTL ouput characteris­
tics when ROE is "0" and a high impedance state when ROE is 
"1 ". Thus, the data output lines can be bus structure oriented. 
This line goes to a logic "1" if the receivedcharac,ter parity does 
not agree with the selected parity. Tri-state. 
This line goes to a logic "1" if the received character has no valid 
stop bit. Tri-state. 
This line goes to a logic "1" if the previously received character is 
not read (OAV line not reset) before the present character is 
transferred to the receiver holding register. Tri-state. 
A logic "0" on this line places the status word bits (PE, FE, OR, 
OAV, TBMT) onto the outputlines. Tri-state. 
This line will contain a clock whose frequency is 16 times (16X) 
the desired receiver baud. 
A logic "0" will reset the OAV line. The OAV F/F is only thing that 
is reset. Must betiedto logic '1'when notin useon theAY-3-1014A. 
This line goes to a logic "1" when an entire character has been 
received and transferred to ihe receiver holding register. Tri­
state. Fig.12,34. 
This line accepts the serial bit input stream. A Marking (logic "1 ") 
to spacing (logic "0") transition is required for initiation of data 
reception. Fig.11, 12,33,34. 
Resets all registers except the control bits register (the 
received data register is not reset in the AY-5-1013A and 
AY-6-1013). Sets SO, EOC, and TBMTto a logic "1". Resets 
OAV, and error flags to "0". Clears input data buffer. Must be 
tied to logic "0" when not in use. 
The transmitter buffer empty flag goes to a logic "I" when the 
data bits holding register may be loaded with another character. 
Tri-state. See Fig.18,20,4D,42. 
A strobe on this line will enter the data bits into the data bits 
holding!!l9ister. Initial data transmission is initiated by the rising 
edge of OS. Data must be stable during entire strobe. 
This line goes to a logic "1" each time a full character is transmit­
ted. It remains at this level until the start of transmission of the 
next character. See Fig.17,19,39,41. 
This line will serially, by bit, provide the entire transmitted char­
acter. It will remain at a logic "I" when no data is being transmit­
ted. See Fig.16. 
There are up to 8 data bit input lines available. 
A logic "I" on this lead will eriter the control bits (EPS, NB1, NB2, 
TSB, NP) into the control bits holding register. This line can be 
strobed or hard wired to a logic "1 "level. 
A logic "1." on this lead will eliminate the parity bit from the 
transmitted and received character (no PE indication). The stop 
bit(s) will immediately follow the last data bit. If not used, this lead 
must be tied to a logic "0". 
This lead will select the number of stop bits, 1 or 2, to be 
appended immediately after the parity bit. A logic "0" will insert 1 
stop bit and a logic "1" will insert 2 stop bits. For the AY-3-
l'OI4A/l015, the combined selection of 2 stop bits and 5 
bits/character will produce 1 'n stop bits. 

These two leads will be internally decoded to select either 5, 6, 7 
or 8 data bits/character. 

NB2 
o 
o 
1 
1 

NBI 
o 
1 
o 
1 

Bits/Character 
5 
6 
7 
8 

The logic level on this pin selects the type of parity which will be 
appended immediately after the data bits. It also determine's the 
parity that will be checked by the receiver. A logic "0" will insert 
odd parity and a logic "1" will insert even parity. 
This line will contain a clock whose frequency is 16 times (16X) 
the desired transmitter baud. 

6-81 



UARIT GENERAL INFORMATION 

TRANSMITTER OPERATION 

I. TURN POWER ON 
2. PULSE EXTERNAL RESET 
3. SELECT BAUO - 16 )( ell( 

~ _____ --' YES 

Flg.1 
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Initializing 

Power is applied, external reset is enabled and clock pulse is 
applied having a frequency of 16 times the desired baud. The 
above conditions will set TBMT, EOC, and SO to logic "1" (line is 
marking). 
After initializing is completed, user may set control bits and data 
bits with control bits selection normally occurring before data 
bits selection. However, one may set both iSS and CS simul­
taneously if minimu.!!!]lulse width specifications are followed. 
Once Data Strobe (OS) is pulsed the TBMT signal will change 
from a logic"1" to a logic "0" indicating thatthe data bits holding 
register Is filled with a previous character and is unableto receive 
new data bits, and transmitter shift register is transmitting pre­
viously loaded data. TBMTwili return to a logic "1". When 
transmiltershift register is empty, data bits in the holding register 
are immediately loaded into the transmitter shift register for 
transmission. The shifting of information from the holding regis-

, ter to the transmitter shift register will be followed by SO and 
EOC going to a logic "0", and TBMT will also go to a logic "1" 
indicating that the shifting operation is completed and that the 
data bits holding register is ready to accept new data. It should be 
remembered that one full character time is now available for 
loading of the next character without loss in transmission speed 
due to double buffering (separate data bits holding register and 
transmitter shift register). 
Data transmission is initiated with transmission of a start bit, data 
bits, parity bit (if desired) and stop bites). When the last stop bit 
has been on line for one bit time, EOC will go to a logic "1" 
Indicating that new character is ready for transmission. This new 
character will hA tr~n~mitt~ry 0r'!!~1 !f T!:!~.~T !:: :! !:::;;:::: lie" ~:; "'"wu;; 
previously discussed. 



RECEIVER OPERATION 

I. TURN POWER ON 
2. PULSE EXTERNAL RESET 
3. SELECT BAUD -16 X elK 
4. SET CONTROL 81TS 

OAV'O 

YES 

HAS 

,-__ -,,"0,,< 8E~~ ~s~rfi~~ ? 

HAS THE 
NO SELECTED NUMBER 

L..---=(oOF OA1~c~:~~DBEEN 

1 

YES 

TRANSFER DATA BITS FROM 
SHIFT REGISTER TO DATA 

BITS HOLDING REGISTER 

OAV'I 

[XAMINE OUTPuts 
I STROBE STATUS WOAO ENABLE 
2. STROBE DATA ENABLE 

RESET OATA AVAILABLE LJA'JoO 

Flg.2 

UARIT GENERAL INFORMATION 

Inillallzing 

Power is applied, external reset is enabled, and clock pulse is 
applied having a frequency of 16 times the desired baud. The 
previous conditions will set data available (DAV) to a logic "1". 

After initializing is completed, user should note that one set of 
control bits will be used for both receiver and transmitter making 
individual control bit setting unnecessary. Data reception starts 
when serial input signal changes from Marking (logic "1") to 
spacing (logic "0") Which initiates start bit. The start bit is valid if, 
after transition from logic "1" to logic "0", the Siline continues to 
be at logic "0", when center sampled, B clock pulses later. If, 
however, line is at a logic "1" when center sampling occurs, the 
start bit verification process will be reset. If the Serial Input line 
transitions from a logic "1" to a logic "0" (marking to spacing) 
when the 16x clock is in a logic "1" state, the bit time, for center 
sampling will begin when the clock line transitions irom a logic 
"1" toa logic "0" state. After verification of a genuine start bit, data 
bit reception, parity bit reception and stop bit(s), reception 
proceeds in an orderly manner. 
While receiving parity and stop bit(s) the receiver will compare 
transmitted parity and stop bit(s) with control data bits (parity 
and number of stop bits) previously set and indicate an error by 
changing the parity error flip flop and/or the framing error flip 
flop to a logic "1". It should be noted that if the No Parity Mode is 
selected the PE (parity error) will be unconditionally setto a logic 
"0". 

Once a full character is received, internal logic looks at the data 
available (OAV) signal to determine if data has been the read out. 
lithe DAV signal is at a logic "1"the receiver will assume data has 
not been read out and the over run flip flop of the status word 
holding register will be set to a logic "1". If the DAV Signal is at a 
logic "0" the receiver will assume that data has been read out. 
After DAV goes to a logic "1", the receiver shift register is now 
ready to acceptthe next character and has one full character time 
to remove the received character. 
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UARIT GENERAL INFORMAT.lON 

16 X T 
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AY-5-1013A 
AY-6-1013 SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 
VGG (with respect to Vee) .. ' . . . . . . 
Clock and logic input voltages (with respect to Vee) 
Storage Temperllture . . . . . . . . . . 
Lead Temperature (soldering, 10 seconds) .... 

Standard Conditions (unless otherwise noted) 
VaG = -12V ±5'1o 
Vee = +5V ±5'1o 
Temperature (TA ) = O°C to +70°C (AY-5-1013A) 

· . . -20 to +0.3V 
· . . -20 to +0.3V 
· -65°C to +150°C 
· . . . . +330°C 

-40 C to +85°C (AY-6-1013 Plastic Package) 
-5SC to +12SoC (AY-6-1013 Ceramic Package) 

Characteristic Min Typ" Max Units 

DC CHARACTERISTICS 
Input Logic Levels 
Logic 0 0 - 0.8 Volts 
Logic 1 Vce-1.S - Vee+0.3 Volts 
Input Capacitance 
All Inputs - - 20 pF 
Leakage Currents 
Three State Outputs - - 1.0 flA 
Data Output Levels 
Logic 0 - - +0.4 Volts 
Logie 1 Vee-l.0 - - Volts 
Output Capacitance - 10 IS pF 
Short Ckt. Current - - - -
Power Supply Current 

IGG} - 14 16 mA 
2So C,all inputs +SV - 17 19 mA 

lee - 18 20 mA 
- 21 23 mA 

AC CHARACTERISTICS 

Clock Frequency DC - 640 kHz 
DC - 360 kHz 

Baud 0 - 40 kbaud 
0 - 22.S kbaud 

Pulse Width 
Clock Pulse 7S0 - - ns 

I.S - - ,..S 
Control Strobe 300 - - ns 

600 - - ns 
Data Strobe 190 - - ns 

2S0 - - ns 
External Reset SOO -- - ns 

1.0 - - ,..s 
Status Word Enable SOO - - ns 

600 - - ns 
Reset Data Available 2S0 - - ns 

3S0 - - ns 
Received Data Enable SOO - - ns 

600 - - ns 

Set Up & Hold Time 
Input Data Bits 0 - - ns 
Input Control Bits 0 - - ns 
Output Propagation Delay 
TPDO - - SOO ns 

- - 6S0 ns 
TPDl - - SOO ns 

- - 6S0 ns 

"Typical values are at +25° C and nominal voltages. 

'Exceeding these ratings could cause perma­
nent damage. Functional operation of these 
devices at these conditions is not implied 
-operating ranges are specified below. 

Condition. 

(IlL = -1.6mA max.) 
Unit has internal pull up resistors 

o volts bias, f= lMHz 

o volts 

10L = 1.6mA (sink) } 
IOH= .3mA (source) at S.O Volts 

See Fig. 23 

AY-S-l013A - See Fig.2S 
AY-6-1013 - S.ee Fig.2S 
AY-S-l013A - See Fig.26 
AY-6-1013 

T A = 25° C, output load 
capacitance SOpF max. 
AY-S-l013A 
AY-6-1013 
AY-S-l013A 
AY-6-1013 

AY-S-l013A - See Fig.9 
AY-6-1013-See Fig.9 
AY-S-l013A-See Fig. IS. 16 
AY-6-1013 
AY-S-l013A-See Fig. 14 
AY-6-1013 
AY-S-l013A - See Fig. 13 
AY-6-1016 
AY-S-l013A - See Fig. 21 
AY-6-1013 - See Fig. <11 
AY-5~1013A - See Fig. 22 
AY-6-1013 - See Fig. 22 
AY-S-l013A - See Fig. 21 
AY-6-1013 - See Fig. 21 

See Fig.14 
See Fig. IS, 16 

AY-S-l013A- See Fig. 21 & 24 
AY-6-1013 - See Fig. 21 & 24 
AY-S-l013A - See Fig. 21 & 24 
AY-6-1013 - See Fig. 21 & 24 
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AY-S-1013A • AY-6-1013 

TIMING DIAGRAMS 

os INOTE 3 I 

TBMTU IL 
-1 t- NOTE 2 

SO (HI ~ START IOATA-t 10:;;';- 21 D~"-; ;: DA-;:A-4rD~T~ 51;ATA ;:'04:;:-4 -; ro~; 8jp;R~T~ r STOP I STOP 21 START rO;T~ ~ (LI L.:..::.:..:J ___ ..L ___ .L.. ___ .L ___ .1. ___ .L ___ J. ___ .L ___ .L ___ .J ---. 

NOTE I--J-----I- BIT TIME 

-~ I 
NOTE: SEE ~IGURES 7. B. 9 FOR DETAilS. 

TRANSMITTER INITIALLY ASSUMED INACTIVE 
AT START OF DIAGRAM. SHOWN FOR 8 
LEVEL CODE ANO PAR tTY AND TWO STOPS. 

DETAIL: 

DATA ---'1'---­
STROBE r-: I: BIT TIME. 16 CLOCK CYCLES. 

2: IF TRANSMITTER IS INACTIVE THE START 
PULSE WILL APPEAR ON LINE WITHIN 
I CLOCK CYCLE OF TIME DATA STROBE 
OCCURS. SEE DETAIL. 

3: SINCE TRANSMITTER IS DOUBLE BUFFERED 
ANOTHER DATA STROBE CAN OCCUR ANY­
WHERE DURING TRANSMISSION OF 
CHARACTER I AfTER TBMT GOES HIGH. 

CLOCK LJLJLrU 
~1t16BIT 
SO~ 

Flg.S UARIT TRANSMITTER TIMING 

TRANSMITTER INACTIVE I TRANSMIT BUFFER LOADED WHEN EDC HIGH 

~UUUU 
1 I 
~~I --~~--~~---U-

SO I: I . START BIT 
I ~I--------~}~--------~}~---------

~ f-2-6 CLOCK CYCLES~ L 
,.~, ! I. I' ...J 
-----..--1--'---0 
EOC 1 

~-----#------'~~'-----------

Flg_6 TRANSMITTER AT START BIT 

~-NOTEI Os AND CS MAY OCCUR 
SIMULTANEOUSLY WHEN 
TRANSMITTER INACTIVE 1 

OA 1 

I 
~L ____________ 'L_L_EG_A_L_T_O __ U_SE __ C_S ______ ,~ __ ~~ 

NOTE CONTROL STROBE MAY BE HARDWIRED TO "I" 
IN THAT CASE, OATA MUST BE STABLE DURING "ILLEGAL CS" TIME 

Flg.8 ALLOWABLE POINTS TO USE CONTROL STROBE 

6-86 

TRANSMIT BUFFER LOADED WHEN Eoe LOW 

OS 1 '~ 

SO STOP BIT I START BIT ! , 

1 ': 

[-2-6 CLOCK CYCLES ~f--------j' 
1 ~ L-TBMT 

EDC n 
_________ L ______ ~~. __ ------~,~'-------------

Flg.7 TRANSMITTER AT START BIT 

. *"' MAXIMUM 
DUTY CYCLE .' * 

'* 1.5tJS, MIN, AV-6-1D13 
750ns MIN, AV-S-1013A 

MINIMUM I **SL ** 1.5ps MIN, AY-6-1013 
DUTY CYCLE L;----J L 7,50ns MIN, A~-5-1013A 

50·, I ri 
DUT~ CYCLE L~ L 

ANY PULSE WIDTH WHICH MEETS 
ABOVE CRITERIA IS ALLOWABLE. 

Flg.9 ALLOWABLE TCP, RCP 
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AY-S-1013A • AY-6-1013 

TIMING DIAGRAMS 

INTERNAL 
~AMPLES ______ ~ __ -L __ ~~ __ ~ __ -L __ ~ ____ L-__ ~ __ -L __ ~ ____ L-______ -L ____ _ 

PARITY 
ERROR 

FRAMING 
ERROR 

NOTE I_I 
NOTEI-r­

-H- 31'S 

AVAILg:~: ____________________________________________ N_OT..,:E:.....:2_-!_tJl 

I 
OVER RUN _______________________ ..,:N~O...:TE~I_::1~ 

NOTES: 
I. THIS IS THE TIME WHEN THE ERROR CON­

DiTIONS ARE INDICATED, IF ERROR OCCURS. 

2. OATA AVAILABLE IS SET ONLY WHEN THE 

;~c,jJ~~fR~:ciAtciETH~E,Hg~D~:: I€Ji~TERS. 
(SEE RECEIVER BLOCK DIAGRAM). 

3. ALL INFORMATION IS 0000 IN HOLDING 
REGISTER UNTIL DATA AVAILABLE TRIES TO 
SET FOR NEKT CHARACTER. 

Flg.10 UARIT RECEIVER TIMING 

DAV AND STOP BIT ONE 

8~2 CLOCKS 
RCP 

INTERNAL 
SAMPLE 

FIRST STOP BIT 

I 
n 

II" --i rl--------

I 
b:=::7hclOCKS 

I 
~ ~~A~f gll~~~~IJ~O~E~~, 

THEN 
SAMPLE POINT WILL BE HERE---l 

I 
INTERNAL SAMPLE PULSE=:! 

Flg.11 

~IH-- ---. 

XR 

500ns 
MIN. 

WHEN NOT IN USE, XR 
MUST BE HELD AT GND. 

RDI - Roe 
PE, FE, OR 

OAV ON 

DAV OFF 

KR RESETS EVERY REGISTER 
EXCEPT CONTROL REGISTER AND 
RECEIVED DATA. SO, T8MT, Eoe 
ARE RESET TO 5V ALL OTHER 
OUTPUTS RESET TO OV. Flg.14 OS 

Flg.13 XR PULSE 

VIH-~-

Ji I~ 

NP ET::1~--;~~~~~ 
CONTROL STROBE AND CONTROL BITS 
MUST BE 300ns MINIMUM. 

Flg,15b CS 

Flg,12 RECEIVER DURING 11' STOP BIT 

VJ~ 
NP,TSB,NB2,1, E:~1rL . r~ 

3~~~~ ~ i->o 
CONTROL BITS MUST BE STABLE 
FOR LAST 300ns OF CS. 

Flg.1Sa CS 

LEADING EDGE OF DATA IS NOT CRITICAL 
AS LONG AS TRAILING EDGE AND 
PULSE WIDTH SPECS ARE OBSERVED. 

Flg,16 CS 
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AY-5-1013A • AY-6-1013 

TIMING DIAGRAMS 

~~ 
TBMT j ~ 
VOl- __ i __ 

SOOns ~ 
TYP, 

Flg.17 EOC TURN-ON Flg.18 TBMT TURN-OFF 

V:Jf 
TCP 

TRI-STATE 
OUTPUTS 

RDI-RDB 

PE. FE. OR. 
DA.TBMT 

Flg.20 TBMT TURN-ON 

I 

TYPICAL CHARACTERISTIC CURVES 

:1.5 

3.0 

2.5 

2.0 
li: .... 

1.5 

1.0 

.5 

SH~RT JIRCU!T 

i"\, OurUT CURRENT 

~ ~....(NOMIN~L 
""i", 
~ 

WORST elsE/' ~ 
I\. 

o 4 

VOUT 

6 

Flg.23 SHORT CIRCUIT OUTPUT CURRENT 

18 
-12 VOLT SUPPLY CURRENT 

I I --. 
............. /IWORST CASE 

t--... 
............ r--

--..., 

" 
I"'-

17 

16 

~ 15 
., 
~ 14 

NOMINAlr 
I' 

....... 1', i i 
13 

12 

~ 

o 10 20 30 40 50 60 70 

CASE TEMPERATURE (OC) 

Flg.25 -12 VOLT SUPPLY CURRENT 

Flg.21 ROE, SWE 

O.SV 

2500 

2000 

I 

Flg.19 EOC TURN-OFF 

~ 250ns r; ffi\ I MIN. 1;-
·Vll-h=-'­

I 

DAV 

I 

l- VOlL 
500 ns _ ! 
MAX. ---, 

Flg.22 ROAV 

--WORST CASE ./ 
/./ --/' L>: 

V; .r 

~NOMINAl 
~ 1500 

Q 
r-----

~ 
/ 

.... 0.. 1000 

500 

o 100 200 300 400 500 

CauT pF 

Flg_24 RE1, ROB, PE, FE, OR, TBMT, OAV 

22 
+5 VOLT SUPPLY CURRENT 

I I I i 
.......... 

!'--.. yWORST CASE 

T----. 
, .," ....... l --. 

............. ,. 
NOMljNAlr 

..... 
" ..... , 

t I 

20 

~ 19 

u 
~ 18 

17 

16 

o . 10 20 30 40 50 60 70 
CASE TEMPERATURE (OC) 

Flg.26+5 VOLT SUPPLY CURRENT 



AY-3-1014A AY-3-~Q15D 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Vee (with respect to GND) ............ -0.3 to +16V 
Storage Temperature. . . . . . . . . . . -65° C to + 150° C 
Operating Temperature. . . . . . . . . . . . O°C to + 70°C 
Lead Temperature (Soldering, 10 sec) . . . . . . . . +330°C 

Standard Conditions (unless otherwise noted) 

Vee = +4.75 to +14V (AY-3-1014A) 
Vee = +4.75V to +5.25V (AY-3-1015D) 

Operating Temperature (T.) = O°C to +70°C 

Characteristic Min 

DC CHARACTERISTICS 
Input Logic Level. (AY-3-1014A) 
Logic 0 0 
Logic 1: at Vee = +4.75V 2.0 

at Vee = +14V 3.0 

Input Logic Levels (AY-3-1015) 
Logic 0 0 
Logic 1 2.4 
Input Capacitance 
All inputs -
Output Impedance 
Tri-State Outputs 1.0 
Data Output Level. 
Logic 0 -
Logic 1: AY-3-1014AJ1015D 2.4 

AY-3-1014A only 3.5 
Output Capacitance -
Short Ckt, Current -
Power Supply Current 
Icc at Vee = +5V (AY-3-1014A) -
Icc at Vee = +14V (AY-3-1014A) -
Icc at Vee = +5V (AY-3-1015D) -

AC CHARACTERISTICS 

Clock Frequency DC 
Baud 0 
Pulse Width 
Clock Pulse 1.0 
Control Strobe 500 
Data Strobe 200 
External Reset' 500 
Status Word Enable 500 
Reset Data Available 200 
Received Data Enable 500 
Set Up & Hold Time 
Input Data Bits 20 
Input Control Bits 20 
Output Propagation Delay 
TPDO -
TPD1 -

Typ" 

-
--
-
-
-
-
-
--
10 

-

10 
14 
10 

-
-
-
--
-
-
-
-
-
-

"Typical values are at +25°C and nominal voltages. 

SPECIFICATIONS 

"Exceeding these ratings could cause perma­
nent damage. Functional operation of these 
devices at these conditions is not implied 
-operating ranges are specified below. 

Max Units Conditions 

O.B Volts 
Vee +0.3 Volts 
Vee +0.3 Volts 

O.B Volts 
Vcc+0.3 Volts AY-3-1015 has Internal 

pull-up resistors'to Vee. 
20 pF o volts bias, f = 1 MHz 

- MO 

+0.4 Volts IOL = 1.6mA (sink) 
- Volts IOH = -40IlA (souree)-at Vee = +5V 
- Volts IoH = -50IlA (source)-at Vee = +14V 
15 pF 

- - See Fig.45. 

15 mA See Flg.47. 
20 mA See Fig.4B. 
15 mA 

T. = 25°C, Output load 
capacitance 50 pF max. 

4BO/400 kHz at Vce = +4.75V/+14V 
30/25 kbaud at Vee = +4.75V/+14V 

See Fig.31 - I'S 
- ns See Fig.37 

- ns See Fig.36 
- ns See Flg.35 
- ns See Fig.43 
- ns See Fig.44 
- ns See Fig.43 

- ns See Fig.36 
- ns See Fig.37 

500 ns See Fig.43 & 46 
500 ns See Fig.43 & 46 
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AY-3-1014A • AY-3-101SD 

TIMING DIAGRAMS 

NOTEo SEE FIGURES 28, 29,~O FOR DETAILS. 
TRANSMITTER INITIAllY ASSUMEO INACTIVE 
AT START OF DIAGRAM. SHOWN FOR e 
LEVEL CODE AND PARITY AND TWO STOPS. 

I: BIT TIME· 16 CLOCK CYCLES. 

2: IF TRANSMITTER IS INACTIVE THE START 
PUL.SE WilL APPEAR ON LINE I TO 2 
CLOCK CYCLES AFTER THE DATA STROBE 
OCCURS. SEE OETAIL. 

3: SINCE TRANSMITTER IS DOUBLE BUFFERED 
ANOTHER DATA STROBE CAN OCCUR ANY­
WHERE DURING TRANSMISSION OF 
CHARACTER I AfTER r8MT GOES HIGH. 

DETAIL: 

OATA-------'r---------

STROBE 1---1 
ClOCK~ 

I 

so ~ 

Flg.27 UARIT - TRANSMITTER TIMING 

so 

T8MT 

EOC 

TRANSMITTER INACTIVE 

TRANSMIT BUFFER LOADED WHEN Eoe HIGH 
I 

START BIT I 
~===::::::::=~L-

Fig. 28 TRANSMITTER AT START BIT 
NOT A TEST POINT 

~--NOTEI os AND CS MAY OCCUR 
SIMULTANEOUSLY WHEN 
TRANSMITTER INACTIVE I 

OA I 
I 

~L ____________ 'L_LE_G_A_l_T_O __ U_SE __ C_S ____________ J~ 

6-90 

NOTE: CONTROL STROBE MAY BE HARDWIRED TO "I" 
IN THAT CASE,CONTROL DATA BITS MUST BE STABLE DUFi'ING 
"ILLEGAL CS" TIME. 

FIII.30 ALLOWABLE POINTS TO USE CONTROL STROBE 

SO 

TBMT 

TRANSM IlTER ACTIVE 

TRANSMIT BUFFER LOADED WHEN Eoe LOW , 

ISTART 
;' 

_EO_C __________ -"r-l~ ______________ ~,~,--------
Flg.29 TRANSMITTER AT START BIT 

MINIMUM I **R ** 
DUTY CYCLE L;----J L 

50%1 II 
DUTY CYCLE L~ L 

ANY PULSE WIDTH WHICH MEETS 
ABOVE CRITERIA IS ALLOWABLE. 

Flg.31 ALLOWABLE TCP, RCP 

lJ.l,t MIN 



AY-3-1014A • AY-3-101SD 

TIMING DIAGRAMS 

INTERNAL 
SAMPLES ______ ~ __ _L __ ~L_ __ L_ __ _L __ ~ ____ L_ __ ~ __ _L __ ~ ____ L_ ______ _L ____ _ 

PARITY 
ERROR 

FRAMING 
ERROR 

NOTEI---i 

NOTE I ---r-­
-li-- I CLOCK 

AVAI L~:[: _____________________________________________ NO_T_E __ 2 _-l--1'1 
I 

OVER RUN _____________________________________________ N~OT~E~I::1 __ ~ 

NOTES: 
I. THIS IS THE TIME WHEN THE tRRDR CON­

DITIONS ARE INDICATED. IF ERROR OCCURS. 
2. DATA AVAILABLE IS SET ONLY WHEN THE 

~~~~~~fR~tl/ttiH~E·H8~orNA~ :t~~TERS. 
(SEE RECEIVER BLOCK DIAGRAM). 

3. ALL INFORMATION IS GOOD IN HOLDING 
REGISTER UNTIL DATA AVAILABLE TRIES TO 
SET FOR NEXT CHAkACTER. 

4. ABOVE SHOWN FOR B lEVEL CODE 
~~~~~I~:DFOTL"tgwST&!fA~OR NO PARITY, 

S. FOR ALL LEVEL CODE THE DATA IN THE 
HOLDING REGISTER IS RIGHT JUSTIFIED; 
THAT IS, LSB ALWAYS APPEARS IN 
RD I (PIN 12). 

Flg.32 UARIT - RECEIVER TIMING 

INTERNAL SAMPLE PULSE! 

Flg.33 

RCP 

INTERNAL 
SAMPLE 

Rol - R08 
PE, FE, OR 

DAV ON 

QAV OFF 

DAV AND STOP BIT ONE 

FIRST SlOP BIT 

Flg.34 RECEIVER DURING 1ST STOP BIT 

X: 'H--F1\ 
~ -15?q~S L '--

MIN. 

WHEN NOT IN USE. XR 
MUST BE HELD AT GND. 

XA RESETS EVERY REGISTER 
EXCEPT THE CONTROL REGISTER. 
SO. TBMT, EOC ARE RESET TO 

D~ 
I I 

DAT~ II I 200nJ 1\ 
20ns MIN. ~ ~ MIN ~ 20ns MIN. 

V:;11L 
NP, TSB, NB2.I, E:~ 1iL-- ---J~~ 

200"5 ~ 20ns 
MIN. MIN. 

5V ALL OTHER OUTPUTS 
RESET TO OV. 

Flg.35 XR PULSE 

Flg.36 OS 

:SIH-1----~-

NP ET:'1~-- ~~-:-~*~ 
CONTROL STROBE AND CONTROL BITS 
MUST BE 500n5 MINIMUM. 

Flg.37b 

. 

CONTROL BITS MUST BE STABLE 
FOR LAST 200ns OF es. 

Flg.37a CS 

VIH-

NP ETC. 

20ns MIN. 

LEADING EOGE OF CONTROL DATA IS NOT 
CRITICAL AS LONG AS TRAILING EDGE AND 
PULSE WIDTH SPECS ARE OBSERVED. 

Flg.38 
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AY-3-1014A • AY-3-101SD 

TIMING DIAGRAMS 

TCP ~~ 

TBMT -J \ I 

VOL- --\-­

I~s I 
TYP I--

Flg.39 EOC TURN-ON Flg.40 TBMT TURN-OFF Flg.41 EOC TURN-OFF 

~---- TRI-STATE 
OUTPUTS 

TB:TO
H -1----Ii --
~ 1.5., ~ 

TYP. 

RDI-RDa 
PE. FE. OR. 

DA. TBMT 

Flg.42 TBMT TURN-ON 

TYPICAL CHARACTERISTIC CURVES 

21 

SH~RT bIRCJ'T 

'. 
OUiPUT CURRENT 

~ / NOMIJAL 

18 

15 

.~ 

~ 
WORST CASE 'I' 

" VOUT 

Flg.45 SHORT CIRCUIT OUTPUT CURRENT 
(only 1 output may be 

shorted at a time) 

15 +5 VOLT SUPPLY CURRENT 

I I I 
.......... 

.............. 
Y WORST CASE 

t--.. 
r-. r-...... ..... 

...... ......... 
~ 

14 

13 

~ 12 

u 
.9 11 

NOM,'NAf 

I'--
...... 

1'-- .... 

10 

9 

t 
o 10 20 30 40 50 60 70 

CASE TEMPERATURE ('C) 

Flg.47 +5 VOLT SUPPLY CURRENT 

Flg.43 RDE, SWE 

2500 

2000 

en 1500 
c 

j 
1000 

500 

~ 200 ns r; \ I MIN. 

. R~:'L~ __ JL 
DAV 

I 

\.-.- 500 ns _ I 
I MAX. --, 

Flg.44 RDAV 

wORLcAJ / 
L--

I): /./' --/' 

.~ 
./ 

KNOMINAL_ 

~ 
/ 

100 200 300 400 500 

COUT pF 

Flg.46 RD1-RD8, PE,FE, OR, TBMT, DAY 

18 

17 

16 

.. 15 
E 

+ 14 VOLT SUPPL ~ CU~RENI 

......... 
t"---..... 

yWORSTCASE 

t--.. 
r-. 

1"'--..... ..... ...... ......... 

_8 14 
~ 

13 

12 

NOMI1NALf-

1"-, 
...... 

t--. ..... 

10 20 30 40 50 60 70 

CASE TEMPERATURE (OC) 

Flg.48 +14 VOLT SUPPLY CURRENT 
(AY-3-1014A only) 



AY-5-1016 AY-6-4016 

Random/Sequential Access Multiplexers 

FEATURES 

• Directly interfaces with TTUDTL and MOS 
• Current or voltage modes of operation 
• Random or sequential access 
• Single ended or differential operation 
• Expandable in either the sequential or random access 

modes 
• Programmable length counter for sequential applications 
• DC to 2MHz operation 
• Extremely high off-resistance 
• Choice of Operating Temperature Ranges: 

AY-5-1016- O°C to+70°C 
AY-6-4016 - -55°C to +125°C 

• Zener network protection on all input leads 

DESCRIPTION 

The AY-5-1016 and AY-6-4016 are each a 16 Channel Random/ 
Sequential Access Multiplexer containing a programmable 4 
stage binary counter, a 4 x 16 decode matrix, and 16 single-pole 
double-throw switches. 
The Shunt Enable control line permits the selection of Current 
Mode or Voltage Mode operation and in conjunction with the 
Current Mode, matching resistors are provided to improve ac­
curacy. The Differential Mode Control allows the switches to 
operate as eight ganged pairs, while the Matrix Inhibit line allows 
multiple AY-5-1016's (or AY-6-4016's) to be connected to form 
larger multiplexing arrays. The Load Enable control allows syn­
chronous loading of the 4 address inputs on a low to high 
transition of the Clock. The DC load control is provided for 
asynchronous loading of the address inputs independent of the 
Clock and Load Enable inputs. The Sync Output occurs when­
ever Channel 15 is selected and is provided to allow expansion in 
the sequential mode of operation. Also by connecting the Sync 
Output to the Load Enable Input, the counter length can be 
programmed via the address inputs. Any desired length of from 1 
·to 16 states can be programmed in this manner. 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Vcc (+5V) 

21input 
22input 

23 input 

Load Enable 

Differential Mode Control 

VGG (-12V) 

Channel B 
Channel 9 

Channel 10 

Channel.11 

Channel 12 

Channel 13 

Channel 14 

Channel 15 

N.C. 

Series Bus 2 
Matching Resistor _2 

Shunt Bus 
VG,(GND) 

BLOCK DIAGRAM 

Top View 

2° input 
DC Load 

Clock 

Matrix Enable 

N.C. 

N.C. 

N.C. 

Channel 0 

Channell 
Channel 2 

Channel 3 

Channel 4 

ChannelS 

Channel 6 

Channel 7 

N.C. 

Series Bus 1 
Matching Resistor 1 
Shunt Enable 

Sync Output 

r*-''---------''.1E.!L~SER'ES BUS NO.' 

SHUNT 
ENABL.E 

DIFFERENTIAL 
MODE CONTROL 

SERIES BUS NO.2 
SHUNT BUS 
MaTCHING RESiStOR NO.1 
MATCHING RESISTOR NO.2 
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0> 

* LOGIC DIAGRAM 

( ) = Pin Numbers 

ADDRESS 
INPUTS 

21121 

22 (3) 

2' (4) 

Vcc~ 

VGG~ 

NOTES: 

SERI~~U~~s"~~ :~~) I I 'I I' I 1'1 I' I I' I I' I I' j I' I I' I I' I I' I I Ii' 1 I I i I I I ) 

(6) 
DIFFERENTIAL 
MODE CONTROL 

SYNC. 
OUTPUT. 

1. Direct Address gated when either DC Load = "1" or Load Enable = "0". 4. Shunt Enable = "0" connects shunt FETS into circuit. 
2. DC Load gives permanent high clock. 5. Differential Mode Control = "1" connects channels 8-15 ganged to channels 0-7. 
3. Matrix Enable = "1" inhibits matrix. 6. Sync Output = "0" when channel 15 is accessed. 

J> 
~ 
~ 
~ 
0> 

• 
~ 
'" J. 
~ 

'" 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 
VOl and Voo (with respect to Vee) ................ -20V to +0.3V 
Clock and Logic Input Voltages (with respect to Vee) . . . . . . . -20V to +0.3V 
Bus Voltages (Bus 1, Bus 2, and Shunt Bus with respect to Vee) ... -20V to .3V 
Matching Resistor Nodes (with respect to Vee) . . . . . . . . . . . -20V to .3V 
Storage Temperature . . . . . . ..•...... -SS·C to +lS0·C 
Operating Temperature Range: ........... o·C to +70·C (AV-S-l016) 

-SS·C to+12S·C (AV-6-4016) 

AY-5-1016 • AY-6-4016 

"Exceeding these ratings could cause 
permanent damage. Functional 
operation of these devices at these 
conditions is not implied-operating 
ranges are specified below. 

Standard Condilions (unless otherwise stated) 
Vee = +S Volts ±O.S Volts (Vee = Substrate voltage) 
Voo = -12 Volts ±1 Volt 

Operating Temperature (TA) =·-O·C tCl HO·C (AV-5-1016) 
-SS·C to +125·C (AV-6-4016) 

VGI= GND 

Characteristic Min 

Clock Inputs (See Flg.1) 
Repetition Rate DC 
Clock Pulse Width (q,pw) 200 
Clock Pulse Width (q,pw) 1.0 
Clock Pulse Delay (q,d) 200 
Logic Levels 

Logic "0'" -
Logic "1" Vee-l.S 

Input Capacitance -
Input Impedance 1.0 
Rise & Fall Time (tr, If) -
Rise & Fall Time (tr, If) -
Noise Immunity +0.4 

Address Inputs (See Flg.1) 
Clock Lead Time 300 
Logic Levels 

Logic "0" -
Logic "1" Vee-l .S 

Input Capacitance -
Input Impedance 1.0 
Noise Immunity +0.4 

Load Enable Input (See Flg.1) 
Clock Lead Time 300 
Logic Levels 

Logic "0" -
Logic "1" Vee-l.S 

Input Capacitance -
Input Impedance 1.0 
Noise Immunity +0.4 

DC Load Input (See Flg.2) 
Pulse Width (90% points) 400 
Logic Levels . 

Logic "0" -
Logic "1" Vee-l.S 

Input Capacitance -
Inputlmpedanc!l 1.0 
Noise Immunity +0.4 

""Typical values are at +2S·C and nominal voltages. 
NOTE 1: q,pw + q,d." Soons 

TIMING DIAGRAMS Flg.1 
1 1t r llrr '0"-

CLOCK 50","- I 
ID ... -t= ... f!+ •. .J 

.DD .... ~/,.--.----II---TI-~-
INPUTS IC!."_+~ 

LOAD 
ENAILE 

~ 
ADDRESS CLOCK 

_ LEAD TillE 

LOAD ENABLE 

~ 
CLOCK LEAD TillE 

ID ... - '--___ _ 

Typ"· Max Units Conditions 

- 2.0 MHz 
- - ns at 2MHz, (See NoiEi 1) 
- - "s at.200Hz 
- - ns See Note 1 

- +0.8 V 
- - V 
12 - pF 
- - MO VIN = +SV to -5V 
- 1.0 "s at 100kHz 
- 50 ns at2MHz' 
- - V 

- - ns 

- +0.8 V 
- - V 
6 - pF 
- - MO VIN = +SV to -5V 
- - V 

- - ns 

- +0.8 V 
- - V 
7 - pF 
- - MO VIN = +5V to -5V 
- - V 

- - ns 

- +0.8 V 
- - V 
8 - pF 
- - MO VIN = +SV to -SV 
- - V 

Flg.2 

ID"'-r-\ 
D.c. LOAD ---.!u~ 

PULSE WIDTH 

NOTE: Address Inputs and the Load Enable Input must be present during the 0 to 1 transition of the Clock. 

-------------_ .... _----_ ..... _---
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Characteristic Min 

Shunt Enable 
Logic Levels 

Logic "0" -
Logic "1" Vee-1.S 

Input Capacitance -
Input Impedance 1.0 
Noise Immunity +0.4 

Matrix Enable 
Response Time (See Fig. 3) 

TON -
TOFF -

Logic Levels 
Logic "0" -
Logic "1" Vee-1.S 

Input Capacitance -
Input Impedance 1.0 
Noise Immunity +0.4 

Dillerentlal Mode Control 

Response Time (See Fig. 4) _ 
TON -
TOFF -

Logic Levels 
Logic "0" -
Logic "1" Vec-1.S 

Input Capacita'nce -
I nput Impedance 1.0 
Noise Immunity 0.4 
Series Switches 
Ron 
(Current Mode) -

Ron 
(Voltage Mode) -

-

R off -
Turn OnTlme -

"Typical values are at 2S·C and nominal voltages. 

TIMING DIAGRAMS 

~~r:~~~l 
10'1"-: .O~\ TOFFT 

CHANNEL 0 ~ 
OUTPUT 

~~N~ ~------~ 

Flg.3 

6-96 

Typ·· 

-
-
6 
-
-

230 
120 

--
7 
-
-

200 
600 

-
-
5 
--

460 

300 

460 

S 

300 

Max Units Conditions 

+0.8 V 
- V 
- pF 
- MO V,N = +SV to -SV 
- V 

- ns } at 25· C Output voltage 
- ns response wlt1110 MO, 10 pF load 

0.8 V 
- V 
- pF 
- MO V'N= +SV to-V - V 

- ns } at 25· C Output voltage 
- ns response with 10MO, 10 pF load 

0.8 V 
- V 
- pF 
- MO 
- V 

7S0 0 hN = 100".A 
Series Bus 1 = Series 
Bus 2 =OV (Vee -SV) 
T,=2S·C 
Vee = +SV 
Vao = 12V 

500 0 V,N = +SV, RL = 300 KO 
T, = 2S·C 
Vee = +SV 
Vao=-12V 

750 0 V,N = OV , RL = 300 KO 
T, = 2S·C 
Vee = +SV 
Vaa=-12V 

- GO V,N = Vee -10V 
T, = 2S·C 

- ns Output Voltage Waveform 
with 10 MO, 10 pF load 
T, = 2S·C 

DIFFERENTIAL 9~'11.-- L 
CONTROL 10%------

I 

Flg.4 



AY-5-1016 II AY-6-4016 • Characteristic Min Typ" Max Units Conditions 

Sync Output (See Flg.S) 

Logic "0" +0.4 V 
{ C = 10pF ,1 Output 

- - ISINK = 1 ,6mA ~In, Load 
10F = 100 /lA min, 

Logic "1" Vee-1.0 - - V 
Rise Time (tr) - 110 - ns I at 25°C Fall Time (tI) - 40 - ns 
Response Time 

tpd- - 200 .- ns I at 25°C 
tpd + - 160 - ns 

Input Leakage 
Channels 0-15 (Per Channel) - 1,0 10 nA VIN = Vee -5V 

at 25°C 
Series Bus 1, 2 - 3,0 30 nA VBus = Vee -5V 

at 25°C 
Shunt Bus - 3,0 30 nA VBus = Vee -5V 

at 25°C 

Shunt Switches 
Ron - 850 1300 0 iIN=100/lA 

Shunt Bus = OV 
Vee= +5V 
VGo=-12V 
TA=25°C 

- 550 900 0 iIN = 100 /lA 
Shunt Bus = +5V 
Vee =+5V 
Vee = -12V 
TA=25°C 

R off - 5 - Gfl VIN = Vee -10V 
TA=25°C 

Turn On Time - 300 - ns Output Voltage Waveform 
with 10 Mfl, 10 pF load 
TA=25°C 

Matching Resistors - 460 750 0 hN=100/lA 
VBIJS= OV 

Ron - 300 500 0 iIN= 100 /lA 
VBus = +5V 

Channel Input Capacitance, 
Channels 0-15 (Per Channel) - 4 - pF 

Power Consumption - 200 - mW I Series MODE } VG<; = -12V 
- 290 - mW Shunt MODE Vee = +5V 

Current Drain 
Icc - 12 - mA 1 Series MODE } IGG - 12 - mA VGG = -12V 
Icc - 17 - mA Shunt MODE Vec= +5V 
IGG - 17 - mA 

Power Dissipation (Device) - - 600 mW 
Per Channel - - 100 mW 

TYPical values are at 25°C and nominal voltages, 

TIMING DIAGRAMS 

~~ _--;--,1 ~trr- -It'l--
SYNC. I \l r OUTPUT 

~tPd-~- tPd+~ ~ 

CLOCK 

FIG.S 
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TYPICAL CHARACTERISTIC CURVES 

1600 

Vr~:? ./" 

/' k:-2~ ~ 
V ~ ~N:J3Y- -----V V V 

-----
r--

----~ f---V 

1400 

1200 

.n 1000 

800 

600 

400 
-50 25 - a 25 50 75 100 125 150 

SHUNT MODE Ole 

700 

V'NI"-:;:-V 

~-2.!SV V 
VV ~ V 

./' 
V V V """"""VINaOV 

/' 

~ V 

600 

~oo 

!l. 400 

300 

200 

'00 
-50 -25 o 25 50 7S 100 125 150 

SERIES MODE Ole 

800,-------,----,------,----,:;,.,MAX. MATCH * } 
MATCHING RESISTOR* VIN~-5V * TYP. OF ALL 

700 f------+----b ........ ----:;:j_=-=--IM1N. MATCH* THREE CURVES 

n 



7 
Radio 7-3 

Television 7-13 
Remote Control 7-57 

Sound Generation 7-71 
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AY-3-8118 PRELIMINARY SPECIFICATION 

Programmable Phase-Locked-Loop AM/FM Radio Tuning Controller 

FEATURES 

• On-chip fluorescent display drivers (5 digits) 
• On-chip PLL directly drives varactor tuner 
• Mask programmable IFfrequency(4to 460kHz AM)(10.7MHz FM) 
• On-chip 2.6MHz oscillator (external crystal required) 
• Internal Microcomputer architecture with 128 x 29 instruc­

tion ROM 
• Internal digit and keyboard debounce circuitry 
• Single mask customization permitting options such as: 

a. Manual tune up/down, local/distant 
b. Automatic search up/down, local/distant 
c. Automatic stereo search up/down, local/distant 
d.· Scan (audition) 
e. Favorite scan 
f. Direct digit entry 

• Ten favorite station selections (any mix AM/FM) 
• AM, FM, Stereo indicator drivers 
• Optional EAROM interface or internal favorite station 

memory 
• Emulation and PROM programmable field demonstrator 

available 

DESCRIPTION 

The AY-3-8118 is a dedicated microcomputer designed specifi­
cally to control a phase-locked-loop varactor-tuned AM/FM 
radio. It is intended for use in the automotive and home stereo 
receiver market. 
The AY-3-8118 is designed to operate in a receiver system with a 
minimum of support components. The AY-3-8118 has an on-chip 
fluorescent display driver, a phase-locked-loop comparator with 
charge pump, direct keyboard decoding and built-in EAROM 

AY-3-8118 BLOCK DIAGRAM 
10 I, 1.13 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 
AY-3-8118 

v" 
C1 

C2 

C3 
DATA 110 

KDO 
KD1 

KD2 

KD3 
K04 

10 
I, 
I, 
r, 

MR 
EAROM CLOCK 

POWER ALERT 

STATION DETECT 
STEREO DETECT 

Voo 

vH , 

FMD.P. 
AM/FM 

SEGMENT A 

SEGMENTB 

SEGMENTC 

SEGMENT 0 
SEGMENT E 

SEGMENT F 
SEGMENTG 
STEREO OUTPUT 

v,o 
V""" 
AM LOOSC 

FM LO OSC 
OSCOUT 

OSCIN 
LOC/DIS 
ON/OFF 

MUTE 

interface for optional add-on unpowered memory retention. 

Being microcomputer based, the AY-3-8118 allows for internal 
ROM programming to alter operating characteristics thus per­
forming custom tuning functions. These alterations in the pro­
gram allow for various functions such as automatic or manual 
station searching, up and down scan and audition of each station, 
scan of favorite stations stored in memory, and for direct entry by 
frequency of a radio station. 

iI ............ -.p ... IIIIj •••• ~~ ......... DATA .... BUS 

7-4 

ROM 
128)( 29 

* PROGRAMMABLE TO 
EITHER OPTION 



PIN FUNCTIONS 

Pin No. Name 

Vss 

2.3.4 C1.C2.C3 

5 Data va 
6-10 KDO.KD1.KD2.KD3.KD4 

11-14 Io,1,,1..1, 

15 MR 

16 EAROM Clock 

17 Power Alert 

1B Station Detect 

19 Stereo Detect 

20 Voo 
21 Mute 

22 On/Off 

23 Lac/Dis 

24.25 OSC IN. OSC OUT 
26 FM La OSC 

27 AM La OSC 

2B Veop 
29 Veo 
30 Stereo Output 

31-37 Segments G.F.E.D.C.B.A 

3B AM.FM 

39 FM Decimal Point 

40 VHV 

ROM BASIC INSTRUCTION FORMAT 

Name K,K,K,K. 5, 5, 5, Load/ Bandl Cmd. 
Jump Step Enbl. 

BIINo. 1 2 3 4 5 6 7 8 9 10 

Function Command Step Mode 0> 

Bus Binary Code 
'0 
0 

Aepresents E 
Step # 0. 0> 

~ '0 
0 <II 
E '0 

.5 0 
0. () FM Data Band Mode 0. 

~ '0 to Bus SoS1 5 2 .5. c: 
(; (; .. 

E 
0 0 1 set AM '0 '0 E 
0 1 o set FM .. c: 0 

0 .. () ..J m 0 0 o noehange :;'l 13 13 :0 OJ 0> .. 
0; 0; c: 
Ul Ul W 

AY-3-8118 

Function 

Negative supply (ground) 

Mode control signals for ER1400 

Bi-directional data transfer line to and from ER1400. 

Outputs from controller: they strobe both the display digit· 
drive and the matrix keyboard. A digit drive is high to enable.a 
digit. 

Inputs from 4 x 5 matrix keyboard. Pull down resistors are 
provided internally. 

Master reset for the controller; on the low to high transition of 
this signal. a status restoration routine is executed. No internal 
pull up resistor is provided. 

Timing reference to ER1400. (Grounding this pin selects 
internal RAM memory.) 

This input is low to indicate Voo will drop in no less than 
BOrns. When this input is low. the keyboard is locked out and 
mute is held high. 

Input from radio; high to indicate the presence of a station. A 
pull-up resistor is provided internally. 

Input from radio; low to indicate the presence of a stereo 
station. A pull-up resistor is provided internally. 

Positive supply (12V nominal). 

Output from controller; high to silence radio during station 
change operations. 

Output from controller; high to switch radio on. low for off. 

Output from controller; high to reduce sensitivity of station 
detector to implement local/distant search operations. 

These pins are for connection to a 2.6MHz crystal network. 

This input is for the FM local oscillator. It must be divided 
externally by a +100 prescaler. 

This input is for the A~ local oscillator. 

Positive power supply to Veo buffer. 

This output is used to control the AM and FM local oscillators. 

Used to drive stereo indicator; high to indicate stereo search 
or presence of stereo station. 

Controller output ·drivers to fluorescent display; high for 
segment on. low for off. 

Band identification outputs to fluorescent display. High 
indicates band of operation. 

Connects to D.P. on display. 

High voltage power supply input to VF drive buffers. 

-Jmp, Jmp, Jmp, [d Ad Erilii Ad RoRI R2R3 Jo J, J2 J3 J4 Js Ja 
Aee Ace AM/FM AOM 

11 12 13 14 15 16 17 18192021 22 23 24 25 26 27 28 

Jump Mode Aom Data Jump Address Ld 

[(j 
PC 

29 

000 No Jump .. to Bus Program ::> 
m .. 

001 " ::> Counter 
010 = .. m 111+Data 1;; .. 
011 eli .. C Bus (111 ::> .. 1;; 
100 eq m ::> c: C A,A,A,A,) m 0 
101 > ~ c: AM Data 

~ ~ 0 
110 < C .. to B·us 
111 uneond £ 

C '0 1;; 
c: 

I~ '0 '!i 0 

" 
::; 

" " ::; 0 " < .0; < II: .. .. :;'l .. 
'0 0> OJ .. " " " 0 .. .. .. 
..J 0: 0: 0: 

Fig. 4 
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• AY-3-8118 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vos ...........•.....•• ',' •....•. -3 to 18 Volts 
Storage temperature range ••...............•.......•..•.. ' ..... -65·C to 150·C 
Ambient operating temperature range ..•.••...•••••..••....•.•.• -30·C to 70·C 

Standard Conditlo,ns (unless otherwise noted) 

VDD = +9,0 to +13.5 Volts 
Vss=OVolts 
TA.= -30·C to +70·C 

CharacterlsUc Min Max 

Locsl OSCillator Inputs 
AM Local Oscillator Input 
Logic 1 3.5 Voo 
Logic 0 ':"0.3 0.5 
Frequency Fiange 0.53 2.5 
FM Local Oscillator Input 
Logic 1 3.5 Voo 
Logic 0 -0.3 0.5 
Frequency Range 0.881 1.2 

Function InputS 
" 

Station Detect, Stereo Detect Inputs 
Logic 1 5.0 Voo 
Logic 0 

" 
--6.3 ,0.5 

Input pull up current 0.2 -1.5 
Power Alert Input 
Logic 1 7.0 Voo 
Logic 0 .- ,-0.3 0.5 
Master Reset Input 
Logic 1 Voo-2 Voo 
Logic 0 -0.3 1.0 
Keyboard Inputs fool<! 
Logic 1 5.0 Voo 
Logic 0 -0.3 '0.5 
Input pull down current 50 500 

Outputs 
Digit Strobe Outputs 
Logic 1 Voo-3 Voo 
Logic 0 2.0 3.0 
Segment A-G, FM, AM, Stereo Outputs 
Logic 1 Voo-3 Voo 
Logic 0 
Muta LocsVDiii8iii Outputs 

2.0 3.0 

Logic 1 5.0 ' Voo 
Log!£,p 0 0.5 

, On/Off Output 
Logic 1 ' 5.0 Voo 
Logic 0 0 0.5 

EAROM Interface 
, , 

DatartO 
Input Logic 0 '- -5 
Input Logic 1 Voo-2 -
Output Logic 0 0 Voo-8 
Output Logic 1 Voo-2 Voo 
EAROM Clock, C1, C2, C3 Outputs 
Output Logic 1 0 Voo-8 
Output Logic 0 ' VDo-2 Voo 

Power Supply Current 
100 - 40 

Display Input Voltage 
VHV 0 24.0 

Varactor Input Supply Voltage 
Veop 0 18.0 

7-6 

'Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at' these conditions is not implied­
operating ranges are specified below. 

UnHs CondHlons 

V 
V 

MHz 

V 
V 

MHz 

V 
V 

mA 

V 
V 

V 
V 

V 
V 

/loA 

V at 2.1mA 
V atO.7mA 

V atO.7mA 
V, atO.7mA 

V atO.5mA 
V atO.1mA 

V ,at 1.5mA 
V at 0.1mA " 

V 
V 
V 

V 

mA 

V 

V 



OPERATION 

The functions of the AY -3-8118 are controlled by the self-contained 
microcomputer within the chip. The microcomputer uses several 
working registers which are under control of the Program ROM. 

Internally the chip takes the AM or FM local oscillator input and 
compares it against a preselected frequency count digitally. The 
preselected frequency can be inserted by the user either from 
direct keyboard entry or from memory (internal RAM or external 
EAROM). The filtered Vco output is then changed either up or 
down in voltage to make the local oscillator agree in frequency 
measurement with the preselected frequency. -

The AY-3-8118 uses a 2.6MHz crystal to control the on-board 
oscillator which produces the total internal clocking functions. 
The microprogram is used to control the features operations such 
as scan the keyboard, display the frequencies and band selection. 
An important feature of the AY-3-8118 is the internal window 
register which is programmed to display a fifth alphanumeric 
segment digit on the display. This fifth digit may be used to display 
the functional mode of the chip and indicate when the chip is in 
the program mode, automatic search mode, entry mode and the 
stored program number. 

The AY-3-8118 contains a RAM for program storage, thus requiring 
power to remain on the chip for memory. An optional EAROM, 
General Instrument part number ER1400 can be interfaced directly 
with the AY-3-8118 to store program information without power 
having to remain on. 

AY-3-8118-001 and-002 STANDARD PARTS 

General Instrument has developed two standard AY-3-8118 parts 
for circuit evaluation, system developments and general use. 

These parts share the same functions and differ only in their AM 
local oscillator input frequencies. The AY-3-8118-001 has been 
programmed to accept an I F frequency of 260 k Hz and the 
AY-3-8118-002 accepts 455kHz as an AM IF input frequency. 

AY-3-8118 

The AY-3-8118 standard parts are programmed to do the following 
functions: 

1. Automatic and manual search tune both the AM and FM 
bands in both local and distant modes 

2. Accept manual entry of station frequencies digit by digit 
3. Display AM and FM functions on the display 
4. Accept 10 favorite stations in AM, FM or any combinations 
5. 19-key keyboard with 1 spare 
6. Mode Window to indicate Enter, Program and Auto Modes 
7. Automatic Stereo Search 
8. Keyboard power ON/OFF 

The keyboard layout is as follows: 
10 I, 

KDo 

KD, 

KD2 

KD3 

KD. 

0 

4 

8 

AM 

NOT USED 

PROGRAMMING 

1 

5 

9 

FM 

UP 

2 3 

6 7 

LOC DIS 

STEREO ON/OFF 

DOWN P/B SET 

Custom programs can be composed and simulated with the 
AY-3-8118 emulator available from General Instrument Micro­
electronics. This emulator when connected to an appropriate 
teletype with a paper tape punch enables the customer to produce 
a custom program to control his receiver system and a punched 
tape of the program. The tape then enables General Instrument 
to manufacture a custom mask and produce custom programmed 
AY-3-8118s. 

Also available will be field demonstrators which consist of a 
ROM-less AY-3-8118 supported by standard PROMs all on a single 
printed circuit board. This field demonstrator will enable a 
customer to demonstrate his custom programs in a small module 
which can be contained in a prototype system. 

For more information on AY-3-8118 emulators, and field demon­
strators, contact any General Instrument Microelectronics 
sales office. 

I'" WOROTlME .1 
~ }--t--INTERD1GIT BLANKING TIME 

KD r--o~+I __ · ______________ ~ ____ ~r__Il _________ __ 

DIGIT 
OUTPUTS 

SEGMENTS 

o--lt"+DIGIT~ 
KD, TIME· IIL __________________ --'r__I ... ___ _ 

KD, 

KD, 

KD. 

S. 

S. 

So 

So 

So 

S. 

So 

d.p. 

____________ ~r__lL_ ________________________ ~r--

__________________ ~r__l~ ______________________ __ 

________________________ ~r__IL_ ______________ __ 

FUNCTION FREQUENCY READOUT 
MODE 

ACTUAL ,-, . I Ii r ,-, 
DISPLAY ,-, I LI O. J 

KDo KD. K03 KD2 KO, 

SEGMENT 
DESIGNATION 

Fig. 5 DIGIT STROBE AND DISPLAY LOGIC TIMING DIAGRAM 
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Function 

Read Keyboard 
Read Keyboard Numeric 
Reset Keyboard Latch 

Reset Long Time Counter 

Read Long Time Counter 
(20 msec) 
Read Long Time Counter 
(50 msec) 
Read Long Time Counter 
(110 msec) 
Read Long Time Counter 
(500 msec) 
Read Status 
Set On/Off 
Reset On/Off 
Set Local/Dist 
Reset Local/Dist 
Set Stereo 
Reset Stereo 
Set Mute 
Reset Mute 
Set Stereo Blank 
Reset Stereo Blank 
Load All (Sl,S2,S3, & Window) 
Load Window 
Load Sl 
Load S2 
Load S3 
Set Up F/F 
Reset Up F/F 
Set Search F/F 
Reset Search F/F 
Inc/Dec Freq. Counter 
Send Favorite to EAROM 
Recall Favorite 
Send Favorite to EAROM 
Recall Power Freq. 
Send Power Status & Window 
Recall Power Status & Window 
Recall Status Only 
End Erase 
End Write 

'Send Status Only 1101 
X = Don't Care 

K4 

0 
0 
0 
0 
0 
1 

a 

0 

a 

0 
a 
0 
a 
a 
a 
a 
0 
a 
a 
a 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

8 of 29 Internal ROM Bits 

K3 K2 K1 R3 R2 R1 RD Secondary 

0 0 1 X X X X 
0 1 0 X X X X Reset Keyboard Latch 
0 1 0 X X X X Read Keyboard Numeric 
1 1 1 0 X X X 
1 0 a X X X X 
1 X 1 X X X X Reset Stereo Blank 

1 0 1 1 1 1 a 

1 0 1 1 1 0 1 Set Mute 

1 a 1 1 a 1 1 

1 0 1 0 1 1 1 
1 1 a X X X X 
1 1 1 0 0 a 1 Reset Keyboard Latch 
1 1 1 0 1 1 1 Reset Keyboard Latch 
1 1 1 0 a 1 1 Reset Keyboard Latch 
1 1 1 a 1 a a Reset Keyboard Latch 
1 1 1 a 1 a 1 Reset Keyboard Latch 
1 1 1 0 1 1 a Reset Keyboard Latch 
1 a 1 1 1 a 1 Read Long Time Counter 50 msec 
1 1 1 1 a 0 a Reset Search 
1 1 1 1 a a 1 
X X X X X X X 
1 1 a X X X X Reset Stereo Blank, Ld. Window 
X 1 0 X X X X Reset Stereo Blank 
a 0 1 X X X X Reset Stereo Blank 
a a 0 X X X X Reset Stereo Blank 
a 1 1 X X X X Reset Stereo Blank 
1 0 0 0 0 0 1 Set Search FF, Reset Stereo Blank 
1 0 0 0 a 1 a Set Search FF, Reset Stereo Blank 
1 a a a a X X Reset Stereo Blank 
1 1 1 1 a a a Reset Mute 
1 a a 1 a a a Reset Stereo Blank, Reset LTC 
1 a 1 a a a a Reset Stereo Blank, Reset LTC 
1 0 1 a 0 a 1 Reset Stereo Blank, Reset LTC 
1 0 1 0 0 1 a Reset Stereo Blank, Reset LTC 
1 a 1 a a 1 1 Reset Stereo Blank, Reset LTC 
1 0 1 0 1 0 X Reset Stereo Blank, Reset LTC 
1 0 1 a 1 1 X Reset Stereo Blank, Reset LTC 
1 0 1 Reset Stereo Blank, Reset LTC 
1 1 1 a a a 1 Reset Stereo Blank, Reset LTC 
1 1 1 a a 1 a Reset Stereo Blank, Reset LTC 

Fig, 6 STANDARD FUNCTIONAL .MICRO INSTRUCTION FORMAT 
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I ~:< r'.~ 1° 0000 FMAM 

U UUUU STEREO " -, 
rr 1 

~-.( i'o~ -, 
" 2 

~~ ~ i'o~ ;: 
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IIIIIIIIk _______ A_Y_~3_-8_1_2_0 ______ ~ PRELIMINARY INFORMATION 

Programmable Phase-Locked-Loop AM/FM Radio Tuning Controller 

BASIC FEATURES 
• Microcomputer Controller 
• Covers standard AM/FM bands including the new 

FCC created bands 
• Stores 10 favorite stations-5 AM-and 5 FM 
• Manual two speed tune up and down 
• Signal Seek Up-scans up frequency band at a rate of 

20 channels per second. Stops at first valid station 
and locks loop 

• Mute Output controls receiver amplifier during 
tuning operations 

• Four digit common anode LED display direct drive 
• Interfaces with General Instrument EAROM for unpowered 

station memory 

OPTIONAL FEATURES 
• I nter/aces with remote control operation easily 
• Direct digit by digit frequency entry by keyboard 
• Favorite Station scan-scans only frequencies stored 

in memory 
• Pin Programmable IF correction-compensates for 

inaccuracies of filters used in FM reception 
• On board time-of-day clock 

BLOCK DIAGRAM 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 
AY-3-8120 

to be defined 

DIGITAL TUNING SYSTEM FOR AM/FM RADIOS 
.;0-r--<> 

I 'MH, I "-r-CRYSTAL 
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I I "-I 
c. O,C 

7493N RESET 
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~ c, Fl "E~~'" '" 
C, -" J-c RTCC CO 
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Q. '" " II L-

., " " ., e, 4 DIGIT 
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V' , V~ V SEEK 
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SYSTEM OPERATION 

An external TTL counter is used to divide the AM local oscillator 
frequency by sixteen. This input then drives the PIC real time 
counter. The maximum AY-3-8120 input frequency is 125 kc/s 
since the maximum AM local oscillator frequency is 2 mc/s. By 
dividing the FM local oscillator frequency by a further eighty, an 
input similar to the AM frequency is obtained. 

Typical time specifications require the station tobetuned towithin 
150 kc/s on the AM range and 20 kc/s on the FM range. This 
requires the frequency to be measured to an accuracy of 14 bits. By 
utilizing the parallel output from the TTL counter as intputs to the 
AY-3-8120, the time taken to measure to this accuracy can be 
reduced to some 8 milliseconds. Over this period of time, one bit 
will be equivalent to 125 kc/s on the AM range and 10 kc/s on the FM 
range. 
During the scan mode the frequency measurement need only be 
sufficiently accurate to reliably display the station frequency. 

AY-3-8120 _ 

Measuring to 12 bits over a 3ms period is sufficient for stations 
separated by 10 kc/s on AM and 200 kc/s on FM. The nearest 
channel Is displayed i.e., the display changes about the middle of 
the frequency gap between two stations. The scan rate should be 
about 20 channels/sec. 
In the control loop the AY-3-8120 keeps measuring the input 
frequency and compares it with an internally generated number. 
Any error causes the PIC to generate a pulse on either the charge 
up orthe charge down line. A small error causes the AY-3-8120to 
put out a series of very short pusles, the number of pulses 
dependent on the error. In the tune-up or tune-down mode the 
PIC generates a long pulse on each increment of channel on the 
appropriate output and then a series of shorter pulses to properly 
tune-in the station. When the push buttons are held down contin­
uously, a DC level is applied on the appropriate output. During 
this time the receiver is muted. The value of the change capacitor 
is so chosen that the maximum setting time is lOOms. The maxi­
mum allowable ripple on the tuning voltage is 300/1V in lock. 
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T-1002. T-1102 T-1201 

OMEGA / 82 Channel Digital Tuning System 

SYSTEM DESCRIPTION 
The Omega System combines an electronic solid state channel 
selector with a VHF/UHF varactor tuner pair. The system accepts 
a calculator-like 2 digit keyboard entry and provides the selected 
channel number on a two digit seven element display. Controls 
are also provided for fine-tune, coarse-tune, search, digital step 
tuning up and dOwn. Single digit entry for favorite television 
channels is available as a design option. 

The digital counterparts of the analog channel voltages cor­
responding to the frequencies tuned are stored in a non-volatile 
Electronically Alterable Read Only Memory (EAROM) which 
retains, without standby power, the desired coarse-and fine-tune 
data for all channels. The system has been designed to be 
extremely insensitive to supply voltage variations, component 
aging and environmental changes. Thetuning accuracy depends 
only on a single well regulated reference voltage for its stability. 

The method of D/A conversion used is a pulse width modulator 
driving a low-pass filter. The DC component out of the filter is 
applied to the varactor tuner. A complementary MOS device is 
used between the control chip and the low-pass filter to achieve 
the precise and stable amplitudes required at tho input to the 
filter. 

The EAROM is a 1400 bit solid state memory organized into one 
hundred words of 14-bits each. This technology provides a non­
volatile memory for 98 channels of tuning information. Two 
words or lines in the EAROM are reserved to remember the two 
digit channel number for the last program selected by the viewer. 
When the set is turned on again after being off indefinitely, it 
automatically selects the last channel selected before shut down. 
Each word can be erased and rewritten without affecting the 99 
other words and is updated any time the viewer adjusts the tuning 
of his set. Adequate space in the memory is provided for the 12 
VHF and 70 UHF channels, plus 16 locations reserved for other 
services. 

BLOCK DIAGRAM 
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I ENTRY KEYBOARD 
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Control Chip (T-1002) 
The control chip scans the keyboard at a 14 kHz rateon constant 
alert for a switch closure. A closure may command one of the 
following functions: 

(a) Two digit random channel selection 
(b) Channel stepping (units or tens digits) 
(c) Coarse-tune 
(d) Fine-tune 
(e) Search 

The control chip also is designed to accommodate a signal input 
from a remote control receiver and aUpower-up" signal from a 
power supply to trigger the last-channel-viewed function. 

Display Chip (T-1102) 
Each digit of the channel numb'er entry is converted into a one­
out-of-ten code and serially sent to the display chip where it is 
stored and decoded both for a seven segment or character 
generator display and for band switching. 

EAROM Chip (ER1400) 
This channel number is also used as a two digit address (00 thru 
97) for the EAROM memory to locate the corresponding memory 
line. This twenty bit address is sent serially to the EAROM on a 
single wire bi-directional data bus. 

The EAROM memory is designed to accept a two digit 20-bit 
address. This format was selected to provide ease of keyboard 
encoding, ease of display encoding, EAROM address decoding, 
and ease of address incrementation (one bit shift) .. 

The slow speed and simple timing requirements of the memory 
permit address and data to flow both to and from memory on a 
single wire. A further economy of interconnects is achieved by 
using a three bit parallel code to command the memory into one 
of its seven modes of operation including: Input Address, Input 
Data, Erase, Write, Read, Data Out and Stand By. 

For a complete description of the operation and specifications of 
the ER1400, refer to the separate data sheet in this section. 

D/A Converter Chip (MEM 4956) 

The CMOS D-to-A converter chip provides interface between the 
control chip outputs and the filter. In order to achieve optimum 
trade-off in the D/A system between clock frequency .. ripple 
content of the filter output, and filter settling time, the 14-bit 

T-1002 • T-1102 • T-1201 • 

conversion is done in two parts. The 10 most significant bits 
generate a variable duty factor waveform with 1000 resolution 
elements of fixed amplitude. ' 

The four least'significant bits are used to generate a narrow pulse 
(equal in width: to one coarse resolution element) but variable in 
amplitude to 15 discrete levels. The variable width and variable 
amplitude components are multiplexed together in the CMOS 
chip and drive the input tothelow-pass filter. Thefilter integrates 
the area under both component waveforms and delivers a dc 
voltage to the varactor tuner. The ripple is kept below 100 pV and 
the settling time is about 50ms. This is accomplished with a 
maximum clock rate of 1 MHz and with a resolution of 1 part in 
15,000 of the reference supply voltage. . 

For a complete description of the operation and specifications of 
the MEM 4956, refer to the separate data sheet in this section. 

Interface Chip (T-1201) 
Where single digit entry is required for up to 20 favorite channels 
a fifth Chip (Interface Chip) is added to the system. This Interface 
Chip is a PMNOS device incorporating a 20 line non-volatile 
memory (EAROM) of 12 bits per line together with all logic 
functions to address the 20 line memory as well as to interface 
directly with the rest of the Omega system via the control chip 
keyboard input lines. 

Each memory line in this chip is capable of storing a two digit 
channel number ("zero" before a single digit channel number) 
which is entered via a tens and ones input that can be sequenced 
through 0 to 9 with wraparound, but without carry over and can 
be stored by pressing a store button. 

The channel number output from the display chip always shows 
the correct channel number that is stored in the data registers of 
'the interface chip whenever any function on it is selected. 

The tuning volta~e output from the DAC also corresp~nds to the 
data stored in the main 100 line memory for that channel number. 
The Interface Chip uses a binary input keyboard to provide single 
digit access to each of up to twenty memory lines via a diode 
matrix or to directly interface with binary coded, remote systems 
for a single digit address. 

Provision has been made for sequencing through all 20 memory 
lines, for simplified remote control, with the capability of 
introducing a skip code (O,O)to bypass any memory line. Memory 
line or single digit button number outputs are also available in 
both binary and BCD formal. 
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SYSTEM OPERATION 

A. Two digit entry (4 chip OMEGA system) 

To select a channel the viewer depresses two digits ("zero" 
before a single digit channel number) on a keyboard connected 
to the keyboard entry pins on the control chip. A one of six 
subroutine counter in the control chip is used to continuously 
scan the keyboard for a closure which then stops the scanner. A 
debounce device is used to confirm the closure after a debounce 
period of approximately 15 msecs. Confirmation of key closure 
converts the subroutine counter into a shift register which passes 
the data contained in it to a register in the display chip. The 
process is repeated when the second digit is entered. When 
both digits of a valid entry are received by the data registers in the 
display chip the following sequence occurs. 

a) The control'chip addresses wordlline 99 in the 100 line 
main memory (EAROM) via the EAROM address register. 

b) One digit of the channel number stored in the display chip 
registers is shifted via the control chip to the data register of 
the EAROM and upon receiving a "write" signal from the 
control chip the data is shifted into the EAROM memory 
line accessed by the address register (in this case line 99). 
This is repeated for writing the second channel number 
digit into line 98 and the combination represents the storing 
of the last channel viewed information used during power 
up of the system. 

c) After storing the last channel viewed information the 
channel number stored in the display chip register is sent 
via the control chip to the address register olthe EAROM so 
that the memory line corresponding tothischannel number 
can be read on command from the control chip. 

d) The. read-from-memory command causes the data in the 14 
bit memory line accessed to be read into the Data register of 
the EAROM and from there out to a 14 bit register in the 
control chip which also doubles as two polynomial 
counters of 10 and 4 bits. 

e) After receiving the information from the data register of the 
EAROM, the 14 bit register in the control chip becomes a 
ten bit and a four bit polynomial counter. The 10 bit 
polynomial counter is used to produce, via a set/reset flip 
flop, a variable duty cycle square wave (amplitude is Voo to 
Vss ) which is used to generate, via the CMOS DAC, the 
coarse tuning voltage corresponding to the code in the line 
of the EAROM that was accessed. 

f) The four bit polynomial counter acts similarly to the 10 bit 
counter, but in a differenttime frame. Itgives a variable duty 
cycle square wave at a frequency of approximately 67kHz. 

7-16 

g) The coarse and fine tunedata is fed from the control chip to 
the DAC where it is amplified to the level of VREF (tuning 
voltage reference). The fine tune information isalso filtered 
to a DC level and then inserted at the end of each coarse 
tune pulse. It is this combined output of the DAC that"is 
filtered by a 5 pole filter network to produce the tuning 
voltage VT for the varactor tuners. The output impedance of 
the filter is approximately 47K ohm and its rise time is about 
50 msecs. 

Operation of the fine tuning controls (UP or DOWN) on the 
control chip alters the 4 bit polynomial.counter which has carry 
over to the 10 bit polynomial counter. Therefore use of these 
controls allows the user to scan through the total tuning voltage 
range at a speed that is determined by the time constant of the 
network connected to pin 37 of the control chip. Alteration of the 
time constant is used to provide coarse tune speed for set up, as 
well as equalization of the tuning rate (MHz/sec) between VHF 
and UHF.' 

The action of the store-fine-tuning command, which may be 
made manually, 'or automatically on release of the fine tune 
button, cause the two polynomial counters to chain together into 
a 14 bit shift register which then shifts its contents into the data 
register of the EAROM which. is then written into the memory line 
of the EAROM corresponding to the channel number that is in its 
address register. 

The new tuning data is still retained in the control chip register 
which returns to its polynomial counter mode and continues 
operating as previously described. 

On power-up, a master reset pulse is generated in th~ control 
chip to reset all clocks. The control chip then also addresses lines 
99 and then line 98 of the EAROM in sequence causing the 
information stored in those lines (last channel number viewed) to 
be put into the display chip register (if last channel viewed option 
is used) which then starts up the sequence described previously 
just as if this data came from the control chip keyboard. Read and 
write times of the EAROM lines are approximately 20 msecs. All 
times are referenced to .the internally generated 1 MHz clock in 
the control chip. 

Channel number information in the display chip register is used 
to automatically decode the band information which is fed out as 
logic signals by the 4 band outputs of the display chip. The 
channel number information is also available (depending on 
display chip used) in a form suitable for common anode type 
seven segment displays (units and tens digit information are 
separate) or for character generator type display in BCD format. 
Timing waveform outputs and inputs are provided on the display 
chip for decoding channel number information where 
appropriate. 

B. One digit entry (5 chip option) 
The use of the Interface chip for single digit entry for up to 20 
favorite channels does not basically modify the operation of the 
system as described above. This chip interfaces with the 
keyboard lines on the control chip and the operational sequence 
is identical to that of a two digit entry from the keyboard except 
that the two digit information comes from the Interface chip 
register which is fed the two digit channel number information 
stored in one of its twenty memory lines (non volatile), which can 
be accessed by single digit entry as described above. 

When the Interface chip is used there is an option available as an 
alternative to the obtaining the last channel viewed on power-up. 
This alternative option always returns the system to memory line 
"one" on the Interface chip on power-up. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss ........................... +2DV to -.3V 
Storage Temperature Range ................................. -35°C to +85°C 
Operating Temperature Range .................................. DOC to +85°C 

T-1002 Standards Conditions (unless .otherwise stated) 

Vss = Ground 
Voo = +12V ±1.2V 
TA = DOC to +7DOC 

Characteristic 

Supply Voltage, Voo 

Supply Current, 100 

Master Clock, fm 

Fine Tune Clock, f, 

Inputs: 
Logic "1" 
Logic ".0" 

Outputs: 
Logic "1" 
Logic ".0" 

Rise & Fall Time t" tf 

T-1102 Standard Conditions 

Vss = Ground 
Voo = +12V ±1.2V 
TA = DOC to +7Do C 

Characteristic 

Voo 

100 

VL 
Quiescent Current 

VLN (Logic Low Signal In) 

VHN (Logic High Signal In) 

VLO (Logic Low 
Signal Out) 

VHo (Logic High 
Signal Out) 

!Ill (Units & Tens Clock) 

TR, TF 

!/l2 
Duty Cycle (2)1 (Typical) 

Duty Cycle (2)2 (Typical) 

T OELAY 

T R' TF 

ROUT 

Vo 

Ie 

Min. Typ. 

1.0.8 12 

- 15 

.0.7 .0.8 
9.7 11.2 

8 . .0 -
.0 . .0 -

Voo -2 -
.0 . .0 -
- -

Min. Max. 

1.0.8 13.2 

- 1.0 

Vss Voo 
- 1.0 

.0.0 1 . .0 

8 . .0 Voo 
.0 . .0 1 . .0 

Voo -2 Voo 
Vee -3 Veo 

9.2 16.8 

- 55.0 

9.2 16,8 

1/12 of clock Frequency 

1/6 of clock Frequency 
,45 .55 

- 1 
- 24 

2.DV Variations 
Between 

These 
Outputs 
on any 1 

chip to be 
1V Max, 

1.6 -

Max. 

13.2 

35 

.0.9 

12.5 

Voo 
1 . .0 

Voo 
.0.5 
1 

Units 

V 

mA 

V 

mA 

V 

V 

V 

V 
V 

kHz 

ns 

kHz 

.us 

.us 

kO 

V 

mA 

T-1002 • T-1102 • T-1201 

"Exceeding these ranges could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Units Conditions 

V 

mA With clock running 

MHz R = lDDK ± 5% to Voo 

kHz C = 68, 75, or 82pF ± 1.0% to Vss 

V 
V 

V 
V 

,us 

Conditions 

With clock running 

Clock Frequency = DHz 

At all inputs unless otherwise specified. 

At all inputs unless otherwise specified. 

For Pins 8, 9, 1.0, 11 & 28 into 1 MO, 2DpF load 

For Pins 11, & 28 into 1 Mg, 2DpF load 
For Pins'8, 9, & 1.0 into 1 Mn, 2DpF load 

Pins 1, 5 

Pins 1, 4, 5 

Pin 4: 

Pins 1, 5. 

Pin 4. 

Delay between rise of (2)1 and (2)2 = llF 
Pins 8 thru 11 and 28 Load = lDpF 

IL = lmA Pins 3,7,38,39 

At 10 Min. = 17mA. Additionally each output 
shall be capable of sustaining 10 max 25mA pins 
13,14,15,16,17,18,19,21,22,23,24,25,26,27, 
For LED display only. In the off condition leakage 
current at +20V to be ne greater than lD)JA. 

For indirect display drive -13,14,15, 16,24thru 
27. Outputs to be compatible to TTL or CMOS 
witheut interface. Vo = D.6V, 
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ER1400 

1400 Bit Serial Electrically Alterable Read Only Memory 

FEATURES 

• 100 Word x 14 bit organization 
• Word alterable 
• 10 years unpowered data storage 
• Write/Erase time 20ms/word 
• Single -35 volt supply 
• No voltage switching required 
• MOS compatible signal levels 

DESCRIPTION 

The ER1400 is a serial input/output 1400 bit electrically erasable 
and reprogrammable ROM. organized as 100 words of 14 bits 
each. Data and address are communicated in serial form via a 
one-pin bidirectional bus. 

Addressing is by two consecutive one-of-ten codes. 

Mode selection is by a 3 bit code applied to C1. C2 and C3. 

Data is stored by internal negative writing pulses that selectively 
tunnel charge into the oxide-nitride interface of the gate insulator 
of the 1400 MNOS memory transistors. When the writing voltage 
is removed the charge trapped at the interface is manifested as a 
negative shift in the threshold voltage of the selected memory 
transistors. 

BLOCK DIAGRAM 

14 BITS DATA REGISTER 
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PIN CONFIGURATIONS 
Standard package 
14 LEAD DUAL IN LINE 

Vss (GND) v. (N.C.) 

Vee (-35V) N.C. 

N.C. Oata JlO 

N.C N.C. 

N.C., N.C. 

Clock C3 

Cl C2 

READ 

WAITE 

ERASE 

Special Order Package 
8 LEAD TO-8 (ER1400T) 

Bottom View 

1 Data 110 5_ Clock 

2. VM (N,C.) 6. Cl 

3. Vss (GND) 7. C2 

4 Vee. (--35V) 8. C3 

C, 

C, 

C3 



ER1400 

PIN FUNCTIONS 

Name 

Data 

v ... 
vss 

VGG 
Clock 
C1,C2,C3 

Function 

In the Accept Address and Accept Data modes, this pin is an input pin for address and data respectively. 
In the Shift Data Out mode this pin is an output pin designed to drive MOS. In Standby, Read, Erase 
and Write, this pin is left floating. . 

Used for testing purposes only. Must be left unconnected for normal operation. 
Chip substrate. Normally connected to ground. 

DC supply. Normally connected to Vss -35 Volt supply. 
Timing reference. Required for aU operations. May be left at logic zero when device is in standby .. 
Mode control pins. Their operation is as follows: 

Q1 C2 C3 Function 

0 0 0 Standby - contents of Address and Data Register remains unchanged. Output buffer is left 
floating. 

0 Accept Address - Data presented at the I/O pin is shifted into the Address Register with each 
clock pulse. Addressing is by two consecutive one-of-ten codes. 

0 0 Read - The address word is read from memory into the data register. 
0 Shift Data Out - The output driver is enabled and the contents of the Data Register are shifted 

out one bit with each clock pulse. 
0 0 Erase - The word stored at the addressed location is erased to all zeros. 

Accept Data - The data register accepts serial data presented at the 110 pin. The Address 
Register remains unchanged. 

0 Write - The word contained in the Data Register is written into the location designated by the 
Address Register. 

0 0 Not Used 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

All inputs and outputs 
(except VGG ) with respect to Vss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -20V to +0.3V 
VGG with respect to Vss ................................................... -40V 
Storage temperature (No Data Retention) ...................... -65°C to +150°C 
Storage temperature (with Data Retention) 

Operating ................................................. -25°C to +75°C 
Unpowered ............................................... -65° C to +80° C 

Standard Conditions (unless otherwise noted) 
Vss = GND 
VGG = -35V ± 8% 
Operating Temperature (TA ) = O°C to +70°C 

Characteristics Symbol 

DC CHARACTERISTICS 

Input logic "1" Vll 
Input logic "0" VIH 
Input leakage Il 
Output logic "1" Val 
Output logic "0" VOH 
Power consumption PGG 
Power supply current IGG 

AC CHARACTERISTICS 

Clock Frequency fi/J 
Clock duty cycle DI/J 
Write time tw 
Erase time te 
Rise, fall time tr, If 
Control, Data set up time !cs 
Control, Data hold time !cH 
Propagation delay tpw 
Unpowered non-volatile data storage Ts 
Number of erase/write cycles Nw 
Number of read accesses between writes NR• 

··Typical values are at +25° C and nominal voltages. 
NOTE 1: Ts is for powered or unpowered storage: 

Min Typ" Max 

Vss-15.0 - Vss-8.0 
Vss-1.0 - Vss+0.3 

- - 10 
- - Vss-12.0 

Vss-1.0 - Vss+0.3 
- - 300 
- - 8.0 

10.0 14.0 17.0 
35 50 65 

10.0 20.0 24.0 
10.0 20.0 24.0 
- - 1.0 
1 - -
0 - -
- - 20.0 
10 - -
- - 10' 
10· - -

·Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Units Conditions 

V 
V 

/lA VIN = -15V 
V Load = 1.5MO, 100pF 
V ISOURCE = 200/lA 

mW 
mA 

kHz 
% 
ms 
ms 
/ls 
/ls 
/lS 
/ls Load = 1 MO, 100pF 

Years See Note 1. 
- Per word. See Note 2. 
- Per word 

NOTE 2: Nw (-10') is a maximum for data retention times greater than 10 years. beyond 104 reprograming cycles, there is a 
gradual, logarithmic reduction in retention time with 1 year being a typical value after 10' cycles. 
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_ER1400 

TIMING DIAGRAMS 
CLOCK 

C2~~'~ __________ ~ ________ ~ __________________________________ J-

C3-'~ ____________________________ ~ ________________________ -L-C 

A L...J __________________ U _______ " ___________ _ 
ADDRESS L90..j..aO~70~SO~SO~40~30~20~,0.)...O±, 9-l-a-l-7-l-s-l-s-l-4-l-3-l-2-l-,-l-Oj 

LOCAT'ON I. " '" MSB ' - ' LSB------'------..j.j 

NOTE: Addressing is via two consecutive one-at-ten codes. Address 99 is illustrated. 

Flg.1 ACCEPT ADDRESS 

0, L_f""LflJLJulJ1..JUlJLr ~ 
C, I I " 0 
~" 1 

I I 
C2--~I--~I----------~/'~------------

c3--~I--*I--------~/~'------------
----1 L 1 CLOCK CYCLE REQUIRED 

Flg.2 READ 

o LSlSULJ"LJl"J"liUlSlJ ~ 
Cl 

1/ 

C2 I!-j --------------'{f','-----------:-~:~ 
C3 ----7---------------.,1-------------:- 0 

7-20 

\--------'.---------1 
Flg.4 ERASE 

o LJLJlJLJlJl,,J1SlS1J""LJ ~ 
C, ~,-____________ --;,\,~' __________ _J'~ 

C21 /1 1 0 
~I----------------r'f----------~~I 1 

// 
C3 f--I.----,.------I.I 

Flg.S WRITE 

600 

500 

400 

lo~ {PAl 
300 

200 

100 

Vss-o.s -2 -2.5 

Flg.a TYPICAL OUTPUT SOURCE CURRENT VI 
OUTPUT VOLTAGE 

CLOCK LJlJ1..Jl.JU1"jU1SUl.J 
c,-h I 1 

I j I /,' I 
C2 

DATA 
lOUT) 

T pw measured initially from control IInetranS+llon 10 data ouI. then measured from the 
positive clock edges to data Changes Timing measurements are made at v~~ 2 and 

10 vall POints 

Flg.3 SHIFT DATA OUT 

Cl 1'-____________ --;,"-________ ----', ~ 

c21 /,' ,~ 

C31 /,' ,~ 
DATA :~: I 

\------14 CLOCK PERIODS -----1.1 
Flg.5 ACCEPT DATA 

, 1 I"" ---, r'" ""11 
CLOCK --'v~, 2V I \V" 2V N, 

C,C2C3 ~ MAY \V CONTROL LINES W--, , -----1 CHANGE 'I STABLE t-
DATA(INPUT) ==x CH~~tGE J( ~~ff~~l~L~ J<:= 

lod.uAJ 

'~~! 80 

70 
60 

50 

40 r-

Flg,7 INPUT TIMING 

" 

;~fL-~~I'-7-~I~-~I~---JI~-~1 
VssB 9 ,0 11 -12 

VodV, 

Flg.9 TYPICAL OUTPUT SINK CURRENT VI 
OUTPUT VOLTAGE 



MEM 4956 

CMOS D/A Converter 

FEATURES 

• Combined and/or separate Coarse and Fine Tuning 
• 30V Tuning Voltage Range 
• High Stability 
• Low Power Consumption 

DESCRIPTION 

The MEM 4956 is a CMOS 0/ A Converter designed to operate in 
conjunction with the General Instrument Omega and Economega 
Digital Tuning Systems. 
It consists of two level shifting amplifier-drivers with a common 
output. A control input determines which amplifier is connected 
to the output. 

BLOCK DIAGRAM 

Voo VOD 
CT REF 

12 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 

Coarse Tune Input 

Fine Tune Input 

Vss (ground) 

Fine Tune Output' 

VB (-2.25V nom.) I 

Fine Tune Reference 

Voo (+28V nom.) 

VDD 

CT --------
INPUT 

}-J FT REF 
VGG VDD 6 TUNING 

VOLTAGE 

___ O~~U~ __ 

2 

FT 4 11 
INPUT FT FILTERED ~, 

OUTPUT FTINPUT 

VaG (+12V nom.) 

Fine Time Slot Input 

Coarse Tune Reference 

Filtered Fine Tuning Voltage Input 

Vo (-2.25V nom.) 

Tuning Voltage Output 

NC 

VDD VGG 

13 

FINE TIME 
SLOT 
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MEM 4956 

PIN FUNCTIONS 

Pin No. Name 

1 Coarse Tune Input 

2 Fine Tune Input 

3 Vss 
4 Fine Tune Output 

5 VB 
6 Fine Tune Reference 

7 Voo 
9 Tuning Voltage Output 

10 VB 
11 Filtered Fine Tuning 

Voltage Input 

12 Coarse Tune Reference 

13 Fine Time Slot Input 

14 VGG 

STANDBY 

Function 

Positive going pulse. The duty cycle determines the Tuning Voltage Output. 

Positive, going pulse. The duty cycle determines the Fine Tuning Voltage Output. 

Negative power supply. 

Amplified version of Fine Tune Input. Switches between Vss and Fine Tune Reference. 

-2.25 Bias used to increase breakdown voltage. 

Power supply to Fine Tune Buffer Amplifier: 28V nom. 

Power suppl.y for Logic: 28V nom. (Voo must be the most positive power supply). 

Combinec{Coarse and Fine tuning data which after filtering is used to tune the TV. 

-2.2SBias used to increase breakdown voltage .. 

The Filtered Fine Tuning Voltage connected to this input is combined with the Coarse 
Tuning Data by the action of the Fine Time Slot input. 

Power supply to Coarse Tune Buffer Amplifier: 28V nom. 

When at logic '0' the Coarse Tuning information is connected to the Tuning 
Voltage Output. When at logic '1' the Fine Tuning information is connected. 

+12V reference for input level shifting circuit. 

The -2.25 VB supply may be reduced to OV during standby provided that Voo, VRE" and VRE• 2 are reduced to+12V (VGG). The VB pins must 
not be open circuited. 

BIAS SUPPLY 

The -2.25 VB supply must have a source impedance of 2.2K or less and be decoupled to Vss by a 10nF ceramic capacitor. 

CONNECTION DIAGRAM 

+28V 
" 

FINE L ~ lN4148 
TIME 
SLOT 

+12V 
• 141 

MEM 4956 

COARSE 1 1 
TUNE 

FINE 
TUNE 

-2.25V 

-'-

7-22 

4.7K 
.A 

.33~F.l 
I 

I 8 

17 

22K 

68nF.l 

I -= 

22K 

lOOK 

lsnFi 

iOl~F 

TUNING 
VOLTAGE 

FINE 
TUNING 
VOLTAGE 



ELECTRICAL CHARACTERISTICS 

Maximum Rallngs· 
Voltage of any pin with respect to Vss pin 3 (except 

VREF1, VREF2, Vee and VB) ..................................... -0.3 to +20V 
Voltage on VREF1, VREF2, Voo with 

respect to Vss pin ....•....••......•....•................•..•... VGG to +36V 
Voltage on VB with respect to Vss pin ............................... -4 to +0.3V 
Storage Temperature Range ................................. -40°C to +100°C 
Ambient Operating Temperature Range ........................... O°C to +70°C 

Standard Conditions (unless otherwise noted) 
Vss = OV ' 
VGG = +12V ± 10% 
Voo = VREF1 = VREF2 = +28 to +30V 
VB = -2.25V ± 10% 
TA = +25°C 

Characteristic 

Input 
Logic '0' 
Logic '1' 

Fine Tune Output on Resistance 
Logic '0' 
Logic '1' 

Tuning Voltage Output on Resistance 
Logic '0' 
Logic '1' 

Output Propagation Delay 
Logic '0' to Logic '1' 
Logic '1' to Logic '0' 

Outpilt Switching Time 
Logic '0' to Logic '1' 
Logic '1' to Logic '0' 

Supply Current 
VGG, 

VB 

Vee, VRE", VREF2 (Total) 

TIMING DIAGRAM 

, VOUT 

Min. 

-0.2 
10 

-
-

-
-

-
-

-
-

-
-
-

Typ. Max. Units 

- +0.3 Volts 
- VGG Volts 

70 200 n 
100 300 n 

200 500 n 
300 700 n 

90 - ns 
BO - ns 

80 - ns 
70 - ns 

75 - )JA 

75 - /lA 
1.2 - mA 

} 

MEM 4956 

'Exceeding these ratings could cause perma­
nent damage. Functional operation oflhis de­
vice at these conditions is not implied -
operating ranges are specified below. 

Conditions 

Pin 4 connected to Pin 11 
R1 = 10K 

C1 = 100pF 

} C1 = 100pF 

Voo = VREF 1 = VREF 2 = +28V 
VGG = +12V 

VB = -2.25V 
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AY-3-8203 

ECONOMEGA / 16 Channel Digital Tuning System 

FEATURES 

• 8/12/16 Programs 
• 3/4 Bands 
• 10 bit Coarse-Tune 
• 4 bit Fine-Tune 
• Non-Volatile Memory without battery 
• Auto or Manual Tuning 
• Auto or Manual Band switching 

DESCRIPTION 

The ECONOMEGA Digital Tuning system is a three chip voltage 
synthesizer. The first chip (AY-5-8203) is an n-channel control 
chip which interfaces the remote control system, memory and 
D/A converter. The second chip (ER1400) is a non-volatile 
EAROM memory which stores the tuning and band information 
for 16 programs. The third chip is a CMOS Buffer 
amplifier/switch. This amplifies the converter output from the 
control chip to a fixed reference voltage and also contains the 
switch circuitry for the fine time slot. For detailsor] the MEM4956 
D/A converier circuit and the ER1400 EAROM, refer to the 
separate data sheet in this section. 

NOTE: 10 bits of coarse time and 4bitsoffinetunedoesnotmean 
the resolution is 14 bits (described later). The overall 
resolution is: 

Band 3 - 11 bits 
Bands 1, 2, & 4 - 10 bits 

SYSTEM BLOCK DIAGRAM 

+12V~ 

r--

ER1400 

AY-3-8203 
EAROM 

CONTROL CHIP 

I--

C 
OV"" 

() 
-23V 

7-24 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 
AY-3-8203 

Data 110 

C3 

C2 

C1 
Clock 

Start Input/Band 1 Input 
3/4 Band Select InpuVBand 2 Input 

Auto Band- { Band 3 Input 
Switching Select Band 4 Input 

Tuning Clock 

Fine Tune Up Inpul 

Fine Tune Down Input 

System Clock 

Program Read Input 
Program Up Input 

Program Down Input 

Load Inpul 

Inpul/Output Select 

8/12116 Program Select Input 

+28V 

( 

MEM JVV\r -'\,AV V-

4956 FINE 

D/A 
TUNING 

f---, 

Top View 

A vv 

~~ ~ 

T 
<)' 
-2V 

," 

Vee (pos. supply) 
Band 1 Output 

Band 2 Output 

Band 3 OulPut 
Band 4 Output 

Course Tune Output 

Fine Time Slot InpuVOulput' 

Fine Tune Output 

Audio Visual Output 

Muting Output 

Constant Time Scan Input 

Auto Stop Input 

Validate Input 

Remote Start and Store Input 

Store Input 

2' Input/Output 
22 Input/Output 

21 Input/Output 

20 InputlOutput 

Serial Remote Input 

-0 

~ 

COARSE 
TUNING 



PIN FUNCTIONS 

Pin No. 

1 
2 
3 
4 
5 
6 
7 

8 

9 

10 

11 

12 
13 
14 
15 
16 

17 

18 

19 
20 

21 

22 
23 

24 
25 
26 
27 

28 
29 

30 

31 

32 

33 
34 

35 
36 
37 
38 
39 
40 

Name 

Vss 
Data I/O 
C3 
C2 
C1 
15.6kHz 
Band 1 Input (Start Input) 

Band 2 Input (3/4 Band 
Select Input) 

Band 3 Input} Auto Bandswitch 

Band 4 Input Select Input 

Tuning Clock 

Fine Tune Up Input 
Fine Tune Down Input 
System Clock 
Program Read Input 
Program Up Input 

Program Down Input 

Load Input 

Input/Output Select 
8/12/16 Program Select Input 

Serial Remote Input 

2° Input/Output 
2' Input/Output 

22 Input/Output 
23 Input/Output 
Store Input 
Remote Start and Store Input 

Validate Input 
Auto Stop Input 

Constant Time Scan Input 

Muting Output 

Audio Visual Output 

Fine Tune Output 
Fine Time Slot Input/Output 

Coarse Tune Output 
Band 4 Output 
Band 3 Output 
Band 2 Output 
Band 1 Output 

Vcc 

Ground 

1 To ER1400 EAROM 

Control Chip Clock +128 

AY-3-8203 

Function 

When connected to Vss selects Band 1 and initiates scan. (Connect to Vss to 
start scan). i 
When connected to Vss selects Band 2 and initiates scan. (Connect to Vss 
for Bands 1, 2, 3. Leave open for Bands 1, 2. 3. 4). 

When connected to Vss selects Band 3 } 
and initiates scan. Connect to Vss for 
When connected to Vss selects Band 4 Auto Bandswitching. 
and initiates scan. 
Controls speed of coarse and fine tuning, set by external R-C network. 
1.28kHz nominal. Runs only while scanning. 
When connected to Vss causes FT to increment automatically. 
When connected to Vss causes FT to decrement automatically. 
System clock 2.0MHz nominal set by external R-C network. 
When connected to Vss reads EAROM (includes 20ms antibouncedelay). 
When connected to Vss increments program number by 1. There is a 
20m sec anti bounce delay on this input. 
When connected to Vss decrements program number by 1. There is a 
20msec anti bounce delay on this input. 
When connected to Vss new data is loaded into program number register 
from the program number inputs and the EAROM data is read. When left 
open the program number inputs are inhibited. 
When connected to Vss selects input mode for 20, 2', 22, 23 pins. 
Fixes the number of programs that can be selected using the Program UP 
and DOWN inputs. Open circuit =12, Vss=16, Vcc=8. 
Accepts a train of 0.5 msec negative pulses, the number of pulses 
determines the program number to be selected. 

I Binary program number input/output. When used as an input accepts data 
in positive logic convention. (0000 = prog. 1). When used as an output the 
data is static and in positive logic convention. These outputs are TTL 
compatible. 

When connected toVss stores Tuning and Band information in EAROM. 
A short positive pulse «1 msec) initiates scanning. ~ long positive pulse 
(>3 msec) stores the tuning and band information in the EAROM. 
Confirms valid stop command. Positive for a valid TV signal. 
Initiates Autostop sequence on a positive going edge (except in constant 
time scan mode when a negative edge is used). 
When connected to Vss a constant scan rate of 8 sec per Band is selected. 
In addition on Band 3 stop is executed on a negative edge rather than a 
positive edge and the Muting output is active low with the same output 
specification as Band. 
Active high during scan and program change (active low in constant time 
scan mode and Auto Band Switching mode). 

Goes to logic '0' when the last program is selected (8, 12 or 16) and is on 
Band 3. 
Fine Tuning Information. 4 bits resolution. 
Used by MEM 4956 CMOS 0/ A to combine Coarse and Fine data when 
separate FT is not required. Connect to Vss when MEM 4956 is not used to 
invert CT and FT Outputs. The Fine Tune slot is a 2 ~sec pulse repeated 
every 250 ~sec on Band 3.a 10 ~sec pulse on Bands 2 and 4 and a 30 ~sec 
pulse on Band 1. 

Coarse Tuning Information, 10 bits resolution. 
This output goes to logic '0' when Band 4 is selected. 
This output goes to logic '0' when Band 3 is selected. 
This output goes to logiC '0' when Band 2 is selected. 
This output goes to logic '0' when Band 1 is selected. 
Positive power supply, +12V . 10%. 
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AV-3-8203 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss pin ••...•...•......•.. -0.3V to +20 Volts 
Storage Temperature Range ................................ -65·C to +150·C 
Ambient Operating Temperature Range •...•..••...•....•..••.••. O·C to +70·C 
Package Thermal Resistance •..••••.••••.•....•.•..••.•.•.•...•.•••. 63· ClWatt 

Standard Conditions (unless otherwise noted) 

Vss = OV 
Vee = +12V ± 10% 
System Clock = 1.44 to 2.15MHz (2.0MHz nominal), 

Parameter Min Typ •• 

Control Inputs 
Logic '0' Level - -
Logic '1' Level 8 '-
Resistance 200 400 

Program No Inputs 
Logic '0' Level - -
Logic '1' Level 8 -
Resistance 100 200 

8/12116 tnput 
, Logic '0' Level - " . -
Logic 011 Level - open 
Logic' '1' Level 10 -
Input Resistance '30 100 

Band, AV, Outputs 
Logic '0' Level , - -
Off Leakage - -, 

Mullng Output 
Logic '1' Level 6 -
Off Leakage - -
Program Outputs 
Logic '0' Level - -
Logic '1' Level 8 -
Supply Current 
Vec (+12) - 51.8 

- -
**Typicar,values are at +25·C and nominal, voltages. , 

, Max 

1,0 
Vee 
1200 

0.5 
-
600 

0.5 
-
-

.300 

2 
10 

-
10 

0.4 
-

-
,60 

Units 

Volts 
Volts 
kO 

Volts 
Volts 
kO 

Volts 

Volts 
kO 

Volts 
p.A 

Volts 
p.A 

Volts 
Volts 

mA 
mA 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at thesa conditions is not 
implied-operating ranges are specified 
below. 

Conditions 

to Vee 

to Vce 

Isink = 5mA 
Vout = Vee 

!source = 2mA 
Note 1. 

Isink = 1.6mA 
lsource = 10p.A 

at +25·C 
at 13V and +70·C 

NOTE: 1, In the constant time scan mode, the Muting Output has the same specification as the Band and AV outputs. 
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OPERATION 

1. Coarse Tune 
The coarse tune resolution is 10 bits with a predominant output 
ripple at 3.9kHz. 

2. Fine Tune 
The fine tune resolution is 4 bits with an output ripple at 15.6kHz. 
The fine tune steps twice per second related to system clock; it 
does not wrap around or overflow into coarse tune. During 
scanning it is reset to mid range. 

3. Scanning 
The actual tuning rates are fixed by the Tuning Clock and may be 
adjusted over wide limits. Typical figures are shown below. 

(a) Normal Mode 
Operation of a band button initiates scanning on the 
selected band, typical scan rates are as follows: 
Band Scan Time 

1 0.8 sec. 
2 1.6 sec. 
3 8.0 sec. 
4 1.6 sec. 

(b) Constant Time Scan Mode 

Operation of a band button initiates scanning on the 
selected band. The scan rate is a constant 8 seconds for 
each band. 

(c) Auto Band Switching Mode 

At the end of each scan the band is automatically changed 
in the sequence 1, 2, 3, 4. In the 3 band mode, band 4 is 
omitted. 

FRAME 
j[~2V 

BLANK 

COMBINED 
Jt~V 

SYNC 

6 

5 S 
0 

12V OvA ,/,4013 

LINE 
FlYBACK 3 

ClK 
R 

4 

Q 

AY-3-8203. 

4. Auto Stop and Validate 
In the Normal Mode a stop is executed immediately on a positive 
going input transition. If validate goes positive within 256 msec 
the system stops, if not the scan will restart (See Fig. 1 for a 
suggested validate circuit). 

At the end ot' a band the tuning voltage goes back to zero and 
after a delay of 256 msec scanning restarts. In the Constant Time 
Scan mode in Band 3, the stop is executed on a negative going 
transition. 

5. Manual Operation 
In the Normal Mode Stop and Validate can be linked to the Band 
Inputs to give full manual control of the tuning operation. 

6. Muting 
The Muting output is active from the time that a Scan is initiated 
until the Validate input goes positive after a Stop command. 
When a program change is made the Muting output is activated. 
for 256 msec. 

7. Tuning Procedure 

(a) 1. Select required program number (1 to 16). 
2. Press required band button, scanning commences 

from the station currently tuned, scanning stops at the 
next station. 

3. Fine tune if required. 
4. Store Data. 

(b) Alternatively using the circuitry shown in Fig. 2, the 
following procedure is available: 

1. Press Band or Start. 
2. Press Store. 
3. Press required program. 

lN4148 

O.lpF 

+12 

PIN 28 
AY-3-8203 
(VALID) 

5.6K 

Flg.1 "VALID" CIRCUIT 
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DINPUT 

AV-3-8203 

, r+12 

WOV 

FROM 0-----, 
SAA1025 

+12V 

J 
STORe! 

100n 

'R 

PIN 26 
"""-..... -AY-3-8203 

(STORE) 

10K 

IN4148 

'SELECT FOR REQUIRED DELAY 

Flg.2 "DELAYED STORE" CIRCUIT 

8. Fine Tune Resolution 
When the MEM4956 D/A is used to combine the Coarse and Fine 
Data the relationship between Coarse Tune and Fine Tune is as 
follOWS: 

Band 1 
Band 2. 4 
Band 3 

1 FT step = 7.5 CT steps 
1 FT step = 2.5 CT steps 
1 FT step = 0.5 CT steps 

9. Additional Fine Tune Information 

The fine tune output is a rectangular waveform with a frequency 
of 15.6kHz (system clock +128). The mark/space ratio defines 
the fine tune level. 16 steps being possible. The following 
diagram relates the binary number within the fine tune store to 
the output waveform. Bit width is approximately 3.8,Js for a 
15.6kHz output waveform. 

1Jl~ ____________ ~~ 
8J I 

I.. 64j1S _I 

7-28 

10. Additional Coarse Tune fnformatlon 

The Coarse tune output is a rectangular waveform with a 
predominant ripple frequency of 3.9kHz (system clock +512). 
The mark/space ratio indicates the coarse tune level. The 
addition of a coarse tune bit increases the mark period by approx. 
1.0pS for a 2.0MHz clock. There are thus 256 bits within the 
3.9kHz period. This accounts for8 of the 10 coarse tune bits. The 
information from the remaining 2 bits (LS .Bits) is used to add 
O. 1. 2. or 3 extra bit periods (1.0ps) over 4 periods of the basic 
waveform. The complete coarse tune waveform repeats every 
lms. 

4J1 n n n.. 
1020J U U U-
1021 ----

!--256PS--u.-1j1S U U-
1023 U-

11. MEM 4956 Buller 

This buffer combines coarse and fine data under the control of 
the Fine Time slot output from the control chip. 

The fine time slot controls the CMOS switch and hericethetimes 
the coarse tune or fine tune information are routed to the output 
filter. Note the fine tune waveform is filtered before being routed 
to the switch. 
A typical output waveform of pin 9 of the device is shown below. ' 

I ~I---_A -----II 
1..---248j1s------t_~1 --J~ 

FINE TIME SLOT 

LEVEL A PROPORTIONAL TO FILTERED FINE TUNING VOLTAGE 



SYSTEM DIAGRAM 

:;> TUNING VOLTAGE 

47K I 33nF 

6snFD 22K 

~ 
4.7K ~ 

~.33PF 

AY-3-S203. 

Q +2SV 
IN~4S 

r----:SE:R~~:.L~R=E~M=OT=E--21-----------------r I--~------~--.-----r-o+12v 
,~r-------~ __ .. 

{ 
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AY-3-8211 PRELIMINARY INFORMATION 

ECONOMEGA DA Digital Tuning System 
FEATURES 
• 16/32 Program Options 

4 Bands 
14 Bit Tuning Resolution on B3 
Program Copying 
Non-Volatile Memory without Battery 
Manual Up/Down tuning 
Manual Band Switching 
Mute output at program selection 
Search active output 
Local program Up/ Down Control 
Validate circuitry 
Referenced tuning waveform output 
Band step option 3/4 select 

DESCRIPTION 
The Economega 1IA Digital Tuning system is a voltage synthesizer 
for both. Radio and TV manual tuning applications. 

The AY-3-8211 N-Channel control chip interfaces directly with an 
ER140u non-volatile memory enabling storage of up to 32 
programs. • 
Variable mark space ratio tuning information from the AY-3-a211 
is amplified and filtered, and the resulting DC level used to con­
trol the TV or Radio tuner. 

OPERATION 

Tunlng- Resolutions are as follows: 

B1 (Band 1) 
B2 (Bandm), B4 
83.(UHF) 

o tlon1 
11 bits (16mV) 
12 bits (amV) 
14 bits (2mV\ 

Option 2 
12 bits (amV) 
13 bits (4mV) 
14 bits (2mV) 

These are the tuning information incrementing resolutions con­
trolled by the Tune Up/Down, Band Inputs, and Fine Tune inputs. 
Voltages relate to approximately 30 volt tuning range. 

Fine Tune-The ;:ine Tune steps approximately a times per second 
(related to system clock). The Fine Tune input is disabled when 
searching (Band inputs pressed orTune Up/Down active) and when 
Mute is active. Tuning resolutions as above 'Tuning.' 

Scanning-The actual tuning rates, fixed by the Tuning Clock, may 
be adjusted over a wide limit, typical figures are quoted below. 

Operation of a Band Input or Tune Up/Down initiates scanning on 
the selected band, and the Search O/P goes low. 

Typical Scan rates are as follows: -----Scan Time 
Band Option 1 Option 2 

1 1.25 sec 2.5 sec 
2,4 2.5 sec 5 sec 
3 10sec 10 sec 

This corresponds to a Tuning Clock of approximately 1.6kHz. 
When the Tuning Output overflows, scanning pauses for 256ms to 
allow time for the tuning voltage to settle and, if in the Band Step 
Mode, also the Band outputs. 

This pause occurs at the bottom of the tuning range when tuning 
up and at the top of the tuning range when tuning down. 

Muting-When a program change is made and at 'Power on' and 
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PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

VssOV 

To ~:~~o:P{t;~:t~n~~1 
C1 

Clock 

Fine Tune Down Input 

Tune Up/Down Input 

Band Slep 3/4 Select 
Fine Tune Up Input 

Test/Copy Input 

Band Select Option 

Store Inhibit 

Tuning Clock 

Aux Output 
Aux Input 

Band 4 110 

Band 3 110 

Band 2 I/O 
'----'--' 

Vee (.l-12V) 

24 I/O 

2' 110 
22.110 

21 110 

2°VO 

I/O Setect Input 

System Clock· 

Prog Up/Down Input 

AIV Output 

Tuning Ref Input 

Tuning Output 

Valid Input 2 (line sync) 

Valid Inpul 1 (line fib) 

Valid Output 

Standby Input 

Search Output 

Copy Output 

Mute Output 

Band 1 110 

'Standby to OFF', the mute output is activated for 256 msecs and 
diables the Fine Tune Inputs for this time, Mute O/P is also active 
while scanning i.e. when a Band I1P or Tune Up/Down IIP is 
active. 

Tuning Procedure-Three tuning procedures are available: 

(a) 1. Select required program number (1 to 16 or32). 
2. Press required band button, scanning commences from 

the station currently tuned, scanning stops immediately 
on release of button. 

3. Fine tune if required. 
4. Tuning information is stored automatically on release of 

band button or release of Fine Tune button. 
5. The tuning information may be copied by pressing Copy 

and selecting a new program number. 

(b) With Tuning Option selected. 
1. Select Band-this is latched on. 
2. Tune Up or Down using Tune Up/Down Input. 
3. Fine Tune if required. 
4. Tuning information is stored automatically on release of 

Tune Up/Down or release of Fine Tune Up/Down. 
5. A program location is selected by first pressing Copy and 

then selecting the required Program number. 

(c) With Band Step3 or4 selected and TuningOptionSelected. 
1. Select band-this is latched on. 
2. Tune Up or Down. 
3. Tuning will now follow from band to band. 
4. Once a station is tuned release Tune Up/Down and Fine 

Tune if required. 
5. Tuning information is stored automatically on release of 

Tune Up/Down or release of Fine Tune Up/Down. 
6. A Program location is selected by first pressing copy 

and then selecting required program number. 

Output 5lgnals-Tuning voltage and Band outputs are not dis­
turbed by internal sequences. for example STORE and COPY. Only 
program change will disturb these outputs - program change 
being either a change of band and/or tuning information. 
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Memory RecaU-The memory recall sequence is triggered by a 
program change and after the 256 millisecond Power On reset. 
The sequence is as follows: 

a) 20 millisecond anti bounce delay on the I/O Select or Pro­
gram inputs. 

b) Mute and Fine Tune input inhibit triggered for 256 milli­
seconds and a memory read initiated. 

c) Approximately 12 milliseconds after the inititiation of 
memory read the new tuning and band information will be 
output. 

d) The rest of the 256 milliseconds period allows time for the 
band drives and tuning voltage to settle. 

Power On-At power on (Vcc on) a 256 millisecond reset allows 
the power supplies to settle. Mute is active for this period and all 
Inputs are inhibited. At the end of this 256 millisecond period a 
memory recall sequence is triggered. 
3 recall modes now possible: 

a) I/O select low i.e. input mode-in this case band and tuning 
voltage information will be output for the' program num­
ber input. 

b) I/O select high output mode-program 1 together with 
associated band and tuning voltage Information will be 
output. 

c) I/O select open circuit-program 1 band and tuning 
information will be output. If now, I/O Select goes high, then 
program 1 will be output on the Program I/O lines. 

Standby -When leaving standby Mute is activated for 256 milli­
seconds, and all inputs are inhibited. A memory recall sequence 
now follows this delay period. See section 8 for memory recall 
sequence. Note that the memory recall sequence occurs irrespec­
tive of whether there is a program 'change' or not. 3 'Standby off 
modes are possible: 

a) I/O Select in either output mode or open circuit. Progam 
information will be as it was prior to Standby being entered. 

b) I/O Select in input mode and program remains unchanged. 
Once again, program information will be as it was prior to 
entering stand-by mode. 

c) I/O Select in input mode and program has changed. The new 
program information will be output during the memory recall 
sequence. (Section 8). 

Tuning Output Waveform -The tuning output is a rectangular 
waveform of variable mark space ratio. This output is filtered to 
produce the tuning voltage. The mark space ratio and hence 
tuning voltage can be varied, up to a maximum resolution on Band 
3, of 14 bits. See earlier "1. Tuning" fortheresolutionson other bands. 

Seven fund!\mental frequency components can be present in the 
output waveform, depending on 'tuning position.' The following 
table Ifllts these frequencies together with their maximum effec­
tive mark space ratios. The condition for which all these 7 com­
ponents make up the output waveform, would result in a condition 
of maximum ripple at the output of the tuning filter. The worse case 
tuning voltage ripple can therefore be determined. 

AV-3-S211. 

Mark/Space Ratio 
1 :1 
1:511 
1:1023 
1:2047 
1:4095 
1 :8191 
1:16383 

Fig. 1 FUNDAMENTAL TUNING WAVEFORM COMPONENTS 

Program change timing with 1/0 Select In Input mode (low) 

I 
I I 

PROGRAM=X : 
INPUTS I 

I I 

l..- 20m, I 
DEBOUNCE'---' 

Sms I 
LATCH~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 

l-
I 

Fig. 2 PROGRAM STROBE TIMING 

Any program input change is detected, and after a 20 milli­
second antibounce period the program lines are latched in and the 
corresponding tuning information output. The program lines 
must be stable for the 5 millisecond 'latch' time shown above. 

Latched Program Information using I/O Select featura 

I 

vo ~ SELECT 
I I 
I 20ms I 
:---OEBOUNCE--" 

. I I 

PROGR~~~ 
I ~ 
I I 

x-
I 
I 

~ 
r-L1;~H : 

Fig. 3 LATCHED PROGRAM TIMING 

I/O Select to low converts the program lines to input mode and 
triggers a 20mS anti bounce period. The program lines are then 
latched into the chip and the corresponding tuning information 
output. The program data must be stable for the 5mS 'latch' period. 
I/O Select to high converts the program lines back to the output 
mode. 
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AY-3-8211 

AY-3-8211 

VALID JLINESYNC 
IIP 2 28 

0 

16 '0' 

AUX UlP 
TYPE 

VALID 
IIP 1 27 ~ niNE Q CLK FLYBACK 

VALID 
17 OIP 26 

FINE TUNE INHIBIT 

I 
Flg,4 SUGGESTED VALID SCHEME 

For TV Applications the presence of a TV carrier can be deter­
mined and the output used to control auxiliary function, for exam­
ple scanning speed and AFC. 

Line sync information in the form of composite sync is sampled 
by line flyback with the 'D' type flip flop. The output is filtered to 
produce a 'valid' signal. 

For a valid signal, line flyback (27) going low, clocks in line sync 
(28) high, and Q, Valid Output (26), goes low. 
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_AV-3-S211 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss pin .................... -Q.3V to +20 Volts 
""Exceeding these ranges could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Ambient operating temperature range ............................ O°C to +70°C 
Storage temperature range ................................... -65° C to +150° C 

Standard Conditions (unless otherwise noted) 

Temperature O°C to +70°C 
Vss = OV 
Vcc = +12V ±10% 
System Clock = 1.44 to 2.15MHz (2.048 MHz) Nominal (10.8 to 13.2 Volts) 

Characteristic Min Typ Max 

Option (2, 13), Fine Tune Up (11), 
Fine Tune Down (8) Inputs 

Low Level Vss - 3.0 
High Level Vcc-3. - Vcc 
Pull Up to Vee 
Low Level Source - - 0.5 
High Level Vec-3 - -
Standby (25) Auxiliary (17) Inputs 
Low Level Vss - 3.0 
High Level Vcc-3 - 13.2 
Input Leakage to Vss - - 10 

Store Inhibit (14), Test/Copy (12) 
Tune Up/Down(9),Band Step 3/4 Select 
(10), Program Up/Down (32), I/O Select 
(34) Inputs 

Low Level Vss - 1.0 
'Open Circuit" Level 3 - 5 
High Level Vcc-3 - Vcc 
Pull up 10 Vec (Note 3) 
Low Level Source - - 0.5 
Open Circuit" Level 3 - -
Pull down 10 Vss (Note 3) 
High Level Sink - - 0.5 
'Open Circuit' Level - - 5 
Band Input/Output (18 to 21) 
Output Low Level 3 - 5 
Off Leakage to Vss - - 10 
Input Low Level Vss - 1.0 
Input High Level 3 - Vee 

Copy (23), Mute (22), Search (24), 
Auxiliary (16), AN (31) Outputs 

Low Level - - 1 
Off Leakage to Vss - - 10 

Program I/O (35 to 39) 
I nput Low Level Vss - 3.0 
Input High Level Vee-3 - Vce 
Input Pull Up to Vee 

Low Level source - - 0.5 
High Level Vee-3 - -

Output Low Level - - 0.4 

Units 

V 
V 

mA 
V 

V 
V 

j.lA 

V 
V 
V 

mA 
V 

mA 
V 

V 
j.lA 
V 
V 

V 
j.lA 

V 
V 

mA 
V 
V 

Output High Level As above Pull Up High Level 

Control, Data + Clock Outputs to ER1400 
(4, 5, 6, 3 +7) 

Low Level - - 1.0 V 
High Level Vee-O.S - - V 
Rise time. fall time (Note 2) - - 1 j.lS 

Y,N = Vss 
ISOURCE = 10j.lA 

Y,N = 13.2 Volts 

Y,N = Vss 
ISOURCE 10j.lA 

Y,N = Vcc 
ISINK 10j.lA 

ISINK 5mA 
VOUT = Vcc 

Open Drain 

ISINK max 10mA 
VOUT = Vee 

Y,N = Vss 
IsouReE =10j.lA 
ISINK = 1.6mA 

ISINK 20j.lA 
IsouReE 20j.lA 
C = 30pF 

Conditions 

Clock to ER1400 (7) 11.25 16.0 16.79 kHz System Clock + 128 
(50% Duty Cycle) 

Data Input from ER1400 (3) 
* * Low Level - 3 V Note 4 

High Level Vee-3 - Vee V 
I nput Leakage to Vss - - 10 j.lA VIN= Vee 
Input Leakage from Vee - - 8 j.lA Y,N = 3 Volts 
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Characteristic Min Typ Max Units Conditions 

Tuning Clock (15) 
External resistor to Vcc 47 1000 KCl 
External capacitor to Vss 1.0 220 nF 
Leakage to Vss (Tuning Clock OFF) 1 pA V,N = Vcc 

System Clock (33) 
External Resistor to Vcc 2 330 KCl 
External capacitor to Vss 10 100 pF Normally adjusted to give 16.0kHz at Pin 7. 

Valid 1 (27) Valid 2 (28) Inputs 
* *Note 4 Low Level 3 V 

High Level Vcc-3 Vcc V 
Input leakage to Vss 10 pA V,N = Vcc 

Valid Output (26) Push Pull 
Low Level 1.0 V ISINK = 1mA 
High Level Vcc-O.5 V IsouRcE = 1 mA 

Tuning Output (29) VREF 5 to 7.5 Volts 
Low Level 0.4 V ISINK 1.3mA 
High Level VREF-O.4 V IsouRcE 1.3mA 
Rise time, fall time 50 ns C = 10pF 

10-90% 

Tuning Reference (30) 5 7.5 V 

Supply Current Vee (40) 45 mA 

NOTES: 1. All 'Pull Ups,' unless otherwise stated, are configured with Depletion FET's with Gate connected to Source. They 
have non-linear VI Characteristics. 

2. Rise time and fall times measured Vcc-1 to Vcc-8 Volts. 
3. Tristate 'Pull Ups' and 'Pull Downs' are configured with Enhancement FET's. They have non-linear VI characteristics. 
4. Guard ring to clamp any input more negative than Vss. Maximum clamp current minus 100pA. 

PIN FUNCTIONS 

Pin No. 

2 

3 

4 

5 
6 

7 

8 

9 

10 

Name 

Vss 

16/32 Program/Resolution 
Option 

Data 110 

I C3 

C2 
C1 

16.0 kHz Clock 

Fine Tune Down 

Tune Up/Down Input 

Band Step 3/4 Select 

Function 

Connect to zero volts. 

Selects number of program and tuning resolution. Low 32 mode, high 16 mode. 

Open 16 Prog. 

Low 32 Prog. 

Resolution 

B1 B2 4 B3 

11 

12 

12 

13 

14 

14 

In the 16 program mode, program numbers up to 32 are accepted on the 20, 2', 2',23 

and 2' inputs. The number of programs is limited to 16 only when the Program 
Up/Down input is used, in the 16 program mode. 

To ER1400 

System Clock.;. 128 

When connected low causes Fine Tune to decrement automatically at approx­
imately 8 steps/second. There is a pause of approximately 'I. second before the 
first step is executed. 

The input is disabled if either a Band Input is selected, Tune Up or Tune Down is 
selected or if MUTE is active. 

The tuning information is stored when Fine Tune Down is released. There is a 20 
millisecond debounce on this store function. 

This is a tristate input which determines the direction of Tuning. Tune down for low, 
tuned up if open circuit or connected high. 

When using the 'Band Select Option' this input is used for tuning, low tune down, 
high tune up and open circuit 'OFF.' The Fine Tune Up/Down input is inhibited 
while tuning and the tuning information is stored automatically on release of either 
tune up or down. There is a 20ms antibounce delay on this store function. 

Note: Tuning will occur if this input is active, independently of the Band Inputs. 

This is a tristate input. When connected low the 3 band step search mode is selected. 
When connected high the 4 band step search mode is selected. Tuning is now 
carried out using the Tune Up/Tune Down input. 
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Pin No. Name 

11 Fine Tune Up 

12 Test/Copy Input 

13 Band Select Option 

14 Fine Tune, Tune Up/ 
Down Store Inhibit 

15 Tuning Clock 

16 Auxiliary Output 

17 Auxiliary Input 

18 B4 Input/Output 

} 19 B3 Input/Output 

20 B2lnput/Output 

21 Bl Input/Output 

22 Mute Output 

23 Copy Output 

24 Search Output 

25 Standby Input 

26 Valid Output I 27 Valid Input 1 

28 Valid Input2 

29 Tuning Output 

30 Tuning Reference Input 

31 NVOutput 

32 Program Up/Down Input 

33 System Clock 

34 I/O Select Input 

35 2' Input/Output 

} 
36 2' Input/Output 

37 2' Input/Output 
38 2' Input/Output 
39 2' Input/Output 
40 Vcc 

7-36 

Function 

When connected low causes Fine Tune to increment automatically at approximately , 
8 steps per second. There is a pause of approximately 'I. second before the first 
step is executed. 

This input is disabled if a Band Input is selected, Tune Up or Tune Down is selected 
or if Mute is active. 

The tuning information is stored when Fine Tune Up is released. 

There is a 20 millisecond anti bounce delay on this store fu nction. 

This Is a tristate input. When connected Iowa copy bistable is set and COPY O/P 
goes low. Selection of a new program then copies the tuning information into ihis 
new program location and COPY O/P goes off. 

There Is a 20ms anti bounce delay on this input. 

When connected high puts the chip into Test mode. 

With this input low tuning procedure becomes: 
1. Select band-this is latched on. 
2. Tune Up or Down uSiJ1g the Tune Up/Down input. 

Tristate Input, open circuit 'Store' active, low, Fine Tune 'Store' inhibit, high, 
Tune Up/Down and Fine Tune 'Store' inhibit. 

Controls speed of tuning, (but not Fine Tuning), set by external RC network. 
Approximately 1.6kHz. Runs only whll~ searching. 

This is an open drain output which turns on when the Auxiliary Input is low. 

Controls the Auxiliary Output. Also when high inhibits the Fine Tune inputs. 

These outputs go to 'Band Output' Low Level when the Band Is selected. The band 
is selected by forcing 'Band Input' low onto the' output. Operation of a band input 
starts the scan. Scan stops if band button is released and the tuning information is 
then stored automatically. ' 

Active low for 256 milliseconds during program change, power on and 'standbY 
OFF.' Also active if a Band I/P or TUne UP/DOWN l/P is active. 

Active low when Copy is set. See earlier pin 12. 

Active low if a Band IIP or Tune UP/DOWN active. Goes off for 256ms as Tuning 
O/P overflows. 

When low, disables Band, Program Up/Down, Fine Tune, Copy and Tune 
Up/Down inputs. 

For TV Applications, with line sync connected to Valid Input 2 and line flyback to 
Valid Input I, the presence of a VALID TV signal can be determined by filtering the 
Valid Output. This output can then be used for controlling auxiliary functions for 
example tuning speed 'and AFC. Valid output set high at Power on Reset. 

Tuning resolution, 14 bits maximum (see 'Option Input'). 

A tuning reference voltage can be connected to this pin. The tuning waveform output 
Is then referenced to this level. 

Active low if program, 16 or 321s selected. 

Connection to low decrements program number by 1 and connection to high incre­
ments program number by 1. There is a 20 millisecond debounce on this input. 

NOTE: Pin 2 state determines either a 16 or 32 Up/Down cycle. 

2.048MHz nominal, set by external RC network. 

This clock determines the tuning waveform ripple frequency and the Fine 
Tuning rate. 

When connected low selects input mode for 2',2',2',2' and 2' Prog. data. 
When I/O is low the EAROM is read every time data changes. Data is also read 
every time I/O goes low. 
When open circuit the 'i', 2', 'l!-, 2", and 2" Input/Outputs are high. When con­
nected high the output mode Is selected. 

Binary program number Input/Output. When used as'an input accepts data in 
positive logic convention (00000 = prog. 1). 

When used as an output the data is static and in positive logic convention. 

Connect to positive power supply +12 volts ±10%. 
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ECONOMEGAN 

PLL Tuning System 
FEATURES 

.100 channel tuning capability-Includes all CCIR standard 
channels, Italian and Australian special channels 

.32 Favorite programs 
• Automatic Sweep tuning optlQn (with Automatic Fine Tune) 
• Fine tune in SOkHz steps (manual for stable transmitters, 

Automatic for unstable transmitters) 
• Two digit channel no. display 
• Two digit program no. display 
• EAROM non volatile memory 
• Lock up time 10ms typical 

DESCRIPTION 

The TV Frequency Synthesizer Is a syStem designed for accurate 
tuning of Color TV. It consists of the following flve·chlps. 

(a) Prescaler and Preamplifler-AY-9-2010 8 pin OIL 
(b) Frequency Synthesizer-AY-3-2022 24 pin OIL 
(c) Controller-PIC 16S0 40 pin OIL 
(d) Non-volatile Memory-ER1400 14 pin OIL 
(e) Peripheral Circuit-AY-9-2017 18 pin OIL 

The Controller is Microcomputer based so alternative features may 
be specified and the system could easily be reprogrammed for 
American requirements. 

Channel No. Entry 

Two buttons, Tens and Units, allow the channel number to be set. 
When operated the number increments every O.S secs., with no 
carry from the units. On release of the button the Channel number 
is stored In the memory against the selected Program Number. 

Program No. Entry 
Activation of parallelS bit binary input recalls the required program. 

Program Display 
This is available as a 2 digit multiplexed BCD output. 

LOCAL OSCILLATOR 
SIGNAL 

PRESCALERI 
PREAMP , 
+4001380 

AY-9-2010 

8 OIL 

PRELIMINARY INFORMATION 

Channel Display 
This is available as a 2 digit multiplexed BCD output. 

Manual Flne·Tune Up/Down 
SOkHz steps with a range of +4.0 MHz and -3.9SMHzaround the 
selected channel with roll over at both ends. On depression of the 
button one step is made, after a delay of 0.4 sec. steps are made 
every SOms. The fine tuning is automatically stored on release of 
the button. 

Automatic Fine Tune 

This mode is selected if the Auto/Manual button is pressed, the 
status for any Program is stored in the EAROM. The Fine Tuning Is 
then controlled by the" output of the AFC discriminator and the 
system will track the Incoming Signal within ±2SkHz. If there is no 
signal present the system will search within a range of ±4MHz in 
SOkHz steps at a rate of 12ms per step. 

Auto Sweep Mode 

Operating the Auto Sweep button causes the system to sweep 
through all the channels in steps of 250kHz at a rate of 100 steps per 
second. The channel number is incremented appropriately. When 
a station Is found the sweep stops and the Auto Fine tune mode 
is entered. 

Band Output 

Four outputs are provided. 

Memory 

An ER1400 non volatile memory is used to store the Channel No., 
Fine Tune offset and Fine Tune mode for each of the32 programs. 

Power Up 

At switch'on Program 1 is selected. 

5YNTt:lESIZER 

AY-3-2022 
TO TUNER 

CHARGE 
PUMP 

240lL 

TUNING VOLTAGE 

FROM DISCRIMINATOR 

"'30V~ 

+12V~ 

+sv~ 

'-23V~ 

AY-9-2017 

AFe 
INTERFACE 

MEMORY 

ERI400 

14011.. 

CONTROLLER 

PIC 1650 

40 OIL 

8CO-
7 SEG 
DECODER 

CHANNEL NO 
DISPLAY 

PROGRAM NO 
DISPLAY 



AY-5~8301 AY-5.8320 AY-5-8321 

TV Time/Channel Display Circuits 

FEATURES 
• Channel Display 1 to 16 
• 4 Digit Clock Display option 
• Color character on black background or color 

character on color background 

• 14 or 24 OIL package 

OPTIONS 

Part Number Channel Time 

AY-5-8301 
A Y -5-8320/21 

1-16 
1-16 

No 

"The AY-5-8320/21 are capable of either simultaneous orsep­
arate lime and channel display and have automatic display enable. 

DESCRIPTION 

The AY-5-8300 series is a family of MOS circuits designed to 
display channel and time information on the screen of a TV set. 
The Information is displayed as colored characters on a black or 
color background. Channel information is displayed a.s_a 
single character 1 to 16. Time IS provided as a 4 digit hours'and 
minutes display. The display is positioned at the top right hand 
corner or at the bottom center of the screen; the display may be 
permanent or momentary. Any of the AY-5-8300 series may be 
used for either 525'or 625 line systems. 

INTERCONNECT DIAGRAM FOR TV TIME DISPLAY 

+18V 

I I I I II 1 1 
24 23 22 21 20 19 18 17 16 15 14 

AY-5-1203A 

• 2 3 4 5 6 .7 8 9 10 11 12 

U l I I I 1 I 1 I 
l 

OV 

~ 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 
AY-5-8301 

Vss (+18Vl 

Color Output 

Character Output 

Vertical Sync Input 

Horizontal Sync Input 

20 Channel Input 

21 Channel Input 

AY-5-8320/21 

Channel Display Enable 
Background Output 

Character Output 

Milt 3 Inpul 
Milt 2 Input 

Mx 1 Input 

Vertical Sync Input 
Horizontal Sync Input 

~ Clock Input 

2° Channel Input 
2' Clock Input 

2' Channel Input 

CLOCK ENABLE 

I 1 1 1 1'1 
2423 22 21 20 19 18 17 16 15'""14 

AY-5-8320 

2 3 4 5 6 7 8 9 10 11 12 

Display Enable 

1.1MHz Clock Input 

NC 

VGG(GND) 

NC 

23 Channel Input 

22 Channel Input 

Milt 4 Input 

Strobe Input 
Clock Display Enable 

1.1MHz Clock Input 

Seconds Colon Input 

NC 

VaG (GNO) 

Vss (+1BV) 
23 Channel Input 

23 Clock Input 

22 Channel Input 
22 Clock Input 

I 1 1 I Illl~ 
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PIN FUNCTIONS 

7-40 

Name 

ALL TYPES: 
Vertical Sync Input 

Horizontal Sync Input 

1.1 MHz Clock Input 

AV-5-83.01 
Display Enable 

AY-5-8301 
Character Output 

Color Output 

AY -5-8320/21 
Clock Inputs 2°-23 

Mx1-Mx4 

Strobe Input 

A Y -5-8320/21 
Character Output 

Background Output 

Channel Display Enable 

Clock Display Enable 

Seconds Colon Input 

Function 

Resets the circuit at the end of each frame. At logic '0' during 
vertical flyback. 

Activates the line counter. At logic '0' during horizontal flyback. 

Determines character position and width. Must be synchronizea 
by horizontal sync pulse to prevent ragged edges on character. 

Code Display 
23 22 21 2° A Y -5-8301/20/21 

0 0 0 0 1 
0 0 0 1 2 
0 0 1 0 3 
0 0 1 1 4 
0 1 0 0 5 
0 1 0 1 6 
0 1 1 0 7 
0 1 1 1 .8 
1 0 0 0 9 
1 0 0 1 10 
1 0 1 0 11 
1 0 1 1 12 
1 1 0 0 13 
1 1 0 1 14 
1 1 1 0 15 
1 1 1 1 16 

When taken to logic '0', the display is enabled. If an RC network is 
connected to this pin, a momentary display can be obtained. 

Defines the background border and the character. 

Determines the character color. Goes to logic '1' during a 
character block. 

Multiplexed 4 digit BCD clock data inputs such as available from 
the A Y -5-1203A clock ci rcuit. 

Multiplex inputs, at logic '1' during multiplex time slot. For the 
AY-5-8310/11, when operating in the 00-99 channel mode, Mx1 
and Mx2 time slots are used. 

This input must go to a logic '1' during the middle of each Mx time 
slot to load the clock data into the chip. 

Defines the character outlines. At logic '1' when displaying a 
character. 

Defines the background block. At logic .'1' when outputting 
baCkground. 

When taken to logic '1', the channel display is enabled. The 
display is automatically enabled when the channel is changed. 

When taken to logic '1', the clock display is enabled. 

This input controls the colon between the hours and minutes 
display. When at logic '0', the colon is blanked. If connected to the 
DP output of the AY-5-1203A clock circuit, the colon will flash 
once per second. 



OPERATION 
The display is positioned digitally in both the vertical and hori­
zontal directions. The vertical position is determined by counting 
horizontal sync pulses (the counting is initiated by the vertical 
sync pulse). The timing relationships are shown in Figs. 8a and 
8b. Additionally, for the AY-5-8320/21, the time display is po­
sitioned 35 fines further down so that it appears immediately 
below the channel display. 

In the horizontal direction the display is positioned by counting 
pulses from an external1.1MHz oscillator which is synchronized 
with the horizontal sync pu Ise to prevent ragged edges on each 
character. 

Each character is made up of 15 dots in a 3x5 matrix. With a one 
dot border around each character a total matrix of 35dots in a 5x7 
format is utilized. Each dot lasts 0.9 fJsec in the horizontal 
direction and is 5 fines high. This gives a rectangular dot and 
characters as shown In Fig. 1. 

The various channel/time display formats are illustrated in Figs. 
4,6 and 7. The display positioning on the TV screen is shown in 
Figs. 6a and 6b. 

In the AY-5-8301, the character display is controlled by two out­
puts. Character and Color. The video channels are controlled in 
the following manner: 

(a) Black/white display 
Character Color 

o 0 
1 0 
1 1 
o 1 

Normal picture 
Black (luminance channel full off) 
Black 
White 

AY-5-.8301 • AY-5"8320 • A,(-5-8321 

(b) Black/Yeilow display 
Character Color Normal picture 

1 0 Black (luminance full off) 
1 1 Black (luminance full off and blue 

suppressed) 
o Yellow (luminance full on and blue 

suppressed) 

Other color displays are generated by suppressing one or two 
chrominance channels. 

In the AY-5-8320/21 , one video output defines the characters and 
the other a background block. Using these outputs, a display of 
any color character on a background of any color may be obtained. 
these outputs, a display of any color character on a backgound of 
any color may be obtained. 

The channel data is input on four lines; in 1-16 channel mode, 
this information is applied in binary from a diode encoder at­
tached to the varactor tuning drivers. Binary numbers greater 
than 9 are detected and displayed at a two digit character. 
In the clock mode, data is entered on a41ine BCD bus multiplexed 
into 4 time slots. A strobe signal occurring in the middle of each 
time slot is used to read the data into the chip. 

When the AY-5-1203A clock is used it can be directly connected 
to the AY-5-8320/21 with no external components. The AY-5-
8320/21 displays the time with hours, minutes and a flashing 
colon for seconds (Fig. 5). 

1i!31.15 
SlagO 

Ii! 
Fig. 2 CHANNEL DISPLAY 

Fig. 1 CHARACTER SET 
(AY-S-8301/20/21 ) 

Fig. 3 CHARACTER SIZE 
(25/26 INCH SCREEN) 
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19 • • 

,Ii! 
1.,13 

Flg.5 TIME AND CHANNEL DISPLAY (Ay-5-8320/21) 

V AY-5-8301 

[I~' 

Flg.Sa DISPL,AY POSITION-CHANNEL 

AY-5~8320/21 

Flg.6b DISPLAY POSITION-CHANNEL 



AY-5-8301 AY-5-8320 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 

Voltage on any pin with respect to Vss pin. . . . +0.3 to -20V 
Ambient Operating temperature range. . . . . 0° C to +85° C 
Storage temperature range ....... ' .. -65°C to +150°C 

Standard Conditions (unless otherwise noted) 

VGG = OV 
Vss = +17V to +19V 
Operating Temperature (TA) = O°C to +85°C 

Characteristic Min 

Vertical Sync Input (Note 1) 
Logic '0' 0 
Logic'1' Vss -5 
Rise & Fall Time -

Horizontal Sync Input 
Logic '0' 0 
Logic'1' Vss -1.5 
Rise & Fall Time -
1.1MHz Clock Input 1.0 
Logic '0' 0 
Logic'1' Vss -5 
Rise & Fall Time -
Pulse width 250 
Channel Inputs (Note 1) 
Logic '0' 0 
Logic '1' Vss -5 
Leakage -
Display Enable Inputs 
Switch point positive edge Vss -8 

Outputs 
On resistance -
Off leakage -
Turn ON time -
Power: AY-5-8301 -

AY-5-8320 -

"Typical values are at +25° C and nominal voltages. 
NOTE: 

Typ" 

-
-
-

-
-
-
1.1 
-
-
-
-

-
-
-

-

-
-
-

-
-

SPECIFICATIONS 

* Exceeding these ratings could cause perma­
nent damage. Functional operation of these 
devices at these conditions is not implied 
-operating ranges are specified below. 

Max ,Units Conditions 

7 V 
Vss +0.5 V 

5 "s 10% to 90% 
Min slew rate 5V1"sec 

7 V 
Vss +0.3 V 

1 "s 10% to 90% 

1.15 MHz 
7 V 

, Vss +0.3 V 
300, ns 10% to 90% 
- ns at logic 0 and logic 1 levels 

7 V 
Vss +0.5 V 

10 pA Y,N = (Vss-19) Volts 

Vss -5 V 

1.5 kO VOl'] :;:; V~S -2V 
1 "A VOI"j :;: OV 

200 ns 10-90% load 25K & 20pF to ground 

400 mW Vss = +19V 
750 mW Vss = +19V 

1. These inputs are diode clamped to Vss. Maximum clamp current 50"A. 

J1flJ1J1JIU1J1n 
FIg. 7 INPUT WAVEFORMS 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Voltage on any pin with respect to Vss pin. . . . +0.3 to -20V 
Ambient Operating temperature range. O°C to +70°C 
Storage temperature range ... ,. . .' ,-65°C to +150°C 

Standard Conditions (unless otherwise noted) 

VGG = OV 
Vss = +11.4V to +12.6V 
Operating Temperature (TA) = O°C to +70°C 

. Characteristic Min 

Vertical Sync lIipul (Note 1) 
Logic '0' 0 
Logic'1' Vss -3.5 
Rise & Fall Time -

Horizontal Sync Input 
Logic '0' 0 
Logic '1' Vss -3.5 
Rise & Fall Time -
1.1MHz Clock Input 1.0 
Logic '0' 0 
Logic'1' Vss -3.5 
Rise & Fall Time -
Pulse width 300 
Channel Inputs (Notei') 
Logic '0' 0 
Logic'1' Vss -3.5 
Clock Inputs, Multiplex, 
Strobe Inputs 
Logic '0' 0 
Logic '1' Vss - 0.5 
Input Resistance -
Display Enable Inputs 
Switch point negative edge Vss -5.5 
Outputs 
On resistance -
Off leakage -
Turn ON time -
Power -

Typ" 

-
-
-

-
-
-
1.1 
-
-
-
-

-
-

-
-' 

20 

-

- , 
-
-
150 

.. ° TYPical values are at +25 C and nominal voltages . 
NOTE: 

SPECIFICATIONS 

*Exceeding these ranges could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Max Units Conditions 

3 V 
Vss +0.3 V 

5 p's 10% to 90% 
Min slew rate 5VI p.sec 

3 V 
Vss +0.3 V 

1 p's 10% to 90% 

1.15 MHz 
3 V 

Vss+0.3 V 
100 ns 10% to 90% 
- ns at logic 0 and logic 1 levels 

3 V 

Vss +0,3 V 

3 V 
Vss +0.3 V 

- kO To V,;" 

Vss -3.5 Volts 

1 kO VOl'! ;:;;; Vss -2V 
1 p.A VOl" =OV 

200 ns 10-90% load 25K & 2PpF to ground 

- mW Vss= +12V 

1. These inputs are dicde clamped to Vss. Maximum clamp current 0.5mA. 
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HORIZONTAL 1 
SYNC 

1.1MHz CLOCK 

CHARACTER 

COLOR 

CHARACTER 

COLOR 

CHARACTER 

COLOR 

CHARACTER 

COLOR 

HORIZONTAL 
SYNC. 

1.1MHz CLOCK 

CHARACTER 

BACKGROUND 

CHARACTER 

BACKGROUND 

CHARACTER 

BACKGROUND 

CHARACTER 

BACKGROUND 

AY-5-8301 • AY-5-8320 • AY-5-8321 

JJ 

44 45 46 47 48 4" 50 

11 

11 
LINES 1-49 

11 

11 L 
LINES 50-54 

L50 JJ 

11 
LINES 55-59 

L 11 

84 

~------------JJ----~ 

LINES 60-64 

L ~-----------JJ------~ 

Fig. 8a OUTPUT WAVEFORMS (AY-5-8301) 

-.J 
II 

1 2 3 44 45 48 47 48 4" 50 

--u-u-l. II 
II 

LINES 1-48 

II 

II 
LINES 49-53 

II L 
4" 

LINES 54-58 

54 

LI 
59 

II 64 

L 69 

II 74 

7" 

83 

II 

LINES 59-63 

II L 
Fig. 8b OUTPUT WAVEFORMS (AY-5-8320/21) 
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220K 
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ENA8 ':q'" 

COLOR 
DRIVE 
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I 
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1K I 
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~ 
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2.2M 

-= 
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EL 

E 
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~ 
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,. THE VALUE AND ARRANGEMENT OF THESE 
COMPONENTS DEPENDS ON THE TV USED 



AY-5-8301 • AY-5-8320 • AY-5-8321 

330PF~ [ 1M 

• I f--06V '-- 1 2. 
,I, 50Hz 
o lpF 

2 23r-

0:1- -3 22~o- SeT HA 

• 21~o- seT MIN. 

r--- 5 20 

;-- 6 19 

AY-5-1203A 
r- 7 16 

- 6 17r--

- 9 16 r---

J~33PF 
L...... __ ~ ___ ..J 

150V 

- 10 15 t-

- 11 ,. t-

JL - 12 13 t-

o 

HORIZ. SYNC. INPUT .1. 
"J" 

22K 

2. W • 1 

4.7~:' L- '-++I----------Ih 
-r-

22K 
2 23 CLOCK 

BACKGROUND OUTPUT DISPLAY 

3 22 ----0--
• 21 t--V

5
:LJ 

22K 
100K 

VERT. SYNC. INPUT 1M t--- 5 20t--

'--- 6 191- n AY-5-8320 
7 16 

+2S0V 

I 470K 6 17 

.- 9 16 2' 

CHARACTER OUTPUT 
TO CRT CATHODE - 10 15 r---

- 11 ,. 2' 
8F259 

12 13r---

A ~ [ 18K 

~---------~------O2' 

Flg.10 
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AY-3-8331 

Electronic On-Screen TV Tuning Scale 

,FEATURES 

• Electronic tuning scale for 4 bands 
• Mask programmable for Band or Channel number display 
• Mask programmable for display position .. 
• 12V operation compatible with GI digital tuning systems 

DESCRIPTION . . 
The AY-3-8331 Is designed· to provide an electronic on"screen 
tuning scale for varactor tuned TV sets. A horizontal line of varia­
ble length shows the tuning voltage and a scale is provided to aid 
tuning. Four bands are provided, band number or optional chan­
nel number being displayed. The band or channel numberdisplay 
may be mask programmed as desired within the limitation of 3 
bloCKS of 5 x 7 dots (see Fig. 2). ,The graticule may also be 
programmed as required. 

PiN FUNCTIONS 

Vcc 

Vss 

Name 

Horizontal Sync 
Input 
Vertical Sync 
Input 

Clock Input 

Clock Output 1 

Clock Output 2 

Tuning Voltage 
Input 

Timing 
Capacitor 

Timing 
Resistor 

Band 1 Select 
Input 
Band 2 Select 
Input 
Band 3 Select 
Input 
Band 4 Select 
Input 

Display Output 
Display Enable 
Input 

7-48 

Function 

PositiVe s'upply (+12V '" 10%) 
Ground 

Negative sync pulse from TV set 

Negative sync pulse from TV set 

1.IMHz master ,clock which fixes display 
horizontal positib'n. 

Intermediate clock output 
Output of on-chip oscillator synchronized by 
Horizontal Sync; May be used to drive AY-5-
8320 Display Circuit. 
Tuning voltage from Varactor diodes. Lerigth . 
of tuning bar is proportional to this voltage. 

Connect timing capacitor from this pin to 
Vss· 
Connect adjustable timing resistor from this 
pin to Vss. ' 

Connect to Vss to select required band, either 
channel number or band number information 
wi" be displayed; 

Positive going output of video information. 
Connect to Vss to enable ~isplay , 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

Vee (+12V) 

Clock Oscillator Input 

Clock Oscillator Output 2 

Clock Oscillator Output 1 

Tuning Voltage Inpul 

Timing Capacitor 

Timing Resistor 

Band 1 Input 

SYSTEM DIAGRAM 

DISPLAY 
ENABLE 

DISPL"'" 
OUTPUT 

Vss (OV) 

Horizontal Sync Input 

Vertical Sync Input 

Display Output 

Display Enable Input 

Band 41npul 

Band 3 Input 

Band 21npul 

c, 

TUNING 
VOLTAGE ..,..., 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respecttoground pin ......................•. -0.3 to +7.DV 
Storage temperature range ....•.•............................ -65° C to +150° C 
Ambient operating temperature range •............................ 0° C to +70° C 

Standard Conditions (unless otherwise noted) 

Vee = +12V ± 10% 
TA = O°C to +70°C 
Clock frequency = 1.1MHz 

Characteristics Min 

Inputs 
Logic '0' 0 
Logic '1' +8 

Analog Input 0 

Display Output 
Logic '0' -
Logic '1' Vee -1 
TO;:;, T~ -

Power Supply Current -

Typ·· 

-
-
-

-
-
-
10 

.. ° TYPical values are at +25 C and nominal voltages. 

Max 

+4 
Vee 

+9 

0.5 
-
200 

-

Units 

V 
V 

V 

V 
V 

nsec 

mA 

AY-3-8331 

*Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied--' 
operating ranges are specified below. 

Conditions 

I sink = 1mA 
I source = 1mA 

7-49 



AY-3-8331 

AY-3-8331 DISPLAY DIAGRAMS 

LINE 245 __ 
LINE 250 __ 
LINE 255 __ 
LINE 260 __ 
lINE2fi5 __ 

I 

~8 451151" 35.1p ------I~.j18.45PSr__ D 09"'-11- _11- 09"' LJ 
~1·~--------64"'---------~~~1 

Fig. 18 BAND 1 DISPLAY 

u 
••••••••••••••••••• 

Fig. 1c BAND 3 DISPLAY 

i!i! 
3R 
I 

I I I 
--------

Fig. 1b BAND 2 DISPLAY 

[ 
-----

Flg.1d BAND 4 DISPLAY 

Fig. 2 TYPICAL CHARACTER FORMATS 
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GENERAL 
INSTRUMENT 

Remote Control 
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AY-S-84S0 

30 Channel Remote Control Transmitter 
FEATURES 

• 30 channels 346.4Hz spacing in the range 34-44kHz 
• P-channel 9V battery operation 
• 4.4336MHz TV crystal master oscillator 
• S x 6 matrix keyboard input 
• Low standby current drain (1SIlA max.) 
• Compatible with AY-S-8460 receiver 

DESCRIPTION 

The AY-S-84S0 allows the transmission of 30 commands using 30 
different ultrasonic frequencies in the range 33.94S to 43.990kHz. 
It is designed for battery operation and uses a low cost TV crystal 
as the master oscillator. When inactive the circuit is in a standby 
mode having a current drain of less than 1SIlA. As soon as a key is 
depressed the main circuit is powered up and transmission 
commences. 

SYSTEM DIAGRAM 

-9V 

2N3904 )I- 2.7K 

-= 
16 

ASTEC ---2J 
TF3011 330n 

10M 

:-: r- LED 
TRANSMIT 
INDICATOR o ULTRASONIC 4.4336MHz 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

Oscillator Input 

Oscillator Output 

X2 

X3 lx, 

Keyboard Inputs X4 

X5 

. X6 

I 19 

AY-S-84S0 

Vss (Positive supply) 

Ultrasonic Output 

VOD (Negative supply) 

Y4 Y5} 
V3 Keyboard Outputs 

Y2 

Y' 

X6 XS X4 X3 X2 X1 

Y5 

Y4 

Y3 

Y2 

Y1 

I ~ fos .... " ...,01-
MICROPHONE __ 

T47PF f 39PF 

-
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PIN FUNCTIONS 

Pin No. 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Name 

Oscillator Input } 
OSCillator Output 

~~} Keyboard Inputs 
X4 

X5 

X6 

~~} Keyboard Outputs 

Y4 

Y5 

VDO 

Ultrasonic output 

Vss 

OUTPUT FREQUENCIES 
Crystal = 4.4336MHz 

Key Matrht Frequency (Hz) 

1 X1 Y1 33944.89 
2 X1 Y2 37062.28 
3 X1 Y3 37408.66 
4 X1 Y4 37755.03 
5 X1 Y5 38101.41 
6 X2 Y1 34291.21 
7 X2 Y2 38447.97 
8 X2 Y3 38794.16 
9 X2 Y4 39140.54 

10 X2 Y5 39486.92 

Key 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

AY-5-8450 

Function 

The Quartz crystal network is connected to these pins. 

The keys are in the form of an XY matrix. 

As soon as a key closure is detected the chip is powered up and the' 
keyboard is scanned at 3kHz. When it has been determined what key has 
been pressed the appropriate frequency is transmitted. If more than one key 
is pressed the chip ceases to transmit. 

Negative supply (-9V nom) 

Off until key pressed 

Positive supply (ground) 

Matrix Frequency (Hz) 

X3 Y1 34637.65 
X3 Y2 39833.29 
X3 Y3 40179.67 
X3 Y4 40526.05 
X3 Y5 40872.42 
X4 Y1 34984.02 
X4 Y2 41218.80 
X4 Y3 41565.18 
X4 Y4 41911.55 
X4 Y5 42257.93 

Key Matrix Frequency (Hz) 

21 X5 Y1 35330.40 
22 X5 Y2 35676.78 
23 X5 Y3 36023.15 
24 X5 Y4 42604.31 
25 X5 Y5 42950.68 
26 X6 Y1 36369.53 
27 X6 Y2 36715.91 
28 X6 Y3 43297.06 
29 X6 Y4 43643.43 
30 X6 Y5 43989.81 

NOTE: The full key configuration/frequencies above are compatible With 30 channel receivers such as the GI SAA 1025. For 
operation with 16 channel receivers, such as the GI AY-5-8460/8461, only keyboard inputs X1 to X4 and keyboard outputs 
Y2 to Y5 are required. 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings· 

Voltage on any pin with respect to Vss pin ..................... +0.3 to -12 Volts 
Output current ...................................................... ' ... 10mA 
Storage temperature range ............................... : ... -65·C to +150·C 
Ambient operating temperature range ........................... -10·C to +70·C 

Standard Conditions (unless otherwise noted) 
Vss = OV 
Voo = -7 to -10V 

TA = -10·C to 70·C 

Characteristic Min. Typ Max. Units 

Clock Frequency - 4.4336 - MHz 

Key Contact Resistance: 
ON -. - 100 Il 
OFF 1 - - Mil 
Key Capacitance - - 20 pF 
Output: 
On Resistance - - 600 Il 
Off Resistance - - 3 kO 

Standby Current Drain - 5 15 IlA 
Operating Current Drain - 12 15 mA 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Conditions 

See the Connection Diagram for 
external components 

To Vss, VOUT = -1V 
To Voo, VOUT = VOD +0.5V 
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AY-5-8460 

16 Channel Remote Control Rec.eiver 
FEATURES 

• 16 channels including 12 storbed (KB outputs), an on/off 
signal, one unstrobed output and 2 signals (up/down) for 
control of an analog function 

• The 12 strobed outputs are in a 3 x S matrix format for 
direct parallel connection to a local keyboard 

• On-chip oscillator using a 4.4336MHz TV crystal 
• Compatible with AY-S-B4S0 or SAA 1024 transmitters 

DESCRIPTION 

The AY-S-B4BO is a 16 channel ultrasonic remote control receiver 
designea to be compatible with the GI Omega TV and Stereo­
mega Hi-Fi digital tuning systems, or any system which requires 
the use of a local keyboard in parallel with a remote control 
receiver. 12 of the received signals are output in a 1 of S code on 
lines KB1-S upon application of the corresponding strobe on 
input lines KBB-B. This operation simulates the function of a 
mechanical 3 x S matrix keyboard. Additionally for other require­
ments, an on/off control and one unstrobed output is provided. 
The AY-S-8460also recognizes two analog function controls to 
vary the mark/space ratio of an analog function output. 

The A Y -S-8460 can be operated by tne A Y -S-84S0 remote control 
transmitter. 

SYSTEM DIAGRAM 

~I 
AY-5-8460 

TO KEYBOARD 

KB6 

KB7 

KB8 

c~~~~g~ KBI 
CIRCUITRY KB2 

<>--+-

10 I 
~ 

4.4336MHz --lD~ 
-

PIN CONFIGURATIONS 
18 LEAD DUAL IN LINE 
AY-S-8460 

Vss (positive supply) 

Analog Function Output 

ON/OFF Input/Output 

VGO 

Unstrobed Output 1 

KB10utput 

KB2 Output 

KB3 Output 

KB4 Output 

+12\1 

UNSTROBED 

tOK 

ON 

VDD 

Oscillator Input 

Oscillator Output 

Ultrasonic Input 

Local Analog Function Control 

KB81npui 

KB7 Input 

KB61nput 

KB5 Output 

ONIO 
OUTPUT1!t, 

,OFF 

FF 

1- lOOK 

I 
1 ~ -= 

ANALOG 
FUNCTION 
OUTPUT 

18 .J~ tOK 
_~ ULTRASONIC ~ 

INPUT 
1000pF INCREMENT 

+t2 

u 

LOCAL 
J,.DECREMEN ANALOG 

FUNCTION 

T 

CONTROL 
'- AY-5-8460 

KB3 

KB4 

KB5 ;-
47PTiT 

-6V 
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Table 1 FREQUENCY ALLOCATIONS 

Frequency Hz Output Code Frequency Hz Output Code 

37,062 
37,409 
37,755 
36,101 
36,446 
36,794 
39,141 
39,647 

KB1/KB6 
Unstrobed Output 
On/Off Output 
KB4/KB6 
KB2/KB6 
KB3/KB6 
KB4/KB6 
KB5/KB6 

PIN FUNCTIONS 

Pin No. 

1 

2 

3 

4 

5 

6 

7 

6 

9 

10 

11 

12 

13 

14 

15 

16 

17 

16 

Name 

v •• 
Analog Function Output 

ON/OFF OutpuVlnput 

VGG 

Unstrobed Output 1 

KB1 Output 

KB2 Output 

KB3 Output 

KB4 Output 

KB5 Output 

KB6 Input 

KB7 Input 

KB6 Input 

Local Analog Function Control 

Ultrasonic Input 

Oscillator Output 

Oscillator Input 

Vee 

Functions 

Positive power supply. 

39,633 
40,160 
40,526 
40,672 
41,219 
41,565 
41,912 
42,256 

KB5/KB6 
. KBlIKB7 

KB2/KB7 
Analog Function Down (AY-5-6460) 
KB3/KB7 
KB4/KB7 
~B5/KB7 

Analog Function Up (AY-5-6460) 

This output is in the form of a pulse, the mark to space ratio of which can be changed 
in 125 steps from 1:126to 126:1, the repetition frequency being 6.73kHz. The mark 
space ratio is incremented by one step about 115 msec after the start of an ultrasonic 
command, thereafter it is incremented every 46.2 msec. At power ON the output is 
normalized to a mark space ratio of 63:64. The output is also controlled by pin 14. 

This output is toggled ON and OFF by reception of the corresponding ultrasonic 
command. At power up the output is set to the OFF state. When in the OFF state the 
Analog Function output is prevented from changing and the KB outputs are at logic 
'1'. 

The output may be turned ON by connecting it to V •• via a 10kOhm resistor for 1 OilS, 
it may be turned OFF by connecting it to VGG. The Ultrasonic command must be 
present for at least 0.7 sec to activate the output. 

This pin is externally maintained at Vee +(6V ±5%), to serve as a ground reference for 
logic signals. 

This output is unstrobed and is at logic '0' for the duration of the corresponding 
ultrasonic command. 

A 3 X 5 matrix keyboard may be connected to the same pins. Maximum capacitance 
between intersecting matrix lines is 20pF. 

This is a tristate input which provides local control of the Analog Function Output, 
pin 2. Connecting this pin to V •• (Vee) via a 10kOhm resistor causes the mark space 
ratio to increment (decrement). The input must be activated for 23msec. before the 
Output begins to change. This input has priority over the ultrasonic command for 
Analog Function Up/Down. 

The ultrasonic signal should be capacitively coupled and be at least 500mV peak to 
peak. The first incoming pulse triggers a 23.1 ms timer and after a delay ofthis period, 
two measurements of the ultrasonic signal are made over the following two 23.1 ms 
periods. If the measurements produce a comparison an output is generated after a 
further pause of 46.2ms. The outputs are present for the duration of the ultrasonic· 
command. During the complete receiving time the period of the ultrasonic signal is 
measured. If it is less thim 1 61lsec or greater than 361lsec the signal is rejectedand the 
receiver is set back to the start condition and a new measuring cycle commences. The 
input signals need not be completely accurate for satisfactory reception. At the 
lowest frequency an error of ±0.51% can be tolerated and at the highest ± 0.39%. 

This is the output of the clock oscillator. One side of the crystal is connected to this 
pin. 

This is the input of the clock oscillator. The other side of the crystal is connected to 
this pin. 

Negative power supply. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss pin ............•...•.... +0.3 to -20 Volts 
Storage temperature range .................................... -65°C to +150°C 
Ambient operating temperature range ............................ O°C to +70°C 

Standard Condlllons (unless otherwise noted) 

Vss = +12V ± 10% 
VGG = OV 
Voo = VGG - (6V ± 5%) 
Tamb = O°C to +70°C 

Characteristic 

Clock Oscillator Frequency 

Ultrasonic Input 
Sensitivity 
Impedance 

Inputs KB6-8 

Pull up resistance 
Logic '0' 
Logic '1' 

Analog Function 
Control Input (AY -5-8460) 
Increment Up 
Increment Down 
No Movement 

ON/OFF Input 
ON 
OFF 

Outputs KBl-5 
Logic '0' 
Logic '1' 

Unstrobed Outputs 
Logic '0' 
Logic '1' 

Analog Function 
Output (AY-S-8460) 

On Level 
Off Level 
Pulse Frequency 

ON/OFF Output 
Off 
On 

Supply Current 

7-56 

Min. Typ 

- 4.4336 

500 -
10 -

- -
- -

Vss -1.5 ..,.. 

Vss-l -
VGG -
- -

Vss -1 -
VGG -

VGG -
Vss -1 -

VGG -
Vss -1 -

Vss-l -
VGG -
- 8.73 

VGG -
Vss -1 -

- 30 

Max. Units 

- MHz 

25 mVp-p 
- .kQ 

200 kO 
Vss -8 . V 
- V 

Vss V 
VG~ +0.5 V 

- -

Vss V 
VGG +0.5 V 

VGG +0.5 V 

Vss V 

VGG +0.5 V 

Vss V 

Vss V 
VGG +0.5 V 

- kHz 

VGG +0.5 V 

Vss V 

40 rnA 

"Exceeding these ranges could cause 
permanent damage. Functional operation of 
these. devices at these conditions is not 
implied-operating ranges are specified 
below. 

.' Conditions 

to Vss 

10K to Vss 
Short to VGG 
Open Circuit 

Load 10K to Vss & lOOK to VGG 
Short to VGG 

} Load lOOK to Vss 

} Load lOOK to Vss 

} Load 68K to VGG 

} Load lOOK to VaG 

Vss-Voo = 18V 
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Table 2 
The table below illustrates the use of the AY-5-8460 RIC receiver with the AY-5-8450 RIC transmitter for the GI Omega TV and Stereomega 
Hi-Fi digital tuning systems. 

RIC Transmitter' 
AY-5-8450 
Key/Matrlx 

2/Xl Y2 

3/Xl Y3 

4/Xl Y4 

S/Xl YS 

7/X2 Y2 

8/X2 Y3 

9/X2 Y4 

10/X2 YS 

12/X3 Y2 

13/X3 Y3 

14/X3 Y4 

lS/X3 YS 

17/X4 Y2 

lB/X4 Y3 

19/X4 Y4 

20/X4 YS 

EFR-OSB-40K2 
ULTRASONIC 

MICROPHONE 

Frequency 
(Hz) 

37,062 

37,409 

37,75S 

38,101 

38,448 

38,794 

39,140 

39,487 

39,833 

40,180 

40,S26 

40,872 

41,219 

41,565 

41,912 

42,258 

1M 

RIC Receiver Stereomega 

Output 
Omega Function 

Function (Suggested Only) 

KB1/KB6 \1 -
Unstrobed Output 1 Recall AM/FM Bandswitch 

On/Off Output On/Off On/Off 

KB4/KB8 Channel Down Station #S 

KB2/KB6 1 -
KB3/KB6 2 Search Stereo 

KB4/KB6 3 Search AM/FM 

KBS/KB8 Channel Up Station #4 

KBS/KB6 4 Scan 

KB1/KB7 S -
KB2/KB7 6 -

Analog Function Down Volume Down Volume Down 

KB3/KB7 7 Station #3 

KB4/KB7 8 Station #2 

KBS/KB7 9 Station #1 

Analog Function Up Volume Up Volume Up 

r-------------------------------------~O+12V 

.OlpF 39pF 

1-
lOOK 

33K 

220K 

100pF >------..... ---0 TO AY-S-8460 

220K 

~------e----~--------~-------<>~v 

Flg.1 ULTRASONIC PREAMP 
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AY-3-8470 PRELIMINARY INFORMATION 

264 Command Infrared Remote Control Transmitter 

FEATURES 

• 256 Commands (possibly 32 commands by 3 bit address) 
• Low Standby current « 10IlA) 
• Low duty cycle « 8%) 
• 6/9 Volt battery operation 
• Simple RC defined on chip Oscillator 
• 22 pin OIL package 
• Single shot or continuous operation 
• Transmission format ensuring error free reception 

DESCRIPTION 

The AY-3-8470 tra'nsmitter tOgeth~r with AY-3~8475 receiver, an 
infrared link and an amplifier, forms a complete remote control 
system. Control of standard functions of radios and televisions is 
possible together with TV games, Teletext and Viewdata ap­
plications. 

Complementary MaS technology for this device allows low voltage 
battery operation with a very low standby current. 

256 output commands are possible which can be simply activated 
by a standard 8 x4 keypad togetherwith 3 shift inputs. 

A non critical, simple RC oscillator is used to fix the transmitter 
frequency. 

PACKAGE INFORMATION 
PIN CONFIGURATION 
22 PIN DUAL IN LINE 

V" 
Keyboard Input 3 2 

Keyboard Input 4 3 

Transmitter 'active' Output 4 

Keyboard Strobe 8 5 

Keyboard Strobe 7 6 

Keyboard Strobe 6 

Keyboard Strobe 5 

Keyboard Strobe 4 8 

Keyboard Strobe 3 

Keyboard Strobe 2 11 

TopView 

'-------' 

Keyboard Input 2 

Keyboard Input 1 

Single Shot 

Single Shot/Continuous 

Transmitter Output 

V" 
Clock Input 

Shift Inpull 

Shifllnpul2 

Shifllnpul3 

Keyboard Strobe 1 

BLOCK DIAGRAM ___ t_V" __ TRANSMITTER 
"ACTIVE" 

ItlCLOCK 

I 

KEYBOARO{: :~~~==~=!:=t==~ INPUTS 3 2 . INPUT 
DETECTION 

7-58 

'---.--,---' 

SHIFT {: ~!t;:~=:!=j====~ INPUTS , lS~ 

'---,-.,---' 

v" 

I-+Hr- FIESET 

::~!~!:: ro'I--t---t----+--------~ 
INPUT 

{ 
L--------.2l-v~ TRANS~ITTER-

OUTPUT 

I 
I 

I 
+-__ --'h~OkHZ I 

KEYBOARD OUTPUT 
ENCODER 

'~'--'------~~~------~'/ 
KEYBOARD STROBE OUTPUTS 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss ..•.......................... -0.3 to +12V 
Ambient operating temperature .......•...•..•.•................... 0° C to 70' C 
Storage temperature ......................................•.. -65°C to +150° C 

Standard Conditions (unless otherwise stated) 
Vss =OVolts 
VDD = +5.5 to +10 Volts 
Temperature = 0° C to 70° C 

Characteristic Sym Min Typ Max Units 

Clock Frequency (16) Fc 55 80 105 kHz 

Resistor to VDD Rc 12 39 56 KO 
Capacitor to Vss Cc - 220 - pF 
Leakage to Vss - - - 10 /lA 

Shift (13,14,15) ,Keyboard (2, 3, 21, 22) 
and Single Shot (19, 20) Input Thresholds 

Low Level V,L Vss - 1.5 V 
V,L Vss - 2.5 V 

High Level V,H VDD-1.5 - VDD V 
V,H VDD-2.5 - VDD V 

Pull UptOVDD 
Low Level Source I'L - - 30 /lA 

I,L - - 120 /lA 
High Level - VDD - - - V 

Transmitter Output (18) 
Low Level VOL - - 0.5 V 
High Level VOH VDD-0.5 - - V 

Keyboard Strobe Outputs (5-12) 
Low Level VOL - - 0.5 V 

VOL - - 1.5 V 
Off Leakage to Vss - - - 2.0 /lA 
Transmitter 'Active' Output (4) 
Low Level VOL - - 1.5 V 
Off Leakage to Vss - - - 10 /lA 

Single Shot (20), Single Shot/Continuous 
(19) Inputs 

Standby Pull Down to Vss VOL - - 0.5 V 
Supply Current VOD (1) IcD - 1 3 rnA 
Standby Current VOD (1) loa - 5 20 /lA 

NOTES: 1. Pull Ups are configured with Enhancement FET's. 

AY-3-8470 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Conditions 

VDD = 5.5 to 10.0 V, T = 25° C 
Cc and Rc at typical values and Cc Rc 
tolerance ±5% 

Clock "OFF" in 'standby' and Vaut = 
VDD = 10.0 Volts 

VDD = 5.5 Volts 
VDD = 10.0 Volts 
VDD = 5.5 Volts 
VDD = 10.0 Volts 

V,N = 1.5 Volts, VDD = 5.5 Volts 
V,N = 2.5 Volts, VDD = 10.0 Volts 
IIH = 2/lA source 

IOL = 75/lA sink 
IOH = 1.0mA source 

IOL = 150/lA sink, VDD = 5.5 Volts 
IOL = 600/lA sink, VDD'= 10.00 Volts 
VOUT = VDD = 10.0 Volts 

IOL = 1.5mA sink 
, 

VOUT = VDD = 10.0 Volts 

IOL = 10/lA sink 
VDD.= 10.0 Volts 
VDO = 9.0 Volts, T= 25° C 

2. Current from the device is defined as 'source' current, current into the device is 'sink' current. 

7-59 

I 



AY-3-8470' 

PIN FUNCTIONS 

Pin No. Name Function 

1 Vee Positive Supply 5.5 to 10.0 Volts. 

2 Keyboard Input 3 
3 Keyboard Input 4 

Together with Pins 3,21,22, these are the 4 keyboard Inputs which under normal 
operations may only go active low one at a time. 

4 Transmitter 'active' output Output goes low during a cycle In which a transmission is output. 

5 Keyboard O/P 8 
6 Keyboard O/P 7 
7 Keyboard O/P 6 
8 Keyboard O/P 5 
9 Keyboard O/P 4 I The 8 Keyboard Outputs are active low which strobe the Keyboard every transmission 

cycle (I.e. every 102.4ms for 80kHz clock). (See Fig. 1.) The outputs are open drain. 
10 Keyboard O/P 3 
11 Keyboard O/P 2 
12 Keyboard O/P 1 

13 
14 
15 

Shlft3 } 
Shift 2 
Shift 1 

The Shift inputs correspond directly to the 3ms Bits of the output word. These inputs 
are active low. 

16 Clock Input 

17 Vss 

Connect a resistor to Veo and a capacitor to Vss to determine the clock frequency. 

Connect to 0 Volts. 

18 Transmitter Output This output is in the form of a high going pulse stream at half clock rate modulated 
by the output code. (See Fig. 1). 

19 

20 

SinglelContinuous Select 

Single Shot UP 

With this input low, Pin 19 high, and Shift 3 low, single shot is selected. 

Connection low puts chip into single shot mode for all commands. 
21 

22 

OPERATION 

Standby 

Keyboara Input 1 

Keyboard Input 2 

Standby mode is entered when power is applied to the chip. In this 
mode the 'clock' is inhibited, 'pull ups' are inactive (except Key­
board inputs), and all the Keyboard outputs are low (active). 

Any key depression will now be immediately recognized, the chip 
will come out of standby and the 'all Keyboard outputs active' 
condition will be removed. 

Keyboard outputs now strobe the keyboard and detect which key 
is depressed. At the end of a complete keyboard scan the relevant 
output is transmitted. Keyboard scans continue and the relevant 
outputs transmitted, until a full keyboard scan occurs detecting 
no key depression, the chip then reverts to standby. 

Invalid Inputs 
Invalid inputs occur due to multiple key depressions, they are: 

(a) More than one Keyboard input active during a single key­
board output strobe time. 

(b) More than one keyboard input active during different key-
board output strobe times within a 'full' keyboard scan. 

The above inputs are rejected as invalid and no output code istrans­
mitted although the chip remains active scanning the keyboard 
until it: 

(a) receives a valid input which can be transmitted or 
(b) it detects no keys pressed and reverts to standby. 

Output Code 
Figure 1 shows a typical output code sequence and the relevant 
strobe timings. 

The output code takes the form of an 8 bit word followed by its 
inverse so ensuring a 'secure' infrared link. The infrared receiver 
being able to distinguish this 'data' from spurious inp~ts. 

An example of the data is shown below. Note the L.S. Bit is trans­
mittedfirst. 

e.g. 0 0 1 1 0 0 0 1 0 0 1 0 1 
LSB LSB 

INVERSE TRUE 

7-60 

Each '0' bit is comprised of 32 pulses and each '1' bit48 pulses. The 
complete command consists of 16 bursts of 32 or 48 pulses. The 
pulses have a nominal period of 25ps (i.e. 40kHz repetition rate). 
A burst takes 1.6ms and 16 bursts 25.6ms. During the 76.8ms the 
transmitter is inactive. 

Output Code Derivation -'the 8 bit word' 

Figure 2 identifies the binary output codes associated with the 
'basic' keyboard matrix. 

Binary codes can be expanded up to 255 by means of the shift 
inputs. The table Figure 3 shows the states ot. these inputs for 
relevant output codes. 

Single Shot Operation 
In this mode the code is transmitted only once after a key 'ON' is 
detected. The key must now be released, the chip enters standby 
mode and is then ready for a further key depression. Commands 
can be entered up to a rate of 5 per second. 

An application for this mode of operation would be/or transmitting 
page numbers for the General Instrument Teleview System. 

The following table Fig. 4 shows the Single Shot modes of operation. 

Keyboard Implementations 
Figure 5 shows how diodes can be employed to expand the basic 
8 x 4 matrix to 128 keys. The further Shift input expands the matrix 
to 256 commands. 

Figure 6 shows how a simple 8 way switch can be used to enable 
256 commands from the basic 8 x 4 matrix. 

Transmitter 
The circuit of Figure 6, employs 3 transmitting diodes pulsed at 
approximately 300mA. giving a range of up to 20 mete s. Average 
battery current for transmission is around 20mA with 'a standby 
current of only 20pA. 



KEYBOARD STROBE 
OUTPUT 8 

KEYBOARD STROBE 
OUTPUT 1, 

I 
KEYBOARD STROBE 

OUTPUT 1 

TRANSMITTER ACTIVE 
OUTPUT 

24 

25 

26 

27 

28 

29 

30 

31 

TRANSMITTER 
OUTPUT 

5 BITS OF TYPICAL 
OUTPUT WOAD 

16,. 8 

17 9 

18 10 

19 11 

20 12 

21 13 

22 14 
, 

" 
23 15 

AV·3·8470 

~:_--________ 102.4m· _________ -'--+-!"1 
"I 12.8m. 

---;IU U 
i u j u-
I I 
I I 

LJ LJ 
1--1 ---:----,------'1t'.~ 
J...--25.6mS-~~~""f--------76.BmS::-=::-:=:-:=:-:~~~1 Tn.,.,..rnTTrT'I~ 

.. ____ _-'111111111111111 
16m'-1~'~ --

40kHz BURST 

0 

1 

2 

3 

4 

5 

6 

7 

D r:?=lDD D [ 
!--16ms ~ I.. ~ II I.. ..I Uo 8m. !-.+ 0 8ms 

'0' '" 1.2ms '" '0' '0' 

Fig, 1 OUTPUT TIMING WITH TYPICAL OUTPUT WORD 

12 KB STROBE OIP 

Shilt InputS Shift Input 2 Shift Input 1 
11 KB STROBE OIP 2 

10 KB STROBE OIP 3 

9 KB STROBE OIP 4 

8 KB STROBE OIP 5 

7 KB STROBE OIP 6 

6 KB STROBE OIP 7 

5 KB STROBE OIP 8 

21 KBIIP 1 
'----

22 KBIIP 2 

2 KBI/P 3 

3 KBIIP 4 

(1S) (14) 

H 
H 
H 
H 
L 
L 
L 
L _. 

H signifies High Level 
L signifies Low Level 

H 
H 
L 
L 
H 
H 
L 
L 

(15) Output Codes 

H Ot031 
L 32 to 63 
H 64 t095 
L 96 to 127 
H 128 to 159 
L 160to 19.1 
H 192 to 223 
L 224 to 255 

Fig, S SIGNIFICANCE OF SHIFT INPUTS 

Single Shot Single Sholl 
Input (20) Continuous (19) Mode 

H H Continuous on all 
Codes. 

L 'Don't care' Single Shot on BII 
Codes. 

H L Codes 0 to 127 
continuous. 
Codes 128 to 255 
Single shot. 

DeCimal eqUivalent of binary output code for contact closure at X. 
NOTE: During Standby Single Shot Input (20) and Single Sholl 

Continuous Input (19) are pulled low internally. 

Fig, 2 MATRIX FORMAT Flg,4 SINGLE SHOT MODES OF OPERATION 
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Code Allocations 

7-62 

Transmitted Code * 

~,. ~ 

'" 

.4~ • 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

, ~ , ~ 

~ .4 ~ j 

, ~ ,. ~ 

96 

Receiver Functions 
(Using the AY-3-8475) 

Program 1 
Program 2 
Program 3 
p'rogram 4 
Program 5 
Program 6 
Program 7 
Program 8 
Program 9 
Program 10 
Program 11 
Program 12 
Program 13 
Program 14 
Program 15 
Program 16 
Volume Increase 

, ~ ,. ~,. 

~,. ~ , ~ 

95 

j~ .4 II' .4 

, ~,. 
.. 

11"11' 

Transmitted Code * 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

32-47 
48-255 

Receiver Functions 
(Using the AY-3-8475) 

Volume Decrease 
Color Increase 
Color Decrease 
Brightness Increase 
Brightness Decrease 
Spare Increase 
Spare Decrease 
Normalize 
Mute 
ON/O FF to OFF 
Spare 1 On 
Spare 1 Off 
Spare 1 Toggle 
Spare 2 On 
Spare20ff 
Program 17-32 
Spare 

* Decimal equivalent of 8 bit binary word listed for convenience. 

~Ir ~ Ir ~ , ~, 
32 

" 
~~ .4 

II- • It- 'It-

CLOSE SWITCH FOR 
COMMANDS 128 TO 255 

~ O>-------:~> SHIFT3 

SHIFT 2 

~ 4,700pF 

SHIFT 1 

± ...i.. 4 ,700PF 

- ~ 

1-----, 
I I 0 , 
I I , 
I I , 
I I , 
I I KB O/p·s 

5 

I I 
6 

I I 
7 

I I 
" L' - - - --.I 

Fig. 5 USE OF DIODES TO EXPAND KEYBOARD TO 128 COMMANDS 
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AY-3-8475 PRELIMINARY INFORMATION 

264 Command Infrared Remote Control Receiver 

FEATURES 

• 256 Commands 
• Latched program number outputs 
• 32 Programs 
• 4 Analog Channels-62 step 
• ON/OFF facility 
• Normalize command on analog functions (except volume) 
• 2 Auxiliary ON/OFF outputs (one with toggle facility) 
• Local control of all 256 commands 
• CPU Databus interface 
• Direct Interface with General Instrument Teleview System 
• Direct Interface with Economega TV and Radio Tuning Systems 
• Command fully error checked ensuring secure link 

DESCRIPTION 

The AY-3-8475 receiver together with the AY-3-8470 transmitter 
forms a complete 256 command infrared remote control system. 
Applications include both radios and television. Control of normal 
TV functions is possible together with Teletext/Viewdata. Direct 
interface is possible with the Economega electronic tuning systems. 

OPERATION 

All operations, repetition rates, set-up times and resolutions are 
related to the "Clock" Frequency of 2.5MHz unless otherwise stated. 

Power'On 

When power is applied to the chip a power on reset is generated 
and outputs are as follows: NOTE: power on to reset delay about 
3ps. 

(a) Program Number Outputs set to 1 (00000) and Program No. 
Strobe goes low for approximately 50ms. 

(b) Analog outputs setto a mark space ratio of 32:31. 
(c) ON/OFF I/O set to OFF. 
(d) Auxiliary Outputs set to OFF. 
(e) Data Available sell ow. 
(f) Input/Outputs A-H set low. Note this data will only be pre­

sentedto.the outpulpins under control of the Digital Data 
Control input. : ., 

Any program command or a local ON command will turn on the 
ON/OFF output. It will remain ,on until an 'OFF' command is 
received. 

Normalization 

The Normalize command sets analog outputs 2, 3 and.4 (color, 
'brightness and Spare), to a mark space ratio of 32:31. Analog Out­
put 1 (Volume) is not affected by the normalize command. 

Muting 

Analog Output.l (Volume) is set low when a mute command is 
:received. It is returned to its previous mark space ratio by: 

(a) A further mute command. 
(b) Reception of any program command. : 
(c) Switching on the ON/OFF output. 
(d) Reception of either the Volume increase, or Volume de­

crease commands. 
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PIN CONFIGURATION 
22 Pin Dual in Li ne 

Vss(0 volls) 

Analog Output 1 (Volume) 3 

Analog Output 2 (Color) 

Analog Output3 (Brightness) 

Analog Output 4 (Spare) 

2' Program No. Output 
i' Program No. Output 8 

'fZ Program No, Output 9 

Program No. Strobe 1/0 

Voo (+12 Volts) 

2' Program No. Output 

Z'Program No. Output 

InpuVOulputA 

Top View 

Auxiliary Outpul2 

Auxiliary Output 1 

Local Command Strobe Input 

ON/OFF InpuVOutput 

InpuVOutput H 

InpuVOufpul G 

InpuVOutpul F 

InpuVOulput E 

Data Available 

Digital Data Conlrollnput 

InpuVOutpul D 

InpuVOutput C 

InpuVOulpul B 

For a remote mute command the command is repeated every 100m's 
as long as the transmitter remains active. Only one mute command 
is actioned. The transmitter must cease transmitting for at least 
0.5 secs before a further mute command can be received, to tog­
gle the function. .. . 

Signal Input 
Figure 1 shows a typical command input from the IR Transmitter. 
A Valid input takes the form of an 8 'bit' word followed by its inverse. 
The L.S. Bit 'arrives' first 

e.g. INVERSE 
001 1 0 1 0 0 

LSB 

TRUE 
001011 

LSB 

Each '0' bit is comprised of 32 pulses and each '1' bit of 48 pulses. 
The complete command therefore consists of 16 bursts of 32 or 48 
pulses. The' pulses have a nominal period of 2Sps (Le. 40kHz repe­
tition rate). A burst takes 1.6m's and 16 bursts 25.6ms. During the 
remaining 76.8ms the transmitier is inactive. 

The .receiver will decode input frequencies in the range 30kHz to 
50kHz for its specified operating range of Clock Frequencies. The 
mark space ratio oj the input waveform is not critical, however the 
mark or space interval should be at least 2ps. 

The receiver has an'error margin of ±8 pulses in each burst i.e. a 
'0' will be decoded if 25-40 pulses are received and a '1' will be 
decoded if41-56 pulses are received. ' 

The receiver 'looks for' a valid data bit i.e .. a burst of·pulses. The 
decoder synchronizes to this valid. data bit and then looks for 
further 'bits' and inter-bit 'gaps'. If a sequence of an 8 bit word 
occurs, followed by its inverse then this is decoded as a command. 
Any erroneous bits or their inverses cause the decoder to reset 
and await resynchronization. 

Command data outputs A-H correspond directly to the 8 'bit'-word. 



-;' 
&l 

LOCAL 

~TOR'6~~~~ 26 
~LCS) 

AUX 0 P 2 

AUX DIP 1 27 

ON-OFF 110 25 

CLOCK 2 

V"OV 
1 

V,'" 12V & 10'. SIGNAL I P 
11 24 

6 5 4 3 
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_ AY-3-847S 

11-~4-------------- ONE CO~6i~~; COMMAND IIP ~I 

~ 25.6 msec ---I .. to-Il ....... ---------76.8 msec ----------4 ... .,.j.~ ~ 
16 BITS 

!--1.6ms -+-1.6mS---l O.8ms 

~~2mS~ 04mS--\ 'I" "I" 
32 PULSES 48 PULSES 

-I, O.8ms 

~ ~.~~ 
ALL PULSES ARE 40kHz TYP I I I I 

Fig. 1 EXAMPLE INPUT FORMAT 

COMMAND DECODING 

Transmitted code and 
Output code (A-H) * Receiver Functions 

0 Program 1 
1 Program 2 
2 Program 3 
3 Program 4 
4 Program 5 
5 Program 6 
6 Program 7 
7 Program 8 
8 Program 9 
9 Program 10 
10 Program 11 
11 Program 12 
12 Program 13 
13 Program 14 
14 Program 15 
15 Program 16 
16 Volume Increase 
17 Volume Decrease 
18 Color Increase 
19 Color Decrease 
20 Brightness Increase 
21 Brightness Decrease 
22 Spare Increase 
23 Spare Decrease 
24 Normalize 

* Decimal equivalent of 8 bit binary word is listed for convenience. 

Command 'Outputs' appear approximately 120ps after the last bit 
of the 16 bit word has been input to the receiver. Analog commands 
may be up to a maximum of 180ps. Forthe case of Local commands 
the outputs appear approximately 16ps after the 20ms debounce 
strobe. Analog commands may be up to a maximum of 70ps. 
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Transmitted code and 
Output code (A-H) * Receiver Functions 

25 Mute 
26 ONIO FF to OFF 
27 Spare 1 On 
28 Spare 1 Off 
29 Spare 1 Toggle 
30 Spare 2 On 
31 Spare 2 Off 
32 Program.17 
33 Program 18 
34 Program 19 
35 Program 20 
36 Program 21 
37 Program 22 
38 Program 23 
39 Program 24 
40 Program 25 
41 Program 26 
42 Program 27 
43 Program 28 
44 Program 29 
45 Program 30 
46 Program 31 
47 Program 32 

48-255. Spare 

Analog Outputs 

The Analog outputs are variable mark space ratio outputs at a fre­
quency of typically 20kHz. The mark space ratio defines the 
analog 'Ievel and can be varied from 1 :62 to 62:1. Power on reset 
sets the outputs to mark space of 32:31. Analog outputs 2 to 4 can 
also be set to 32:31 with the Normalize command. Analog output 1 
(Volume) can be muted. . 

Remoie commands cause analog channels to increment or decre­
ment at the transmitter repetition rate. For local commands the 
rate will be approximately ten steps per second. 



Local Commands 

Local Command Strobe input low convertsIlO's A-H to input mode 
and after a debounce period of 20ms the local data is read in, de­
coded, and Data Available set to high. Input data must be 'valid' 
during the strobe time shown. 

Local Command Strobe high outputs this new data on the I10Iines. 

Analog functions decrement or increment approximately once 
every 100ms while the command is input. 

I I 
lIO A-H I I 

I ' 
I ' 

~ a....-SI1S STROBE 

------~--------------~:~ 
_D_AT_A_A_V_A'_LA_B_L_E ______ -.., __ ~_t,,-'~ ',"" (DOC CONNECTED LOW) ! 

II 

" I I 
DATA AVAILABLE 

(DOC CONNECTED HIGH) 
I I 
II 

2S-4.5/Js 

I I I 

Fig. 2 LOCAL COMMAND TIMING 

Program Strobe Output Timing 

For the case where the Program Strobe I10 is not connected low 
externally, then on reception of a Program Command the strobe 
output will go low for approxi mately 50ms. 

PROGRAM 
NO. STROBE 

PROGRAM 
NO. OUTPUTS 

2"-2' 

" I , 

11 tt 
,I I I 

!~r------+-'! ~ j' I r 
'I , I 
~ r500ns MAX 4ps MAX--., ~ 

I 
~144----------52ms---------•• ~1 
I I 

Fig. 3 PROGRAM STROBE TIMING 

Interface with CPU Databus 

The receiver interfaces directly with the General Instrument Tele­
view System, Teletext and Viewdata. Interface with any CPU is 
possible however. .. 

(a) Remote Control has exclusive use of the data bus. Data 
Available I10 and Digital Data Control input are connecteo 
together. Data Available high signals the CPU, the CPU reads 
in the data and then pulls Data Available and' Digital Data 
Control input low for a minimum of 3/-1s. DataAvailable is now 
reset low. If the CPU does not reply to the Data Available the 
next remote command received will reset Data Available low 
and then back again to high. 

(b) The remote control outputs share a databus with other 
peripherals. Data Available to high signals the CPU, the 
CPU sets the Digital Data Control Input high which outputs 
the remote conlrol data onto the bus. Data is now read and 
then the CPU res!'ts Digital Data Control Input low which' 
resets Data Available to low. If the CPU does not reply then 
the next remote transmission resets Data Available back to 
low and then high. 

(c) With Digital Data Control input held high, Data is output on 
the bus permanently. At each command Data Available 
pulses high to act as a strobe for loading auxiliary latches. 

AY-3-847S 

I t CPUREPLY~ I 
DATA 

AVAILABLE 
AND DOC lIP 

H"I------------i' I -.1: LL 
II I I 

-..... ",-SOOnsMAX --... ,......4I/sMAX 
II , I 

I/O A-H :~.. VALID DATA 11:: ~ 

I I I 

i=J: ~O-17IJS 
DATA AVAILABLE I - H---f ~ -

OR ANOOOel/P I :: I: 
IF CPU I II I, 

DOE~~~~:TEPLY, ------'------......,.~q : I 
TRANSMISSION I I II 

I I II SOOn$ 
I'-"'''''''-MAX 
I I II 

1I0A-H --==::? bVALIO 
I I II DATA 

4psMAX ........ ...... II 

DATA SET UP TIMES SPECIF1EO FOR 10pF LOAO CAPACITANCE 

Fig. 4 INTERFACE WITH CPU DATABUS 

DATA 
AVAILABLF-.J 

CPUREPLY~I 

IL' II 
\I 
I( 

DDCIIP 

'I 
'I 
'I 

------~~------~~ 
I II 

5000s MAX-.I ,..- II 

II ~ ~FVAUDDATA 
II I' 
: : -.I ~4"' MAX 

'I 

110 A-H 

I, 

DATA AVAILABLE 

OR II I 
IF CPU ,I 

DOE~~~~XRTEPLY. -----------------i .. ~: 
TRANSMISSION DOC lIP I 

------------~t------H 

1I0A-H 

I 
I 
I 
I 
I 

1 
DATA SET UP TIMES SPECIFIED FDA 10pf LOAD CAPACITANCE 

Fig. 5 INTERFACE WITH SHARED DATABUS 

DATA 
AVAILABLE 

liD A-H 

, I 
I I 

__ ~:~--------~--~2.5-4.~S~----__ ----1 
I 
I 

j ' ""OM" 
I I 
r---l0-17/1S~ 

110 A-H LOADED 10pF 

Fig. 6 DATA STROBE TIMING 

7-67 



I 

AY-3-8475 

Voo 12 VOLTS ±10% 

- '-'OpF 

v,IvoLTS 

C1 

100nF1 

7-68 

A1 

2.2K 

3K. 

V" 1 28 
AUX2 

CLOCK 2 27 AUX 1 

ANALOG 1 
3 28 

LCSIIP 

ANALOG'2 4 25 ON/OFFIIO 

ANALOG 3 
5 24 SIGNAL liP 

ANALOG 4 
6 23 

1I0H 

PAOG:t 7 22 1I0G -'~ 

PAOG 23 AY-3-8475 If 0 F 
8 21 

47pF: :: PAOG 2' • 20 110 E 

PAOG NO. STROBE 10 ,. OATA AVAILABLE 

V", 
11 18 DOC liP 

PROG 2' 
12 17 1100 

PROG 2° 
13 16 

lIoe 
110 A 14 15 

I10e 

YO.,.F 
Fig. 7 BASIC SYSTEM SCHEMATIC 

A2 

C2 + 150 

22PFI 
+12 VOLTS 

C10 

~'00nF 

C4 

100nF I 
(7c;-----
I TPK TOA 4180 

I 
8 I 

I 
I 

1 ---- 2 --l 
I 
I 
I 

I 
I 
I 

------' 3 L--1----A7 5 
18K 

A10 
150 

C11 
T100nF 

Fig. 8 

A. 
18K 

AMP 

A13 
S.6K 

+12 VOLTS 

J-L. 
DATA 

TO PIN 24 



ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 

AY-3-8475 

Voltage on any pin with respect to Vss pin ..................... -3.0 to +16 Volts 
* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Ambient operating temperature range .............................. O'C to +70' C 
Storage temperature range ...•...•....•...• ' ................... -65' C to +150' C 

Standard Conditions (unless otherwise noted) 

Vee = +12 Volts ±10% (10.8 to 13.2) 
Vss = 0 Volts 
Operating temperature TA = O'C to +70'C 

Characteristic Min 

Clock (2) 

Typ Max Units Conditions 

Frequency 1.875 2.5 3.125 MHz ±10% External components at typical values 
External resistor to Vee 1.0 3.9 - KO 
External capacitor to Vss - 47 250 pF 

Digital Data Control (18) and Local 
Command Strobe (26) Inputs 

Low Level Vss - 0.8 V 
High Level 2.0 - Vee V 
Pull up to Vee 
Low Level Source - - 200 IlA V,N = 0.4 Volts 
High Level 2.4 - - V ISOURCE = '3OIlA 

Signal Input (24) 
Low Level Vss - 0.8 V 
High Level " 2.0 - Vee V 
Leakage to Vss - - 10 IlA V,N = Vee 

Input/Output A-H (14-17 and 20-23) 
Input-Low Level Vss - 0.8 V 
Input High Level 2.0 - Vee V 
Pull upto Vee 
Low Level Source - - 200 IlA V,N = 0.4 Volts 
High Level 2.4 - - V IsouReE = 30llA 
Output Low Level - - 0.4 V ISINK = 2.0mA 
Output High ,I:.evel As above Pull Up High Level 

Program No Outputs (7-9 and 12, 13) . 
Low Level - - 0.4 V ISINK = 2mA 
High Level 
Outputs'OFF' PuilUp to Vee 

2.4 - - V ISOURCE ± 30llA 

Low Level Source - - 200 IlA V,N = 0.4 Volts 
High Level As above Output High Level 

Program No Strobe IIO' (10) 
Input Low Level Vss - 0.8 V 
Input High Level 3.0 - Voe V 
Pull up to Vee 
Low Level Source - - 200 IlA V,N = 0.4 Volts 
High Level 8 - - V !sOURCE = 30llA 
Output Low Level - - ,0.4 V ISINK = 2mA 
Output High Level As above Pull Up High Level 
Strobe Duration 40 52 70 ms 

Analog Outputs (3-6) Open Drain 
Frequency 15 20 25 kHz 
Low Level - - 0.4 V ISINK == 2mA 
OFF Leakage to Vss - - 10 IlA VOUT = Veo 
Data Available Output (19) 
Low Level - - 0.4 V ISINK = 2mA 
High Level 2.4 - - V IsouReE = 30llA 

Aux 1 and Aux 2 Outputs (27, 28) Open Drain 
Low Level - - 0.4 V ISINK = 2mA 
OFF Leakage to Vss - - 10 IlA VOUT = Veo 

ON/OFFTIO (25) 
Input Low Level Vss - 0.8 V 
Input High Level 3.0 - Vee V 
Output Low Level - - 0.4 V !s,NK = 2mA 
OFF Leakage to Vss - - 10 IlA VOUT = Vee 
Supply Current Voo (11) - - 40 mA 

NOTE: 'Pull Ups' are configured with Depletion FET's with Gate connected to Source. They have non-linear VI characteristics. 
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PIN FUNCTIONS 

Pin No. 

2 

3 
4 
5 
6 

7 
8 
9 
12 
13 

10 

11 

14 
15 
16 
17 
20 
21 
22 
23 

18 

19 

24 

7-70 

25 

26 

27 
28 

Name 

Vss 

Clock 

Analog Output 1 } 
Analog Output 2 
Analog Output 3 
Analog Output 4 

2' Program No Output } 
2' Program No Output 
2' Program No Output 
2' Program No Output 
2' Program No Output 

Program Number StrobeIlO 

Voo 

I/OA I 1I0B 
I10C 
I/O 0 
I/O E 
1/0 F 
1I0G 
1/0 H 

Digital Data Control Input 

Data Available Output 

Signal Input 

ONIOFFIIO 

Local Command Strobe Input 

Auxiliary Output 1 } 
Auxiliary Output 2 

Function 

o Volts. Source/substrate connection. 

Connect aresistor to Voo and a capacitor to Vss. Nominal frequency 2.5MHz. 

Open drain pulse width modulated outputs. Mark space ratio variable from 1 :62 to 
62:1. Outputs increment one step for each command. receiyed. Increment rate 
approximately one step every lOOms for continuous commands. 

Outputs under control of the Program Strobel/O. Program 1 =00000. With Program 
StrobeIlO connected low, latched program data is available. 

Goes low for approximately 50ms when program data has been received. While low 
the Program Number Outputs are enabled. While high the Program Numberoutputs 
are all high. When this output is held low externally the Program Number outputs 
are permanently enabled. 

Positive power supply 12 Volts ±10%. 

256 Command data under the control of the Digital Data Control Input. 
A is the LS Bit. 
Local commands may be entered on the A,H lines under control of the Local Com- ' 
mand Strobe In put. 

When high the 8 outputs A-H are enabled. This input also resets the Data Available 
output when taken low. When low outputs A-H are all high. 

This output is set high when new data is available. It remains high until reset by the, 
Digital Data Control input going low. If the Digital Data Control input is permanently 
held high then Data Available output is a high going strobe pulse of typically 4/1s. 

This input should normally be low under no Signal conditions. High going pulses 
are input when a remote command is triggered. 

Open drain output used for switching 'ON' the television or radio, etc. This output is 
'turned on by anyone of the 32 program commands and turned of/by' the OFF 
command. the output can be latched on locally by connecting low for 'at least 
128/1s. When 'OFF' increment and decrement commands on the Analog channels 
are inhibited. ConnecttoO volts if not used. 

When 10w,llO's A-H are in the input mode and the Signal Input is, inhibited .. Local 
commands may now be entered. When high are under control 01 th'e Digital Data 
Control input. . 

Open drain outputs, turned on or off as required. In addition Auxiliary Output 1 can 
be toggled. Remote toggle commands have to be spaced at least 0.5 secs apart 
similar to the Mute toggle, see later Muting. 
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AY·1·0212 

Top Octave Generators 

FEATURES 

• Wide Input Frequencv Range.· 250kHz to 1.5MHz 
• Low Impedance 'Push-Pull Outputs 
• Full Musical Scale In One Chip 
• Zener Protected Input 

DESCRIPTION 

The AY-l-0212 Top Octave Generator Is a digital tone generator 
which produces, from a single Input frequency, a full octave of 
twelve frequencies on twelve separate output terminals. 

The AY-l-0212 consists of twelve divider circuits which divide the 
Input by an exact Intager to produce a chromatic scale of twelve 
notes. When used In conjunction with an oscillator' and frequency 
dividers, a system may be configured which generates all the 
frequencies required by an e.lectronlc music synthesizer. 

BLOCK DIAGRAM / TYPICAL APPLICATION 

,-------l 
I I 
I I 
I I 
I I 
I I 

~ ,: I I 
~ I I 
·1 I 

1 I 

I i 
1 I 
L,,---, ____ -'- __ J 

7-72 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE' 

JL INPUT 
FREQ 

• Vas 

Input I. 

+481 

+379 

+318 

+301 

+253 

+238 

.--_ ... ____ -'I:...jVSS 

470.n. 

2.7K 

.-_ ... _--=I-=-s0 Voo 
VOG 

9 

VOO-------' 

OUTPUTS 

Fig. 1 TYPICAL INPUT BUFFER (IF REQUIRED) 

FREO. NOTE 

4184.1Hz Co >---l FRED. DIVIDERS f---+ C,. --- Co 

3852.8Hz B, >---l FREQ. DIVIDERS f---+ Be. -- Be 

3731.3Hz AI, >---1 FREQ. DIVIDERS ~ AI •• -- AI, 

4032.3Hz A, >---1 FREQ. DIVIDERS ~ /lo. --- /lo 

3322.3Hz G#,>---1 FREQ. DIVIDERS ~ G# •• --- Gilo 

3134.8Hz G, >---1 FREQ. DIVIDERS ~ G •• --- G, 

2858.6Hz F'a>--1 FREQ. DIVIDERS f---+ Fi/; --- F#, 

2793.3Hz F#, >---l FREQ. DIVIDERS f---+ F# •• -- Filo 

2638.5Hz E, >---1 FREQ. DIVIDERS ~ E •• --- Eo 

2487.8Hz 0#-'>---1 FREQ. DIVIDERS f---+ 0# •• --- 0110 

2347.4Hz 0, >-l FREQ. DIVIDERS ~ D •• -- Do 

2217.3Hz c#,>-l FREQ. DIVIDERS ~c# •• --- Clio 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All Pin Voltages with respect to vss .•.••..••••• -30V to +0.3V 
Storage Temperature .••.•••.......••.••.•.• -55·C to +150·C 
Operating Temperature (T A) ••••••••••••••••••• O· C to +70· C 

Standard Conditions (unless otherwise noted) 
Vas = GND 
See Fig. 2 for Voo and Vaa Operating Voltages 

Characteristic Min Typ" 

DC CHARACTERISTICS 
Input Leakage ~ -
Input Positive Level +0.3 -
Input Negative Level -10.0 -
Output on Impedance to Voo - -
Output on Impedance to Vss - -
IGG Supply Current - -
100 Supply Current - -
AC CHARACTERISTICS 
Input Frequency fo .25 -
Input Capacitance - 5 
Input Positive Level Width tp .33 -
Input Negative Level Width tn .33 -
Output Rise Time Ir - 1 
Output Fall Time tf - 1 

. "·Typlcal values are at +25·C and nominal voltages. 

TIMING DIAGRAMS 

T+- --: '.~.IO~. 
INPUT . ~ I .~~ _. . 90.,. 

~lpj~ln-1 . 

i',r - -F.IO~. OUTPUT 
~ 90~. 

If . 

-15 

/ I -14 

" STANDARD CONDITIONS 

/' ;;; (WITHIN THIS AREAl 

~ -13 

V 2: 

./ 0 
0 

> -12 

-II 

L 
-23 -24 -25 -26 -27 -28 -29 

VGG (VOL.TS) 

Fig. 2 OPERATING VOLTAGES 

Max 

10 
-2.0 
Voo 

AY·1·0212 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions Is not 
Implied-operating ranges are specified 
below .. 

Unite Conditione 

/loA at27V 
Volts 
Volts 

3500 n } 1.0V across the device with 17K load 
3500 n to -6V. 

16 mA 
20 mA 

1.5 MHz See Fig. 3 
10 pF 1MHz 
- JJs AY-1-0212 
- JJS AY-1-0212 
- JJs no load 
- JJs no load 

INPUT ~.JL1l-.fL.fl-.,r-f1--IU I. TYPICAL. I 201 INPUT CYCL.ES I 201 INPUT CYCL.ES I EVEN 
DIVISiON 
10+402 t OUTPUT J .lI. I r 2 

2. TYPICAL. 
INPUT nn..,~r-fl..-JL-f 

ODD I 180 INPUT CYCL.ES I le9 INPUT CYCL.ES I DIVISION 
10+319 

!I.::! 
OUTPUT j .!!f+1 I 2 r 

n • THE DIVISION NUMBER 

3MHz 

2MHz L 

>- / 
V 

u 
z I MHZ 

'" => 
0 

'" L a: 
u. 
.... J => 

L a. 
;!; 

V 100kHZ 
24 25 26 27 

VGG VOLTAGE 

Fig. 3 TYPICAL FREQUENCY VI. VOG 
VOLTAGE OPERATION 
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AY-3-0214 
AY-3-0215 

, . 

Master Frequency Generator/Top Octave Generator 

FEATURES 

• Wide input frequency range: 100kHz to 4.5MHz 
• Single power supply 
• Full musical scale on one chip 
• Low impedance push-pull outputs 
• Zener protected input 
• AY-3-0214: 12 outputs - SO% Duty Cycle (Highest accuracy) 
• AY-3-021S: 13 outputs - SO% Duty Cycle 

DESCRIPTION 

The General Instrument M.F.G.IT.O.G. is a digital tone generator 
which produces, from a single input frequency, 12 or 13 semitone 
ouiputs fully spanning the equal tempered scale .. When used in 
conjunction with an oscillator and frequency dividers such as the 
General Instrument AY-1-S0S0, a.system may be configured 
which generates all the frequencies required by an electronic 
music synthesizer. 

BLOCK DIAGRAMS 

fa .;.. 427 

fo';_ 254 

fa.;.. 269 

fo.;_ 285 

fo.;_ 302 

fa';" 320 

:~ >--1f--+-+-'-~--+ 
fa';" 339 

fa.;.. 359 

fa .;.. 380.5 

fo.;_ 403 

fa';" 452.5 

fa .;, 479.5 
AY-3-0214 

7-74 

PIN CONFIGURATION 

16 LEAD DUAL IN LINE 

AY-3-0214 

Vee 

Inputfo 

+479.5 

+403 

+339 

+320 

+269 

+254 

16 LEAD DUAL IN LINE 

AY-3-021S 

Vee 

Inputfo 

Vss 

+451 

+426 

+402 

+379 

+358 

+452.5 

+427 

+380.5 

+359 

+302 

+~85 

Vss 

N/C 

+478 

+239 

+253 

+288 

+284 

+301 

+319 

+338 

fa.;. 478 

'----------..:=--~ fa .;.. 239 

r-----------~ fo.;_ 253 

r--r==~======~=j~fO.;-268 
fa';' 284 
fo.;_ 301 

L __ .;. fo .;_ 319 

fa 
IN 

,---.;. fa .;. 338 

fo .;.. 358 

fa .;. 379 

LJ=~=~~~~~ fo.;_ 402 
L ___________ fa .;.. 426 

L __ ~ _________ _.;. fa .;_ 451 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss ••.••...... +20 to -0.3 
Storage Temperature ............•...•..•.•• -SsoC to +150°C 
Operating Temperature (TA) ••••••••••••••••••• O°C to +SO°C 

Standard Conditions (unless otherwise noted) 
Vss = GND 
Vcc = +10V to +16V 

Characteristic Min Typ" 

Clock Input 
Low 0.0 -
High Vee -3.0 Vee 
Frequency 100 -
Rise Time - -
Fall Time - -
Duty Cycle 40 SO 
Capacitance - -
Outputs 
High Vcc -l.S -
Low 0.0 -
Fall Time - -
Rise Time - -
Duty Cycle - SO 
Supply current - -

"Typical values are at 't2So C and nominal voltages. 

TIMING DIAGRAMS 

Flg.1 TYPICAL EVEN DIVISOR N ~ 404 

Flg.3 TYPICAL EVEN PLUS 0.5 DIVISOR N ~ 452.5 

TYPICAL APPLICATIONS 

cia 1674Q.7BHz 

El9 15807.28 

A • 9 14919.86 

A9 14080.00 

G II 9 13288.00 

G9 12543.24 

F /I 9 11844.46 

F9 1117~.20 

E9 10551.28 

LJ:=~==~~~7 0.9 9958.22 

'-----------~ 09 9397.04 

'---------,----,.----~ C'9 8867.90 

Max 

0.8 
Vee 

4S00 
30 
30 
60 
10 

Vee 
O.S 
2.S 
2.5 

-
120 

AY-3-0214 • AY-3-021S 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Units Conditions 

V 
V 

kHz 
ns 4.SMHz 
ns 4.SMHz 
% 
pF 

V 0.2SmA 
V 0.7mA 

I'S 20K & 500 pF to 16V 
I'S 20K & SOO pFto Vss when. Vce.,16V 
% 

mA 16V, 4.SMHz, 25°C 

Flg.2 TYPICAL ODD DIVISOR N ~ 403 

Flg.4 TYPICAL ODD PLUS 0.5 DIVISOR N ~ 479.5 

C. 8'569.20Hz 

CIO 16138.40 

a. nSSI2.IO 

A:' 9 14927.10 

.9 14018.10 

G •• 13290.80 

G. 12540.60 

F' • 11835.70 

F. 11174.50 

E' 10555.30 

0 .. 9951.40 

D. 9390.70 

C •• 8870.20 

AY-3-0215 
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AY-1-1313 

Priority Latching Network 

FEATURES 

• Low Power Consumption 
• Two or more units may be connected in tandem 

DESCRIPTION 

The AY-1-1313 Priority Latching Network is a LSI subsystem 
designed for use in electronic organ keyboard and pedal latching 
circuits. When any combination of one or more "switch" inputs is . 
connected to logic "1" the output switch corresponding to the 
highest priority, or.lowest number, Input will close, connecting 
the selected frequency to the output frequenCy bus. tlieoutput 

. switch will remain closed even If the Input switch is released, and 
willrernalnclosed until:a new input switch closure occurs. 

BLOCK DIAGRAM 

PRIORITY IN PRIORITY our 
INHIBIT IN INHIBIT OUT 

FREQUENCY OUT 

7-76 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Switch 6 
Switch 5 
Switch 4 
Switch 3 
Switch 2 
Switch 1 
Ground 

VOD" 

Frequency Out 
Priority IN 
Inhibit Out 

N.C. 
N.C. 
N.C. 

Frequency 1 
Frequency 2 
Frequency 3 
Frequency 4 
FrequencY 5 
Frequency ~ 

LOGIC DIAGRAM 

SWITCH 
IS 

SWITCH • 

PRIORITV 
OUT 

INHIBIT 
IN 

SWitch 6 
Switch 8 
SWitch 9 
Switch 10 
Switch l' 
Switch 12 
Switch t3 

N.C 
N.C 
Priority Out 
Inhibit In 
V •• 
N.C. 
Frequency 13 
Frequency 12 
Frequency 11 
Frequency 10 
Frequency 9 
Frequency 8 
Frequency 7 

M ~ SWITCH' __ .c'-; [[= =;:::. -~ -~ -: -: :r::f~=~2:r-;lJ----jr=r--o; FREQUENCY 

5WITCH'_ c-=~-...!:!..,. 
2 

SWITCH' __ J:"=~--.!:r"" 
I 

PRIORITY I. 

FREQUENCY 
2 

)O..,....+..-----~Ir_--< FRfQ~ENCY 

INHIBIT 
OUT 

FREQUENCY 
OUT 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All Pin Voltages with respect to Vss ............ -30V to +0.3V 
Storage Temperature ....................... -55°C to +150°C 
Operating Temperature (TA) •.•••.••.••.•••.• -20°C to +70°C 

Standard Conditions (unless otherwise noted) 

voo = -12±1V 
vGG = -27± 1.5V 
Vss = GND 

Characteristic Min Typ·· 

DC CHARACTERISTICS 
Switch Inputs Impedance 15 -
Priority and Inhibit Inputs 
Impedance 1 -

Input Logic "0" - -
Input Logic "1" -9 -
Output Logic "0" - -
Output Logic "1" -9 -
Frequency Output Switch 
Impedance - "ON" - -

"OFF" 5 -
IDD Supply Current - -
IGG Supply Current - -.. TYPical values are at +25°C and nominal voltages. 

TYPICAL APPLICATION 

Max 

80 

-
-2 
-
-2 
-
20 
-
8 
1 

AY-1-1313 

• Exceeding these rati ngs could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Units 

kO 

MO 

V 
V 
V 
V 

kO 
MO 
mA 
mA 

Conditions 

} Measured to 
Ground 

J RL = 47K 'to VDD 

For multiple unit operation, the Priority 
Output of the higher priority unit is 
connected to the Priority Input of the 
lower, and the Inhibit Input of the 
higher priority unit is connected to the 
Inhibit Output of the lower. The Priority 
and Inhibit Inputs must be grounded 
when not in use. 

L-___________ ---l~ F~EU'\Up~'1_Cy 
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AY-5-1317A 

Chord Generator 

FEATURES 

• ROOT, 3rd, 5th, 7th Chord Elements 
• Additional output for special effects 
• Sustain capability 
• Top key priority 
• Self-contained oscillator circuit 
• Operated with single pole, single throw switch matrix 

DESCRIPTION 

The AY-5-1317A is a P-Channel MOS IC which accepts twelve 
basic frequencies (one full octave) and outputs the notes 
necessary to form Major, Minor and Seventh chords. This is the 
only known standard chord generator IC that performs these 
lunctions. The chord elements (ROOT, 3rd, 4th, 5th, 6th, and 7th) 
can be multiplexed internally to perform special effects such as 
walking bass, rhythm arpegio, alternating bass, .etc. The AY-5-
1317 A will operate in conjunction with and, through the KEY 
DOWN output, synchronize a rhythm generator such as the 
General Instrument AY-5-1315. The AY-5-1317A has a keyboard 
priority system with the C Major chord having the highest priority. 
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BLOCK DIAGRAM 

KEYBOARD 
SCAN OSC 

SPECIAL 
EFFECT 
OUTPUT 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Vss 
Voo 
Cl 

OSC 

RES 
mSel 

Rl 
R2 
R3 

R4 

R5 

R6 

Fl 

F2 

F3 
F4 
F5 

FG 
F7 

FB 

MINOR SELECT 

7TH SELECT 

12 FREQUENCY 
INPUTS 

CHORD 
f--L----+'- ELEMENTS 

OUTPUTS 

C6 
C5 
C4 
C3, 
C2 
SUS 
MO 
7 Sel 
7th Output 

Root 
AK 
3rd Output 

5th Output 

81 
82 
83 
F12 
Fll 
FlO 

F9 



AY-5-1317A 

PIN FUNCTIONS 

Pin No. Name (Symbol) Function 

1 Ground (Vss) Ground 
2 'Power Supply (VDD) Negative Supply 
3,36-40 Column Inputs (C1-C6) Column inputs from Keyboard Matrix 
4 Oscillator Input (OSC) RIC network connection for keyboard scan oscillator 
5 Reset (RES) A logic '1' (ground) will reset the keyboard scanner,:and the 

memorized key 
6 Minor Select (m Sel) A Ground on this line changes the 3rd output from Major to 

Minor 
7-12 Row Outputs (R1-R6) Row outputs to Keyboard Matrix 

13-24 Frequency Inputs (F1-F12) These are the input lines for the 12 frequencies (one full 
octave 8 thru C) used to generate the chords. 

25-27 Control Inputs (83-81) These 3 lines will be internally latched and decoded to select 
either the ROOT, 3rd, 4th, 5th, 6th, or 7th frequency as the 
special effect output. 

81 82 83 Selection 
0 0 0 No change from last selection. 
0 0 1 ROOT 
0 1 a 5th 
0 1 1 3rd 
1 1 1 7th 
1 1 0 4th 
1 0 1 6th 

28 5th Output (5th) This line will output theSth frequency elementofthe selected 
chord. 

29 3rd Output (3rd) This line will output the 3rd frequency element olthe selected 
chord. Minor 3rd will be provided if a Minor chord is selected. 
Major 3rd will be provided if a Major or 7th chord is selec(ed. 

30 Any Key Down (AK) This line goes to a logic '1' whenever a chord selection key is 
depressed. 

31 Root Output (Root) This line will output the ROOT frequency element of the 
selected chord. 

32 7th Output (7th) This line will output the 7th frequency element of the selected 
chord if a 7th chord is selected otherwise the output is logic '0' 
(voltage). 

33 7th Select (7 Sel) A ground on this line turns the 7th output on. 
34 Special EffectOutput (MO) This line will output one of the six frequency elements as 

programmed by the control lines 81- 83. The 7th chord ele-
ment frequency will be provided independently of the chord 
selection. 

35 Sustain (SUS) A logic '1' on this line will activate the memory circuit which 
memorizes the last key-piayed. 

TRUTH TABLE FOR SPECIAL EFFECT OUTPUT 

FREQUENCY OUTPUTS 

Chord Root 3rd Minor 3rd Major 4th 5th 6th 7th Selection 

C C (+2) DII (+2) E (+2) F (+2) G (+2) A (+2) A·lt (+2) 
CII CII (+2) E (+2) F (+2) F # (+2) G# (+2) All (+2) 8 (+2) 
D D (+2) F (+2) F II (+2) G (+2) A (+2) 8 (+2) C· ( +1) 
DII DII (+2) FII (+2) G (+2) Gil (+2) All (+2) C (+1) C # (+1) 
E E (+2) G (+2) Gil (+2) A (+2) 8 (+2) CII (+1) D (+1) 
F F (+2) Gil (+2) A (+2) All (+2) e (+1) 0 ( +1) DII (+1) 
FII FII (+4) A (+4) A# (+4) B (+4) e# (+2) Oil (+2) E (+2) 
G G (+4) All (+4) 8 (+4) e (+2) D (+2) E (+2) F (+2) 
G# Gil (+4) 8 (+4) e (+2) ell (+2) D# (+2) F (+2) F /I (+2) 
A A (+4) C (+2) ell (+2) D (+2) E (+2) FII (+2) G (+2) 
All A# (+4) ell (+2) D (+2) D II (+2) F (+2) G (+2) G# (+2) 
8 8 (+4) D (+2) DII (+2) E (+2) FII (+2) Gil (+2) A (+2) 
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AY"5-1317A 

ELECTRICAL CHARACTERISTICS 

',Maximum Ratings" 

Voo with respect to Vss . . . . . . . . . . . . . . . -20V to +O.3V 
'Logic Input Voltages with respect to Vss . . . . . . . -20V to +0.3V 
Storage Temperature . . . . . . . . . . . . .• -65'e to +150'e 
Operating Temperature (TAl ...... .'. . . . . . o'e to'+70'e 

'Standard Conditions (unless otherwise noted) 
I 

Voo = -15V ±3V 
Vss = OV (Substrate'voltage!' 
Operating Temperature (TAl = +25'e 

Characteristic 

Input Logic Levels 
Logic 0 
Logic 1 

Input Capecltance 
Note Outputs 
Logic 0 
Logic 1 

Row Drivers Output Impedance 
Control Input 
Keyboard Row Input Impedance 

Keyboard Sce,nFraquency 

1 

Sym Min 

VIL Voo 
VIH -1.0V 

elN -
ROFF 160kCl 
RON -

-
10kCl 

24kCl 

-
"Typical values are at +25'e and nominal vOlt~ges. 

' Typ" 

-
-
-
-
-

7500 

-
-

25kHz 

STANDARD INTERCONNECTION FOR A 3 x 12 KEY fti'lATRIX 

7-110 

'Exceeding these ratings could cause perma­
nent damage. Functional operation of this 
device at these conditions, Is not, Implied 
-operating'ranges are specifi&<! below. 

Max Conditions 

-8.5V 
+0.3V 
10 pF 

-
5000 

I 

- Voo=-15V 
1000kCl 

100kCl 

- 500 pF,150K.LVoO = -15V : 



STANDARD INTERCONNECTION FOR A SINGLE ROW KEYBOARD 
WITH SEPARATE KEY FOR MINOR AND SEVENTH 

AY-5-1317A 

'------''-i voo 

11 

12 

36 37 38 39 40 3 

13 

14 
15 

16 
17 

18 
19 
20 

21 
22 
23 

24 

B1 B2. 83· 

AY-5-1317A 

B 

A# 
A 
G# 

G 
F# FROM 

FREOUENCY 
DIVIDERS 

E 
0# 
0 
e# 

e 
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AY-1-1320 

Piano Keyboard Circuit 

FEATURES 

• 12 keys per package 
• Loudness proportional to key press velocity 
• Sustain inputtogive loud pedal operation 

DESCRIPTION 

The electronic. piano chip when used in conjunction with 
standard divider circuits will make an instrument closely 
resembling a piano in operation and sound. The chip is arranged 
so that the loudness of the notes is proportional to the velocity of 
the keys as in an acoustical instrument. Additionally the notes are 
arranged to die away at a realistic rate. A sustain input is provided 
so that the operation of the loud pedal can be emulated. 
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ELECTRONIC PIANO BLOCK DIAGRAM 

12 NOTE KEYER 

AY-1-1320 
12 NOTE KEYER 

AY-1-1320 

12 FIVE STAGE DIVIDERS 

AY-1-5050 

12 NOTE KEYER 

AY-1-1320 

5 OCTAVE KEYBOARD 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Vss (GND) 

Key 11 Input 

OutpUI11 

Cl/11 

Output 9 

C1/9 
Output 7 

C1I7 

Key 7 Input 

Output 5 
ellS 

Key 5 Input 

Output 3 

C1I3 

Output 1 

Vc;c; 
'Cl T 

Sustain Input 

Bias Input 

Key 1 Input 

12 NOTE KEYER 

AY-1-1320 

Top View 

Key 9 Input' 

Key 10 Input 

Key 12 Input 

QufpUI12 

C1/12 

Output 10 

CillO 

Output 8 

C1l8 

Key 8 Inpul 

Output 6 
C1I6 
Key 6 Input 

Output 4 

C1/4 

Output 2 

C1I2 
Key 2 Input 

Key 4 Inpul 

Key 3 Input 

MASTER TONE 
GENERATOR 

AY-1-0212 

VOICING 
FIL TERS 

TO 
POWER 

AMP 



AY-1-1320 

PIN FUNCTIONS 

Name Function 

Vss Positive supply 

VGG Negative supply (-2S to -29V) 

VB1AS 1 Bias supply to keying circuit (-27V nominal) 

Sustain When a logic '1' the outputs are damped with a time constant of 180,msec when the key is 
released, This input simulates the action of the loud pedal in a piano. 

Key Inputs (1-12) These inputs are switched from logic '0' to logic '1' by a break before make change over 
switch. During the transit the input is held at an intermediate logic level. The transit time 
determines the initial output level. 

C1 (1-12) The capacitor C1 connected to this pin establishes the key velocity time constant. O.S~F 
gives a time constant of 18 msec. 

Output (1-12) This output provides an exponentially decaying DC level proportional to the amplitude of 
the desired note. The capacitor C2 determines the damper time constant. The resistor R1 
together wi,th C2 determines the undamped decay time constant. The DC level is chopped 
by external frequency dividers to generate the note. 

OPERATION 

In the rest condition with the key up capacitor C1 is charged to 
-12 Volts. When the key is depressed C1 is first disconnected and 
it starts to discharge through the 39K resistor with a time 
constant of 18 msec,And the end of the key travel the fin'al voltage 
on C1 is transferred to the gate of T3 via T2. This causes C2 to be 
charged to Vel + 4 Volts. The faster the key depression the larger 
the initial voltage on C2 and the louder the note. 

The DC voltage on C2 is chopped via R1 and the divider circuit 
and the resulting square wave is fed to the v'oicing circuits and 
amplifiers. C2 slowly discharges through R1 to give the required 
exponential decay of note amplitude. When the key is released 
the SOK damping resistor is optionally connected across C2 to 
damp the notes with a 110msec time constant. 

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

r---- I 
I I 
I I 
I I 
I I I BIAS1~----~~-, r---'-~~~ r---~------~ I 

I I IOUTPUT. TO 
Cl I ---+--j-J\l\/'v--..,.--J\l\/'v-- VOICING 

r- ..... >-----1---+---' Rl I CIRCUITS 
I ' I 68K....-1M!! I 

I I I 
I I FROM 

I 39K 390K i DIVIDERS 

I BIAS 2 I 
I I 

-L -L 
~ Cl lo.5).1F 

r-±-~+--~1--------~---~~~---~~ 
I -= 
I 

SUSTAIN .... ___________________ ....J 

L ________________________ J 

Fig.1 KEY CIRCUIT SCHEMATIC 
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AY-1-1320 

ELECTRICAL CHARACTERISTICS 

MaxiMum Ratings· 

Voltage on any pin with respect to Vss pin"""""""""", +0,3to-30Volts 
Storage Temperature Range, , " '" "" " '" " " " " " '" " " ,-65·C to +150·C 
Ambient Operating Temperature Range, """"""""""""" ,0·Cto+70·C 

'Exceeding these ranges could cause 
permanent damage, Functional operation of 
this device at these conditions Is not 
Implied-operating ranges are specified 
below, 

Standard Conditions (unless otherwise noted) 

V GG = -25 to -29 Volts 
Vss = OV 
VBIAS 1 = VGG 
Operating Temperature (TA) = O·C to +70·C 

Characterlstici Min, 

Key Input Logic '1' -24 
Key Input Logic '0' +0,3 
Key velocity time constant -
Output peak amplitude -
Output decay lime constant -
DampE'r time constant -
Dynamic range -
Power Supply Current IGG -

ISlAS -

"Typical values are at +25· C and nominal voltages, 

Typ" 

-
-
18 
8 

286-2486 
110 

30 
3 
3 

Max Units Conditions 

-29 V Key up 
-1 V Key down 
- ms Cl = 0,5)JF (Note 1) 

- V Pop (Note 2) 
- ms See Table 1 

- ms C2 = 2,2)JF 

- dB 

- mA 
- mA 

Note 1, The key transit time determines the initial amplitude of the note, The longer the time the softer the note, If the transit time 
is 18ms the amplitude will be approximately 37% of maximum, Capacitor Cl determines the time constant. 

Note 2. This is the amplitude that would be obtained If the key transit time was zero. 

Table 1 - TYPICAL COMPONENT VALUES/DECAY TIME 
C2 = 2.2 pF Square wave chopper 

Octave R1 R2 Dacay Time 
kCl kCl msec 

C7-C6# 
2093-1108Hz 68 470 286 

C6-C5# 
1046.4-554.2Hz 120 470 484 

C5-C4# 
523.2-277.1 Hz 220 . 470 825 

C4-C3# 
261.6-138.6Hz 330 470 1155 

C3-C2# 
130.8-69.3Hz 680 470 1980 

C2-Cl# 
65.4-43.6Hz 1000 470 2486 
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KEYER R1 470K TO VOICING 
OUTPUT----~~r---~--~~v--------~~~~~E~~D 

* OPTIONAL: ADD 
CAPACITOR FOR 
DESIRED TONE 
(E.G .. 0022I'F). 

r: - - Voo 

I 

I r1~ 

~~ *=*= I ~ 
I J 

---... --1Ii--A-Y ... 1 ..... S-0-S0-- Vss 

~I~R ____ 

1\ 
1\ 

\ 

Fig.2 OUTPUT CIRCUIT AND WAVEFORMS 
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AY-1-5050 

7-Stage Frequency Divider 

FEATURES 

• DC to 1 MHz operating frequency range 
• Diode protection on all inputs 
• Low output impedance in both states 
• Configurations: 7~Stage Frequency Divider, 3+2+)+1 

DESCRIPTION 

The AY-1-5050, is constructed on a monolithic silicon chip using 
MTOS (Metal-Thick-Oxlde-Silicon) P-Channel Enhancement 
Mode Field Effect Transistors. The inputs can be driven from a 
sine or square wave input.· 

BLOCK DIAGRAM 
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PIN CONFIGURATION 
14 LEAD DUAL IN LINE 

Top View 

GNO 

InA 

QuiA, 

OUtA2 

OulA3 

In D 

QutD 

VGG 

In B 

OutB, 

OUtB2 

InC 

Oute 

Voo 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Drain Voltage . . . • ':"30V to +0.3V 
Gate Voltage. . . . . -30V to +0.3V 
Data Input Voltage. . -30V to +0.3V 
Storage Temperature .......••......•..•. -55·Cto+150·C 
Operating Temperature (TA) ................... O·C to +70·C 

Standard Conditions (unless otherwise noted) 

VDD = -13V ±1V 
Voo = -27V ±1V 
RL=1MCl 

CL =10 pF 
Operating Temperature (T A) ,,; +25· C 

Characteristics Min. Typ" 

Data Input 
Logic "0" level - -
Logic "1" level -10 -
Data Input operating fraq. DC -
Data Input Pulse width 
-"a" level 300 -
- u1"level 300 -
Input Leakage - -
Output Parameters 
Logic "0" level - -
Logic "1" level -11 -
Drive Capability 
-"0" level - -1 
-"1" level -11 -
- 111" level -8 -
Data output Rise and Fall time - 0.6 
Currant Drain 
lao - 3 
IDD - .. , 

Max 

-2 
-
1 

-
-
5 

-1 
-

-1.5 
-
-
-
--

AY-1-50S0 

'Exceeding these ratings could cause perma­
nent damage. Functional operation of these 
devices at these conditions Is not Implied 

.. -operating ranges are specified below. 

Units Conditions 

V 
V 

MHz Sine or square wave 

ns 
ns 

,/loA Vi. = -20VDC:. 

V 
V 

V Sinking currerit = O.SmA 
V RL= 100KO. 
V RL=1~KO. 

/loS 

mA Voo=-27V 

. , 
TYPIcal values are at +25· C 

and nominal voltages. 

... Voo IS only used for the push-pull outputs therefore 100 Is equal to the sum of load currents. 
This separate VOD enables tremulant to be Introduced 'in the electronic organ application. 

TIMING DIAGRAM 

INA 

OUT Al 

OUTA2l 

'------' 

OUTA3l 
L-______________ ~ 

L 

L 
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AY-3-8910 AY-3-8912 

Programmable Sound Generator 

FEATURES 
• Full software control of sound generation 
• Interfaces ·to most 8-bit and 16-bit microprocessors 
• Three independently programmed analog outputs 
• Two 8-bit general purpose I/O ports (AY-3-8910) 
• One 8-bit general purpose I/O port (AY-3-8912) 
• Single +5 Volt Supply 

DESCRIPTION 
'The AY-3-8910/8912 Programmable Sound Generator (PSG) is a 

Large Scale Integrated Circuit which can produce a wide variety of 
.complex sounds under software ·control. The AY-3-8910/8912 is 

: manufactunid in .Gl's N-Channel Ion Implant Process. Operation 
.. requinis 'i!':slngle 5V power supply, a TTL compatible clcick, and a . 
': microProcessor ccintrolrer such as the'GI16-bit CPI600/1.610 or one 
. :;of GI's PIC 1650 series of. 8Cbit microcomputers. 

'; rhe~$~'is easily intllrfaced tO~riYbus oriented systeri); Jts fiexlbilitY 
"makesit usetur: in, applications such as music synth!lsis,sound 
; effeCts generation, 8udiblealarms, lone signalling and i'SK modems. 
. The analog sound outputs can each provide 4:bits of logarithmic 
digital to analog conversion, greatly enhancing the dynamic range of 
the sounds produced. 

In order to perform sound effects while allowing the processor to 
continue its other tasks, the PSG can continue to produce sound 
after the initial commands have been given by the control processor. 
The fact that realistic sound production of tan involves morethan one 
effect is satisfied by the three independenlly controllable channels 
available in the PSG. 

All of the circuit control signals are digital in nature and intended to 
be provided directly by a microprocessor/microcomputer. This 
means that one PSG can produce the full range of required sounds 
with no change in external circuitry. Since the frequency response of 
the PSG ranges from sub-audible at its lowest frequency to post­
audible at its highest frequency, there are few sounds which are 
beyond reproduction with only the simplest electrical connections. 

Since most applications of a microprocess0r/PSG system would also 
require interfacing between the outside world and the microproces­
sor.this facility has been designed into the PSG. The AY-3-891 0 has 
,two general purpose 8-bit I/O ports and is supplied in a 40 lead 
package; the AY-3-8912 has one port and 28 leads. 

PIN FUNCTIONS 
DA7--DAO (inpuVoutput/high impedance); pins 30--37 (AY-3-8910) 
Data/Address.7--0: pins 21--28 (AY-3-8912) 

These 8 lines comprise the 8-bit bidirectional bus used' by the 
microprocessor to send both data and addresses to the PSG and to 
receive data from the PSG. In the data mOde, DA7--DAO correspond 
to Register Array bits 87--80. In the address mode. DA3--DAO select 
the register # (0--17.) and DA7--DA4 in conjunction with address 
inputs A9 and A8 form the high order address (chip select). 

AB (input): pin 25 (AY"3-8910) 
pin 17 (AY-3-8912) 

A9 (input); pin 24 (AY-3-8910) 
(not provided on AY-3-8912) 

Address 9, Address B 
These "extra" address bits are made available to enable the position­
ing of the PSG (assigning a 16 word memory space) in a total 1,024 
word memory area rather than in a 256 word memory area as defined 
by address bits DA7--DAO alone. If the memory size does not require 
the use of these extra address lines they may be left unconnected as 
each is provided with either an on-chip pull down (MI) or pull-up (AB) 
r~istor. In "noisy", environments, however, it is recommended that 
A9 and A8 be tied to an external ground and +5V, respectively, if they 
are not to be used. 
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PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 
AY-3-8910 

V •• (GND) 
N.C. 

ANALOG CHANNEL B 
,ANALOG CHANNEL A 

N.C. 
IOB7 
IOB6 
lOBS 

.:1084 
IOB3 
IOB2 
IOBl 

. lOBO 

lOA? 
IOA6 
tOAS 
IOA4 
IOA3 
IOA2 
IOA1 

28 LEAD DUAL IN LINE 
AY-3-8912 

ANALOG CHANNEL C 
TEST 1 

Vee (+SV) 
ANALOG CHANNEL B • 
ANALOG CHANNEL A ' 

v.s (GND) 
IOA7 
10AS 
10AS 
IOA4 
IOA3 
IOA2 .. 
10Al 
IOAO 

MICROPROCESSOR! 
MICROCOMPUTER 

Vee (+SV) 
TEST 1 
ANALOG CHANNEL C 
DAO 
DAl 
OA2 
DA3 
DA4 
DAs 
OA6 
DA7 
Bci' 
BC2 
BOIR 
TEST 2 
AS 
As 
RESET 
CLOCK 
IOAO 

DAO 
OAl 
OA2 
OA3' 

.DA4 
CAS 
OA6 
DA7 
BCl 
BC2 
BOIR 
AS 
RESET 
CLOCK 

Fig, 1 SYSTEM BLOCK DIAGRAM 



RESET (input): pin 23 (AY-3-89fO) 
pin 16 (AY-3-8912) 

For initialization/power-on purposes, applying ~ic "0" (ground) 
to the Reset pin will reset all registers to "0". The Reset pin is provided 
with an on-chip pull-up resistor. 

CLOCK (input): pin 22 (AY-3-8910) 
pin 15 (AY-3-8912) 

This TTL-compatible input supplies the timing reference for the 
Tone, Noise and Envelope Generators. 

BDIR, BC2, BCl (inputs): pins 27,28,29 (AY-3-8910) 
pins 18,19,20 (AY-3-8912) 

Bus DIRection, Bus Control 2,1 
These bus control signals are generated directly by GI's CP1600 
series of microprocessors to control all external and internal bus 
operations in the PSG. When using a processor other than the 
CP1600, these signals can be provided either by comparable bus 
signals or by simulating the signals on I/O lines of the processor. The 
PSG decodes these signals as illustrated in the following: 

5 rl u 
III III III 

o 0 0 
o 

CP1600 
FUNCTION 

PSG 
FUNCTION 

NACT INACTIVE. See 010 (lAB) below. 
ADAR LATCH ADDRESS. See 111 (INTAK) below. 
lAB INACTIVE. The PSG/CPU bus Is inactive. DA7--DAO 

are in a high impedance state. 
DTB READ FROM PSG. This signal causes the contents 

of the register which is currently addressed to 
appear on the PSG/CPU bus. OA7--0AO are in the 
output mode. 

BAR LATCH ADDRESS. See 111 (INTAK) below. 
DW INACTIVE. See 010 (lAB) above. 

DWS WRiTE TO PSG. This signal indicates that the bus 
contains register data which should be latched into 
the currently addressed register. DA7--CAO are in 
the input mode. 

INTAK LATCH ADDRESS. Thissignal indicates that the bus 
contains a register address which should be latched 
in the PSG. DA7--DAO are in the input mode. 

While interfacing to a processor other than the CP1600 would simply 
require simulating the above decoding, the redundancies in the PSG 
functions vs. bus control signals can be used to advantage in that 
only four of the eight possible decoded bus functions are required by 
the PSG. This could simplify the programming of the bus control 
signals to the following, which would only require that the processor 
generate two bus control signals (BDIR and BC1, with BC2 tied to 
+5V): 

a: N 0 PSG 
PSG 

C U 
III III III FUNCTION BOIR 

INACTiVE, - FROM { ·s Be, 
READ FROM PSG. - PROCESSOR 

WRITE TO PSG. Be. 
LATCH ADDRESS, 

ANALOG CHANNEL A, B, C (outputs): pins 4. 3, 38 (AY-3-8910) 
pins 5, 4, 1 (AY-3-8912) 

Each of these signals is the output of its corresponding D/A 
Converter, and provides an up to 1 V peak-peak signal representing 
the complex sound waveshape generated by the PSG, 

IOA7--IOAO (input/output): pins 14--21 (AY-3-891O) 
pins 7--14 (AY-3-8912) 

IOB7--IOBO (input/output): pins 6--13 (AY-3-8910) 
(not provided on AY-3-8912) 

Input/Output A7--AO, B7--BO 
Each of these two parallel input/output ports provides S bits of 
parallel data to/from the PSG/CPU bus from/to any external devices 
connected to the IDA or lOB pins, Each pin is provided with a'n on­
chip pull-up resistor, so that whim in the "input" mode. all pins will 
read normally high. Therefore. the recommended method for scan­
ning external switches, for example. would be to ground the input bit. 
TEST 1: pi n 39 (A Y -3-8910) 

pin 2 (AY-3-8912) 
TEST 2: pin 26 (AY-3-8910) 

(not connected on AY-3-8912) 
These pins are for GI test purposes only and should be leftopen-Qg 
not use as tie-pOints. 

Vee: pin 40 (AY-3-8910) 
pin 3 (AY-3-8912) 

Nominal +5Volt power supply to the PSG. 

Vss: pin 1 (AY-3-8910) 
pin 6 (AY-3-8912) 

Ground reference for the PSG. 
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ARCHITECTURE 

The AY-3-8910/8912 is a register oriented Programmable Sound 
Generator (PSG). Communication between the processor and the 
PSG is based on the concept of memory-mapped 110. Control 
commands are issued to the PSG by writing to 16 memory-mapped 
registers. Each of the 16 registers within the PSG is also readable so 
that the microprocessor can determine, as necessary, present states 
or stored data values. 

All functions of the PSG are controlled through its 16 registers which 
once programmed, generate and sustain the sounds, thus freeing the 
system processor for other tasks. 

REGISTER ARRAY 
The prinCipal element of the PSG is the array of 16 read/write control 
registers. These 16 registers look to the CPU as a block of memory 
and as such occupy a 16 word block out of 1,024 possible addresses, 
The 10 address bits (8 bits on the common data/address bus, and 2 
separate address bits A8 and All) are decoded as follows: 

'* As is 
I--'i-'-'+=--+-:-'-t'-~f-:-t,-:-+~+--:-I-::-l not provided 

on the AY-3-8912. 

o 

HIGH 
ORDER 

(Chip Select) 

LOW 
ORDER 

(Register #) 

1 I 

The four low order address bits select one of the 16 registers (RO-­
R17B). The six high order address bits function as "chip selects" to 
control the tri-state bidirectional buffers (when the high order 
address bits are "incorrect", the bidirectional buffers are forced to a 
high impedance state). High order address bits AS AS are fixed in the 
PSG design to recognize a 01 code; high order address bits DA7-­
DA4 may be mask-programmed to any 4-bit code by a special order 
factory mask modification. Unless otherwise specified, address bits 
DA7--DA4 are programmed to recognize only a 0000 code. A valid 
high order address latches the register address (the low order 4 bits) 
in the Register Address Latch/Decoder block. A latched address will 
remain valid until the receipt of a new address, enabling multiple 
reads and writes of the same register contents without the need for 
redundant re-addressing. 

Conditioning of the Register Address Latch/Decoder and the Bidi­
rectional Buffers to recognize the bus function required (inactive, 
latch address, write data, or read data) is accomplished by the Bus 
Control Decode block. 

SOUND GENERATING BLOCKS 

~!{:i~::::::r:in the ::o:~:~::::::~cc:::::r::::~:::r::~::~ I 
cies for each channel (A,B,C) _ 

Noise Generator produces a frequency modulated pseudo 
random pulse width square wave output. 

Mixers combine the outputs of the Tone Generators -
and the Noise Generator. One for each chan-
nel (A,B,C). 

Amplitude Control provides the D/A Converters with either a 
fixed or variable amplitude pattern. The fixed 
amplitude is under direct CPU control: the 
variable amplitude is accomplished by using 
the output of the Envelope Generator, 

Envelope Generator produces an envelope pattern which can be 
used to amplitude modulate the output of 
each Mixer. 

D/A Converters the three D/A Converters each produce up to 
a 16 level output signal as determined by the 
Amplitude Control. 

I/O PORTS 
Two additional blocks are shown in the PSG Block Diagram which 
have nothing directly to do with the production of sound-these are 
the two 110 Ports (A and B). Since virtually all uses of microproces­
sor-based sound would require interfacing between the outside 
world and the processor, this facility has been included in the PSG. 
Data to/from the CPU bus may be read/written to either of two 8-bit 
110 Ports without affecting any other function of the PSG. The I/O 
Ports are TTL-compatible and are provided with internal pull-ups on 
each pin. Both Ports areavailableon theAY-3-8910: only I/O Port A is 
available on the AY-3-8912. 
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'OPERATION 

Since all functions of the PSG are controlled by the host processor 
via a series of register loads, a detailed description of the PSG 
operation can best be accomplished by relating each PSG function to 
the control of its corresponding register, The function of creating or 
programming a specific sound or sound effect logically follows the 
control sequence listed: 

Operation 
Tone Generator Control 
Noise Generator Control 
Mixer Control 

Amplitude Control 

Envelope Generator 
Control 

Registers 
RO--RS 

RS 
R7 

R10--R12 

R13--R15 

Function 
Program tone periods. 
Program noise period. 
Enable tone andlor noise 
on selected channels. 
Select "fixed" or "envelope­
variable" amplitudes. 
Program envelope period 
and select envelope pattern 

Tone Generator Control 
(Registers RO, R1, R2, R3, R4, R5) 
The frequency of each square wave generated by the three Tone 
Generators (one each for Channels A, 6, and C) is obtained in the 
PSG by first counting down the input clock by 16, then by further 
counting down the result by the programmed 12-bit Tone Period 
value, Each 12-bit value is obtained in the PSG by combining the 
contents of the relative Coarse and Fine Tune registers, as illustrated 
in the following: ' 

Coarse Tune Fine Tune 
Register Channel Register 

A1 A AO 
A3 8 A2 
AS C A4 

I~IMI~I~I~I~I~IMI luIMI~I~I~I~I~I~1 

~ tV ~ 
ITP11 Imol TP91 TP,I TP71 TP'I TP51 T.41 TP31 TP'I TP1 I TPO I 

12-bit Tone Period (TP) to Tone Generator 

Noise Generator Control 
(Register R6) 
The frequency of the noise source is obtained in the PSG by first 
counting down the input clock by 16, then by further counting down 
the result by the programmed 5-bit Noise Period value_ This 5-bit 
value consists of the lower 5 bits (64--60) of register R6, as 
illustrated in the following: ' 

Noise Period 
Register A6 

NOT 5·bit Noise Period (NP) 
USED to Noise Generator 

Mixer Control-IIO Enable 
(Register R7) 
Register 7 is a mUlti-function Enable register which controls the 
three Noise/Tone Mixers and, the two general purpose I/O Ports, 

The Mixers, as previously described, combine the noise and tone 
frequencies for each of the three channels, The determination of 
combining neither/either/both noise and tone frequencies on each 
channel is made by the state of bits 85--60 o( R7. 

The direction (input or output) of the two general purpose I/O Ports 
(IOA and 106) is determined by the state of bits 87 and 66Df R7. 

These functions are illustrated in the following: 

Function: 

1/0 Port: 

Mixer Control-I/O Enable 
Register R7 

I B7 

Input Enable 

'-----'---

Function: f-~T"-=T--f 
Channel- L-_-'-_-L_--' 
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Amplitude Control 
(Registers R10, R11, R12) 

The amplitudes of the Signals generated by each of the three D/A 
Converters (one each for Channels A, 6, and C) i"determined by the 
contents of the lower5 bits (64--60) of registers R10, R11, and R12as 
illustrated in the following: 

Amplitude Control 
. Register" 

R10 
Al1 
R12 

G 
amplitude 

"Mode" 

Channel 

A 
8 
C 

IL31L21 u lLOI 
4-bit "fixed" 

amplitude Level. 

Envelope Generator Control 
(Registers R13. R14, R15) 

To accomplish the generation of fairly complex envelope patterns, 
two independent methods of contrbl are provided in the PSG: first, it 
is possible to vary the frequency of the envelope using registers R13 
and R14; and second, the relative shape and cycle pattern of the 
envelope can be varied using register R15. The following paragraphs 
explain the details of the envelope control functions, describing first 
the envelope period control and then the envelope shape/cycle 
control. 

ENVELOPE PERIOD CONTROL (ReglstersR13. R14) 

The frequency of the envelope is obtained in the PSG by first 
counting down the input clock by 256, then by further counting down 
the result by the programmed 16-bit Envelope Period value, This 
16-bit value is obtained in the PSG by combining the contents of the 
Envelope Coarse and Fine Tune registers, as illustrated in the 
following: 

Envelope 
Coarse Tune 
Register R14 

16-bil Envelope Period (EP) 
to Envelope Generator 

Envelope 
Fine Tune 

Register R13 

ENVELOPE SHAPE/CYCLE CONTROL (Register R15) 

The Envelope Generator further counts down the envelope' fre­
que"cy by 16, producing a 16-state per cycle envelope pattern as 
defined by its 4-bit counter output, E3 E2 E1 Ell The particular shape 
and cycle pattern of any desired envelope is accomplished by 
controlling the count pattern (count up/count down) of the 4-bit 
counter and by defining a single-cycle or repeat-cycle pattern, 

This envelope shape/cycle control is contained in the lower 4 bits 
(63--60) of register R15, Each of these 4 bits controls a function in 
the envelope generator, as illustrated in the following: 

Envelope Shape/Cycle 
Control Register (R15) 

1871661651841831621811801 Function 

-'-E~I' NOT ,~ HOld}' ' 
USED Alternate To 

. Envelope' 
, . . . _ Attack Gi;merat~r 

Continue 
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R158ITS 

83 82 81 BO 

c 
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N 
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N 
U 
E 

o 0 

o 1 

1 1 

• L 
T, 
E' 
R 
N 
A 
T 
E 

GRAPHIC REPRESENTATION 
OF ENVELOPE GENERATOR 

OUTPUT E3 E2 £1 EO. 

EP IS THE ENVELOPE PEArOD 
(OURA TlON OF ONE CYCLE) 

Fig. 3 ENVELOPE SHAPE/CYCLE OPERATION 

GRAPHIC REPRESENTATION OF 
THE OECIUAL VALues Of' THE 

ENVELOPE GENERATOR 
OUTPUTE3E2El EO 

Fig. 4 DETAIL OF TWO CYCLES OF Fig. 3 
(ref. waveform "1010" In Fig. 3) 

'I/O Port Data Store 
(Registers R16, R17) 

Registers A16 and R17 function as iritermediate data storage regis­
ters between the PSG/CPU data bus (OAO--OA7) and the two I/O 
ports (10A7--10AO and 1087--1080), 80th ports are available in the 
AY-3-89l0; only I/O Port A is available in the AY-3-89l2, Using 
registers R16 and R17 for the transfer of I/O data has no effect at all 
on sound generation. 

D/A Converter Operation 

Since the primary use of the PSG is to produce sound for the highly 
imperfect amplitude detection mechanism olthe human ear, the O/A 
conversion is performed in logarithmic steps with a normalized 
voltage range of from 0 to 1 Volt. The specific amplitude control of 
each of the three 0/ A Converters is accomplished by the three sets of 
4-bit outputs olthe Amplitude Control block, while the Mixeroutputs 
provide the base signal frequency (Noise and/or Tone), 
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NORMALIZED 
VOLTAGE 

1V 15 

14 

13 

12 

NOTE: THIS IS THE ENVELOPE 
ONLY -NOISE AND TONES 
ARE DISABLED. 

/ 
DECIMAL VALUE 
OF E3 E2 E1 EO 

12 

15 , 

14 

13 

o~----------~~~~~ ________ ___ 
~I·o---- (1~~) .(1~~) 

EP= ENVELOPE PERIOD 

Fig. 5 D/A CONVERTER OUTPUT 



ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 

Storage Temperature .....•......•.•••...•.•...........••.... -55°C to +150°C 
Operating Temperature ...•........................•..•........•. O°C to +40°C 
Vee and all other input/output 

voltages with respect to Vss .........•.....................•... -0.3V to +8.0V 

Standard Conditions (unless otherwise noted) 

Vcc=+5V ±5% 
Vss=GND 
Operating Temperature=Oo C to +40° C 

Characteristics Sym Min Typ ** Max 

DC CHARACTERISTICS 

All Inputs 
Logic "0" V,L 0 - 0.6 
Logic "1" V,H 2.4 - Vee 
All Outputs (except 

Analog Channel Outputs) 
Logic "0" VOL 0 - 0.5 
Logic "1" VOH 2.4 - Vee 
Analog Channel Outputs Va 0 - 60 
Power Supply Current Icc - 45 75 

AC CHARACTERISTICS 

Clock Input 
Frequency fe 1-0 - 2.0 
Rise Time tr - .. - 50 
Fall Time tf - - 50 
Duty Cycle - 25 50 75 
Bus Signals (BDIR, BC2, BC1) 
Associative Delay Time tBO - - .50 
Reset 
Reset Pulse Width t~w 500 - -
Reset to Bus Control Delay Time tRB 100 - -
A9, AB, DA7--DAO (Address Mode) 
Address Setup Time lAs 400 - -
Address Hold Time tAH 100 - -
DA7--DAO (Write Mode) 
Write Data Pulse Width tow 500 - 10.000 

Write Data Setup Time tos 50 - -
Write Data Hold Time tOH 100 - -
DA7--DAO (Read Mode) 
Read Data Acces~ Time tOA - 250 500 
DA7--DAO (Inactive Mode) 
Tristate Delay Time t.s - 100 200 

**Typical values are at +25°C and nominal voltages. 

AY-3-8910 • AY-3-8912 

* Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are speCified 
below. 

Units Conditions 

V 
V 

V IcL =1.6mA, 20pF 

V IcH=100JlA, 20pF 
dB Test circuit: Fig. 8 
mA 

MHz 

} ns 
ns 

Fig. 9 
% 

ns 

ns } Fig. 10 
ns 

ns } Fig. 11 
ns 

ns 

} ns Fig. 12 
ns 

ns 

} Fig. 13 
ns 

ANALOG 
CHANNEL 0 

OUTPUT $ _______ 1 OVo 

-= (OP AMP MUST NOT SATURATE) 

Fig. B ANALOG CHANNEL OUTPUT TEST CIRCUIT 
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TIMING DIAGRAMS 
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'''''~ BC2!BCl . 

t.o r-
~ BDIR! 

BC2!BCl 

b . .. 
Fig. 9 CLOCK AND BUS SIGNAL TIMING 

CONTROL NACT VALID BUS SIGNAL BUS , 

DECODE ____ tt'wy· t .... " ________ V," 

REsET 
VOL m BUS CONTROL 

~ SIGNALS CHANGING 

-.j I--- 50 ns MAX .• 
INCLUDING SKEW. 

CONT=g~-----------... 

DECODE------~----

Ali. AS. 
DA7--DAO 

PREVIOUS 
STATE 

Fig. 10 RESET TIMING 

r--------------- V," 

'---------------- VOL 

v," 

VOL 

V," 

VOL 

m BUS CONTROL 
~ SIGNALS CHANGING 

*ANY COMBINATION OF BDIR. BC2. BCl 
WHICH DECODE "LATCH ADDRESS": 

-.....j t--- 50 ns MAX .• INCl.UDING SKEW. 

**REFER TO PARAGRAPH 2.1.1 
FOR A DESCRIPTION OF 
"VALID" PSG ADDRESSING. 

Fig. 11 LATCH ADDRESS TIMING 

BUS-------------~~~------~ 

cg~~g~---~~~~--~~~--------

DA7--DAO PREVIOUS 
STATE 

m BUS CONTROL 
~ SIGNALS CHANGING 

-.....j I-- 50 ns MAX .. 
INCLUDING SKEW. 

Fig. 12 WRITE DATA TIMING 

BUS __________ __ 

CONTROL 
DECODE------~~--

DA7--DAO 

m BUS CONTROL 
~ SIGNALS CHANGING 

-.....j I--- 50 ns MAX .. 
INCLUDING SKEW. 

Fig. 13 READ DATA TIMING 

BOIR BC2 BCl 

o 
or 
or 

o 

r-------------- V," 

'--------------- VOL 

*"WRITE TO PSG": 

BOIR BC2BCl 

~-----Vo" 

'1------vo, 

*"READ FROM PSG"; 

BOIR BC2 BCl 



AY-3-1350 

Tunes Synthesizer 

FEATURES 

• 25 different tunes plus 3 chimes 
• Mask programmable with customer specified tunes for toys, 

musical boxes, etc. 
• Minimal external components 
• Automatic switch-off signal at end of tune for power saving 
• Envelope control to give organ or piano quality 
• Sequential tune mode 
• 4 door capability when used as doorchime 
• Operation with tunes in external PROM if required 
• Single supply (+5V) operation 

DESCRIPTION 

The AY-3-1350 is an N-Channel MOS microcomputer based 
synthesizer of pre-programmed tunes for applications in toys, 
musical boxes, and doorchimes. The standard device has a set 
of 25 different popular and classical tunes chosen for their 
international acceptance. In addition there are 3 chimes making a 
total of 28 tunes. 

The chip is mask-programmable during manufacture enabling 
the quantity user to select his own music .. The tunes chosen can be 
of different lengths and the number can be up to 28 (see later). 

The device has multi-mode operation making it suitable for a 
wide variety of applications. 

TUNES 
The stand!'lrd AY-3-1350 contains the following tunes: 

AO Toreador 
BO William Tell 
CO Hallelujah Chorus 
DO Star Spangled Banner 
EO Yankee Doodle 

A2 America, America 
B2 Deutschland Leid 
C2 Wedding March 
D2 Beethoven's 5th 
E2 Augustine 

A4 Hell's Bells 
B4 Jingle Bells 
C4 La Vie en Rose 
D4 Star Wars 
E4 Beethoven's 9th 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

GND 

GNO 
Door 3 

Backdoor 7 

Tune Select 4 9 

DISCRG 

OnlOli 
Envelope 

Tune Output 

AI John Brown's Body 
Bl Clementine 
Cl God Save the Queen 
Dl Colonel Bogey 
El Marseillaise 

A3 o Sole Mio 
B3 Santa Lucia 
C3 The End 
D3 Blue Danube 
E3 Brahms' Lullaby 

Chime X Westminster Chime 
Chime Y Simple Chime 
Chime Z Descending Octave Chime 

RESET 

osc 
CLKOUT 

Tune Select A 

Tune Select B 

Tune Select C 

Tune Select 0 

Tune Select E 

Tune Select 1 

Tune Select 2 

Tune Select 3 

Restart 

Switch C Group Select 

Tune Select Strobe 

7-95 



I 

AY·3·1350 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlnga* 
Storage Temperature ........................................ -55· C to +150·C 
Voltage on any pin with respect to ground (Vss) ......•..••..•..• -0.3V to +10.0V 

Standard Condition a (unless otherwise noted) 
Operating Temperature (TA) = O·C to +40·C 

Charactertatlcs Sym Min Max Units 

DC CHARACTERISTICS 
Primary Supply Voltage Voo 4.5 7.0 V 
Output Buffer Supply Voltage Vxx 4.5 9.0 V 
Primary Supply Current 100 - 55 mA 
Output Buffer Supply Current Ixx - 5 mA 
Logic Input Low Voltage V,l -0.2 0.8 V 
Logic Input High Voltage (Note 2) VIH, 2.4 Voo V 

(Except RESET 
and OSC when driven externally) 
Lo~ut High Voltage VIH2 4.0 Voo V 

( and OSC) 
Logic Output High Voltage (Note 2) VOH 2.4 V 
Logic Output Low Voltage VOL - 0.45 V 

- - 0.90 V 
- - 0.50 V 
- - 0.90 V 

AC CHARACTERISTICS , 
Oscillator frequency variation 

for a fixed RC network af -20% +20% 
CLK OUT Output 
Period tCY 4 20 ps 
High Pulse Width tClKH 'I. tCY 
Low Pulse Width tClKC 'I. tCY 

NOTES: 1. Total IOl for all registers must be less than 150mA under any conditions. 

·Exceedlng these ratings could cause per· 
manent damage. Functional operation of this 
device at these conditions Is not Implled­
operating ranges are specified below. 

Condition. 

No load 
No load 

10H = 100pA 
IOl = 1.6mA. Vxx = 4.5V 
IOl = 5.0mA. Vxx = 4.5V 
IOl = 5.0mA. Vxx = 9.0V 
IOl = 10.0mA Vxx = 9.0V 

(Note 1) 

@ CLK OUT 167kHz (Note 3) 

2. Except following pins which have open drain outputs/inputs: 6.7.8. 12 and 13. 
3. Test circuit: 

Voo 

27K 
MODE 

+----1 OSC 1 

47pF 

I 
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Fig. 1 SYSTEM DIAGRAM 

OPERATION SUMMARY 
Use of the AY~3-135Q can be split into three groups which are 
described in detail in separate sections later on: 

ONE CHIP AY-3-1350 system generating 25 tunes plus 3 chimes 
which have been pre-programmed into the standard device. 

ONE CHIP AY-3-1350 system generating any tunes desired. There 
can be any number of these. This involves a mask programming 
during manufacture so this is not suitable for small quantity 
production. 

TWO CHIP AY-3-1350 plus PROM system generating any tunes 
desired as above, but using the standard device so that applications 
involving small quantities become feasible. (CMOS gate also 
required.) 

ONE CHIP STANDARD AY·3·1350 SYSTEM 

Typical Implementation 
There are many ways to connectthestandard device depending on 
the exact application. Figure 1 shows just one implementation of 
the device in a doorchime. This circuit gives access to all 25tunes 
from switch A and one of 5 tunes from switch C as well as the 
descending active chime from switch B. The tune selected for 
switch B follows the tunes list given earlier according to the setting 
olthe two tune select switches (A-E and 0-4). The tune selected 
from the switch C in Figure 1 is one of the five tunes AO and EO 
depending on the setting of the letter switch. For example. sup­
pose the letter switch is a E and the number switch at 4 then the 
tunes given by the Figure 1 circuit will be: 
Switch A: Beethoven's 9th (E4) 
Switch C: Yankee Doodle (EO) 
Switch B: Descending Octave Chime (Chime Z) 

When the letter switch is in position F there will be chimes on all 
doors independent of the number switch setting as follows: 
Switch A: Westminster Chime 
Switch C: Simple Chime 
Switch B: Descending Octave Chime 

In Figure 1 there is.virtually no power consumption in the standby 
condition (external transistor leakages only). When any door 
switch is activated the circuit powers up, plays a tune, and. then 

. automatically powers down again to conserve the battery, even if 
the operator keeps his finger on the push to the end of the tune. 
He must release it and re-press to play again with the circuit 
of Figure 1. Any of the door switches will pull point A to ground 

turning on the PNP transistor In the power supply line. This causes 
+5V to be applied to the AY-3-1350 and the first operation of the 
chip is to put ON/OFF (pin 12) to logic O. This maintains the 
power through the PNP, even after the switch is released. The 
device can turn off its own power at the end of a tune by raising 
ON/OFF to logic 1. 

Figure 1 shows only a typical one-Chip implementation. Further 
options come from use of different switching and/or from use of 
the next tune facilities built into the chip. These will now be 
considered in turn. 

Switching Options 
In Figure 1 the Back-door Group Select pin (16) is not connected, 
and one of the five tunes AO to EO will play if the back-door push 
is activated. Other number groups can be chosen by connecting 
the Back-door Group Select pin as follows: 

TABLE 2 

Switch C Group Select pin (16) 
is con nected to: 

no other pin 
Tune Select 1 (pin 20) 
Tune Select 2 (pin 19) 
Tune Select 3 (pin 18) 
Tune Select 4 (pin 9) 

Switch C Tunes 

AO-EO 
A1-E1 
A2-E2 
A3-E3 
A4-E4 

Which one of the five possible back-door tunes will be played 
depends on the current setting of the letter switch A-E. 

The back-door group selection can be made by hard-wire 
connection for a permanent selection or a third switch can be 
added to give a back-door group selection feature in addition. 

LED Direct Drive 
Vxx drives the gate of the output buffer, allowing adjustment of 
drive capability: 

V •• Vour ISINK (typ.) 
5V O.4V 2.5mA 
5V 0.7V 4.2mA 

10V O.4V 5.8mA 
10V O.7V 10.0mA 
10V 1.0V 14.1mA 
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Fig. 2 TYPICAL OSCILLATOR RC CHART @ 25° C 

Using the power-up circuit of Figure 1 the AY-3-1350 will have 
+5V supplied to it and latched within a few microseconds (depends 
on external components) from any bell-push closing. The device 
starts to operate when the RESET pin reaches logic 1 (about 10ms 
with com ponents shown) but in fact the tune select switches are 
not interrogated ,until approximately 6 ms,later. The, total is 
sufficient for most bell-pushes to complete any bounce period and 
for a firm selection of tunes to be made. 

Next Tune Facilities 
At the end of playing a tune the example circuit of Figure 1 powers 
down because ON/OFF (pin 12) is raised to a logic 1 by the device 
at the end of a tune. The simplified flow diagram in Figure 5 shows 
that before the power down there is a test for connection between 
NEXT TUNE (pin 10) then RESTART(pin 17) withTUNESELECT 4 
(pin 9). At these times NEXT TUNE (pin 10fthen RESTART (pin 17), 
which are normally at logic 1. output a logic ¢ pulse. This is looked 
for at input TUNESELECT 4 (pin 9). 

If neither is found the power down system is reached as in Figure 1. 

A NEXT TUNE (pin 10)-TUNE SELECT 4 (pin 9) connection althe 
moment of test causes the next tune in the list to be played after a 
short pause (equal to a musical breve-the actual time depends on 
the setti'ng of the tune speed control). The order of the tunes is 
AO to E4 as given in the listing of standard AY-3-1350 tunes. If the 
last tune (E4) was played then the circuit will go on to play the first 
tune AO (and then successive ones). Figure 5 shows this pictorially. 
The chimes are not included in the cycling sequence. 

A RESTART (pin 17)-TUNESELECT 4 (pin 9) connection at the 
moment of test at the end of a tune causes the same selected tune 
to be played again. Figure3showsthat inthiscasethetunl3sensing 
mechanism is passed through once more however, so the tune 
would be different second time if the switches were altered while 
the first tune was playing. 
The connections referred to cannot be permanent because 
otherwise the Circuit would never stop playing tunes. Figure 4 
shows how transistors are used to make the connection in a 
practical application. 
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ONE CHIP CUSTOM TUNES SYSTEM 

Customizing the Tunes 
The AY-3-1350 has pre-programmed tunes, but the device is mask 
programmable during manufacture with any music required. A 
minimum of 1 tune to a maximum of 28 tunes can be incorporated. 
Examples as follows: 

Total No. of notes, Average notes 
Tunes all tunes together per tune 

252 252 
2 251 126 
5 248 50 
10 243 24 
20 233 12 
25 228 9 

(The general formula is Total No. of notes = 253-No. of tunes.) 

As an indication, about 90 seconds of music can be incorporated .. 

All musical rests are counted as one note. Semiquavers, quavers, ' 
dotted quavers, crotchets, dotted crotchets, minims, dotted minims 
and semibreves can all be accommodated and the range is about 
2'/0 octaves. The position of these octaves can be chosen by the 
user up to a maximum pitch of about A = 1760Hz. The tunes for 
incorporation in the device should be presented to General 
Instrument as normal music manuscript. 

Applications for Customized Tunes 
If the number of tunes is less than the number of switch positions 
then the circuit will automatically proceed directly to power down 
if this mode is being used, or will find the next available tune if in 
the sequential mode. ' 

All the different facilities described in SECTION 2 are still available 
when user iunes are masked into the device. 

For TOYS, sequential tune playing adds variety and reduces the 
number of switches required,'keeping costs to'a'minimum. 

For MUSICAL BOXES playing the same tune repeatedly preserves 
one of the traditional features. 

TWO CHIP STANDARD AY-3-1350 PLUS PROM SYSTEM 

Introduction 
With the addition of an external ROM or PROM the standard 
AY-3-1350 will play almost any tune or tunes .you desire. There 
could be 28 tunes averaging 8 notes each or one tune of up to 
252 notes for example. In all about 1-2 minutes worth of music. 
General Instrument can later integrate the external tunes'into the 
main synthesizer to give a one chip system. 

Overall Coding Scheme 
The external PROM should be 256 x 8 bits and of any static TTL 
compatible type. 

It can have more words, but the tunes synthesizer will only use 
256 x 8 bits atatime, e.g. if PROM type 2708 is used (1 K x8 bits), the' 
two higher order address lines should be connected to ground or 
switches put on them to give 4 times the amount of music (see 
logic diagram Figure 6). The rest of this article will assume a 
256 x 8 bit PROM, and the addresses will be referred to as 000 to 
377. Octal notation is used throughout. 

The PROM address 000 must contain data 377 and address 377 
must contain data 125 which is a key to open up the external PROM 
features. All other addresses can contain tune data. 

Each tune consists of a series of notes with one byte of PROM for 
each. Every tune must have a tune end marker byle 377 after the 
last note, and the final tune must have a byte 376 after the 377 
end marker. The memory allocation is shown diagrammatically 
in Figure 5. Tunes can be of any length' and there can be any 
number of them subject only to the memory limit (28 max.). 



ON/OFF (PIN 12) 
TO LOGIC 0 TO 

MAINTAIN POWER 

AY-3-1350 

INTERROGATE EXTERNAL PROM TO GET CORRECT 
SELECTION ACCORDING TO SETTINGS OF LETTER. 

INTERROGATE INTERNAL PROM TO GET CORRECT 
SELECTION ACCORDING TO SETTINGS OF LETTER. 

SELECT NEXT TUNE 

NUMBER. AND BACKDOOR GROUP SELECT 
SWITCHES 

DELAY 

DELAY 

NUMBER. AND BACK DOOR GROUP SELECT 
SWITCHES 

ON/OFF (PIN 12) TO CUT OFF POWER 
(IF USING AUTO-SHUTDOWN AS IN FIG. 1) 

N Y 

Flg_ 3 SIMPLIFIED. FLOW DIAGRAM 
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AY-3-1350 

28 17 15 

+10V 
14 

56 

]Ii 
-= 

PIN FUNCTION 
6 DOOR3 
7 BACKDOOR 
9 TUNESELECT 4 
10 NEXT TUNE 
17 RESTART 

33K 33K 
33K 

2000pF r 16V 
500 pi 

10V 

5.6V 

THIRD FOURTH 

~ ~ ~ ~ 
SACK FRONT 

Fig. 4 DOOR PUSHES 

PROM Memory Allocation 

Addre88 DATA 

0 377 (tunes select timeslot) 

Tune 1 

377 

Tune 2 

377 (end of tune marker) 
I 
I 
I 
I More tunes I 
I 
I 
I 
I 

} Last Tune 

377 (end of tune marker) 

376 (~nd of listing) 
I 
I 000 

} 
I 
I 000 I Not used I 
I 000 
I 
I 000 I 

377 125 (external ROM enable key) 

Fig. 5 
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AY-3-8500 AY-3-8500-1 

Ball & Paddle 
FEATURES 

• Full COLOR operation with AY-3-8515. 
• 6 Selectable Gamas-Tennis, soccer, squash, 

practice and two rifle shooting games 
• 625 Line (AY-3-8500) and 525 Line (AY-3-8500-1) versions 
.' Automatic Scoring 
• Score display on T.V. Screen, 0 to 15 
• Selectable Bat Size 
• Selectable Rebound Angles 
• Selectable Ball Speed 
• Automatic or Manual Ball Service 
• Action Sounds 
• Shooting Forwards in Soccer Game 
• Visually defined area for all Ball Games. 

DESCRIPTION 

The AY-3-8500 and AY-3-850D-1 circuits have been designed to 
provide a TV 'games' function which gives active entertainment 
using a standard domestic television receiver. 

The circuit is intended to be battery powered and a minimum 
number of external components are required to complete the 
system. 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

'NC 
Vss (Ground) 

Sound Output 

Vee 
Ball Angles 
Ball Output 
Ball Speed 

Manual Serve 
Right Player Output 

Left Player Output 
Right Bat Input 

Left Bat Input 
Bat Size 

'NC 

NC' 
Hit Input 

Shot Input 
Reset Input 
Score and Field Output 
Practice 

Squash 
Soccer 

Tennis 
Rifle Game 2 

Riffe Game' 

Clock Input 

Sync Output 

NC' 

·00 not use as tie point. 

SYSTEM DIAGRAM 1: BLACK AND WHITE IMPLEMENTATION 

Hz OSC. 

Vcc~~-------'-------1-----------------------------------------------1---1---; 

510U 
330U 51ml 

'-------------~INI,-~--..JV'IIr--... TO MODULATOR 

IIIb-------I1II 
l.J t.r 

II~--III II~--III 
SYNC SPACE --1 

220~! 
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Vee 

A Y -3-8500-1 

NC 28 NC I RIFLE 
Vss (Ground) 27 Hit Input 

Sound Oulput 26 Shot Input 

CIRCUIT 
FIG.9 

-=- Vee 4 2S Reset Input Tl Vee Bali Angles S 24 Score and Field Output -

0: P Bali Output 6 23 Practice IT Ball Speed 7 22 Squash 

Manual Serve 8 21 Soccer 1M 

- Right Player Output 9 20 Tennis 

10 
10K r-- Left Player Output 19 Rifle Game 2 K 2200 

10 

Right Bat Input 11 18 Rifle Game 1 
2200 

Left Bat Input 12 17 Clock Input 

~I 
Bat Size 13 16 Sync Output 

'1 fl 1 
NC 14 1S NC 

J;1 .1IJ 

'NORMALLY 
CLOSED 

Vee 

100 K~ ~100K 
10 K 

~'- _ ~20pF 1 
Vss Ball 16 

~ Video In ~ r r Field IS LP Video In 
Video In 

00 3 
RP Video In 

14 
Sync In 

820p 

3-1SpF 4 2.04SMHz 13 
J i -'- Vee AY-3-8515 Out 

l.l=51 d:::: ~. t...L Crystal Squash 
12 

_ c::::J 1 M Return 

- I =r= 6 3.S7MHz Soccer 
11 

Voc I 10pF 
10 ). r Hue Adjust Tennis 

SOKl ( Video Out Practice 
9 

Voc 

lK). To Modulator 'l- -0 

~ 

SYSTEM DIAGRAM 2: AY-3-8500-1 FULL COLOR IMPLEMENTATION USING AY-3-8515 COLOR 
CONVERTER CIRCUIT 
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PIN FUNCTIONS (Pin numbers In parentheses) 

Vss (2) 
Negative s~pply Input, nominally OV(GND). 

Sound Output (3) 
The hit (32ms pulse/976Hz tone). boundary reflection (32ms 
pulse/488Hz tone) and score (32ms pulse/1.95KHz tone) sounds 
are output on this pin. 

Vcc (4) 
Positive supply input. 

Ball Angles (5) 
This input is left open circuit (Logic '1') to select two rebound 
angles and connected to Vss (Logic '0') to select four rebound 
angles. When two angles are selected they' are ± 200 ,when four 
are selected they are ±200 and ±400 • See Fig. 11. 

Ball Output (6) 
The ball video signal is output on this pin. 

Ball Speed (7) 
When this input is left open-circuit, low speed is selected (1.3 
seconds for ball to traverse the screen). When connected to Vss 
(Logic '0'), the high speed option is selected (0.65 seconds for 
ball to traverse the screen). 

Manual Serve (8) 
This input is connected to Vss (Logic '0') for automatic serving. 
When left open circuit (Logic '1') the game stops after each score. 
The serve is indicated by momentarily connecting this input to 
Vss. 

Right Player Output/Left Player Output (9,10) 
The video signals for the right and left players are output on 
separate pins. 

Right Bat Input/Left Bat Input (11,12) 
An R-C network connected to each of these Inputs controls the 
vertical position of the bats'. Use a 10K resistor In series with each 
pot. 

Bat Size (13) 
This input Is left bpen circuit (Logic '1') to selecrlarge bats and 
connected to Vss (Logic '0') to select small bats. For a 19" T.V. 
screen, large bats are 1.9" and small bats are 0.95" high. 

Sync Output (16) 
The T.V. vertical and horizontal sync signals are output on this 
pin. See Fig. 1. 

Clock Input (17) 
The 2M Hz master timing clock is input to this pin. The exact 
frequency is 2.012160 ±.1%. 

Rifle Game 1, Rifle Game 2, Tennis, Soccer, Squash, Practice (18 
thru 23) 
These inputs are normally left open circuit (Logic '1') and are 
connected to Vss (Logic '0') to select the desired game. 

Score and Field Output (24) 
The score and field video signal is output on this pin. 

Reset (25) 
This input is connected momentarily to Vss (Logic '0') to reset the 
score counters and start a new game. Normally left open circuit. 

Shot Input (26) 
This input is driven by a positive pulse output of a monostable to 
indicate a "shot". 

Hit Input (27) 
This input is driven by a positive pulse output of a monostable 
which is triggered by the shot input if the target is on the sights of 
the rifle. 

NOTE: The "Shot"and "Hit" inputs have on-chip pull-down resistors to Vss. All other inputs (except the "Bat" inputs) have on-chip pull­
up resistors to Vee. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respectlo Vss pin ........................ -0.3to +12V 
'Storage Temperature Range ................................. -200 C to +700 C 
Ambient Operating Temperature Range ......................... 00 C to +400 C 

Standard Conditions (unless otherwise noted) 

Vee = +6 to +7V 
Vss = OV 
Operating Temperature (T A) = 00 C to +400 C 

Characteristics 
at 250 C and Vcc = +6 Volts Min 

Clock Input 
Frequency 1.99 
LogiC '0' 0 
Logic '1' Vee-2 
Pulse Width - Pos. -
Pulse Width - Neg. -
CapaCitance -
Leakage -
Control Inputs 
Logic '0' 0 
Logic '1' Vee-2 
Input Impedance -
Rifle Input -
Outputs 
Logic '0' -
Logic '1' Vee-2 

Power Supply Current -

8-6 

Typ Max 

2.01 2.03 
- 0.5 
- Vee 

200 -
300 -
10 -
100 -

- 0.5 
- Vee 
1.0 -
1.0 -

- 1.0 
- -
40 60 

Units 

MHz 
Volts 
Volts 
. ns 
ns 
pF 
)JA 

Volts 
Volts 
MCl 
MCl 

Volt 
Volts 

mA 

'Exceeding these ratings could cause perma­
nent damage. Functional operation of these 
devices at these conditions is not implied -
operating ranges are specified below. 

Conditions 

Maximum clock source impedance 
of 1K to Vee or Vss. 

VIN = OV, F = 1MHz 

Max. contact resistance of 1 K to V ss 

Pull up to Vee 
Pull down to V ss 

lout = O.SmA 
Iout = 0.1mA 

at Vee = +7V 
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STD. I STD. 0 13.5 22.5 

I I I I I 
38.0 40.5 

I 3~.51 

RETRACE-1 

I I I 
29.0 33.0 48.5 58 

~ L __ [1.5 ____ r40 31.5 
I 14~5 

I I' I 
.4.45 

" .. 
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I I I 
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I 
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I I I 

I S~~SH I I. 
I 

-ll-5"' 
--~-~---------' ------------~ '" DASHED FIELD LINES NOT DRAWN TO SCALE. 

258----------
RETRACE 

o (262 ~ 
NOTES: 1 ~, 0 2 CLOCK PULSES INPUT ON PIN 17 

1H 0 1 HORIZONTAL SCAN OR 128 CLOCK PULSES 164~') T'" 
1 COMPLETE FRAME: 525 LINE STD: 128'262 0 33.536 CLOCKS; 625 LINE STD: 128'312 0 39.936 CLOCKS. 

PIN 16 
SYNC 

PIN 24 
FIELD 

PINS 11.12.14.15 
BAT INPUTS 

Flg.1 LOCATION OF DATA OUTPUT PULSES 

14--7"~-""" RISE TIME DEPENDS ON RC. 

--i r-- 64"SEC. 

r-
I ~. 
o 

(84) 

BAT 

BALL 

TARGET 

FIELD 

525 LINE 
SCORE 

625 LINE 
SCORE 

0.5J..15 

H V 

0.5~s 14/28 lines 

1.0,l.lS 5 lines 

2.5~s "4 lines 

0.5~' 2 lines 

5.0~' 20 lines 

5.0~' 30 lines 

PINS 9,10 
BAT OUTPUT ~O.5~SEC'L-_________ ~_~~ ______ _ r------J ~r 14 OR 28 PULSES 

PINS 9.10 
BALL OUTPUTS 

PIN 3 
SOUND 

--i 64).1S r-- 5 PULSES 

500Hz or 
1 kHz or 
2 kHz 
(32msec PULSES) 

Fig.2 TIMING DIAGRAM 
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Tennis 
With the tennis game the picture on the television screen would 
be similar to Figure 3 with one "bat' per side, a top and bottom 
boundary and a center net. The individual scores are counted 
and displayed automatically in the position shown. The detail of 
the game will depen,d upon the selection of the options. 
Considering the situation where small bats are used and all 
angles, after the reset has been applied, the scores will be 0, Oand 
the ball will serve arbitrarily to one'side at one olthe angles. lithe 
ball hits the top or bottom boundary it will assume the angle of 
reflection and continue in play. The player being served must 
control his bat to intersect the path of tlie ball. When a 'hit' is 
detected by the logic, the section of the bat which made the hit is 
used to determine the new angle of the ball. 

To expand on this, all 'bats' or 'players' are divided logically into 
four adjacent sections of equal length. When using the four angle 
option it is the quarter of bat which actually hits which defines the 
new direction for the ball. 

8-8 

The direction does not depend upon the previous angle of 
incidence. With the two angle option the top and bottom pairs of 
the bats are summed together and only the two shallower angles 
are used to program the new direction for the ball. 

The ball will then traverse towards the other player, reflecting 
from the top or bottom as necessary until the other player makes 
his 'hit'. This action is repeated until one player misses the ball. 
The circuitry then detects a 'score' and automatically increments 
the correct score counter and updates the score display. The ball 
will then serve automatically towards the side which has just 
missed. This sequence is repeated until a score of 15 is reached 
by one side, whereupon the game is stopped. The ball will still 
bounce around but no further'hits' or 'scores' can be made. While 
the game is in progress, three audio tones are output by the 
circuit to indicate top and bottom reflections, bat hits and scores. 
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Soccer 
The "soccer" type game Is shown In Figure 4. With this game each 
participant has a 'goalkeeper' and a 'forward'. The layout Is such 
that the 'goalkeeper' Is In his normal position and the 'forward' is 
positioned In the opponent's half of the playing area. 

When the game starts, the ball will appear travelling from one 
goal line towards the other side. If the opponent's forward can 
Intercept the ball, (Figure 4a), he can 'shoot' It back towards the 
goal. If the ball Is missed it will travel to the other half of the 
playing area and the first team's forward will have the opportunity 

l___________ _ ___________ J 

Flg.4a Return 0" "Goal Save" 

of Intercepting the ball and redirecting it forward at a new angle 
according to the 'player' section which is used (Figure 4b).1f the 
ball Is 'saved' by the 'goalkeeper' or it reflects back from the end 
boundary, the same forward will have the opportunity to inter­
cept the outcomlng ball and divert it back towards the 'goal'. 
A 'score' is made In the "soccer" game by 'shooting' the ball 
through ,the defined goal area. The scoring and game control is 
done automatically as for the tennis game. The same audio 
signals are used to add atmosphere to the game. 

l___________ _ ___________ J 

Flg.4b "Shooting" Forward 
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Squash 

This game is illustrated i~ Fig,5. There 'ani iwo players who 
alternately hit the ball into the court. The right hand player Is the 
one that hits first; it is then the left hand player's tur~. Each player 
is enabled alternately to ensure that the proper sequElnce of play" 
is followed. .' . '.' , ,,' " : 

,'.', • :". . ..•• ,. , .. ,"Ji 

-------~------,----------~ 

ILl Ii! 

Practice 
, " 

, .. t 
This game is similar to squash except tha.! there is only one 

J,! ••• ··1 player. See Fig. 6, ' .. -. ~ 

-------------------------
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Rifle Game No.1 

This game is illustrated in Fig. 7. It has a large target which 
bounces randomly about the screen. A photocell in the rifle is 
aimed at the target. When the trigger is pulled. the shot counter is 
incremented and. if the rifle is on target. the hit counter is incre­
mented. a hit noise is generated and the target is blanked for a 
short period. After 15 shots the score appears but the game can 
still continue without additional scoring. 

Rifle Game No. 2 

In this game illustrated in Fig. 8. the ball traverses the screen from 
left to right under control of the manual serve button. Otherwise 
the game is as described for Rifle Game No.1. •••• ..... ~. 

15 ID 

Fig.8 -----__ ~ ___ ----

I 
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Flg.9 RIFLE INTERFACE 
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SHOT 
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HIT 
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PIN 27 -PIN 3 

C·ONNECT PIN 27 TO 
PIN 3 IN ALL OTHER GAMES 

VIDEO 
(FROM SYSTEM ")-_ ....... r-y-TY~ .... ..r.,r TT "\,--1 

. DIAGRAM) This modulator is used in the lab for test 
20pl I purposes and may not possess the long term 

stability or meet FCC requirements lor 
home use. 

Fig.10 VHF MODULATOR 

Horizontal· Vertical 

Slow :!: ,5ps 2 angles:!: 1 line 
4 angles:!: 3 lines 

Fast :!: ljJs 2 angles:!: 2 lines 
4 angles:!: 5 lines 

Fig.l1 ANGULAR MOTION 
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RANDOM BALL SPEED/RANDOM ANGLES 

To enhance the excitement and challenge of the various games, 
this option provides random variations of the ball speed and 
random changes in the ball rebound angle as the games are 
being played. 

I RANDOM SPEED I 
~ 1.3 OR 0.65 SECONDS ~ 

r.1:~~~~~:-i!- --i!---1-----1 
... ""'---,_ _____ RANDOM 

• ANGLE 
):- REBOUND 

• • • • • • • • . r:-
• • • • • • 

I I 
l___________ _ ___________ ~ 

Fi9.12------:-___________________ --------~ 

Soccer 

s~~~~o-----------r-----------------------------------------------, 

Fig.13 

o 
MANUAL 
FAST/SLOW 

.....<:>----0 PIN 7 
RANDOM 

SPEED 

RANDOM 
ANGLE 

-""0-----0 PIN 5 

MANUAL 
2-4 ANGLES 

o 
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BLACK AND WHITE BATS/GRAY BACKGROUND 

This option provides an added factor for player team recognition. 
The field or court is produced as a gray background with the bats 
in black and white. This option is particularly helpful for ·the 
squash game where the players are positioned close together. 

------------------------~ 'I i! 

I 
I 

--------~----------------
Flg.14;4a;----------------

,..-----------
: 'I 
I 
I 

I 
I 
I 
I 

I 

I 

~-----------

------------.. i! : 

I 

I 

I 
I 

I 
I 
I 
I 

------------.1 
Fi9.15i;a----------------

SCORE AND FIELD 24 ">----l----!.l 

r---I-----~ 'h4072 

510!! 

RIGHT BAT 9 

LEFT BAT 10">----l--------......J 
51m! 

510!! 

»"--------t--.... --'W"""--:-) ~~DULATOR 
SYNC 16">----l1-'-...... -.!....\ 

270!l 

m 
THE ABOVE CIRCUIT IS USED AS AN ALTERNATIVE TO THAT SHOWN ON THE SYSTEM DIAGRAM 

Fig.16 GRAY BACKGROUND 
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FOUR PLAYER CONFIGURATION 

With this option, the basic two player tennis game can be 
expanded to true four player doubles. Each player is capable of 
playing the full width of the court. 
A variation of this option allows for a three player handicap game 
with two players against one. 

------------- -------------ID 5 
I I 
! ! 

I I 
------------ -----.--------

2K v.CD4001 

o 

SYNC 

p~~ o-~W\'O-..... ---''1--...»--'-+_-_iCK 

2·4 PLAYERS 0 

Vee 0-----.--..... - ..... ---.--
.. PLAYER 

CONTROLS 
1M!! 

11 5 

C04013 OR 
F34013 

131---..... -~.J 
CD4016 

" 10 
10K 

10K 

Fig.18 

LEFT ,--..... -----o •• T 

.--+---..--<> RIGHT .,T 
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GIMINI Series 

GIMINI 8600 Series TV Games 

The Glminl 8600 Series games consist of a set of single chip TV 
game integrated circuits which are ailcompatible with the AY-3-
8615 Color Processor chip. This series consists of AY-3-8603/ 
8603-1 Roadrace, AY-3-8605/8605-1 Warfare, AY-3-8606/8606-1 
Wipeout, AY-3-8607/8607-1 Rifle, AY-3-861 0/861 0-1 Supersport, 
and AY-3-8765 Motorcycle chips. Circuit descriptions giving 
detailed information on each game chip are In the following 
pages of this section. 
The TV games may be configured as dedicated games when 
packaged with the color processor and peripheral circuitry. When 
packageQ as Indlvldualcartrldges;able to be connected to a main 
console containing the color processor and peripheral circuitry, 
the game becomes programmable by Its user. 

The following block diagram shows a programmable game con­
figuration wh(ch can be combined to provide a dedicated game If 
desired. 

DESCRIPTION 
The console consists of a resident AY-3-8615 game/color pro­
cessor, an R.F. video modulator, a calculator type keyboard for 
game selection, a set of three skill select switches, and a game 
reset switch. Attached to the console are the player controllers 
which can consist of joysticks or a variety of controls suited to the 
game. 

The console need never be opened once In operation; all 
changes to the system are plugged In externally. The cartridges 
end controls are the only Items that are altered to give the 
8600 system new game characteristics. 

The block diagram shows the basic system with Its expand ability. 
Detailed console schematics for NTSC color and CCI R black and 
white are shown In Figs. 2 and 3 respectively. 

SECTION A 
There are three switches that will allow skill selections. These 
skills will be determined by the specific game cartridge and will 
control speeds, sizes and shapes of objects in any particular 
game cartridge. A fourth switch acts as game reset. 

SECTION B 
The game selections will be made by a maximum of ten mom en­

, tary switches similar to the calculator keyboard. Again the num­
ber of games Is determined by the cartridge. 

GENERAL INFORMATION 

I 2 S .. 15 • ., • t '0 II 12 IS 1415 18 11 1111.2021 2223242158f'1' II 111011 12 

j'T 'PT 
l 

",. 
Fill. 1 AY-3-8810/8610-1 CARTRIDGE 

SECTION C 
The controls are always In pairs to allow fortwo players. Depend­
Ing on the game cartridge, a variety of controls Il!ay be used. 
Basically most games can be ,controlled by resistance joysticks. 
If controls are remote, the connectors used should be a minimum 
of six pins each to allow for game flexibility. 

SECTION D 
The cartridges will all be compatible with the console and a 
variety will be offered. Each cartridge will give the game a com­
pletely new objective. The cartridge should have a minimum of 
34 pins to allow for special connections such as sound effects, 
etc., and remain compatible with the system. 
Fig. 1 Illustrates as an example the straightforward layout for the 
AY-3-8610/8610-1 Supersport game cartridge. 

.....----- A. SKILL SELECTION-EG, SPEEOS, SIZES. SHAPES 
-DETERMINED BY GAME CARTRIDGE 

8-16 

2, PUSHBUTTONS L:;~;;:::: 

C. CONTROL OPTIONS } 
1. JOYSTICKS 

3, STEERING WHEEL I" 
4, CYCLE GRIP 
S, ETC, 

1..-"::--...1 

{

D, CARTRIDGE SELECTION 
1, ROADRACE 
2, SUBMARINE 
3, WIPEOUT 
4. RIFLE 

'--------' ~. ~~~~~~~~~E 
, 7, CYCLE 

_J=~=:;:=~:::!~ .... , a. 1-10 GAME SELECTIONS VIA CALCULATOR OR OTHER 
MOMENTARY KEY PAD DETERMINED BY GAME CARTRIDGE. 
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AY-3-8603 AY-3-8603-1 

Roadrace 

FEATURES 
• Two game selections-one and two player games 
• T.V. raster generator 
• All timing signals for color or black and white application 
• Direct compatibility with Economy "8600" game console 
• Automatic on-screen scoring 
• Score color-keyed for each player 
• Skill selection for difficult or easy driving conditions 
• Realistic motor and crash sound generation with a minimum of 

external components 

DESCRIPTION 
The A Y -3-8603/8603-1 game circuit has been designed to provide 
a realistic road race game using a standard television receiver. 
The circuit Is Intended for color or black and white usage with a 
525 (AY-3-8603-1) or 625 (AY-3-8603) line receiver. The circuit Is 
designed to be either a stand-alone game or an add-on for the 
Glmlnl Economy "8600" game series. 

OPERATION 
The AY-3-8603/8603-1 utilizes two potentiometers to produce 
control voltages for the horizontal pOSitioning of the race cars. 
Each player controls his own car. The circuit displays a score for 
each driver, processes the game logic and produces composite 
sync, color burst location and blanking signals for a 525 or 625 
line T.V. receiver. Sound outputs are also Included to produce 
simulated engine and crash sounds with a minimum of external 
components. The AY -3-860318603-1 are designed to be operated 
with the AY-3-B615 color circuit. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlngs* 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

v" (GND) 
Sync 

Camp Blanking 

Color BUrst Locator 
Background 

Boundaries 
Player Cars and Score 

Race Track Obstacle Cars 

3.579545 MHz Input 
Left Player Input 

Engine Time Constant Input 

NC 
Engine Sound Output 

Right Player Input 

Test 1 I 
ro,t 2 

00 Not Connect 

Master Reset 

Hue Modifier 

La Freq. Out 

White Noise Out 
Crash Gate Out 

Handicap 

Game Select 1 
Game Select 2 
Game Reset 

NC 
V, 

NC 

Voltage on any pin with respect to Vss ............................ -0.3 to +12V * Exceeding these rAtings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. 

Storage temperature range .... , .............................. -20°C to +70°C 
Ambient operating temperature range .............................. 0° C to 40° C 
Operating voltage supply range .................................... +7.5 to +9V 

Standard Conditions (unless otherwise stated) 

Parameter values at Ta = 25° C 

Characteristic Min Typ Max Units Conditions 

Clock Input 
Frequency - 3.579545 - MHz 
LogiC '0' a - 0.5 V 45-55% duty cycle 
Logic '1' Vp-2 - Vp V 
Leakage - - - -
Control Input 
Logic '0' 0 - 0.2 V Max. contact resistance of 1 K to Vss 
Logic '1' Vp-2 - Vp V 
Input Impedance - 100 - Kohms Pull up to VP 
Output pins - - 1 V lout = 2mA 
On Off - 1000 - pA Vout = Vp 

Power Supply Current - - 60 mA at Vp = 7.5V 
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Roadrace (2player)/ 
Qualify (1 player) 

A typical T.V. screen display for the game Is shown above. One 
driver for each car located at the bottom of each track controls his 
horizontal position only. After the game Is reset the game starts as 
the picture produced simulates a racetrack In motion where each 
driver must maneuver his car around the other cars on the track. 
Both tracks have the same random obstacle car pattern with two 
visible per track, the pattern on the right Is 24 lines ahead of the 
left pattern. This produces random cars on both tracks at one time 
with the same degree of difficulty for each driver. Video speeds 
Increase every two seconds up to a maximum of seven speeds 
forward or until either player crashes his car Into an obstacle car. 
Upon a crash, the video motion will stop and acrash sound will be 
generated. When the game restarts, the forward motion will start 
from slow and progress In speeds once again. 

Sl'mulated engine sound Is produced during the game. The 
engine starts from low and Increases In pitch at four second 
Intervals during motion to simulate shift points during the game 
progress. Every crash scores one point for the opponent. Scores 
are shown over each track. 
The one-player game selection removes the car Image on th'e­
right track and left driver plays. A point Is scored for the driver 
after passing every eight consecutive obsfacle-cais: Every crash 
gives the game, (right track) score one point. The first player or 
game to score 15 ends the game In either one or two player 
selection. 

:t 

n 
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Warfare 

FEATURES 

• Outputs include NTSC (AY-3-8605-1) or CCIR (AY-3-8605) 
compatible composite sync, color burst location and blanking 

• Operation from a 3.579545 clock 
• One or two player game 
• Digital on-screen scoring 
• Sound generation for engine, sonar, firing and explosions 
• Designed for use with AY ~3-8615 
• Outputs and power requirements compatible with the Gimlni 

Economy "8600" game series 

DESCRIPTION 

The AY -3-8605/8605-1 game circuit has been designed to provide 
realistic sea and space battle games using a standard television. 
receiver. The circuit is intended for use with a 525 (AY-3-8605-1) 
or 625 (AY-3-8605) line receiver. 

OPERATION 

The AY-3-8605/8605-1 utilizes two potentiometers (one for each 
player) or one axis of two joysticks to produce control voltages for' 
internal Schmitt triggers. These position the submarine, 
destroyer, and spaceships,' via rate controllers in the horizontal 
axis only. The circuit displays an on-screen score for each player, 
processes the game logic and produces a composite sync, color 
burst location and blanking Signals for a 525 or 625 line T.V. 
receiver. Sound outputs are also included to produce simulated 
engine, sonar, firing, and explosion sounds with a minimum of 
external components. 

The AY -3-8605/8605-1 may be operated with the AY -3-8615 color 
processor circuit. The outputs are designed for compatibility 
within the Gimini Economy Game series. Game selection is made 
via a 2 strobe/3 select switch matrix with momentary contacts. 
Two momentary switches mat grouna the "fire" input pins are 
used to activate the torpedoes, depth charges, and missiles. 

SOUND OUTPUTS 

Space baCKground noise-7 Bit Polynomial Counter clocked at 
2kHz rate. 

Torpedo or Depth Charge fired-1 kHz sig nal for 2 frames then off 
for 4 frames, 

Explosion- "V 8kHz signal for"V 3% seconds. 

Destroyer engine-Fast sound is a 240Hz clock into a4 bit poly 
counter-Slow sound is a 120Hz clock rate. 

Sonar lor Submarine-Decaying 480Hz signal for "V 2.9 seconds 
followed by a 2kHz signal burst for"V 200ms. This sound repeats 
every 3'12 seconds. 

8-22 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

V" 
Sync 

Cotor Burst Locator 3 

Composite Blanking 

BaCkground Video 

NC 
Left Video 

Right Video 

3.79545MHz Clock In 9 
explOSion Sound Oul 

Hue Out 

Fire Depth Charge In 

Fire Torpedo In 

Skill Select 2 

MOVEMENT 

Top View 

Select 1 
Select 2 
Select 3 
Strobe 1 

Strobe 2 

Engine Sound Out 

Fire Sound Oul 

Sonar Sound Out 
Submarine Control In 

Destroyer Control In 

Test (N C) 

Game Reset 

V, 

Skill Select 1 

The cargo ship will traverse the screen in 16 seconds. 

The destroyer ship will traverse the screen in 5.3 s!conds. 
The submarine moves across the screen in 8 seconds. 
The torpedo rises ata rate of 1 line pe.rJrame. To move the 100 
lines to hit the aestroyer will take 1.67 seconds. 

The depth charge falls at a rate of 1 line every 2 frames. To hit 
the submarine will take 3.34 seconas. -, , , 
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Sea Battle (2 player) 
One player controls the horizontal movement of the destroyer 
and the other player controls the horizontal movement of the 
submarine. The engine sound of the destroyer will be fast for 
either left or right movement and slow for no movement. Both the 
submarine and the destroyer will stop for a center position of the 
joystick. The cargo ship moves across the upper part of the 
screen at a fixed speed. The submarine player fires torpedoes to 
score 1 point for hitting the cargo ship and scores 2 points for 
hitting a restricted area of the destroyer. If the SKILL Switch #1 is 
off, the submarine player scores a point if the torpedo hits any 
area of the destroyer. 

The destroyer player drops depth charges at the submarine and 
scores a point for hitting an area close to the submarine and 
scores 2 points for a direct hit if the SKILL Switch #2 is on. 

A hit of the torpedo on the cargo ship or the destroyer will cause 
the'cargo ship to disappear for the duration of the explosion and 
the destroyer ship will change color. A depth charge hitting the 
submarine will cause the submarine to change colors during the 
explosion. 

Neither ship is allowed to go off-screen and only one torpedo 
will appear on the screen at any time, rising from the submarine to 
either strike a ship and cause an explosion ordisappear. Only one 
depth charge will appear on the screen at any time, falling from 
the destroyer to explode on the submarine or disappear when 
hitting the sea bottom. 
Sounds include a destroyer engine, submarine sonar, depth 
charge or torpedo firing, and explosions. The game is over when 
either player scores 30 points. . 

Counterattack I (1 player) 
One player controls the horizontal movement of the submarine 
and fires torpedoes althe destroyership. There is no cargo ship in 
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this game. The destroyer ship moves across the screen dropping 
depth charges. As the depth charge falls it will either hit the 
submarine and cause an explosion or hit the sea bottom and drop 
another depth charge. 
The player scores 1 point if the torpedo hits any area of the 
destroyer (SKILL Switch #1 is off). 2. points are scored if the 
torpedo hits a restricted area of the destroyer and SKILL Switch 
#1 is on. Points against the player are scored if the depth charges 
hit the submarine. 1 point is scored for a hit close to the submarine 
and 2 points for a direct hit if SKILL Switch #2 is on. 
When either ship has been hit an explosion will occur and the ship 
that vias hit wiH change color.lfis possible that both ships have 
been destroyed at the same time. 

The sounds include the destroyer ship engine, s·ubmarir:'e sonar, 
torpedo firing, and explosions. The game is over when eitherthe 
player scores 30 points or the destroyer has accumulated 30 
points. 

Counterattack 1r (1 player) 
One player controls the horizontal movement of the destroyer 
and the firings of the depth charges. This player must.protect his 
ship and the cargo ship from the torpedoes fired automatically 
from the submarine. As the submarines torpedoes destruct from a 
ship impact, another torpedo is launched after the 3% second 
explosion. Torpedoes that miss the destroyer ship or the cargo 
ship will disappear in the air and a new torpedo will be launched. 
The submarine moves across the screen reversing its direction at 
each edge of the screen. 
The scoring for this game is the same as for the previous games. 
The sounds include the destroyer ship engine, submarine sonar, 
depth charge firing, and explosions. The game is over when either 
the player scores 30 points or the submarine has accumulated 30 
points. 
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15 

Night Battle (2 player) 

One player controls the horizontal movement of the destroyer 
and the other player controls the horizontal movement of the 
submarine. The· cargo ship traverses the screen, changing 
directions when it reaches the edge of the screen. This game 
plays just like the 2 player - Sea Battle - except that the only time 
the submarine is visible is when a torpedo has been fired. 
Likewise the cargo ship and the destroyer are not visible until a 
depth charge has been dropped. Scoring, SKILL Switch 
selections, and sounds are the same as described in - Sea Battle-. 
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:I: 

Space Battle I (2 player) 

One player controls the Space Warp 1 vehicle and the other player 
controls the Space Warp 2vehicle. Missiles are fired from one ship 
toward the other. There is no equivalent of a cargo ship from the; 
sea b·attle games in this space game. The object is to fire your· 
missiles at your opponent's vehicle and score either 1 or 2 points 
for the type of hit dependent on the SKILL Switch setting. The 
sounds include a space background and sounds formissile firings 
and explosions. The game is over when either player reaches 30 
points. 

Space Battle n (2 player) 

This two player game is very similar to the Space Battle I game 
except that the space vehicle is only visible when it has fired a 
missile. 
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Wipeout 

FEATURES 
• Outputs include NTSC compatible composite sync, color burst 

location and blanking for AY-3-8606-1 andCCIR for AY-3-8606 
• Operation from a 3.579545MHz clock 
• One or two player games 
• Digital on-screen scoring 
• Sound generation for tones to indicate hits of ball to bat, ball to 

objects, and ball to border 
• Designed for use with AY-3-8615 
• Outputs and power requirements compatible with Gimini 

Economy "8600" Game Series to allow plug-in operation 

DESCRIPTION 
The AY-3-8606/8606-1 game circuit has been designed to provide 
an active paddle/squares game using a standard television 
receiver. The circuit is intended for use with a 525 (AY-3-8606-1) 
or 625 (AY -3-8606) line receiver. 

OPERATION 
The A Y -3-8606/8606-1 utilizes two potentiometers (one for each 
player) one axis only of each joystick to produce control voltages 
for internal Schmitt triggers. These position the player's bats in 
the vertical axis only to allow play of the game. The circuit 
displays an on-screen score color coded to each player, 
processes the game logic and produces a composite sync, color 
burst location and blanking signals for a standard 525 (625 for 
AY-3-8606) line TV receiver. Sound output is also included to 
produce tonal sounds for ball hits to bats, ball hits to borders and 
ball hits on objects with a minimum number of external 
components. 

The A Y -3-8606/8606-1 is made to be operated with the A Y -3-
8615. The outputs are designed for compatibility within the 
Gimini Economy "8600" Game Series. Game selection is made via 
a 4 strobe, 3 select switch matrix with either fixed or momentary 
contact closures. 

Two momentary switches that ground the input serve control pins 
are used to start the ball into motion after reset or when a reserve 
is necessary Rccording to game rules. Three skill selection 
switches"are u"sed to determine game cfifficufty. 

GAME OPERATION 
Select 1 Strobe 1 (Game #1) 
This game selection uses a playing area as shown in Figure 1. It is 
a single-player game in which the player manipulates the paddle 
in the vertical axis after manually serving the ball. The objective is 
to wipe out as many boxes as possible in the seven serves that are 
allowed during a single game. 

Select 1 Strobe 2 (Game #2) 
This game selection uses a playing area as shown in Figure 2. It is 
a single-player game in which the player manipulates two paddles 
at each end of the playing area in the vertical axis after manually 
serving the ball. The objective is to wipe out as many boxes as 
possible in the seven serves that are allowed during a single game. 
Select 1 Strobe 3 (Game #3) 
This game selection uses a playing area as shown in Figure 3. It is 
a two-player game in which each player manipulates his paddle at 
the ends of the playing area in the vertical axis. The ball is served by 
the last player to score after game is in play. The objective is to 
wipe out all boxes in the playing area. The winner ends with the 
highest score. 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE. 

vss (GND) 

Sync 

Blanking 

Color Burst Locator 

Background 
Boundaries 

Left Video 

Right Video 

3.S7954SMHz Input 

Test 
Left Bat Vertical 

Left Serve 

'3ound 

Test 

Select 1 Strobe 4 (Game #4) 

Select 1 
Select 2 
Select 3 
Strobe 1 

Strobe 2 

Strobe 3 

Strobe 4 

High Speed 

Ball Size 

Bat Size 

Reset 

Right Serve 

Vp 

Right Bat Vertical 

This game selection uses a playing area as shown in Figure 4. It is 
a two-player game in which each player manipulates his paddle at 
the ends of the playing area in the vertical axis. The ball is served 
by the last player to score after the game is in play. The objective 
is to wipe out all the boxes in the playing area. The winner ends with 
the highest score. The ball will rebound off the center barrier. 
Select 2 Strobe 1 (Game #5) 
This game selection uses a playing area as shown in Figure 5. It is 
a single-player game in which the player manipulates two different I 
colored paddles at each end of the playing area in the vertical axis ._ 
after manually serving the ball. The objective is for the player to 
wipe out as many correct colored objects depending on which 
color paddle hits the ball into the playing area as. possible. The 
game ends when all of one color objects are wiped out. 

Select 2 Strobe 2 (Game #6) 
This game selection uses a playing area as shown in Figure 6. It is 
a two-player game in which each player manipulates his paddle at 
the ends of the playing area in the vertical axis. The ball is served 
by the last player to score after the game is in play. The objective is 
to wipe out as many boxes color coordinated with the player's 
paddle. The first color completely wiped out wins. 

Select 2 Strobe 3 (Game #7) 
This game selection uses a playing area as shown in Figure 7. It is 
a two-player game in which each player manipulates his paddle 
at the ends of the playing area in the vertical axis. The ball is 
served by the last player to score after the game is in play. The 
objective is to wipe out as many boxes color coordinated with the 
player's paddle. The first color completely wiped out wins. 
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Select 2 Strobe 4 (Game #8) 
This game selection uses a playing area as shown in Figure 8. It Is 
a single-player game In which the player manipulates the paddle 
in the vertical axis after manually serving the ball. The object Is to 
wipe out as many color coordinated boxes with the player's paddle 
as possible in the seven serves that are allowed during a single 
game. The ball alternates colors on each rebound, thus it can only 
hit one color square to wipe out and is transparent to the other 
color at any onetime. After a hit and rebound, the ball can wipe out 
the opposite color square. 

Select 3 Strobe 1 (Game #9) 
This game selection uses a playing area as shown in Figure 9. It is 
a single-player game in which the player manipulates the paddle 
in the vertical axis after manually serving the ball. The objective Is 
to break through the end wall and score on as many blocks as 
possible. The game ends after either seven serves or the first 
breakthrough. 

Select 3 Strobe 2 (Game #10) 
This game selection uses a playing area as shown In Figure 10. It is 
a two-player game in which each player manipulates his paddle 
in the center of the playing area in the vertical axis. The ball Is kept 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 

In motion by each player trying to protect the wall behind his 
paddle. If a player misses a hit with the paddle, the ball will hit the 
wall and one block will disappear and the score will Increment 
for the opposite player. The objective of this game is to knock out as 
many blocks to get a high score before breaking through the wall. 
The first player to hit the ball through an open section of a wall 
ends the game. 

NOTE: If the ball hits the left wall at a point where three 
blocks connect from the lower edge, the block In the same 
direction as the trajectory will disappear. See Figure 11. 

SKILL SELECTION 

The games mentioned In Section 4.0 can be made more difficult by 
selecting one or more of the following skills: 

1. Bat Size (left player only) 
2. Ball Size (In large ball size, bat must hit center of ball) 
3. Ball Speed 

A ground on any of these function pins shall: 
1. Halve the bat size 
2. Halve the ball size 
3. Double the ball speed 

Voltage on any pin with respect to Vn pin ........................... -0.2V to 12V 

* Exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions Is not Implied""': 
operating ranges are specified below. 

Storage temperature range .................................... -20·C to +70·C 

Standard Conditions (unless otherwise stated) 
Vp = +7.5 to +9.0 volts 
Ambient operating temperature range O·C to +40·C 
Characteristics at +25·C and Vp = 7.5V 

Characteristics Min 

CLOCK INPUT 
Frequency -
Logic '0' 0 
Logic '1' Vp-2 
Leakage -
CONTROL 'INPUT 
Logic '0' 0 
Logic "1" Vp-2 
Input Impedance -
OUTPUT PINS 2-8, 13 
ON -
OFF -
OUTPUT PINS 22-25 
ON -
OFF -

. Power Supply Current -
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Max Units Conditions 

- MHz 
0.5 V 45-55% duty cycle 
Vp V 
100 pA 

0.5 V May contact resistance of 1 K to Vn 
Vp V 

- Kohms 

1 V lout = 2'mA 
100 pA Vout =Vp at 7.5V 

1.0 V lout = .SmA 
100pA pA Vout = Vp (open drain) 

7S mA 
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Shooting Gallery 

FEATURES 
• Outputs include NTSC (AY-3-8607-1) or CCIR (AY-3-8607) 

compatible composite sync, color burst location and blanking, 
• Operation from a 3.579545MHz clock 

_- One or two player game 
• Digital on-screen scoring 
• Sound generation for flight, fall, hit and impact 
• Designed for use with AY-3-8615 
• Outputs and power requirements compatible with Gimini 

Economy "8600" Game Series to allow plug-in operation; 

DESCRIPTION 
The AY -3-8607/8607-1 game circuit has been designed to provide 
an active series of target games using a standard television 
receiver. The circuit is intended for uS,e with a 525 (AY-3-8607-1) 
or 625 (A Y -3-8607) line receiver. 

OPERATION 
The AY-3-8607/8607-1 utilizes an external photo cell mounted in 
a gun or rifle for recording hits. The logic requires the gun to input 
a shot pulse when the trigger is pulled and If the photocell in the 
gun records the hit (if on target) a pulse will be transmitted to the 
chip. (No pulse if off target). 
Some of the two-player games require two guns. 
With the two-player game where one player controls the target 
and the other shoots, the joystick in the console will be used for 
target control. 
Skill select switches on the console are used for (1) target size 

_Ial'flllo.r small (2)targElt sPEle_c!.Jal1! or ~Iow. In tw()-player/two-
rifle games, the left joystick is used. for additional. handi­

, capping/skill selection. 

GAME SKILLS 
All games will have difficulty selection in the following areas: 
A. Two speeds for the target - fast and slow. 
B. Two sizes for the target = large and small. 
C. Joystick-selected handicap. 
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PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

Vss (GND) 
Sync 

Blanking 
Color BUrst Locator 

Background Out 
Left Video Out 

Right Video Out 

Decay Sound 
3.579545MHz Input 9 

Oscillator Out 
Tone Out 

1 Rifle/2 Rifle Select 

Oscillator Control 

SerVe/Shoot 2 

Select 1 

Select 2 
Select 3 
Strobe 1 
Strobe 2 
Left Vertical In * 
Left Horizontal In • 
Speed Select * 
Target Size * 
Hit2 

Reset 
Shoot 1 

Vp 

Hit 1 

·Pin functions are for one-player games. 
For two-player games. the functions of pins 20 thru 23 
are: 

20-Player 1 Target Size 
21-Player 1 Speed Select 
22-Player 2 Target Size 
23-Player 2 Speed Select 

These selections are to be made on two pins which will make one 
selection (the easiest) when left open. 

ON SCREEN SCORING 
All scoring will be displayed on the screen momentarily after each 
flight or target sequence to show an update of the game in 
progress. Score Is flashed at end of game. 



CIRCUIT OPERATION 

The AY-3-8607 utilizes an external photo cell mounted in a gun or 
rifle for hits made. The logic requires the gun to input a shot pulse 
when the trigger is pulled and if the photocell in the gun records 
the hit (if on target) a pulse will be transmitted into the chip (no 
pulse if off target). 

Some of the two-player games require two guns. 

With the two-player game where one player controls the target 
and the other shoots, the joystick in the console will be used for 
target control. 

Skill select switches on the console are used for (1) target size, 
large or small (2) target speed, fast or slow. In two player two 
rifle games left joystick is used to give handicapped skill selections. 

GAME SELECTIONS 

Select Strobe 

1 1 
2 1 
3 1 
1 2 
2 2 
3 2 

GAME DESCRIPTIONS 
Skeet I 

1 Gun 2 Guns 

Attack II Attack IV 
Target I Target III 
Target II Target IV 
Skeet I Skeet III 
Skeet II Skeet IV 
Attack I Attack III 

This game selection uses a playing area as shown in Figure 1. It is 
a single-player game in which the player tries to shoot a target on 
the screen with an external gun. The target moves from the 
foreground into the background and the player is allowed one shot 
to be taken per flight. The target can start from either the right or 
the left side of the screen at random. When either the hit count or 
the ntlmber of flights reaches 15 the game ends. 

Skeet II 
This game selection uses a playing area as shown in Figure 1. It is 
a two-player game in which one player tries to shoot the target 
and the other player controls the direction in which the target flies 
with the horizontal axis of the joystick, and also controls the 
start of flight with the left "serve" button. The target moves from the 
foreground into the background and the player with the gun is 
allowed one shot to be taken per flight. The game ends when either 
the hit count or the number of flights reaches 15. 

Skeet III 
This game selection uses a playing area as shown in Figure 1. It is 
a two-player game in which both players use guns to shoot at the 
target. The target moves from the foreground into the background 
from random sides. Each player is allowed one shot per flight. 
The first player to hit the target gets the score. The game ends when 
either player reaches a score of 15. 

Skeet IV 
This game selection uses a playing area as shown in Figure 1. It is 
a two-player game in which both players use guns to shoot at the 
target. The target moves from the foreground into the background 
from random sides. Each player alternately shoots at the target 
starting with the left player first. If the player whose turn it is to 
shoot, hits the targel during the initial part of the flight, he retains 
his turn to shoot next, thereby preventing his opponent from 
playing in turn. This rewards fast accurate shooting. The first 
player to score 15 points wins, and the game ends. 

AY-3-8607 • AY-3-8607-1 

Attack I 
This game.selection uses a playing area as shown in Figure 2. It is 
a single-player game in which the player tries to shoot the target 
on the screen with an external. gun. The target moves from the 
background toward the foreground. The target can start and 
change course in flight at random. Only one shot is allowed per 
flight of the target. The game ends when either the hit count or 
the number of flights reaches 15. 

Attack II 
This game selection uses a playing area as shown in Figure 2. It is 
a two-player game in which one player tries to shoot the target and 
the other player controls the direction in which the target flies 
with the joystick. The target moves from the background into the 
foreground and ·the player with the gun is allowed one shot to be 
taken per flight. The game ends when either the hil count or the 
number of flights reaches 15. 

Attack III 
This game selection uses a playing area as shown in Figure 2. It is 
a two-player game 'in which both players use guns to shoot at the 
target. The target moves from the background into the foreground 
with random trajectories. Each player is allowed one shot per flight. 
The first player to hit the target gets the score. The game ends when 
the first player reaches a score of 15. 

Attack IV 
This game selection uses a playing area as shown in Figure 2. It is 
a two-player game in which both players use guns to shoot at the 
target. The target moves from the background into the foreground 
with random trajectories. Each player alternately shoots at the 
target starting with the left player first. If the player whose turn it 
is to shoot hits the target during the initial part of the flight, he 
retains his turn to shoot next, thereby preventing his opponent 
from playing in turn. This rewards fast accurate shooting. The first 
player to score 15 pOints wins, and the game ends. 
Destruct I 
This game selection uses a playing area as shown in Figure 3. It is 
a single-player game in which the player tries to shoot the targets 
as they are flashed on the screen with an external gun. The targets 
flash sequentially on the screen and disappear as each is hit. The 
game ends when either the hit count or the number of sequences 
reaches 15. 

Destruct II 
This game selection uses a playing area as shown in Figure 3. It is 
a single-player game in which the player tries to shoot the targets 
as they are flashed on the screen. The targets flash randomly 
on the screen and disappear as each is hit. The game ends when 
either the hit count or the number of sequences reaches 15. 

Destruct III 
This game selection uses a playing area as shown in Figure 3. It is a 
two-player game in which both players use guns to shoot at the 
target. The targets flash sequentially on the screen and the first 
player to hit the target scores. If both players hit the same target 
simultaneously, both players will get a score'. The game ends when 
all targets disappear. 

Destruct IV 
This game selection uses a playing area as shown in Figure 3. It is a 
two-player game in which both players use guns to shoot at the 
target. The targets flash randomly on the screen and the first 
player to hit the target scores. If both players hit the same target 
simultaneously, both players will get a score. The game ends when 
all targets disappear. 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 
Voltage on any pin with respect to Vo pin .••.......•.••••.••....•. -0.3 to +12.0V 
Storage temperature ...•...• : ........•.••.............•....••. -20°C to +70°C 
Ambieni operating temp. range. ; .. ; ..•.•..... .' •.• , ...........•••.•• 0° C to 40° C 

*exceeding these ratings could cause per­
manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below. Standard Conditions (unless otherwise stated) 

~=~~M~~ "" 
Vss = 0 Volts 
All characteristics specified at 25°C and Vdd = 7.5 volts 

Characteristics Min Max Units Conditions 

Clock Input - - - Crystal controlled @ 3.579545MHz with 45% to 55% positive 
duty cycle. 

0 0.5 Volts Logic "0" level 
Vdd-2 Vdd Volts Logic "1" level 
- 100 /1A Lea kage, V; 0 = V dd 

Outputs 
Pins 2, 3, 4, 5, 6, 7 - 1.0 Volts Logic "0" level lout = -2m A 

- 100/1A /1A Off volt = Vdd = 7.5 Volts 

Output Pin #8 - " 1.0 Volts lout = -0.5mA 
Vdd-2 - Volts lout = +0.5mA 

Output Pins 11, 13 - 1.0 Volts lout = -0.2mA 
Vdd-2 - Volts lout = +0.2mA 

Output Pin #22, 23 - 1.0 Volts lout = -0.5mA 
- 35 /1A Volt = Vdd = 7.5 Volts 

Inputs 
Pin #26, 27, 28 150 375 K Vdd = 7.5 Volts 
Pin #12,14,17,18,20 75 150 K Vdd = 7.5 Volts 

Power supply current - 65 rnA Vdd = 7.5 Volts 
Idd 
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Fig. 1 

NOTE: Target can start from either right or left foreground depending on random game control or 
2nd player joystick control when applicable. 

+. 

+ 

Fig. 2 

TRAJECTORY START 
POINTS 

\ " + 

~RAJECTORY CHANGE 
POINTS 

NOTE: Target starting point and trajectory alters during flighteither by chip control or 2nd player 
joystick control when applicable. . 



Fig. 3 
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ID 15 
DDDDD 
DDDDD 
DDDDD 

NOTE: 1.0nly one box is visible at any time. 
2.Sequential target order starts from the left side tothe right side ofthe screen starting from 

top to bottom. 
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Supersport 

FEATURES 

• Full COLOR Operation with AY-3-8615 
• Ten selectable games - tennis, hockey, soccer, squash, 

practice, grid ball, basketball, basketball practice, one and 
two player target 

• 625 Line (AY-3-8610) and 525 Line (AY-3-8610-1) versions 
• T.V. raster generator 
• Two axis player motion 
• Automatic on-screen scoring, 0-15 
• Automatic ball speed-up after 7 hits or may be disabled 

by ball speed inhibit input 
• Realistic ball service and scoring 
• Score color keyed to player 
• Independent player selectable bat size for handicapping 
• Fast ball speed inhibit 
• Five segment bats giving high, low, and horizontal ball 

angles 
• Sound outputs for hit, rebound and score 
• Shooting forwards in hockey and soccer 

DESCRIPTION 

The AY-3-8610 and AY-3-861 0-1 circuits have been designed to 
provide a TV 'game' furiciion which gives active entertainment 
using a standard color or black and white domestic television 
receiver. 

The circuit is intended to be battery powered and a minimum 
number of external components are required to complete the 
system. 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

Vss 
Sync 

Blanking 

Color Burst 

Background 

Boundaries 
Left Video 

Righi Video 

3.579545MHz Input 
Left Horizontal In 

Left Vertical In 

Left Serve 

Sound Output 

Right Horizontal In 

SYSTEM DIAGRAM 1: BLACK AND WHITE IMPLEMENTATION 

16K 241< 1]K 12K 

Select Input 1 

Select Input 2 

Select Input 3 

Strobe 1 

Strobe 2 

Strobe 3 
Strobe 4 

8all Speed Inhibit 

Right Bat Size 

Left Bat Size 

Reset 

Right Serve 

Vee 
Right Vertical In 

GAMESELECT 
SWITCHES 

V.. AY·3·8610-1 SEl1f'""-------' 
2 s-tNc sH<~"c------...r-~:_t-~: ...... I--' 
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~ BACKGROUNO 5TR2f"'------, 

• lEFT VIDeO 
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6 BOUNDAR!ES 5fR3 f""-------, 

"" 12"===:b\~~;;;;~~::::L_J HIB"'llSPEEO~ 

r---------'''i~ 3S7954SMHzllII 

RIGHT BATSIZEP"'-____ -, 
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SYSTEM DIAGRAM 2: AY-3-8610-1 FULL COLOR IMPLEMENTATION USING AY-3-8615 
COLOR CONVERTER CIRCUIT 
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AY-3-8610. AY-3-8610-1 

PIN FUNCTIONS 

Power 
Vee positive supply input 
Vss negative (substrate) supply input 

Clock Input - 3.519MHz ~ color burst to N.T.S.C. 
For black and white operation, asimple LC oscillator can be used 
for the clock, but for color, the clock must be derived from a color 
crystal as shown in System Diagram 2. i 

Color Inputs 
Right player vertical control 
Right player horizontal c'ontrol 
Left player vertical control 
Left player horizontal control 
Right player serve 
Left player serve 
Right player bat size 
Left player bat size 
High speed ball inhibit 
Game reset 

The game is reset with scoresset to zero and ball returned to the 
service position by momentarily connecting the reset input to 
Vss. 
Bat size can be selected as either small or large individually for 
handicapping purposes. Connection' of the bat size input to V.s 
selects small bat. , 

Bat position is set by a variable resistor and capacitor connected 
as shown in the System Diagram. 

Fast ball speed may be inhibited by connecting Vss to the High 
Speed Ball Inhibit input. 

Game Select Inputs/Outputs 

Strobe 1 
Strobe 2 
Strobe 3 
Strobe 4 

Select Input 1 
Select Input 2 
Select Input 3 

Game selection is made by the interconnection of,o~e of the 
output strobes, STR 1, STR 2, STR 3, or s!m 4, with oneof the 
three input selection lines SEL 1, SEL 2, or SEL 3. ' 

The game selections are defined as: 

STR 1/SEL 1 
STR 1/SEL 2 
STR 1/SEL 3 
STR 2/SEL 1 
STR 2/SEL 2 
STR 2/SEL 3 
STR 3/SEL l' 
STR 3/SEL 2 
STR 4/SEL 1 
STR 4/SEL 2 

Tennis 
Hockey 
Squash 
Practice 
Soccer 
Basketball 
Basketball Practice 
Gridball 
Single Player Target 
Two Player Target 

HUE VIDEO 

Video Outputs 
Right bat, score and ball 
Left bat, score and ball 
Boundaries 
Background 
Sync 
Blanking 
Color burst locator 

All signals are present in the circuit to generate a composite 
video signal with composite blanking and sync. The combined 
video signal provides the input to the game RF modulator. 

In addition to the above outputs, a color burst locator output is 
provided for use where external color generation is desired. The 
signal locates the position in the waveform behind the sync pulse. 

,In all games, the ball starts at slow speed. If the high speed mode 
has been selected the ball will switch to high speed after 7 
consecutive hits by the players without a goal being scored. 

The bats will be segmented into 5 zones, each zone defining a 
different rebound angle. The zones listed from top of bat to 
bottom are nominally high angle up, low angle up, horizontal, low 
angle down, high angle down. A ball passing through a forward 
from behind will have its angle influenced as above, but not its 
left/right direction. 

All two player games will terminate when one player has 15 
points at which time the bats have no further effect on the ball. 
The ball cannot be restarted until a game reset is applied. 

Sound Output 
Tone of appr.oximately 500Hz, 1kHz and 2kHz will be output for a 
nominal period of 24 msecs for ball hits wall, ball hits bat and 
score. The output is capable of directly driving 100 ohm 
speakers. 

SOUND OUT 
FROM AY-3-8610-1 

Flg.1 ALTERNATE SOUND CIRCUITS 

REci~L~~~~ )-A1D~J~U~ST-.AD~J~U~S_T ________ ~ ______ ~~ __ ~~22~0~~~ 
(TO TV. RECEIVER) 

+. 
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FROM AY-3-8615-1 
PIN 4 

24K 

8,2K 

4300 

100pF 

Flg.2 MODULATOR INTERFACE CIRCUIT 

v+ 

CH 3;. 
ASTEC 

UM 1082 

MOD IN 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss pin ........................ -0.2 to +12V 
Storage Temperature Range .................................. -20°C to +70°C 
Ambient Operating Temperature Range ...... " .....•........ , ... 0° C to +40° C 

Standard Conditions (unless otherwise noted) 

Vee = +7.5 to +9.0V 
Vss = OV 

Characteristics"" Min 

Clock Input 
Frequency -
Logic '0' 0 
Logic '1' Vee -2 
Leakage -
Control Inputs 12, 17, lB, 19,20,21, 
26, 27, 2B 
Logic '0' 0 
Logic '1' Vee-2 
Input Impedance -
Outputs Pins 2-B, & 13 
On -
Off -
Outputs Pins 22-25 
On -
Off -
Power supply current -

"At 25°C & Vee = 6V 

Typ Max Units 

3.579545 - MHz 
- 0.5 Volts 
- Vee Volts 
- 100 IlA 

- 0.5 Volts 
- Vee Volts 

100 - kn 

- 1.0 Volts 
- 100 IlA 

- 1.0 Volts 
- 100 IlA 

- 60 mA 

AY-3-8610. AY-3-8610-1 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Conditions 

50% duty cycle ±5% 

Max. contact resistance of 1 K to Vss 

-
Pull up to Vee 

Iou. = 2mA 
Vou. = Vee (open drain) 

lout = 0.5mA 
Vou. = Vee (open drain) 

At Vee = +7.0V 
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Tennis 

This game uses a playing area as shown in Fig. 3. Each player can 
only move around his side of the court. The game will start when 
the player whose turn it is to serve, depresses his service button. 
The service will automatically change every five points scored. At 
service the ball will move away from the service point with a 
random angle but always toward the net. 



AY-3-8610 • AY-3-8610-1 
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Hockey 

This game uses a playing area as shown in Fig. 4. The forwards on 
both sides have freedom to move over the entire playing area. 
The goal keepers will be locked in the horizontal axis in front of 
their respective goals but will move in the vertical axis in the same 
manner as the forwards. 

The game starts when both players have depressed their service 
buttons. The ball will move away from the face off point with a 
randomly selected angle in either direction. 
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Soccer 
This game uses a playing area as shown in Fig. 5. The motion of 
the players is as in the hockey game. The game will start when the 
loser of the previous goal depresses his service button. The ball 
will move away from the kickoff point with a randomly selected 
angle but always towards the goal of the winner of the previous 
goal. 
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Squash 
This game uses a playing area asshown in Fig.S. Each player can 
move over the whole court. The game will start when the player 
whose service it is. depresses his service button. The ball moves 
off with a random angle toward the front wall. The color ofthe ball 
will change to the color code of the next player to hit the ball. 
Should the wrong player intercept or be hit by the ball it will be 
considered a fault. Points will only be given if won on player's 
own service. Points won on opponents serve will only cause a 
service change. 

Practice 

This game is a single player squash (See Fig. 7). The right score 
counts the number of successive hits in the current game (to a 
maximum of 15), the left score the number of volleys played. 

... 

!I 

.. .. .. 

t 
:t,;; 

~5-+ 
M 
-1-

Flg.77-------------~ 
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Gridball 

This game uses a playing area as shown in Fig. 8. Each player has 
three sets of vertically moving barriers to block the ball from 
approaching his end and opening in the barriers to permitthe ball 
to advance toward the opponent's end. The game starts when 
both players have depressed their service buttons. The ball 
moves away from the face off point with a random angle in either 
direction. 
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Basketball 
The basketball games use the closed playing area as shown in 
Fig. 9. The players must deflect the ball and cause It to either the 
top of the goal to score. The game starts when both playars 
depress the service buttons. The ball moves from the serve point 
with a random angle in either direction. 

~---y--------------------~ I l···. & EI I. Basketball 
Practice 

Basketball practice is a one player game which utilizes only the 
left basket as shown in Fig. 10. The right counter displays the 
number of hits the player makes without scoring while the left 
counter shows the number of baskets made. Play starts when the 
right serve button Is depressed. 

I· -. 
•••• • U" .. • •• I •• . 

-.. t 
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+ 

~------------------------~ 
A9.~10~-------------------------
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Two Player Target 

The two player target game follows the same rules as the single 
player game except that both players control their own cursors 
and shot buttons. The left score displayed is for the left player 
and the right score displayed is for the right player. The target 
can only be shot at once on each traverse by either player but 
only recognizes the first hit. The first player to reach a score of 15 
wins the game. 

Single Player Target 

The single player target game is a game in which the player 
moves a cursor displayed on the T.V. screen over a moving target 
and depresses the serve button for shots to be taken. The player 
has only one "shot" for e,ach traversal of the screen by the target. 
Additional "shots" are ignored after the first shot on each 
traverse. The right score indicates the number of hits made and 
the left score indicates the misses. A count is made on either 
score on each traverse of the target across the screen. The target 
disappears when hit and the game ends when either of the scores 
displayed reaches 15. 
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AY-3-861S 

Color Processor 
DESCRIPTION 

The AY-3-8615 is a single N-Channel MOS circuit which 
processes video signals from any of the Gimini "8600" Game 
Series circuitry. It converts these video signals into a single color. 
composite video output. The colors of the background and 
objects are selectively changed directly by the game select 
matrix. The circuit also provides, as· an output, a buffered 
3.579545MHz clock for the game chip. 

OPERATION 

The AY-3-8615 provides a color composite video signal with 
color burst envelope and sync for input to the RF modulator of a 
TV game. 

Sync: The sync input from any of the "8600" games is OR'ed with 
the video output of the color circuit. The sync amplitude level is 
compensated to ensure correct operation in color TV circuits. 

Color Burst: A color burst signal, containing ten cycles of the 
3.579MHz color reference is supplied after sync. Thecolor phase 
of the burst is internally shifted by the game matrix inputs with 
respect to the phases of the background, right player and left 
player.sothat different colors may be rendered for each game. 
This color change may be affected with no external components. 

Video Inputs: Seven video inputs are provided on the AY-3-8615. 
These are: field, background, color burst locator, left player, right 
player, blanking, and sync. 

Video Output Mixer: With OR'ed sync, color burst and blanking, 
the video consists of background, field scores, right player, left 
player, and objects on a single output pin. 

Grounded 
Select Back- Right Left 
Input ground Field Player Player 

1. Sel1/Str1, 
Sel2/Str2, 
Sel2/Str4 Green Yellow Magenta Blue 

2. Sel2/Str1 
Sel2/Str3 Blue Cyan Ok. Blue Red 

Blue 
3. Sel3/Str1, 

Sel3/Str2 Magenta Lt. Red Blue Yellow 
4. SelllStr2, 

Sel1/Str3, 
Sel1/Str4 Cyan Green Brown Blue 

Green 

Colors may be adjusted for system variations by the chip hue 
control which varies the phase delay of the color outputs. 

Luminescence Levels: The luminescence levels of the various 
signals in the composite video output have been selected to 
provide black and white compatibility. The field and left player 
signals are set to near white levels, the right to near black, and the 
background is set at a mid level to show gray. 

Figure 1 shows the typical composite video waveform from the 
circuit. 
In order to assure the correct video levels. a 2K variable potenti­
ometer should be used to adjust the output to the minimax values 
specified for the modulator used. 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

v" 
Crystal Return 

Crystal I" 
Hue Adjust 

Video Output 

3.579MHz Qut 

Right Video In 

Left Video In 

Boundaries In 

Background In 

Color Burst In 

Blanking In 

Sync In 
. NC 

NC 

NC 

NC 

NC 

NC 

NC 

Vp (+7.5 to +9V) 

Test-Do Not Connect 

Strobe 3 

Strobe 2 

Strobe 1 

Select 3 
Select 2 

Select 1 

Fig. 1 COMPOSITE VIDEO OUTPUT 

CLOCK INPUT 

The AY-3-8615 is operated directly from a 3.579545 MHz crystal 
input. A variable capacitor with a range of 3 to 15 pF should be 
used to tune the crystal. 

CLOCK OUTPUT 

The AY-3-8615 generates low impedance 3.579545MHz clock to 
directly drive the "8600" series game chips without external 
components. 

Characteristics 
at +25°C Min Typ Max Units 

Clock Input (Crystal) - 3.579545 - MHz 
Video & Game Select 
Logic "0" (Select) - - 0.2 Volts 
Logic "0" (Video) - - 1.0 Volts 
Logic "1" (all) Vp-2 - - Volts 
Hue Adjust (External 2.0 - Vp Volts 
Video Output 

(2 K pot to Vp) - 1K - 0 
Clock Output Rise & 
Fall Time - 100 - ns 

Supply Current - - 25 mA 
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AY-3-8765 

Motor Cycle 

FEATURES 

• Full color operation with AY-3-8615 color processor 
• 4 game selections-Time Out, Obstacle Race, Mota Jump 

and Rally Run 
• 2 skill selections-PRO/AM 
• 625 line (CCIR) and 525 line (NTSC) pin selectable 
• Internal TV (raster) generator 
• Automatic on-screen scoring 
• Realistic sound effects 

DESCRIPTION 

Motor Cycle is a game for one player who controls the speed of a 
motorbike and rider. At the start of each game the motorbike and 
rider are stationary at the upper left-hand side of the TV screen. 
As. the player moves the joystick, the motorbike and rider move 
across the screen on track 1. The motorbike sound starts with the 
bike movement and as the bike and rider accelerate, the motorbike 
sound reflects these speed changes. The motorbike wheels have 
an appearance of rotating at a speed also related to the throttle 
setting. 

At the end of track 1 the bike and rider reappear on track 2 at the 
left-hand side, and likewise at the end of track 2the bike appears on 
track 3 at the left-hand side of the screen. The movement of the 
bike and rider on track 3 to the right edge of the screen will cause 
a reinitialization of the bike and rider at the left of the screen on 
track 1. There will be no movement until the throttle is reset to a 
slow speed and then increased. Figure 1 shows the playing field 
for each game. 

GAME OPERATIONS 

Time Out 
The object of this game is to reach the end of track 3 in the shortest 
time. The three-digit score is automatically reset as the rider first 
begins to move on track 1 and the score is incremented until the 
game is over. The score appears centered on the screen above 
track·1, and the score remains until the start of the next game. 

Time Out requires a speed shifting to achieve the lowest time 
scores. As the throttle speed is increased and the rider begins to 
move, the bike object is in speed one and moves at a set rate across 
the screen. The only way to accelerate the bike object motion is 
to return the throttle to a "slow" position and then turn to a "fast" 
position. This shifting procedure will move the bike into speed 2 
and the object will go across the screen at a faster rate. Another 
"shift" will allow speed 3. 

A PRO/AM option switch is provided to select a difficulty factor. In 
the hard mode, a crash occurs if the player tries to increase the 
throttle speed too rapidly. A crash will flip the bike and rider 
upside down and the sound will be a high-pitch screech. At the 
end of the crash the bike and rider are reinitialized on track 1 and 
the score reset. In the easy mode no crash is allowed. 

Obstacle Race 
As the throttle speed is increased, the bike and rider move across 
track 1 at a rate determined by the throttle controller setting. 
Obstacle Race has no speed shifting. Located on each of the 
three tracks are obstacles. The easy/hard option switch selects the 
number of obstacles per track. The easy mode has one obstacle 
per track and the hard mode has two obstacles per track. 

The object of this game is to traverse the three tracks in the 
shortest time, doing a wheelie over each obstacle. The score 
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PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

RampsiTrack Out, 

Color Burst Locator 

Test (N.C.) 

Test (N.C.) 

Test (N.C.) 

PALINTSC Select 

Obstacle Race 

Rally Run 

PRO/AM Select 

Time Out 

Moto Jump 

Game ReseVPOR 

Sound Out 

Vss 

Top View 

Vp (Positive Power Supply) 

Object Output 

Sync Out 

Blanking Out 

Background Out 

Clock In (3.579545MHz) 

Test (N.C.) 

N.C. 

N.C. 

N.C. 

Throttle Input 

N.C .. 

Test (N:C.) 

Test (N.C.) 

counters record the run time in the same manner as the Time 
Out Game. 

In Obstacle Race the crash is not caused by accelerating too 
rapidly. The crash is caused by not doing a wheelie over an 
obstacle. I n the wheelie position, the bike will have the front wheel 
lifted off the track. A crash into an obstacle will flip the bike upside 
down and produce the screech sound. The score is reset at the 
end of the crash. . 

Moto Jump 
The object of this game is to control the throttle speed to properly 
jump the ramp and buses located on track 3. The game begins with 
8 buses and with each successful jump over the ramp and buses an 
additional bus appears. The game is over when the maximum 
number of errors has been reached, which is 3 or 7 errors, 
depending on the position of the PRO/AM switch. THe game is 
then started by reselecting the Mota Jump game input. 

Errors are caused by accelerating too rapidly, insufficient speed to 
clear the buses, or landing too far past the back ramp after the 
jump. The bike and rider flip upside down and a screeching sound 
indicates an error. The score records the number of errors in the 
first digit and the number of displayed buses in the next two digits. 

Rally Run 
This game is similar to Mota Jump with the addition of obstacles 
on track 1 and track 2. The object of Rally Run is to do a wheelie 
over each obstacle and then adjust the throttle for the correct 
speed to jump the buses on track 3. The PRO/AM option switch 
selects two obstacles per track and allows three errors per game 
in the hard mode, and one obstacle per track and seven errors 
per game in the easy mode. Errors are caused by accelerating 
too rapidly, not in wheelie position over the obstacles, insufficient 
speed to clear the buses, or landing too far pastthe back ramp after 
the jump. The score records the number of errors and the number 
of buses displayed the same as in the game of Mota Jump. 



PIN FUNCTIONS 

Pin No. Name 

Ramps and Tracks 

2 Color Burst Locator 

3 Test 

4 Test 

5 Test 

6 PALINTSC 

7 Obstacle Race 

8 Rally Run 

9 PRO/AM Option 

10 Time Out 

11 Moto Jump 

12 Game Reset and POR 

13 Sound 

14 Vss 

15 Test 

16 Test 

17 N.C. 

18 Throttle 

19 N.C. 

20 N.C. 

21 N.C. 

22 Test 

23 Clock In 

24 Background 

25 Blanking 

26 Sync 

27 Object Output 

28 Vp 

AV-3-8765 

Function 

The .output of this pin is the video signal of ramps and tracks 

The output of this pin is the color time slot which occurs after the sync signal during 
horizontal blanking. . 

Not Connected 

Not Connected 

Not Connected 

This input is provided with an internal resistor pull-up to Vp. If this input is tied to 
Vss NTSC (262 vertical lines) is selected. If this input is tied to Vp orallowed to float, 
PAL (312 vertical lines) is selected. 

This pin is provided with an internal resistor pull-up to Vp. If this input is mo.mentarily 
connected to Vss, this game will be selected. Otherwise, this pin is normally open. 

This pin is provided with an internal resistor pull-up to Vp. If this input is 
momentarily connected to Vss, this game will be selected. Otherwise, this pin is 
normally open. 

This pin is provided with an internal resistor pull-up to Vp. Ilthis input is switched to 
Vss, the PRO (hard) mode is selected. Switching this pin to Vp or allowing it to float 
selects the AM (easy) mode. 

This pin is provided with an internal resistor pull-up to Vp• If this input is 
momentarily connected to Vss, this game is selected. This pin is normally open. 

This pin is provided with an internal resistor pull-up to Vp• If this input is 
momentarily connected to Vss, this game is selected. This pin is normally open. 

The input to this pin is provided by an external RC network, which generates a 
reset signal. This network consists of a 100KO resistor from this pin to Vp and a 
0.1 pF capacitor from this pin to Vss. 

The output of this pin is the sound forthe bike engine, bus hit, crash, screech and 
a good jump. This output is designed to drive a PNP transistor, which in turn drives 
the game speaker. 

This input is the negative power supply. 

Not Connected 

Not Connected 

Not Connected 

The input to this pin is an oscillator signal for controlling the motion of the bike 
and rider. 

Not Connected 

Not Connected 

Not Connected 

Not Connected 

The input to this pin is the 3.58MHz oscillator. 

This output provides the background video signal. 

This output provides the horizontal composite blanking between each line of video 
information. 

This pin provides the combined output of horizontal sync or vertical flybacks. 

The output of this pin is the video output signal for the bike, buses, score and 
obstacles. 

This input is the positive power supply. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
Voltage on any pin with respect.to Vss ................ : ..•....... '-0,3 to +12 Volts * Exceeding these ratings could cause per­

manent damage. Functional operation of this 
device at these conditions is not implied­
operating ranges are specified below, 

Storage temperature range. , ... ' .......••.• , ..•.......•.• , .. • . • .. ~20° t6 +70 0 C . 
Ambient operating temperature range. , .•.. , .•. , .••..•......... , , .00 C to +400 C 
Operating voltage supply range, . , . , •.• , •.•.. , , . , . , . , . , ........ , +7.5 to +9 Volts 

Standard Conditions (unless otherwise stated) 
Parameter values at T. = 250 C 

Characteristics Min 

Clock In (Pin 23) 
Frequency -
Input low voltage Vss --0.3 
Input high voltage Vss +6.5 
Duty Cycle 35 

Throttle (Pin 18) 
Frequency 50 
Pulse width-positive 1.5 
Input low voltage Vss -0.3 
Input high voltage Vss +6.5 
Inputs (Pins 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 

16,22) 
Input high voltage Vss +6.5 
Input low voltage Vss -0,3 
Sound Output (Pin 13) 
Voltage output low vol. -
FTC Out (Pin 19) 
Voltage output low (Vo') -
Other Outputs (Pins 1, 2, 24, 25, 26, 27) -
Voltage output low (Vo') '--

Power Supply Current -

8-56 

Max Units Conditions 

- MHz Nominal 3.579545 
Vss +0.3 V 

Vp V 
65 % Clock swing from 0 to Vp 

. 250 kHz 
• - Jls 

Vss +0,2 V 
Vp V 

Vp V 
Vss +0,2 V 

Vis +0.5 V Force 0.75mA at Vp = 7.5V 

Vss +0,5 V Force 0.5mA at Vp = 7.5V 
Vss +0.5 V Force 1.0mA at Vp = 7.SV 

- -
75 mA At Vp = 7.SV 
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8-57 



AY-3-8765 

.. 
~x 

.. 
;r--X 

8-58 

o B 

MOTO JUMP 

ODD 

OBSTACLE RAC'E 
(PRO MODE) 

D B 

RALLY RUN 
(PRO MODE) 

r· DOD 

i'-. 
----~-------------

.. 
~X 

TIMEOUT 

0'0·0 

OBSTACLE RACE 
(AM MODE) 

o B 

RALL Y-RUiir 
(AM MODE) 

I 



GENERAL 
INSfRUMENT 

Clocks 

I 

8-59 



I 

AY-5-1202A AY-5-1203A 

4 Digit Clock Circuits 

FEATURES 

• Hours and minutes display 
• 12124 hour operation 
• 50/60Hz operation 
• High voltage direct Fluorescent drive Outputs 
• Flashing seconds output (option) 
• BCD output (option) 
• Leading Zero Blanking (option) 
• Power-On Reset to zero 

(Counting does not start until time is set.) 
• Options: 

Zero Flashing 
7Seg BCD Blank Sec 

AY-5-1202A Yes No Yes Yes 

AY-5-1203A No Yes No Yes 

DESCRIPTION 

The AY-5-1202A and AY-5-1203Aare P-Channel MOS integrated 
circuits. containing all the logic necessary to make a 4 digit. 12 or 
24 hour clock. operating from 50 or 60Hz. High voltage output 
stages capable of driving fluorescent displays 'are provided. 

BLOCK DIAGRAM 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 
AY-5-1202A 

V,, 

Digit Outputs I ~~~ 
MXl 

DP/Cofon Output 
12124 Hour Select 

Inhibit 

50/60Hz Select 

Invert Segments 

Reset 

AY-5-120"3A 
vss 
voo 

Digit O,:,tputs I ~~~ 
MXl 

DP/Colon Output 

12/24 Hour Select 

Inhibit 

eO/60Hz Select 
NC 

Reset 

Clock Input 

Multiplex Clock 

Set Hours 

Set Minutes 

~r::~t:~tput. 
23 \ 

NC 
NC 

NC 

SO/60Hz SET SET 12/24 HOUR MULTIPLEX 
CLOC.K 
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CLOCK 
INPUT 

SELECT HOURS MINUTES RESET SELECT 

Vss VDD 

r-'--l-_~-4~~'I~ MX4 

OUTPUTS 

L_..--_J--+-7 ~~~~~~ 
.... ----+--< INHIBIT 

r-...l..--l--"::+-":~ ~E-;MENT 
OUTPUTS 

L----,r--j"--i"7 DP/COLON 
OUTPUT 

INVERT 
SEGMENTS 

* Not included in the AY·5-1203A. 
Four BCD outputs are provided in place 
of the seven segment outputs. 



AY-5-1202A • AY-5-1203A 

PIN FUNCTIONS 

Name Function 

Segment OutpUIll In 7 segment mode the digits are multiplexed on to these pins. These 
A-F outputs are at logic '0' to display (positive) and will drive Fluorescent 

displays directly. In BCD mode outputs A to 0 are used, the code for 0 being 0000 . 

DP/Colon Output . This is a high voltege output intended to drive a decimal point or 
colon. It is enabled during the MX3 time slot and can flash once per second if required; 

Multiplex Outputs . These outputs select the display digits sequentially, they will drive 
MX1-MX4 Fluorescent displays' directly. Five multiplex time slots are gener-

ated the fifth one being blank. Minutes are output In MX1 time, 10's of hours In MX4 time. 

Relet Input When taken to logic '0' the clock is reset to zero. 
Set Minutes Input When taken to logic '0' the minutes counter is advanced at the rate of 

2 min. per sec. and the hours counter at the rate of 2 hours per minute. 

Set Hours Input When taken to logic '0' the hours counter is advanced at the rate of 2 
hours per second. 

SO/60Hz Select Input When taken to logic '0', 60Hz operation will result. 

12124 Hours Select Input When taken to logic '0', 12 hour operation will result. 

Invert Segments Input When taken to logic '0' the segment outputs will be inverted. 

Multiplex Oscillator An external capacitor is used to select the multiplex frequency. If 
required the pin can be driven by an external oscillator. 

SO/60Hz Input The master clock. Is input to the pin. Hysteresis is provided so that 
the input waveform is not critical. 

Vss Positive Supply. 
VDD Negative Supply. 
Innlblt Input When taken to logic 'O'all outputs are switched OFF. 
Strobe Output This is a short pulse occurring during the middle of each multiplex period. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 
Voltage on any pin with respect to Vss pin 
(except Segment and Multiplex outputs). .' ....... ·+0.3 to -35V 
Operating Temperature Range ...............•.. O·C to +70·C 
Storage Temperature Range ........ '.' ....... -65·C to +150·C 
Power Dissipation at +70·C Ambient-Total ............. 500mW 

'Exceeding these ratings could cause perma­
nent damage. Functional operation of these 
devices at these conditions Is not implied 
-operating ranges are specified below. 

Per Output. '.' . . . . . . . .'. . .. . . ... . . . . . . . . 50mW 

Standard Conditions (unless otherwise noted) 

Vss = -OV 
Vee = -17V ± 10% (AY-S-1202A) 
Vee = -11.4Vto -.19V (AY~S-1203A) 
Operating Temperature (TA) = O·C to +70·C 

Characteristic 

Clock input frequency 
Clock input.logic '0' 
Clock input logic '1' 
MUltiplex clock frequency 
Control inputs logic '0' 
Control inputs, current logic '0' 
Control inputs logic '1' 
Segment Outputs 
ON current 
OFF leakage 

Multiplex Outputs 
ON current 
OFF leakage 

... 
Supply Current 

Min, 

DC 
+O.S 
-8 
DC 

+0.3 

-6 

2(1.3) 

5(3.3) 

-
-
-

"TYP.ical values are at +25· C and nominal voltages. 
NOTES: ... 

: 

NOTE: 
In the chart below, numbers in () refer only to 
the AY-5-1203A. 

Typ" Max Units 

SO/60 Hz 
- -2(-1) Volts 
- Voo Volts 
- 50 kHz - -1.5(-1) Volts 

100 .- p.A 
.- -Voo Volts 

- .- mA 
- 5(10) p.A 
- 10 ,..A 

- - mA 
- 5(10) ,..A 
- 10 ,..A 

8.5(6.5) 14 mA 

Conditions 

Note 1 

Note 2 

Note 3 

VOUT=-2V 
VOUT = -25V(-19V) 
VOUT=-35V 

VOUT=-2V 
VOUT=-25V(-19V 
VOUT=-35V 

1. The clock input pin may be taken pOsitive with respect to Vss provided that the current Is limited to 100pA. The input will 
behave like a forward biased silicon diode in this condition. 
2. The frequency is determined by an external capacitor. 
3. These inputs have a 170Kohm'pull up resistor to VDD. 
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Flg.1. DIGITAL CLOCK CIRCUIT USING AY-S-1202A WITH FUTABA FLUORESCENT DISPLAY S·LT·01 
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AY-5-1224A 

4 Digit Clock Circuit 
FEATURES 

• 12124 hour operation 
• Leading zero blanking in 12 hour mode 
• 50 or 60 Hz clock input 
• Hours and minutes display (4 digits) 
• 7 segment outputs direct LED drive or TTL compatible BCD 

outputs 
• Complement control for segment outputs 
• Interdigit blanking for gas discharge displays 
• On chip multiplex oscillator 
• Single 15V supply 
• Power-On Reset to zero (Counting does not start until time 

is set.) 

DESCRIPTION 

The AY-5-1224A is a P channel MOS integrated circuit containing 
all the logic necessary to make a 4 digit, 12 or 24 hour clock 
operating from a 50 or 60Hz input. It has multiplexed BCD or 7-
segment outputs and will drive LED, Fluorescent and Gas dis­
charge displays with the minimum of interfacing. 

PIN FUNCTIONS 

Pins 1 and 11 are multifunction. During multiplex times 1 t04 they 
function as data outputs, either 7 segment code or BCD 
according to the display mode selected. During multiplex time 5 
(Strobe) they function as inputs. 

Segment Outputs A-G (Pins 1 and 11 to 16) 
In 7 segment mode the digits are multiplexed out on to these pins. 
Normally the outputs are at logic '0' (positive to display). Inter­
digit blanking. for V. the digit time is incorporated for gas 
discharge displays. 

BCD Outputs 2"_23 (Pins 1, 16,15,14) 
In BCD mode the digits are multiplexed on to these pins in BCD 
code. Normally the outputs are at logic '0' (positive), i.e. code 
0=0000. 

Multiplex Outputs 1.-4 (Pins 10, 9, 8, 7) 
These pins are successively switched to logic '0' to select 
appropriate digit display. A fifth multiplex time (Strobe) is used to 
enable the control inputs. These outputs have interdigit blanking. 
The multiplex rate is 1/20th the multiplex clock frequency. 

Strobe Output (Pin 6) . 
. This pin is used to enable the control input keyboard, it goes to 
logic '0' to enable. 

Set Hours Input (Pin oj) 
When taken to logic '0' during strobe time this input causes the 
hours counter to advance at the rate of 1 hour per second. 

Set Min Input (Pin 16) 
When taken to logic '0' during strobe time this input causes the 
minutes counter to advance at the rate of 1 per second and the 
hours counter to advance at the rate of 1 hour per minute. 

Reset Input (Pin 15) 
When taken to logic '0' during strobe time this input causes the 
clock to reset to zero. 

Complement Input (Pin 14) 
When left open the segments and BCD outputs will have normal 
polarity. When connected to Strobe output via a diode the 7 
segment and BCD outputs will be. inverted. 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

Top View 

Seg A Outl2° Oul/Set Hrs ,'n Seg B OuV21 Out/Set Minutes Inpul 

Vss Seg C Outl22 Out/Reset Input 

Multiplex Oscillator Seg 0 Oull23 Out/Complement Input 

SO/60Hz Input Seg E Outl12 or 24 Hr Select 

VGG Seg F Out/50 or 60Hz Select 

Strobe Output Seg G Out/BCD or 7 Seg $elect 

MX 4 Output (Tens Hours) MX1 Output (Units Minutes) 

MX 3 Output (Units Hours) MX2 Output (Tens Minutes) 

BLOCK DIAGRAM 

ClOC~ 
INPUT 

SEGAOUTI 
2'OUTI 

SEt KRS IN 

SEGBI 

SEGCI 

~o~W 
S£(j,EI 

12-24 HOUR 
SELECT 

SE~'~NT~IN 
SEGDI 
2l00TI 

COIoIPlEMEIH 

12/24 Hour Select (Pin 13) 

,ru' 
5I)160KI 
SELECT 

"Sf.(l(ll 
BClI-7$EG 

SELECT 

..~ '·MX. 
OUTPUTS 

STIIlBE 
OUTf'lJT 

When left open the clock will run in the 12 hour mode, when 
connected to strobe via a diode 24 hour operation will result. 

SO/60Hz Select (Pin 12) 
When left open a50Hzclock will be accepted. When connected to I 
strobe via a diode 60Hz operation wi II result. __ 

BCD/7 Segment Select (Pin 11) 
When left open 7 segment outputs will be provided, when 
connected to strobe via a diode BCD outputs will be provided. 

SO/60Hz Input (Pin 4) 
The master clock (50 or 60Hz) is input to this pin. Hysteresis is 
provided on the input so that the input wave form is not critical. 

Multiplex Oscillator (Pin 3) 
An external capacitor is used to set the multiplex frequency. If 
required this input can be driven by an external oscillator. 

Vss (Pin 2) 
Positive supply line nominally oV. 
VGG (Pin S) 
Negative supply line nominally -15V. 

Power-On Reset 
At power-on the chip is reset to zero. Counters will not start until 
Set Hours or Set Minutes has been activated. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respect to Vss. . . . . . . . . +0.3 to -20V 
Operating Temperature Range ....... '. . . . . 0° to +70°C 
Storage Temperature Range. . . . . . . . . . . -6SoC to +1S0°C 
Power Dissipation at 70~C Ambient-Total, . . . . . . . . SOOmW 
Per Output. . . . . . . . . . . . . . . . . . . . . . . . . SOmW 

Standard Conditions (unless otherwise noted) 

Vss=OV 
VGG = -12 to -18V 
Operating Temperature (TA) = O°C to+70°C 

Characteristic Min Typ" 

Clock input frequency DC SO/60 
Clock input logic '0' +O.S -
Clock input logic '1' -8 -
Multiplex Clock Frequency DC -
Interdigit Blanking - 1S0 

Control inputs logic '0' +0.3 -
Control inputs logic '1' -6 -
Outputs Logic '0' - -

; 

Outputs Logic '1' (Leakage) - -
Supply Current - -

"Typical values are at +2So C and nominal voltages. 

NOTES: 

'Exceeding these ratings could cause 
permanent Clamage. Functional operation OT 

this device at these conditions Is not 
Implied-operating ranges are specified 
below. 

Max Units Condlllon. : 

- Hz -
-2 Volts Note 1 
Voo Volts -
SO kHz Note 2 

- I'S at 6.67kHz 

-1.S Volts 
Note ,3 -

Voo Volts -
SOO Q .f VOUT= -2V 

IOUT=4mA 
10 I'A VouT =-18V 

10 mA Voo= -1SV 

1. The clock input pin may be taken position with respect to Vss provided that the current Is limited to 100!lA. The Input will 
behave like a forward biased silicon diode In this condition. 
2. The frequency is determined by an external capacitor. 
3. At 6.67kHz multiplex frequency the digit ON time is 450tls and the OFF time is 150tls. 

TIMING DIAGRAMS AY-5-1224A WITH 0.3" LED DISPLAY 

MULTIPLEX 
CLOCK 

M" 

MX2 

MX3 

MX. 

STAOBE 

SEGMENTS 
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CK3300 

4 Digit Clock Radio Circuit 
FEATURES 
• 4 Digits plus colons 
• LED direct duplex drive 
• No display-IC intertace components 
• No radio frequency interference problems , . 
• No external contact noise elimination circuits required 
• No external line frequency noise rejection circuits required 
• 12 or 24 hour display 
• Leading zero suppression in 24 hour mode 
• PM indication in 12 hour mode 
• Alarm-snooze indicator 
• 50Hz or 60Hz operation 
• On-chip oscillator for standby operation with battery during 

line Failure . 
• Line power interrupt indication 
• Sleep operation indicator' 
• Low powerdissipation (ul!der 30 mW) 

CLOCK RADIO FEATURES 
• Simple support electronics 
• Analog sleep setting (user controlled 5 to 120 mins with 1 

minute resolution). No necessity for daily adjustment 
• Totally independent sleep and wake timing 
• Independent volume of music during sleep and wake' 
• Radio sound muting during normal radio listening 
• Wake to music or alarm tone 
• Self-cancelling alarm after 80 minutes of wake 
• 5 minute repeating snooze with radio and/or alarm 
• Sleep override or sleep repeat 
• Wake to alarm tone with quiet radio override (every 5 

minutes) during snooze time (repeatable) 
• Simple setting of time, alarm, and sleep 
• Hold and synchronize capability for time setting 
• Independent hours, minutes setting (carry propagation 

suppressed) 
• 5 minute pre-alarm appliance switching 
• Automatic tape recorder control (record your favorite 

prog ram automatically 0-120 minutes-starting from the 
exact second) 

BLOCK DIAGRAM 

INC HItS ". 

'PIN CONFIGURATION' 
28 LEAD DUAL IN LINE 

PM/Indicator/Sleep Indicator 
~Diglts3&4 

gDiglb3&4 

eDlglts3&4 
d Digits 3 & 4 
c 01glls3&4 
b Digits 3 &4 
a Digits 3 & 4 
a Digits 1 & 2 
f Digits 1 & 2 

e Digits 1 &2 
d Digits 1 & 2 

DESCRIPTION 

Vp 

50/60 Count Input 
asc 1 (Standby Timing) 
esc 2 (Sleep Timing) 
Inc Hours (SIN) 

Inc Mins (S,C.lS.A.) 
S.T. Set Time 
SA Set Alarm 
Wake 1 C!ut (12124 Hr Sell 
Wake 2 Oui (50/60 Sel) 
Sleep Out 
b Digits 1 & 2 

9 Digits 1 & 2 
c Digits 1 & 2 

The CK3300 N-Channel MaS I.C. contains all the necessary 
logic, contact noise elimination circuits, control switching, seg­
ment drivers and timing circuits to implement simple-to-use, low 
cost, multi-featured clock radios. 
Dueto the extreme difficulties in eliminating R.F.I. in radios when 
used in conjunction ~ith digital electronics a great deal of care 
has gone into the design of the L.S.I. to ensure that .little or no 
R.F.I. problems are met by the clock radio designer. The largest 
R.F.1. problem In Display Driving has been solved using a novel 
technique-that of half-line cycle anode duplexlng using the 
half-sine waves produced by two diodes, and ensuring that all 
segment data changes occur at the zero crossings of the line 
cycle. This technique allows brightness control to be achieved 
simply by resistively dividing down the line voltage with a poten­
tiometer, or a simple two level scheme using a transformer tap. 
Segment driving of the two groups is directly from the ·I.C. 
through 50 ohm switches wl)ich allow the high current peaks 
required of LEOs, up to one Inch in size, while keeping the I.C. 
Power dissipation, for reliabilitY,down to the 200 to 250 mW level. 
The I.C. also contains many 'unique features which enabie the 
equipment designer to put into the clock radio his company's 
own product image;' '., . . 

" " 

THGIIEtm. 

DIGITS , .. 

SLEEPIND' 
POWER INT 
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PIN FUNCTIONS 
VN - (Pin 1) 
Is the most negative power supply to the chip (0 volts). 

Segment Drivers (Pins 2-17)" 
These outputs are son switches which drive the segments of 
common anode LED's directly. Their use and operation Is as 
follows: 

To use the CK3300 with LEOs, the LEOs must be ofthe COMMON 
ANODE TYPE, and connected In the following manner. 
'segment a digit 1 connected to segment a digit 2 
segment b digit 1 connected to, segment b digit 2 
segment c digit 1 connected to segment c digit 2 

. segment d digit 1 connected to segment d digit 2 
, segment e digit 1 connected to segment e digit 2 

segment f digit 1 connected to segment f digit 2 
segment g digit 1 connected to segment g:dlglt 2 
segment a digit 3 corinected to segment a digit 4 
segment b digit 3 connected to segment b digit 4 
segment c digit 3 connected to segment c digit 4 
segment d digit 3 connected to segment.d digit 4 
segment e digit 3 connected to segment e digit 4 
segment f digit 3 connected to segment f digit 4 
segment g digit 3 connected to segment g ~Iglt 4 

Oolon 1 segment connected to colon 2 segment 
PM Indicator segment connected to sleep/power down Indicator 
segment 
Anode digit 1 to anode digit 3 
Anode PM Indicator to anode digit 4 
Anode sleep Indicator to anode digit 1 
Anode colon upper to anode digit 3 
Anode digit 2 to anode digit 4, 
Anode colon lower to anode digit 2 . 

The anodes can then be selected by the ap'pllcatlon of alternate 
half-cycle sine waves derived from a transformer from the line. 
The phase 'of the Incoming SO/60Hz count ,to 10 will then auto­
matically deliver the correct segment data to the display. 

-23:5B-I I I 
DIGITS I L, &, L, 

PM 4 3 Colon 2 1 Sleep 

Anode phasing: SO/60 high = digit (1 & 3) selected 
low = digit (2 & 4) selected 

Sleep Output (Pin 18) 
This output turns on while the sleep counter Is running and Is 
Indicated as active by an,lndlcato'r In the display (Pin 3). ThiS' 
output turns on Immealately 'following a sleep initiate and is 
cancelled either by sleep time being complete, a sleep caricel, an 
alarm comparison taking place, or an end of snooze period.Thls 

, pin is also used as an input during circuit test to speed up testing .. 

Wake 2 Output/50-60Hz Mode Select (Pin 19) 
This output turns on at alarm compare time 'and s,tays on unless 
either an alarm cancel or a snooze repeat Is activated. 

If snooze repeat is activated this pin will go off until the next S 
minute period elapses when It will again turn on" . 

The snooze can be repeated indefinitely. 

If the alarm is not cancelled this output will turn off 80 mlns after 
the last snooze repeat re-triggering alarm for the next 24 hour ' 
period. 

This pin is also the SO/60Hz Select"input during the time at which 
Set Time and Set Alarm are at a logic '1' (last data on this input 
when either Set Time or Set Alarm changes state is stored in an 
internallatchl. 

Wake 1 Outpul/12 Or 24 Hour Selecl (Pin 20) 
This output turns on at alarm compare time and stays on un-
interrupted until either: ' 

a. An alarm cancel 
, b. 80 continuous minutes from alarm time 

c. 80 continuous minutes from last snooze repeat 
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During the time thai 'Set Time and Set Alarm are ,al a I,oglc .,' 
together, this pin is the 12124 hour select input. .. 
The last data on this 'pin before a data change on Set Tllne or Set 
Alarm is stored Internally in a latch, and defines 12, or 24 hour 
operation. ' 

Sel Alarm (Pin 21) 
This pin, helo at zero while Set Time is at a logic '1', enables the 
Increment Minutes and Increment Hours' Inputs to the alarm 
counter, such that each change of state (1-0) of the Increment 
Inputs will advance the appropriate counter by one unit. 

Sel Time (Pin 22) 
Is identical in operation to the Set Alarm pin, but in this Instance 
allows the counts to be entered Into:the time counter. . 

Taking both Set Time and Set Alarm to a logic '0' allow!! the Wake 
outputs to become active when the time reaches the alarm time. 
Returning either Set Time or Set Alarm to a logic '1' Will cimcel the 
alarm. " . 

Incremenl Mlne/SI'tlp Cancel/Snooze Repeat (Pin 23) 
If Set Time or Set Alarm Is at zero,tnls mpul provides one unit of 
Increment for each logic transition from one to zero.,(Thlslnpulls 
de-bounced against switch noise). II both Set Time and Set 
Alarm are at a logic '1' or logic '0' and the sleep timer Is running, a 
logic zero on this Input will cancel sleep. , 

If both Set Time and Set Alarm are al a zero and the Wake OUlputs 
areacl/ve (I.e., post alarm time), then Wake2 will be cancelled for 
a period of up to S mlns when Pin 23 Is taken to logic '0'. If this 
Input Is al zero when Ihe alarm comparison takes place, then 
Wa,ke 2 will stay off untliS mlnules have passed. 

Increment Hours/SleeD Inllla,le (Pin 24) 
II either Set Time or Set Alarm Is at logic 'O',thls Input provides 
one unit of Increment to the required counter for each logic 
transition from 1 to O. (This Input Is de-bounced against switch 
noise). II both Set Alarm and Set Time are alloglc '1' or logic '0', 
this Input will cause Sleep output to become active for the time 
resulting from curr.ent sleep oscillator frequency. 
OSC 2 (Pin 25) 
This pin produces a triangular wave oscillation depending on Ihe 
value of resistance and capacitance. This oscillator Is used to 
produce the sleep period by being gated Internally with 160th of 
Osc 1 frequency (I.e. SO/60Hz). 

Additionally connected to this pin· Is a low level detect circuit 
used with oscillator 1 for re-setting all internal logic to 12:00 In 12 
hour mode and 0:00 In 24 hour mode. This low level detect Is also 
used to detect that standby operation Is required. 
OSC 1 (Pin 26) . . 

This pin produces a triangularwave oscillation depending on the 
external value of reSistance and capacitance. The signal is used 
during normal operation to provide internally to the I,C.­
a.the internal timing for a series of one-shot gates 
b. After division, tlie frequericy to de-oounce other external pins 
:via O-type latches. ,This frequency Is further divided down to 
SO/60Hz and is used as the source frequency during standby 
operation. 
Connected internally to this pin is a low level voltage detector 
which is used in conjunction with a low level voltage detector on 
Osc. 2 (pin 2S) to reset all the internal logic to 12:00 in 12 hour 
mode and 0:00 in 24 hour mode, This low level detect is also used 
for test purposes. ' 

. 'SO/60Hz In (Pin 27) 
'Thls inpui is the normal source of timing. This input drives both 
the internal count and the alternate half line selection of the 
segment outputs. 
Forequal brightness in the display this input must have a 1:1 mark 
space ratio (±20%). ' 
There·is no necessity for eliminating line noise externalTy when 
providing this input signal as an internal arrangement eliminates 
undesired counts. 
Vp (Pin 28) 
Is the most positive power supply to the chip (typically'O volts) 



FUNCTIONAL OPERATION 
• 
Pins 19, 20, 23 and 24 are dual function pins which operate as 
Inputs or outputs dependent on the state of the Set Time and Set 
Alarm Inputs: 

INC INC SCI Wake Wake SO/ 121 
S.T. SA MIN HR SR SIN 1 2 60 24 

1 
1 
o 
o 

1 
o 
1 
o . ' 

·Operable '" Not Operable 
Set time (S.T.) , Pin 22 
Set alarm (SA) Pin 21 
Increment minutes (Inc min) Pin 23 
I ncrement hours (Inc hrs) Pin 24 
Sleep cancel (S.C.) Pin 23 
Snooze repeat (S.R.) Pin 23 
Sleep Initiate (SIN) Pin 24 
Wake 1 Pin 20 
Wake 2 Pin 19 
SO/60Hz Select Pin 19 
12124Hr. Select Pin 20 
\bIng Wake 1 Or 2-lnput/Oiltput Functions' 
When the Set Time (S.T.) and Set Alarm (SA) Inputs are at logic 
ona, the IC outputs Wake 1 and Wake 2 become Inputs to two, 
bistable gates which store the logic conditions on those pins: 
SO/60Hz Select' on the Wake 2 pin and 12124Hr. Select on the 
Wake 1 pin. 

SO/60Hz Select 
Set Time or Set Alarm must be at zero before data on Wake 2 
changes, or clock can change Its 50/60 pre-divide mode. To avoid 
this, the following circuit Is recommended: 

CHIP -------, 
STORE 6OI1S0Hz I 

I Vp--,-- ISOfBOHI 
I VN""'-+-- SELECT) 
I " I 
I 
I 

ft2)R LOAD 
V R3>RLOAD 

p to ~OAD IALARMI 

UIOFF 

ON 
·SET ALARM ..--I-+-___ ~=~>---....I FUNCTION 

I 
I 
I ____ .~_~- __ ..J 

seT ALARM 

., 

Flg,1 SUGGESTED USE OF WAKE OUTPUTS TO ENSURE 
PROPER OPERATION OF INPUT/OUTPUT FUNCTION 

With the Set switch In the center position the set inputs are pulled 
up to a logic '1' by the IC, provided the Alarm switch Is In the off 
position. The load (R load) will pull the junction of the two diodes 
and R2 to a logic '1'. ' 

The output pin Wake 2 will either be pulled up or down depending 
on the connection of R3. 
Changing of Set switch will pull down the appropriate input and 
not affect other external circuit conditions. 
Change of position of alarm ON-OFF switch will allow R2 to pull 
down both Set Inputs to zero before Wake 2 output is connected 
to load. This ensures that the internal IC latch is disconnected 
from wake line before data on wake line can influence stored data 
in latch. 

,12/24 Hr. Select 
For the "Wake 1'output 12-24 hour select", changing the logic 

CK33QQ _ 

polarity will Immediately change the displayed time from 12 hour 
mode to 24 hour mode or vice versa . 
e.g. 2'1 : 56 becomes ·9 : 56 
or ·9 : 56 becomes 21 : 56 
No leading zero Is shown in 24 hour mode: 

12: 32 In 12 hour time becomes 0: 32 in 24 hour time 
(Note: 12 to 24 hour displayed time change can only be achieved 
when the alarm Is not requested and not In set mode) , , 

For economy of LEOs a single dot Is employed which is lilumi-
nated durlnll the PM period in 12 hour time. ' 

Time Setting, , 
Four Input pins (S.T., SA, Inc Hr., Inc Mlns.) are provided to 
enable the following four functions to be provided: 

a. Setting the time 
b. Setting the alarm 
c. Stopping the clock 
d. Starting the clock 
For synchronizing purposes 
S,T,=O 
Allows each depression of Inc Hrs to advance hrs by one count. 
Clock will stop on the first Inc mlns and will remain stopped until 
ST = 1, thus allowing synchronization. The device assumes that 
the hours may need to be changed without affecting mlns, but 
assumes clock Is Incorrect If minutes are changed, thus stopping 
clock and re-settlng Internal seconds counter to zero. 
S,A,=O, 
Selects alarm time and, for each depression of Inc Hours, hours 
are advanced one and, for each depression of Inc Mlns, minutes 
are advanced one. 

NOTE: 
No carries from minutes to hours occur during setting of time or 
'alarm 
Radio Control InDuts 
The Inputs S.T., S.A., Inc Min, Inc Hr, serve as radlacontrollnputs 
under the following conditions. 

S.T. And S.A. 
At zero together-alarm Is requested. S.T. and SA at logic one 
together-alarm not requested, but if taken to logic one during 
post alarm" alarm Is cancelled. 
S.T. and S.A. different will also cancel alarm If alarm is active. 

S.T. S.A. Pre-Alarm Post-alarm 

1 
1 
o 
o 

1 Not required 
o Not required 
1 Not required 
o Requested 

S.T., S.A. = t 

Cancel 
Cancel 
Cancel 

Alarm maintained for 80 mlns 

If S.T. and sA are at a logic 1 together during pre-alarm time, the 
following iunctions can be obtained using Inc Min-Inc Hrs 
Inputs, Inc Hrs input going to logic zero for at least 20 msecs will 
result in sleep output going to zero for the period of time set by 
sleep potentiometer. 

At any time Inc Mins input (SC/SR) going to zero for at least 
20 msecs will cancel sleep timer if sleep output is active, 
To reduce the numberof knobs, SWitches, wiring etc., in the clock 
radio the following alternative feature Is provided. If (S.C.lS.R.) is 
wired to (SIN) a dual action is achieved, 1st depression of switch 
activates sleep, 2nd cancel sleep, 3rd re-activates etc. This allows 

, features (a) if user decides he wishes radio off after he has been in 
bed for a.few minutes, he pushes button, or (b) radio goes off 
automatically because sleep period has finished, but user is not 
asleep and would like radio to continue, so he presses button 
again. 

S.T., S.A. = 0 
In pre-alarm period the function performed when S.T., S.A. = 1 is 
identical. (When the alarm sounds at the requested alarm time 
the input (S.C.lS.R.) (Inc Mins) becomes the 5,min snooze repeat 
input.) 
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At alarm, the etfect of (S.C.lS.R.) becoming zero for at least 
20 msecs is to turn Wake 2 output off until next 5 min interval, if 
again depressed, Wake 2 will turn off for a further 5 mins-this 
sequence will go indefinitelY until S.T., or SA or both are re­
turned to logic '1', cancelling alarm. if inputs to the device are left 
unchanged for 80 mins then alarm will re-set for 24 hours. 

Again to improve the radio features and simplify radio operation 
the'tied function of (S.CJS.R.) and (SIN) on one button performs 

_the following three functions: 

Initiate sleep (SIN) 
Cancel sleep (S.C.) 
Snooze repeat (S.R.) 

, Delaying 'A1ann by 5 Minutes 
If, when Wake 1 au put is capacitlvely coupled to (S.C.lS.R.) in put 
then at alarm time Wake 1 will turn on and stay on but Wake 2 will 
immediately become cancelled, hence no alarm will be heard 
from radio until 5 minutes later; this allows an electrical appliance 
to be turned on 5 minutes prior to alarm sounding. 

Use of Sleep Timer for Tape Recorder Control 
If sleep input (SIN) In directly coupled to Wake 1 output, then a 
tape recorder or any electrical equipment can be turned on at 
alarm time using sleep output for a period of time set on sleep 
potentiometer. . 

RadIo Control Outputs 
There are three radio control outputs: 

a. Wake 1 
b. Wake 2 
c. Sleep output 

Function 
1. Wake 1-goes at zero; i.e. is on at alarm time for a period of 80 
mins or until an alarm cancel. 

2. Wake 2 goes to zero at alarm time, and stays at zero until a 
snooze repeat is activated then It will stay off until next 5 minute 
point then return to zero, for a period of 80 mins unless snooze 
repeat is re-activated. Snooze repeat can be used indefinitely, 
until either a continuous 80 mlns occurs or alarm is cancelled. 

Note,: The 5 minute period is any 5 min interval from alarm time 
and not 5 min from each snooze repeat. 
3. Sleep output goes low alter a sleep initiate for the period of 
time set by sleep potentiometer. (Will be overridden by Wake if 
sooner.) 

Coion Utlllzallon 

FUNCTION 

COLON CONDITIONS 

BOTTOM TOP 
Settime 
Setalarm 
Stopped (Sync) 
Run (alarm not requested) 
Run (alarm requested) 
Snooze period 

'400f--+-+--/--1':::::;"-1 

,2tlOf--+-+--/--jlL--I 

,ooof--+-+--I-1''-I---1 
PERIODIC 

TIME eool--+--f--F+---t---,>"'I 
IoISECS 

aoof--+-+-hA--I 

4OO1--++--I-::;..e-+--::O=71 

on 
off 
off 
1Hz 
1Hz 
1Hz 

off 
on 
off 
off 

1Hz 
1Hz 

'5 
4 

3 

2 , 
, 

FREOUENCY 
1kHZ 

0 

• 
• 
7 

• 
• 

Sleep dot is on for sleep timer running, flashing for post line 
Interrupt (removed from flashing by movement of S.T. or SA to 
'0') 

Stand-By Operation 
If a circuit is employed to change the IC power source to battery 
during line failure, e.g. two diodes, then if the external timing 
components of oscillator 1 are set to give 8kHz (nominally R = 
120Kn = 2200pF), then the IC will maintain operation to an 
accuracy of one part in 120, i.e., 30 secS/hr, during the failure. On 
return to main power the sleep indicator will flash at 1Hz to notify 
user that indicated time could be in error. ' 

The standby condition Is detected by the failure of oscillator 2 to 
oscillate, therefore oscillator 2 is connected to the line-derived. 
power source, not the battery. 

It is assumed OSC 2 Input has gone to zero volts. 
To remove flash ponditlon take S.T. or SA momeriiarilytozero. 

Analog Steep Control 
A second OSCillator Is provided on' IC whose frequency can be 
controlled by an RC network. The oscillator is identical to 
oscillator one (Standby OSCillator) and occupies the same silicon 
real estate location ensuring that process variations, temperature, 
variations and voltage variations hilve as nearly as posslbl~ 
identical effects on frequency stability. Oscillator 1, which is set 
to 8KHz is divided down to 50Hz (20.0 msecs) and is used as a 
'gatin!! lime for osciilator :1 (Sleep Timer Source). The number of 
gated counts is loaded in'the sleep timed capacity 160 counts) 
and subsequently counted up at one 'per minute until 160,is, 
reached. : 

The range of sleep time is controlled by varying OSC 2 resis­
tance. At 4:1 change in resistance will give variation of 160 to 40 
gated pulses, this giving a sleep time of 0 to 120 minutes. 

NOTE: 
Minimum sleep time to ensure correct snooze operation should 
be a minimum of 5 minutes. 
Vp 

R1, C1 = 120K, 2200pF 
R2=0-450K 

Frequency range = 8kHz - 2kHz 
Gate time = 20ms 
Zero sleep counts = (20 x 10-') x (8 x 10') = 160 
Maximum sleep counts = (20 x 10:-') x (2 x 10') = 40 
Range = 120 counts 
Hence 1 count = 1 min 

~ ...... -o OSC2 

::r: CI 
Flg.2 

To initiate the sleep timerhoth S.T. and S.A. must logically be the 
same, and INC HRISIN must be momentarily'at zero. (See later 
section). 

)' 

~~~/ ~ 

/ 

2000 I--I-+-+--..I<--j 

PERIODIC 1500 1--t-+--,;jL-
TIME 
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Flg.3 OSCILLATOR 
CHARACTERISTICS FOR Vp = 10V 

Flg.4 OSCILLATOR 

CHARACTERISTICS WITH VOLTAGE 
Flg.5 OSCILLATOR 

CHARACTERISTICS FOR Vp = 7.5V 



Operation Clock Radio Exilmple 
(showing some features and their use) - ref Figs.21 and 22. 
Start-Up 
Radio is connected to line for 1st time, then battery Is Inserted. 
Assume following switch position RADIO OFF, SET TIME 
SWITCH = RUN 
·A.ctlons 
Display will illuminate and read 12:00 sleep Indicator will flash at 
1Hz. Set clock as indicated previously (Flashing will cease). 
In 24hr mode 0:00 will illuminate with flashing sleep Indicator. 

Snooze Bar Action 
IN RADIO OFF POSITION 
1st button depression 
2nd button depression 
3rd button depression 
4th button depression 

Low volume radio (set required volume) 
Radio off 

etc .... 

Radio on low volume 
Radio off 

IN RADIO ON POSITION 
Radio comes on high volume (set wake volume required) 
1st button depression Low volume radio (mute facility) 
2nd button depression High volume 
3'rd button depression as 1 
4th button depression as 2 

Radio Auto 
In auto, alarm is requested at "set alarm" time. If sleep is desired 
press button. Subsequent button pushes will have same effect as 
in radio "off" position. 
Select Wake to Alarm Tone or Radio 
Assume radio selected 
At alarm time radio will come on at wake volume setting. 
1 st button depression Radio will switch to low volume 
2nd button depression Radio will switch off 
3rd button depression Radio back a low volume 
If after first depression radio is left untouched, radio will return to 
wake volume after five minutes. 
If after 2nd depression radio is left untouched, radio will stay off 
for five minutes then return to wake volume. 
This wake volume, if left, will be maintained for 80 mins unless 
radio is returned to radio ON or radio OFF switch position, 
changing switch momentarily from auto to ON or OFF and back 
to auto will reset alarm and re-request for same time next day. 
The above, repeating snooze, can be maintained indefinitely if 
button is pushed before 80 mins elapses. 

Note: 80 mins is timed either from alarm time, if untouched, or 
80 mins from last button depression 

Select Wake to Alarm Tone 
The alarm tone or buzzer is obtained by placing positive feed-

I 1 
UJ. POWER RADIO POWER 

LINE 
SUPPLY AND SUPPLY f---; RADIO 
INTERFACE SWITCHINB AD 

1 1 r T 
DISPLAY POWER f---; RADIO CONTROLS 

SUPPLY AND '--I CK88~~ AND BRIGHTNESS 
I<- SWITCHES CONTROL 

I 
I -1.)-
----, '2:::JgSg, I 
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back around the audio amplifier or radio In such a manner'that 
the desired sound can be achieved and the feedback can ba 
stopped by open circuit one point in the network. 
At alarm time buzzer will sound: 
On 1 st button depression Buzzer will cease and radio will 

switch to low volume 
2nd button depression Radio and buzzer will be off 
If after first depression radio is hift untouched, radio will return to 
buzzer after 5 mins. 
If after 2nd depression radio is left untouched, radio and buzzer 
will be off and at 5 mins BUZZER WILL AGAIN SOUND. 
As for radio position-radio, will reset after 80 mlns for 24 hrs. At 
any time In buzzer sequencing, buzzer radio select can be 
changed over to radio, then the radio will alternate high-low 
volume with button. Cancelling In buzzer mode Is Identical to 
radio mode. 

Typical Application 
To combine me S.A. and S.T. functions to provide simple and 
rapid clock setting. It is suggested that the follwing Is incorpo­
rated in the clock radio. 
Two toothed wheels are placed over two separate sprung con­
tacts and coupled to two concentric rotating knobs, (say 12 teeth 
each) along side is a three position switch labeled 'set time, run, 
set alarm'. 
To set clock, select time or alarm and rotate Hrs knob, or mlns 
knob, each click will result In one unit change of time, rapid 
rotation will result In 12 increments per revolution of knob. 
The above procedure results In an easy to use system with the 
advantage over mechanical clocks of Independent hrs and mins 
setting. 
NOTE: 
No carries from mlns to hrs can occur during setting of time or 
alarm. 

Use of Auto Tape 
Flg.21 shows - the facility for automatically switching on an 
appliance (e.g. tape recorder) at a specific time and keeping 
appliance active for a period of time up to 120 mins. I n this mode 
the wake output is made to start the sleep - timer althe wake time. 

Use of 5 Min Delayed Alarm with Appliance Switching 
In this mode of operation the wake 1 output is made to cancel the 
first alarm through the SC (inc hr) input such that radio or alarm 
time will only occur at the end of the first snooze period. 
This result in appliance being activated alset alarm time and after 
5 mins the alarm or radio will sound. 
Fig.S - shows a typical clock-radio block diagram 
Flg.7 - shows the chip/display circuit. 

CHP/01SPLAY 
MODULE _. 

I ...... 1 
L _____ ' ___ -=-=-==..:::; ______ ,_I 

Flg.7 
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Interrace with a Radio 
There are many possible configurations of clock radios in use 
today and a wide rangeof different radio chassis are employed in 
these units, It is necessary therefore that the clock radio I.C. be 
sufficiently flexible to allow simple interfacing to be 
accomplished. 

The following section gives different options, features and inter­
facing to demonstrate some of the approaches possible with the 
CK3300. 
[Power Supply Interface 
To enable any existing line operated radio chassis to be used with 
the minimum of changes it is suggested that the following power 
supply is used with the adoption of a 2nd line transformer. This 
will (a) reduce the need for a change at the existing transformer. 
(It is unlikely that the existing transformer will be capable of 
providing the additional power required of the display). 
a. Allow the electronic clock movement to be self contained 
therefore, keeping the interface wiring to a minimum. 

b. Allow the same electronic movement to be used with several 
radio chassis. 
,Options 
1. Without battery standby facility Fig.S 
2. With battery standby facility Fig.S 
fljlsplay Interface and Power Source 
'Four options are shown 

1. No brightness control Fig.10 
2. Day/night brightness (two level) Fig.11 
3. Manual brightness control Fig.12 
4. Automatic brightness control Fig.13 
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Raalo Switching 
Option 1 Push button operation (Fig.14) 
Option 2 Rotary switch operation (Fig.15) 
Radio Powering 
Option 1(Fig.16A, 16B) Direct audio amplifier control (no active 
components) 
Option 2 (Fig.17) Power supply switching using Transistor 
Option 3 (Fig.18) Power supply switching using a relay 
Tone Generation 
Option 1 (Fig. 19) Saw tooth generation independent of radio 
Option 2 (Fig.20) Sine wave generation independent of radio 
Option 3 (Fig.15,16B) Sine wave using the existing radio audio 
amplifier 
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Flg.14 RADIO SWITCHING 
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Fig. 15 RADIO SWITCHING 

CK3300 
Additional Facllllles 
1. Automatic tape recording (Fig.21) 
2. Appliance switching with delayed alarm (Fig.21) 
3. Wake to normal radio with 5 minute alarm over-ride (Fig.21) 
4. Wake to quiet radio with 5 minute alarm over-ride (Figs. 21 
and/or 22) 
5. Ratio muting during normal radio listening (Figs.21 and lor 22t 
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AY-5-1230 AY-5-1231 
AY-5-1232 

Clock / Timers 
FEATURES 

• 4 Digit Clock 
• Drives 7 segment Fluorescent Displays 
• Programmable switch on and switch off times 
• Repeating or non-repeating operation 
• Dimming control 
• Poy,:er on reset, remains reset until time Is set 
• Foolproof switch on/off setting, If switch off time not 

programmed output stays on for 10 minutes only 
• Non-multiplexed set Inputs for low radiated noise 
• Indication of set alarm state 
• AY-5-1230/1232: 50Hz Input. 24 hour operation 
• AY-5-1231: 50/60Hz Input, 12/24 hour operation 

DESCRIPTION 

The AY-5-1230 Series ClocklTlmers are circuits designed' to 
provide a four digit clock display and automatic on/off switching 
of a TV or other appliance at any desired time. A typical 
application would be the use of an AY-5-1230 Series circuit with 
GI's AY-5-6320 TV Time/Channel Display circuit to provide a 
clock display and automatic on and off switching of the TV at any 
desired time. 

BLOCK DIAGRAM. 
SET ON TIME/ 

PIN CONFIGURATION 
26 LEAD DUAL IN LINE 

A~0/1232 
Vss(GND) 

Set ON Time/Set OFF TIme 
Repeat Input 

Set ON Output 
Set OFF Output 

Clock Input 
Set Hours Input 

Set Minutes Input 
V" (Dlaplay Supply) 

Seg. G Output 
Seg, F Output 

Seg. E Output/Strobe Out 

.--"t::.--, . Inhibit Input 
. (SetiRun on AY-&-1232) 
BeOn-Segment 

5eg. 0 OutpuV2° Out 
Seg. C Outputl21 Out 

40 LEAD DUAL IN LINE 
AY-5-1231 Top View 

V" (GNO) 
12/24 Hour Select Input 

Set ON time/Set OFF time Input 
Repeat Input 

On Set Output 
Off Set Output 

N.C. 

N.C. 
N.C. 

SO/60Hz SeleCllnput 
Clock Input 

Set Hours Input 
Set Minutes Input 

V" (Display Supply) 
Segment G Output 
Segment F Output 

Segment E OutputlStrob~ Out 
Segment 0 Outpuv2<l Out 
Segment C OutpuV21 Out 
Segment B Outputl22 Out 

Voo 
'Cancel Input 
(Aes~t.on AY~5~1233) 
ON/OFF Input 
Multiplex Oscillator 
Switch Output 
MX 1 Output 

MX 2 Output 
MX 3 Output 
MX 4 Output 

Colon Output 
seg. A Outputl23 Oul 
Seg. B Outputl22 Out 

Inhibit Input 

SetiRun Input 
BCOn Segment Input 

Voo 
N.C. 
Cancel Input 

Reset Input 
ON/OFF Input 
MultipleK Oscillator 
Switch Output 
N.C. 

PM Output 
MX 1 Output 
MX 2 Output 
N.C. 
N.C. 
MX 3 Output 
MX 4 Output 
Colon Output 
Segment A Outputl23 Out 

SET OFF TIME SET ON SET OFF ••• ON/OFF 
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SET 
MINUTES 

SET 
HOURS 

INPUT OUTPUT OUTPUT REPEAT CANCEL _ INPUT 

I---;:====:::;-I~ SWITCH OUTPUT 
MULTIPLEX OSCILLATOR 

MXt-MX4 

SO/60Hz 
SELECT· 

CLOCK 
INPUT 

12/24 HOUR 
SELECT. 

t---+-< V" 

-.t=::j=:;::t~ INHIBIT·· r- SEG.A-G/BCO & 
STROBE OUTPUTS 
COLON OUTPUT 

'---+~ PM OUTPUT • 

BCDI7 SEGMENT 
SELECT 

• ONLY ON AY-S-1231 
•• SET/RUN ON AY-S-1232 

• •• RESET ON AY-S-1233 



AY-5-1230 • AY-5-1231 • .AY-5-1232 

PIN FUNCTIONS 

AY-5-1230 AY-5-1231 AY-5-1232 
Pin. No. Pin No. Pin No. Neme Function 

1 1 1 Vss Positive Supply ., 
2 3 2 Set ON tlme/ When taken to logic '0' the ON time Is displayed and the Set 

Set OFF time Input hours and Set minutes Inputs operate the ON time counter, 
When taken to logic '1' the OFF time Is displayed and the Set 
hours and Set minutes Inputs 'operate the OFF time co.unter. 
When left open circuit the time Is displayed. When either Set 
ON or Set OFF Is activated the Switch logic Is set and the 
switch output will operate at the set times. 

3 4 3 Repeat Input When connected to logic '0' the Switch output comes on every 
24 hours. When left open circuit the Switch output comes on 
only once after which th.e Switch logic Is reset. The switch 
logic can be set again by pressing Set ON and Set OFF. 

4 5 4 Set ON Output Thls.output goes to logic '0' when an ON time has been. set. It 
returns to '1' when the switch logic has timed out or has been 
cancelled. 

5 6 5 SetOFF Output This output goes to logic '0' when an OFF time. has beep set. It 
returns to '1' when the switch logic has timed out or has been 
cancelled. 

6 11 6 Clock Input The timing clock Is Input to this pin. Hysterfsls Is provided so 
that the Input waveform Is not critical. 

7 12· 7 Set Hours Input When this Input Is taken to logic '0' the hours counter is 
advanced twice per second. 

8 13 8 Set Minutes Input When this Input Is taken to logic '0' the minutes counter Is 
advanced twice per second. During setting the minutes coun-
ter does not overflow Into the hours counter. 

9 14 9 VLL (Display The on chip pull down resistors provided for each high voltage 
Supply) output are connected to t.hls pin. When driving fluorescent 

display this pin Is connected to -32 Volts. 
10-16 15-21 10-16 7 Segment High voltage outputs capable of driving fluorescent displays . 

Outputs directly. At logic '0' to display. They have on-chip pull down 
resistors to VLL. 

13-16 18-21 13-16 BCD Outputs In the BCD mode the time data Is output on these ·plns. 
17 22 17 Colon Output This high voltage output Is enabled on MX3 time and flashes 

once per second. 
18-21 23,24 18-21 MX4-MXl Outputs These outputs are switched to logic '0' successively to select 

27.28 the digits, MX41s 10s hours, MX1 is unitsmlns. Thereare5 time 
slots the fifth being blank. These outputs are high voltage and 
have on-Chip pull down resistors to VLL. 

22 31 ' 22 Switch Output This output goes to logic '0' when the ON time is reached and 
returns to logic '1' when the OFF time is reached. If an OFF 
time has not been programmed the output will return to logic 
'1' ten minutes after the ON time has been reached. The output 
will sink 30mA. 

23 32 23 Multiplex Not used normally. An external capacitor can be connected to 
Oscillator reduce the mux frequency, or an external clock can be applied 

if required. 
24 33 24 ON/OFF Input When this input is taken to logic '0' the switch output is 

alternately turned ON and OFF. This input has antibounce 
logic to prevent maloperation. 

25 35 25 Cancel Input When this input is taken to logic '0' the Switch logic is reset 
and the Switch output turned off. 

26 37 26 Voo Negative supply 15V nom. (11-19V) 
27 38 27 BCDI7 Segment . When this input is wired to logic '0' BCD operation results. 

Select· 
28 40 - Inhibit Input When this input is taken to logic '0' display outputs are 

switched off. This Input can be used for display dimming. 
- 2 - 12/24 Hour Select When connected to Vss selects 12 hour operation. 
- 10 - 50/60Hz Select When connected to Vss selects 69Hz operation. 
- 29 - PM Output This output is on during the PM period. It is a high voltage 

output enabled at MX4 time slot. 
- 39 28 Set/Run Input When taken to logic '1', the clock is stopped and the 

seconds counter is reset to zero. 
- 34 - Reset Input When taken to logic 'O',this input resets either the clock, the 

"on" time, or the "off" time, depending on the state of the 
Set ON and Set OFF inputs. 

NOTE: 
1. All inputs have a pull down resistor to Voo. 
2. At power-on the chip is reset but the clock does not start to coilnt until either the set hours or set minutes button 

has been pressed.' . ..... .. .. '.' .. 
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AY-S-1230 • AY-S-1231'. AY-S-1232 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin (except display pins) 
with respect toVss pin; , , .... '. . . ......... +0.3 to -20V 

Voltage on display pins with respect to Vss pin. . .'. . . . . . . . +0.3 to -35V 
Operating temperature range ................... O°C to +70°C 
Storagetemperature range ...... , ........... -55°C to +150°C 

Standard Conditions (unless otherwise noted) 

Vss = OV 
Voo = -11 to -19V 
ViLL = -31 to -33V 
Operating Temperature (T A) = O°C to +70° C 

Characteristics Min 

Clock Input 
Frequency '-

Logic '0' +0.5 
Logic '1' -10 

Multiplex Clock Frequency -
Control Inputs 

Logic '0' +0.3 
Logic '1' ~6 

Pull Up Resistance -
Segment Output 

Logic '0' -
Logic '1' -

Mx Outputs 
Logic '0' -
Logic '1' -
Pull Up Resistance -

Switch Output 
Logic '0' -
Logic '1' -

Set ON, OFF Outputs: 
Logic '0' -
Logic '1' -

Power Supply Current -
-

>-

Typ·· 

50/60 
,-
-
100 

-
-
200 

-
-
-
-
200 

-
-
-
-
6 
8 

"Typical values are at +25°C and nominal Voltages. 

NOTE: 

Max Units 

- Hz 
-2 Volts 
-19 Volts 
- kHz 

' ,~1.5 Volts 
-19 Volts 
- KO 

-2 Volts 
10 }JA 

-2 Volts 
10 JJA 
~ KO 

-2 Volts 
10 }JA 

-2 Volts 
10 lolA 
13 mA 
17 mA 

1. The clock input may be taken positive provided that the current is limited to 1oololA 
2. This results in a multiplex rate of 5kHz. 

20kHZ OSCILLATOR 

·Exceedlng these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions Is not 
implied-opera,tlng ranges are specified 
below. 

Conditions 

50Hz only on AY-5-1230/1231/1232. 
Note 1 

Note 2 

toVoo 

louT = 2mA 
VouT=-35V 

lOUT = 5mA 
VouT =-35V 
to VLL 

IouT=30mA 
VouT=-19V 

IouT=2mA 
VOUT = -19V 
Voo=-11V 
Voo = -19V .' 

Fig. 1 SYNCHRONIZING TWO AY-5-1230's-TO THE SAME DISPLAY 
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50HZ 

+15V 

STROBE 

2' 

2' 

2' 

2" 
COLON 

Mx4 

Mx3 

Mx2 

Mx1 

50/60Hz 

-15V 

+15V 

G 

E 

o 
C 
B 

A 

COLON 

Mx4 

Mx3 

M~2 

Mx1 

PM 

OV 

G 

F 

E 

0 

C 

B 

A 

470K 

141 I 

15
1 1 

CI> 
CI> !!j 
!!j :r 
;: 0 _ C 

Z '" 

± 3300pF 

AY-5-1230 • AY-5-1231 • AY-5-1232 

tt ~ 

Gr r1/ 
SET ON TIME 

t: .. :.. o RUN/SET CLOCK 

" " SET OFF TIME , 

AY-5-1230 

I 128 

0(")' 
Z :> 
o z 
=H ~ 

~ Z 
TRIAC OUTPUT 

390 
OV 

Fig. 2·AY-5-1230 CCfNNECTION DIAGRAM 

CI> 
CI> !!j 
!!j :r 
;: 0 

cn~ 470K Z C 

'" 0 r:1Q 0 '" ." 
Z m m:r 

1ni1J 
." ." Ino r r 

~ ("):r m m (")C -<N 0 0 -< -<'" 

~t 
T 

) ~~ l 
I I 
I 

(~ I 
I I 
I I 
I I SET ON TIME 

201 I I 
I I 

I .. .. I • RUN/SET CLOCK 

1 1 1 1 

~ :..., 

I i " " 1 SET OFF TIME 

AY-5-1231 

I II 1 1 1 I U'I'f "! ~ CANCEL SET/ ON/ 
OFF r~r RUN 

TRIAC 
OUTPUT 

390 

J g 

Fig. 3 AY-5-1231 CONNECTION DIAGRAM 
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AY-3-1270 

Digital Thermometer and Temperature Controller 

FEATURES 

• Measurement and control range -39.9'C to +39.9'C (option 
20'C to 49.9'C) 

• Accuracy ±1.0' C. 0' C to -30' C using Thermistor temperature 
sensor 

• Direct drive of liquid crystal displays 
• Direct drive of 0.6" common anode L.E.D. displays 
• 40 pin dual in line package 
• Can be used as a digital voltmeter with digital autozero ±399 

range 
• 9 volt supply 
• Leading zero blanking 
• Power failure and over-range indication by flashing display 
• Adjustable Hysteresis 0, 0.2, 0.4, 0.8, 2, 4, 8 degrees 
• Two control/alarm outputs, HIGH and LOW 

DESCRIPTION 

The Digital Thermometer/Controller chip is an N-Channel MOS 
.integrated circuit which when used in conjunction with a 
Thermistor, an L.E.D. or L.C.D. display and a power supply forms 
a complete unit intended primarily for use in Deep Freezers, though 
it may also be used for the display and control of any parameter. 

Two control outputs are provided, one which operates when the 
reading is higher than the set point and the other when the 
reading is lower. The switching hysteresis is presettable as re­
quired. 

A power fail detector is incorporated on the chip. If power is 
removed for more than a specified time, the initial reading at 
restoration of power will be retained and the display will flash. 
The display will also flash if during normal operation an over-range 
condition occurs. 

With minor changes to the peripheral circuitry, the chip can be used 
for other temperature ranges, or used as a 2'/.digitdigital voltmeter. 

OPERATION 

The chip uses a single ramp conversion technique to measure the 
imbalance of a thermistor bridge temperature sensor. A digital 
autozero system which operates on every other measurement 
cycle, is employed tocompensate for offsets in the comparators. 

The chip may be used as a digital voltmeter by removing the 
thermistor network and connecting the signal to be measured I between the two comparator inputs. 

- The set point circuitry compares the actual reading to the value 
presented to the set point inputs. 

Two outputs are provided, one which.operates at Set Point plus 
- Hysteresis and the other which operates at Set Point minus 

Hysteresis. In addition, .05' display hysteresis has been introduced 
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PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

v" 
Hyst strobe 

Tens strobe 

Units strobe 

Tenths strobe 

2° IIp 6 

2' iJp 7 

22IJp 

2l i/p 

Timer/Reset i/p 

Clock oIp 2 

Clock olp 1 

Clock ilp 

Camp 2 i/p 

Comp 1 IIp 

Ramp IIp 

Control oIp 2 

Control olp 1 

Vee 

LCD olp 

S;9n o/p } 
A3-B3-03-G3 

F3 Tens 

E3 Segment 

C3 Outputs 

G2 

F2 

E2 
} '0' 02 Segment 

C2 Outputs 
82 

A2 

_e .. } G1 

F1 Tenths 

~~ Segment 

C1 Outputs 

81 

A1 

to prevent control output and L.S.D. jitter. An optional power 
failure detection circuit is provided. At power up the chip will read 
normally for about 10 sec-actual time determined by an external 
capacitor-then it will store the last reading and flash the display. 
In this condition the chip will continue to make measurements and 
operate the control outputs normally. Operating the reset button 
will restore the normal display. If there is a short duration power 
failure the circuit will ignore it, if it lasts longer than 10 sec the 
alarm condition ~iII occur. 

HIGH READING OPTION 

For norma. operation Pin 39 drives segments A3, 83, 03 and G3 in 
parallel. Pin 38 drives segment F3, Pin 37 drives segments E3 and 
Pin 36 drives segment C3. 

For 20.0 to 49.9 range Pin 39 drives segment C3. Pin 38 drives 
$egment E3, Pin' 37 drives segment A3 and 03 and Pin 36 drives 
segment F3. Segments 83, G3 are connected to Pin 28 (Decimal 
Point). 



PIN FUNCTIONS 

Pin No. Name 

Vss 
2 Hysteresis Strobe Output 
3 Tens Strobe Output 
4 Units Strobe Output 
5 Tenths Strobe Output 
6 Set Point 2' Input } 
7 Set Point 2' Input Control & 
8 Set Point 2' Input Hysteresis 
9 Set Point 2' Input 

10 Timer InpuVReset Timer Input 

11 Clock Output 2 
12 Clock Output 1 
13 Clock Input 
14 Comparator Input 2 
15 Comparator Input 1 
16 Ramp Input 
17 Control Output 2 (HIGH) 

18 Control Output 1 (LOW) 

19 Vee 
20 LCD Backplate Output 
21 Segment A1 Output 
22 Segment B1 Output 
23 Segment C1 Output 
24 Segment 01 Output 
25 Segment E1 Output 
26 Segment F1 Output 
27 Segment G1 Output 
28 Decimal Point Output 
29 .Segment A2 Output 
30 Segment B2 Output 
31 Segm~nt C2 Output 
32 Segment 02 Output 
33 Segment E2 Output 
34 Segment F2 Output 
35 Segment G2 Output 
36 Segment C3 Output 
37 Segment E3 Output 
38 Segment F3 Output 
39 Segment A3, B3, 03, G, 
40 Sign Output 

CLOCK OSCILLATOR 

Description 

Negative Supply (Ov) 
Common output for Hysteresis and LED select switches 
Common output for Tens and Sign select switches 
Common output for Units select switches 
Common output for Tenths select switches 
Common input for 2' bit 
Common input for 2' bit 
Common input !ur 2' bit 
Common input for 2' bit 
Connected to a capacitor to Vss and switch to Vce for 
power failure detection and reset. The nominal delay lime 
is 10 sec when a 10llF capacitor is used 
Connected to frequency determining network 
See Figure 1 

Connected to nominal Vcc/2 reference 
Connect to thermistor network 
Connect to Resistor to Vcc and Capacitor to Vss 
Open drain output which turns ON when reading is 
greater than (Set Point + Hysteresis), Turns OFF again 
when reading equals Set Point 
Open drain output which turns OFF when reading equals 
(Set POint-Hysteresis) 
Positive supply (9V nom.) 
Square wave output to drive backplate of LCD display 

Tens, Units and Tenths 7 segment outputs 
I n LED mode these are open drai n outputs 
designed to sink 12.5mA per segment 
In LCD mode these are push pull outputs 

On for a negative reading 

AY-3-1270 

The Clock oscillator is designed to operate with an R-C network, an LC network or a Ceramic resonator. The choice will depend on 
the system Temperature and Voltage stability requirements. 

The thermometer reading is directly proportional to the clock frequency. I 
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AY-3-1270 

CHIP INTERFACE CIRCUITS 

The input configuration on the Set Point inputs is shown in Fig. 2. 

The.circuit for the display drive is shown in Fig. 3. and shows the internal switching required to drive LED or LCD displays. 

120K 

_.!.L ___ _ 
liP 

CERAMIC RESONATOR 

t"t-F ...... ,...(S_60_KH_Z-tTiE MF 02) 

56K 

13 12 " 
jip---- O/P1-- -- O/P2 

Fig. 1 TYPICAL OSCILLATOR CONFIGURATIONS 

ANALOG CIRCUITRY 

The Temperature measuring circuit consists of a bridge network 
connected across the power supplies. 

One side of the bridge (which is connected to comparator 2 input) 
consists of two equal value fixed resistors. These set up a reference 
potential of approximatelyVcc/2 (4.5V). The other side of the bridge 
(which is connected to Comparator 1 Input) consists of a 
Thermistor' and a series resistor connected to Vcc and a resistor 
connected to Vss. A suitable thermistor is Mullard Type 640-90003. 

The bridge is arranged to balance atO°. As the temperature varies, 
the voltage at Comparator 2 input goes from approximately 3V 
(at -39.9°) to 6V (at +39.9°) in a non linear fashion. 
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vcc----------~------~~------

INPUT 

V55------------------~~------

Fig. 2 SET POINTS INPUTS 

DATA 

LCD 

Fig. 3 DISPLAY OUTPUTS 

LED/LCD 
OUTPUTS 

A non linear ramp is generated by Rand C and the time taken for 
the ramp voltage to change from one comparator input voltage io 
the other gives the temperature. R is varied to adjust the FSD. The 
non linearity of the ramp to a large extent compensates for the 
non linearity of the thermistor network. 

For use with linear sensors or as a digital voltmeter the Resistor 
would be replaced by a current source. 

Reading will be negative if comparator input 1. voltage < com­
parator input 2. 

Typical circuit diagrams showing the AY-3-1270 displaying 
temperature in a freezer are shown in Fig. 9 (with LED display) and 
Fig. 10 (with LCD display). 



AY-3-1270 

SET POINT PROGRAMMING 

To set the control temperature, diodes are inserted in the program matrix with the cathodes connected to the strobe lines on pins 
2,3,4. The code is B. C. D., and any temperature within the operating range can be selected by a suitable combination of diodes. For 
a negative temperature set point, a diode is inserted between pins 8 and 3. 

When an L.E.D. display is being used the diode between pins 9 and 2 is inserted, which inhibits the L.C.D. backplate waveform. This 
waveform is shown in Fig. 4. 

A timing waveform for the strobe lines is shown in Fig. 5. 

20 2' 2' 2' 
(pin 6) (pin 7) (pin 8) (pin 9) 

0.1 0.2 0.4 0.8 Tenths (pin 5) 

1 2 4 8 Units (pin 4) 

10 20 Minus Do not 
Use 

Tens (pin 3) 

A B C 
LED 

Display Hysteresis (pin 2) 

To set the hysteresis level, that is the temperature difference above and below the "set paint" at which the control outputs operate, 
diodes are inserted in locations A, B, and C according to the following table. Fig. 6 shows the control output characteristics with 
temperature. 

Hysteresis A B C 

0 

±0.2 · 
±0.4 • 

±0.8 • • 

±2 · • 

±4 • . 
±8 * * * 

* indicates presence of a programming diode 

NOTES: 

1. Set pOints must consist of valid BCD codes or incorrect readings will occur. 

2. For .hysteresis settings ±2, ±4 and ±8 the L.S.D. of the reading is ignored. 

3. The '/,O LSD Control and Display hysteresis should also be taken into account. 

4. When in the "High Reading" mode it is necessary to program a set paint 10° C lower than that required. 
E.g. To .select 44° C diodes are inserted in the matrix between pins 6, 317, 3/8, 4. 

I 
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BACK PLATE ~. ·IL ,;.. .. __ ....... 

WAVEFORM I 

~ 4096 Tc---l 

L:~: 
I 

I 
I I 

I 

'OFF'SEG I 
i-__ .-;I '1' 

L'a' DRIVE --.J 
WAVEFORMS I I 

I 
I 
I '1' 

I 
I 

'ON'SEG I 
. DRIVE---, 

WAVEFORMS IL ___ ...I ~I'a' 
Tc = CLOCK PERIOD 

Fig. 4 LCD DRIVE WAVEFORM 

SIGNAL TO REAR 
ELECTRODE OF 
ALL SEGMENTS 

SIGNAL TO FRONT 
ELECTRODE IN 
PHASE WITH REAR 
ELECTRODE SIGNAL 

SIGNAL TO FRONT 
ELECTRODE OUT 
OF PHASE WITH 
REAR ELECTRODE 
SIGNAL 

II -1 RAMP RESE,:--!.-. 32T c--..... ~I .... _- 32T c---r-16TC 
(PIN 16') . c= _ 

I 
I 

TENTHSSTROBE;.... _______ ~_~8TCL----~--~~--(PIN 5~ ==r,vL 

UNITS STROBE 
(PIN 4) ______ ~Il~ __ ~ __ _ 

TENS STROBE n 
(PIN 3,;..) _______ -''-_---' '-_____ _ 

HYSTERESIS STROBE n 
(PIN 2) 

----------'-------' '-----

Tc IS CLOCK PERIOD 

REPETITION RATE OF ABOVE CYCLES IS 
TWICE MEASUREMENT CYCLE 

Fig. 5 STROBE OUTPUT TIMING 

+9V 

OUTPUT VOLTS 

~T.r=-=':-:-=-=-=-=.-==-==-=- 0 FF 

LOW" I 
OUTPUT \ I 

~ <l>- HIGH 
IV I OUTPUT 

I ~ 
I I 

O~4§a~.;§" • .;;-;,,;;;-;,-;;;;-;;,;;-;,,;;;-;,_;;;;_;;;,;;_=a';;;:!.~a§:-=-;;;';;-=-;;;';;:~I_;;;; .. ;;!IL;:::I.~~:::;Ir-,T;:;E~~"P:;;:E:;:;R:;:A:;:;TU,"Ro.E=:;::+4a .0. 

HYSTERESIS 

HYSTERESIS 1_ 
SET 

POINT 

Fig. 6 SET POINT HYSTERESIS 



AY-3-1270 

MEASUREMENT AND READ CYCLE 

In order to compensate for offsets in the comparators, a digital autozero cycle operates on every other measurement cycle. Fig. 7 shows 
the internal ramp and comparator waveform. 

SYSTEM DIAGRAM 

MEASURE ~~--------~----~------~----

REF VOLTS ~-+----~--<r--------t----r----

1 
I 
I 
I START 
: READ 

{

COMPARATOR 

INT. 0 I 
CIRCUIT 
SIGNALS STOP READ 

COMPARATOR 
,0 

1 

1 I 
~ 

AUTO ZERO MEASUREMENT 
CYCLES CYCLE 

Fig. 7 TYPICAL MEASUREMENT/READ CYCLE 

Fig. 8 shows a block schematic of the AY-3-1270 circuit. 

RAMP 
liP 

16 

HYST. STROBE 

TENS STROBE 

UNITS STROBE 

TENTHS STROBE 

2' 

2' 

2' 

2' 

COMP COMP TIMER 
I/P2 IIPl INPUT 

(REF) 

14 

LCD 
SELECT 

15 
AUTO 
ZERO 

SYSTEM CONTROLLER , 

17 18 

CONTROL CONTROL 
O/P2 DIP' 

10 

osc osc 
O/Pl Q/P2 

13 12 

osc 
liP 

11 

UP/DOWN 
COUNTER 

Fig. 8 TEMPERATURE CONTROLLER SYSTEM DIAGRAM 

BACKPLATE 

20 

21 40 

DISPLAY OUTPUTS 
(PINS 21-40) 

19 
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AY-3-1270 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings ' 
Voltage on any pin with respect to Vss .............................. -0.3 to +1B 
Storage temperature range •.••• ." ••••••••••.•••••.••••••.•••• -6S· C to +1S0· C 
Ambient operating temperature range ••••••.•••••••••• ' •••••••• -2S·C to +70·C 
Maximum power dissipation at 70·C •.••••• ' ••••.••••••.•••••.••.•.•.••.•• BOOmW 
Maximum segment output current (LED mode) •••••••••••••••.•••••••••••• 20mA 
Maximum switch output current •••••••..••.•••••..••••••••••••••••••••••• 30mA 
Maximum total output current ••••••••• ; •••••••••••••••••••....••••.••••• 2S0mA 

*Exceedlng these ratings could cause'per­
manent damage. Functional operation of 
ihls device at these conditions Is' not Im­
plied-operating ranges are specified below. 

Standard CondUlons (unless otherwise stated) . 
Vaa=uv 
Vec = (7.2V to 10.BV) 
T.mb = -2S·C to +70·C. positive logic convention 

Characteristics Min, Typ Max Units CondlDona 

Segment, DP, Sign Outputs 
LED mode 
On resistance - - 160 n Vout = +2V Islnk = 12.SmA 
On resistance E3 - - BO n Vout = +2V Islnk = 2SmA 
On resistance DP - - 53 n Vout =+2V Islnk = 37.5mA 
On resistance (A3, B3, 03, G3) - - 40 n Vout = +2V Islnk = SOmA 
Off leakage - - 10 p.A Vout = Vcc 
Segment, DP, Sign Outputs 
LCD mode 
Logic '0' output - _. 400 mV Load = 50pF + I.MOhm to 
Logic '1' output Vee-SO - - mV Backplate output 

(Ea load = 100pF + 500K 
OP load = 150pF + 330K 
A3, B3, 03, G3 load = 200pF + 250K) . 

Rise time - - - - Under specified load conditions 
Fall time - - - - Under specified load conditions 
Frequency - 137 - Hz Clock (560kHz) + 409~ 
LCD Backplate Output 
Logic ·0' output - - 400 mV 

Load = 1000pF and 50K Logic '1' output Vcc-50 - - mV 
Output frequency - 137 - Hz Clock (560kHz) + 4096 
Rise time - - - - Under specified load conditions 
Fall time - - '-' - Under specified load conditions 
Backplate output to Segment 

output delay - - - -
to Logic '1' - - , - -
to Logic '0· - - - ,-
Control Outputs 
On resistance - - 110 n Vout = +2V Islnk = lBmA 
Off leakage - - 10 p.A Vout = +15 volts 
Strobe Outputs 
On resistance - - 400 n V~Ul =,+1V Islnk = 2.5mA 
Off leakage - - 10 p.A Vout = Vcc 
Frequency - - ,- - , . 2 l! reading rate 
Set Point Inputs 
Logic '0' level Vas - 2 V .. 
Logic '1' level 6 ~ Vcc V, 
Pull up resistance 20 - 100 Kn to Vce Vln = Vi.s 
Comparator Inputs 
Leakage current - - 1 p.A Vln = Vec 
Resolution 25 - - mV .---.. 
Common Mode Range Vas - Vcc-3V. V 
!lamp Input 
Discharge resistance - -, 100 n to V ss see note 1 
Leakage current - - 1 p.A Vln = Vee \ 

Timer Input 
Flash Threshold 1,25 - 2.00 V 
Reset Threshold 2 - 5 V 
Pull up resistance 650 - - Kn to Vee (Vln = Vss) 
Pull down resistance 60 - - Kn to Vss (Vln = Vee) 
Open circuit input voltage 2 - 3.5 V 
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AY-3-1270 

Characteristics Min. Typ. Max. Units Conditions 

Clock 
Frequency 300 - 560 KHz 
Gain to output 1 (A1) 12 - - - small signal open loop 
Gain to output 2 (A2) 12 - - - AC gain. F = 560kHz -
Output impedance - - 10 KQ F=560kHz 
Input capacitance - - 12 pF 
Count Ireq uency - 12.5 - kHz Clock (560kHz) .;. 32 see note 2 
Flash rate, Overrange and Power Fall - 2 - Hz Clock (560kHz) .;. 158048 
Supply current - 40 60 mA 

NOTES: 

1. Minimum resistance toVee = 1Kn Maximum capacitance to Vss = 1~f. 

2. Reading is measurement time divided by Count Frequency period. Measurement time depends on both the voltage 
difference at the Comparator inputs and ramp speed at pin 16. 

• 
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AY-5-3507 

31/2 Digit DVM 

FEATURES 

• 3X, Decade Display (±1999 max. reading) 
• Automatic Polarity Detection 
• Overrange Indication 
• Direct LED 7-Segment Drive 
• Up to 5 readings per second 

DESCRIPTION 

The AY-5-3507 is an MOS LSI circuit containing all the logic 
necessary for a 3% Decade Digital Voltmeter utilizing Dual Ramp 
integration. Automatic polarity detection is incorporated as is 
automatic overrange indication. The outputs are mutiplexed onto 
a 7-segmenl bus allowing easy interface 10 LED and similar displays. 

BLOCK DIAGRAM 

CaMP 
INPUT 

SIGNAL 
SWITCH 

~ 2 10 

PIN CONFIGURATION 
18 LEAD DUAL IN LINE 

FSegment 

GSogment 

ESogment 

Signal Switch 

Comparator Input 

Nogatlve ReI. Switch 

Positive Ref. Switch 

ASogment 

BSogment 

TOp View 

MX4 

MX3 

MX2 

MXl 

Clock 

VDD (-lSV) 

o Segment 

CSegment 

Vee (GND) 

10 5 2 ~--t-t-t--o CLOCK 

Vss~ 
~~--L,-:L-J'--'L--~t--!--l---H-----l (MX1 
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PIN FUNCTIQNS 

Name 

COMPARATOR INPUT 

CLOCK INPUT 

REFERENCE SWITCH 
OUTPUTS 

SIGNAL SWITCH 
OUTPUT 

DISPLAY MULTIPLEX 
OUTPUTS --

AY-S-3S07 
SEGMENT OUTPUTS 

OPERATION 

Functions 

A logic '0' level corresponds to a negative input signal. 
A logic '1' level corresponds to a positive input signal. 

AY-S-35J17 

This signal should be supplied from an external oscillator giving a square wave 
signal. 

These outputs drive analog switches which connect the Reference Voltages to the 
Integrator. Alogic '0' at the Comparator Input will be followed by a logic '1' at the 
Positive Reference Switch Output. A logic '1' at the Comparator Input will be 
followed by a logic '1' at the Negative Reference Switch Output. 

This output will be at logic '1' during the time that the signal is connected to the 
integrator. 

Each output will be at logic '1' for 2 clock periods to display (see Fig. 4). The outputs 
selected will be as follows:-
MX1 0/1, ±, Over·range MX3 Decade 2 (10 1) 

MX2 Decade 3 (10') MX4 Decade 1 (10°) 

The outputs of the 3 decade counters are presented sequentially on the outputs A, B, 
C, D, E, F, G. In the first multiplex position 1 is indicated by segments Band C,-is 
indicated by segment G, overrange by the flashing of segments A and D. 0, + and 
underrange are not indicated. 

The operation of the circuit is as follows. 

Initially the signal, and reference outputs are in the logic '0' state. 
The counter counts continuously and at the 1999 to 0000 transi· 
tion a +2 is toggled driving the signal switch output to logic '1' 
turning on the signal switch. The integrator generates a ramp, the 
amplitude and polarity of which depend on the amplitude and 
polarity of the input signal. After a further 2000 clock pulses the 
+2 is toggled again. This stores the state of the comparator 
output in a D type flip flop (this signal represents the sign of the 
input signal). The appropriate reference switch is then energized 
to cause the integrator output to ramp back to zero. When the 
comparator output subsequently changes state the reference is 

switched off and the number in the counter is transferred to the· 
store together with polarity information. 

WklDECADE DIGITAL VOLTMETER 

SIGNAL 
INPUT 

Should the input signal be so large that zero is not reached during 
one counter cycle, an overrange flip flop will be set and will remain 
set until the next 1999 to 0000 transition of the counter. During 
overrange the main display will be set to 0000 and the overrange 
indicator will flash. 

To minimize pin requirements, a time shared output is used. The 
display store output (including ±, 0/1 and overrange) is gated 
sequentially, a decade at a time, onto a common 7 line 
output bus. 
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AY-S-3S.07 

ELECTRICAL CHARACTERISTICS 
Maximum -Ratlngs* 
Maximum voltage between any pin and Vss ,pin.. . . . +0.3 to -20 V 
Operating temperature range . . . . . . . . . . . . 0° C to +70° C 
Storage temperature range ............. -65°Cto+150°C. 
Maximum power dissipation .... 500mW (total), 50mW (per output) 

Standard Conditions (unless otherwise noted) 
Vee = GND 
Voo = -12 to.-18V 
()perating Temperature (T A) = O·C to +70°C 

Characteristic Min Typ·· 

DC CHARACTERISTICS 

Clock & Comparator Inputs 
Logic '0' Level -6 -
Logic '1' Level +0.3 -
Input Leakage - -
Display Multiplex Outputs (Note 1) 
Logic '1' sink current 1.2 2 

Logic '0' leakage current - -
Switch Outputs (Note 1) 
Logic '1' sink current 0.5 0.8 

Logic '0' leakage current - -
Segment Outputs (Note 1) 
Logic '1' sink current 4.25 7 

Logic '0' leakage current - -
Supply Current - 1,5 

- 3.6 

AC CHARACTERISTICS 

Clock & Comparator Inputs 
Input Capacitance - -
Clock Frequency DC -

DC -
Clock Pulse Width 10 -
Display Multiplex Outputs 
Propagation delay - -
Segment Outputs 
Propagation delay - -

.. ° TYPical values are at +25 C and nommal voltages . 

NOTE: 

Max 

-18 
-1 
10 

3.2 

10 

1.25 

10 

11 

10 

2.2 
5.25 

10 
20 
10 
-

4 

10 

W Exceeding these ratings r.ould cause. per­
manent damage, Functional operation of this 
device at these conditions is not implied­
oper~ting ranges are specified below. 

Units Conditions 

V. 
V 

JlA "IN = -18V, TA = +25°C 

mA VOUT = -2V, TA = +25°C, 
VGG = -12V 

JlA VOUT = -18V, TA = +25°C 

mA "OUT = -2V, TA = +25°C, 
VGG = -12V 

JlA VOUT = -18V, TA = +25°C 

mA "OUT = ~2V, TA = +25°C, 
VGG = -12V 

JlA ' VOUT = -18V, TA = +25°C 

mA Voo = -12V, TA =+2,5°C 
mA Voo = -18V, T A = +25°C 

pF VIN = OV, f = lMHz 
kHz Voo = -18V 
kHz Voo =-12V 
Jls Note 2 

Jls from Clock positive edge 

Jls from Multiplex 
output positive edge 

1. All oujputs a!"e single-ended ("open-drain"). External pull-down resistors are required. 
2. A square waveform is preferred. 
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TIMING DIAGRAMS 
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SWITCH 

V REF 
SWITCH 

SIGNAL 
O~~OO~NN~E~C~TE~D~_r __________ ~ 

INTEGRATOR 0 f.<,:::::--------:c=="3~---! __ _ 
OUTPUT 

COMPARATOR 
OUTPUT 

-v I---------'''''''_+_"'" 

01------1 
2000 CLOCK 

CYCLES 

Flg.1 

TRUTH TABLES 

7 SEGMENT OUTPUT TRUTH TABLE (MX2-MX4) 
Segment Output 

Digit A B C 0 G 

ANALOG C.IRCUIT DIAGRAMS 

----------,....--------1r----- +Vss 
+REF 0--

Rt 
I NPUT o--....... ---+--.JVVv--4~ 

OUTPUT 

-REFo--

------'-NT-E-G.RA-T-O-R--C-O-M-P..jA'-RA-T-O-R-- -VDO 

Flg.1 BASIC ANALOG CIRCUIT 

68K 

-'0 

2 CLOCK 
PERIODS 

AY-5-3507 

H 
Mxt~~ 

MX2 1 I 
MX3 

o I 
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A 
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AY-S-3S07 

TYPICAL CHARACTERISTIC CURVES 
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1IIIIII~ ______ A_Y-_5_-3_5_00 ______ ~ 
3% Digit DVM 

FEATURES 

• Single Ramp Integration 
• Three measurement ranges 999, 1999,2999 
• Dual Polarity 
• Reading Rate up to 70 measurements per second· 
• Overrange indication, 2 most significant digits flash 
• Separate overrange output available on 1999 

and 2999 ranges 
• Undiman-ge output 
• Operating voltage 13V to 17V 
• Power consumption 30mW typical 
• 7 segment or BCD output 
• Controllable display brightness 
.• Load enable freezes display 
,. Hold input halts measurement 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

lIos.(GNO) 
voo (-1SV) 

Underrsnge output 

Overrange output 

XI Scale length select 
Xtz Scale length select 

BCD enable 
20/A Segment output 
-21ie Segment output 

~2lC Segment output 
,23/0 Segment output 

vo, 
Clock Input 

Reset output 
Clamp output 

VIN comparator 
Vx comparator 

N.C. 
Multiplex Input 

Hold enable 

Load enable 

10' (LSD) Digit Select 

10t 'Dlglt Select 

102 Digit Select DESCRIPTION 

E Segment output 

F Segment output 
G Segment output Polarity. 10' (M.S.D.) Digit Select 

The AY-5-3500 is a single ramp, dual polarity digital voltmeter 
chip having a selectable scale length of 999,1999, 2999. 

It is manufactured using the MTNS low voltage p-channel nitride 
teChnOlogy. Low power dissipation .achieveCl by the use of 4-
phase logic with an "on chip" cloCk generator. 

BLOCK DIAGRAM 

See next page for de.tails of .Pin FunctiQl1Jl. 

23 ALSO 2i ALSO ~ ALSO 22 ALSO 
11f MSD, 
POL.1,2,3 

SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT 
,o~ G FED C B A 

~~~~PLEX --..... -<{-.:-:t=:tttt=:::l--{ f----------~tfA~i.E 

HOLD 
ENABLE ----<oj 
INPUT 

LOAD 
ENABLE 
INPUT 

INPUT 
COMP. 

CLAMP 
OUTPUT 

RESET 
OUTPUT 

OVER­
RANGE 
OUTPUT 
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AY-5-3500 

PIN FUNCTIONS 

OVERRANGE OUTPUT 
This output goes to logic '1' as soon as an overrange count has 
been detected. It returns as logic '0' at the end of the measure­
ment cycle. 

It operates at 2000 on the 1999 range 
It operates at 3000 on the 2999 range 

MEASUREMENT CYCLE 
The measurement cycle lasts 128 Multiplex clock periods. Data is 
transferred to the display store from clocks 113 to 120. The 
counters are reset from 121 to 128. 

UNDERRANGE OUTPUT 
The underrange output is a pulse from clock 105 to 112 if the 
reading is less than 259. 
SCALE LENGTH SELECT 

X1 

0 
1 
0 

OVERHANGING 

Range 

999 

1999 

2999 

Count 

OXXX 
1XXX 
2XXX 
3XXX 

OXXX 
1XXX 
2XXX 
3XXX 

OXXX 
1XXX 
2XXX 
3XXX 

X2 

1 
0 
0 

Display 

XXX 
1XXX} First 
XXX Two Digits 

3XXX Flash 

XXX 
1XXX 
1XXX} First Two 
3XXX Digits Flash 

XXX 
1XXX 
2XXX 
3XXXJ First Two 

DigitsFlash 

Scale 

999 
1999 
2999 

Overrange 
Output 

o 
o 
o 
o 

o 
o 
1 
1 

o 
o 
o 
1 

CLAMP OUTPUT 
Theclamp output goes to a logic'1' after 3 Counter clock periods 
following the input from the VIN comparator. This output is used 
to switch off the VIN comparator thus reducing the average input 
current by a factor of approx. 70. Fig.2 shows input waveforms 
without use of clamp output and Fig.3 shows waveforms with use 
of clamp output and timing for Clamp output. 
BCD ENABLE 
Logic '0' = BCD 
Logic '1' = 7 segment 
BCD OUTPUTS 
The BCD outputs appear on the 7 segment output lines (Logic (1) 
is the Active Level); E, F, G are blanked to logic '0' 
A=2° 
B=21 
C=2' 
·D=2' 

LOAD ENABLE 
Logic '0' = Normal Operation 
Logic '1' = Freeze Display 
HOLD ENABLE 
Logic '0' = Halts measurement cycle in reset state 
Logic '1' = Normal Operation 

RESET OUTPUT 
Logic '1' resets ramp generator 
NEGATIVE SIGN OUTPUT 
Displayed on segment G output on 999 and 1999 ranges. Inhib­
ited on 2999 range. 

OPERATION 

A linear stable ramp is generated and compared to zero volts and 
the input voltage in two comparators. The time between the 
changing of the comparator outputs is proportional to the 
magnitude of the input voltage, and the sequence of switching 
gives the polarity. 

_"1-_______ M_U_LT..,IP_I:...E..,....XIN_P_UT ______ -r _____ • __ VSS( +7.5V) 

8-100 

4.7K 

HIGH(-) 

LOW{+) 

r-----------1 , , 
I ! 

, , , , , , , , , 
, , , 
1 

, I l ______ _ 

I 

15 14 1-_-'-_-' 

TO LED DIGITS 

. AY·5·3500 

-~------:----..... +_-------+------T----VGG(_7.5V) 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respect to Vss pin . . . . -20V to +0.3V 
Storage temperature range .......... -65°C to +150°C 
Ambient operating temperature range ...... O°C to +70°C 

Standard Conditions (unless otherwise noted) 

Vss= OV 
VGG = -15 ±2V 
VGI = VGG/2 (Note 8) 
Temperature (TA) = 0° C to +70° C 

Characteristic Min Typ"' 

Clock Input 
Frequency 200 
Pulse width 1',5 
Rise and Fall time 
Logic '0' level +0.3 
Log ic '1' .Ievel -9 
Multiplex Input 
Frequency 0.5 1.5 
Pulse width 1~ 
Logic '0' level +0.3 
Log ic '1' level -4 
Control Inputs 
Logic '0' level +0.3 
Logic '1' level -4 
Leakage (all inputs) 
Segment,Overrange. 
Underrange Outputs 
Logic '0' 
Logic'1' 
Digit Select Outputs 
Logic '0' 
Logic '1' 
Clamp and Resel Outputs 
Logic '0' 
Logic'1' 
Supply Current 2 

""Typical values are al +25°C and nominal voltages. 

NOTES 

Max 

1 
-1 
-17 

10 

-1 
-17 

-1 
-17 

1 

30 
2 

1 
15 

20 
5 

AY-5-3500 

"Exceeding these ratngs could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Units 

kHz 
p.s 
1'5 
V 
V 

kHz 
ILS 

V 
V 

V 
V 
I'A 

kH 
k!1 

k!1 
k!1 

k!1 
k!1 
mA 

Conditions 

At logic '0' and '1' levels 

(See Note 1) 
At logic 'O'.and '1 'levels (Note 21 

VaUT= -0.3V (Note 3) 
VauT = VOl +1V (Note 4) 

VaUT= -1V (Note 5) 
VauT = VOl +0.3V (Note 6) 

VaUT= -0.2V (Note 3) 
VauT = VOl + 1V (Note 7) 
VGG = -15V excluding output 
current 

1. This gives a reading rate of typically 12 per second. 
On the 2999 range, the maximum Multiplex clock frequency must be less than the Counter clock frequency divided by 64. 
On the 1999 range, the maximum Multiplex clock frequency must be less than the Counter clock frequency divided by 42. 
On the 999 range the maximum Multiplex clock frequency must t).e .Iess than the Counter clock frequency divided by 21. 

2. In 7 segment mode, outputs are energized when Multiplex input is at Logic '1'. 
The display brilliance is therefore controlled by the input Mark-Space ralio. 

3. Output device connected to Vss. 
4. Output device connected to VOl segment energized. 
5. Output device connected to Vss digit selected. 
6. Output device connected to VOl. 
7, Output device connected to VOl Reset condition. 
8. VOl is only applied to the output drivers, thus its absolute value is not critical. 
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AY-5-3500 

TIMING DIAGRAMS 

MULTIPlEX 
....". 

M~n 1(10") 

~------------------~ 

'MULTIPLEX n 
~ ------~ ~-----------------

MUlTIPLEX n 
OUTPUT 3('0'} _________ .J L ______ _ 

MULTIPlEX 

OUTPUT IL 4(10S) 

POUR''"' 0.1,2. _____________ --' 

FIg;1 MULTIPLEX INPUT AND OUTPUT 

~'2BMULTIPLEX ----.l 

:~~, :1fo~--r' 

RAMP , .. ~ ~ 
GENERATOR. ~ . ~ f~ 

V, 
CaMP 

CLAMP 
OUTPUT 

INPUT 
COMP 
FOR -VB 
POLARITY 
DISPLAY 

~-u--u-
',JLSL: .. : . 

~ L 
NOTE, NOT TO SCALE ~O':;:ER CLOCK PER'OO,;--' I--

Flg.3 INPUT AND RE$ET OUTPUT TIMING. 
DIAGRAM SHOWING CLAMP OUTPUT 

RESET 
OUTPUT 

HOLD 
ENABLE 
INPUT 

RESET 

RESET 
OUTPUT 

~ 128 MULTIPLEX ----...j '41 CLOCK PER'OOST 8 

, 

RAMP: ~ ~ 
GENERATOR ~ ~ ~ 

V, 
CaMP. 

- , , 

:--U--U-
INPUT 
COMPo 
FOR-va 
POLARITY 
DISPLAY 

:----u-u­
~~¥~y :n n I 
NOTE: NOT TO SCALE 

Flg.2 INPUT AND RESET OUTPUT 

~ 128 MULTIPLEX CLOCK PERIODS---l 

~B~ _____________ ~~B.~~ __ ~_ 

OUTPUT ',U ~.--
UNOERRANGE ! 'lJ---I+- --I~B ,ill,f.-, 
OUTPUT ~ 

OVEA· 
RANGE 
OUTPUT 

, , 'u--lBH-.: u--lB~ 
OVER_RANGE OUTPUT aOES TO A LOGIC T AS SOON AS AN OVER-RANGE COUNT HAS BEEN DETECTED IT 
RETURNS TO A lOGIC'O' AT THE END OF THE MEASUREMENT CYCLE WHICH IS 128 'AUL TI~lEX CLOCK PERIOOS 

'ON. 
UNDel1_RA~EOUTPUTISONLV"'CTIVATEOIFTHECOUNTISlESSTHAN259 

IT SHOULD BE NOTED THAT THE INTEFlNA,llOAO COMMAND SIGNAl HAS THE SAME TIMINO AS THE UNOER·F\A.NOE 
OUTPUT. I E THE MAXIMUM TIME AVAILABLE FOR MEASUREMENT IS THE FIRST 10-1 MULTIPLEX CLOCK PERIOCS lHE 
CONTENTS OF THE COUNTEAS ARE THEN tOJlOED INTO lHE STORE FOR lHE NEU 8 MX ClOC~ PERIODS 

Flg.4 UNDER-RANGE AND OVER-RANGE OUTPUT 

Flg.5 RESET OUTPUT WITH RESPECT TO HOLD ENABLE INPUT 
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AY-5-4007 
AY-5-4007A 
AY-5-4007D 

Four Digit Counter / Display Drivers 

FEATURES 

• Minimum interface required to drive most common types of 
LED, fluorescent, sevensegmEint displays' 

• Large output current capability on seven segment outputs, 
typically 25mA with 1V drop 

• Fully synchronous up/down counting operation 
• Look ahead carry for error free outputs when reversing 

count direction 
• Internal oscillator needing no external components for 

operating the digit select counter 
• Four digit select outputs with inversion control'for display 

driving flexibility 
• Multiplexed BCD outputs and serial output from storage 

register is available 
• TTLlDTL compatible on inputs and outputs 
• Blanking action of Reset Input 
• Counting rate up to 600 kHz 

DESCRIPTION 

The Four Digit Counter Display Driver is an LSI subsystem 
designed for application in counting display systems such as 
frequency counters, digital voltmeters, digital timers, event 
counters using 7 segment numeric displays. It contains a 4 
decade up/down synchronous BCD counter, a storage register, 
multiplexing circuits, internal oscillator for digit selection and.7 
segment decoder to count and display up to 9999. 
Built-in control circuits provide flexibility of use with a minimum 
of external components. 
The device is constructed on a single monolithic chip using 

BLOCK DIAGRAM 

AY·S-4007A shown: 

• indicates functions 
available with the AV-5-4007D. 

DIGIT SEL.ECT 
CLOCK INPUT 

COUNT INPUT ...... --t------.., 

PIN CONFI(3URATION 

40 LEAD DUAL IN LINE: 
AY-5-4007A 

Vee (+5V) 
Count Input 

Down/Up Co~mand 

Transfer Input 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 

VaG (-12V) 

N.C. 
S Segment 

CSegment 

o Segment 

G Segment 
ESegment 

N.C. 
N.C. 

A Segment 

F Segment 

Top View 

True/Complement Control 
~ Reset Input 
4th Decade Carry Output 
N.C. 
N.C. 
3rd Decade Carry Output 
2nd Decade Carry Output 
Serial Output 
1000igil Select Output 
Digit Select Clock Input 
10' Digit Select Output' 

102 Digit Select Output 
10J Digit Select Output 
~BCOOutput 

22 BCD Output 
Shift Clock Input 
21 BCD Output 
20 eCD Output 

Val (GND) 
Common Source 

MTNS P-c:hannel enhancement mode transistors. 

AY-5-4007A, available in 40 Lead Dual In Line package, allows 
for ~II available.functions. 
The AY-5-4007 and AY-5-4007D incorporate the most commonly 
used features in 24 Lead Dual In Line packages. 

7 SEGMENT 
OUTPUTS 

ABC D E 'F G 

~---1f--a ~g~:g: 
I BCD OUTPUTS 

~ ____ --+-a2:S {MSBI 

I-:H=+=====+~zO (L.se) 

TRANSFER 
INPUT 

RESET INPUT ---t--!-------I-t---l_lH-4.-j,--t-' 
g8:~~~~,II_jI_---,----------~--y_l-'y--' 
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AY-5-4007. AY-5-4007A • AY-5-4007D 

PIN CONFIGURATIONS 
24 LEAD DUAL IN LINE 
AY-5-4007 

Vee (+5V) 
Count Input 

Down/Up Command 

Transfer Input 
vGG (-12V) 

B S~egment 
C Segment 
o Segment 

G Segment 
E Segment 

A Segment 
FSegment 

PIN FUNCTIONS 

Name 

COUNT INPUT 

RESET INPUT 

DOWN/UP COMMAND 

Top View 

.2ND DECADE CAR. RY O. UTPUT} 
3RD DECADE CARRY OUTPUT 
4TH DECADE CARRY OUTPU~ 

TRANSFER INPUT. 

SHIFT CLOCK INPUT 

SERIAL OUTPUT 

True/Complement Control 

Reset Input 

4th Decade Carry Output 

1~ Digit Select Output 
10'OigitSelect Output 

102 Digit Select Output 

103 Digit Sei~t Output 
23 BCD Output 

22 BCD Output 
2'BCD Output 
~BCOOutput 

VGtiJGNDf 

24 LEAD DUAL IN LINE .. 
A Y -5-40070 . 

Vee (+5V) 

Count Input 

Down/Up Command 

Transfer Input 

V GG (-12V) 
B Segment 

C Segment 

o Segment 

G Segment 

tSegment 

ASegmenf" 

F Segment 

Top View 

Aeset Input 
,~th Decade Carry Output 
3rd Decade Carry Output 

2nd Decade Carry Output 

Serial Output 

10° Digit Select Output 

10' Digit Select Output 

102 Digit Select Output 

103Digit Select Output 

Shift Clock Input 

VG, (GNO) 

Common Source 

NOTE: For AY-5-4007D, ·True/Complement control 
is internally connectedlo lo·gic "0" level. ' 

Function 

Count Input operates the decade counters synchronously on the positive going edges 
(logic '0' to '1' transitions). 

When this input goes to a logic '1' it resets the decaae counters to 0000, forces the digit 
... select counter to the MSD position and the Digit Select Outputs to 'not active' logic 
levels to blank the display. It must be present for a minimum of 10 IJsec. 

The count direction depends upon the logic levei on the DOWN/UP Com mana input. 
Logic '0' = Count UP. Logic '1' ; Count DOWN.· 

Normally the Carry Outputs ar.e at a logic '0' level;:when activated a positive pulse is 
generated on the output line, which)sidentical with the Count Input causing the carry. 

Placing the Transfer Input at a logic '1' allows transfer of data from the decade counters 
· to the storage register. 

Thisinput is used to apply clock pulses tathe storage register for serial shift operation. 
Normally Shift Clock is maintained at a Logic '1' and negative pulses are necessary to 
perform shift operation. Actual shifting of storage register data is done on the second 
edge (positive going) of each clock pulse. A Pull-up resistor is internally provided forthe 
Shift Clock Input so that this line, if not used, may be left floating. Since the storage 
register is quasi-static in serial shift operation the width of negative pulses (at logic '0') 
nas to be limited to 20psec. During serial shift operation the Transfer input must be at a 
logic '0'. 

This is. the serial output of the storage register. When serial shift operation is not 
performed the Serial Output is the least significant bit of the least significant digit of the 
storage register. 

10° DIGIT SELECT OUTP. UT (LSD) l 
101 DIGIT SELECT OUTPUT 
102 DIGIT SELECT OUTPUT 
103 DIGIT SELECT OUTPUT (MSD) 

2'l.BCD OUTPUT(LSB) l 
These outputs provide sequentially an active logic level (logic '" if the 
True/Complement Control is at a logic " '; logic '0' ifthe True/Comlement Control is at a 
logic '0'), to specify which of the corresponding digits is selected and displayed, the 
remaining 3 Outputs being 'not active:. All the Digit Select Outputs are forced to a 'not 
active' logic level as long as the Reset Input is active. 

21 BCD OUTPUT 
22 BCD OUTPUT 
23 BCD OUTPUT(MSB) 

"A" TO "G" SEGMENT 

COMMON SOURCE 

TRUE/COMPLEMENT CONTROL 

DIGIT SELECT CLOCK INPUT 

8-104 

These outputs provide the Binary Coded Decimal representation of the digit being 
selected and displayed by the muitiplexer. The truth table shows BCD Codification of 
these outputs. 

These outputs are programmed according to the truth table. Each output terminal is 
actually connected to the drain of the corresponding outout transistor. 

This is the common of th!l seven segment output transistors. When not externally 
available the corresponding terminal is internally tied to VGI (OV) line. It may be 

· connected to any voltage between Vss and VDO according to requirements. 

This input controls the polarity of the Digit Select Outputs active logic level. When the 
TRUE/COMPLEMENT Control is at a logic '1', active level for the Digit Select Outputs is 

· a loqic '1', when at a logiC '0' active level.is a logic '0'. 

An external signal applied to this terminaloverrrdes the internal oscillator. When the 
internal oscillator is used, this terminal must be left floating. 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings * 
Voltage'on any pin with respect to Vee. . . . . . . . . -20 to +0.3V 
Storage temperature range ............. -65°i:: to +150°C 
Ambient operating temperature range . . . . . . . . O°C to +70°C 

Standard Conditions (unless otherwise noted) 
Vee = +5.0 ±0.5V VGG = -12V ±1V OR -7.0V ±0.5V 
VGI = OV Op.erating Temperature (T ,) 0° C to +70° C 

AY-5-4007 • AY-5-4007A • AY-5-4007D 

*Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Voo=-12V±1V VGG = -7V ±O.5V 

Characteristic Min Typ Max Min Typ" Max Units Conditions 

Inputs 
Logic'O' . VGG - +0.8 VGG - +0.8 Volts See Fig. 4 
Logic'1' Vee -1.5 - Vee+0.3 Vee-1.5 - . Vee+0.3 Volts 
Capacitance - - 10:0 - - 10.0 pF V'N=Vee f=1MHz 
Leakage - - 5.0 - - 5.0 p.A V'N-Vee =-lOVat25°C 
Repetition Rate D.C. - 600 D.C. - 350 . kHz Square Wave 
PulseWidth 0.7 - - 1.0 - - p.sec Pulse either high or low 
Tr&Tf - - 100 100 p.sec 
True/Complement! 
Controilnput 
Input Current 10 40 100 . 10 - 50 p.A V,N = Vee 

10 25 50 10 - 25 p.A V,N = VOl See Fig.:q 
Digit Select Clock 
Input Current 10 60 150 5 25 75 p.A V,N = Vee (Sink) 

50 250 1600 50 150 1000 p.A V,N = VOl (Source) See Fig.13J. 
Internal Freq. 1.0 2.0 4.0 1.0 2.0 4.0 kHz 
External Freq.-Data only D.C. - 1.00 D.C. - 50 kHz 

Display D.C. - 15 D.C. - 7 kHz Display Duty Cycle 25% 
Shill Clock 
Frequency D.C. - 1 D.C. - 0.8 MHz 
Pulse Width 0.4 - 1000 0.5 - 1000 p.sec See functional description 
Input Current 20 100 400 10 30 200 p.A VIN = VOl (See Fig. 6) 
Outputs-7 Segment 
(See Note 2) 
Leakage Current - - 10 - - 10 p.A Vour-Vee = -10V at 25°C 
Device on Current 15 25 45 12 20 35 mA Ves-VouT = +1.0V at 25°C, 

Vcs = Vee 
Device on Current 12 18 27 7 11 17 mA Ves-VouT = -1.0V ~t 25°C: 

Ves = VOl 
Power Dissipation 

See Note 1 & Fig.a (per segment at 25° C) - - 200 - - 200 mW 
Other Outputs 
Logic '0' - 0.2 0.4 - 0.3 0.4 Volts 10L = 1.6mA with 10pF load 
Logic '1' Vee -1.0 Vee -0.65 - Vee -1.0 Vee -0.65 - Volts 10L= 50p.A 
Propagation Delay - - 1.0 - - 1.5 p.sec Carry output} . 

1.5 - - 2.0 p.sec Serial Output See Fig. 2 
Tr, Tf 
Rise, Fall Times - 0.15 0.3 - 0.3 0.6 p'sec 
Power 
IGG - 25 40 - 13 20 mA (Vee to VGG) 

NOTES: ' I 1. Derate Power Linearly to 100mW at70°C.· 
2. See also Typical 7-Segment Output Curves, Egs.!L11..~~J-12V ±1V) 

See also Typical7-Segment Output Curves, Figs.10. 12,~(-7V ±0.5V): _ 

"Typical values are at +25° C and nominal voltages. 

TIMING DIAGRAMS 

COUNT 
INPUT 

9999 0000 9999 0000 0001 0000 9999 

DOWN/UP 1\ I 
COMMAND ___ ---'I L-.J 

CARRY 
OUTPUTS 

CARRY OPERATION 

lOS DIGIT 
SELECT OUTPUT 

101 DIGIT 

10' DIGIT ___ -.-JIlL.. ___ --'IIL.. ___ --'r 
10° DIGIT 1<-___ ---111 11<-__ _ 

I I I I I. I I I 1 I I 
,~ ~ ~ ~ ~,~ ~ ~ ~ ~. 

DIGIT 

DIGIT SELECT OPERATION 
(True/Complement Contrails alloglc '1' level) 

I 
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OPERATION 

Decade Counters 
The four decade counters are synchronously operated on the 
positive going edges of the Count Input; a single DOWN/UP 
Command controls the direction of counting. The edge-trig­
gered structure of the master-slave flip-flops allows the count 
direction to be changed between count pulses at either Count 
Input level. A Reset Input resets decade counters to 0000. 
Carry outputs are provided at the 2nd, 3rd and 4th decade; these 
outputs are activated when an overflow (In counting up) or an 
underflow (in counting down) condition exists in the corre­
sponding decade counter. The carry output pulse is the same as 
the Count Input pulse causing the carry, 
The look ahead'design of the carry stages gives error free outputs 
when reversing the count direction. 

Storage Register·' , 
Data in the decade counters is transferred to the storage register 
under control,of the Transfer Input signal. The Transfer Input 
may be connected to iI logic '1' for a continuous transfer and 
display operation. . 
The Storage registerrnay also be operated as a parallel-in serial­
out shift register. In this case clock pulses are to be provided to 
shifi Clock input, the serial content of storage register is avail­
able on the Serial Output line, and recirculated back to the first 
stage input. A train of 16 clock pulses is needed to extract the full 
content of the register, least significant bit of least significant 
digit first. When operating the storage register serially, Transfer 
input is to be kept at a logic '0'. ' 

Digit Select Counter and Multiplexer . 
The digit select counter is driven by a built in oscillator which 

requires no external components. The internal oscillator can be 
overridden by applying an external signal to the Digit Select 
Clock Input. 
The digit select counter controls the multiplexer to route infor­
matiowlrom storage register to the 7 segment decoder drivers 
ancfto the BCD Outputs.' ',' ,. 

The counterscans from MSD (10' digit) to LSD (100 digit). Each of 
the four Digit Select Outputs is sequentially activated when the 
corresponding digit is selected and displayed. 

The Digit Select counter is forced to MSD position and Digit 
Select Outputs are forced to 'not active' logic levels as long as 
Reset Input is active. This feature blanks the display when the 
device is being reset. The True/Complement Control' inverts the 
Digit Select Outputs active logic level for flexibility of output 
interface circuitry. 

Internal delay logic ensures that both 7 segment outputs and 
BCD outputs are valid before activation of the corresponding 
Digit Select Output to avoid "ghost images". 

7 Segment Decoder Driver 
The 7 segment decoder drivers consist of very low impedance 
output transistors (typically 40 ohms) to minimize external inter­
face componentswhen driving 7 segment displays such as LEDs, 
fluorescents, incilndescents, etc. 
The 7 Segment Outputs are the drains of the corresponding 
output transistors, these outputs are programmed according to 
the truth table below. A Common Source terminal is also 
available to increase flexibility of use. . 

7 SEGMENT OUTPUT TRANSISTOR, BCD OUTPUT 

8-106 

DIGIT 
A 

0 · 
1 -
2 · 
3 · 
4 '-
5 · 
6 · 
7 · 
6 · 
9 · 

LEGEND: 
• output transistorON 
- output transistor OFF 
o logic '0' 
1 logic '1' 

B C D E F G MSB LSB 
2' 2' 2' 20 

· · ~ · · - 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 

:\:" 

A 

SEGMENT I I IDENTIFICATION F B 
G 

EI-Ic 
o 

7 SEGMENT AND BCD OUTPUTS TRUTH TABLE 
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r-__ ~ __ ~ __ ~ __ ~ __ .-__ ~~~ __ COMMON 
SOURCE 

A 

L.....--~B 

L..... ________ ~ C 

L..... ____________ ~ 0 

'------------?E 
'---------------------~ F 

'--------------------------~G 

Flg.1 7-SEGMENT OUTPUTS 

v •• 

~t 
vee 

Flg.3 OIGIT SELECT Flg.4 TYPICAL INPUT 

CLOCK INPUT 

CIRCUIT DIAGRAMS 

ov ~12V ·5V 

v,;, DIU 

10' 
19 

14 

10' 
18 

10' AY-5·4Q07D 
17 

10' ,. 
11 10 12 

o E G 

Flg.7 COMMON CATHODE LED DISPLAY 

'Cnoosereslstors 
to gillereQ""ec 
Mlgmentcurrenl 

-'----.,:---'--..... ---- VGI 

~-~ OUTPUT (TVP) 

------~'----6_---- Vee 

Flg.2 ALL OTHER OUTPUTS 

vee 
vGG 

:Lt VGG --1 . 

vee vee 

Flg.S TRUE/COMPLEMENT Flg.S SHIFT CLOCK 

INPUT 

ov -1211 

100 14 
,----119 

10' 
18 

INPUT 

·5V 

2~COUNT I INPUT 

24 RESET 

'crooose res'Slors 
toglvt! reqUired 

segmenlcurren! 

Flg.S COMMON ANODE LED DISPLAY 
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TYPICAL CHARACTERISTIC CURVES 

V GO " -7V V GG " -12V 

30~--~~--r--------'~-------' ~~------~--------~----------

20 

'~----j---_-+ ___ VV'CS -VGI 

CURRENT mA CURRENT mA 

o.,~------~--------+-------~ 

25 50 75 25 60 75 

TEMP.. DC TEMP. DC 

R~ ~ro 
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TYPICAL CURVES OF SEGMENT CURRENT VS. TEMPERATURE AT 1V ACROSS OUTPUT DEVICE 

50 

40 

30 

'S 20 
mA 

'S 
mA 

10 

50 

40 

30 

20 

-

-
-

-

a 

-

-

-

-

VGG • -7V; ves· Vee 

/ 
V 

/ 
V 

I , , 
0,5 1,0 1,5 2.0 

Vs volts 

Rg.11 

/ 
/V 

/ 
V " 

10 -

a 0,5 1.0 2.0 

Vs volts 

Flg.13 

'S 
mA 

50 

... 40 
z 
w 
a: 
a: 
:> 30 u ... 
:> .. ... 
:> 20 0 ... 
Z 
w 
::; 

~ 10 

50 

40 

'S 
mA 

30 

20 

10 

VGG ' -I2V; ves' Vee 

l / -
I - V 

J 

V 
-
/ 

0.5 1,0 2.0 
SEGMENT VOL TAGE 

Vs vollS 

Flg.12 

-
-

-
~ -

V 
V 

-
V V 

I 
1.0 

Vs volts 

Rg.14 

I 
1.5 

I 
2.0 

TYPICAL SEGMENT OUTPUT CURRENT VS. OUTPUT VOLTAGE AT+25°C 



AY-5-4121 AY-5-4221 

Fluorescent Display Driver 

FEATURES 

• Multiplex drive for 7 or 21 digits without loss of brightness 
• Accepts data in BCD or 7 segment format 

DESCRIPTION 

This family of devices can accept serial data from any system in 
BCD or 7 segmant format. Once I!ccepted, the data Is statlclsed 
and multiplexed out at a frequency of 8KHz to directly drive a 
segment fluorescent display. 
Devices In the family are available according to the characteristics 
shown In the following table: 

Number Data 
Device Type of Dlglt8 Input Format Package 

AY-5-4121 21 BCD 40 Pin 
AY-5-4221 21 7 Segment 40 Pin 

OPERATION 

There are 2 modes of operation. In the first mode the CK input Is 
forced and data Input Is synchronized with the clock line. 

In the second mode a capacitor is connected between CK and 
Vss. This allows the oscillator to free run. Data Is then Input 
asynchronously with the clock line. 

Synchronous Operation (e.g. Data Input from PIC 1650A) 

CK+VE 
-VE 

DATA :x DIGIT7 X'--_.JX DIGIT 1XDIGIT 2 x:. 
Fig. 1 

The timing diagram for the control signals is shown in Fig. 1. 

The CK line forces the oscillator and the SYNC line is used to 
strobe in data. 

The input counter which is used to address the latches is reset by 
holding the SYNC line negative for one or more clock pulses. When 
the SYNC line is taken positive the' data input to the first latch 
is enabled. 

When this line falls, the input counter is clocked on and the second 
latch is addressed. Data input to the latch is then enabled by 
taking the SYNC line positive. 

As can be seen from the timing diagram, data changes must take 
place when the SYNC is negative to ensure that date is valid during 
the period when the data input is enabled. 

AY-5-4221 

PIN CONFIGURATION 
AY-5-4121 /4221 

v" 
Voo 

Clock 

Sync 

Input a/2,o 

Input bl21 6 
input cl2J 7 

Input t 
Input 9 

V" 
MX1 output 

MX2 output 

MX3 output 

MX4 output 

MX5 output 
MX6 output 

MX7 output 

Seg. 1 a output 

Seg. 3g output 

Seg. 3f output 

Seg. 3e output 

Seg. 3d output 

Seg. 3c output 

Seg. 3b output 

Seg. 3a output 

Seg: 2g output 

Seg. 21 output 
Seg. 28 output 

Seg. 2d output 

Seg. 2c output 

Seg. 2b output 

Seg. 28 output 

Seg. , 9 output 

Seg. , f output 

Seg. 1 e output 
Seg. 1 d output 
Seg. 1c output 

Seg. 1 b output 

Asynchronous Operation (e.g. Data Input from pic 1650A) 

DATA y ____ x:=:x::::x=: 
In this case the SYNC line is used as before. In order to reset the 
counter, the line is held negative for""a period >80IlS. In order to 
clock onto the next latch, the line is taken negative for a period of 
between 411S and 1 OilS. 

Again data change must take place when the SYNC line is negative 
to ensure that data is valid during the period when the data input 
is enabled. 

DATA INPUT 

In the seven segment option a negative level (Vee) at the segment 
input causes that segment to be turned on at the appropriate 
MXperiod. 

In the BCD option the logic 1 is taken as the positive level Vss. Data 
is decoded as follows: 

,-, 
'_1 :' -, ,- .::, I , -, ,­

'::1 
, 
C, 

-, ,-, 
I 1::, 

,-, '-1 
-I CI 

,­
I-

,­,- ,­
e blank 

It is possible to change these chara<;ters by mask option. 
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PIN FUNCTIONS 

Pin No. Name 

1 Vss 
2 VDD 
3 CK 

4 SYNC 
5-11 Data Input 

DP Input 
12 VLL 

MX Outputs 
13-19 MX Outputs 

Segment Outputs 
2D-4D Segment Outputs 

ELECTRICAL, CHARACTERISTICS 

Maximum Ratings* 

Positive Supply 
Negative Supply 

Function 

This is the oscillator input. A capacitor is connected between this pin and Vss to 
allow the oscillator to free run 
This input controls the Serial data input to the latches' 
I n the seven segment option a negative level turns the appropriate segment on, The 
BCD option, logic 1 is taken as the positive level (Vss) 
Logic levels as for Data Input 
Display supply voltage. All high voltage outputs have internal pull-down resistors 
connected to this pin 
Multiplex outputs are switched to Vss to select a digit 
Multiplex outputs are switched to Vss to select up to 3 digits 
These outputs are switched to Vss to turn on a segment 
These outputs are switched to Vss to turn on a segment. The outputs are arranged 
in 3 groups allowing up to 3 separate digits to be displayed on each multiplex slot 

Voltage on any pin with respect to Vss ............................ +3.DV to -35V 'Exceeding these ratings could cause perma­
nent damage. Functional operation of these 
devices at these conditions is not implied 
-operating ranges are specified below. 

Operating temperatures range ...................................... DO C to 85° C 
Storage temperature range ..................................... -55°C to 15DoC 

Standard Conditions (unless otherwise specified) 
Vss = DV 
Voo = -,-12V ± lD% 
VLL = Voo to ~33V 

Characteristics 

Multiplex Clock Frequency 

Control Inputs 
Logic'D' 
Logic'l' 

Multiplex Outputs 
Logic'D' 

Segment Outputs 
Logic'D' 
Pull down current on high 

Voltage Outputs 

8-110 

Min 

-

+D.3 
-5 

-

-
300 

4D 

Typ Max Units 

25 - kHz 

- -1.5 Volts 
- Voo Volts 

- -2 Volts 

- -2 Volts 
- 550 f.lA 

- 75 f.lA 

Conditions 

lDDDpF between CK and Vss 

lout = 5mA (note that on 21 digit versions total 
lout is 3 x SmA = 15mA) 

lout = 2mA 
VLL = -33 Volts 
Vout = -2 Volts 
VLL = -33 Volts 
Vout = "":2 Volts 
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GENERAL 
INSTRUMENT 

The Microelectronics Division of . 
General Instrument Corporation is 
one of the world's leading 
manufacturers of LSI (Large Scale 
Integrated) microcircuits. A pioneer 
in MOS in 1966, General 
Instrument is a worldwide source of 
microcircuits utilizing Hybrid, 
Bipolar and MOS technologies in 
service to the consumer, industrial 
and public service marketplaces. 

The Microelectronics Division 
has facilities in every major market 
providing customers with a full 
spectrum of services including 
immediate delivery ... new product 
development. .. applications 
engineering ... and high volume 
circuit manufacturing. 

Strategically Located Plants 
The Microelectronics Group 
operates five main production 
facilities in the United States, Europe 
and Far East. Plants at Glenrothes, 
Scotland; Chandler, Arizona; and 
Hicksville, New York,have complete 
capability for product design, mask 
making, diffusion, assembly, test and 
quality assurance. Factories in 
Kaohsiung, Taiwan, and Manila, 
Philippines are dedicated to high 
volume assembly, test, quality 
assurance and applications of 
Microelectronics products. 

In addition to providing reliable 
sources of supply on three 
continents, General Instrument 
operates each plant as a backup 
facility to the others, to insurE? 
uninterrupted delivery. Common. 
processes and equipment are 
employed and major product styles 
are always produced in at least two 
separate locations. To maintain 
uniform standards from plant to 
plant, the quality assurance and 
p'rocess control groups at each 
facility are directed by quality control 
policy established at Group and 
Corporate levels. 

Processes 
Microelectronics products produced by the 
Microelectronics Division are in accordance 
with technologies that are standard to the 
Microelectronics industry. Production 
capability exists for P-Channel Metal Gate, 
N-Channel Metal Gate, N-Channel Silicon 
Gate, CMOS and 12L. In addition, General 
Instrument is the world's leading manufacturer 
of products in the non-volatile memory 
nitride technology. This broad repertoire 
provides you, the customer, with the best 
process for the job every time. 

Product Quality 
With a major investment in product 
test and in-line quality control 
equipment, the Microelectronics Division of 
General Instrument is dedicated to delivery 
of complex integrated circuits to the incoming 
quality level and with the reliability its 
customers require. Most products routinely 
receive final test at elevated temperature 



temperature and extensive burn-in 
facilities exist for 100% preshipment 
stress as well as confirmation of 
outgoing product quality. 

Customer Service 
General Instrument Microelectronics 
believes in CUSTOMER SERVICE. 
Customer Service departments are 
maintained at each major location to 
provide immediate response to 
questions concerning order service 
and deJivery. Our customer service 
personnel are trained to consider our 
customers' needs as their most 
urgent requirement. Calion them 
and let us prove that we are 
dedicated to responsive service. 

Advanced Design Centers 
To provide our customers with the 
latest in LSI technology, General 
Instrument Microelectronics main­
tains R&D centers at Glenrothes, 
Scotland; Hicksville, New York; and 
Chandler, Arizona. In addition, the 
Microelectronics activity is 
supported by general research in 
various fields carried out with such 
prestigious organizations as the 

Massachusetts Institute of Tech­
nology, State University of New York 
at Stony Brook and the University of 
Utah. 

In addition to its extensive catalog 
of standard products, General 
Instrument Microelectronics is 
happy to provide custom design 
service to satisfy special require­
ments. In some cases, the applica­
tion is best served by a software or 
firmware modification of one of our 
standard microprocessors. In other 
cases, a dedicated microprocessor 
is more cost effective. These 
services may be arranged through 
any of the Microelectronics sales 
offices. 

Applications Assistance Around 
the Globe 
To provide the special applications 
assistance that customers may 
require, General Instrument Micro­
electronics maintains fully staffed 
Applications Centers at strategic 
locations around the world ... 
U.S.A. - Hicksville, New York; 
Chandler, Arizona; and Los Angeles, 
California. 
EUROPE - Glenrothes, Scotland; 
London, England; Paris, France; 
Munich, Germany. 
ASIA - Kaohsiung, Taiwan; Tokyo, 
Japan; and Hong Kong. 

Arrangements can be made for 
immediate assistance from these 
centers by contacting any of the 
sales offices listed in this booklet. 

I 
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Corporate Support 
General Instrument Microelectronics 
is backed byitle full-resources of the 
General Instrument Corporation, which has 
for over 50 years been among the leaders 
in the application of modern technology to 
entertainment, industrial, military, data and 
communications electronics. The skills, 
production know-how, and technological 
capability of the entire General. Instrument 
organization are utilized by the Micro­
electronics Group to further irpprove its 
products and customer services. 
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Among the many other electronic 
components manufactured by General 
Instrument are discrete semiconductors, 
relays, miniature lamps, and TV components. 
General Instrument is a leading manufacturer 
of cable TV products, off-track and on-track 
wagering systems, point-of-sale equipment 
and apparatus for defense applications. 



MANUFACTURING FACILITIES 

HICKSVILLE. NEW YORK __ .G.L.ENROTHES. SCOTLAND 

CHANDLER. ARIZONA KAOHSIUNG. TAIWAN 

I 
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Microelectronics Division/General Instrument Corporation 
WORLDWIDE SALES OFFICES 

NORTH AMERICA 
UNITED STATES: 
MICROELECTRONICS DIVISION 
GENERAL INSTRUMENT CORPORATION 
NORTHEAST 
600 West John Street, 
Hicksville, New York 11802 
Tel: 516-733-3107, TWX: 510-221-1866 

SOUTHEAST 
7901 Fourth Street North, Suite 208 
St. Petersburg, Florida 33702 
Tel: 813-577-4024 

EAST CENTRAL 
4524 S. Michigan Street, 
South Bend, Indiana 46614 
Tel: 219~291-0585, TWX: 810-299-2518 

CENTRAL 
2355 S. Arlington Heights Rd., Suite 210 
Arlington Heights, Illinois 60005 
Tel: 312-981-0040, TWX: 910-222-0431 

SOUTHWEST 
201 Standard Street, 
EI Segundo, California 90245 
Tel: 213-322-7745, TWX: 910-348-6296 

WESTERN 
3080 Olcott Street, Suite 2350, 
Santa Clara, California 95051 
Tel: 408-496-0844, TWX: 910-379-0010 

MANUFACTURING FACILITIES 

EUROPE 
EUROPEAN SALES HEADQUARTERS: 
GENERAL INSTRUMENT MICROELECTRONICS LTD. 
Regency House, 1-4 Warwick Street, London W1 R 5WB 
Tel: 01-439-1891, Telex: 23272, 
CENTRAL EUROPEAN SALES OFFICE: 
GENERAL INSTRUMENT DEUTSCHLAND GmbH 
(MOS Produktgruppe) 
Nordendstrasse 3, 8000 Munchen 40 
Tel: (089)28.40.31, Telex: 528054 
SOUTHERN EUROPEAN SALES OFFICE: 
Via Jacopo Palma, 20146 Milano 
Tel: (02) 408.41.01, Telex: 332423 

ASIA 
HONG KONG: 
GENERAL INSTRUMENT HONG KONGL TD. 
139 Connaught Road Central, 14/F, San-Toi Building 
Tel: (5) 434360, Telex: 84606 . 
JAPAN: 
GENERAL INSTRUMENT INTERNATIONAL'CORP. 
Fukide Bldg. 8th Floor, 1-13 Toranomon 4-Chome 
Minato-ku, Tokyo 105 
Tel: (03) 437-0281, Telex: 26579 
TAIWAN: 
GENERAL INSTRUMENT 
MICROELECTRONICS TAIWAN 
B2-11 Kaohsiung Export Processing Zone, Kaohsiung 
Tel: (07) 830402, Telex: 785-81901 

Hicksville, New York. Chandler, Arizona. Glenrothes, Scotland. Kaohsiung, Taiwan. Manila, Philippines 

APPLICATIONS CENTERS 
U.S.A.-Hicksville, New York. Chandler, Arizona. Los Angeles, California 
EUROPE-Glenrothes, Scotland. London, England. Paris, France. Munich, Germany 
ASIA-Kaohsiung, Taiwan. Tokyo, Japan. Hong Kong 
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SALES REPRESENTATIVES 

UNITED STATES 
SALES 
REPRESENTATIVES 
ALABAMA 
Macro-Marketing Assoc. 
3315 S. Memorial Parkway 
Huntsville. AL 35801 
Tel: (205) 883-9630 

ARIZONA 
Spectrum Assoc. 
1944 W. North Lane No.2 
Phoenix. AZ 85029 
Tel: (602) 997-6324 

CALIFORNIA 
Varigon Assoc. 
137 Eucalyptus Drive 
EI Segundo. CA 90245 
Tel: '(213) 322-1120 
Varlgon Assoc. 
2356 Moore Street 
San Diego. CA 92110 
Tel: (714) 299-5413 
Quad Rep 
2713 N. First Street 
San Jose. CA 95131 
Tel: (408) 946-4000 

COLORADO 
Eggeman Assoc. 
3539 Decatur Street 
Denver. CO 80211 
Tel: (303) 433-5063 

CONNECTICUT 
Gerald Rosen Co. 
2505 Main Street 
Stratford. CT 06497 
Tel: (203) 375-5456 

FLORIDA 
Hutto, Hawkins & Peregoy 
139 Candace Drive 
Maitland. FL 32751 
Tel: (305) 831-2474 
Hutto, Hawkins & Peregoy 
1651 West McNab Road 
Ft. Lauderdale. FL33309 
Tel: (305) 971,5750 

ILLINOIS 
Metcom Assoc. 
2 Talcott Road 
Park Ridge. IL 60068 
Tel: (312) 696-1490 

INDIANA 
Valentine & Assoc. 
1000 N. Madison Avenue 
Greenwood. IN 46142 
Tel: (317) 888-2260 
Valentine & Assoc. 
2037 E. Ireland Road 
South Bend, IN 46614 
Tel: (219) 291-3863 

KANSAS 
Mldtec Assoc. 
6912 Marion 
Shawnee Mission. KS 66218 
Tel: (913) 441-6565 

MARYLAND 
Component Sales 
3701 Old Court Road. #14 
Baltimore, MD 21208 
Tel: (301) 484-3647 

MASSACHUSETTS 
Gerald Rosen Co. 
271 Worcester Road 
Framingham. MA 01701 
Tel: (617) 879-5505 

MICHIGAN 
Valentine & Assoc. 
P.O. Box M1248 
Ann Arbor. MI 48106 
Tel: (313) 668-8135 

MINNESOTA 
Quantum Sales 
4815 W. 77th Street 
Minneapolis, MN 55435 
Tel: (612) 831~8583 

MISSOURI 
Midtec Assoc. 
110 South Highway 67 
Florissant. MO 63033 
Tel: (314) 837-5200 

NEW JERSEY 
R.T. Reid Assoc. 
705 Cedar Lane 
Teaneck. NJ 07666 
Tel: (201) 692-0200 

NORTH CAROLINA 
Component Sales 
3825 Barrett Drive 
Raleigh. NC 27609 
Tel: (919) 782-8433 

OHIO 
G&H Sales Co. 
7754 Camargo Road 
Cincinnati. OH 45243 
Tel: (513) 272-0580 
G&H Sales Co. 
P.O. Box 91 
Grove City, OH 43123 
Tel: (614) 878-1128 

OREGON 
Jas. J. Backer Co. 
2035 SW. 58th Street 
Portland. OR 97221 
Tel: (503) 297-3776 
Jas. J. Backer Co. 
353 Reese Hill Road SE 
Salem. OR 97302 
Tel: (503) 362-0717 

PENNSYLVANIA 
Knowles Assoc. 
1 Fairway Plaza 
Huntingdon Valley, PA 19006 
Tel: (215) 947-5641 

TEXAS 
Oeler & Menelaides 
9119 S. Gessner 
Houston. TX 77074 
Tel: (713) 772-0730 
Oeler & Menelaldes 
558 S. Central Expressway 
Richardson. TX 75080 
Tel: (214) 234-6334 

WASHINGTON 
Jas. J. Backer Co. 
221 West Galer Street 
Seattle. WA 98119 
Tel: (206) 285-1300 

CANADA 
SALES 
REPRESENTATIVE 
ONTARIO 
Pipe-Thompson Ltd. 
5468 Dundas Street West 
Suite 206 
Islington. Ontario M9B 6E3 
Tel: (416)236-2355 



UNITED STATES 
DISTRIBUTORS 
ALABAMA 
Hall-Mark (205) 839-8700 .n'iJ 
Pioneer (205) 837-9300 {LV-

CALIFORNIA IV 
Bell (213) 515~1800 .(\ \g 
Bell (408) 734-8570 ,:~ 
Arrow (408) 739-3011 "'I. 

Diplomat (408) 734-1900 41 
Anthem (408) 738-1111:.J' 
Arrow (714) 565-4800 
Anthem (714) 453-9005 
Anthem (714) 582-2122 
Emitter (714) 557-7131 

. COLORADO 
Arrow (303) 785-2100 
Diplomat (303) 427-5544 
Bell (303) 424-1985 

CONNECTICUT 
Arrow (203) 265-7741 
Diplomat (203) 797-9674 

FLORIDA 
Diplomat (813) 443-4514 
Diplomat (305) 971-7160 
Arrow (305) 776-7790 
Hall-Mark (305) 971-9280 
Hall-Mark (305) 855-4020 
Arrow (305) 725-1480 
Diplomat (305) 725-4520 
Pioneer (305) 859-3600 

GEORGIA 
Arrow (404) 449-8252 

ILLINOIS 
Diplomat (312) 595-1000 
Hall-Mark (312) .860-3800 
Advent (312) 297-6200 
Arrow (312) 893-9420 
Bell/Century (312) 982-9210 

INDIANA 
Advent (317) 297-4910 

IOWA 
Advent (319) 363-0221 

KANSAS 
Hall-Mark (913) 888-4747 

MARYLAND 
Arrow (301) 247-5200 
Hall-Mark (301) 796-9300 
Diplomat (301) 995-1226 
Pioneer (301) 948-0710 

MASSACHUSETTS 
Diplomat (413) 592-9441 
Diplomat (617) 429-4120 
Greene Shaw (617) 969-8900 
Arrow (617) 933-8130 

MICHIGAN 
Arrow (313) 971-8220 
Diplomat (313) 477-3200 
Advent (313) 477-1650 

MINNESOTA 
Arrow (612) 830-1800 
Diplomat (612) 788-8601 
Hall-Mljrk (612) 887-6400 

MISSOURI 
Hall-Mark (314) 291-5350 

NEW HAMPSHIRE 
Arrow (603) 668-6968 

NEW JERSEY 
Arrow (609) 235-1900 
Diplomat (609) 234-8080 
Arrow (201) 797-5800 
Diplomat (201) 785-1830 

NEW MEXICO 
Arrow (505) 243-4566 
Bell/Century (505) 292-2700 

NEW YORK 
Arrow (315) 652-1000 
Diplomat (315) 437-9900 
Arrow (516) 231-1000 
Diplomat'(516) 454-6400 
Arrow (716) 275-0300 

NORTH CAROLINA 
Pioneer (919) 273-4441 
Hall-Mark (919) 832-4465 
Arrow (919) 725-8711 

OHIO 
Arrow (513) 761-5432 
Arrow (513) 253-9176 
Arrow (216) 248-3990 
Hall-Mark (614)846-1882 

OKLAHOMA 
Hall-Mark (918) 665-3200 

OREGON 
Bell (503) 241-2115 

PENNSYLVANIA 
Pioneer (215) 674-4000 
Hall-Mark (215) 355-7300 
Arrow (412) 351-4000 

TEXAS 
Hall-Mark (512) 837-2814 
Arrow (214) 386-7500 
Hall-Mark (214) 234-7400 
Hall-Mark (713) 781-6100 
Arrow (713) 491-4100 

DISTRIBUTORS 

UTAH 
Bell/Century (801) 972-6969 
Diplomat (801) 486~4134· 

WASHINGTON 
Bell (206) 747-1515 
Arrow (206) 575-0907 

WISCONSIN 
Hall-Mark (414) 761-3000 
Arrow (414) 764-6600 
Bell (414) 784-0235 

CANADA 
DISTRIBUTORS 
BRITISH COLUMBIA 
Vancouver 
Future (604) 438-5545 

ONTARIO 
DowlIsvlew 
Future (416) 663-5563 
Ottawa 
Future· (613) 820-9471 

QUEBEC 
Montreal 
Future (514) 731-7441 
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AGENCIES & DISTRIBUTORS 

EUROPE 
AGENCIES & 
DISTRIBUTORS 
AUSTRIA 
Elbatex GmbH 
Endrestrasse 54, 
A-1238 Wien 
Tel: 0222/88 56 11 
Telex: 0133128 

BELGIUM 
C.P. Clare International N.V. 
32 Avenue de I'Horizon 
B-1150 Bruxelles 
Tel: 02-771.98.08 
Telex: 24157 

Vekano 
Bosstraat 221 
B-1150 Bruxelles 
Tel: 7620505 
Telex: 21923 

DENMARK 
A/S Nordisk-Elektronik 
Transformervej 17 
DK-2730 Herlev 
Tel: 84.30,00, 
Telex: 35200 

FINLAND 
Jorma Sarkkinen Ky. 
P.O. Box 19, 
SF-02101 Espoo 10 
Tel: 46.10.88 
Telex: 122028 

FRANCE 
P.E.P. 
4 Rue Barthelemy 
92120 Montrouge, 
Tel: 735.33.20 
Telex: 204534 

GERMANY 
Berlin 
Roederstein-Baulemente 
Vertriebs GmbH 
Grunewaldstrasse 39a 
1000 Berlin 41 
Tel: 0 30/7 91 40 29 
Telex: 0184327 

Frankfurt/ Main 
Berger Elektronik GmbH 
Am Tiergarten 14 
6000 Frankfurt 
Tel: 0611/49 0311 
Telex: 04 12649 

Heilbronn 
Elbatex GmbH 
Cacilienstrasse 24 
7100 Heilbronn 
Tel: 0 7131/89001, 
Telex: 728362 . 

Lehrte 
Altron KG 
Germanistrasse 10 
3160 Lehrte 
Tel: 0 51 32/5 30 24 
Telex: 922383 

Munchen 
Electronic 2000' 
Vertriebs-GmbH 
Neumarkter Str. 75 
8000 Munchen 80, 
Tel: 0 89/43 40 61 
Telex: 052 2561 

HOLLAND 
Curijn Hasselaar 
Van Utenhoveweg 100 
P,O. Box 37, Geldermalsen 
Tel: 03455-3150 
Telex: 40259 

IRELAND 
Neltronic Ltd. 
John F. Kennedy Road 
Naas Road, Dublin 12 

'. Tel: (01) 501845, 
Telex: 4837 

ITALY 
Milano 
Adelsy S.p.A. 
Via Domenchino, 12 
20100 Milano 
Tel: 4985051-2-3-4-5 
Telex: 332423 

Genova 
Adelsy S.p.A. 
P.zza della Vittoria, 15/25 
16121 Genova 
Tel: 010/589674 

Roma 
Adelsy S.p.A. 
Via di Vigna MUrata 1A 
Roma 
Tel: 06/595310 

Torino 
Adelsy S.p.A. 
C.so Matteotti, 321 A 
10121 Torino 
Tel: 011/53914 

Udine 
Adelsy S.p.A. 
Via Marangoni, 45/48 
33100 Udine 
Tel: 0432/26996 

NORWAY 
J.M. Feiring A IS 
Box 101, Bryn, Oslo 6 
Tel: (02) 19.62.00, 
Telex: 16435 

PORTUGAL 
Equipamentos 

de Laboratorio, Lda., 
P.O. Box 1100, 
Lisboa 
Tel: 976551 
Telex: 12702 



SPAIN 
Sagitron S.A. 
c/,Castello, n.25, 2° D 
Madrid-1. 
Tel: 275.48.24/275.54.26, 
Telex: 43.819 

SWEDEN 
Ajgers Elektronik AB 
Box 7052 
S-172-07 Sundbyberg 
Tel: 08-985475, 
Telex: 10526 

SWITZERLAND 
Ellyptic AG 
Fellenbergerstrasse 281, 
CH-8047 Zurich 
Tel: 015411 00 
Telex: 56835 

Elbatex AG, 
Alb. Zwyssig Strasse 28 
CH-5430 Wettingen 
Tel: 056/26 56 41 
Telex: 55239 
UNITED KINGDOM 
Keighley 
Semicomps Northern Ltd. 
Ingrow Lane 
Keighley, W. Yorks, 
Tel: 053565191 
Telex: 517343 
Kelso 
Semicomps Northern Lt·d. 
East Bowmont Street 
Kelso, Roxburghshire 
Tel: 05732 2366 
Telex: 72692 
Kenilworth 
Semicomps Ltd. 
3 Warwick House, Sta. Rd. 
Kenilworth, Warwickshire 
Tel: 0926-59411, 
Telex: 312212 
Reading 
Celdis-SDS 
37/39 Loverock Road 
Reading, RG3 1 ED 
Tel: 0734 582211 
Telex: 848370 

AGENCIES & DISTRIBUTORS 

Manchester 
Crellon Electronics, Ltd. 
24 B rog hton Street 
Cheeton Hill, Manchester 
Tel: 061 831 7471 
Telex: 668304 
SI. Albans 
Semic'omps Ltd. 

. Wellington Road 
London Colney 
St. Albans, Herts. 
Tel: Bowmans Green 24522 
Telex: 21108 
Slough 
Crellon Electronics Ltd. 
380 Bath Road 
Slough 
Tel: 06286 4434 
Telex: 847571 
West Drayton 
Semiconductor Specialists Ltd. 
Premier House, Fairfield Road 
Yiewsley, West Drayton, 
Middlesex. 
Tel: West Drayton 46415 
Telex: 21958 

YUGOSLAVIA 
Rapido SARL 
Via G. Corsi 4, 
34100 Trieste, 
Italy 

MIDDLE EAST 
ISRAEL 
Alexander Schneider Ltd. 
44 Petach Tikva Road 
Tel-Aviv . 
Tel: 3 320.89-3 346.07 
Telex: 33613 

ASIA 
INDIA 
Bee Arosales (Exporters) 
36 Eastcastie Street 
London W.L 
Tel: 01-636 6614/01-636 8211 

PAKISTAN 
Bee Arosales (Exporters) 
36 Eastcastie Street 
London W.L 
Tel: 01-636-6614/01-636 8211 

KOREA 
Seoul 
Han-Dok Co. Ltd. 
Rm. 503 Hapdong Tongshil Bldg. 
108-4 500 Seng Deng, Jeng Ro Ku 
Seoul, South Korea 
Telex: 23276 

AUSTRALIA 
Victoria 
Daneva Control Pty. Ltd. 
70 Bay Road 
Sandringham, 3191 
Tel: (03) 598-9207 
Telex: 34439 

NEW ZEALAND 
Auckland 
David Reid Professional Products Ltd. 
Box 2630 (17 Huron Street, Takapuna) 
Auckland 1 
Tel: 499-197 
Telex: 2612 

SOUTH AFRICA 
.Transvaal 
Pace Electronic Components (Pty.) Ltd. 
P.O. Box 75239 
Garden View, 
2047 Transvaal 
Tel: 616-7824/5/6 
Telex: 8-9679 
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r-_______________________________ TERMSOFSALE __________ ------------------____ ~ 
1. FORMATION OF CONTRACT. Any term of Buyer's order or of ret eases pertaining thereto or in 
any communication from Buyer, which is in any way inconsistent with or in addition to these Terms of 
Sale, shall not be applicable hereto or binding upon Seller. Buyer's failuretoobjectto any ofthese Terms 
of Sale in writing prior to the commencement of performance by Seller or the acceptance of any of the 
goods or services described on the front hereof (the "items") shall be conclusively deemed to be 
acceptance of all these Terms of Sale (without regard to whether Buyer makes or may make any 
inspection with respect to such items). Seiter's failurato objacttotermscontained in any communication 
from Buyer shall nol be deemed to be a waiver of these Terms of Sale. 
Z. PRICES. 

(a) Prices are F.O,B. Seller's plant, unless otherwise specified on the front hereof, Prices do not 
include any taxes or duties, now or hereafter enacted, applicable to the items or to this transaction, all of 
which taxes and duties shall be Buyer's responsibility, Such taxes and duties shall be added bySellerto 
the sales price hereunder, where appropriate. ' 

(b) Prices apply only if Buyer releases all quantities shown on the front hereof within twelve (12) 
months, and shipment occurs within eighteen (18) months, after the date SeUer receives Buyer's order; 
otherwise Seller's standard prices in effect on the date hereof for the quantity actually shipped shall 
apply, and Buyer shall pay the increase In price, if any. 
3. PAYMENT TERMS. If Seller extends credit to Buyer, terms of payment will be net thirty (30) days 
after date of invoice. After the due date, the lesser of one and one-half (1~%) percent of the unpaid 
balance (annual rate of 18%) or the maximum late payment penalty charge permitted by law Will be added 
for each month or part thereof that payment is delayed. Seller has the right, at any time, to change the 
amount of credit or terms of payment or to withdraw credit, and to require partial or full payment in 
advance as a condition of making further shlpments. If Seller delivers in installments, each installment 
shall be deemed to be a separate delivery for purposes of this paraQraph. Payment shall be made without 
regard to whether Buyerhas made or may make any Inspection or tests. Anythi~g herein to the contrary 
notwithstanding, if shipments are delayed at Buyer's request, payments shall be due on the date Seller Is 
pr.epared to make shipments. Goods held thereafter by Seller or carrier for Buyer shall be at Buyer's sole 
risk and expense. 
4, RISK OF LOSS AND SHIPMENT; TITLE: Liability for loss or damage passes to Buyer when 
Seller puts the goods into possession of a carrier for shipment to Buyer (the carrier being deemed to be 
acting as Buyer's agent) Seller has the right to shipin installments. Shipping dates are approxlmate only. 
Seller shall not be liable for any loss or expense (consequential or otherwIse) Incurred by Buyer If Seller 
fails to meet such dates for any reason, in~luding, but not limited to, the contingencies stated in 
paragraph 7 hereof or any other unavoidable production delays, delays in prompt approval of sam pies by 
Buyer. modification of specifications previously agreed upon or delays in submission of specifications 
acceptable to Seller. Delays in shipment, non·conformily or, [lon-shipment of an Installment shall not 
relieve Buyer of its obligations hereunder with respect to any other installments, each i~slallment being 
deemed to be a separate contract. Buyer hereby authorizes Seller to produce all or substantially all of the 
total quantity of any product set forth on the front hereof in'advanceoftheestimateshipmentdate(s) and 
hold for Shipment in accordance with such date(s). Unless specified on the front hereof, Seller shall 
select the mode of transportation and the carrier. All right, tille ahd interest in andtoall items covered by 
Buyer's order are reserved to Seller until the full purchase price for all such items has been paid. Buyer 
hereby authorizes Seller 10 execute and file, at any tIme or times, one or more financing statements with 
respect to such items, signed only by Seller. . 
5. INSPECTION AND ACCEPTANCE. The electrical performance specifications for the product 
shall be in accord with the Seller's published data sheet or the customer procurement specifications 
referenced on .the front hereof. The Buyer shalt inspect and accept the products within three weeks of 
date of Buyer's receipt or six wee~s from the date of the Seller's shipment, whicheve'r is the shorter period. 
Any claim for,goods nonconforming 10 conditions of inspection must be made in writing within this 
period. Seller has the right to examine at Buyer's premises any items the Buyer claims are nonconform­
ing. Seller has the right to impose a rescreening charge of not less than .10eperunit if shipments returned 
to the Seller are found to be within Ihe following inspection standards: 

A. Consumer and Entertainmenl-1%. 
B. Industrial and Military products-.65%. 
Repairs that are the Seller's responsibility may, at Seller's election, be made at Buyer's premises. 

6. QUANTlrIES.· Any variation in quantities shipped over or under the quantities ordered (not to 
exceed 5% for:standard products and not to exceed 10% for custom and custom-patterned products) 
shall constitute compliance with Buyer's order and the unit price shall continue to apply. All claims for 
shortages in excess of such variations shall be made within ten (10) days after date of receipt of shipment. 
7, CONTINGENCIES •. Seller shall not be liableforanydelayin performance or for non-performance, 
in whole or in:part, caused by the occurrence of any contingency beyond the control either of Seller or 
Seller'ssuppliers, including, but not limited 10, war (whether an actual declaration thereofismadeornot), 
sabotage, insurrection, riot or other act of civ!t disobe~jence, act of a public enemy, failure or delay in . 
transportation, act of any government or any agency or subdivisIon thereof affecting the terms of this 
contract or otherwise, judicIal action, labor dispute, accident, fire, explosion, flood, storm or other Act of 
God; shortage of labor, fuel, raw materials, tools, dIes, or equipment; or technical or yield failure. Any 
such delays shall excuse Seller from performanc~, and Seller's time for performance shall be extended, 
for the period of the delays and for a reasonable period thereafter: If any contingency occurs, Seller may 
allocate production and deliveries among any or all of Seller's customers as Seller may determine, 
including, without lim.ltation, regular customers not then under contract and Seller's (Including Seller's 
subsidiaries' and affiliates') own requirements for further manufacture or other use. 
8, SUBSTITUTION AND MODIFICATION OF GOODS. Seller has the right to modify the specifi­
cations of goods designed by Seller and substitute substantially equivalent goods manufactured to such 
modified specifications. 
9. WARRANTIES. Seller, except as otherwise herein provided, warrants that the goods shall be free 
from defects in m~terials and workmanship (under normal use and services) for the following periods: 

A. Consumer and Entertainment products-90 days. 
B. Industrial and Militar'y products-1 year. 
C. Processed semiconductor chips-30 days. 
Seller's warranties shall not extend to any items subjected to accident, misuse, neglect, alteration, 

improper installation, improper testing or unauthorized repair. 
Seller. makes NO WARRANTY as to experimental or developmental goods or goods not manufac­

tured by Seller, As to goods not manufactured by Seller, at Buyer's request, Seller, to the extent permitted 
by Seller's contract with its supplier, shall assign to Buyer any rights Seller may have underanywarranty 
of the.supplier"thereof. 

Seller's' warranties extend to the Buyer'and to no other person or entity, 
Seller's warranties 'as hereinabove set forth shall not be enlarged, diminished or affected by, and no 

obligation or liability shall arise or grow out of, Seller's rendering of technical advice or service In 
connection with Buyer's' order of the goods furnished hereunder. 

The foregoing are In Ueu of all warranties, express, Implied or statutory, Including, but not limited to, 
any Implied warranty of merchantability or fitness for a particular purpose and any other warranty 
obligation on the part of the Seller. 
10. PROPRIETARY RIGHTS AND CONFIDENTIALITY. 

(a) All information, know-ho~, progra.mming, software, trademarks, trade secrets, plans, drawings, 
specifications, designs and patterns furnished or created by Seller or by Seller's agents or contractors 
(other than Buyer) and any, and all property rights embodied therein .are and shall remain the sale 
property of Seller and neilher Buyer nor any other party shall have or acquire any interest thereIn. 

(b) Buyer recognizes and acknowledges that certain confidential, secret or proprietary information 
possessed by Seller ("Information") is a'valuable business asset of Seller anC! that disclosure of the 
Information would cause grave arid irreparable Injury to Seller. Buyer shall at art times, whether during 
the term of this contract or .subsequent thereto, honor, maintain and protect the confidentiality and 
secrecy of such of the Inform'ation as Seller may disclose to Buyer or its agents. Buyer shall not make any 
copies of any of the Information without priorwritteF1 cQnsent of Seller and will take appropriate action to 
restrict access to the Information to those of lis employees and agents who have an actual need forsuch 
access in the course of their dutietl. This proviSion shall surviVe the performance, termination or 
cancellation of this contract. 
11. TOOLING, ' Unless otherwise expressly prov'ided, Seller will retain title to, possession of. and the 
right to exclusive use of, all jigsr dies, fixtures, molds, patterns, gauges, taps, equipment, manufacturing 
aids and similar dev.ices, made or obtained for the performance of this contract, without regard to 
whether a separate charge Is made for the same. 
12. PATENT INDEMNITY, Seller will defend any suit or 'proceeding brought against Buyer to the 
extent that such suit or proceeding'is based· on a claim that goods manufactured and sold by Seller·to 
Buyer constitute direct infringement of any valid United States patent and Seller shall pay all damages 
and costs awarded by final judgment (from which no appeal may be taken) against Buyer, on condition 

that Seller (i) is promptly informed and furnished a copy of each communicati.on, notice or other action 
relating .to the alleged InfrIngement, (Ii) is given authority, information and assistance necessary to 
defend or settle such suit or proceeding in such manner as Seller shall determine, and. (iii) is given sale 
control oftha defense (including ~he right to select counsel), and the sale right to compromise and settle 
such suit or proceeding. Seller shall not be obligated to defend or be liable for costs and damages if the 
infringement arises out of compliance with Buyer's specifications orfrom a combination with, an addition 
to, or modification of the goods after delivery by Seller, or from use of the goods, or any part thereof, in the 
practice of a process. 

If any goods manufactured and· supplied by Seller to Buyer are held to directly infringe.any valid 
United States patent and Buyer is enjoined from using the same, orif Seller believes such infringement is 
likely, Seller will exert reasonable efforts, at its option and at its expense, (i) to procure for Buyer the right 
to use such goods free of any liability for patent infringement, or (ii) to replace (or mOdify) such goods 
with a non-Infringing substitute otherwise complying substantially with all the requirements of the 
contract, or (III) upon return of the goods, refund the purchase price and the transportation costs of such 
goods. If the infringement is alleged prior to completion of delivery of the goods, Seller has the right to 
decline to make further shipments without being In breach of contract. If Seller has not been enjoined 
from selling such goods to Buyer, Seller may (at Seller's sole election); at Buyer's request, supply such 
goods to Buyer, in which event Buyer shall be deemed 10 extend to .Selier the same patent indemnity 
hereinabove stated. 

The same patent indemnity shall be deemed to be extended to Seller by Buyer if any suit or 
proceeding is brought against Seller based on a claim that the goods manufactured by Seller in 
compliance with Buyer's specificatio'ns infringe any valid Uniled States patent. 

The foregoing .tates the sole and exclusive liability of the parties hereto for Infringement or the like 
of patents, trademarks and copyrights, whelher direct or contributory, and Is In lieu of all warranties, 
express. Implied or statutory In regard thereto, Including, without .lImitation, the warranty against 
'nfrlngement specified In the Uniform Commercial Code. 
13. SOFTWARE INDEMNIFICATION AND DISCLAIMER. 

(a) In the event any software used by Seller in the products shown on the front hereofisfurnished or 
created by someone other than Seller, Buyer shall indemnify and hold Seller harmless from and against 
any and art loss, claim, damages, liability, cost, expense (including reasonable attorneys' fees) and any 
causes of action whatsoever, arising out of or in connection with claims by th ird parties of any description 
or nature concerning any such software, including, but not limited to, a claim that such software is owned 
by a third party. 

(b) Seller hereby disclaims any and aU liability for any claims or dam'ages of any description or nature 
arising from: (1) the unknowing duplication or use of Buyer's software, in whole or in part. in products 
manufactured by Seller for others; or (2) alleged error in any software furnished or created by (i) any 
person other than Seller or (il) Seller if Buyer has approved such software. 
14. TERMINATION, Except as provided in paragraph 15(a) ·this contract shall not be terminated by 
Buyer without Seller's prior written consent. If Seller so consents to such termination, Buyer shall be 
liable for termination charges including! without limitatIon, a price. adjustment based on the quantity of 
goods actually delivered as provided in paragraph 2, and all costs, direct and indirect. incurred and 
committed for this contract together with reasonable allowance for prorated expenses and antiCipated 
profits. 
15. REMEDIES AND DAMAGES. 

(a) Where Buyer rightfully and timely rejects or justifiably revokes acceptance of items, or "fhere 
Buyer has accepted nonconforming items and has timely notified Seller of a breach of warranty, Seller's 
sale and exclusive liability will be (at Seller's option) to repair, replace or credit Buyer's account with 
respect to any nonconforming goods returned to Seller during the applicable warranty period set forth 
above, and with respect to any nonconforming services, on condition Ihat (i) Seller is, promptly upon 
Buyer's discovery of the nonco"nformlty, notified in writing with a detailed explanation, (II) the noncon­
forming goods are returned to Seller. F.O.B. Seller's plant from which the goods were shipped, and (iii) 
Seller's examination discloses. that such items are nonconforming. 

Where Seller falls to make shipment or repudiates or breaches any other material provisions of this 
contract (other than the warranty against patent Infringements), Including, without limitation, Seller's 
obligations with respect to nOr'conformlng Items. Buyer shall promptly glYewritten nollce to Seller. In the 
event that Seller does not cure any such failure to ship, repudiation or breach within 60 days after receipt 
of such notice, then Buyershall have the right, at Its option, to cancel the specific quantity of products not 
shipped, or terminate this contract as to the products as to which such repudiation or breach related, and 
that shall be Buyer'S lole and axclullve remedy, II Buyer desires to exercise such right of termination It 
shall give written notice to Seller, 

Except as set lorth above, In no event will Seller be liable to anyone for direct, Indirect, speCial, 
Incidental or consequential damages for breach of any of the provisions 01 this contract, Including, but 
not limited 10, breach of provisions regarding warranties, Indemnities and patent Infringement. Such 
excluded damages Include, without limitation, costa of removal and reinstallation of Items, lots 01 
goodWill, loss of profits and loss 01 use. 

(b) Seller has the right to cancel this contract if: (i) unless otherwise specified on the front hereof, 
Buyer does not release all quantities within twelve (12) months, and unless caused by Seller's fault, 
shipment does not occurwithin eighteen (18) months after the date Selier received auyer's order; or (ii) in 
Seller's sale Judgment, Buyer's financial condition does not justify the·terms of payment applicable from 
time to time, and upon demand therefor, Buyer shall not Immediately comply with any modification of 
payment terms required by Seller in· accordance with paragraph 3. 

If Seller exercises such right to cancel, Buyer shall beliablefOrthechargesreferredtoin paragraphs 
2 and 14 in addition to any other remedies Seller may have hereunder or at law. 
16, WAIVER. In the event of any default or breach by Buyer .. ,Selfer has the right to refuse to make 
further shipments. Seller's failure to enforce at any time or for any period of time any of the provisions of 
this contract shall not constitute a waiver of such provisions .or of the right of Sellerto enforce each and 
every proviSion. 
17. GOVERNING LAW, The validity, construction and performance of this contract andthetransac­
lions to which it relates shall be governed by the laws of the State in which the chief executive offices of 
the Seller are located, without regard to" conflict of laws prinCiples. All actions, claims or legal proceed­
ings in any way pertaining to this contract or such transactions shall be commenced and maintaIned in 
the courts of such State or In a federal court of the United States physically situated in such State and in 
no other court or tribunal whatsoever, and the parties lereto each agree to submit themselves to the 
Jurisdiction of such court. 
lB. GOVERNMENT CONTRACTS. If the Items to be furnished hereunder are to be used in the 
performance of a United States Government contract or subcontract and a United States Government 
contract number appears on Buyer's order or other written communication to Seller, those clauses of the 
applicable United States Government procuremenl regulation which are mandatorily required by Fed­
eral Statute to be included in United States Government subcontracts will be deemed incorporated 
herein by reference and will control if inconsistent with any proviSions of this contract. 
19. ASSIGNMENT. This contract is binding upon and inures to the benefit of the parties hereto and 
the successors and assigns of the entire business and goodwill of either Seller or Buyer or that part of the 
business of either used in the performance of this contract, but will not be otherwise assignable except 
that Seller has the right to assign accounts receivable, or the proceeds of this contract. Nothing in this 
contract shall inure to the benefit afar be deemed !ogive rise to any rights in any third party, whether by 
operation of law or otherwise. 
20, SEVERABILITY. If any of these Terms of Sale is dectared invalid by acourt, agency. commission 
or other tribunal or entity having Jurisdiction thereof, the application of such provisions to parties or 
circumstances other than those as to which it is held Invalid or unenforceable shall not be affected 
thereby, and each term not so declared invalid or unenforceable shall be valid and be enforced to the 
fullest extent permitted by law and the rights and obligations of the parties s"all be construed and 
enforced as though a valid commerCially reasonable term consistent with the undertakings of the parties 
under Ihe order had been substituted in place of Ihe invalid provision. 
21. SET-OFF. Buyer may not setMoff any amount owing from Seller to Buyer against s'ny amount 
payable by Buyer to Seller, whether or not related to this contract. 
22, MERGER. Thla contract constitutes the final written expression 'Of all terms 01 the agreement 
relating to the transactions described on the Iront hereof and a complete and exclusive statement of 
those term .. This contract supersedes all previous communications, representations. agreements, prom­
Ises or statements, either oral or wrHlen, ~Ith respect to such transactions (Including, without limitation, 
any terms proposed by Buyer) and no commun,lcatlons, representations, agreements, promises or 
statements of any kind made by any representatlYeof Seller, which are not stated herein; shall be binding 
on Seller. No addition to or modification 01 any printed provision 01 this contract will be binding upon 
Seller unless made In writing (referring specilically to Buyer's order) and signed by an officer of SeUer. No 
course of dealing or usage 01 trade or course of performance will be deemed relevant to explain or 
supplement any term expressed In this contract, 
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