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I!J FUNCTIONAL INDEX 

8 DIGIT 
BASIC 

8 DIGIT 
ALGEBRA 

9 DIGIT 
BASIC 

9 DIGIT 
SCIENTIFIC 

FUNCTION 

B DIGIT 
PRINTING 

12 DIGIT 
PRINTING 

PRINTER
DISPLAY 

INTERFACE 

FUNCTION 

4 DIGIT 

4 DIGIT 
WITH ALARM 

1-4 

12/24 hour 
clock 

12 hour clock, 
24 hour alarm 

12/24 hour 
clock, 24 hour 

alarm 

12/24 hour 
clock, 24 hour 

alarm 

12 hour 
clock 

AY-S-1204A 

AY-5-1224A 
BCD DR 

7-SEGMENT LED 

CK3000 7-SEGMENT 
PLASMA 

7-SEGMENT CK31 00 
LED 

7-SEGMENT 
CK3200 PLASMA 

CK3400 
7-SEGMENT 

LED 

7-SEGMENT 
CK3300 LED 

CK3500 
7-SEGMENT 

LED 

PACKAGE 

40 DIP 

... ... 
... ... 

... 

... 
... ... 
... ... ... 
... ... ... 
... ... ... 

... ... ... 

... CRYSTAL 
INPUT 

Accumulator and 4 key memory 

Accumulator and Grand Total 
Memories. 

Accumulator. item counter, and 
four-key independent memory. 

For both LED 
and flourescent displays. 

2-17 

2-1' 

2-1' 

3-12 

3-12 

3-20 



OMEGAS: 
82 CHANNEL 

Counts & displays AM/FM frequencies 
with a 12 hour clock 

FUNCTIONAL INDEX 

GND, -17 28 DIP 

+10 to +16, 
GND 28 DIP 

Easy time set controls. low 
power consumption. on-chip 
intensity control. Clock 
functions down to +5V. 

DIGI~¢~T~~ING ~~==~~~~~~~~--t-------~~~~~--~----+-----------------------------------1----4 

ECONOMEGA8 t 
16 CHANNEL 

DIGITAL 
TUNING SYSTEM 

ECONOMEGA" II: 
20 CHANNEL 

DIGITAL 
TUNING SYSTEM 

ON-SCREEN 
CHANNEL/TIME 
DISPLAY SERIES 

ON-SCREEN 
TUNING SCALE 

Various circuits in series to display 
channel numbers on TV screen with 
some additionally featuring either 
separate or simultaneous time dis
play. Selection of display position 
on screen, automatic display recall, 
BCD time inputs (see AY-5-1203A 
clock circuit). 

an electronic on-screen tun
I for varactor tuned TV sets. 

@IOMEGA & ECONOMEGA are trademarks of General Instrument Corp. 

1-5 



FUNCTIONAL INDEX 

GIMINI TV GAMES Section 4B 

The General Instrument game repertoire offers game manufacturers a 
choice of approaches to the marketplace: GIMINI dedicated game 
chips and the GIMINI cassette programmable game set. 

The dedicated game chips for 1977 include Bchoiee of Ball and Paddle 
games with true game rules, realistic courts. and individual player 
identification. The Battle gamaoffers all the thrills and excitement of its 
popular arcade big brother. 

The programmable game set based on a variant of Gl's CP160Q, an 
advanced l6-bit single chip microprocessor, provides maximum 

FUNCTION DESCRIPTION GAMES 

Tennis 

Six selectable games for one 
Soccer AY-3-8500 

BALL & Squash 
PADDLE / or two players, with vertical Practice 

flexibility in implementing a programmable system. The game 
"program" ROM. which can be incorporated in a cassette, connects 
directly to the system address and data busses. With this 
ROM/cassette approach, a library of game ROMs can be developed 
encompassing a multitude of game families. 
Additionally, since the heart of the programmable system is based on 
the powerful 16-bit CP1600 microprocessor, expanded capabilities 
beyond a "game" function are possible - including home interactive 
teaching systems, data storage and retrieval systems ... in effect, a true 
"home computer." 

PACKAGE FEATURES 

625 Automatic on-screen scoring. Sound 
generation (hit, boundary, score). 28 DIP 
Selectable paddle size, ball speed, 

paddle motion. Rifle Game I AY-3-8500-1 525 rebound angles. 
Rifle Gamen 

Tennis 
Ali fealures of the AY-3-8500/8500-1 

Six selectable games for one 
Soccer AY-3-8550 625 

with the addition of full two-axis BALL & Squash 
PADDLE JA or two players, with horizontal Practice 28 DIP player motion, color-coding of score 

and vertical paddle motion. Rifle Game 1 AY -3-8550-1 525 and player, and "hit" and "miss" 

Rifle Game n scoring in Practice game. 

Converts the I C.olors of the background and paddle 

COLOR 
video outputs of either the outputs are selectively changed dir-

CONVERTER / 
AY-3-8500-1 or AY-3-8550-1 AY-3-8515-1 525 16 DIP ectty by the "game select" inputs. 

I color composite Also provides, as an output, a 
I 2.04SMHz clock for the game circuit. 

Tennis Automatic on-screen scoring. Sound 
Hockey AY-3-8600 625 

generation (hit, boundary, score). 
Soccer Selectable paddle size, (individually 

BALL & Eight selectable games for one Squash selectable for each player), ball 

PADDLE n or two players, with horizontal Practice 28 DIP speed, rebound angles. Full two-axis 
and vertical player motion. Gridball player motion. Color-coding of score 

Basketball A Y -3-8600-1 525 
and player. Realistic ball service and 

Basketball scoring. Flashing score as "end of 
Practice game" indication: 

of the background and paddle 
Converts to the black & white outputs are selectively changed dir-

COLOR video outputs of the ectty by the "game select" inputs. 
CONVERTER n AV-3-8600-1 to a single color AY-3-8615-1 525 28 DIP Also provides, as an output. a buf-

BATTLE / 

FUNCTION 

GIMINI® 
PROGRAMMABLE 

GAME SET 

1-6 

composite video signal. 

A two player "tank battle" 
game where each player has a 
completely steerable tank with 
forward and reverse speed 
control and a firing button. 

DESCRIPTION 

The GIMINI chip set provides 
the basis for a user·program
med game series for up to 
eight players and featuring: up 
to eight user-controlled 
moving objects, 64 selectable 
moving objects, up to 240 
programmable backgrqund 
locations, movable back
ground field, and display in 
up to six colors plus black and 
white. 

Tank Battle 

GAMES 

AY-3-8700 

AY-3-8700-1 

PART 
NUMBER 

CP1810 

User game RO-3-20480 
design for 
such as: 
Bali & Paddle. 
Aggression. 1-------1 
Gambling, 
Racing, 
etc. 

RO-3-9316A 

RAM 

625 

525 

PACKAGE 

40 DIP 

40 DIP 

40 DIP 

24 DIP 

fered 3.579MHz clock for the game 
circuit. 

The on-screen "battlefield" includes 
anti-tank barricades and exploding 

28 DIP mines to retard each tank'S progress. 
Unlimited ammunition to a scoring 
limit of 31 "hits." 

FEATURES 

A variant of the GI CP1600 microprocessor, the 
CP1610'is 16-bit unit utilizing 8 general pur
pose registers for fast and efficient processing of 
all game data. 

The "program" ROM organized as 2048 )( 10, 
contains all game "rules", symbol locations, 
color, velocity and direction data. 

The "STIC", Standard Interlace Chip, provides 
the video signals including sync and blanking and 
the manipulation and interaction of all graphics 
data in a non-interlaced for the TV. 

48-2 

48-2 

48-14 

48-14 

48-23 

48-24 

48-24 

48-33 

48-34 

48-34 

PAGE 
NO. 

48-38 

48-38 



FUNCTIONAL INDEX 

I." 1 ..... "1 :::II=-3Ii.,!c,~-u.."'''l 
VIBRIDSS VIBRIGSS lOSS IGSSF VGSPhl rDSlonl VIs Clsa Cras 

TYPE 

P-CHANNEL 
ENHANCEMENT 

MODE 

TYPE 

DUAL P-CHANNEL 
ENHANCEMENT 

MODE 

TYPE 

N-CHANNEL 
ENHANCEMENT 

MODE 

TYPE 

N-CHANNEL 
DEPLETION 

MODE 

FREQUENCY 
DIVIDERS 

PART VOLTS 
NUMBER MIN. 

MEM806 -40 
MEM807 -40 
MEM817 -45 
3N183 -25 

VIBRIOSS 
PART VOLTS 

NUMBER MIN. 

MEM550C -25 
MEM551C -25 
MEM954 -30 
MEM955 -35 

BVOSS 
PART MIN. 

NUMBER VOLTS 

MEM562 +20 
MEM711 +25 
3N177 +20 

VIBRIOS 
PART VOLTS 

NUMBER MIN. 

MEM557 +20 
MEM616 +25 
MEM636 +20 
MEM655 +20 
MEM670 +20 
MEM680 +25 

FUNCTION DESCRIPTION 

VOLTS 
MIN. 

-40 
-40 

",200 
-25 

IGSSf 
nA 

TYP. 

-0.2 
-ipA 
-0.03 

-0.02pA 

VIBRIGSS 
VOLTS 
MIN. 

"30 
~30 

' 30 

VIBRIG1S 
VOLTS 
MIN. 

., 10 
~6 

",6 
'·6 

~100 

'6 

nA nA 
TYP. TYP. 

-1.0 -0.1pA 
-0.5 -0.1 
-0.1 -0.05pA 
-2.0 -0.3 

VGSPhl rOSlonl 
VOLTS OHMS 

MINIMAX. TYP. 

-3/-6 250 
-3/-6 250 
-2/-5 100 
-2/-5 100 

loss IGSSF IOlonl 
nA nA mA 

TYP. TVP. TYP. 

1 lpA 15 
I 0.1 40 
5 50pA 15 

VIBRIG2S Inss IGSS 
VOLTS mA nA 
MIN. TYP. TYP. 

- 5 .01 
"6 10 20 
±6 15 50 
- 4 10 
- 3 I·O~~A - 4/30 

24 hour programmable repeat-
CLOCK TIMER able on/off time switch with f-'-'-'--'--"=-j 

4 digit clock. 

Appliance timer with clock. 
COOKER TIMER Full control of "start" time, 

COINBOX 
CIRCUIT 

IONIZATION 
SMOKE 

DETECTOR 

, time, or "duration", 

Complete ionization smoke 
detector circuitry in a single 
CMOS LSI. 

AY-1-8622 

MEM4962 

GND. 
-12. -27 

+9, GND 

VOLTS OHMS MHO pF PF 
MINIMAX. TYP. TYP. TYP. TYP. CASE 

-2/-5.5 150 2.800 4.5 1.0 TO-72 
-2/-5.5 150 2.800 4.5 1.0 TO-72 

-2.5/-6.5 150 2,000 3.5 1.2 TO-72 
-2/-6 50 9.000 15.0 10.0 TO-72 

VI. Cg. Cra. Vb IVG1S·VG2SI 
MHO pF pF RATIO mV 
TYP. TYP. TVP. TYP. TYP. CASE 

800 2.0 2.0 0.8 100 TO-77 
750 1.5 1.5 0.85 70 TO-77 

1000 2.0 1.5 0.95 50 TO-77 
1000 2.0 1.5 0.95 50 TO-77 

VGSllhl rDSlonl VIs Clss Cras 
VOLTS OHMS MHO pF pF 

MINIMAX. TYP. TVP. TYP. TYP. CASE 

0.5/4 150 2.500 3 0.3 TO-72 
0.5/1.5 50 3.000 4.5 0.5 TO-72 
1/3.5 

VGSI,IO 
VOLTS 
MAX. 

-4 
-4 
-4 
-4 
-4 
-4 

40 DIP 

14 DIP 

300 1.500 5 0.5 TO-72 

roSlonl VIs Clss Crss Gps 
OHMS MHO pF pF dB dB 
TYP. 

200 
-
-
30 
-
-

TYP. TYP. TYP. TVP. TYP. CASE 

10.000 3 0.32 18 2.5 TO-72 
18.000 5.4 .02 18 3.0 TO-72 
16,000 6 .02 22 3.5 Plastic 
10.000 4 0.32 22 2.5 TO-72 
2.000 2 0.3 - - TO-72 

18,000 5.4 0.2 21 2.5 TO-72 

FEATURES 

50Hz input 150 or 60Hz on AY-5-1231). BCD or 
7-segment direct fluorescent display drive 
outputs, zero blanking, 24 hour display (12 
or 24 hour on AY-5-1231). 

Two timed outputs (3 on the AY-5-1251). 
"minute minder" feature, 12/24 hour system, 

on AY-5-1251: 

Seven different coin inputs, credit and 
"bonus" features. 

On-chip input MOSFET and output driver. 
Low battery warning. 

l:! 

PAGE 
NO. 

4C-2 
4C-4 
4C-6 
4C-7 • PAGE 
NO. 

4C-10 
4C-10 
4C-12 
4C-12 

PAGE 
NO. 

4C-14 
4C-16 
4C-1B 

PAGE 
NO. 

4C-22 
4C-24 
4C-28 
4C-32 
4C-34 
4C-36 

6-10 

6-15 
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I!I FUNCTIONAL INDEX 

PCM TRUNK 
RECEIVE LPF 
& PAM GATE 

PCM LINE 
TRANSMIT LPF 

PCM LINE 
RECEIVE LPF 
& PAM GATE 

BPF & FULL 
WAVE DETECTOR 

1-8 

ACF7174C 

ACF 7175C 

The ACF 7176C filter has been designed for PCM "Line" receive applications. This fixed gain, 8.2d8, low noise filter is capable 
of exceeding theA.T.& T. 03 Channel Bank Compatibility specification. This filter has Bselt contained Pulse Amplitude Modulation 

ACF 7176C (PAM) Gate and Sampl~ and Hold Capacitor for demodulating and holding the input signal. The tilter has been compensated for a 
Sin X over X correction and provides a minimum attenuation of 28dB at 4.6KHz, and a maximum in band ripple of plus or 
minus O.3dS. 

The ACF 7401C is a dual tuned band suppression filter which has been designed to reject frequencies of 350Hz and 440Hz, 

ACF 7401 C ~~~C~I~;~ ~;~:~dn~S°;:'~ ~~:Pi~~~~il~~eiJ!ei~~~~s ~~!:I~aSne~f ~~~~~i~:~~~du~~~~~~~, e;,~r~::~~~b~~e~~~~~ r:eC:ue:no~:~~tion. 
The filter also for 60Hz attenuation for low noise 

The ACF 7401C is a sharply tuned filter designed to reject the 2600Hz signaling frequency. This filter provides for a minimum 
ACF 7410C attenuation of 60dB plus and minus 15Hz from the center frequency of 2600Hz. 

the low frequency group of the 
This filter provides for a minimum 

25dB out-of-band attenuation. 



FUNCTION 

UARIT" 

P/SAR 

DESCRIPTION 

Complete 5--8 
bit serial! 
parallel, 
parallel/serial 
interface. 

FUNCTIONAL INDEX [!] 

AY-3-l0l4A 

~~;~~at~~~~~:r_ Data conver-
faces variable +5, GND, sian to 10r-
length serial data AY-8-1472B WD1472B 0 to 100KB 100KHz 0 to 70 -12 40 DIP mats compat- BA-16 
to a parallel data ible with all 
channel. standard 

i------r-:=='---:--i-----t-----+----t-----t----+----+-----ISynchronou5, 
A programmable Asynchronous, 

P/SAT 

MOSFET 
ANALOG 
GATES 

FUNCTION 

4 DIGIT 
COUNTER 

4 DIGIT 
COUNTERI 

DISPLAY 
DRIVER 

3% DIGIT DVM 

4% DIGIT DVM 

10 BIT D/A 
CONVERTOR 

AID 
CONVERTOR 

CONTROL 

SEQUENTIAL 
BOOLEAN 
ANALYZER 

transmitter that in- & Isochronous 
tertaces variable AY-8-l482B WDl482B 0 to 100KB 100KHz 0 to 70 +5, GND, 40 DIP data com- 8A-17 
length parallel data -12 munications 
to a serial data media. 
channel. 

500KHz 

Counts (up or 
AY-5-4007 

down), stores & 
decodes four de- AY-5-4007A 600KHz 
cades to 7-segment 
outputs. 

AY-S-40070 

Ladderless 01 A 
AY-5-5053 

SEE DATA 
converter SHEET 

With A Y -5-5053. 
SEE DATA performs AID with AV-5-5054 

transmitter facility. SHEET 

A simple, Single 
bit processor 

800KHz which can directly SBA CLOCK evaluate a set of 
Boolean equations. 

tAlso available with MIL STD 883 screening (add suffix TX to part number). 
@lUAR/T is a trademark of General Instrument Corporation. 

-65 to +125 
(Ceramic DIP, 

Flat Pack) 
P/24 Plastic DIP 
0/24 Ceramic DIP 
F 124 Flat Pack 

tAlso available with MIL STD 883 screening (add suffix TX to part number). 

PACKAGE 

+5, GND, -12 16 DIP 

25 mAN +5, GND, -12 40 DIP 

GND, -15 

GND, -7.5, -15 

+5, GND 

+5, GND, -12 

For use in remote +5, GND, -12 24 DIP sensing applications. 

A microprogrammable circuit 

20 rnA +12, +5, which forms the basic control-

TOTAL GND 40 DIP ling element for many systems 
requiring timing and control 
functions. 

9-3 

9-6 

9-6 

9-22 

9-27 

&-32 

&-38 
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FUNCTIONAL· INDEX 

INPUTI 
OUTPUT 
BUFFER 

• Single 16·8it or Dual 8-Bit Ports 
for BldirectionallnputlOutput 

• Parity Check logic on Both Ports 
• Three Levels of Priority 
• Automatic Handshake Logic and 

Signals 
_Control 

DUAL DIGITAL .10 bit bidirectional data bus 
TO ANALOG • ~~~~~onoU8/ASynChrOnous 
CONVERTER • Manual I mode 

18 CHANNEL 
ANALOG 

MULTIPLEXER 

GIMINI 
MICRO

COMPUTER 
SYSTEM 

GIMINI 
SINGLE CARD 

MICRO
COMPUTER 

FUNCTION 

8 BIT 
MICRO

PROCESSOR 

8 BIT 
SINGLE CHIP 

MICRO
COMPUTER 

8 BIT 
SINGLE CHIP 

MICRO
COMPUTER 

1-10 

• Built around the CP 1600 
Microprocessor 

• Complete microcomputer system 
• Separate Data, Address and 

Control Buses 
• Up to 65K memory space. 
• Unlimited DMA channels 
• Nested interrupt system with full 

priority resolution. 

• 16K words of RAM 
• 4K words of PROM 
• Up to 32 input and 32 

output lines 
• Two UAR/T -RS232 Serial 

I/O channels 
• Real lime clock 

FEATURES 

.2 Chip Minimum System 
(plus clock) 

.48 Accessible 8 Bit Registers 

.4B Basic Instructions 
• Binary and Decimal Arithmetic 
• Direct and Indirect Input! 

Output Capability 
• Automatic subroutine nesting on 

memory devices. 

• User Programmable 
.32 B-Bit Registers 
• 512x12-Bit ROM for Program 
• Arithmetic Logic Unit 
.4 Sets of 8 User Defined TTL-

compatible Input/Output Lines 
• Real Time Clock Counter 
• Self contained Oscillator 
• Access to RAM Registers in

herent in instruction. 

• PIC 1650 microcomputer 
without ROM. 

• ROM address and data 
lines brought out to pins. 

.Can be stopped or single 
stepped via a HALT pin. 

The CP 1600 utilizes third generation mini
computer architecture with eight general 
purpose registers. The 16-bit word en
ables fast & efficient processing of alpha
numeric or byte oriented data. The 16-bit 
address capability permits access to 
65,536 words in any combination of pro
gram memory, data memory, or 
peripheral devices. 

The lOB 1680 is a byte oriented program
mable input/output buffer which provides 
comprehensive Interfacing facilities for 
the CP 1600 microprocessor. 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 DAC 1600 contains four registers 
which can be loaded or read through a 
10-bit I/O data port. 

The GIMINI utilizes a totally modular de
sign tor maximum configurability. The sys
tem provides direct addressing to 65K 
words, unlimited DMA channets, and a 
multi-tine multi-level nested interrupt sya-
tern with full priority resolution and self
identifying addresses. All control & timing 
signals as well as data & address busses 
are fully buffered. 

The $Cl600 GIMINI Single Card Micro
computer provides full 16-bit processing 
power on a single card. The SCl600 
uses the CP1600 microprocessor with 
all circuitry for a complete operating 
system. 

DESCRIPTION 

The LP 8000 Logic Processor Unit is a 
complete B-bit single chip MOS-LSI 
Microprocessor. It has a modem com
puter architecture with forty eight general 
purpose internal registers. The 8-bit Data 
highway is supplemented by a 6-bit Ad
dress bus to give a 14-bit address cap
ability which permits access to 
16,384 words. 

The PIC 1650 MOSILSI circuit array is a 
byte oriented programmable controller. 
The array is a complete chip controlled 
with an internal customer-defined ROM 
program specifying the overall functional 
characteristics and operational waveforms 
on each of the general purpose input! 
output lines. 

The PIC 1664 circuit is exactly the 
same as the PIC 1650 except that 
the ROM portion of the PIC 1650 has 
been removed. Any external RAM or 
PROM can be used to aid in the 
development of a final PIC 1650 
configuration. 

The CP 1600 Microprocessor is designed 
for high speed data processing & real time 
appUcations. Typical applications include 
programmable calculator systems, 
peripheral controllers, process controllers, 
Intelligent terminals & instruments, data 
acquisition and digital communications 
processors, numerical control systems, 
programmable TV game systems. 

The lOB 1680 enables efficient interfacing 
between a peripheral and the CP 1600 by 
the use of six 8-b+t registers and a 16-bit 
programmable timer. 

The DAC 1600 Digital to Analog Con
verter has been designed to interface to a 
process control loop. 

The bInary address selectIon of the 18 
input channels provides for simplified 
direct control of analog signals by 
the CP1600 microprocessor chip, 

To simplify microprocessor hardware and 
software development, speed the product 
design cycle & support product prototyp
ing, a microcomputer development system 
and its associated components are a must. 
The Series 1600 family fills these require
ments with the GIMINI Microcomputer. 

in industrial usage, the SCl600 can serve 
as the kernel ota modular expandable pro
cessing system with other cards added as 
required. In consumer applications, the 
SC1600 can serve as the basis for many 
user-programmable systems such as TV 
games, home TV terminals, etc. 

APPLICATIONS 

CP 1600 40 DIP 10A-2 

1081680 40 DIP 10A-8 

40 DIP lOA-14 

28 DIP lOA-18 

GIMINI lOA-20 

SC1600 lOA-23 

The Series 8000 Logic Processor System 
is designed to perform any digital function 
using far fewer packages than a TTL or 
CMOS implementation. Typically a 100 
package system can be reduced to a three 
chip solution of LP 8000 Processor, LP 
6000 Program Memory and LP 1030 
Clock Generator. Also available: LP 1010 
110 Buffer, LP 1000 Memory f---+---+---l 

The array can be programmed to scan 
keyboards, drive multiplexed displays, 
control vending machines, traffic lights, 
printers and automatic gasoline pumps. 
Since it contains ROM, RAM. 1/0 as well 
as the central processing unit on one de
vice, the PIC 1650 is truly a complete 8-
bit microcomputer on one chip. 

The PIC 1664 has been deSigned as a 
useful tool for engineering develop
ment and prototyping and for initial 
field trial and demonstrations of sys
tems which will utilize the PIC 1650. 

PIC 1650 40 DIP 

64 DIP 

lOC-2 

lOC-l0 



4096 1024 x 4 

8192 2048 x 4 

10ms/4 bit word or 
1024)(4 block 

100ms/2048x4 block 

FUNCTIONAL INDEX [!] 

I 

1 ms/4 bit word +5, -12, -30 22 DIP 

10ms/4 bit word 5, -14, -24 24 DIP 

Note: All Read Only Memories are mask-programmable. 
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PIN-FOR-PIN REPLACEMENT INDEX [!] 

AMI 
DEVICE NO. 

GI 
REPLACEMENT 

81757 ......... AY-5-1013/1013A 
81757 ......... AY-3-1014A/1015 
82470 ......... AY-1-1006 
88865 ......... RO-5-8192 
88996 ......... RO-3-16384 

ELECTRONIC 
ARRAYS GI 
DEVICE NO. REPLACEMENT 
EA4000 ........ RO-3-5120 

EMM/SEMI 
DEVICE NO. 

GI 
REPLACEMENT 

4200 .. . . . . . . . . RA-3-4200 
4402 .......... RA-3-4402 

FAIRCHILD 
DEVICE NO. 

GI 
REPLACEMENT 

3257 .......... RO-5-2240S 

INTEL 
DEVICE NO. 

GI 
REPLACEMENT 

1302 .......... RO-5-1302 
2316A ......... RO-3-8316A/83168 
8316A ......... RO-3-8316A/83168 

MOSTEK GI 
DEVICE NO. REPLACEMENT 
MK2302 ....... RO-5-2240S 
MK50240 ...... AY-3-0215 
MK50241 ...... AY-3-0216 
MK50242 ...... AY-3-0214 
MK50242 ...... AY-1-0212 

NATIONAL 
DEVICE NO. 

GI 
REPLACEMENT 

MM5303 ....... AY-5-1013/1013A 
MM5303 ....... AY-3-1014A/1015 
MM5823 ....... AY-1-2006 
MM5824 ....... AY-1-1006 

SIGNETICS 
DEVICE NO. 

GI 
REPLACEMENT 

2513 .......... RO-3-2513 
2536 .......... AY-5-1013/1013A 
2536 .......... AY-3-1014A/1015 

SMC GI 
DEVICE NO. REPLACEMENT 
COM2505 ...... AY-5-1013/1013A 
COM2505 ...... AY-3-1014A11015 
KR2376 ....... A Y -5-2376 
KR3600 ....... AY-5-3600 

WESTERN 
DIGITAL 
DEVICE NO. 

GI 
REPLACEMENT 

TR1602 ........ AY-5-1013/1013A 
TR1602 ........ AY-3-1014A/1015 

TEXAS 
INSTRUMENTS GI 
DEVICE NO. REPLACEMENT 
TMS0803 ...... C-593 
TM80851 ...... CF-593 
TM84000 ...... RO-5-8192 
TM85001 ...... A Y -5-3600 
TMS6011 ...... AY-5-1013/1013A 
TMS6011 ...... AY-3-1014A/1015 



MANUFACTURING FACILITIES [!] 

HICKSVILLE, NEW YORK _____ G_L~ENROTHES,SCOTLAND 

CHANDLER, ARIZONA 
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Hicksville, New York
Microelectronics World Headquarters. 

Glsmolhes, Scotland-Mask Aligners. 

MICRO 
ELECTRONICS 
A TOTAL 
TECHNOLOGICAL 
SERVICE 

Kaohslung, TaIwan-Assembly operation. 



General Instrument Microelectronics is 
one of the world's leading manufacturers 
of LSI (Large Scale Integration) micro
circuits. A pioneer in MOS in 1966, 
General Instrument is now a worldwide 
source of microcircuits utilizing Hybrid, 
Bipolar and MOS technologies in service 
to the consumer, industrial and public 
service marketplaces. 

General Instrument Microelectronics has 
facilities in every major market providing 
customers with a full spectrum of services 
including new product development. .. 
applications engineering ... high volume 
circuit manufacturing ... and immediate 
delivery of over 250 standard products 
"off the shelf." 

Strategically Located Plants 
The Microelectronics Group operates 
four 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 

raville, New York-Test area. 

and quality assurance. The factory in 
Kaohsiung, Taiwan, is 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 uninter
rupted delivery. Common processes and 
equipment are employed and major pro
duct styles are always produced in at 
least two separate locations. To maintain 
uniform standards from plant to plant, the 
quality assurance and process control 
groups at each facility are directed by 
quality control policy established at 
Group and Corporate levels. 

Because General Instrument has a 
comprehensive exposure to all of the world 
LSI markets, it has been able to structure 
its facilities and engineering programs 
to conform to evolving customer needs. 
Production capabilities are concentrated 
in product areas of greatest volume. Each 

Chandler, Arizona-Waler Coating. 
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plant has several separate manufacturing 
modules dedicated to the process most 
relevant to the primary marketplace. Cost 
effectiveness for the customer is enhanced 
because import duties are frequently saved 
on locally manufactured produc.ts. 

Broad Product Lines 
General Instrument Microelectronics 
offers the widest range of standard LSI 
microcircuits in the industry. The com
pany's off-the-shelf portfolio consists of 
over 250 different LSI products in fifteen 
families dedicated to the consumer, tele
communications and data marketplaces. 

For the consumer market, General 
Instrument has pioneered LSI circuits for 
calculators, clocks, clock radios, TV 
tuners, remote control, appliance timers, 
radio and high fidelity systems, musical 
apparatus and TV games. For example, in 

Microphofo 01 A Y-3-8500 TV Game chip. 

1976 General Instrument introduced the 
A Y-3-8500 video game chip, the first 
standard single chip LSI microcircuit to 
provide six different games with on-screen 
scoring and realistic sound; over 5 million 
such parts were shipped that year. 

More recently, General Instrument has 
introduced its GIMINI LSI System for 
cassette operated "home information 
terminals," a product expected to be the 
next major development in consumer 
electronics. 

Beginning in 1970, General Instrument 
has been a major manufacturer of 
microcircuits for hand held and printing 
calculators. Product selection ranges from 
low cost "four function" chips to complex 
circuits for consumer and business 
printing: calcu lators. 

G/enrolhes. Scotland-Assembly operation. 



Another major development by General 
Instrument in the consumer marketplace 
is the introduction of the OMEGA series 
of digital tuning systems. The OMEGA 
concept brings the tuning precision and 
convenience of digital channel selection 
to the TV set, without the need for stand
by battery power to retain channel 
memory when the set is off. This pioneer
ing advance was made possible by the 
utilization of a unique electrically alter
able ROM (EAROM). The EAROM com
bines the reprogrammability of a RAM 
with the non-volatility of a hard-wired 
ROM. Recently, the OMEGA concept has 
been made available for popular priced 
TV - ECONOMEGA - and introduced in 
a special form for high fidelity systems -
STEREOMEGA. 

Supported by General Instrument 
Corporation's long experience in tele-

Kaohsiung, Taiwan-Test facility. 

communications, the Microelectronics 
Group has developed a series of standard 
circuits for use in the conversion of 
telephone apparatus from electro
mechanical to ali-electronic operations. 
These circuits are being sold to major 
producers of telephone apparatus around 
the world, and have been qualified by 
major government telecommunications 
authorities. New circuits now being 
introduced in the telecommunications area 
are aiding in the development of solid state 
PABX's and digital central offices - the 
wave of the future in the telecommunications 
industry. 

General Instrument has pioneered in the 
development of 16-Bit LSI microprocessor 
technology. The CP1600 introduced in 
1975, has now evolved into a complete 
family of products for use in consumer, 
telecommunications and industrial con-
trol applications. Extensive software and 
applications support this reliable and cost 
effective microprocessor family. 

1-17 
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In addition to its work on standard 
microprocessors, General Instrument has 
also specialized in the concept of the 
dedicated microprocessor - that is a 
microprocessor architecture specifically 
tailored to a particular application. By 
combining the programmability of the 
microprocessor with optimum input-output 
architecture for a particular application, 
General Instrument provides the cost
effective solution for product development 
in each of the markets it serves. 

Unlike many other LSI manufacturers, 
General Instrument Microelectronics does 
not produce end products. Our slogan, 
"We Help You Compete" means just that. 
We do not compete with our customers. 
Hence, customers can share their ideas for 
product innovation through LSI with us in 
confidence, knowing that we will not 
manufacture the end product ourselves. 

We also help our customers compete by 
our concentration on cost-effective LSI 
manufacture. For example, the General 
Instrument Mini-Pak, introduced in 1976 
for Consumer products, provides a signi
ficant saving in labor and material versus 
the popular dual-in-line plastic package. 

Chandler, Arizona-Electron Beam Evaporation. 

Cu.tome, Service 
General Instrument Microelectronics 
believes in CUSTOMER SERVICE. 
Independent customer service departments 
are maintained at each major location to 
provide immediate response to questions 
concerning order service and delivery. Our 
customer service personnel are trained to 
consider our customer's needs as their 
most urgent requirement. Call on them 
and let us prove that we are dedicated to 
responsive service. 

Advanced De.'gn Cent.rs 
To provide our customers with the latest in 
LSI technology, General Instrument Micro
electronics maintains 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 organi
zations as the Massachusetts Institute of 
Technology 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 
requirements. In some cases, the application 

Complete Microcomputer hardware and soltware package. 



is best served by a software or firmware 
modification of one of our standard micro
processors. 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 assist
ance that customers may require, General 
Instrument Microelectronics maintains 
fully staffed Applications Centers at 
strategic locations around the world ... 

U.S.A. - Hicksville, New York and Chandler, 
Arizona 

EUROPE - Glenrothes, Scotland; London, 
England; and Munich, Germany 

ASIA - Kaohsiung, Taiwan; Tokyo, Japan; 
and Hong Kong 

Arrangements can be made for immediate 
assistance from these centers by contact
ing any of the sales offices listed in our 
catalog. 

.,Ieks.ille, New York - Laser Trimmer for hybrid active filters. 

Corporate Support 
General Instrument Microelectronics 
iSlbacked by the 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 improve its 
products and customer services. 

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. 

Hicksville, New York-Pattern generator. 

G/enrothes, Scotland-Test area . 
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BDIGIT 
BASIC 

B DIGIT 
ALGEBRA 

9 DIGIT 
BASIC 

9 DIGIT 
SCIENTIFIC 

PART 
NUMBER 

C-71S 2-17 

C-717 
2-18 

C-717X 

C-718 2-19 

C-719 2-20 

CALCULATORS 

I 



iii 
C/CF-SBO SERIES 
C/CF-S90 SERIES 
C/CF-SBO SERIES 

Display Calculator Circuits 

FEATURES 

• Printed circuit board compatibility of circuits. 
• Direct segment drive for LED displays (C-XXX) 
• Direct fluorescent display drive (CF-XXX) 
• Direct segment and digit drive for LED displays (C-XXXD) 
• Algebraic operation 
• Automatic constant 
• Floating point operation 
• Constant or chain operation (no switch required) 
• Leading zero suppression 
• Automatic power-on clear 
• Internal clock (on-chip oscillator) 
• Internal keyboard debounce logic 

DESCRIPTION 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

SEGMENT 0 

SEGMENT E 
SEGMENT F 

SEGMENTG 
see NOTE BELOW 

KP 

KO 

KN 

SEE NOTE BELOW 

SEe NOTE BELOW 

see NOTE BELOW 

VaG 
OSCIN 

OSCILLATOR ENABLE 

NOTE: 

SEGMENTC 
SEGMENTB 
SEGMENT A 

OECIMAL POINT 

DIGIT 1 OVERFlOW 

DIGIT 2 M.S.O. 

DIGIT 3 
DIGIT 4 

DIGITS 
DIGITS 

DIGIT 7 

DIGIT 8 

DIGIT 9 L.S.D. 

Vss 
General Instrument's broad line of display calculator circuits, the 
C/CF-500 Series and the C/CF-600 Series, consists of pin-for-pln 
compatible circuits (except C-6XXD series) designed to fit in the 
same basic PC board. This provides a high degree offlexibility in 
calculator models manufactured while minimizing the tooling 
required. 

All Display Calculator circuits offered by General Instrument 
(except C-eXXD series) have identical pin functions on all pins 
except pins 5, 9, 10 and 11. ~ pins are utilized for the 
distinctive functions of each calculator circuit model as described 
on the following pages of this section. 

9V 9V LED 15V 
FUNCTION DESCRIPTION 9V LED FLUOR. (DIRECT) FLUOR. 15V LED 

SDIGIT 4 fUnctions and percent key. C-683 CF-683 C-683D CF·583 C·583 
BASIC 4 functions, percent key, one-key or multi-key memory. C-685 CF·&85 C-685D CF-585 C-585 

4 functions, percent key, x2, IX, l/x. +/-, one-key or multi-key memory, CF-&87 C·&87D CF·589 C-589 
SDIGIT choice of 20 to 29 keys. 

ALGEBRA 4 functions, percent key, x', IX, 1/x, +/-, one-key or multi-key memory, 
brackets, inch-centimeter conversion, choice of 24 to 30 keys. CF-689 C·689D CF·689HV -
4 functions and percent key. CF-593 C-593 

9 DIGIT 
4 functions, percent key, one-key memory. CF·594 C·594 BASIC 
4 functions, percent key, multi-key memory. CF·595 C·595 

Basic 4 functions, scientific notation, sin, cos. tan. arc sin, arc cos, arc tan, memory, square root, pi, natural 
CF·596 C-596 logs, 1/x, 9", memory exchange, degrees and radians, exponent range ± 99, choice of 19 to 35 keys. 

9 DIGIT All the above plus: 0 to 10" degree trig range, log10, yX, extended digit accuracy of 
SCIENTIFIC trancendentals, choice of 21 to 38 keys. CF-596 C·598 

All the above plus: two levels of parenthesis, x', %, +/-, choice of 24 to 41 keys. CF-599 C-599 
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THE FOLLOWING APPLY AS NOTED: 

A. AUTOMATIC CONSTANT (All circuits) 

C/CF-580 SERIES - C/CF-590 SERIES -C/CF-680 SERIES [i] 
1I THE FOLLOWING APPLY AS NOTED TO CIRCUITS 
WITH MEMORY: 

The answer from any operation is entered automatically as a 
Constant by the = key without a constant switch. The Constant 
may then be used with all five functions and the answer from any 
Constant calculation can be used for further calculations without 
re-entry. This provides an extremely powerful facility for solving 
many complex equations without the need for writing down or 
remembering intermediate results. It is particularly useful for 
raising to a power, compound interest calculations, nth roots, 
depreciation calculations, etc. In constant multiplication, the 
constant is the first entered number (constant multiplicand). In 
division, addition and subtraction, the constant is the second 
entered number. The completion of the first operation with the 
depression of the = key initiates the storage of the constant 
number. Forsubsequent operations it is only necessary to enter a 
number and depress the = key. 

B. DECIMAL ALIGNMENT (C/CF-593, C/CF-594, 
C/CF-595) 
The results of addition or subtraction will remain aligned to the 
preceding number having the most decimal places. This feature 
allows computation in the dollar and cents mode without sup
pression of the zeros to the right of the decimal point If a right 
shift is needed to keep the eight most significant digits, the least 
significant digits are lost. The results of multiplication and divi
sion will be completely right adjusted such that only the most 
significant digits are displayed except during overflow. 

C. CAPACITY (All except Scientific Circuits) 
For the C/CF-580 Series and the C/CF-680 Series, in the case of 
overflow, the eight most significant digits are displayed (seven 
digits and minus sign for negative answers) all decimal pOints are 
lit and the keyboard is locked out. Only the operation of the clear 
key will allow continued operation. On depression of the clear 
key, the decimal point is shifted eight places to the left of its 
actual position. 
For the C/CF-593, 594 and 595, in the case of overflow, the 
overflow symbol is displayed, and the decimal point shifted eight 
places to the left of its actual position. Under these conditions, 
the keyboard is locked out such that only the operation of the 
clear key will allow continued operation. 
In all cases, for an attempted entry requiring more than eight 
display digits, the most significant digits are protected upon the 
attempted entry of another digit. The keyboard is not locked out 
and operations are still able to be performed. 
When division by zero is attempted, an overflow condition results 
and a zero is displayed. 

D. PERCENT KEY (all except C/CF-596 and 598) 
Multiplies the ·two preceding entries and divides by 100, and 
when followed by = gives add-on and discount: A+B% yields 
(AB/l00); A+B%=yields A+(AB/l00). A-B% yields (AB/l00); 
A-B%=yields A-(AB/l00). 

E. CHANGE NOTATION KEY (Scientific Circuits) 
Depression of the CHG NOT key will convert the displayed 
number to scientific notation, if it is in the "normal" mode, or it 
will display the 8 most significant digits of a scientific mantissa 
with the decimal point correctly located (even if it falls beyond 
the display area) and trailing zeroes shall be blanked. In addition, 
for numbers less than one, the digits are left shifted until all 
leading zeroes have been eliminated. 

F. EXPONENT KEY (Scientific Circuits) 
EEX: This key operates as follows: The EEX key sets the two right 
most digits to zero, the third digitfrom the right is blanked and the 
calculator is conditioned to accept sign and numeral keys to 
define the exponent value 01 the number entry. If the mantissa 
had numbers in any of the last three digit positions, these are 
retained but not displayed. 

G. FUNCTION KEY OPERATIONS 
(Used only with dual-function keys) 
Depression of the F key sets the calculator in the "Function" 
mode and the F indicator is lit. The dual function keys will then 
function as indicated by their upper case designation. Single 
function keys directly perform the indicated function. 
Depression of the second key of the sequence resets the "Func
tion" mode and the F indicator is turned off when the answer is 
displayed. The "Function" mode can also be reset by a second 
depression of the F key. 

A. MEMORY DESCRIPTION: One-Key memory as provided 
In C/CF-585, 589, 594, 685, C-685D, C-689D and CF-689. 
M: The Memory key is used in conjunction with other function 
keys to define a two key sequence which sets a mode of operation 
associated with the memory register and terminates any imme
diately preceding entry. 
Operation of the M key followed by + adds the contents of the 
display register to the memory register without altering the 
contents of the display register. • 
Operation of the M key followed by - subtracts the contents of 
the display register without altering the contents of the display 
register. 
Operation of the M key followed by= transfers the contents of the 
memory register into the display register without altering the 
contents of the memory register. 
Operation of the M key followed by C/CE clears the contents of 
the memory register. 
Operation of the M key followed by the X key performs a memory
display exchange function. The contents of the memory register 
are brought out to the display register and the contents of the 
display register are written into the memory register, replacing 
the previous contents of the memory register. 
Operation of the M key followed by any key other than +, -, X, =, 
orC/CE shall reset the M condition and act upon the subsequent 
entry as if the M had not been entered. 

In addition, two optional keys are provided with the C/CF-594 for 
operation as follows: 

MR, MEMORY READ: Functions identically to the M = sequence 
above. 
MC, MEMORY CLEAR: Functions identically to the M C/CE 
sequence above. 

B. MEMORY DESCRIPTION: Multi-key memory as pro
vided In all algebra, scientific circuits, and C-685D. 
MR, MEMORY READ: Functions identically to the M = sequence 
above. 
MC, MEMORY CLEAR: Functions identically to the M C/E se
quence above. 
M+, MEMORY PLUS: Functions identically to the M+ sequence 
above. 
M-, MEMORY MINUS: Functions identically to the M- sequence 
above. 
MEX, MEMORY EXCHANGE: Functions identically to the MX 
sequence above. 

In addition, the C/CF-589 are provided with a STORE key which 
transfers the contents olthe display to memory without changing 
the display. 

C. MEMORY DESCRIPTION: Multi-key memory as pro
vided In C/CF-585, 595 and 685. 
MC, MEMORY CLEAR: clears the memory while leaving the 
display intact. 
MR, MEMORY READ: transfers the data in memory to the display 
without changing the memory. 
M'l!,MEMORY EQUALS/PLUS: completes the preceding oper
ation, displays the result, and adds the result to the memory. 
M::,MEMORY EQUALS/MINUS: completes the preceding oper
ation, displays the result and subtracts the result from the 
memory. 

In addition, the C/CF-585 and C/CF-685 are provided with a MEX 
(Memory Exchange) Key which functions as previously 
described. 

The C/CF-595 is provided with the following additional memory 
keys: 

MR/MC, MEMORY READ/MEMORY CLEAR: this single key op
eration transfers the memory data to the display on the first 
depression. When depressed two successive times, the memory 
data is transferred to the display and the memory cleared. 
~, SUM KEY: when connected to Vss, this accumulate switch, 
independent of the keyboard, adds the contents of the display to 
memory with each depression of the equals key. 
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Ii] C/CF-SSO SERIES • C/CF-S90 SERIES • C/CF-AO SERIES 

ELECTRICAL CHARACTERISTICS 

Maximum Rating.' Fluoreacent DI.play LED Display Fluorescent Display LED Display' C-6XX/ 
CF-5XX Serl .. C-5XX SerIes CF-6XX Series C-6XXD S.rl •• 

V GO supply voltage range' -20Vto+0.3V -20Vto+0.3V -15V to +0.3V -15Vto+O.3V 
Clock input voltage range' -20Vto +0.3V -20Vto+0.3V -15V to +0.3V -15Vto+O.3V 
Data input voltage range' -32Vto+0.3V -'20Vto+O.3V -30V to +0.3V -15Vto+O.3V 
Applied output voltage range' -32Vto+0.3V -20Vto +0.3V -30V to +O.3V -15Vto+O.3V 
Maximum power dissipation at +25· C2 500mW 
Storage temperature range -20·C to +70· C 
Operating free-air temperature range 0·Cto+40·C 
Relative humidity range (no condensation) Ot09S% 

All inputs and outputs are internally protected against static charge damage during handling consistent with standard industry 
practices. 
'Exceeding these ratings could cause permanent damage. 
Functional operation of these devices at these conditions is not 
implied-operating ranges are specified below. 

Operating Condltlona CF-5XX Series 
Range 

V ss. substrate supply OV 
VGG , gate supply: C/CF-5XXA -1S.0V±5% 

C/CF-5XXB -1S.0V±5% 
C/CF-5XXC -17.0V±5% 
C-6XXA -
C-eXXB -

Character/stlca-at typical operating CF-5XX/6XX Series 

, Measured with respect to Vss. 
2 Derate at 10mW;oC. 

C-5XX Serl .. C/CF-6XX Series 
Range Min. Typo' Max. 

OV OV 
-15.0V±5% -
-16.0V±S% -
-17.0V±5% -

- 10.3V -7.5V -S.5V 
- -9.5V -7.5V -S.5V 

C-5XX Series c-axx Series 
conditions over a o· C to +40· C range. Min. Typo' Max. Min. Typ' Max. Min. Typ Max. 

Keyboard Input characteristics-
Input signal levels: Logic 0 -1.5V 

Logic 1 VGO 
Keyboard resistance -
Output buffer characterl.tlcl-' 
Segment output on-resistance: at -0.5V VOUT -

at -1.5V VOUT -
Dig it output on-resistance at -1.5V VOUT -
Digit and segment off-leakage: at Vou-r=-9V -
at VouT=-27V (CF-590, CF-660 Series) 
or VOUT=-30V (CF-580 Series). -
Anode and grid supply voltage through 
200K resistor: CF-560 Series -30V 

CF-590, CF-660 Series -27V 
Power(all outpulSolf)-

at V GG=-16.0V, C/CF-560 Series -
atVoo=-1S,OV, C/CF-590 Series -
atVGo=-7.5V, C-680 Series -

• All output buffers are open-drain to Vss. 
• Typical values are at +2S· C and nominal voltages. 

- OV -1.SV 
- -S.OV 
- 1K 

- -
200n soon 
200n 300n 
- -

- 181'A 

-24V -
-24V -
7SmW1OOmW 

1oomW125mW 
- -

4At4mA. 
5At36mA . 

VOG 
-

-
-
-
-
-

-
-

-
-
-

- OV -O.SV - OV 
- -S.OV VOG - -4.0V 
- 1K - - 1K 

- - - 200n 300n 
200n 300n - - -
200n 300n - 200n 300n 
- 181'A - - 181'A 

- - - - -

- - - - -
- - - - -

7SmW1OOmW - - -
100mW12SmW - - -

- - - 1SmW 30mW 

C-6XXD Series 
Min. Typo' Max. 

OV 
-
-
-

-10.3V -7.5V -6.5V 
-9.5V -7.5V -S.5V 

C-6XXD Series 
Min. Typ.' Max. 

-O.5V - OV 
VGG - -4.0V 
- - 1K 

- 1K 1.3K4 
- - -
- 30n son" 
- - 100}JA6 

- - -

- - -
- - -
- - -
- - -
- 15mW 30mW 

FLUORESCENT DISPLAY INTERCONNECT LED DISPLAY INTERCONNECT 

I FLUORESCENT DISPLAY I -2.75V 

F a, 9 Ge f 6 7 e 66 dO, 14 OPG:s C G~ b 61 a F Rfr~~~ 
r I L-f-

1 RI R2 
SEG. G_ 
SEG. F 

~~ 
SEG. E 
SEG.O 

28 SEG. C 
27 SEG. B 
26 SEG. A 

'---- . 25 D.P. 

• 2' 
DIGIT I 

• 23 DIGIT2 

7 CF-XXX 22 
DIGIT3 
DIGIT .. 

0 21 
DIGIT 5 • 20 

10 '19 DIGIT 6 

" 10 DIGIT 7 

12 17 
DIGIT 8 

" I" DIGITi 

I. 15 
-24V 

OLSP\."" 

ijll~I§~ 
I
e,"". "",,""',,""",,""',0""""0 ..... ,..7~,""',M. -l,.-!-, -h. SUMENT A 

DECIMAL PT 

C-XXX rH~· 
15 16 17 18 19 20 21 22 23 24 25 2ii 27 28 Note: Digit drivers c' ~I notrequlred1or 

L=.. c.6XXD Sarieo. 
Se6 page 2-14 

.--- for pin connec-
DIGiT.' '" f------ tlons. 

0'61"." ~l DIGIT 3 ~ 

L-==::jDl~GltT 4t:~ ~==== DIGIT 5 OIGIT ORIVERB ~ 

'-__ --'o"'''!!.iT "-" ---1 ~92E~~) f..---- rnOR~~G~NII~TS 
'-___ ~0~1~!!.7~~ 

'-____ ~O"~iT~.~~ 
L-_____ ~O~'G'~TO~~~O~~ 

2-4 



IIiII C-583 
CF-583 

C-683 
CF-683 

8 Digit I 5 Function Basic Calculator Circuits 

FEATURES 

• 8 digit, 7 segment display outputs. 
• Basic four arithemetic functions (+, -, x, +). 
• Percent (add-on and discount). 
• Floating negative sign. 
• Right-justified entry and result. 
• C-583 and C-683: direct LED segment drive. 

CF-583 and CF-683: direct fluorescent display drive. 
• All other features listed on the first page of this section. 

DESCRIPT!ON 

The C/CF-583 and C/CF-683 circuits are basic five-function 
circuits which may be used with either eight or nine digit LED or 
fluorescent displays. They compute and display the results of 
calculations with numbers up to eight digits (seven for negative). 
On overflow, the keyboard is locked and all decimal pOints are 
lighted. In addition, an overflow symbol will appear in the ninth 
digit position for those calculators having nine digit displays. 

DISPLAY 

8 DIGIT DISPLAY 
8 DIGIT 

NUMBER , 

02 03 04 05 06 07 

OPTIONAL 9 DIGIT DISPLAY 

SYMBOL 
8 DIGIT 

NUMBER . 

01 02 03 04 D5 06 07 

DISPLAY FONT 

0 2 3 4 5 6 7 8 

08 

9 

0 123 Lf 5 5. I B 9 

09 

08 D9 

N 
E 
G 

E 
S R 
I R 
G 0 
N R 

c. 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

Top View 

SEGMENT 0 C .' ......, 28 :J SEGMENT C 

SEGMENT E ( 2 27 :J SEGMENT B 

SEGMENT F C 3 26 :J SEGMENT A 

SEGMENT G [ 4 25 :J DECIMAL POINT 

NC [ 5 24 J DIG1T 1 OVERFLOW 

KP C 6 23 :J DIGIT 2 M.S.D. 

KO [ 7 22 :J DIGIT 3 

KN C 8 21 J 0lGIT4 

NC ( 9 20 :J DIGIT 5 

DO NOT CONNECT C 10 19 :J DIGIT 6 
NC ( 11 ,. :J DIGIT 7 

VOG C 12 17 :J DIGIT 8 

EXT esc IN C 13 16 J DIGIT 9 L.S.D. 

ase ENABLE [~'_4 ___ '-,5 :J Vss 

NOTE: 

The oscillator is enabled by connecting a resistor from VGG to pin 
14 (150K ±10% for C/CF-583. 470K ±10% for C/CF--683). 

KEY MATRIX 

~-______________ -'~Kp 

0-1 0-2 0-3 0-4 D-5 0-6 0-7 0-8 0-9 

Note: Diodes used only for CF ·583 and CF-683. 

2-5 

• 



C-585 
CF-585 

C-685 
CF-685 

8 Digit / 5 Function Basic Calculator Circuits 
With One-Key or Multi-Key Memory 

FEATURES 

• 8 digit, 7 segment display outputs. 
• Basic four arithmetic functions (+, -, x, +). 
• Percent (add-on and discount). 
• Floating negative sign. 
• Right-justified entry and result. 
• One-key or multi-key memory function (refer to the 

description at the beginning of this section.) 
• C-585 and C-685: direct LED segment drive. 

CF-585 and CF-685: direct fluorescent display drive. 
• All other features listed on the first page of this section. 

DESCRIPTION 

The C/CF-585 and C/CF-685 circuits are basic five-function 
memory circuits which offer the user the highest degree of 
functional flexibility In implementing a memory calculator. The 
circuits include all the features of the C/CF-583 and C/CF-683 
circuits with the addition of the memory function. 

DISPLAY 

8 DIGIT DISPLAY 

02 03 04 

8 DIGIT 
NUMBER , 

05 06 07 

OPTIONAL 9 DIGIT DISPLAY 

08 

SYMBOL 
8 DIGIT 

NUMBER , 

01 02 03 04 05 06 07 

DISPLAY FONT 

0 2 3 4 5 6 7 8 9 

0 123 Y 5 5.1 B 9 

2-6 

09 

08 09 

N 
E 
G 

E 
S R 
I R 
G 0 
N R 

c. 

M 
E 
M 

I 
N 

U 
S 
E 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

SEGMENT 0 

SEGMENTE 
SEGMENTF 

SEGMENTG 
NC 
KP 
KO 

KN 
NC 

00 NOT CONNECT 

NC 

v •• 
EXTOSCIN 

OSCENABLE 

NOTE: 

SEGMENTC 
SEGMENTS 
SEGMENT A 
DECIMAL POINT 
DIGIT 1 OVERFLOW 
DIGIT 2 M.S.D. 
DIGIT3 
OlGIT4 

DIGITS 
DIGITS 
DIGIT 7 
DIGITS 
DIGIT 9 L.S.D. 
v,, 

The oecillator Is enabled by connecting a reelstor from VGG to pin 
14 (150K .:t101!f1 for C/CF-585, "10K ±10% for ClCF..aa5). 

KEY MATRIX 

KEYS FOR MULTI-KEY MEMORY OPERATION 
I 

IEX/-----........ Kp 

0-1 0-2 0-3 0-4 0-5 0-6 0-1 0-8 0-9 

Note: Diodes used only for CF-585 and CF-685. 



C-589 CF-589 

8 Digit / 9 Function Algebra Calculator Circuits 
With One-Key or Multi-Key Memory 

FEATURES 
• 8 digit, 7 segment display outputs. 
• Basic four arithmetic functions (+, -, x, +). 
• Percent (add-on and discount). 
• Convenience functions (X2,v'X, l/x, +1-) 
• Floating negative sign. 
• Right-justified entry and result. 
• One-key or multi-key memory function (refer to the 

description at the beginning of this section.) 
• C-5B9: direct LED segment drive. 

CF-5B9: direct fluorescent display drive. 
• All other features listed on the first page of this section. 

DESCRIPTION 
The C/CF-589 circuits are basic eight-function memory circuits 
which offer the user the highest degree of functional flexibility in 
implementing a memory calculator. The circuits include all the 
features of the C/CF-5B5 circuits with the addition of the 
functions x2, v'X, l/x and +1-. The C/CF-5B9 circuits may be 
operated with either single or dual function keys with a keyboard 
configuration of from 20 to 29 keys. 

DISPLAY 

8 DIGtT DISPLAY 

I 
D2 D3 D4 

80lGIT 
NUMBER , 

D5 D6 

OPTIONAL 9 DIGIT DISPLAY 

SYMBOL 

DI D2 D3 

DISPLAY FONl 

D4 

8 DIGIT 
NUMBER , 

D5 D6 

D7 

D7 

o 234567B9 

o I 2 :1 Lf 5 5. 7 B 9 

D8 D9 

D8 D9 

M 
E 

N M 
E 
G I F 

E N 
S R M 
I R U 0 
G 0 5 D 
N R E E 

L I F 

.------------, • 
PIN CONFIGURATION 
2B LEAD DUAL IN LINE 

SEGMENT 0 

SEGMENT E 
SEGMENT F 

SEGMENTG 

NC 

KP 

KO 

KN 
KA 

DO NOT CONNECT 

NC 

VGG 

EXTOSC IN 

asc ENABLE 

NOTE: 

SEGMENTC 

SEGMENTB 

SEGMENT A 
DECIMAL POINT 

DIGIT 1 OVERFLOW 

DIGIT 2 M.S.O. 

OlGIT3 

DIGIT 4 

OlGIT5 
0lGIT6 

DIGIT 7 

DIGIT 8 

DIGIT 9 L.S.D. 

Vss 

The oscillator is enabled by connecting a 150K ±10% resIstor from 
VaG to pin 14. 

KEY MATRIX 

SINGLE FUNCTION KEYS 

KEYS FOR MULTI-KEY MEMORY OPERATION , 

0-1 0-4 0-5 0-6 0-7 0-6 0-9 

DUAL FUNCTION KEYS 

KA 

KN 

KO 

r---------~Kp 

KN 

0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 

Note: Diodes used only for CF-589. 
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EiI C-683D 
C-68SD 

C-687D 
C-689D 

CF-687 
CF-689 
CF-689HV 

8 Digit Direct Drive Algebra Calculator Circuits 

FEATURES 
• Direct LED segment and digit drive (except CF-687/689/689HV) 
• 8 digit, 7 segment display outputs. 
• Floating negative sign. 
• Right-justified entry and result. 
• All other features listed on the first page of this section. 

C-683D: 5 Function 
• Basic four arithmetic functions (+, -, x, ~). 
• Percent (add-on and discount). 

C-685D: 5 Function with Memory 
• Basic four arithmetic functions (+, -, x, +). 
• Percent (add-on and discount). 
• One-key or multi-key memory function (refer to the 

description at the beginning of this section). 

C-687D: 11 Function with Memory 
• Basic four arithmetic functions (+, -, x, +). 
• Percent (add-on and discount). 
• One-key or multi-key memory function (refer to the 

description at the beginning of this section). 
• Convenience functions (x2, I/X, 1/x, +1-, x-y exchange) 
• Tr key to display the value of Tr. 
• User option for single or dual function key operation. 

C-689D: 13 Function with Memory 
• All features of the G-687D plus linear metric conversion 

(inch-cm, cm-inch) and one level of parenthesis. 

CF-687: 11 Function with Memory 
• Same as C-687D except direct flourescent display drive. 

CF-689/CF-689HV 13 Function with Memory 
• Same as C-689D except direct fluorescent display drive. 

2-8 

Supply voltage: 9V for CF-689, 15V for CF-689HV. 

DISPLAY 

8 DIGIT DISPLAY 

DI D2 D3 

DISPLAY FONT 

0 

0 2 3 

0 I 2 3 

8 DIGIT 
NUMBER 

I 

D4 D5 

4 5 6 

D6 D7 

7 B 9 

Lf 5 5. 1 B 9 

DB 

N 
E 
G 

S 
I 
G 
N 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 
(Also available in a 28 Lead Mini-Pak) 

Digit 8 L.S.D. Oigit7 
NC Digit 6 
SN Digit 5 

Decimal Point 0lgit4 
Segment G 0lglt3 
Segment F Digit 2 
Segment E Digit 1 M.S.D. 
Segment 0 Vo. 
Segment C OSC IN 
Segment B NC 
Segment A Oscillator Enable 

KP NC 
KO KA 
KN Vss 

NOTE: 
The oscillator Is enabled by connecting a 150K ±1Q% 
resistor from VGO to pin 18. 

KEY MATRIX (C-689D shown) 

SINGLE FUNCTION KEYS 

r-----------------------------------------KP 

KO 

SA SS sc so SE SF SO OP SN 

DUAL FUNCTION KEYS 

K' 

KP 

KN 

KO 

SA SS SF 



ISII M-683 
M-685 

M-687 
M-689 

8 Digit Calculator Modules 

MODULE FEATURES 

• 8 Digit LEO display & lens with calculator circuit on one board 
• Algebraic operation 
• Automatic constant 
• Floating point operation 
• Constant or chain operation (no switch required) 
• Leading zero suppression 
• Automatic power on clear 
• Internal clock (on-chip OSCillator) 
• Internal keyboard debounce logic 
• Self contained module (only needs keyboard and battery for 

complete calculator) 

CALCULATOR FEATURES 

• M-883 - 4 function with percent key 
• M-885 - 4 function, percent key, one or multi-key memory· 
• M-6B7 - 4 function, percent key, slide rule functions, one or 

multi-key memory 
• M-889 - Same as 887 with brackets, inch centimeter 

conversion. 

DESCRIPTION 

The M-683, 685, 887,689 series of modules contains an eight digit 
LEO display and a C-6800 series calculator circuit featuring all 
the necessary logic, contact noise elimination circuits and timing 
for a complete, simple to use, low-cost, multi-featured calculator. 
For full Information on the many features of the calculator 
circuits used on these modules, refer to the detailed descriptions 
on the preceding pages. 

The M-680 series modules are fabricated on a double-sided 
printed circuit board. 

PRELIMINARY INFORMATION 

M-683/685/687/689 MODULE • 

Note: Mini-Pak mounted on back side. 
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11111 C-593 CF-593 

9 Digit / 5 Function Basic Calculator Circuits 

FEATURES 

•. 8 digit, 7 segment display outputs with ninth digit for sign or 
symbol. 

• Basic four arithmetic functions (+, -, x, +) . 
• 1 Percent (add-on and discount). 
• Floating negative sign. 
• Right-justified entry and result. 
• Results of addition or subtraction remain aligned to 

preceding number having most decimal places. 
• C-593: direct LED segment drive. 

CF-593: direct fluorescent display drive. 
• A" other features listed on the first page of this section. 

DESCRIPTION 

The C/CF-593 circuits are basic five-function circuits for use with 
nine digit LED or fluorescent displays. The.se circuits enter and 
compute both positive and negative numbers to an eight digit 
resolution. On overflow, the overflow symbol is displayed in the 
ninth digit ·position, the decimal point is automatically shifted 
eight positions to the left of its computed position and the 
keyboard i~ locked. 

DISPLAY 

9 blGIT DISPLAY 

SIGN OR 
SYMBOL 

DI 02 03 D4 

B OIGIT 
NUMBER , 

05 06 07 OB 09 

DISPLAY FONT 
N P 
E 0 
G S 

N L 0 0 
E 0 V V 
G W E E 

R R 
S B F F 
I A L L 
G T 0 0 

0 2 3 4 5 6 7 8 9 N T W W 

0 12:3 Lf 5 G. I B 9 LE[ 

2-10 

0-1 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

SEGMENT 0 

SEGMENTE 

SEGMENTF 

SEGMENTG 

LOW BATTERY INPUT 

KP 

KO 

KN 
NC 

NC 

NC 

VG. 
EXTOSC IN 

OSCENABLE 

NOTE: 

SEGMENTC 

SEGMENTB 

SEGMENT A 
DECIMAL POINT 
DIGIT 1 OVER~ LOW 

DIGIT 2 M.S.D. 

0lGIT3 
0lGIT4 

DIGIT5 
DIGIT6 
DIGIT 7 
DIGIT 8 
DIGIT 9 L.S.D. 

Vss 

The oscillator Is enabled by connecting a 150K ±10% resiatorfrom 
VGG to pin 14. 

KEY MATRIX 

r---------------------------------~Kp 

0-2 0-'3 0-4 0-5 0-6 0-7 0- 8 0-9 

Note: Diodes used only for CF-593. 



'iii' C-594 CF-594 

9 Digit / 5 Function Basic Calculator Circuits 
With One-Key Memory 

FEATURES 

a 8 digit, 7 segment display outputs with ninth digit for sign or 
symbol. 

a Basic four arithmetic functions (+, -, x, +). 
a Percent (add-on and discount). 
a Floating negative sign. 
a Right-justified entry and result. 
a Results of addition or subtraction remain aligned to 

preceding number having most decimal places. 
a One-key memory operation, with option for two additional 

memory function keys (refer to the description at the 
beginning of this section). 

a C-594: direct LED segment drive. 
CF-594: direct fluorescent display drive. 

• All other features listed on the first page of this section. 

DESCRIPTION 

The C/CF-594 circuits enable a manufacturer to add a memory 
calculator to his line with the simple inclusion of one additional 
memory key in the matrix of the C/CF-593 keyboard. All other 
operations are Identical to the C/CF-593. 

DISPLAY 

9 DIGIT DISPLAY 

SIGN OR 
SYMBOL 

01 02 03 

DISPLAY FONT 

04 

B DIGIT 
NUMBER . 

05 06 07 08 09 

N P 
E 0 
G S 

N L 0·0 
E 0 V V 
G W E E 

R R 
S B F F 
I A L L 
G T 0 0 o 2 3 4 5 6 7 8 9 N T W 'II 

o 123 '-I 5 5. 1 B 9 LE[ 

PIN CONFIGURATION' 
28 LEAD DUAL IN LINE 

SEGMENT 0 
SEGMENTE 
SEGMENTF 

SEGMENTG 
LOW BATTERY INPUT 

KP 

KO 
KN 
NC 
NC 
NC 

v •• 
EXTOSCIN 

OSCENABLE 

NOTE: 

SEGMENTC 
SEGMENTS 
SEGMENT A 

DECIMAL POINT 
DIGIT 1 OVERFLOW 
DIGIT 2 M.S.D. 

DIGIT 3 
DIGIT 4 

DIGITS 
OlGIT6 
DIGIT 7 
DIGIT 8 
DIGIT 9 L.S.D. 

The oscillator Is enabled by connecting a 150K ±1Q1H1 resistor from 
VGG to pin '4. 

KEY MATRIX 

OPTIONAL MEMORY KEYS , 

f-------...... Kp 

KN 

01 02 03 04 05 06 07 DB 09 

Note: Diodes used only for CF-594. 
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C-595 CF-595 

9 Digit / 5 Function Basic Calculator Circuits 
With Multi-Key Memory 

FEATURES 

• 8 digit, 7 segment display outputs with ninth digit for sign or 
symbol. 

• Basic four arithmetic functions (+, -, x, +). 
• Percent (add-on and discount). 
• ·Floating negative sign. 
• Right-justified entry and result. 
• Results of addition or subtraction remain aligned to 

preceding number having most decimal places. 
• Multi-key memory operation and automatic accumulating 

memory (refer to the description at the beginning of this 
section.) 

• C-595: direct LED segment drive. 
CF-595: direct fluorescent display drive. 

• All other features listed on the first page of this section. 

DESCRIPTION 

The C/CF-595 circuits add a variety of memory options to the 
basic C/CF-593 functions. While the basic pin configuration is 
identical to the C/CF-593, two additional connections are 
provided for a selectable "memory accumulate" switch and a 
"memory in use" indicator output. 

DISPLAY 

9 DIGIT DISPLAY 

SIGN OR 
SYMBOL 

DI D2 D3 D4 

8 DIGIT 
NUMBER , 

D5 D6 D7 DB D9 

DISPLAY FONT 
N P 
E 0 
G S 

N L 0 0 
E 0 V V 
G W E E 

R R 
S B F F 
I A L L 
G T 0 0 

0 2 3 4 5 6 7 B 9 N T W W 

a 123 Lf 5 5.7 B 9 LE[ 

2-12 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

SEGMENT 0 

SEGMENTE 

SEGMENTF 

SEGMENTG 

LOW BATTERY INPUT 

KP 

KO 

KN 

MEMORY INDICATOR 

NC 

ACCUMULATE ENABLE 

VG. 
OSCIN 

OSCILLATOR ENABLE 

NOTE: 

SEGMENTC 

SEGMENTS 

SEGMENT A 
DECIMAL POINT 

DIGIT 1 OVERFLOW 

DIGIT 2 M.S.D. 

0lGIT3 

010lT4 

DIGIT5 

0lGIT6 

0lGIT7 
DIGIT 8 
DIGIT 9 L.S.D. 

v" 

The oscillator is enabled by connecting a 150K ±10% resistor from 
VGG to pin 14. 

KEY MATRIX 

VSS~~PINII 
ACCUMULATE 

ENABLE SWITCH 

j------*Kp 

KN 

KO 

0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 

Note: Diodes used only for CF-595. 



IIiII C-596 CF-596 

9 Digit / 15 Function Scientific Calculator Circuits 

FEATURES 

• Number entry in floating point or scientific notation. 
• 9 digit output with 5 digits of the mantissa displayed, 2 digits 

for the exponent, and 2 digits for the sign of the mantissa 
and exponent. 
8 digit display and sign for numbers not requiring scientific 
notation or for the display of the 8 significant digits of a 
number that is in scientific notation. 

• Basic four arithmetic functions (+, -, x, +). 
• Transcendental functions (sin, cos, tan, sin-', cos~', tan-', 

Inx and e'). 
• Convenience functions (Vx, 1/x). 
• A separate memory register (refer to the description at the 

beginning of this section). 
• Trigonometric functions are performed in degrees or radians 

(switch selectable). 
• 11' key to display the value of 11'. 

• Left-justified entry and result. 
• User option for single or dual function key operation. 
• C-596: direct LED segment drive. 

CF-596: direct fluorescent display drive. 
• All other features described on the first page of this section. 

DESCRIPTION 

The C/CF-596 circuits are fifteen function circuits which offer 
trigonometric and inverse trigonometric functions, natural logs, 
e" Vx. lIx and 11' as well as the basic four functions and memory. 

DISPLAY 

NORMAL MODE 

SIGN OR 
SYMBOL 

DI D2 D3 D4 

SCIENTIFIC NOTATION 

SIGN OR 
SYMBOL 

DI D2 D3 

DISPLAY FONT 

0 2 3 

5 DIGIT 
MANTISSA , 

D4 

4 5 6 

B DIGIT 
NUMBER , 

D5 D6 D7 D8 D9 

SIGN OF MAGNITUDE 
EXPONENT OF 

D5 D6 D7 

N 
E 
G 

S 
I 
G 

7 8 9 N 

L 
0 
W 

B 
A 
T 
T 

EXPONENT , 

D8 

E 
R 
R 
0 
R 

M 
E 
M 

D9 

I F 
N 

M 
U 0 
S D 
E E 

a I 2 3 4 5 5. 7 B 9 LE 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

SEGMENT 0 

SEGMENTE 

SEGMENTF 

SEGMENTG 

LOW BATTERY INPUT 

KP 

)<0 
KN 

KA 

KB 

RAD/DEG 

OSCIN 

OSCILLATOR ENABLE 

NOTE: 

SEGMENTC 

SEGMENTB 

SEGMENT A 

DECIMAL POINT 

DIGIT 1 OVERFLOW 

DIGIT 2 M.S.D. 

DIGIT3 
DIGIT4 

DIGITS 

DIGIT6 
DIGIT 7 

DIGIT 8 
DIGIT 9 L.S.D. 

The oscillator is enabled by connecting a 470K :±10% resistor from 
VGG to pin 14. 

The circuit operates in the normal 8 digit mode until the display 
capacity is exceeded at which time it converts to the SCientific 
mode of operation. 

The C/CF-596 features single or dual function key operation for a 
keyboard configuration of from 19 to 35 keys. 

KEY MATRIX DEGREES 

SINGLE FUNCTION KEYS VS5~S-~~1I 

KS 

~-+----+---~---+----+----+~~Kp 

0-' 0-2 0-3 0-4 0-5 0-6 0-7 

DUAL FUNCTION KEYS 

KO 

0-8 0-9 

DEGREES 

VSS-----~~·II 
RADIANS 

~ ________________________________ ~Kp 

0-3 0-4 0-5 Q-6 0-7 0-8 0-9 

Note: Diodes used only for CF-596. 
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'SI' C-598 CF-598 

9 Digit / 18 Function Scientific Calculator Circuits 

FEATURES 

• Number entry in floating point or scientific notation. 
• 9 digit output with 5 digits of the mantissa displayed, 2 digits 

for the exponent, and 2 digits for the sign of the mantissa 
and exponent. 

• 8 digit display and sign for numbers not requiring scientific 
notation or for the display of the 8 significant digits of a 
number that is in scientific notation. 

• Basic four arithmetic functions (+, -, x, +). 
• Transcendental functions (sin, cos, tan, sin-', cos-', tan-', In x, 

e', 10gIO and 10'). 
• Convenience functions (y'X, llx, y'). 
• A separate memory register (refer to the description at the 

beginning of this section). 
• Trigonometric functions are performed in degrees or radians 

(switch selectable). 
• rr key to display the value of rr. 
• Left-justified entry and result. 
• User option for single or dual function key operation. 
• C-598: direct LED segment drive. 

CF-598: direct fluorescent display drive. 
• All other features described on the first page of this section. 

DESCRIPTION 

The C/CF-59B circuits are eighteen function circuits whose oper
ations are identical to the C/CF-596 with the addition of three 
functions: log,o, 10' and Y'. Single or dual function key operation 
is optional with keyboard configurations Of from 21 to 38 keys. 

DISPLAY 

NORMAL MODE~ 

SIGN OR 
SYMBOL 

01 02 03 04 

SCIENTIFIC NOTATION 

SIGN OR 
SYMBOL 

01 02 03 

5 DIGIT 
MANTISSA , 

04 

DISPLAY FONT 

0 2 3 4 5 6 

6 DIGIT 
NUMBER , 

05 06 07 06 D9 

SIGN OF MAGNITUDE 
EXPONENT OF 

05 D6 D7 

N L 
E 0 
G W 

S B 
I A 
G T 

7 6 9 N T 

EXPONENT , 

D6 D9 

M 
E 
M 

I F 
E N 
R M 
R U 0 
0 S 0 
R E E 

0 I 2 3 Y 5 5. 1 B 9 LE F 
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PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

SEGMENT 0 

SEGMENTE 
SEGMENTF 

SEGMENTG 

LOW BATTERY INPUT 

KP 

KO 

KN 

KB 

KA 

RAD/B'EG 
v.G 

OSCIN 
OSCILLATOR ENABLE 

NOTE: 

SEGMENTC 

SEGMENTB 
SEGMENT A 

DECIMAL POINT 

DIGIT 1 OVERFlOW 

DIGIT 2 M.S.O. 

0lGIT3 
010lT4 

DIGITS 

DIGIT 6 
DIGIT 7 

DIGIT8 

DIGIT 9 L.S.D. 

Vss 

The oscillator Is enabled by connecting a 470K ±1 0% resistor from 
VaGi to pin 14. 

KEY MATRIX 
DEGREES 

VSS~S-~~II 
SINGLE FUNCTION KEYS 

KA 

KB 

~-+----+----r--~r-~Kp 

0-. 0-2 0-3 0-4 0-5 0-6 0-7 

DUAL FUNCTION KEYS 

KO 

D-B 0-9 

DEGREES 

VSS~7~~" 
~ __________________ ~Kp 

0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 

Note: Diodes used only for CF~598. 



11iI' C-599 CF-599 

9 Digit / 21 Function Scientific Calculator Circuits 

FEATURES 

• Number entry in floating point or scientific notation. 
• 9 digit output with 5 digits of the !I1antissa displayed, 2 digits 

for the exponent, and 2 digits for the sign of the mantissa 
and exponent. 

• 8 digit display and sign for numbers not requiring scientific 
notation, or for the display of the 8 significant digits of a 
number that is in scientific notation. 

• Basic four arithmetic functions (+, -, x, +). 
• Percent (add-on and discount) 
• Transcendental functions (sin, cos, tan, sin-\ cos-\ tan-I, In x, 

e', 10gIO and 10'). 
• Convenience functions h{x, '/x, y', x2, +1-). 
• A separate memory function (refer to the description at the 

beginning of this section). 
• Two levels of parentheses. 
• Trigonometric functions are performed In degrees or radians 

(switch selectable). 
• fr key to display the value of fr. 

• Left-justified entry and result. 
• User option for single or dual function key operation. 
• C-599: direct LED segment drive. 

CF-599: direct fluorescent display drive. 
• All other features described on the first page of this section. 

DESCRIPTION 

The C/CF-599 circuits are twenty-one function circuits whose 

DISPLAY 

NORMAL MODE 

SIGN OR 
SYMBOL 

01 02 03 04 

SCIENTIFIC NOTATION 

SIGN OR 
SYMBOL 

01 02 03 

DISPLAY FONT 

0 2 3 

5 DIGIT 
MANTISSA 

I 

04 

4 5 6 

8 DIGIT 
NUMBER , 

05 06 07 08 09 

SIGN OF MAGNITUDE 
EXPONENT OF 

05 06 07 

N 
E B G R 

A S C 
I K 
G E 

7 8 9 N T 

EXPONENT 
I 

08 09 

M 
E 
M 

I 
E N 
R 
R U 
0 S 
R E 

F 

M 
0 
0 
E 

a I 2 :1 11 5 5. 7 8 9 E F 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

SEGMENT 0 

SEGMENTE 

SEGMENT F 

SEGMENTG 
TEST INPUT 

KP 

KO 

KN 
KB 

KA 
RAD/DEG 

VGG 
OSCIN 

OSCILLATOR ENABLE 

NOTE: 

SEGMENTC 

SEGMENTS 

SEGMENT A 

DECIMAL POINT 
DIGIT 1 OVERFLOW 

DIGIT 2 M.S.D. 

OlGIT3 
DIGIT4 
DIGIT 5 

DIGITS 

DIGIT 7 

DIGITS 

DIGIT 9 L.S.D. 

V,, 

The oscillator is enabled by connecting a 150K ±10% resistor from 
VaG to pin 14. 

operations are identical to the C/CF-598 with the addition of two 
levels of parentheses and three functions: x 2, % and +1 -. Single or 
dual function key operation is optional with keyboard configura
tions of from 24 to.41 keys. 

KEY MATRIX 
SINGLE FUNCTION KEYS 

KA 

K. 

Kp 

KO 

0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 

DEGREES 

DUAL FUNCTION KEYS 
vss ____ TO 

RADIANS PIN II 

0-/ 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 

Note: Diodes used only for CF-599. 
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C-700 SERIES 

Printer Calculator Circuits 
FEATURES 

DOT MATRIX PRINTER SYSTEM DIAGRAM 
5 functions (+,-, x, + ,%). 
Chain calculations. 
Repeat add/subtract. 
Automatic underflow and reverse underflow. 
Non-add (II)/date key. 
Memory non-zero indicators. 
OverflOW indication. 
Automatic constant in multiply or divide. 
Right-justified entries and results. 
Leading zero suppression. 
2 key rollover operation. 
Internal oscillator and power-on clear. 

DESCRIPTION 

The C-100 Series is a growing family of circuits for the printing 
calculator manufacturer which provide the capability for a broad
based, multi-feature business calculator product offering. The C-
100 Series currently includes four different calculator circuits 
(the C-116, C-l17, C-l17X and C-118) and two printer-display 
interface circuits (C-119 and C-120), each described on the 
following pages of this section. 

FUNCTION DESCRIPTION 

Basic 4 functions and percent, automatic constant in multiply and 
8 DIGIT divide, repeat add/subtract, decimal select mode, and other 

PRINTING features. Interfaces with the Olivetti Pu1100 dot matrix printer. 
Option for use with thermal printing version of Pull00. 

Basic 4 functions and percent, automatic constant in multiply and 

12 DIGIT divide, repeat add/subtract, decimal select mode. memory-in-use 

PRINTING indicator, rounding options. non-add (#)/date key, and other 
features. Interfaces with the Shinshu Seiki Model 310 
impact printer. 

PRINTER- Adds display capability to the C-717X and C-718 printing 
DISPLAY calculator circuits. 

INTERFACE Adds display capability to the C-716 printing calculator circuit. 

IMPACT PRINTER SYSTEM DIAGRAM 
Voo 

PRINT END 

TIMING 

ACCjQ DQ D~· LED KEYBOARD K1-K5 
. MATRIX 

I 

4 

PRINTER 

lot 2t 

I PRINTER DRIVER I 

10J 2{ 3 

COLUMN MOTOR SYNC 

~ SS C-716 

K DIGIT SCAN 

4 8 

KEYBOARD -STATIC 
"'- SWITCH -MATRIX 

PART 
NUMBER PACKAGE FEATURES 

C-716 40 DIP Accumulator and 4 key memory 

C-717 Accumulator and Grand Total 
C-717X Memories. 

40 DIP 

C-718 Accumulator, item counter, and 
·four-key independent memory. 

C-719 For both LED 
28 DIP and flourescent displays. 

C-720 

SEIKO 
MODEL 310 

PRINTER 

~------1 
MAG .... ET DRIVERS 

MOTOR I I D1-D5(C-717n17X) 
C-7171C-717x/C-718 COLOR 

COLUMNS 1.2.4-16 
D1-06(C718) COLUMN & DISPLAY DATA· 

I 1 ..l 
DISPLAY DATA 1.2.4,8' 

SWITCHI 
DIODE! Voo DISPLAY LOAD-

---ovss JUMPER SS1-SS3 C-719 MATRIX DISPLAY SYNC' 
150K ~voo 

VDO ' -14V to -16V voo ~ OSCILLATOR 1'-------; 
12 DIGIT LED OR 

'DISPLAY SIGNALS ONLY ON C-717X ANO C-71S. 50pF FLUORESCENT DISPLAY 
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IIiII C-716 PRELIMINARY INFORMATION 

8 Digit / 5 Function Matrix Printer Calculator Circuit 
with Accumulator and Independent Memory r------a FEATURES 
• 8 digit printout plus 2 full reight justified audit trail columns 

and floating sign. 
• Automatic accumulating memory. 
• Four-key independent memory. 
• Arithmetic operation in add/subtract sequences. algebraic 

in multiply/divide (business logic). 
• Decimal select modes: full floating; fixed point 

(0.1.2.3.4.5.6.7.8); add mode(automatic decimal 2 in + and-) 
• Keyed decimal select. 
• Automatically set to decimal 2 at power-on. 
• Full floating accuracy on intermediate results in 

chain operation. 
• Multistage keyboard buffer stores up to 6 keyed entries 

to allow uninterrupted operation during print. 
• All other features listed on the General Information page. 

DESCRIPTION 
The C-716 is a single MaS/LSI circuit containing all the logic 
functions required to implement a five-function general purpose 
printing calculator with accumulator and a four-key independent 
memory. The C-716 has been designed to operate with the 
Olivetti Pu 1100 matrix printer with 50 dots in each horizontal row 
arranged in 10 groups of 5. Two of the ten groups are used to form 
the negative sign and the audit trail symbol. An option allows the 
C-716 to be used with the thermal printing version ofthe Pu 1100. 

KEYBOARD SWITCH MATRIX 

00 01 02 03 04 05 06 07 

KO C/CE 0 1 2 3 4 

K1 X + = % # OS 

K2 + - S T M+ M- MR MC 

K3 5 6 7 8 9 • 

DECIMAL SECTION 

The C-716 features keyed decimal selection. a two key sequence 
of the DS key and a second key as in the following chart: 

KEYS • 0 1 2 3 4 5 6 7 8 9 

l DS 
ADD 

0 1 2 3 4 5 6 7 8 
FLOAT~ 

MODE ING 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Not yet defined. 

TYPICAL KEYBOARD ARRANGEMENT 

88DGGJD0El 
GJ[j GJGJGJ GJB G -000GGB 01 0 IQ B 

. 
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I-I C .. 717 C .. 717X 

12 Digit / 5 Function Impact Printer Calculator Circuits 
with Acumulator and Grand Total Memory 

FEATURES 

• 12 digit printout plus 2 full right-hand justified audit 
trail columns. 

• Automatic accumulating memory (stores group totals). 
• Grand total memory. 
• Selectable memory modes: normal (last entry printed); 

(running subtotal printed); GT (grand total memory access). 
• Fully arithmetic operation. 
• Decimal select modes: full floating; fixed point (0-6); 

add mode (with hardwired secondary add mode option for 
quantity x dollars). 

• Rounding options (truncate, 5/4 round off, 1/0 round up). 
• Multistage keyboard buffer stores up to 8 keyed entries 

to allow uninterrupted operation during print. 
• C-717: printer only. 

C-717X: printer and display (with the C-719 interface chip). 
• All other features listed on the General Information page. 

DESCRIPTION 

The C-717 and C-717X are each single MOS/LSI circuits 
containing all the logic functions required to implement a five
function, two memory general purpose business calculator using 
a Seiko Model 310 impact printer. While both the C-717 and C-
717X are pin-compatible with each other, the C-717Xaddltionally 
provides signals for use with the 0-719 printer-display interface 
chip. This allows the addition of a 12-digit fluorescent or LED 
display to the basic printer. 

KEYBOARD SWITCH MATRIX 

01 02 03 04 05 

K1 0 5 00 • -

K2 1 6 000 + % 

K3 2 7 =+ - * 
K4 3 8 - - X 0 -

# K5 4 9 DATE C/CE 

2-18 

PIN CONFIGURATION 

40 LEAD DUAL IN LINE 

Vss(GNO) 
K3 

K4 

K5 
Voo (-15V) 

Column 5 

Column 4 

Column 2 

Column 1 
Timing 

Print End 
Motor 
Color 

Column 16 
01 
02 

N.C. 
D3 
04 
05 

-NOTE: 

K2 

K1 

Column 6 
Co1umn 7 

• Column 810lsplay Data 1 * 
Column 9IOlsplay Data 4· 
Column 10/Display Data S· 
Column 11/0isplay Data 2· 

Oscillator/Clock Input 
Mem. LEO 
Ace. LED 
Column 12 
Column 13 

Column 14 
Column 15 
Display Load (Connect to pin 14 on 0-717) 
Display Sync (N.C. on 0-717) 
SS2 
SS3 
SSl 

On the C-717X, pins 33-368re multifunction pins with both display 
data and column 8-11 data. On the 0-717, these pins are single
function containing only column 8--11 data. 

STATIC SWITCH MATRIX 

01 02 03 04 05 

SS1 DECIMAL SELECT - SEE BELOW 

SS2 
ADD PRINTER MODE ON/OFF 

OPTION 

0 OT PAPER 
TRUNCATE ROUND 

SS3 MODE MODE ADVANCE OFF 

DECIMAL SELECT CHART 

The decimal select switch is a four-pole switch with en-
coded outputs during D1 thru 04 strobe periods. In the 
chart below, a '1' denotes a switch closure. 

DECIMAL 
01 02 03 04 

POSITION 

+ 1 1 0 1 
F 1 0 0 1 
0 1 0 0 0 
1 0 1 0 0 
2 1 1 0 0 
3 0 0 1 0 
4 1 0 1 0 
5 0 1 1 0 
6 1 1 1 0 



'iii' C-718 

12 Digit / 5 Function Impact Printer calculator Circuit 
with Accumulator, Item Counter and Independent Memory 

FEATURES 

• 12 digit printout plus 2 full right-hand justified audit 
trail columns. 

• Switch-selectable automatic accumulation. 
• Three digit item counter. 
• Four-key independent memory. 
• Arithmetic operation in add/subtract sequences, 

algebraic in multiply/divide (business logic). 
• Decimal select modes: full floating; fixed point 

(0-6, excluding 5); add mode (automatic decimal 2 
in + and -, unit/price mode in x). 

• Non-coded decimal select switch input. 
• Rounding options (tfuncate, 5/4 round off, I/O round up). 
• Separate clear-all key .. 
• Full floating accuracy on intermediate results in 

chain operation. 
• Multistage keyboard buffer stores up to 6 keyed entries 

to allow uninterrupted operation during print. 
• Display capability (with the C-719 interface Chip). 
• All other features listed on the General Information page. 

DESCRIPTION 
The C-718 is a sin91e MOS/LSI circuit containing all the logic 
functions required to implement a five-function general purpose 
consumer calculator with an accumulator, item counter and four
key independent memory. The C-718 has been designed to 
operate with a Seiko Model 310 16 column impact printer. When 
used with the C-719 printer-display interface, the C-718 also 
provides a 12-digit display capability, using either fluorescent or 
LED displays. 

KEYBOARD SWITCH MATRIX 

01 02 03 04 05 06 

K1 0 5 00 N - CleE -

K2 1 6 . + % M+ 

K3 2 7 =+ - * M-

K4 3 8 = - X 0 M* 
# 

PIN CONFIGURATION 

40 LEAD DUAL IN LINE 

Vss(GND) 

K3 

K4 

K5 

voo (-15V) 

Column 5 

Column 4 

Column 2 
Column 1 

Timing 

Print End 

Motor 

Color 
Column 16 

0' 
06 
02 

03 
04 

05 

STATIC SWITCH MATRIX 

D1 D2 D3 
PAPER 

K2 

K' 
Column 6 

Column 7 

Column B/Dlsplay Data 1 

Column 9/Display Data 4 
Column 10lDispiay Data 8 

Column 11/Disp/ay Data 2 

Oscillator/Clock Input 

Mem.lED 
Ace. LED 

Column 12 
Column 13 
Column 14 

Column 15 
Display Load 

Display Sync 

553 
552 

SS' 

D4 D5 D6 

5/4 PRINTER 551 I ADVANCE TRUNCATE 1/0 ON/OFF 

552 EXT. 
P.O.C. 

553 
DEC1'MAL SELEr -SEe SErw 

DECIMAL SELECTION 

D4 

H 03 

I I R 02 

r r 0'6 

K5 4 9 DATE CA MO 0 , 2 3 4 5 6 + FLOAT 

S53 ! ± ! ± ! t ! ! J 
SS2 
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'_I C-719 

Printer-Display Interface Circuit 

FEATURES 

• Adds display capablity to C-717X and C-718 printer chips. 
• Full 12 digit display capability. 
• Drives LED or fluorescent displays. 

DESCRIPTION 

The C-719 is a single MOS/LSI circuit designed to add a 12 digit 
display capability to General Instrument's C-717X and C-718 
printer calculator circuits. Data from the printer calculator chips 
is transferred to the C-719 interface chip serially and re
formulated to drive seven segment multiplexed common cathode 
displays. 

The segment and digit outputs of the C-719 are open-drain and 
have a breakdown voltage of -30 Volts to enable the driving of 
fluorescent displays with a minimum of interface components. 
LED displays may also be driven by the C-719 with direct drive of 
the segments and the addition of digit-drive buffers. 
In the display, leading zeroes are suppressed and entries and 
results are right-justified. 

SYSTEM DIAGRAM 

DIG1TS 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

Vss(GNO) 
Display Sync 

Display Data 1 

Olsplf;y Data 2 
Display Data 4 
Display Data 8 

SegmentOP 
Segment A 

SegmentB 

SegmentC 

Segment 0 
8egmeniE 
Segment F 
SegmentG 

FLUORESCENT DISPLAY 

SEGMENTS 
1 2 3 4 5 6 7 8 9 10 11 12 G F E 0 C B 

r-! I I I I 
28 15 

C-719 

1 14 

- '" .. CD III t-Q <.i ~ ~ ~ ~ 9 z 
~ < ~ ~ Q Q 

~ > 
~ 

> 
~ > :s :s ~ ... ... ... ... ... 

'" c 
~ '" '" '" '" '" is ~ is is is is is 

COLUMN 8 ... ., 
COLUMN 9 ... 
COLUMN 10 

, TO 
PRINTER 

COLUMN 11 

25 5 1 24 36 33 35 34 

C-717X OR C-718 Note: Discrete pull·up 
resistors for the display 
are not shown. 

2-20 

voo (-1SV) 
Display Load 
Digit 1 

Digit 2 

0lgl13 
0lgil4 
Digit 5 
Digit 6 
Digit 7 
Digit 8 
DigitS 
Digit 10 
Digit 11 
Digit 12 

A OJ> 



1151 1 C-720 

Printer-Display Interface Circuit 

FEATURES 

• Adds display capability to the C-716 printer chip. 
• Full 8-digit display capability 
• Drives LED or fluorescent displays. 

DESCRIPTION 

The C-720 is a single MOS/LSI circuit designed to add an 8 digit 
display capability to General Instrument's C-716 printer 
calculator circuit. Data from the printer calculator chip is 
transferred to the C-720 interface chip serially and reformulated 
to drive seven segment multiplexed common cathode displays. 

The segment and digit outputs of the C-720 are open-drain and 
have a breakdown voltage of -30 Volts to enable the driving of 
fluorescent displays with a minimum of interface components. 
LED displays may also be driven by the C-720 with directdriveof 
the segments and the addition of digit-drive buffers. 

In the display, leading zeroes are suppressed and entries and 
results are right-justified. 

SYSTEM DIAGRAM 

DIGITS 

1 2 3 4 5 6 7 

II 

C-720 

~ '" ... co 
c d ~ ~ ~ ~ « z 
0 > « « « « 
..J C/l C C C C 
> > > > > > 
~ « « ~ « < 

..J ..J ..J ..J a. a. a. a. a. a. 
C/l 0 '" '" '" C/l '" '" Ci ~ of: Ci Ci Ci Ci Ci 

C-716 

PRELIMINARY INFORMATION 

.-------------. • 
PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

TOp View 

C ., '-' 28 :J 
C 2 27 :J 
C 3 26 :J 
[ 4 25 :J 

~ 
5 24 :J 
6 23 :J 

[ 7 22 :J 
8 21 :J 

( 9 20 P 
~ 

10 19 P 
11 18 P 

~ 
12 up 
13 16 P 

( 14 15 P 
Not yet defined. 

FLUORESCENT DISPLAY 

SEGMENTS 

8 G F E 0 C B A Of> 

I I I 
L-

7" 

--, TO 
.~ PRINTER 

~ 

; 

Note: Discrete puU~up 
resistors for the display 
are not shown. 
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4 DIGIT 

4 DIGIT 
WITH ALARM 

12/24 hour clock 

12 hour clock, 24 hour alarm 

12/24 hour clock, 24 hour alarm 

12/24 hour clock, 24 hour alarm 

CLOCKS 

• 



iii AY-5-1200A 
AY-5-1202A 

4 Digit Clock Circuits 

FEATURES 

• Hours and minutes display. 
• 12124 hour operation. 
• 50/60Hz operation. 

AY-5-1203A 
AY-5-1204A 

• 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 sel.) 
• Options: 

Zero Flashing 
7Seg BCD Blank Sec 

AY-5-1200A Yes No Yes No 

AY-5-1202A Yes No Yes Yes 

No Yes No Yes 

AY-5-1204A Yes No No Yes 

DESCRIPTION 

The AY-5-1200A Series are 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 
A Y -5-1200Al A Y -5-1202A1 A Y -5-1204A 

v •• 

Digit Outpuw I ~~i 
1 MXl 

DP/Colon Output 

12/24 Hour Select 

Inhibit 
50160Hz Select 

Invert Segments 
Reoet 

AY-5-1203A 

v •• 
voo 

Digit Output. I ~~ 
1 MXl 

DP/Colon Output 

12/24 Hour Select 

SO/60Hz Select 
NC 

Reset 

'-__ ---r 

Clock Input 
Multiplex Clock 

Set Hours 
Sat Minutes 

f:rol b::t::tput• 

2' 
NC 

NC 
NC 

50/60 Hz SET SET 12/24 HOUR MULTIPLEX 
CLOCK 

3-2 

CLOCK 
INPUT 

SELECT HOURS MINUTES RESET SELECT 

Vss VDD 

r----'--,I-~---:~ ~,~~~ MX4 

OUTPUTS 

L----._...-Jr----j-:~ ~1~~~~ 
... ---~f-< INHIBIT 

r--'----,.--!..I-~ :E';MENT 

OUTPUTS 

L_:=_J--t--7 DP/COLON 
OUTPUT 

INVERT 
SEGMENTS 

... Not included in the A Y -5-1203A. 
Four BCD outputs are provided in place 
of the seven segment outputs. 



AY-5-1200A • AY-5-1202A • AY-5-1203A • AY-5-1204A I!!J 
PIN FUNCTIONS 

Name 

Segment Outputs 
A-F 

DP/Colon Output 

Multiplex Outputs 
MX1-MX4 

Reset Input 

Set Minutes Input 

Set Hours Input 

50/60Hz Select Input 

12124 Hours Select Input 
Invert Segments Input 

Multiplex Oscillator 

50/60Hz Input 

Vss 

Voo 
Inhibit Input 
Strobe Output 

Function 

In 7 segment mode the digits are multiplexed on to these pins. These 
outputs are at logic '0' to display (positive) and will drive Fluorescent 
displays directly. In BCD mode outputs A to D are used, the code for 0 being 0000. 

This is a high voltage 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. 

These outputs select the display digits sequentially, they will drive 
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. 

When taken to logic '0' the clock is reset to zero. 

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. 

When taken to logic '0' the hours counter is advanced at the rate of 2 
hours per second. 

When taken to logic '0', 60Hz operation will result. 

When taken to logic '0', 12 hour operation will result. 

When taken to logic '0' the segment outputs will be inverted. 

An external capacitor is used to select the multiplex frequency. If 
required the pin can be driven by an external oscillator. 

The master clock is input to the pin. Hysteresis is provided so that 
the input waveform is not critical. 

Positive Supply. 

NegativeSupply. 

When taken to logic '0' all outputs are switched OFF. 

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 

'Exceeding these ratings could cause perma
nent damage. Functional operation of these 
devices at these conditions is not implied 
-operating ranges are specified below. 

Power Dissipation at +70°C Ambient-Total ....... 500mW 
Per Output. . . . . . . . . . . . . . . . . 50mW 

Standard Conditions (unless otherwise noted) 
Vss ~ -OV 
voo ~ -17V"'- 10% (AY-S-1200N1202A/1204A) 
Voo ~ -11.4V to -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) 
--

S(3.3) 
-
-
-

"Typical values are at +25° C and nominal voltages. 

NOTES: 

NOTE: 
In the chart below, numbers in () refer only to 
the AY-S-1203A. 

Typ" Max Units 

SO/60 - Hz 
- -2(-1) Volts 
- Voo Volts 
- SO KHz 
- -1.S(-1) Volts 

100 - f.J.A 
- -VDD Volts 

- - mA 
- S(10) f.J.A 
- 10 f.J.A 

- - mA 
- S(10) f.J.A 
- 10 f.J.A 

8.5(6.S) 14 mA 

Conditions 

Note 1 

Note 2 

Note 3 

Vour = -2V 
VOln = -2SV(-19V) 
Vou.,-= -3SV 

VOl;.,- = -2V 
Vou.,- = -2SV(-19V 
VOl;-r = -3SV 

1. The clock input pin may be taken positive with respect to Vss provided that the current is limited to 100f.J.A. 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 Voo. 

3-3 
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iii AY-5-1200A • AY-5-12D2A • AY-5-1203A • AY-5-1204A 

15K lOOK lOOK 

FILAMENT 

] tJ3 ..---.-----c::J-470 -~~ -35V 

250V 3 '5 A.C 

12 1N4001 

'2 

22O,.F 
40V 

IN4001 

470K f 3,3OOpF 

TRANSFORMER 
HENRY'S TS3-12 
3-0--3V 200mA 
12-D-12V SOmA 

~l00I.F i 25V 

234567 

AY-5-1202A 

I 

COL 

bCd8fgl 

4 DIGIT CLOCK DISPLAY 

-17V 

'0 J 
11 

12--

I 

SET SET 
HOURS Iy 'y MINS. '9 RESET 

L---------~~~-------------------------------"OV 

Flg.1. DIGITAL CLOCK CIRCUIT USING AY-5-1202A WITH FUTABA FLUORESCENT DISPLAY 5-LT-01 

~ ____ -.~~ ______ ~~ __ .-~~~~-.~~~-.--.-,-~V 
WIRE-WOUND 40V 1 WATT 250V A C X"F 
r-__ -c'°:l°~_l'i'~I\...'N400',./ .8 

1(JOK I l 

!,~- I '-r _,~ ~ 
<$ ~ L-__________ ~----+-----' ~ ~ ~ ~ ~ a b • d e f 

• 
470K 

>-lH~ __ C390J __ '" 
3,300 

IN914 L......--

Gc 4 DIGIT CLOCK DISPLAY 

COL 

pF ~ 

i1:,o=oo.=t= ~~LJ-[j '=t=t=t=t=t=rX=:l-,·7V '=;- ,2 3 4 5 • 7 • 9 ,~ I I 
pF 24 ,J-J 

L23 AY-5-1202A 

22 21 20 19 18 17 16 15 14 13 

I I 

SET SET , ft RESET 
HOURS Iy lyMINS. 'y 

L---------~-+----------------------------~OV 

'OOK 

9 I 

Flg.2. DIGITAL CLOCK CIRCIT USING AY-5-1202A WITH FUTABA FLUORESCENT 
DISPLAY 5-LT-01 AND CAPACITIVE POWER SUPPLY 



'1iI' 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 isaP 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 to 4 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 '!4 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 1) 
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 

Seg A OUV2D Out/Set Hrs In. 

V,. 
Multiplex Oscillator 

SO/60Hz Input 

Voo 

Strobe Output 

MX 4 Output (Tens Hours) 

MX 3 Output (Units Hours) 

BLOCK DIAGRAM 

""" INPUT 

TOp View 

SEGal SESIII 

Sf~'~~IN ~~~T 

12/24 Hour Select (Pin 13) 

Seg B Outl21 Out/Set Minutes Input 

Seg C OuU22 Out/Reset Input 

Seg 0 OUI/23 Out/Complement Input 

Seg E Out/12 or 24 Hr Select 

Seg F OuU50 or 60Hz Select 

Seg G Out/BC~ or 7 Seg Select 

MX10utput (Units Minutes) 

MX2 Output (Tens Minutes) 

"" SOIIllHz 
SELECT 

M~ 1-.11)(4 
OUTPUTS 

STIIOIIE .,,"" 

When ·Ieft open the clock will run in the 12 hour mode, when 
connected to strobe via a diode 24 hour operation will result. 

50/60Hz Select (Pin 12) 
When left open a 50Hz clock will be accepted. When connected to 
strobe via a diode 60Hz operation will result. 

BeD17 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 5) 
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. 

3-5 
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[i] AY-5-1224A 

ELECTRICAL CHARACTERISTICS 

Maxlm~m 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 +lS0°C 
Power Dissipation at 70°C Ambient-Total. . . . . . . . . SOOmW 
Per Output. . . . . . . . . . . . . . . . . . . . . . . . . SOmW 

Standard Conditions (unless otherwise noted) 

Vss= OV 
Voo = -12 to -18V 
Operating Temperature (TA) = O°C to +70°C 

Characteristic Min Typ" 

Clock inputfrequency DC SO/60 
Clock input logic '0' +O.S -
Clock input logic '1' -8 -
Multiplex Clock Frequency DC -
Interdigit Blanking - lS0 

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 damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Max Units Conditions 

- Hz -
-2 Volts Note 1 
Vee Volts -
SO KHz Note 2 

- !'IS at 6.67 KHz 

-l.S Volts 
Note 3 -

Vee Volts -
SOO Ohms fVOUT =-2V 

IOUT=4mA 
10 p.A VOUT= -18V 

10 rnA Voo= -lSV 

1. The clock input pin may be taken position with respect to Vss provided that the current is limited to 100p.A. 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 4S0p.S and the OFF time is lS0p.S. 

TIMING DIAGRAMS AY-5-1224A WITH 0.3" LED DISPLAY 

MULTIPLEX 

-17V UK I I oJ 2 
4,OK ,,; N3705 

CLOCK 

MXI 

MX2 ] 
MX3 

i-'F ,. J .i,] 
oK 

,,; l "I , .... , • 4 

I "DIGlTO.3.~LEDDISPLAY I 
~12v~·~t~ I 

(COMMON CATHODE) 

50/60Hz 
AY-5-1224A 

2 

120 .J.. 
,_F . , 1615 1413 

3300 

E 

MX4 0 

C " 
• "'l 

STROBE A ''1 
2 

SEGMENTS 
tit 

I I 'I 
~t IN914 .,j,. . 
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I iii I CK3000 CK3100 

4 Digit Alarm Clock Circuits 

FEATURES 

• 12 Hour clock, 24 Hour alarm setting 
• AM/PM indication 
• 50 or 60 Hz operation 
.. Snooze (Sleep-over) alarm 
• Direct display driving 

CK3000- Plasma 
CK3100-LED 

• No display interface components 
• Seconds flashing colons 
• Alarm, set, and snooze indication 
• Power interrupt indication 
• Low current consumption 
• Alarm output tone - direct drive with magnetic speakers 
• Wake output for appliance switchingl(CK31 00) 

DESCRIPTION 

The CK3000 and CK3100 are N-Channel MOS integrated cir
cuits, containing all the logic necessary to produce low cost 4 
digit alarm clocks operating from 50 or 60 Hz line frequencies. 
The output stages of these circuits have been designed spec
ifically to directly drive the cathodes of Plasma displays 
(CK3000) or the cathodes of large digit common anode L.E.D.'s 
(CK3100) with no interface electronic components whatsoever. 

These integrated circuits also contain all the logic needed for 
contact noise elimination and line frequency noise rejection 
reducing further support components. 

BLOCK DIAGRAM 

'" no, 

'Ne 

""' 
'Ne 
"ON 

..., 
FREQ 

WAKE OUT 
!CK31000NLY! 

ALARMITONE 
CANCEL. 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 
CK3000 

VN 

50/60 Hz Control 

Alarm/Tone Cancel 

Alarm Tone Output 

Set Internal Frequency 

Set Time Enable 

Set Alarm Enable 
Increment Min. Enable 

Increment Hr. Enable 
50160 Hz Input 

vp 
Sag. Current Control 

V.S.O Control 
AM/PM Ind Seg. Out. 

Seg. Out. b, Digit 4 
Seg. Out. c, Digit 4 

Seg. Out. e, Digit 3 
Seg. Out. f. Digit 3 

Seg. Out. g. Digit 3 
Seg. Out. e, Digit 3 

40 LEAD DUAL IN LINE 
CK3100 

VN 
3.33. Min. Out. 

50/60 Hz Control 

Alarm/Tone Cancel 

Alarm Tone Output 
Set Internal Frequency 

Set Time Enable 

Set Alarm Enable 
Increment Min. Enable 

Increment Hr. Enable 
50/60 Hz Input 

Vp 
Seg. Out. Blanking 

AM/PM Ind Seg. Out. 

Sag. Out. b, Digit 4 

Seg. Out. c, Digit 4 
Seg. Out. ., Digit 3 

Seg. Out. f, Digit 3 

Seg. Out. g, Digit 3 

Seg. Out. e, Digit 3 

NlC (do not connect) 
Sag." Out. ., Digit 1 

Seg. Out. b. Digit 1 
sag. Out. g. Digit 1 

Sag. Out. c, Digit 1 
Sog. Out. d. Digi •• 

Seg. Out. e, Digit 1 

Sag. Out. f. Digit 1 

Sag. Out. a, Digit 2 
Seg. Out. b, Digit 2 

Sog. Out. g. Digit 2 
Sag. Out. c, Digit 2 

Sog. Out. d. Digit 2 

Seg. Out. e, Digit 2 
seg. Out. f, Digit 2 

Colon/Clod!: 

Colon/Alarm 
Sag. Out. b, Digit 3 

Seg. Out. c, Digit 3 
Seg. Out. d, Digit 3 

Wake Output 

Sag. Out. ., Digit 1 

Seg. Out. b, Digit 1 

Ssg. Out. g. Digi. 1 
Sag. Out. c. Digit 1 

Seg. Out. d. Digit 1 
Seg. Out. e, Digit 1 
Beg. Out. f, Digit 1 
Sag. Out. ., Digit 2 
Sag. Out. b, Digit 2 
Seg. Out. g, Digit 2 

Seg. Out. c, Digit 2 
Seg. Out. d, Digit 2 
Seg. Out. e, Digit 2 
Seg. Out. f, Digit 2 
Colon/Clock 

Colon/Alarm 
Seg. Out. b, Digit 3 

Seg. Out. c, Digit 3 
Seg. Out. d, Digit 3 

• 

3-7 



[!] CK3000. 'CK3100 

FUNCTIONAL DESCRIPTION 

The block diagram shows diagramatically the various logical 
ifunction blocks that make up the CK3000 and CK3100 inte
grated circuits. The various units have the following functions. 
Oaeillator 
,The oscillator provides two basic functions in the integrated 
circuit. 

'1. Provides a suitable frequency in ihe illidio range for 
modulating an external transducer at and during the alarm time 
(nominally 1 KHz). 
2. Provides a strobe frequency for strobing the 50 or 60 Hz lirie 
frequency into a '0' type flip flop to statistically eliminate line 
noise (nominally 250 Hz). 

Debounce logic 
The logic here is used to eliminate contact noise closure on any 
input line and this is achieved using one second digital one shots 
in combination with 250 Hz strobe pulses. e.g. with the set-time or 
alarm enable inputs at logic zero the increment inputs are looking 
for one contact closure In each one second period. Any further 
closures are ignored. However If any Increment pin Is at logic 
zero and the set alarm set time switch Is open and closed multiple 
counting will result. This logic also directs increment signals to 
the appropriate counters. 

Divider 

The divider counts down the line frequency counts to one per 
second depending on the 50/60 Hz control. 

Snooze ContrOl 
This logic stores the information that an alarm compare has been 
reached, and Initiates a 5 minute counter, which then runs 
continuously until such time that on an exact multiple of five 
minutes if the alarm/tone control switch is at zero, it will then stop 
and reset the alarm compare store. During the 5 minutes the 
'alarm tone is made active for 1 minute in each five, producing a 1 
Hz modulated 1 KHz tone. If when the alarm tone Is active the 
alarm tone cancel is taken to logical zero the tone will cease until 
the next five minute period. 

SO/60Hz Control 
For 50 Hz operation - Connect to Vp or leave open circuit 
For 60 Hz operation - Connect to V N 

Alarm/Tone Cancel - Tone Output 
For normal operation the alarm cancel Input is left open circuit. 
Under this condition any coincidence between the time and 
alarm store will cause the tonelto output on alarm tone 
pin. This tone will remain present for one minute unless can
celled by momentarily connecting alarm cancel to a logical '0'. 
This tone will re-occur five minutes (and subsequent multiples of 
5 minutes) after the original alarm time for a duration of one 
minute unless cancelled by momentary connection of tone can
cel to a logic '0', thus providing a snooze facility. 

To completely cancel the alarm sequence, the coincidence of the 
alarm cancel pin being at a logical 0 and the start of the next alarm 
tone period is required. Immediately after this occurrence the 
alarm cancel input may be open circuited and the alarm will be re
enabled for the following day. 

Alternatively if either the set time or set alarm inputs are con
nected momentarily to a logical '0' after the first minute of alarm, 
the alarm log ic will be re-trlggered for the next day. 
The alarm tone Is a nominal 1 KHz square wave chopped by a 1 Hz 
square wave. 

Frequency Set 

An external resistor to Vp and external capacitor to VN are used to 
control the frequency of the oscillator. These values should be 
selected to ensure appropriate 4 KHz oscillation. 

~
p 

R 

OSC 
C IN. 

TVN 

Flg.1 ' 

Typical Values for 4KHz: 
R=660K I} _ 
C = 2200pF I : for VP - 15V 

Figure 3 shows frequency vs. capacitance and resistance for 
nominal suppiy'voltage. 

Figure 4 gives a guide to component values for different VP' 
values. 

With the oscillator set to 4KHz, the alarm tone output will be 
1KHz, and the internal antibounce logic is strobed at 250 Hz. ' 

Setting Up Procedure (Pins 6 thru 9) 
In the normal clock running condition pins 6 thru 9 should be 
open circuit or at a logical '1'. 

To enter set mode either settlme or set alarm should be pulled to 
logical '0'. Under this condition the increment minutes and incre
ment hours Inputs are enabled and when either is pulled to a 
logical '0' then the corresponding hours and minutes will incre
ment at a 1 Hz rate. All minutes to hours carries are suppressed 
while time is being set. 

When set alarm Is at a logical '0' the contents of the alarm store 
are displayed. 

When set time/increment minutes occurs, the clock is stopped 
and remains stopped with the seconds reset untilset time is open 
circuited or returned to a logical '1'. This enables the clock to be 
easily synchronized to an independent time sourca. No other 
setting conditions interrupt the seconds. 

SO/60Hz Input 
This input accepts a line frequency signal at either 50 or 60 Hz 
and is subsequently used as the basic count time base. 

Segments Output Control (Brightness) - CK3000 
All output stages consist of a three device cascade configuration 
of which one devica controls the output voltage current charac
teristics. (See Fig. 7.) From the characteristics it will be seen that 
a wide range of operating conditions are possible, allowing 
operation in either the resistive region (V proportional to I) or the 
constant current region, (I independent of V). Note that during 
device operation 24 of the 26 available segments can be on 
simultaneously, so in setting the device operating point it is 
importantthat each output stage does not exceed (on an average 
basis) one twenty fourth of the peak allowable package dissipa
tion, i.e. approximately 20 mW per output. 

It is also important that the display V-I load characteristic does 
not interrupt the avalanche region of the output device charac
teristic or off segment glow will be observed or in the limit device 
malfunction or damage can occur. 

The output stages and control brightness were designed to be 
used with half line cycle anode voltage and a corresponding half 
cycle control of brightness to ensure the display is: (a) Off during 
segment data changes, and (b) Toallowcurrentto turn off and on 
in display gradually. Which will result in almost a total absence 
of R.F.1. 

Segments Output Control (Blanking) - CK3100 
Due to the high current handling capabilities of the output stages 
ofthis I.C., it is not possible to controlthe output V.I. characteris
tic by using a second series device. To regulate the display to the 
required brightness several options are possible externally and 
the following Internally. The segment output control can turn off 
the display at any time by taking this input to a logical '0'. It is 
possible therefore to use half or full wave rectified signal on this 
display anode and prematurely shutthe display down in each line 
cycle to control the conduction angle hence, average light out
put, using this control pin in phase relationship to the anode wave 
form. 



&fIInci Off Yoltage (yeO) - CK3000 
The vollage on this pin Infiuences the voltage current charac
teristics of the segment drives, Its prime purpose Is to enable the 
segment outputs to withstand more than 30 volts. Any voltage 
from 5 volts to Vp will ensure that 45 volts can be withstood 
through a plasma tube off-segment. For ease of operation it is 
suggested that V.S.O. is connected to VP. 

AMlPM Indicator 
This output Is an additional segment driver which can be used to 
give AM/PM indicator. (voltage current characteristic as other 
segments). 

cathode (Segment) Output Drivers (Pine 15 thru 39) -

CK3000 
All these pins drive the cathodes of the display without any 
additional interface components. These outputs are designed to 
withstand higher voltage signals than the other outputs. The 
output characteristics of the segment drivers can be controlled 
by pin 12 (See Figs.7 and 8~ 

cathode (Segment) Drivers (Pins 15 Ihru 39) - CK3100 
The output drivers ofthe CK3100 have sufficient current handling 
capabilities to drive even the most inefficient of today's available 
L.E.D.'s. 

The output characteristics of the segments are shown in (Fig.S). 
Note: It is recommended that the package power dissipation be 
kept below SOOmW, therefore. with a possible 24 simultaneous 

110 VOLT AC 
SOI80Ha 

D2 
IN",," 
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39K 
.OW 

D' 
I ..... 
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INCOO5 
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4.71( 
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.VI 
10K 

39K 

De 
IN4148 

C2 4700PF 

TAl 
NEe 
C1S20 

R5 05 
100": IN4148 

NOTE: 

CK3000 • CK3100 [!] 
outputs being on together then each segment should be oper
ated with an average power level of 21 mW or on average current 
of 1SmA. The peak current for maximum number of segments 
condition (i.e. 24) should not exceed 40 mA per segment or the 
device will suffer permanent damage. 

Colon Utilization (Pins 24 and 25) 
Two colons show alarm/clock condition. 

Clock Alarm Colon A Colon B 

Stopped/Setting Don't care Off Off 
Running Set 1 Hz flash. 1 Hz flash. 
Running Not set 1 Hz flash. Off 
Running Snooze 

1 Hz flash' 1 Hz flash' 
period 

'colons flash alternately. 

3.33 Minute Output - CK3100 
This pin produces 3 pulses in each ten-minute period or18 pulses 
per hour, and can be used for inputting to an external sleep 
counter, for clock radio type applications. 

Wake Output - CK3100 
This output turns "on" at the instance of alarm compare and stays 
on until the I.C. receives an alarm cancel signal. Thewake output 
has been incorporated for appliance control, or clock radio 
applications. Output characteristics are shown in Figure 6. 

NOTE: ALL RESISTORS 0.25 W UNLESS STATED OTHERWISE. 
DISCONNECT PIN 2 FOR 50 Hz OPERATION. 

.8 
58. 

CONNECT PIN 3 TO PIN 1 FOR 60HZ OPERATION. 

230/11OV AC 
IlOItOHZ 

lWAC 
SMA 

we4 
Bridge 

R2 ,_ 

IN41cB 1N4148 

01 02 

NO're 

R3 ,. 
~--..-----i116 

Rl 220K C2 2200pF 

+----+-----1'2 
C1 J~,uF 04 HiV 

ALL RESISTORS D.25W UNLESS STATED OTHERWISE. 

11 

BRIGHTNESS 
CONTROL 

Flg.2110 OR 230Y LINE OPERATED CLOCK USING DIRECT DRIVE PLASMA DISPLAY 

RELAY 
VOlTS 
POSITIVE 
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m CK3000 • CK3100 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respect to VN . . . . . . . . . . . . . . . . 0 to +25V 
Voltage on Segment Output Pins. . . . . . . . . . . . . 0 to +45V (CK3OO0-2) 
Storage Temperature Range ................. -65·C to +150·C 
Power Dissipation at 70·C ....................... 500mW 
Operating Temperature .................... -25·C to +7o·e 

Standard Conditions (unless otherwise noted) 

VN=OV 
Vp=+7to+18V 
Vso = +5 to +18V (eK3OO~) 
Operating Temperature (TA ) = +25·e 

Characteristic 

ClocklnputF~uency 

Clock Input 
Logic'O' 
Logic'I' 

Oscillator Frequency (Fosc) 

Control Inputs 
Logic'O' 
Logic'I' 
Outputs 
Alarm Tone 

'0' Level 
'1' Level 

Display Drive 
OFF Level 
ON Level 

Current 

Characteristic 

Clock Input Frequency 
Clock Input 
Logic'O' 
Logic '1' 
Oscillator Frequency (Fosc) 

Control Inputs 
Logic'O' 
Logic '1' 
Outputs 
Alarm Tone 

'0' Level 
'1' Level 

Wake Output 
'0' Level 
'1' Level 

Display Drive 
'0' Level 
'1' Level 

3--1/3 Min. Output 
'0' ... evel 
'1' Level 

Current 

Min 

DC 

0 
0.7Vp 

3.5 

0 
0.7 Vp 

20 
-
-
2 

-

Min 

DC 

0 
0.7Vp 

2.5 

0 
0.7Vp 

20 
0.7 VP 

20 
-

20 
-
5 

0.7Vp 

-

CK3000 

Typ" 

50/60 

-
-
4 

-
-

-
-
-
-
-

CK3100 

Typ" 

50/60 

--
4 

--

--
-
-
-
-
--
-

"Typical values are at +25· e and nominal voltages. 

NOTES: 

Max 

2500 

+1.0 
Vp 

8 

+1.0 
Vp 

-
10 

500 
-

2.5 

Max 

2500 

+1.0 
Vp 

6 

+1.0 
VP 

-
-
-

10 

-
10 

-
-
5 

'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 

Hz Max. figure for test only. 

V 
V 

kHz Set by external resistor 
and capacitor - See Fig.3 

V 
V 

mA at VOUT = 3V; Vp = 15V 
IJA at VOUT = 15V 

nA VOUT = Vp = Vso = 15V; VOUT = 30V 
rnA See Figs.7 & 8; VOUT = 5V 
rnA Not including outputs 

Units Condlilons 

Hz Max figure for test only 

V 
V 

KHz Set by external capacitor 
and resistor - See Fig.3 

V 
V 

mA VOUT= 3V; VP= 15V 
V Internal pull-up to Vp (approx. 5KO) 

mA VOUT = 3V; VP "" 15V 
/loA Vou.= VP 

mA VOUT = 2.2V; VP = 15V 
/loA VOUT= VP 

rnA VouT=3V;Vp=15V 
V Internal pull-up (approx. 5KO) 

mA , 

1. Pins 2,6,7,8 and 9 have an internal pull-up resistor to Vp, value approximately 2ooKO. (CK30ooJ) 
2. Pins 3,4,6,7,8,9 and 10 have an internal pull-up resistor to Vp, value approximately 2ooKO. (CK31oo) 
3. Under no circumstances must any pin be biased temporary or permanently negative with respect to VN or device operation 
will be affected. 
4. No output pin during operation must exceed Vp transiently or operation will be affected. 
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TYPICAL CHARACTERISTIC CURVES 
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CK3000 • CK3100 [i] 
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IOUTfmAl 

IDS 

6 

4 
llIAl 

DIV 
3 

2 

5~~~~~--------~------~ 

VOUT 
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VOUT 

Flg.6 TYPICAL WAKE OUTPUT CURRENT 
CHARACTERISTIC FOR CK30~. CK3100 ALARM 
OUTPUT AND WAKE OUT FOR CK3100 
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Y 
~ .... / 
IOV 

~ -\ 
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\. 
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3 
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3-11 

• 



IIiII CK3200 CK3400 

4 Digit Alarm Clock. Circuits 

FEATURES 

• 12 and/or 24 hour clock, 24 hour alarm setting 
• Leading zero suppression in 24 hour mode 
• PM indication in 12 hour mode 
• 50 or 60 Hz operation 
• Snooze (sleep-over) alarm 
• Direct display driving (two digit duplexing) 

CK3200 - Plasma 
CK3400- LED 

• No display interface components 
• ,Seconds flashing colons 
• Alarm, set, and snooze indication 
• Line power interrupt indication 
• Low current consumption 

DESCRIPTION 

The CK3200 and CK3400 are N-Channel MOS integrated cir
cuits, containing all the logic necessary to produce low cost 4 
digit alarm clocks operating from 50 or 60 Hz line frequencies. 
The output stages of these circuits have been designed specifi
cally to directly drive the cathodes of Plasma displays (CK3200) 
or the cathodes of ilargerdigitlcommon anode L.E.D.'s(CK3400) 
with no Interface electronic components whatsoever (Duplex 
mode). 
These integrated circuits also contain all the logic needed for 
contact noise elimination and line frequency noise rejection 
reducing further support components. In order to overcome the 
extreme difficulties in eliminating radio frequency interference 
(common problem of multiplexed display clocks) and to keep the 
device in a low cost package a novel display driving technique Is 

BLOCK DIAGRAM 

SET TIME 

ALAAMTONE{ 
CANCEL CK3400 

SET ALARM 

INC MINS 

INC HRS 

INCRAND 
OEBOUNCE 

LOGIC 

SELECT LOGIC AND 
ALARM COMPARATOR 

PIN CONFIGURATION 

28 LEAD DUAL IN LINE 

VN 
50160 Hz Control 

Set Internal Osc Freq 

Alarm Tone Out (1) 
set Time Enable (2) 

Set Alarm Enable (2) 

Increment Min Enable 

Increment Hr Enable 

50180 Hz Input 
Seg Out Control 

12 and/or 24 Hr Sel 

Vp 
sag Out f. D6gits 3 '" 4 
Seg Out g. Digits 3 & 4 

NOTES: 

TOp View 

Seg Out b, Digits 1 & 2 
Sag Out g. Digits 1 '" 2 
Seg Out c, Digits 1 & 2 
Seg Out d, Digits 1 & 2 
Sag Out ., Digits 1 & 2 

Sag Out f. Digits 1 '" 2 
Seg Out a, Digits 1 & 2 
Alarm SetJLower Colon 

PM FlaglUpper Colon 

Seg Out ., Otglts 3 '" 4 
Seg Out b, Digits 3 & 4 
Sag Out c, Digits 3 '" 4 
Beg OUt d. Digits 3 '" 4 
Seg Out _, 01gits 3 '" 4 

1. For CK3200, this pin is also alarm tone cancel. 
2. For CK3400, either of these pins can be used as alarm 
cancel. 

used - that of half line cycle anode duplexing. The duplex 
technique depends on the use of the two half sine-waves pro
duced by two diodes placed across an a.c. supply where the 
common connection becomes the system reference. 

""80 
INPUT 

50180 
CONTROL 

ALARM TONE CANceL CCK32001 
AND 

12/204 
CONTROL 

YBRIGHT 

ALARM OUT 
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FUNCTIONAL DESCRIPTION 

The block diagram shows diagramatically the various logical 
function blocks that make up the CK3200 and CK3400 integrated 
circuits. The various units have the following functions. 
Oscillator: 
The oscillator provides two basic functions in this integrated 
circuit. 
1. Provides a suitable frequency in the audio range for modulat
ing an external transducer at and during the alarm time. (Nomi
nally1 KHz) 
2. Provides a strobe frequency for strobing the 50 or 60 Hz line 
frequency into a '0' type flip flop to statistically eliminate the 
noise. (Nominally 2SO Hz) 
Debounce Logic 
The logic here is used to eliminate contact noise closure on any 
input line and this is achieved using one second digital one shol§ 
in combination with 250 Hz strobe pulses. e.g. With the set-time 
or alarm enable inputs at logic zero the increment inputs are 
looking for one contact closure in each one second period. Any 
further closures are ignored. However if any· increment. pin, is at 
logiC zero and the set time switch is open and closed' multiple 
counting will result. This logic also directs increment signals to 
the appropriate counter. 
Divider 
The divider counts down the line frequency counts to one per 
second depending on the 50/60 Hz control. 
Snooze Control 
This logic stores the information that an alarm compare has been 
reached, and initiates a·5 minute counter, which then runs 
continuously until such time that on an exact multiple of five 
minufes if the alarmltone cancel switch is at zero, it will then stop 
and reset the alarm compare store. During the 5 minutes the 
alarm tone is made active for one minute in each five producing a 
1 Hz modulated 1 KHz tone. If when the alarm tone is active the 
alarm tone cancel is taken to logical zero the tone will cease until 
the next five minute period. 
Duplex Display Driving 
To use either CK3200 or CK3400 the display Is connected in the 
following manner. 

V. LINE~ 
, I I I 
1 I I I 

f'LV'LJ' I I I I 

VA I I 

I I ' 
I I I I 
, , I I 

'Ai 'A' 
Ve ---1 ~ L 

Flg,1 DUPLEX DISPLAY DRIVING 

Segment a Digit 1 connected to segment a Digit 2 
b b 
c 
d 

c 
d 

e e 
f f 
g g 

Segment a Digit 3 connected to segment a Digit 4 
b b 
c 
d 
e 
f 
g 

c 
d 
e 
f 
g 

CK3200 • CK3400 

PM flag (indicator) segment connected to upper colon segment 
Alarm setting flag segment connected to lower colon segment 
Anode digit 1 connected to Anode digit 3 
Anode PM indicator connected to Anode digit 4 
Anode digit 2 connected to Anode digit 4 
Upper colon anode connected to anode digit 3 
Lower colon anode connected to anode digit 2 
Alarm setting flag connected to anode digit 1 

The anode can then be selected by the application of alternate 
half-cycle sine waves. 

NOTE: 
The phase of the incoming SO/60 Hz count to IC will then 
automatically deliver the correct segment data to display. 

-23:56-

1tt1ttt 
Digits PM 4 3 Colon 2 1 Alarm Flag 

Anode phasing SO/60 Hz High = Digits 1 and 3 selected 
Low = Digits 2 and 4 selected 

DEVICE UTILIZATION 

50/60 Hz Control 
For 60 Hz operation Connect to Vp or leave open Circuit 
For SO Hz operation Connect to VN 
12 AndlOr 24 Hour Select 
The IC has the ability to display the correct time in 12 or 24 hour 
mode under the control of the 12124 select pin. Changing this pin 
from Logic '0' to '1' or '1' to '0' will immediately display the 
corrected time. 
High i.e. '1' = 24 hour mode 
Low '0' = 12 hour mode 

e.g I 9 : 2 3 Becomes 

or 1: C 3 Becomes 

1:23 
19:23 

No leading zero is shown in 24 hour mode. 

0:25 

For economy a single segment is employed which is illuminated 
in 12 hour time, during PM period. 

Alarm Cancel & Alarm Tone Output - CK3200 
In CK3200 (Plasma) the alarm tone output, alarm and tone cancel 
input uses the same pin for all three functions. 

1. Alarm pin held to less than 1 volt (inputting a logic '0') alarm is 
not requested. 
2. Alarm pin returned to positive supply through an appropriate 
resistance such that output is above 3 volts. (IC pulling approx
imately 1 mAl Alarm is requested. 
3. At the alarm. time this pin alternates between an open circuit 
condition and pulling 1 mA at the alarm tone rate. 

(See Fig. 2 for typical external connections] 
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iii CK3200 • CK3400 

CK3200 

ALARM/TONE 
CANCEL 

ALARM OUT --f---t[: 

Vp 

...... __________ ...-~ VN 

FIg,2 TYPICAL BUZZER CIRCUIT - CK3200 

For normal operation the alarm cancel input is allowed to estab
lish its own voltage (see Fig. 2). Under this condition any coinci
dence between the time and alarm storewill cause the alarm tone 
to be output on this pin. This tone will remain present for one 
minute unless cancelled by momentarily connecting this pin to a 
logical '0' (less than one volt). This tone will re-occurfive minutes 
(and subsequent multiples of 5 minutes) after the original alarm 
time for a duration of one minute unless cancelled by momentary 
connection of pin to logic '0' thus providing the snooze facility. 

To completely cancel the alarm - snooze sequence, the coinci
dence of this alarm pin being at a logical '0' and the start of the 
next alarm tone period is required. Immediately after this oc
curence the alarm cancel input may be returned to the normal 
position and the alarm will be re-enabled for the following day. 

Alternately if either the set time or set alarm inputs are connected 
momentarily to a logical '0' after the first minute of alarm, the 
alarm logic will be triggered for the next day. 

Alarm Cancel & Alarm Tone Output - CK3400 

In" CK3400 the alarm output is on a dedicated pin (see Fig.3). 
Alarm cancel can be achieved by either taking set time or set 
alarm to a logic '0' during the post alarm time. 

Tone cancel is achieved by a momentary connection to a logic '0' 
of both set time and set alarm simultaneously. 

For normal operation the set time and set alarm input are left 
open circuit. Under this condition any coincidence between the 
time and alarm store will cause the alarm tone to output on the 
alarm tone pin. This tone will remain present for one minute 
unless cancelled by momentarily connecting both set time and 
set alarm simultaneously to a logical '0'. This tone will re-occur 
five minutes (and subsequent multiples of 5 minutes) after the 
original alarm time for a duration of one minute unless cancelled 
by momentary connection of set time alarm to a logic '0' thus 
providing a snooze facility. 

To completely cancel the alarm sequence, either set time or set 
alarm pin is taken to a logical '0'. Immediately after this oc
curence the alarm will be re-enabled for the following day. 

The alarm tone is a nominal 1 KHz square wave chopped by a 1 Hz 
square wave. 

Vp.,6 VOLTS 
1~r--------r-------,r---~~, 

100~-------+----~~r-------~ 
lOS (mAl 

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

VOUTCV) 

Fig.3 ALARM TONE OUTPUT CHARACTERISTIC - CK3400 

Frequency Set 

An external reSistor to V p and external capaCitor to VN are used to 
control the frequency of the oscillator. These values should be 
selected to ensure approximately 4KHz oscillation. 

The following graphs give a guide to component values for 
different Vp values. 

10 

./ 
I .... 

1/ 

./" 

L' 
." 

11 
VOLTS 

Fig.4 

A -220Kn 

C-22OI)PF 

-" -4701<0 

13 1& 

With the oscillator set to 4KHz. the alarm tone output will be 1KHz 
and the Internal antibounce logic is strobed at 250 Hz. 



Setting Up Procedure (Pins 6 Thru 9) 

In the normal clock running condition, pins (6 thru 9) should be 
open circuit or at logical '1'. 

To enter set mode either set time or set alarm should be pulled to 
logical '0'. Under this condition increment minutes and incre
ment hours inputs are enabled and when either is pulled to a 
logical '0' then the corresponding hours or minutes will incre
ment at a 1 Hz rate. All minutes to hours carries are suppressed 
while time is being set. 

When set alarm is at a logical '0' the contents of the alarm store 
are displayed. 

When set time/increment minutes occurs, the clock is stopped 
and remai ns stopped with the seconds reset until set time is open 
circuited or returned to a logical 1. This enables the clock to be 
easily synchronized to an independent time source. No other 
setting conditions interrupt the seconds. 

50/60 Hz Input 

This input accepts a line frequency signal at either 50 or 60 Hz 
and is subsequently used as the basic count time base. 

Segments Output Control (Brightness) - CK3200 

All output stages consist of a three device cascode configuration 
of which one device controls the output voltage current charac
teristics (see Fig.S). From the characteristics it will be seen that a 
wide range of operating conditions are possible, allowing opera
tion in either the resistive region (V proportional to I) or the 
constant current region (I independent of V). 

lOS 

IMAI 
DIV 

6 

5 

4 

3 

2 

I,; 

Vp =15V 

~ 
" 

" 
~ 

~ I-"'" 

Brightness Volts 

(PI,i 1OII __ 15V 

~ ~ ~ 10V..!. .J, 
,-". V~AXIMUM -

" 
POWERID.C. 

... 5V - -
OV 

2V/DIV Vos 

Flg.S TYPICAL OUTPUT DRIVER 

CK3200 • CK3400 [!] 
The output stages and control brightness were designed to be 
used with a half line cycle anode voltage and a corresponding 
half cycle control of brightness to ensure the display is 
a. Off during segment data changes 
b. To allow current to turn off and on in display gradually. 

This will result in almost a total absence of R.F.I. 

Segments Output Control (Blanking) - CK3400 

Due to the high current handling capabilities of the output stages 
ofthis I.C., it is not possible to control the outputV.1. characteris
tic by using a second series device. To regulate the display to the 
required brightness several options are possible externally and 
the following internally. The segments output control can turn off 
the display at any time by taking this input to a logical '0'. It is I 
possible therefore to use half or full wave rectified signal on the 
display anode and prematurely shut the display down in each line 
cycle to control the conduction angle hence average light output, 
using this control pin in phase relationship to the anode wave 
form. 

AM/PM Indicator 

This output is an additional segment driver which can be used to 
give an AM/PM indicator. (Voltage current characteristic as other 
segments) 

Cathode (Segment) Output Drivers - CK3200 

All these pins drive the cathodes of the display without any 
additional interface components. These outputs are designed to 
withstand higher voltage signals than the other outputs. The 
output characteristic of the segment drivers can be controlled by 
pin 10. (See Fig.S) 

Cathode Segment Drivers - CK3400 

The output drivers of the CK3400 have sufficient current han
dling capabilities to drive even the most inefficient of today's 
available L.E.D.'s. The output characteristics of the segments are 
shown in Fig.S. 

NOTE: 

It is recommended that the package power dissipation is kept to 
below SOOmW, therefore, with a possible 16 simultaneous outputs 
being on together, then each segment should be operated with 
an average power level of 31 mW or on average current of 2SmA. 
The peak current for the maximum number of segments condi
tion (i.e. 16) should not exceed 60mA per segment or the device 
will suffer permanent damage. 

It is also important that the display V-I load characteristic does 
not interrupt the avalanche region of the output device charac
teristiC or off segment glow will be observed or in the limit device 
malfunction, or damage can occur. 

Colon Utilization 

Two colons (Pins 24 and 25) show alarm/clock condition. 

Clock Alarm ColonA Colon B 

Stopped/Setting Don't care OFF OFF 
Running Set 1 Hz Flash. 1 Hz Flash. 
Running Not set 1 Hz Flash. 1 Hz Flash. 
Running Snooze period 1 Hz Flash. 1 Hz Flash. 
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[!] CK3200. CK3400 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings" 

Voltage on any pin with respect to VN . . . . . . . . . . . . . -0.3 to +30 volts 
Voltage on segment output pins. . . . . . . . . . . . . . . . . -o.3V to +45V 
Storage tempersture range .................. -65°C to +150°C 
Power dissipation at 70° C. . . . . . . . . . . . . . . . . . . . 500 milliwatts 
Operating temperature. . . . . . . . . . . . . . . . . . . . -25°C to +70°C 

Standard Conditions (unless otherwise noted) 

VN=OV 
Vp = +10 to +18V 
Operating Temperature (T A) = +250 C 

Characteristic Min 

Clock Input 
Frequency DC 
LogiC '0' 0 
Logic '1 , 0.7V. 
Oscillator Frequency (Fosc) 3 

Control Inputs 
Logic '0' a 
Logic'1' 0.7V. 
Outputs 

Alarm Tone 
Cancelled -0.3 
'rone 3 

Display Drive 
OFF Level -
ON Level -

Current 0.4 

Characteristic Min 

Clock Input 
Frequency DC 
Logic 'a' a 
Logic '1' 0.7V. 
Oscillator Frequency (Fosc) 3 

Control Inputs 
LogiC 'a' a 
Logic '1' 0.7V. 
Outputs 
Alarm Tone 

Display Drive 
OFF Level -
ON Level -

Current 0.4 

"Typical values are at +25° C and nominal voltages. 

CK3200 

Typ"' Max 

50/60 50,000 
- 0.8 
- V. 
4 6 

- 0.8 
- V. 

- 0.3 
- V. 

- 2 
- -
- 3.0 

CK3400 

Typ*' Max 

50/60 50,000 
- 0.8 
- V. 
4 6 

- 0.8 
- V. 

40 

- 10 
- 20 

- 3.0 

"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 

Hz Max figure for test only 
V 
V 

kHz Set by external resistor and 
capacitor at V.= 15V 

V 
V 

V Typ I sink=3maat>2.5V 
V 

ItA V.=15V, Vou..=45Volts 
- See Figs.4a-b-c 
rnA Not Including outputs 

Units Conditions 

Hz Max figure for test only 
V 
V 

kHz Set by external resistor and 
capacitor at V. 15V 

V 
V 

ItA VOUT = 0.3 Volts, 
Typ I sink = 3ma at> 2.5V 

ItA V.=15V, VOUT=V. 
mA See Figs. 4a-b-c, VOUT = 3 Volts 
mA Not including outputs 
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Flg.6 TYPICAL APPLICATION 

100mA 8.2k IN4005 
L 

FUSE 
4 OFF IN4005 

A.C. 
VOLTS 

IN4005 

N 

• 6k8 
AI A2 

33k 
IW lOOk 

39k DUPLEX DISPLAY 

IMil 
BF257 

Vp 

068/LF 

BR 

50HZ 
3200 

11114001 
CK 

47k lOOk 

4.7k 

VN 

SET INCR 
TIME ALA HRS MINS ALARM 

'ANCEL 
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1·1 M-3400 

Digital Clock Module 

MODULE FEATURES 

CK3400 N-channel clock radio circuit 
LED display: 4 Digits plus colons 
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 
Line power interrupt indication 
Sleep operation indicator 
Low power dissipation 

CLOCK FEATURES 

• Simple support electronics 
• 5 minute repeating snooze 
• Simple setting of time, alarm, and sleep 
• Hold and synchronize capability for time setting 
• Independent hours, minutes setting (carry propagation 

supprassed) 

DESCRIPTION 

The M-3400 module contains a four digit LED display and a 
CK3400 LSI microcircuit featuring ali the necessary logic, 
contact noise elimination circuits, control switching and timing 
circuits to Implement simple-to-use, low-cost, multi-featured 
digital clocks. For full information on the many features of the 
CK3400 microcircuit, refer to the detailed descriptions and 
applications suggestions contained in the CK3400 product data 
sheet beginning on page 3-12. 
The M-3400 module Is fabricated on a single-sided printed circuit 
board measuring 1.500" x 3.930". 
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PRELIMINARY INFORMATION 

M-3400 MODULE 

MODULE DIAGRAM 
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CLOCK SYSTEM DIAGRAM 

AC LINE 
IC POWER SUPPLY 
AND INTERFACE 

1 

M-3400 [!] 

A r-...L_ ALARM CANCEL l(j r;;-- TONE CANCEL 

l'------n""1 

DISPLAY POWER 
SUPPLY AND 

BRIGHTNESS CONTROL 

MODULE OUTLINE 

z [) 
N (J) 
:r a 

~ 

1---fANODE 1/3 

1------1 ANODE 24 

I 
SET TIME 

SET ALARM 

INC HRS. 

INC MINS. 

_/_1.1_11-
1_· I_I 

~~ 3.930 "I 
0.125 11- 3.690 ------~"I 10.190 
0.059 HI7f-------3.070-------~·1 
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0.100 TYP --l j.- .....:.j j.- 0.050 

All dimensions in inches. 
All dimensions nominal. 

NO 
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1~ 
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I_I CK3300 

4 Digit Clock Radio Circuit 
FEATURES 
• 4 Digits plus colons 
• LED direct duplex drive 
• No display-IC interface 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 power dissipation (under 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-aiarm applicance switching 
• Automatic tape recorder control (record your favorite 

program automatically 0-120 minutes-starting from the 
exact second) 

BLOCK DIAGRAM 
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PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

Top View 

v"c ., "" 28 ~vp 
Colon; C 2 27 P 50180 Count Input 

PMllndlcatorlSleep Indicator C 3 26 P osc 1 (Standby Timing) 
if Dlglta 3 &4 C 4 25 ~ OSC 2 (Sleep Timlngl 
9Digl1S3&4C 5 24 P Inc Hours (SIN) 

801g1l83&4 C 6 23 P Inc Min. (S.C./S.R.) 
dDiglt83&4C 7 22 P S.T. Set Time 
cDlglts3&4 c: 8 21 P SA Set Alarm 
bOiglt83&4 c: 9 20 P Wake lOut 112124 Hr Sell 
aDigits3&4C 10 19 :J Wake 2 Ouf (50160 Sef) 
aOlgltsl&2C 11 18 :J Sleep Out 
fDigitSl&2C 12 17::JbDigit8'&2 
eDigits'&2[ 13 16:JgOlgltsl&2 
dOIgIt81 &2 C 14 15 ::JcDiglls'&2 

DESCRIPTION 
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. 

Due to the extreme difficulties in eliminating R.F.I. in radios when 
used in conjunction with 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.I. problem in Display Driving has been solved using a novel 
technique-that of half-line cycle anode duplexing 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 ievel scheme using a transformer tap. 
Segment driving of the two groups is directly from the I.C. 
through 50 ohm switches which 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 enable the 
equipment designer to put into the clock radio his company's 
own product image. 

..... '. '. 

'."ENT'S ...... .. . 
18lOillEHTS 

Dl8ITS ... 
.w, ... .. , .. 
INPUT 

SUfP IIWOf 
JIOWI"ltllWT 



PIN FUNCTIONS 
VN - (Pin 1) 
Is the most negative power supply to the chip (0 volts). 

Segment Drivers (Pins 2-17) 
These outputs are 50 n 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 olthe 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 digit 2 
segment a digit 3 connected 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 digit 4 

Colon 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 application of alternate 
half-cycle sine waves derived from a transformer from the line. 
The phase of the incoming SO/60Hz count to IC will then auto
matically deliver the correct segment data to the display. 

-23:56-
'olGmi I L, L, L, 

PM 4 3 Colon 2 1 Sleep 

Anode phasing: 50/60 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 indicator in the display (Pin 3). This 
output turns on immediately following a sleep initiate and is 
cancelled either by sleep time being complete, a sleep cancel, an 
alarm comparison taking place, or an end of snooze period. This 
pin is also used as an input during circuit test to speed up testing. 

Wake 2 Output/SG-60 Hz Mode Select (Pin 19) 
This output turns on at alarm compare time and stays 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 5 
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 mins after 
the last snooze repeat re-triggering alarm for the next 24 hour 
period. 

This pin is also the 50/60 Hz Select input during the time at which 
Set Time and Set Alarm are at a logic 'I' (last data. on this input 
when either Set Time or Set Alarm changes state is stored in an 
internal latch). 

Wake 1 Outpu\ll2 Or 24 Hour Select (Pin 20) 
This output turns on at alarm compare time ana 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 

CK3300 iii 
During the time that Set Time and Set Alarm are at a logic '1' 
together, this pin is the 12/24 hour select input. 

The last data on this pin before a data change on Set Time or Set 
Alarm is stored internally in a hitch, and defines 12 or 24 hour 
operation. 

Set Alann (Pin 21) 
This pin, held at zero while SetTime 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. 

Set 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' allows the Wake 3 
outputs to become active when the time reaches the alarm time. 
Returning eitherSetTime or Set Alarm to a logic '1' will cancel the 
alarm. 
Increment Mlns/Sleep Cancel/Snooze Repeat (Pin 23) 
If Set Time or Set Alarm is at zero, this input provides one unit of 
increment for each logic transition from one to zero. (This input is 
de-bounced against switch noise). If 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 at a zero and the Wake outputs 
are active (\.e., post alarm time), then Wake 2 will be cancelled for 
a period of up to 5 mins when Pin 23 is taken to logic '0'. If this 
input is at zero when the alarm comparison takes place, then 
Wake 2 will stay off until 5 minutes have passed. 

Increment Hours/Sleep Initiate (Pin 24) 
If either Set Time or Set Alarm is at logic '0', this 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). If both Set Alarm and SetTime are at logic '1' or logic '0', 
this input will cause Sleep output to become active for the time 
resulting from current sleep OSCillator frequency. 
OSC 2 (Pin 25) 
This pin produces a triangular wave oscillation depending on the 
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. 50/60Hz). 

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 triangular wave 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, the frequency to de-bounce other external pins 
via Ootype 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 25) 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. 

50/60 Hz In (Pin 27) 
This inpui is the normal source of timing. This input drives both 
the internal count and the alternate half line selection of the 
segment outputs. 
For equal brightness in the display this input must have a 1:1 mark 
space ratio (±20%). 
There is no necessity for eliminating line noise externally when 
providing this input signal as an internal arrangement eliminates 
undesired counts. 
Vp(Pln 28) 
Is the most positive power supply to the chip (typically 10 volts) 
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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 50/ 121 
S.T. S.A. MIN HR SR SIN 1 2 60 24 

1 1 
1 0 
o 1 
o 0 

'Operable - Not Operable 
Set time (S.T.) 
Set alarm (S.A.) 
Increment minutes (inc min) 
Increment hours (inc hrs) 
Sleep cancel (S.C.) 
Snooze repeat (S.R.) 
Sleep initiate (SIN) 
Wake 1 
Wake 2 
50/60Hz Select 
12124H r. Select 

Pin 22 
Pin 21 
Pin 23 
Pin 24 
Pin 23 
Pin 23 
Pin 24 
Pin 20 
Pin 19 
Pin 19 
Pin 20 

Using Wake 1 Or lI-lnput/Output Fun.ctlon. 
When the Set Time (S.T.) and Set Alarm (S.A.) inputs are at logic 
one, the IC outputs Wake 1 and Wake 2 become inputs to two 
bistable gates which store the logic conditions on those pins: 
50/60Hz 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 50/80 H~ I 

I Vp--r- I50/60Hz 
I VN.........4-- SELECT) 
I L' 
I 
I 

I , 

------------' 

SET ALARM 

R2)A LOAD 
V R3)RLOAD 

P r. ~AD IALARMI 

lli OFF 

ON 
HTALARM 
FUNCTION 

.2 

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. 

12124 Hr. Select 
For the ''Wake 1 output 12-24 hour select", changing the logic 
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polarity will immediately change the displayed time from 12 hour 
mode to 24 hour mode or vice versa'. 

e.g. 21 : 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 illumi
nated during the PM period in 12 hour time. 

Time Setting 
Four input pins (S.T., S.A., Inc Hr., Inc Mins.) 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 mins and will remain stopped until 
ST = 1, thus allowing synchronization. The device assumes that 
the hours may need to be changed without affecting mins, but 
assumes clock is incorrect if minutes are changed, thus stopping 
clock and re-setting 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 Inputs 
The inputs S.T., S.A., Inc Min, Inc Hr, serve as radio control inputs 
under the following conditions. 

S.T. A!,d S.A. 
At zero together - alarm is requested. S.T. and S.A. 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. = 1 

Cancel 
Cancel 
Cancel 

Alarm maintained for 80 mins 

IfS.T. and S.A. are ata logic 1 together during pre-alarm time, the 
following functions can be obtained using Inc Min - Inc Hrs 
inputs. Inc Hrs input going to logic zero for at least 20m sees 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 20m 
secs will cancel sleep timer if sleep output is active. 

To reduce the number of knobs, switches, wiring etc., in the clock 
radio the following alternative feature is provided. If (S.C./S.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./S.R.) (Inc Mins) becomes the 5 min snooze repeat 
input.) 



At alarm, the effect of (S.C.lS.A.) becoming zero for at least 20m 
secs is to turn Wake 2 output off until next 5 min interval, if again 
depressed, Wake 2 will turn off for a further 5 mlns-this se
quence will go indefinitely until S.T., or S.A. or both are returned 
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.C.lS.A.) and (SIN) on one button performs 
the following three functions: 

Initiate sleep (SIN) 
Cancel sleep (S.C.) 
Snooze repeat (S.A.) 

Delaying Alann by 5 Minute. 
If, when Wake 1 output is capactlvely coupled to (S.C.lS.A.) input 
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 untiiS minutes later; this allows an electrical appliance 
to be turned on S minutes prior to alarm sounding. 

Use of Sleep 11mer 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 I-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 mins occurs or alarm is cancelled. 

Note: The 5 minute period is any 5 min interval from alarm time 
and not S min from each snooze repeat. 

3. Sleep output goes low after a sleep initiate for the period of 
time set by sleep potentiometer. (Will be overldden by Wake if 
sooner.) 

Colon Utilization 
COLON CONDITIONS 

FUNCTION BOTTOM TOP 
Set time on off 
Set alarm off on 
Stopped (Sync) off off 
Aun (alarm not requested) 1Hz off 
Aun (alarm requested) lKz 1Hz 
Snooze period 1Hz 1Hz 

o.01pF 

'''' II " 1200 

" / 13 

1000 12 

PERIODtC o.OO5.11F 11 

TIME 800 

/ V 
I. 

pSEts FREauE:~~ • ... • / /"" 7 ... 
V/ Y • 

• 
200 

CK3300 [i] 
Sleep dot is on for sleep timer running, flashing for post line 
interrupt (removed from flashing by movement of S.T. or S.A. to 
'0') 
Stend-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 A = 
120K 0 = 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. 3 
To remove flash condition take S.T. or S.A. momentarily to zero. 

Analog Sleep Control 
A second oscillator is provided on IC whose frequency can be 
controlled by ,an AC network. This osillator is identical to 
oscillator one (Standby oscillator) and occupies the same silicon 
real estate location ensuring that process variations, temperature 
variations and voltage variations have as nearly as possible 
identical effects on frequency stability. Oscillator I, which is set 
to 8KHz is divided down to 50HZ (20.0 msecs) I and is used as a 
gating time for oscillator 2 (Sleep Timer Source).The number of 
gated counts is loaded in the sleep timer (capacity 160 counts) 
and subsequently counted up at one per minute until 1601is 
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 S minutes. 
Vp 

::r: CI 

AI, Cl = 120K, 2200PF 
A2=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 
Aange = 120 counts 
Hence 1 count = 1 min 

OSC 2 

Flg.2 

To initiate the sleep timer both S.T. and S.A. must logically be the 
same, and INC HA/SIN must be momentarily at zero. (See later 
section). 

2500 

·"!;Y 
J:~I'I 2000 

/1 R-200K 

PERIODIC 1500 

/ V TIME 

/ u SEes 
"lOO 

V ,., o.~221J.F V 
V --::::::1-

0 .O.OOl IJ.F 

.-: ---to;; " s • 7 8 8 10 11 1 13 14 15 0 100 200 300 ... ... 
RESISTANCE IKIlI SU"LV VOLTAGE UP 

0 F-
a 100 200 aoo ... 500 

RESISTANCE CIUJI 

Flg.3 OSCILLATOR Flg.4 OSCILLATOR Flg.5 OSCILLATOR 
CHARACTERISTICS FOR Vp = 10V CHARACTERISTICS WITH VOLTAGE CHARACTERISTICS FOR Vp = 7.5V 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings-

Voltage any pin with respect to Vn .•.•••.....•..••.••..••.•..•.....•..•••• +2OV 
Storage temperature •••••.••..••.••••••••.••.•••.••.••••••••• -65·C to +1SO·C 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Operating temperature ••••.••••..••.••.••••••••••••••••••.•••••• -20·C to +70·C 
Lead temperature (soldering 10 sec) ....••.••••.••.•••..•..•.••••..••.•• +300·C 

Characterlltlc Min Typ"" Max Units Condlllons 

Power Supply Voltage 6 10 18 Volts V.=OV 
Supply Current - 2 - mA 
SO/60HZ Input 
Frequency (must be 

identical to anodes) 0 SO/50 SO,OOO Hz Vp= 10V 
Logic '1' level 0.6Vp - Vp Volts 
Logic '0' level 0.0 - 0.7 Volts 
Inputs (Excl Oscillators) 
Logic '1' level 0.6Vp - Vp Volts 
Logic '0' level 0.0 - 0.7 Volts 

Segments Out (on) - 30 - mA VOUT= 1.5V 
(off) - 10 - "A 

Wake 1, 2, Sleep Out (on) - 30 - mA VOUT= 1.5V 
(off) - 10 - p.A 

Wake 1, 2 (As Inputs) 
LogiC '1' level O.6Vp - Vp Volts 
Logic '0' level 0.0 - 0.7 Volts 

Oscillators 1 and 2 
Hi level - 5.5 - Volts Free run 
Lo level - 3.5 - Volts 

,Reset Level - - 0.7 Volts 

Unless specified otherwise, characteristics are defined with Vp = 10V at TA = +25·C. 
""Typical values are at +25· C and nominal voltages. 

NOTES: 
1. Under no circumstances during IC operation must any pin either input or output be taken to a voltage more negative than 
V. or IC malfunction will occur. 
2. No input or output must be taken to a positive voltage greater than 20 volts or permanent damage can result. 
3. No output must be allowed to dissipate a continuous power in excess of 100mW. 
4. Total chip continuous power dissipation must not exceed SOOmW. 
5. The totai current being returned to V. through all device pins must not exceed 1 amp. 

TIMING DIAGRAM 
""',""'" 1· .... 1· .... I 
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Input and Output Characlerlstics 

INPUTS 
S.A. 
S.T. 
INCHR(SIN) 
INC MIN (SC/SR) 1 

Active pull up's to Vp } 2SOKO 
Operate level logic '0' 

SO/60HZ count input, active pull down 
For correct operation duty cycle of SO/60Hz must be 1:1 ± 20% 
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OUTPUTS 
Normally open circuit 
Operate "on" (low impedance typically SOO) 

INPUTS 
Wake 1 - as input '1' = 12hr '0' = 24hr 
Wake 2 - as input '1' = 60Hz '0' = SOHz 

CLOCK INPUT NOISE ELIMINATION TIMING 
SO/60Hz - strobed every 4ms internally for less than 1 "s 

Testing I,C. Facilities 
1. Master reset: This can be activated by pulling OSC1 (Pin 26) 
and OSC 2 (Pin 25) to zero volts together. 
2. Internal debounce and predivider logic may be bypassed if 
OSC 1 is taken to zero volts while OSC 2 is left running. 
a. Under this condition Inc Hrs and Inc Mins pins are not de
bounced to allow fast incrementing for test purposes. 
b. Also in this mode the 5OI60Hz input pin is directed straight to 
the main counters under control of the sleep pin. If Sleep pin at 
'O'-50/60Hz input clocks 120 minute sleep counter, and with 
Sleep at '1' it clocks the main minutes count by passing the 
debounce and divide by SO/60 counter. Under this condition it 

. also clocks the 5 minute snooze counter. 



Operation Clock Radio Example 
(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 
Actions 
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 
1 st 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) 
1 st button depression 
2nd button depression 
3rd button depression 
4th button depression 

Low volume radio (mute facility) 
High volume 
as 1 
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 
2nd button depression 
3rd button depression 

Radio will switch to low volume 
Radio will switch off 
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 idenfinitely 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-
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CK3300 I!l 
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 pOi!1t 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 left 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 mins 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 the SA and S.T. functions to provide simple and 
rapid clock setting. It is suggested that the following is incorpor
ated in the clock radio. 
Two toothed wheels are placed over two seperate 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 mins 
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 mins to hrs can occur during setting of time or 
alarm. 

Use 01 Auto Tape 
Fig.21 shows - the facility for automatically switching on an 
appliance (e.g. tape recorder) at a specific time and keeping 
appliance activelora period of time up to 120 mlns.ln this mode 
the wake output is made to start the sleep - timer at the 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 at set alarm time and after 
5 mins the alarm or radio will sound. 

Flg.6 - shows a typical clock-radio block diagram 
Flg.7 - shows the Chip/display circuit. 

CHP/(]SPLAY 
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Inlerface with a Radio 
There are many possible configurations of clock radios In use 
today and a wide range of 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.8 
2. With battery standby facility Fig.9 
Display 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. Automati~ brightness control Fig.13 
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Radio 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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Additional FaclllUa. 
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 22) 
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Digital Clock Radio Module 

MODULE FEATURES 

• CK3300 N-channel clock radio circuit 
• LED display: 4 Digits plus colons 
• 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 power dissipation 

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 programs 

automatically from 0-120 minutes-starting from the 
exact second) 

DESCRIPTION 

The M-3300 module contains a four digit LED display and a 
CK3300 LSI microcircuit featuring all the necessary logic, con
tact noise elimination circuits, control switching and timing 
circuits to implement simple-to-use, low-cost, multi-featured 
digital clock radios. For full information on the many features of 
the CK3300 microcircuit, refer to the detailed descriptions and 
applications suggestions contained in Gl's CK3300 product data 
sheet. 
The M-3300 module is fabricated on a single-sided printed circuit 
board measuring 1.500" x 3.930". 
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CLOCK RADIO SYSTEM DIAGRAM 

AC LINE 
IC POWER SUPPLY 
AND INTERFACE 

(Figs. 8 & 9) 

RADIO 
POWER 
SUPPLY 

SWITCHING 
(Figs. 16.17.18) 

SLEEP 

SET TIMEI--t------t 

SET ALARM I-+-.... ----t 

INC. HRS.I-+-+-..>-----i 

M3300 MODULE INC. MINS.I-+-+-++-i 

DI;~~~:~:'R ANODE 1/3 

BRIGHTNESS CONTROL 1---...., ANODE 2/4 
(Figs. 10.11.12.13) 

NOTE: Figures referenced are contained in the CK3300 product data sheet. 

MODULE OUTLINE 

~• 3.930 -, 
0.125 ,!" 3.690-------1-1 10.190 I 
0.059 1-~1!--------- 3.070 ----------i-I ...L-

Tb D '-I I-I 0 I-I 1-' ~ 1 'f~ 
~ D , , , '0 I-I / / l2J ~ ~ 

1 0 PIN 1 ~fIIfIIfIIfIIl"ll"ll"lllIIf'III'Il'Il'Ifil 9 ±" Jl~ 
I1HI1111 1III / -L 

I--- 1.330 ---l I I -lIt- 0.050 0 128 61A (4) -l f- 0.062 
0.100 TYP --l I-- --o:.J I-- 0.050 . ~ 0.255 

All dimensions in inches. 
All dimensions nominal. 
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4 Digit Automobile Clock Circuit 
FEATURES 
• Direct 20mA segment drive to 4 digits. two hours digits and two 

minutes digits. 
• Timing designed for 3.58MHz color TV crystal. 
• Two button setting of the time: 

1) I ncrement clock state 
2) Increment selected digit 

• Four clock states: 
1) Set hours 
2) Set tens of minutes 
3) Set units of minutes 
4) Run 

• Selected digit for setting flashes at 3.75Hz rate. 
• Internal switch debounce. 
• Clock resettable to 1 :00. 
• May be operated from a wide range of power 

supplies (Device is powered from a current source.) 
• Can be driven from a 60Hz signal. 
• Low power consumption (display Off). 
• Variable display intensity. 

PESCRIPTION 
The CK3500 is a bipolar LSI circuit utilizing General I nstruments' 
I'L technology. The circuit contains an on-chip crystal oscillator 
and the logic to display hours and minutes in a 12-hour format. 
The time is set with two internally debounced switches. The chip 
also has direct LED segment drive capability. thus requiring a 
minimum of external components. 

BLOCK DIAGRAM 

1PPM 
IN 

PIN FUNCTIONS 

60Hz 
OUT 

60Hz 
IN 

Segment Outputs (23 pins) The segments of each digit are driven 
separately. The outputs are open collector devices. and are "ON" 
when the segments to be displayed are selected. 
VOD4 Positive supply to the decoders and segment drivers only 
(to conserve battery drain with Ignition off). 
VOOh V002• V003 Positive supplies to the oscillator and count 
down circuits. 
VN Negative supply (normally ground). 
Crystal Inputs (2 pins) Connection of external crystal (frequency 
source). 
Increment Digit This input increments the selected digit by one 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

vN (GNO) 

Min'G' 
Min 'F' 

Min 'E' 

Min 'A' 
Min'S' 

Min 'C' 

Min '0' 

lD Min 'G' 

10 Min 'F' 

lOMin 'E' 
10 Min 'A' 

10Min'S' 

10Min 'C' 

10Min '0' 

NC 

10 Hrs 'S or C' 

Voo4 

10 Hrs '8 or C' 

Hrs 'G' 

V 002 

Voo, 
OSC Coli 

OSC Base 

60Hz Out 

60Hz In 

3.75Hz In 

3.75Hz Out 

1 PPM Out 

1 PPM In 

INC Digit 

INC State 

V OD3 

Reset 

Hrs'O' 

Hrs'C' 
Hrs '8' 

Hrs 'A' 

Hrs 'E' 

Hrs 'F' 

Two power connections are provided. one for the LED display 
drivers and one forthe timekeeping function. With the display off. 
low power consumption is possible. 

CRYSTAL 
INPUTS 

INCREMENT INCREMENT 
DIGIT STATE 

RESET 

3.75Hz OUT 

for each depression of the digit increment push-button (I.e. each 
time input is connected to VOO)' 
Increment Clock State There are four clock states sequentially 
selectable for each consecutive depression of the increment 
state push-button (i.e. each time this input is connected to Voo). 
The four clock states in order of access are as follows: 

1. Set Hours 
2. Set Tens of Minutes 
3. Set Units of Minutes 
4. Run 

(NOTE: The sequence starts over with continued momentary 
connections of this input to Voo). 
Selected digits will flash at a 3.75Hz rate to indicate the clock 
state. 



TIME SETTING OPERATION 
Two switches are utlized for the time setting of the clock. They 
each apply a positive voltage to the appropriate pin on the chip. 
To describe their operation, suppose that the clock is running 
normally (in the RUN state). Closing the INC STATE switch 
causes the hours digit/digits to flash at a 3.75Hz rate. At this 
point, the INC DIGIT switch may be closed, causing the hours 
digits to Increment one count each time the switch is closed. 
When the desired hours count is reached, the INC STATE switch 
Is again closed, causing the tens of minutes digit to flash. CloSing 
the INC DIGIT switch then increments the tens of minutes digit. 
When the desired digit is reached, the INC STATE switch is again 
closed, causing the units of minutes digit to flash. This digit is set 
as before, repeatedly closing the INC DIGIT switch. Finally, the 

ELECTRICAL CHARACTERISTICS 

Maximum Rallngs 

CK3500 [!] 
INC STATE switch is again closed, placing the clock back in the 
RUN mode. When the RUN mode is entered and the units of 
minutes digit has been changed, the seconds are reset to zero, 
giving an exact minute count. In the RUN mode, closure of the 
INC DIGIT switch has no effect. 

DISPLAY INTENSITY 

When the LED is supplied from a voltage in the range of 2.5 to 5 
Volts, the current into injector4 serves as an intensity control. For 
voltage over about 3.5 Volts, a resistor should be included in 
series with the display anode. The value should be 2.5 (V-2.5) 
ohms and will dissipate a maximum of 0.4(V-2.5) watts. This 
resistor serves to limit the chip dissipation to acceptable values. 

Injector Voltage ................................................. 0.55V to 0.9V 
Injector Current ......................................................... 25mA 
Input Current .......................................................... 10mA 
Output Voltage .....•........•.•................................•...•..... 5.5V 
Output Current: Display Drivers ......................................... 20mA 

Test Points ............................................. lmA 
Storage Temperature ........................................ -55·C to +150·C 
Operating Temperature ........................................ -20·C to +70·C 

Charecterlstlcs Min Typ Max 

Injector Current: 
1001 2.5 3.0 25 
'002 .055 0.2 25 
1003 .75 1.5 25 

'0D4 - 10 15 
Oscillator Supply 2 - 5 
Output Sink Current - - 20 
Switch debounce - 50 -
Oscillator Frequency - 3.578880 -
OSCillator Beta 20 40 150 
Logic 1'1": 
Frequency Inputs - open -
Increment Digits/State 2 2 - 5 
LogiC "0": 
Frequency Inuts - 1.0 10 
Increment Digits/State - open -

CONNECTION DIAGRAM 

'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 

mA 
mA 
mA 
mA 
V 

mA per segment 
ms 

MHz derived from crystal 
-

-
V 

mA 
-

D~~~~~ O--~-+-~------1r"=====':':""~-------, 
{+flV) 

240n 

2.5K 

V002 

S~'0~~~~ o-t-'lll/Y----1VOD1 
INC 

. DIGIT 
INC 

STATE 

.,. 
.. 12K lO-4OpF 

SEGMENT DRrVERS 

CK3500 lOOK c::JCRYSTAL 3.5795MH~ cok)r burst ctyslal 
adjustedto3.51B880MHz. 

CRr~~~ t--4-...... ..., 
VN 33pF L-__ ~ ______ ~ ________________________ ~ 

GNDo---~~----_-J 
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I-I M-3500 

Automobile Clock Module 

MODULE FEATURES 

• CK3500 I'L clock circuit 
• LED display: 4 Digits 
• No external contact noise elimination circuits required 
• All external components are contained on board 
• Low power dissipation with LED's off 
• Separate display supply line for dimmer control 
• Two switches are only off board components 
• Clock time source is a standard T.V. chroma burst crystal 

(on board) 

DESCRIPTION 

The M-3500 is a module which consists of the CK3500 I'L circuit 
with a four digit led display plus all other components on the P.C . 

. board. The M-3500 is a self contained clock particularly useful in 
the auto clock market. The only external components necessary 
are the switches for setting time. It also has a separate display 
power line for dimmer control and saving power when display is 
not energized. 

OPERATION 

The M-3500 module is designed to operate at minimum battery 
current drain at all times in an automobile. Maximum current 
consumption Is used when the display is on and this requires the 
ignition to be turned on. The following Is a list of modes for 
normal operation: 

1. Ignition off, lights on or off - module keeps time without 
display and time can't be altered. 

2. Ignition on, lights off - module keeps time, display is at full 
brightness, time can be reset. 

3. Ignition on, lights on - module keeps time, display brightness 
is dimmer controlled and time can be reset. 
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PRELIMINARY INFORMATION 

M-3500 MODULE 

MODULE DIAGRAM 

I I 
I I 

5V 12V 

12V-1.J 

I I 
I I 

CK3500 
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M-3500 iii 
AUTOMOBILE CLOCK SYSTEM DIAGRAM 
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la' AY-S-8100 AY-S-8102 

Radio Receiver Frequency Counter/Display Drivers 
FEATURES 

• Three frequency ranges: IMW 2999KHz, SW 29.995MHz, VHF 
299.95MHz. 

• IF offset: 460KHz (AY-5-8100) or 455KHz (AY-5-81 02) on 
MW and SW, 10.7MHz on VHF. 

• Channel mode 0-99 channel spacing 300KHz. Standard part 
channel 0 is 87MHz. 

• High voltage segment and digit outputs give direct drive 
of fluorescent displays. 

• Inversion control for!segment outputs. 
• Direct drive of liquid crystal displays. 
• 1.28MHz master clock input frequency. 
• 300KHz input with 8ms sample time. 
• TTL compatible inputs and outputs. 
• 50Hz output to drive the AY-5-1200A digital clock. 

DESCRIPTION 
The AY-5-81 00 is a four and a half digitfrequency counter for use 
in Radio Receivers. Three main frequency ranges are provided: 
2999KHz and 29.995MHz (with a 460KHz IF offset on the AY-5-
8100 and a 455KHz IF offset on the AY-5-81 02) and 299.95MHz 
with a 10.7MHz IF offset. For use in VHF FM receivers a channel 
mode is available. In this mode a channel number from 0 to 99 is 
displayed together with a U+U or u_u sign for tuning indication. In 
this mode the IF is 10.7MHz and channel 0 is 87MHz. 
The outputs are multlplexed in five time slots onto a seven 
segment bus. Digit and segment outputs have high voltage 
capability and will drive fluorescent displays directly. A pin 
option allows the driving of liquid crystal displays using the two
frequency multiplexing system. 

SYSTEM DIAGRAM 

VHF INPUT SW INPUT MW INPUT 

50Hz to 
AY-5-1200A 
CLOCK 
CIRCUIT 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

SWSelecl 

1.28MHz clock input 
OE Output Enable 

NC 
NC 

F 
Segment G I : Outputs ~ 

1.28MHz 

CLOCK 
OSCILLATOR 

O· 
E 

\Iss 

Top View 

5 DIGIT 7 SEG. DISPLAY 
(FLUORESCENT) 

Voo (-17V) 

CI Counter Input 
PR Presealar Reset 
MWSelect 
CH Channel Select 

01\ LSO 02 

~. Digit Select Outputs 

05 MSD 

R Reset 
LQ Liquid Crystal Select 
5.5.1. Segment Select Invert 
±Display Mode Input 

MODE 
SELECT 

Flg.1 FREQUENCY COUNTER CLOCK CONNECTION DIAGRAM-DIRECT FLUORESCENT DISPLAY DRIVE 
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PIN FUNCTIONS 

Pin No. 

2 
3 

4 
5 
6-13 

14 
15 

16 

17 

18 
19-23 

24 

25 

26 

27 
28 

NOTE: 

Name 

SW Select 

1.28MHz Clock 
Output Enable 

N.C. 
N.C. 
Segment Outputs 

Vss 
±Oisplay Mode Input 

Segment Select Invert 

Liquid Crystal Select 

Reset 
Digit Select Outputs 01-05 

Channel Select 

MWSelect 

Prescaler Reset 

Counter Input 

Voo 

AY-5-8100 • AY-5-8102 [!] 

Function 

Selects 29.995MHz counter range when at logic '0'. See Mooe 
Select truth table. 
Master clock input controls timing of whole system. 
Disables the outputs when taken to logic '0'. 

The digits to be displayed are output on these pins in 7 segment 
code. They are at logic '1' to display. These outputs will also drive 
fluorescent, liquid crystal and low current LED displays. 
Positive supply. 
Selects either combined or separate + or - display when in 
channel mode. Logic '0' selects combined mode. In the combined 
mode the horizontal bar is output on segment "g" and the vertical 
bar on segment "f". In the separate mode the - sign is output on 
segment "g" and the + sign on segment "f". 
When taken to logic '1' inverts the Segment Select outputs (Note 
1). I 

When taken to logic '1' the output timing is arranged to drive 
liquid crystal displays using two frequency multiplexing. 
Master reset to all counters and registers. Resets when at logic '1 '. 
These outputs sequentially select the digit to be displayed. They 
are normally at logic '1' to display. The outputs are high voltage 
and are capable of driving fluorescent and liquid crystal displays 
directly. Each digit is on for 4ms. A bonding option gives inverted 
outputs. 
Selects channel mode when at logic '0' and SW and MW are at 
logic '1'. See Mode Select truth table. 
Selects 2999KHz counter range when at logic '0'. See Mode 
Select truth table. 
This output resets the external prescaler divider, at logic '0' 
during count interval. 
Frequency measuring input. Frequency range 10KHz to 600KHz. 
Negative supply. 

1. If the digit invert bonding option is used (bonding to logic '1') the SSI input logic sense will be inverted. 

FREQUENCY COUNTER OPERATION 
The frequency counter section is intended to work with an 
external prescaler. The three frequency ranges require division 
ratiosof8, 80and 800. The appropriate IF offset is loaded into the 
counter before measuring. The local oscillator must always be at 
a higher frequency than the receiver frequency. 

Mode 
Display Range 

05 04 03 02 01 

MW 2 9 9 9 
SW 2 9 • 9 9 5 
FM 2 9 9 • 9 5 
CH ± 9 9 

COUNT 2 9 9 9 5 

NOTES: 

Measurement period Bmsec 
Reading rate 50 per second 
Master clock frequency 1.2BMHz 

Discrimination Prescaler IF 

KHz 1KHz B 460 
MHz 5KHz + 80 460 
MHz 50KHz +800 10.7 

300KHz +800 10.7 
0.5KHz ~ 8 10 

1. Leading zeros are blanked. 
2. In Channel Mode the + or - signs are lit if the 

receiver Is more than 50 KHz off tune. 

3. The IF offset is mask programmed and can in 
principle be made to any value. 

I 

MODE SELECTION 

MW SW CH 

0 1 X 
1 0 X 
1 1 1 
1 1 0 
0 0 0 
X X X 

OE 

1 
1 
1 
1 
1 
0 

4. In Channel Mode, Channel 0 = 87 MHz. 

Mode 

MW 
SW 
VHF 
VHF/Channel 
Counter mode 
Clock 

DISPLAY OUTPUT 
The output is in 7 segment form multiplexed into five time slots at 
a rate of 50Hz. All the display outputs have high voltage capability 
and will drive fluorescent displays directly. LED displays can 
either be driven directly or with simple interfacing depending on 
the digit size. 
A pin selected option allows the direct driving of liquid crystal 
displays using two frequency multiplexing (125Hz and 8000Hz). 
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m AY-5-8100 • AY-5-8102 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings-

Voltage on any pin with respect to V .. pin 
(except Segment and Digit Outputs). . . . . . . . . . . . . . . +0.3V to -20V 
Voltage on Segment and Digit Outputs with respect to Vss pin. . . +0.3V to -3SV 
Ambient operating temperature range .............. O·C to +70·C 
Storage temperature range .................. -6S·C to +150·C 
Power dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . 600mW 

Standard Conditions (unless otherwise noted) 

Vss = +5V ±0.5V} 
VDD = -12V ±1V or: Vss - VOOI = 1S.SV to 18.SV 

VII=-28V±2V 
Operating Temperature (TA) = O·C to +70·C 
Fc = 1.28MHz ±0.01% 

Characteristic Sym 

Input logic '0' level VIL 
Input logic '1' level VIH 
Input load current hL 

(SW, 1.28MHz, OE, MW, CI, CH) 
I nput sink current hH 

(DMI, SSI, LQ, R) 
Input capacitance CIN 
Digit Select Outputs 
Logic '1' On Current 
Logic '0' Off Current 
Segment Outputs 
Logic '1' On Current 
Logic '0' Off Current 
PR Output 
Logic '0' VOL 
Logic '1' VOH I 

Clock input frequency fc 
Clock pulse width 
Count input frequency 
Count input pulse width 
Multiplex rate 
Power consumption 

Min 

-
V .. -1 

-

-
-
5 
-
2 
-
-

Vss -2.2 
-

3S0 
10 

600 
-
-

""Typical values are at +25·C and nominal voltages. 
NOTES: 

Typ" " 

-
-
-
-
-
-
-

-
-
-

1.28 
--
-
50 

4S0 

1. These inputs have resistors of nominally 170Kohm connected to Vss. 
2. These inputs have resistors of nominally 170Kohm connected to VDD. 

Max 

+0.8 -
0.2 ' 

0.2 

10 

-
10 

-
10 

0.5 
-
1.4 
-

600 --
-

"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 

Volts 
Volts 
mA VIN =-VDD Note 1 

mA VIN = +Vss Note 2 

pF VIN=OVf=1MHz 

mA VOUT = (Vss -2)V Fig. 2 
,.Po VOUT= (VII +l)V Fig. 2 

mA VOUT= (Vss-2)V Flg.2 
",A VOUT = (VII +l)V Fig.2 

Volts } Load = 2TTL gates (3.2mA), 3.3K 
Volts resistor to VDD, +20pF 
MHz Note 3 
ns logic '0' or '1' 

kHz 
ns logic '0' or '1' 

kHz 
mW 

3. For correct frequency readings the clock input frequency must be 1.28 MHz ± 1 in lOS. 

TIMING DIAGRAM ~----------~----------~ 

o. 

o. ____ ~r--lL ______________ _ 
_________ ~r--lL __________ _ 
__________ ~r--lL ______ __ 
-----------------~~~------
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lOOK 

DIGIT 
OUTPUTS 

1 I I I I I 
28 27 26 25 24 23 22 21 20 19 18 17 16 15 

AY-5-8100 

1 

• 2 3 4 5 6 7 8 9 10 11 12 13 14 

I I -1 .-
A 

B 

C 

D 

E 

G 

ffi DP 

SEGMENT 

OUTPUTS 

0-
0- 0- z lOOK 

" " 
:OJ 

~ ~ 
0 

~ w W 

'" "'/ -35V 
/ " 

-17V 

Flg.2 FREQUENCY COUNTER/CLOCK CONNECTION DIAGRAM-DIRECT FLORESCENT DISPLAY DRIVE 
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11111 AY-3-8110 AY-3-8112 

Radio Receiver Frequency Counter/Display Drivers with 4 Digit Clock 

FEATURES 
• Low current drain (10 mA) 
• Wide supply voltage range (5V to 16V) 
• Intensity control on-chip with external RC 
• Display disable 
• Mask programmable display frequency 

100,200,400,600 or 2 KHz 
• Inter digit blanking - 10l/LS 
• Latched outputs to avoid blanking or flashing 

during counting. 

RAI)IO FEATURES 
• Measures standard AM and FM frequencies 
• Displays frequencies on 3'h digit display 
• Externally programmable FM IF offset 
• 262.5 KHz AM IF offset (AY-3-8110) 
• 455 KHz AM IF offset (AY-3-8112) 
• 10KHz steps on AM, 200KHz steps on FM. 

CLOCK FEATURES 
• 12 hour clock 
• Hour and minute display 
• Seconds reset control 
• Easy time set controls 

DESCRIPTION 
The'Clock and Radio Readout chip is an LSI system that contains 
all the necessary circuitry for displaying time of day or radio 
tuning frequency on a common 3'h digit display. 
The time is derived from an on-chip crystal oscillator and internal 
countdown circuitry. An internal digit counter and seven 
segment decoder provides the signals to drive the display. The 
radio station frequency is determined by measuring the local 
oscillator of the radio and subtracting the IF frequency. 
The chip is a monolithic N-channel metal gate MOS device using 
Ion Implant to aChieve both enhancement and depletion devices. 

BLOCK DIAGRAM 

FM 

4A-6 

HOURS 

MINS 

TIME 

FREQ 

AV-3-8110/8112 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

AM Freq. 
FM Freq. 

AM/FM 
Inhibit Time Set 

Test 

Reset 
Oscillator 1 

Oscillator 2 
FM/IF Adjust 

Oigit 2 
OIgit 3 
Digit 4 
Digit 1 

GND 

OPERATION 

Vee 
Set Time 
Set Freq. 
Intensity 
Segment. 
Segment a 
Segment b 

Segment f 
Segment DP 

Segment c 
Segment 9 
Segment d 
Set Minutes 
Set Hours 

The keyboard consists of two momentary 2-pole switches: 
Time/Frequency and Set Hours/Set Minutes. The hours or 
minutes are advanced at 2 per secon.d after a one second delay. A 
momentary depression of the set minutes resets the seconds 
without altering the minutes. The display switches from time to 
frequency and remains there on the momentary depression of 
the Time/Frequency switch to frequency. The display 
automatically switches to time when the radio is turned off. 
Four external diodes program the chip to accept 16 different FM 
IF offset frequencies from .1046 MHz to .1076 MHz in 200 Hz 
steps. 
The clock colon is automatically displayed using the decimal 
points as shown. The clock Is 12 hours. 

When displaying frequency the decimal points are also used to 
indicate stereo and the radio station. There are no decimal points 
in the AM mode. Below is the FM display. (The least significant 
digit is a LH DP. All others are RH DP.) 

The FM local oscillator output of the radio must be divided by a 
factor of 100. The AM display Is as follows: 



OPERATION (Continued) 

The FM frequency display always shows odd tenths. The display 
reads the center of the frequency band even if the radio is tuned 
upto ±100KHzoffcenter. The FM IF offset is determined by the 
use of diodes. The program code is as follows: (A '1' represents a 
diode from the digit line to the IF input pin, pin 9.) 

The code is shown below: 

Digit Lines 
Frequency 10 Hour Hour 10 Min. Min. 

.1076 1 1 1 1 

.1074 1 1 1 0 

.1072 1 1 0 1 

.1070 0 1 1 0 

.1068 0 1 0 0 

.1066 0 0 1 1 

.1064 0 0 1 0 

.1062 1 0 1 0 

.1060 0 0 0 0 

. 1058 1 0 0 1 

.1056 1 0 0 0 

.1054 1 1 0 0 

.1052 0 0 0 1 

.1050 0 1 0 1 

.1048 0 1 1 1 

.1046 1 0 1 1 

PIN FUNCTIONS 

Pin No. Name 

1,2 AM Freq., FM Freq. 

3 AM/FM 

4 Inhibit Time Set 

5 Test 
6 Reset 

7,8 Oscillator 1, 
Oscillator 2 

9 FM/IF Adjust 
10-13 Digit 2,3,4,1 

14 GND 
15,16 Set Hours, 

Set Min. 

17-24 Segments a-g & DP 

25 Intensity 

26,27 Select Freq., 
Select Time 

28 Vcc 

AY-3-8110 • AY-3-8112 [!] 

The AM display always ends in zero. 

The AM IF offset is 262.5 KHz on the AY-3-8110 and 455 KHz on 
the AY-3-8112. 

The display reads the center of the band even if the radio is tuned 
up to 5 KHz off center. 

DISPLAY OUTPUT INTERFACE 

There are twelve output lines to drive the digital display: seven to 
drive the segments olthe display, four for the digit drive, and one 
for the colon, decimal point and stereo light. The decimal pOint, 
colon and stereo light follOW the truth table below: 

AM FM Time Digit Time 

Colon OFF OFF ON 10 min., hrs. 

Decimal Point OFF ON OFF min . 

Stereo Light OFF ON OFF 10 hrs. 

Function 

The local oscillator output frequencies from the radio are 
connected here. 

A high on this pin sets the logicto expect a FMfrequency in. Alow 
sets the internal logic to AM. 

A high level enables the set hours or set minutes switches. Open 
circuit disables these switches. 

An 8 Hz Signal can be observed here. 

A low level resets the Chip. 

The crystal and associated trimmer capacitors are connected 
here. 

The diode programming is input here. 
These pins go to ground to select the appropriate digit. 

O.OV 

A ground on these pins causes the hours or minutes to update at 
a 2 per second rate. There is a one second delay before updating 
starts. If set min. is grounded for more than 0.02 seconds but less 
than 1 second, the seconds counter is reset. (See Note 1 below). 

These pins go positive to indicate the desired segment and 
decimal point. 

An external RC network of 1 M 11 .and 300pF controls the display 
intensity. 

A momentary ground on one of these pins selects frequency or 
time to be displayed. 
Time B+ supply, +10V to +16V (clock functions down to +5V). 

NOTE 1: There is a "disable" feature - grounding pins 15 and 16 simultaneously disables the display (pins 10-13 and 17-24 
become three-state). 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 
Voltage on any pin with respectto Vss pin .......... -0.3 to +18V 
Storage temperature range .................. -55°Cto+125°C 
Ambient operating temperature range ............. 0° to +60° C 

Standard Conditions (unless otherwise noted) 
Vss: OV 

• Exceeding these ratings could cause perma
nent damage. Functional operation of these 
devices at these conditions ·is not implied -
operating ranges are specified below. 

NOTE 2: Pins 3, 9,15,16 and 26 have on-chip pull-up resistors to 

Vce' 
NOTE 3: Pins 4 and 27 have on-chip pull-down resistors to Vss' Vee: +10V to +16V (clock functions down to Vee: +5V) 

Operating Temperature (TA ) : 0° C to +60° C 
"Typical values are at +25°C and nominal voltages. 

Characterlatlc Min Typ·· Mall Units Conditions 

Clock 
Input Freq. - 2.304000 - MHz 
Lagle '0' - - 0.5 Volts 
Logic '1' 3.5 - - Volts 
Capacitance - - 10 pF 
Leakage - - 10 IJA 

Control Inputs 
Logic '0' - - 0.5 Volts 
Logic '1' 3.5 - - Volts 
Input Current (Note 2 - above) -3 - -40 IJA Input connected to Vss. 
Input Current (Note 3 - above) 3 - 40 IJA Input connected to Vee. 

AM Freq., FM Freq.,lntenslty Inputs 
Logic '0' - - 0.5 Volts 
Logic '1' 3.5 - - Volts 
Leakage - - 10 IJA 
Pulse Width - Pin 1 (AM) 180 - - ns Positive or negative. 

- Pin 2 (FM) 360 - - ns Positive or negative. 

Outputs 
Digit 

vcc LogiC '0' - - 1.6 Volts 

Voc' '" I - - 1.2 Volts Vee: 10V 
Logic '1' 15 - - Volts Vee: 16V 

9 - - Volts Vee: 10V 1" Logic '0' Current (calculated) - -3.3 - mA Vee: 16V 
- -1.95 - mA Vee: 10V PIN 

Output Current 
with outputs disabled - - 0.4 mA 

Segment 
Volts Vee: 16V LogiC '0' - - 0.5 

I r - - 0.5 Volts Vee: 10V 
Logic '1' 6 - - Volts Vee: 16V ~U, 3.5 - - Volts Vce :10V 

Logic '1' Current - 2.65 - mA Vee: 16V 
- 1.4 - mA Vee: 10V 

Output Leakage 
with outputs disabled - - 20 IJA 

Supply Current - 5 10 mA Display outputs disabled 

TIMING DIAGRAMS 
"1" I-- 2.5m.--I AM SIGNAL '\N\f\J\J" 10 HR "O"~ INPUT 

"1" -----tu----t-L --! !---lIx 
DIGIT 10MIN 

"0": I .S<x<2.1MHz (Typ.) 
OUTPUT 

"1" :: 1 SEQUENCE HR 
"0" "U I FMSIGNAL W\f\MM MIN "1" ::JCtt-.t:- INPUT 
"0" II: I --! !---lly 

TYPICAL 
10Jl. -of to- I I .9<y<1.2MHz (Typ.) "1" I I --t t--10Jl. 

SEGMENT , ---+-Il-
OUTPUT '0" I I TEST --1 r- 25m. I I I OUTPUT -Il r INTENSITY PIN -1.J1./ 

--11--10". 
(SHz) 

1---125ms ----I 
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AY-3-8110 • AY-3-8112 I!!l 
TYPICAL CHARACTERISTIC CURVES 

.~ 20 ,. 
", 

1.8 18 

1.8 18 40 

1.' 
./ 

" / M+-.' " I 1.2- MAj 12 30 

V- i 

./ TYf- ~ 1.' ~ 1. 

,? .8- TYr 
./ } 8 

/ -' 2. .... M+-. 8 

MoT 

......... 8 

/V .. - 4 1. .• • ~V .;' 

• • 3 - .-.- .-
0 • • 4 • 8 10 12 14 16 18 20 • 2 4 • 8 

" 
121416 18 20 0 2 4 6 810121416 18 20 

Vee (Voils) Vee (VoIls) Vee (Volta) 

DIOIT OUTPUT VOLTAGE SEGMENT OUTPUT VOL TAG! INPUT CURRENT (PINS 3.,9,15,14,21,4,27) 

SYSTEM DIAGRAM Vee 

- • 10K 

r---, r-------, 
I --L SET. I 

I ~.-...L 10M" I 
MIN 

I 
rO;':-I~0 rTFREQ I 0 I ~f I 
I I -::- '-L 'r I I 

Vcc~ I I 

J L ~M==--:J ]~ 7 SEGMENT I SET I 
I RADIO I 

12K 
OUTPUTS --L HOURS 

ON l_i-_3_J L~~..J i i f i 1" j I j Vee 

28 2; 26 25 24 23 22 21 20 19 18 17 16 15 

'5V 
78 .. 

I '·F 

REG. 

O1"FJ AY-3-8110 

1 2 3 4 5 6 7 • 9 10 11 12 13 14 

I-E' L J TTL .F I-

~ *' ~9t FM DIGIT 

TEST 

ECl 

TTTL-
MH, 

-= r~~ SET '_:- __ 

4 3 2 1 ,;1-1 3.91< 10 39K 2K 

100 DM8629 
11 12 13 14 Vee 

lll.l:c' 'fl{" '5V -= "~"" MPS MPS 
U95 U95 U95 U95 

lBOH.1W 

~F 
--J\ Ir--

COMMON 

S ANODE --..... 
I 2 g CA3081 

3"OA.43" ---" ~ 
or 

'5V ULM2081 
200B '.H ..---

2.7K 

INVE~'GITS '5V 

~ 
8.2K ~ ~. AMlFM 10K 

" 'N':' DP RADIO FM IF DIODE 
2N3904 OFFSET PROGRAMMING 

~I 
(SEE TABLE) 

18K 
2N3904 

-::-

-::-
AM/FM 
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MEM4956 T-1201 T-1001 
T-1101 ER1400 

OMEGA/82 Channel Digital Tuning System 

SYSTEM DESCRIPTION 
The Omege 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, dlgltel 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-r 
responding to the frequencies tuned are stored In a non-volatlle 
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. Thetunlng accuracy depends 
only on a single well regulated reference voltage for Its stability. 

The method of DIA 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 the Input to the 
filter. 

The EAROM Is a 1400 bit solid state memory organized into one 
hu ndred words of 14-blts each. This technology provides a non-v 
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 

--------, 
I FROM TWO DIGIT 

+=ffAAO T·1201 
MNOS 

INTERFACE 
CHIP (E.LO.) 

20 NON-VOLATilE 
MEMORY LINES 
FOR CHANNEL 
NUMBERS OF 

FAVORITE 
PROGRAMS 

I 

~ 
I 
I 
I 

USED ONLY IF I 
ADDRS~~~~~ ~1~~6RITE I 

CHANNEL STORAGE I 
__ '~~U~~ _ .J 
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T-,OOI 
N. MOS 

CONTROL 
CHIP 

I 
ERl400 

100 LINE MAIN 
MNOSMEMORY 
FOR STORING 
TUNING INFO. 

EAROM 

-
T-ll01 TO 7 SEG 

N. MOS => JOR BCD 
Dlg~~;Y b~::LAY 

7 SEGMENT OR ~~~~~~L 
,--_B_CO_TV_P_E--, READOUT 

MEM4956 
CMOS 
OAC 

TUNING 
L-..,.. VOLTAGE 
r--r OUTPUT 

VIA FILTER 

PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 
T-1001 

.82 
K8' 
KB_ 
KB. 

DiSplay Clock ~ 

Fine Tune Down 
168 KHz 

Coarse Tune In 

Fine Time Slot 

Coarse Data Out 

.81 

"B7 
"B6 
High Speed fine Tune Ole. 
No Siore Fine Tune 

KBB 
1<89 
VDD 

AGC Delay 
AGC 

ClOek to Memory Vss 
Clock Freq. Control LUi Channel Viewed 

Fine Dati Out Malet Retet 
Fine Tune Up Units Blanking 

Units Data; from Display Tuner Blank 

Tens~1 Cl 
Tens Data to Display C2 

Units.' C3 
Units Data to Oi,play Tens De .. from Display 

Dale To/From Memory EIC MA 

T-1101 
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UHF 
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Vo = O"'Y·; ONO 

KB3 
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GND 
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V" 
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2' 
2' 
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OISPLAV PROG 

MXtlN 
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A" 4 
AK2 

A" 1 

'--__ ...J 
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Ole. Timing B 
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Tens Zero Dispta'l 
Oisptay Ch 

Unitt Blanking 

MX21n 
MXlin 

Units Dati from Dlsplav 

Seg. A (UMs) 

Sag. B (UMsi 

Seg. C (Units) 

&eg. 0 (UnitSi 
Beg. E (Units) 

Beg. F (Unils) 

Seg. G (Units) 

KIl2 

"BI 
KB6 

"B7 
KBO 
10'1 DATA TO DISPLAV 
SIN 18 
81NS 

BIN" 
81N2 

BIN 1 
EICMR 
RESTORE 
V .. 
STORE 
1'1 UP 
10'1 UP 
PROGUP 

SUBSTRATE 
RMT (REMOTE ENABLE) 



Control Chip (T-l00l) 

The control chip scans the keyboard at a 14 KHz rate on 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 a "power-up" signal from a 
power supply to trigger the last-channel-viewed function. 

"DIsplay Chip (T-l10l) 

Each digit of the channel number 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 data sheet beginning on page 4A-17. 

D/A Converter Chip (MEM4956) 

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 

OMEGA [!] 
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 to the low-pass filter. The filter integrates 
the area under both component waveforms and delivers a dc 
voltage to the varactor tuner. The ripple is kept below l00pVand 
the settling time is about 50 ms. 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 MEM4956, refer to the data sheet beginning on page 4A-14. 

Interface Chip (T-120l) 
Where single digit entry is required for up to 20 favorite channels 
a fifth Chip (Interface Chip) isadded 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 wrap around, but without carryover 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 voltage output from the DAC also corresponds to the 
data stored in the main 100 line memory for that channel number. 
The Interface Chip usesa 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 (0,0) to bypass any memory line. Memory 
line or single digit button number outputs are also available in 
both binary and BCD format. 

4A-ll 
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[!] OMEGA 

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 word/line 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 of the EAROM so 
that the memory line corresponding to this channel 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 registerofthe 
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 seVreset flip 
flop, a variable duty cycle square wave (amplitude is VOD 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 different time frame. It gives a variable duty 
cycle square wave at a frequency of approximately 67 KHz. 

g) The coarse and fine tune data 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 is also 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 varactortuners. The output impedance of 
the filter is approximately 47 Kohm and its rise time isabout 
50 msecs. . 

4A-12 

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 ofthe 
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-tunlng command, which may be 
made manually. or automatically on release of the fine tune 
button, cause the two polynomial counters tochain 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 the 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. 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings 

Voltage on any pin with respect to Vss ............................ -20V to +.3V 
Storage Temperature Range ................................. -JO·C to +150·C 
Operating Temperature Range ................................... O·C to +70·C 

T-1001 Standard Conditions (unless otherwise stated) 

Vss = Ground 
Voo = +12V 
TA = O·C to +70·C 

Characteristic 

Supply Voltage, V DO 

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-1101 Standard Conditions 

Vss = Ground 
Voo = +12V 
TA = O·C to +70·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 

!Il2 

Min. Typ. 

10.8 12 

15 

0.7 0.8 

9.7 11.2 

Vss +8 -
Vss -

Voo -2 -
Vss -

Units Min. 

V 10.8 

mA 

V Vss 
mA 

V 0.0 

V 8.0 

0.0 
V 0.0 

Voo -2 
V Voo -3 

KHz 9.2 

ns 

KHz 9.2 

Max. 

13.2 

35 
0.9 

12.5 

Voo 
Vss +.5 

Voo 
Vss +.5 

1 

Max. 

13.2 

10 

Voo 
10 

1.0 

Voo 
1.0V 
0.5V 

Voo 
Voo 
16.8 

550 

16.8 

Duty Cycle 01 (Typical) 1/12 of clock Frequency 

Duty Cycle 02 (Typical) 1/6 of clock frequency 

T DELAY us .45 .55 
TR, TF us 1 

ROUT Kohms 24 

Vo V 2.0V 
Variations 
Between 

These 
Outputs 
on any 1 

chip to be 
1V Max. 

10 mA 1.6 

OMEGA I!l 

Units Conditions 

V 

mA Voo x 12.0 VDC 

MHz R = lOOK ± 5% to Voo 
kHz C = 68, 75, or 82pF ± 10% to Vss 

V a 
V 

V 
V 

}JS 

Conditions 

With clock running 

Clock Frequency = OHz 

At all inputs unless otherwise specified. 

At all inputs unless otherwise specified. 

For Pins 8, 9, & 10 into 1 Mt!, 20pF load 

For Pins 11, & 28 into 1 M ~I, 20pF load 
For Pins 8, 9, & 10 into 1 M~l, 20pF load 

Pins 1, 4, 5 

Pins 1, 4, 5 

Pin 4. 

Pins 1, 5. 

Pin 4. 

Delay between rise of 01 and 02 = llF 

Pins 8 thru 11 and 28 Load = 10pF 

IL = 1 mA Pins 3,7,38,39 

At 10 Min. = 17 mAo Additionally each output 
shall be capable of sustainnlng 10 max 25 mA 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 no greater than 10 )JA. 

Forindirectdlsplaydrlve-13. 14. 15. 18. 24thru 
27. Outputs to be compatible to TTL or CMOS 
withut interface. Voi = O.SV. 
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IIiII MEM 4956 

CMOS Of 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 GI 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 

VGG Voo 
CT REF 

12 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 

Coarse Tune Input 

Fine Tune Input 

Vss (ground) 

Fine Tune Output 

VB (-2V nom.) 

Fine Tune Reference 

Voo (+28V nom.) 

Voo 
CT --------

INPUT 

]j FT REF 
VGG Voo 6 TUNING 

VOLTAGE 
___ O~T':'U~ __ 

2 

FT 4 11 
INPUT FT FILTERED 

OUTPUT FT INPUT 
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VGG (+12V nom.) 

Fine Time Slot Input 

Coarse Tune Reference 

Filtered Fine Tuning Voltage Input 

VB (-2V nom.) 

Tuning Voltage Output 

NC 

Voo VGG 

13 

FINE TIME 
SLOT 



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. Vee 
9. Tuning Voltage Output 
10. VB 
11. Filtered Fine Tuning 

Voltage Input 

12. Coarse Tune Reference 
13. Fine Time Slot Input 

14. VGG 

STANDBY 

MEM4956 [!] 

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. 

-2V Bias used to increase breakdown voltage. 

Power supply to Fine Tune Buffer Amplifier: 28V nom. 

Power supply for Logic: 28V nom. (Vee must be the most positive power supply). 

Combined Coarse and Fine tuning data which aiter filtering is used to tune the TV. 

-2V Bias 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 -2V VB supply may be reduced to OV during standby provided that Vee, VREF1 and VREF2 are reduced to +12V (VGG). The VB pins must 
not be open circuited. 

BIAS SUPPLY 
The -2V Va supply must have a source Impedance of 2.2Kohm or less and be decoupled to Vss by a 10nF ceramic capacitor. 

CONNECTION DIAGRAM 

+28V 

FINE 
TIME 
SLOT 

+12V 

COARSE 
TUNE 

FINE 
TUNE 

-2V 

~ 1N414B 

-
141 

~ 
11 

-

MEM 4956 

-'-

4K7 22K 

33~F± 68nF l 
I 

I 6 

17 
22K 

100K 

1snFf 

±01~F 

TUNING 
VOLTAGE 

FINE 
TUNING 
VOLTAGE 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 
Voltage of any pin with respect to Vss pin (3) (except 

VREF. 10 VREF. 2, Vee and VB) •••.•...••..•..•..............•.•..•. -0.3 to +20V 
Voltage on VREF. " VREF. 2, Vee with 

respect to Vss pin .............................................. Voo 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% 
Vee = VREF. 1 = VREF. 2 = +28 to +30V 
Vb = 2V ±10% 
T = +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 Propogation Delay 
Logic '0' to Logic '1' 
Logic '1' to Logic '0' 

Output Switching Time 
Logic '0' to Logic '1' 
Logic '1' to Logic '0' 

Supply Current 

VGG, Vee' VREF " VREF 2' VB 

TIMING DIAGRAM 

4A-16 

Min. 

-0.2 
10 

-
-
-
-
-
-

-
-

-

Typ. Max. Units 

- +0.3 Volts 
- VGG Volts 

100 300 Ohms 
70 200 Ohms 

200 500 Ohms 
300 700 Ohms 

90 - ns 
80 - ns 

80 - ns 
70 - ns 

0.2 5 iJA 

'Exceeding these ratings could ceuse perma
nent damage. Functional operation ofthis da
vice at these conditions is not Implied -
operating ranges are specified below. 

Conditions 

Pin 4 connected to Pin 11 
R1 = 10KOhm 

} C1 = 100pF 

} C1 = 100pF 

Vee = VREF 1 = VREF 2 = +28V 
VGG = +12V, VB = -2V. 
Pin 4 connected to pin 11; all inputs at VGG 
or Vss 



I iii I ER1400 

1400 Bit Electrically Alterable Read Only Memory 

FEATURES 

• 100 Word x 14 bit organization 
• Word alterable 
• 10 years unpowered data storage 
• Write/Erase time 100ms/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 

T 
E 
N MEMORY 
S ARRAY 

A 
D 100x14 
D 
A 
E 
S 
S 

PIN CONFIGURATION 
Standard package 
8 LEAD TO-99 

Bottom View 

1. Data 110 

2. VM 

3. Vss 
4. VGG 

READ 

WRITE 

ERASE 

Special order package 
8 LEAD TO-8 

Bottom View 

5. Clock 

6. Cl 

7. C2 

8. C3 

c, 

C2 

C, 
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ER1400 

PIN FUNCTIONS 

Pin No. Name 

1 Data 

2 VM 

3 Vss 

4 Voo 
5 Clock 

6,7,8 Cl,C2.C3 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings-
All inputs and outputs 

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 -35 volt supply. 
14KHz timing reference. R~ired for all operations. May be left at logic 
zero when device Is in stand y. 
Mode control pins. Their operation is as follows: 

Cl C2 C3 Function - - - ---
0 0 0 Standby - contenta of Address and Data Register 

remains unchanged. Output buffer is left floating. 
0 1 1 Accept Address - Data presented at the 1/0 pin Is shifted 

into the Address Register with each clock pulse. 
1 0 0 Read - The address word is read from memory into the 

data register. 
1 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 1 0 Erase - The word stored at the add ressed location is 
erased to all zeros. 

1 1 1 Accept Data - The data register accepts serial data 
presented at the 1/0 pin. The Address Register 
remains unchanged. 

1 1 0 Write - The word contained in the Data Register is 
written Into the location designated by the Address 
Register. 

0 0 1 Not Used 

(except Voo) with respect to Vss ................. -20Vto +0.3V • Exceeding these ratings C041d cause 
permanent damclle. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Voo with respectto Vss ................................. -40V 
Storage temperature (No Data Retention) ..... -65°C to + 150°C 
Storage temperature (with Data Retention) 

Operating ...................... , ........... -25 0 to +75°C 
Unpowered .............................. -65°C to +80°C 

Standard Conditions (unless otherwise noted) 
V~,= GND 
Voo= -35V ± 8% 
Operating Temperature (T.) = O·C to +70·C 

Characteristics Symbol Min Typ" Max Units 

DC CHARACTERISTICS 
Input logIC "1" VIL Vss-15.0 - Vss-8 Volts 
Input logiC "0" VIH Vss-l.0 - Vss+0.3 Volts 
Output logic "1" VOL - - V .. -12.0 Volts 
(1 meg, 100 pf load) 
Output logic "0" VOH Vss-l.0 - Vss +0.3 Volts 
Power - - 300 mW 

AC CHARACTERISTICS 
Clock Frequency f~ 11.2 14.0 16.8 KHz 
Write time tw 16.0 20.0 24.0 ms 
Erase te 16.0 20.0 24.0 ms 
Rise, fall time tr.tf - - 1.0 IJs 
Propagation delay tpw - - 20.0 fls 
Unpowered non-volatile data storege Ts 10 - - Years 
Number of erase/write cycles Nw - - 10' -
Number of read accesses between writes NRA H)" - - -

"Typical values are at +25· C and nominal voltages. 
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ER1400 Ii] 
TIMING DIAGRAMS 

Cl------------------~/"~'---------------O 
1 

a---,~ ____________ ~/~"r----------~r-~ 03, ,''' r_~ 
A--~I----------~;~;:---------,I-~ 

1101->-----20 CLOCK PERIODS----~.I 

-~~~ 
Cl ----l :----t-------.', 0 

Flg.1 ACCEPT ADDRESS· 

H l·- 1 

: : I IV 01 
I I I 

C2 

03 ! i L OK TO CH~~GE MODE ~ 
- I I ~JLfl-Jl--fl-r --: i 1 CLOCK CYCLE REQUIRED 

Cl---'~ ____________ ~/"~' __________ ~r_ Flg.2 READ 

a-----------------~/:~'----------

DATA • \ ;;: , 
(OUT) I, II __ 'pw Ipw __ 

II II 

"'1-0----- 14 CLOCK PERIODS ----.: 

FIg.3 SHIFT DATA OUT· 

Cl _________________ ~/:~'-----------o 

1 

a---,L ____________ -ilf"'~--------~r-~ 
03 ---------------.....,I.~'---------- 0 

~I--------~--------~.I 1 

Flg.4 ERASE 

Cl, 
,~. r_~ a, 
,~, r_~ 03, 
,'J' r_~ 

DATA \ I 

--- I--- 25". max. 25". max. ~ I--
.... ----14 CLOCK PERIODS----.-.j 

Flg.S ACCEPT DATA· 

·Output data changes on the positive-going 
clock edge. Data and address inputs are 
shifted on the negative-going clock edge. 

Cl, 

C2, 

C3 

I-

,,,, r_~ 

,~, r~ 
,'J' 0 

Iw ·1 1 

Flg.6WRITE 
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IIiII AY-3-8203 ER1400 
MEM4956 

ECONOMEGA 1116 Channel Digital Tuning System 

FEATURES 

• 8/12/16 Programs 
• 4 Bands 
• 10 bit Coarse-Tune 
• 4 bit Fine-Tune 
• Non-Volatile Memory without battery 
• Auto or Manual Tuning 

DESCRIPTION 

The ECONOMEGA ] Digital Tuning system is a two 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. For details on the ER1400 refer to the data sheet 
beginning on page 4A-17. For details on the MEM4956 D/A 
converter circuit refer to the data sheet beginning on page 4A-14. 

SYSTEM DIAGRAM WITH CMOS D/A OPTION 

+12V~ 

r--

ER1400 

AY-3-8203 
EAROM 

CONTROL CHIP 

r--

C. 
ov" 

( 
-23V 
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PIN CONFIGURATION 
40 LEAD DUAL IN LINE 
AY-3-8203 

V55 

Data liD 

C3 

C2 

C1 
Clock 

Band 1 Input 

Band 2 Input 
Band 3 Input 

Band 4 Input 

Tunmg Clock 

Fme 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 

+28V 

( 

MEM ..JVV\, ..JVV\, 

4956 FINE 

D/A TUNING 

1----1~ 

Top View 

.JV'v" 

0 ;::~ 

~ 
() 
-2V 

vee 
Band 1 Output 

Band 2 Output 

Band 3 Output 

Band 4 Output 

Course Tune Output 

Fine Time Slot Input/Output 

Fine Tune Output 

AudiO Visual Output 

Mutmg Output 

Constant Time Scan Input 

Auto Stop Input 

Validate Input 

N.C. 

Stcr Input 

23 Input/Output 

22 Input/Output 

2' Input·Output 

2u Input.'Output 

Senal 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 
36 
39 
40 

N_ 

Vss 
Data I/O 
C3 
C2 
C1 
16KHz 
Band 1 Input 
Band 2 Input 
Band 3 Input 
Band 4 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 
8/12116 Program Select Input 

Serial Remota Input 

~ Input/Output 
2' Input/Output 

22 Input/Output 
23 Input/Output 
Store Input 
N.C. 
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 

ECONOMEGAI m 
Function 

Ground 

l To EA'''' EA""" 

When connected to Vss selects Band 1 and initiates scan. 
When connected to Vss selects Band 2 and initiates scan. 
When connected to Vss selects Band 3 and initiates scan. 
When connected to Vss selects Band 4 and Initiates scan. 
Controls speed of coarse and fine tuning, set by external R-C network. 
1.28KHz nominal. 
When connected to Vss causes FT to increment automatically. 
When connected to Vss causes FT to decrement automatically. • 
System clock 2.0 MHz nominal set by external R-C network. ~ I 

When connected to Vss,reads EAROM (includes 20ms anti-bounce delay). 
When connected to Vss increments program number by 1. There is a 
20msec anti bounce delay on this input. 
When connected to Vss decrements program number by 1. There is a 
20msec antlbounce 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 ~, 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=B. 
Accepts a train of 0.5msec negative pulses, the number of pulses 
determines the program number to be selected. 

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 to Vss stores Tuning and Band information in 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 connected to V ss 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). 
Goes to logiC '0' when the last program is selected (B, 12 or 16) and is on 
Band 3. 
Fine Tuning Information, 4 bits resolution. 
Used by MEM4956 CMOS D/A to combine Coarse and Fine data when 
separate FT is not required. Connect to Vss when MEM4956 is not used to 
invert CT and FT Outputs. The Fine Tune slot is a 2/-1sec pulse repeated 
every 250/-lsec on Band 3, a 10/-lsec pulse on Bands 2 and 4 and a 30/-lsec 
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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[!] ECONOMEGAI 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respectto Vss pin ...... -0.3V to +20 Volts 
Ambient Operating Temperature Range. . . . . . . . .. 0° C to +70° C 
Storage Temperature Range .................. -6S0Cto +IS0°C 

Standard Conditions (unless otherwise noted) 

Vss = OV 
Vee = +12V ±10% 
System Clock = 2MHz ,± 7.S% 

Parameter Min Typ •• 

Control Inputs 
Logic '0' Level - -
Logic 'I' Level 8 -
Resistance - 100 

Program No Inputs 
Logic '0' Level - -
Logic '1' Level 8 -
Resistance - SO 

8/16/12 Input 
Logic '0' Level - -
Logic 0/1 Level - open 
Logic '1' Level 10 -
Input Resistance - 100 

Band, AV, Outputs 
Logic '0' Level - -
Off Leakage - -
Muting Output 
Logic '1' Level 6 -
Off Leakage - -
Program Outputs 
Log i c '0' Level - -
Logic 'I' Level 8 -
Supply Current 
Vee (+12) - 4S 

- -
""Typical values are at +2So C and nominal voltages. 

Max 

1.0 
Vcc 
-

O.S 
-
-

O.S 
-
-
-

2 
10 

-
10 

0.4 
-

-
60 

"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 

Volts 
Volts 
KOhm to Vee 

Volts 
Volts 

KOhm to Vcc 

Volts 

Volts 
KOhm 

Volts Isink = SmA 
/LA Vout = Vee 

Volts Isource = 2mA 
/LA Note 1. 

Volts Isink = 1.6mA 
Volts !source = 10/LA 

mA at +2SoC 
mA at13V 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 4KHz. 

2. Fine Tune 

The fine tune resolution is 4 bits with an output ripple at 15.6KHz. 
The fine tune steps twice per second, 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, the scan rates are as follows: 

Band 

1 
2 
3 
3 
4 

Scan Time 

0.8 sec. 
1.6 sec. 
1.6 sec. 
8.0 sec. 
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. 

" SYSTEM DIAGRAM 0 
~ "t <: 

PROG. NO :::!~ 5 
~ ~ ~ IN/OUT 

;:z ,. 
0 m-< 0 

ECONOMEGAI [!J 

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 256mSec 
the system stops, if not the scan will restart. 
At the end of a band the tuning voltage goes back to zero and 
after a delay of 256mSec scanning restarts. In the Constant Time 
Scan mode in Band 3, the stop is executed on a negative going 
transition. 

5. Manual OperaUon 
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 256mSec. 

7. Tuning Procedure 

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. 

8. Fine Tune Resolution 
When the MEM4956 Of 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 

.12Vo-------------+_~--r_+_------~--r_+_--~~--------~---------------------

B1 

B2 

B3 

B' 

R~~~~~ O--------l 

VALIDATE o------+_~ 

AUTO STOP o---,---+_~ 

r
SS;E~~ I 01 

TJ~~~ I 
OPTION I RI 

L_ 

-24V 

-, 
I 
I 
I 

J 

"i '" ,. 
0 z 
Ai 0 

~ 

2' 
25 

3. 

38 

37 

36 

21 

.. '" ,. ,. 
z z 
0 0 
~ ~ 

AY-5-8203 
CONTROL CHIP 

~ ... ... ~ II '" z 0 !ij 0 0 
0 0 '" '" ~ :!E '" ~ 

z ,. ,. 
;: ;: 
0 !ij 0 
:!E z 

5 C1 

• C2 ER1400 ·200V 

3 C3 
EAROM 

2 DATA. 

r---~~--~-+----~-----------------------oFT 

~ 
"i 
!!l 
" 5 
" " 

4.7K 22K 

SYSTEM CLOCK: R-25K, C=22pF 
TUNING CLOCK: R=100K, C:6800pF 

100K 
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IBiI AY-5-8290 MEM4956 PRELIMINARY INFORMATION 

ECONOMEGA W20 Channel Ol.gital Tuning System 

FEATURES 

• 20 Programs 
.4 Bands 
• 14 Bit Tuning Resolution 
• Two digit Channel and Program Display 
• Self-Contained EAROM Memory 
• Most System Components Contained in Single 40 Lead DIP. 
• Self-Contained 500KHz oscillator 
• Fully Scanned Keyboard Controls and Multiplexed Display 

for Pin Reduction 

DESCRIPTION 

The AY-5-8290 is a one chip voltage synthesizer for low-cost 
television tuning systems. It stores channel and voltage 
information for twenty programs in a self-contained non-volatile 
memory. 

The chip is fabricated in MNOS technology and contains both P
Channel control logic and non-volatile memory within a single 
chip. 
Channel selection is accomplished by pressing one of 20 single 
button program selectors or by pressing the PROGRAM UP or 
PROGRAM DOWN button. Provision is made for skipping 
unused programs. The circuit has the capability of storing and 
displaying two digit channel numbers from 01 to 99. A mode 
control permits display of the program numbers on the same two 
digit readout. 

The tuning voltage is stored in memory to 14 bits of accuracy in 
all bands. The rate of tuning is varied automatically between 
bands in order to equalize the tuning rate OV'lr all bands. 
Four band outputs are provided. These are automatically 
selected by decoding the channel number. The band decoding is 

CONNECTION DIAGRAM 

KEYBOARD 

I II 
MATRIX 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 
AY-5-8290 

KB, 
KB, 

KB. 
KB, 

KB, 

KB. 
MX, 
MX, 
MX. 
MX, 
MX, 

2'IN 
21 IN 

2'IN 
2S lN 
2· IN 

Strobe IN 

BCDoUTI~ 
12' 

Test 

VM 
R ... t 
-2fJV 

ov 
+17V 

Fine Slot 

eoaraeOut 
Fine Out 
Tune Rate 

O.SMHz RC 
VHF Lock 

Band 4 

Band 3 

Band 2 
Band 1 

Mule 
Display Mode (ChlPr) 

Program (No Skip) 

2') BCD OUT 

done in a mask programmable ROM according to the 
requirements of the particular country. 
The digit to analog conversion is done by filtering a duty factor 
modulated waveform. The MEM 4956 CMOS D/A circuit is 
recommended as a buffer between the AY-5-8290 and the low 
pass filter. For details on the MEM 4956 refer to the data sheet 
beginning on page 4A-14. 

FROM Ul 
MX1, MX3 

DIGIT 
RIC RCVR ~ DRIVE 

1 ---~ 2" 2' 2' 2J 2·t; 

~ 
TTL ~ 2-01GIT 

DECODER 
DISPLAY DRIVER ~ 

t -NM~~~~~m2~~~~~~~~~~ 

i t I 
AY3-8290 

~gJ~:; ~~C1i::l~;;; ~ re re ~lel(l~~g: N 

II II I L 
...L u ~H * u z , o· 

V,,, 1 ) z ) )) " 

I --~) 
'--

MEM 4956 (' 
BANDS'" - --

~ 

I ELECTRONIC 

fMUTE TUNER 
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PIN FUNCTIONS 

Pin No. Neme 

1-6 KB1 - KB6 
7-11 MX1- MX5 

12-16 2' - 2 'IN 

17 Strobe 

18-21 BCD Outputs 

22 Program (No Skip) 

23 Display Mode 

24 Mute 
25-28 Bands 1 through 4 

29 VHF Lock 

30 0.5MHz R/C 

31 Tune Rate 

32 Fine Out 

33 Coarse Out 
34 Fine Slot 

35 +17V ± IV 

36 Ground 

37 -20V ± 1V 

38 Reset 
39 VM 
40 Test Reset 

OPERATION 
A. Programming the system. 

1. Switch "program" switch "on." 
2. Switch rotary selection to "channel." 

3. Press desired program button. 

ECONOMEGA n I!J 
Function 

Six inputs from scanned keyboard matrix. 
Five outputs for scanning keyboard matrix and for multiplexing display. 

Five bit binary input for remote control inputs. Compatible with SAA 1025 or 
equivalent. 
Strobe for remote control inputs. 
Drives TTL BCD to seven segment decoder driver. Display channel or program 
number according to Pin 23. 
A logic "I" on this pin inhibits the automatic skipping of a program if its channel 
number is set to "0". It also enables the "store" button. 
Logic "I" causes channel number to be displayed. Logic zero causes program 
number to be displayed. 

Goes to logic one during program changes. 
Single ended outputs used to activate tuner band switching. Function is internally 
mask-programmed according to national standards. 
Logic "I" prevents user alteration of data in first 12 programs. 
Pin for connection of capacitor and resistor for setting frequency on on-board clock 
to approximately O.SMHz. 
Pin for connection of capacitor to determine basic tuning rate. 
Variable duty factor waveform proportional to 4 least significant bits of tuning data. 
Variable duty factor waveform proportional to 10 most significant bits of tuning data. 

Strobe used as input to MEM 4956 for combining fine and coarse data into single 
waveform. 

Resets program register to Program 1 and retrieves appropriate data from memory. 
Test pin for testing EAROM volatility. 

Signal provided to facilitate test of circuit. 

4. Operate the Channel Up/Down switch until desired 
channel number appears in display. 

5. Operate theTuning switch until the desired program 
appears. 

6. Press "Store." 
7. Switch program switch "off". 

B. Selecting a channel 
1. Press desired program button. 
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[!] ECONOMEGA n 

KEY MATRIX FUNCTIONS 

1-20 Single Closure selects corresponding program number and causes channel number to be retrieved and displayed and 
activates corresponding band output. 

Pr Increments program selector upwards and retrieves channel information each time. "1" Is selected after "20". If 
"Program" signal (Pin 22) is a zero, programs will be skipped if thay have previously been set to Channel "00". 

Pr Increments program selector downwards. "20" Is selected after "1". Rest same as above. 
Ch Touching button less than 200 ms, increments the channel display upwards one count. Holding button down 

Increments channel display at the rate of 2 counts per second. 
Ch Same as above but increments downward. 

Tune Causes tuning voltage to increase while held closed. Tunes at the rate of 1 X for first 3 seconds then Increases to 3X. 
Tune rates in UHF are both 8 times faster than VHF. 

Tune Same as above but tuning voltage decreases. 
Store Closure causes currently selected tuning voltage and channel number to be stored In memory location 

corresponding to currently selected program number. 

KB1 KB2 KB3 KB4 KBs KBe 

1 2 3 4 5 6 MX1 

7 8 9 10 11 12 MX2 

13 14 15 16 17 18 MX3 

19 20 Pri pd chi chi 

Tunei Tunei Store MX5 

Fig. 1 KEYBOARD MATRIX 
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ECONOMEGA n I!I 

ELECTRICAL CHARACTERISTICS 

Power Supplies ............................................ +17V ± 1Vat 1SmA 
-20V ± 1V at SmA 

GND 
Clock Rate .................................. 500KHz (Self contained oscillator) 
D/A Converter Output Frequency .••.••••.•..•••.•....••.. Predominantly 2KHz 
Display Outputs .................................... Drives TTL Decoder/Driver 

I 
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AY·S-8300 
AY·5-8301 
AY·5·8310 

AY·5-8311 
AY~5·8320 

AY·5·8321 

AY·5·8322 
AY·5·8324 

TV Time/Channel Display Circuits 

FEATURES 
• Channel Display 0 to 15 or 1 to 16 or 00 to 99. 
• 4 Digit Clock Display option. 
• Color chliracter on black background or color 

character on color background. 
• 14 or 24 OIL package. 

OPTIONS 

Part Number Channel 

AV-i5-8300 0-15 
AV-5-8301 1-16 
AV-5-8310/11 0-15 or 00-99 
A V -5-8320/21/22/24 1-16 

Time 

No 
No 
Yes 
Yes' 

'The AV-5-8320/21/22/24 are capable of either sImultaneous or 
separate time and channel display and have automatic display 
enable. 

DESCRIPTION 
The AV-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 color characters on a black or 
color background. Channel information is displayed either as a 
single character 0 to 15 or 1 to 16 oras a dual character 00 to 99. 
TIme Is provided as a 4 digit hours and minutes display. The 
display Is positioned at the top right hand corneroratthe bottom 
center of the screen; the display may be permanent or 
momentary. Any of the AV-5-8300 series except the AV-5-8324 
may be used for either 525 or 625 line systems; the AV-5-8324 is 
for use with 625 Ii ne systems on Iy. 

INTERCONNECT DIAGRAM 
FOR·TV· TIME DISPLAY 

C<.OCK~ 

I I II IIII111 n II I 1I1I 
N232211201t" 17" 10 U 242'322Z120"'8I1,,'51. 

",Y+l2(I3A AY-541310/a320 

• 2 3 " 5 6 7 e 8 101112 • 2 3 " 5 S 7 , , 10 11 12 

J I I I I /I I I I I 

"'III"~ 
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PIN CONFIGURATION 
14 LEAD DUAL IN LINE 

A V -5-8300/01 

Vss (+18V) 

Color Output 

Character Output 

Vertical Sync Inpul 

Horizontal Sync Inpul 

2° Channa' Input 

2' Channel Input 

24 LEAD DUAL IN LINE 

AV-5-8310/11 

Display Enable 

1.1 MHz Clock Input 

NO 

VGG(GNO) 

NC 

23 Channel Input 

22 Channel Input 

Channel Display Enable Mx4 Inpul 

Color Output Strobe Input 

Character Output Clock Display Enable 
Mit 3 Input 1,1MHz Clock Input 
Mit 2 Input Ne 
Mx 1 Input Channel Display Mode 

Vertical Sync Input VGG (GND) 

Horizontal Sync Inpul Vss (.,av) 
2'l Clock Input 23 Channel Input 

tJ Channel Input 23 Clock Input 
21 Clock Input 22 Channel Input 

2' Channel Input l... ____ ... r 22 Ctock Input 

A V -5-8320/21/22/24 

Channel Display Enable 
Background Output 

Character Output 

Mx 3 Input 

Mx 21npul 
Mx 1 Input 

Vertical Sync Input 
Horizontal Sync Input 

2" Clock Input 

'IfJ Channel Input 
2' Clock Input 

2' Channel Input 

Top View 

Mx 4 Input 
Strobe Input 
Clock Display Enable 
1.1MHz Clock Input 

seconds Colon Input 

NO 
VGG (GNO) 
Vss (+18V) 

~ Channel Input 

23 ClOCk Input 

22 Chann" Input 
22 Clock Input 



PIN FUNCTIONS 

Name 

ALL TYPES: 
Vertical Sync Input 

Horizontal Sync Input 

1.1 MHz Clock Input 

Channel Inputs 2'l-~ 

A Y -5-8300101 
Display Enable 

A Y -5-8300101/10/11 
Character Output 

Color Output 

A Y -5-8310/11 
Channel Display Enable 

Clock Display Enable 

Channel Display Mode 

AY -5-8310/11/20121/22124 
Clock Inputs 20-23 

Mx1-Mx4 

Strobe Input 

A Y -5-8320/21122/24 
Character Output 

Background Output 

Channel Display Enable 

Clock Display Enable 

Seconds Colon Input 

AY-5-8300 • AY-5-8301 • AY-5-8310 • AY-5-8311 
AY-5-8320 • AY-5-8321 • AY-5-8322 • AY-5-8324 

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 synchronized 
by horizontal sync pulse to prevent ragged edges on character. 

Code Display Display Display 
23 2" 2' 2° AY-5-8300 A Y -5-8301/20/21/22/24 AY-3-8310/11 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

0 0 0 0 1 0 O' 
0 0 1 1 2 1 1 
0 1 0 2 3 2 2 
0 1 1 3 4 3 3 
1 0 0 4 5 4 4 
1 0 1 5 6 5 5 
1 1 0 6 7 6 6 
1 1 1 7 8 7 7 
0 0 0 8 9 8 8 
0 0 1 9 10 9 9 
0 1 0 10 11 10 ~ 

0 1 1 11 12 11 -
1 0 0 12 13 12 -
1 0 1 13 14 13 -
1 1 0 14 15 14 -
1 1 1 15 16 15 -

'00-99 MODE. 

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. 

When taken to logic '0', the channel display is enabled. If an RC 
network is connected to this pin, a momentary display can be 
obtained. 

When taken to logic '0', the clock display is enabled. 

When at logic "0", the 0-15 channel mode is selected: logic"1"for 
00-99 channel mode. 

Multiplexed 4 digit BCD clock data inputs such as available from 
the AV-5-1203A clock circuit. 

Multiplex inputs, at logic '1' during multiplex time slot. For the 
AV-5-831 0/11 , 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 a!logic '0', the colon is blanked. If connected to the 
DP output of the AV-5-1203A clock circuit, the colon will flash 
once per second. . 

II 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings" 

Voltage on any pin with respect to V .. pin. . . . +0.3 to -20V 
Ambient Operating temperature range. . . . . O·C to +8S·C 
Storage temperature range ......... -6S·C to +1S0·C 

*Exceeding these ratings could cause perma
nent damage. Functional operation of these 
devices at these condtions is not implied 
-operating ranges are specified below. 

Standard Conditions (unlel$s otherwise noted) 

Voo = OV 
Vss = +16V to +19V (AY-5-63OO101/10/20) 
Vss = +11.4V to +12.6V (AY-5-6311121) 
Vss = +12.35V to +14.OV (AY-5-8322124) 
Operating Temperature (TA) = O·C to +65·C 
Clock Frequency = 1.1MHz ± 10% (1.173MHz ± 10% AY-5-6322124) 

Characterlltlc Min 

Vertlcel Sync Input (Note 1) 
Logic'O' 0 
Logic '1' Vss-S 
Rise & Fall Time -
Horlzonlll Sync Input 
Logic '0' 0 
Logic '1' V .. -1.S 
Rise & Fall Time -
1.1MHz Clock Input 
Logic'O' 0 
Logic '1' Vss-S 
Rise & Fall Time 
Pulse width 250 
Channel Inpull (Note 1) 
Logic'O' 0 
Logic '1' V .. -5 
Clock Inpull, Multiplex, 
Strobe Inputl 
Logic'O' 0 
Logic '1' Vss-1.S 

Input Rulstence -
Display Enable Inpull 
Switch point positive edge V .. -8 

Outpull 
On resistance -
Off leakage -
Turn ON time -
Power -

• *TYPlcal values are at +2SoC and nominal voltages. 
NOTE: 

Typ** Max 

- 7 

- Vss +O.S 
- S 

- 7 

- Vss+O.3 

- 1 

- 7 
- Vss+O.3 
- 300 
-
- 7 

- V .. +O.S 

- 7 
- V .. +0.3 

20 -

- V .. -S 

- 1 

- 1 

- 200 

- 400 

1. These inputs are diode clamped to V ... Maximum clamp current 501'A. 

Unlll 

Volts 
Volts 
,.s 

Volts 
Volts 

"s 

Volts 
Volts 

ns 
ns 

Volts 
Volts 

Volts 
Volts 

Kohm 

Volts 

Kohm 
j.<A 
ns 

mW 

TIMING DIAGRAMS vo:':'.~"-U 
" r--"~ I 

:ru=imu"~ 
FI&.11NPUTWAVEFORMS 

4A-30 

Condltlonl 

10% to 90% 
Min slew rate SVlI'S8C 

10% to 90% 

10% to 90% 
at logic 0 and logic 1 levels 

ToVoo 

VOIJT = V .. -2V 
VOUT=OV 
10-90% load 2SK & 20pF to ground 

Vss= +19V 



AV-5-8300 • AV-5-8301 • AV-5-8310 • AV-5-8311 
A V -5-8320 • A V -5-8321 • A V -5-8322 • A V -5-8324 

TIMING DIAGRAMS 

HORIZONTAL 1 
SYNC 

1.1MHz CLOCK 

CHARACTER 

COLOR 

CHARACTER 

COLOR 

CHARACTER 

COLOA 

CHARACTER 

COLOR 

HORIZONTAL 
SYNC. 

1.1 MHz CLOCK 

CHARACTER 

BACKGROUND 

CHARACTER 

BACKGROUND 

CHARACTER 

BACKGROUND 

CHARACTER 

BACKGROUND 

LINES 1-49 

LINES 50-54 

LINES 55-59 

LINES 6Q.64 

II 

44 45 46 47 48 4. 50 

If 

II 

II 

II L 

II L50 

II 

II L 
84 

If 

II L 
Flg.2a OUTPUT WAVEFORMS (AY-5-8300/01/10) 

(AY-5-8311 AS ABOVE BUT DISPLAY STARTS AT LINE 85.) 

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

•• 45 46 47 46 49 50 

II 

r-----------~----------------------------
LINES 1-48 

I------------~----------------------------

II 
LINES 49-53 

L II 4. 

54 

Ii 
59 

II 64 

LINES 54-58 

L 6. 
II 74 

79 

83 

II 

LINES 59-63 L II 

Flg.2b OUTPUT WAVEFORMS (AY-5-8320/21) 
(AY-5-8322 AS ABOVE BUT DISPLAY STARTS AT LINE 165. 
AY-5-8324 AS ABOVE BUT DISPLAY STARTS AT LINE 220.) 

• 

4A-31 
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OPERATION 

The display is positioned digitally in both the. vertical and 
horizontal 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. 
2a and 2b. Additionally. for the AY-5-8320/21/22/24, the time 
display is positioned 35 lines further down so that it appears 
immediately below the channel display. 

In the horizontal direction the display is positioned by counting 
pulses from an external 1.1 MHz oscillator which Is synchronized 
with the horizontal sync pulse 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 35 dots in a 5x7 
format is utilized. Each dot lasts 0.91'!sec in the horizontal 
direction and is 5 lines high. This gives a rectangular dot and 
characters as shown in Figs. 3a and 3b. 

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 8b. 

In the A Y-5-8300/01 /10/11, the character display is controlled by 
two outputs, 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 

(b) Black/Yellow display 

Normal picture 
Black (luminance channel full off) 
Black 
White 

Character Color Normal picture 
1 0 Black (luminance full off) 

Other color displays are generated by suppressing one or two 
chrominance channels. 

In the AY-5-8320/21/22/24, 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. 
The channel data Is Input on four lines; in the 0-15 or 1-16 
channel mode, this information is applied in binary from a diode 
encoder attached to the varactor tuning drivers. Binary numbers 
greater than 9are detected and displayed as a two digit character. 

In the clock mode, data is entered on a 4 line BCD bus 
multiplexed into 4 time slots. A strobe signal occuring 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-5-8310/11/20/21/22/24 with no external components. 
The AY-5-8310/11 displays the time with hours and minutes 
(Fig.6); the AY-5-8320/21/22124 displays the time with hours, 
minutes and a flashing colon for seconds (Fig.7). 

In the 00-99 channel mode the data is entered as a two digit BCD 
number in Multiplex time slots 1 and 2 in the same manner as the 
clock formation. 

1 1 Black (luminance full off and blue suppressed) 

4A-32 

o 1 Yellow (luminance full on and blue suppressed) 

1i!3l15 I i!3't5 
b11EJD SllgD 

Fig. 3a CHARACTER SET 
(A Y -5-8300/10) 

Ii! 
Flg.4 CHANNEL DISPLAY 

Fig. 3b CHARACTER SET 
(AY-5-8301/11/20121122124) 

Flg.5 CHARACTER SIZE 
(25/28 INCH SCREEN) 



AY-5-83GO • AY-5-8301 • AY-5-8310 • AY-5-8311 
AY-5-8320 • AY-5-8321 • AY-5-8322 • AY-5-8324 

Flg.6 TIME DISPLAY (AY-5-8310/11) 

19 • • 

Ii! 
1.13 

Flg.7 TIME AND CHANNEL DISPLAY (AY-5-8320/21/22124) 

Flg.Sa DISPLAY POSITION-CHANNEL (AY-5-8300/01/10/11) OR TIME (AY-5-8310/11) 

---D 
~ 
I I L ________ J 

AY-5-8320/21 

AY-5-8322 

AY-5-8324 

Flg.8b DISPLAY POSITION-SIMULTANEOUS CHANNEL AND TIME (AY-5-8320-21/22124) 

• 
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AY-5-8300 • AY-5-8301 
A Y -5-8320 • A Y-5-8321 

220K 

DI$PLA 
ENA8 ';q'" 

14 

., 
L-J 

• AY-5-8310 • AY-5-8311 
• AY-5-8322 • AY-5-8324 

n 
I I 

13 12 11 10 9 

AY-5-8300 

2 3 4 5 6 

12K 
56PFT 

COLOR 
DRIVE 0--

2.2K 

--" .. 
47K 

-" .. 
100 • 33K lOOK 

I 
8 

7 

l 

f-*- ~ 
BC320A 

BCW)-

5.6K 

4A-34 

5.6K· 

CHARACTER 
(BLACK-WHITE) 

DRIVE 

)-~ 

3.3K 

FRAME LINE 
SYNC SYNC 

Flg.9 

1K 

2.2M 

l:OPF 1 
-r 

150pF r 

1821'H 

BC32T~ 

2.2M 

10K 

~ 

+18V 

2.2MI 

-= 

2.2M 

470K 

470K 

BINA 
CHANN 

RY 
EL 

E COD 

470K 

470K 

*THE VALUE AND ARRANGEMENT OF THESE 
COMPONENTS DEPENDS ON THE TV USED 
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VSS +16 to +19V 

330PF~ 1M 

• , f--06V '-- 1 2. 
,I. SOH, 
o T~F 

~ 
2 23-

r-- 3 22~o- SET HR 

• 21~o- SET MIN 

-~5 20 

-6 19 

AY-5-1203A 
r- 7 18 

- 8 17- a 
- 9 16-

- 10 15-

-11 ,. -
22K ~~K T33PF 

'--__ -4 ___ ...J 150V 

JL - 12 13 -

o 

HORIZ. SYNC INPUT ~ 0.2,.,F 

I 

I 

• 2. J 1 

[ 22K 

'.7~~1- '-++f--------.-.,h 
-r-

22K 
2 23 CLOCK 

BACKGROUND OUTPUT DISPLAY 

3 22 - ()---4 

V
S
: u • 21-

22K 
~ TOOK 

VERT. SYNC. INPUT [ 1M t--- 5 20-

'--- 6 19 - n "250V AY-5-8320 
7 18 

[ 470K 8 17 

-9 16 2' 

CHARACTER OUTPUT 
TO CRT CATHODE -10 15-

BF259 
r-" 1. 2' 

~ 
12 13-

A [ 18K 

~ 
2' 

Flg.10 2" 
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lal AY-3-8330 

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. 
• 12Voperation compatible with G.I. digital tuning systems. 

DESCRIPTION 

The AY-3-8330 is designed to provide an electronic on-screen 
tuning scale for varactor tuner TV sets. A horizontal line of 
variable length shows the tuning voltage and a scale is provided 
to aid tuning. Four bands are provided, band number or 
optionally channel number being displayed. The band or channel 
number display may be mask programmed as desired within the 
limitation of 2 blocks of 5x7 dots (see Fig.3). The gratlcule may 
also be programmed as required. 

PIN FUNCTIONS 

Vee 

Vss 

Name 

Horizontal Sync 
Input 

Vertical Sync 
Input 

Clock Input 

Clock Output 1 

Clock Output 2 

Tuning Voltage 
Input 

Timing 
Capacitor 

Timing 
Resistor 

~n':>nu~ 1 Select 1 
Band 2 Select 
Input 
Band 3 Select 
Input 
Band 4 Select 
Input 

Display Output 

Display Enable 
Input 

4A-36 

Function 

Positive supply (+12V ± 10%) 

Ground 

Negative sync pulse from TV set 

Negative sync pulse from TV set 

1.1 MHz master clock which fixes display 
horizontal position. 

Intermediate clock output 

Output of on-chip oscillator synchronized by 
Horizontal &ync. May be used to drive AY-5-
8320 Display Circuit via a CMOS invertor. 
Tuning voltage from Varactor diodes. Length 
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 
will be displayed. 

Positive going output of video information. 

Connect to Vss to enable display 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

Vee (+12V) 

Clock o.clliator Input 

Clock Otcillato' OUtput 2 

Clock Otcll_, Outpull 

Tuning Voltage Input 

Timing c.pacttor 

Timing R8Ilstor 

Band' Input 

SYSTEM DIAGRAM 

TopV"w 

v .. (OV) 

Horizontal Sync Input 

Vertical Sync Input 

DIIpIay Output 

Dllplay Enable Input 

BlInd 41npul 

_3 Input 

BInd 2 Input 

c, 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respectto ground pin .......•................ -0.3 to +20V 
Storage temperature range ............•...................... -65·Cto+150·C 
Ambient operating temperature range ............................. O· C to +70· C 

Standard Conditions (unless otherwise noted) 

Vee = +12V ± 10% 
TA = O·C to +70·C 
Clock frequency = 1.1 MHz 

Parameter Min 

Inputs 
Logic '0' 0 
Logic '1' +8 

Analog Input 0 

Display Output 
Logic '0' -
Logic '1' Vee -1 
Ton, Toff -

Power Supply Current -

Typ" 

-
-
-

-
-
-
10 

"Typical values are at +25· C and nominal voltages. 

LINE 215--

2 If LINE 240--
LINE 250 __ 
UNE255--
UNE260-- I I I I UNE270 __ 

Max 

+4 
Vee 

+9 

0.5 
-

200 

-

5 
I I 

Units 

Volts 
Volts 

Volts 

Volts 
Volts 
nsec 

rnA 

I 

AY-3-8330 I!!l 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

I 

Conditions 

I sink = 1mA 
I source = 1 rnA 

12 
I 

Flg.2 BAND 2 DISPLAY i!i! 
3R 
I 

21 
I 

Flg.1 BAND 1 DISPLAY 

I I 

&8 
I 

Flg.3 BAND 3 DISPLAY 

I I I I 

Flg.4 BAND 4 DISPLAY 

Flg.S TYPICAL 
CHARACTER FORMATS 

4A-37 
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,., SAA1024 

Remote Control System I/30 Channel Transmitter 

FEATURES 

• 30 channels. 346.4Hz spacing in the range 34-44KHz. 
• 9V battery operation. 
• 4.4336MHz TV crystal master oscillator. 
• Touch or mechanical keyboard, 1 of 5 and 1 of 6 coding. 
• Low standby current drain (15 pAl. 

DESCRIPTION 

The Transmitter allows the transmission of 30 commands using 
30 different ultrasonic frequencies in the range 33.945 to 43.990 
KHz. 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 1&IlAAs soon 
as a valid input code is applied the main circuit is powered up and 
transmission commences. 

The code input can be generated by either a mechanical key
board or a touch plate. 

TRANSMITTER WITH TOUCHPLATE INPUT 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

Oscillator Input 

OSCillator Output 

Input A 

InputS 

'"pute 
InputD 

InputE 

Input F 

Top View 

Vss (posIli'Ie SUpplyl 

URruonlc Outpul 

Voo ,(negallve SUpplyI 

InpulL 

InputK 

Inpull 

InputH 

InputG 

-9V __ ---.----------------.-----------------------.---.-----~ 

4A-38 

ULTRASONIC 
OUTPUT 

16 15 14 13 12 

SAA1024 

2345678 

100pF 

1M 

47M 

OV.---------~~~--~~~----------------------~--~----



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 
V"" = -7 to -10V 
Operating Temperature (TA ) = -1Q°C to +70°C 

Characteristic Min Typ" Max Units 

Clock Frequency - 4.4336 - MHz 
Output Frequencies - See Table -
Input logic '0' - - -0.5 V 
Input logic 'I' -4 - - V 
I nput leakage - - 200 riA 
Output On Resistance - 500 - Cl 
Output Off Resistance - 1.5 - KCl 
Standby current drain - - 15 p.A 
Operating current drain - 8.0 - mA 

"Typical values are at +25° C and nominal voltages. 

ULTRASONIC FREQUENCIES 
Cryslal = 4.4336MHz (code in negalive logic) 

Key Frequency A B C D E 

1 33,945 Hz 0 0 0 0 1 
2 34,291 Hz 0 0 0 0 1 
3 34,638 Hz 0 0 0 0 1 
4 34,984 Hz 0 0 0 0 1 
5 35,330 Hz 0 0 0 0 1 
6 35,677 Hz 0 0 0 0 1 
7 36,023 Hz 1 0 0 0 0 
8 36,370 Hz 1 0 0 0 0 
9 36,716 Hz 0 1 0 0 0 

10 37,062 Hz 0 1 0 0 0 
11 37,409 Hz 0 0 1 0 0 
12 37,755 Hz 0 0 1 0 0 
13 38,101 Hz 0 0 0 1 0 
14 38,448 Hz 0 0 0 1 0 
15 38,794 Hz 1 0 0 0 0 
16 39,141 Hz 1 0 0 0 0 
17 39,487 Hz 0 1 0 0 0 
18 39,833 Hz 0 1 0 0 0 
19 40,180 Hz 0 0 1 0 0 
20 40,526 Hz 0 0 1 0 0 
21 40,872 Hz 0 0 0 1 0 
22 41,219Hz 0 0 0 1 0 
23 41,565 Hz 1 0 0 0 0 
24 41,911 Hz 1 0 0 0 0 
25 42,258 Hz 0 1 0 0 0 
26 42,604 Hz 0 1 0 0 0 
27 42,951 Hz 0 0 1 0 0 
28 43,297 Hz 0 0 1 0 0 
29 43,643 Hz 0 0 0 1 0 
30 43,990 Hz 0 0 0 1 0 

F 

0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

SAA1024 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Condlllons 

See diagram for external components. 

at 70°C, Vin = -4V 
to Vss, VOUT = -IV 
to VDD, VOIJr = VDD+D.5V 

G H I K L 

0 1 0 0 0 
0 0 0 0 1 
1 0 0 0 0 
0 0 0 1 0 
0 0 0 0 0 
0 0 1 0 0 
0 0 0 0 0 
0 0 1 0 0 
0 0 0 0 0 
0 0 1 0 0 
0 0 0 0 0 
0 0 1 0 0 
0 0 0 0 0 
0 0 1 0 0 
1 0 0 0 0 
0 0 0 1 0 
1 0 0 0 0 
0 0 0 1 0 
1 0 0 0 0 
0 0 0 1 0 
1 0 0 0 0 
0 0 0 1 0 
0 1 0 0 0 
0 0 0 0 1 
0 1 0 0 0 
0 0 0 0 1 
0 1 0 0 0 
0 0 0 0 1 
0 1 0 0 0 
0 0 0 0 1 

4A-39 
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Remote Control System 1/30 Channel Receivers 

FEATURES 

•. 30 Control Channels. 
• 16 TV Channels. 
• 3 Analog Channels. 
• ON/OFF Channel. 
• Normalize Control. 
• Local Control. 
• Uses 4.4MHz TV Crystal. 

DESCRIPTION 

The Receiver has 30 control channels, each channel being 
allocated a separate ultrasonic frequency. Sixteen of the 
channels are allocated to selection of TV programs, six are used 
to control three aMlog outputs, one for On/Off, one for 
Normalizing, one for Muting and five are left spare. All channels 
are output on a 5 line binary bus. The bus is also used as an 
input for local control. 

The analog channels have a pulse width modulated output with 
30 possible values, the time taken to go from maximum to 
minimum being 5.5 seconds. The Normalize button sets the 
outputs approximately to their mid-point. 

The ON/OFF channel toggles every time it is activated, there is a 
delay of approximately 0.7 seconds to prevent accidental 
operation. 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

Vss (positive supply) 

Volume output 

Brightness output 

Color output 

Voo (memory) 

On/Off output 

InpuVOutput E 

InpuVOutput D 

Top View 

Voo (negative supply) 

Clock input 

Ultrasonic input 

N.C. 

InpuVOutput A 

InpuVOutput B 

N.C. 

InpuVOutput C 

To prevent false operation the frequency of the ultrasonic input is 
measured in the following manner. As soon as the signal appears 
a 23mSec. timer is started, at the end of this period the room 
reflections will have died away. 
The frequency is then measured for 23mSec. and the appropriate 
output activated. If at any time a signal is received with a period 
shorter than 18/lSec. or longer than 36/lSec. the receiver is reset. 
Out of band and noisy signals are therefore rejected. 

------~--~------._---------------------------C-VDD 
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TOUCH PLATE 

I 
I 
I 
I 
I 
I 
I 

ISOLATING, 
diode I 

...... -----C-5V 

~~------~-----4----------~-----4----------0Vss 

Flg.1INPUT/OUTPUT CIRCUIT 



PIN FUNCTIONS 

Pin No. Name 

Vss 
16 Voo 
5 Voo(memory) 

15 Clock Input 

14 Ultrasonic Input 

2,3,4 Analog Outputs 

6 ONIOFF Output 

7,8,9, II, 12 InpuVOutput A, B, C, 0, E 

SAA102S-G1 • SAA102S-G2 I!I 

Function 

Positive supply. 
Negative supply 18V nominal. 
Negative supply to Olio. store, allowing the analog values to be 
retained with very low power consumptionr(Typ. 0.2mA at 10V). 
This pin is driven by a 4.4336HMz crystal oscillator. The input 
signal should be a minimum of 4V peak to peak capacitively 
coupled. 
The ultrasonic Signal should be capacitively coupled and be at 
least 300 mV peak to peak. The first Incoming pulse triggers a 
23.1ms timer and after a delay of this 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 
pulse 23.1ms long is generated after a further pause of 46.2ms. 
With continuous input signals an output pulse is generated every 
184.8ms. During the complete receiving time the period of the 
ultrasonic signal is measured. If it is less than 18j.1Sec or greater 
than 36j.1Sec the signal is rejected and the receiver is set back to 
the start conditions 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 atthe highest±0.39%. 
These outputs are in the form of a pulse, the mark to space ratio of 
which can be changed in 30 steps from 1 :30to 30:1, the repetition 
frequency being 8.99KHz. The mark space ratio is incremented 
by one step about 115mSec after the start of an ultrasonic 
command, thereafter it is incremented every 184.8mSec. The 
output stage is an open drain MOS transistor which appears as a 
1 KOhm (Max.) resistor connected to V", when ON and an open 
circuit when OFF. At power ON the outputs are normalized to the 
following mark space ratios: 

Color Output 16:15 
Brightness Output 18:13 
Volume Output 10:21 

When command 4 (Normalize) is received, Color and Brightness 
are reset to their normalized values. Volume is unchanged. 
When command 2 (Mute) is received Volume is turned OFF, a 
further command re-enables the output. A. delay of approxi
mately 0.7 seconds is built in to this control to prevent false 
operation. 
When the Volume output is muted, the Volume Up and Down 
commands are blocked. The Muting is cancelled if either the 
Mute command Is repeated or an ON command is received. 
In the SAA-l025-01 version, this output is toggled ON and OFF 
by the reception of command 1. In the SAA-l025-02 version, 
command 1 will only turn the output OFF. The command must be 
present for 0.7 sec. At power ON the output is set to the OFF 
condition. When in the OFF condition the Analog outputs are 
prevented from changing. Also, when OFF, anyone of the 16 
channels for selecting TV programs, if present for 0.7 seconds, 
will change this output to the ON condition. However, these 
channels will not switch the output to OFF. The output can also 
be switched ON by connecting pin 6to Vss for 10 microseconds. 
These pins have the dual function of receiving input commands 
from a local keyboard or touch plate and for providing output 
control signals In response to commands from the transmitter or 
the keyboard. When the receiver is inactive the pins are held to 
within 1 Volt of Vss by Rl (Fig. 1). If a touch contact is activated 
current flows through R3 and R2 (Safety Isolating reSistors) into 
Rl driving the input negative. When the input voltage exceeds 4 
Volts for at least 10uSec the command is accepted and after a 
processing time of 46.2mSec an output pulse 23.1mSec long is 
generated. During the output pulse the output pin is driven 
negative by the output transistor. The output current is sufficient 
to drive TTL. When commands are received from both the remote 
transmitter and the local keyboard the local command takes 
precedence. 
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Ii] SAA1025-01 • SAA1025-02 

ELECTRICAL CHARACTERISTICS 

Maximum. Ratings· 
Voltage on any pin with respect to Vss pin . . . . . . . . . . . . . +0.3 to -20V 
Output Current ............................. 10mA 
Storage Temperature Range . . . . . . . . . . . . . . . . . _65· C to +150·C 
Ambient Operating Temperature Range ............ -20·C to +70·C 

Standard Conditions (unless otherwise noted) 
Vss ;: OV Fc = 4.4336MHz 
Voo = -16.5 to -19.5V Operating Temperature (TA) = -20·C to +70·C 

Characteristic Min Typ·· Max Units 

Clock Input 
Logic 0 +0.3 - -1 Volts 
Logic '1' -4 - -19.5 Volts 
Capacitance - - 10 pF 
Ultrasonic Input 0.3 - Veo Vp-p 
Inputs A-E 
Logic '0' +0.3 - -1 Volts 
Logic '1' -4 - -19.5 Volts 
OutputsA-E 
Logic '0' - - -0.5 Volts 
Logic '1' -5.5 - - Volts 
On/Off Oulput 
Off leakage - - 10 ",A 
On resistance - - 1 KOhm 
Analog Oulputs 
Off leakage - - 10 ",A 
On resistance - - 1 KOhm 
Output frequency - 8.99 - KHz 
Increment time per stop - 184.8 - mSec 
Memory Supply Current - 0.2 - rnA 
Chip Supply Current - 20 - rnA 

"Typical values are at +25· C and nominal voltages. 

TYPICAL CHARACTERISTIC CURVE 

20~--~--r-~r---~--~ 

15~--r-~+---~---+--~ 

rnA 

-2 -4 -6 -8 -10 

VOLTS 

Flg.2 OUTPUT CHARACTERISTICS 

4A-42 

·Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions Is not 
implied-operating ranges are specified 
below. 

Conditions 

capacity coupled 

RL = 4.7M to V .. 
lout = 1.6mA (Fig.1) 

Vout = -19.5 Volts 
Vout = -1V (resistance to Vss) 

Vout = -19.5 Volts 
Vout = -1V (resistance to Vss) 

VDD(mem) = -10V , 



FREQUENCY/CHANNEL ALLOCATIONS 
F = Channel Select Clock frequency 4.4336 MHz Output in Negative logic 

CH 

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 

CAPACITOR 
MICROPHONE 

+230V 

1M 

1M 

Frequency Hz Channel Function 

33,944.89 ON/OFF (-01) or OFF (-02) 
34,291.21 Mute 
34,637.65 Color up 
34,984.02 Normalize 
35,330.40 Color down 
35,676.78 Z1 
36,023.15 Brightness up 
36,369.53 Z2 
36,715.91 Brightness down 
37,062.28 Z3 
37,408.66 Volume up 
37,755.03 Z4 
38,101.41 Volume down 
38,447.79 Z5 
38,794.16 F1 
39,140.54 F2 
39,486.92 F3 
39,833.29 F4 
40,179.67 F5 
40,526.05 F6 These 
40,872.42 F7 channels 
41,218.80 F8 also give 
41,565.18 F9 an ON 
41,911.55 FlO command 
42,257.93 Fl1 
42,604.31 1'12 
42,950.66 F13 
43,297.06 F14 
43,643.43 F15 
43,989.81 F16 

+18V 

lOOK 

18BnF O.lJ.1F 4.7nF 4.7nF J 560K l 

120K 

+18V<>---.----1r----1---, 

22nFr 2.7K 

lOOK 

A 

1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 

c 

B 

A 

16 

SAA1025-o1 • SAA1025-o2 Ii] 
OUlpulCode 

B C D E 

0 0 0 0 
0 0 0 1 
1 0 0 0 
1 0 0 1 
1 0 0 0 
1 0 0 1 
0 1 0 0 
0 1 0 1 
0 1 0 0 
0 1 0 1 
1 1 0 0 
1 1 0 1 
1 1 0 0 
1 1 0 1 
0 0 1 0 
0 0 1 1 
0 0 1 0 
0 0 1 1 
1 0 1 0 
1 0 1 1 
1 0 1 0 
1 0 1 1 
0 1 1 0 
0 1 1 1 
0 1 1 0 
0 1 1 1 
1 1 1 0 
1 1 1 1 
1 1 1 0 
1 1 1 1 

1----------0 ON/OFF 

f---+--'IiII\r---~-+-o} ANALOG OUTPUTS 

Fig. 3. TYPICAL APPLICATION 
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1 iii I AY-5-8410 AY-5-8411 PRELIMINARY INFORMATION 

Remote Control System n/23 Channel Transmitters 
FEATURES 

• Ultrasonic or Infrared transmission 
• 23 Direct channels of information 
• Direct drive for 40KHz transducer 
• Power consumption only during keying of Information. 
• AY-5-8410 -10081 control at receiver 

AY-5-8411 - remota control operatea on 9V battery 
• Keyboard bounce protection built in. 
• No external oscillator Is required. 
• Locel transmitter wire-OR'ed to receiver 

DESCRIPTION 

The AY-5-84101B411 transmitter providea the electronics to 
transmit 23 channels of information. The transmission is in pulse 
code modulatad form suitable for either ultrasonic or infrared 
transmission. The transmitter will drive a 40KHz trans!lucer 
either directly or via a step-up transformer. WHen any key Is 
deprassed, battery power Is applied to the chip; power is removed 
at the end of the code sequence following the release of the key. 
The requirement for a separate on/off switch Is avoided. The 
keyboard Is an 8 x 3 matrix as shown on the next page. Key 
bounce protection is incorporated. A stable on-chip OSCillator is 
also provided. 

If an 10081 keyboard Is required, an additional transmitter chip 
can be used to encode the local keyboard and the chip output can 
be wire-OR'ed with the output from the receive transducer 
amplifier before being fed to the receiver chip. 

CONN ECTION DIAGRAM 

OUTPUT 

'[\ 

r--

> 

II I 
9 

AY-5-8410/8411 

10 
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PIN CONFIGURATION 
18 LEAD DUAL IN LINE 

V .. 
Key input 4 

V", 

NC 

Output 

Voo 

CIOCk</>A 

Clock tPL 

Key output 82 

; 
~ 

1 

18 

~ 

Key Input 8 

Key Input 6 

Key input 1 

Key input 7 

Key input 5 

Key input 3 

Key input 2 

Key output Sl 

Key output S3 

- Voo 

Vss 

I KEYBOARD 
MATRIX 



PIN FUNCTIONS 

Key LIn .. 81, 82, 83 
These key lines form part of the key matrix as shown above and 
are strobe signals which each go to logic '0' in sequence. 

Key Inpu" K1-K8 
Those key lines form part of the key matrix as shown above and 
they are connected to strobe lines S 1, S2 or S3 when appropriate 
keys are depressed. 

Ultraonlc Output 
The ultrasonic output is a three state push pull output which goes 
to logic 1 between trains of pulse in a data block. 
A transducer or step up transformer can be connected between 
the ultrasonic output and Voo. 

TRANSMITTER KEY MATRIX 

~ 8trobe 
82 83 81 

Input 
LIne 

1 Ch 24 16 16 

2 9 17 25 

3 10 18 26 

4 11 19 27 

5 12 20 28 

6 13 21 29 

7 14 22 30 

8 15 23 31 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

AY-5-8410 • AY-S-S411 [!] 
/f!R and /f!L 
These are the oscillator input pins. The chip frequency ia not 
critical except In so far as is necesssry to satisfy the requirements 
of the ultrasonic transducers. 
The chip may be driven from an external clock by connecting the 
clock to both /f!R and /f!L linked together. 

Vas 
Ov or positive supply. 

VDD 
Negative supply (nominally 9 volts for the AY-S-8411). 

Vpu 
This pin is concerned with automatic circuit start up and should 
be connected to Voo by a 2.2Mohm resistor. 

NOTE: 
Channels are the codes that are output by the AY-S-8420 receiver. 

Voltage on any pin with respect to Vss .•...•..................... -20V to +0.3V 
Storage Temperature range ...................•......•....... -6S·C to +IS0·C 
Ambient Operating Temperature range ................•.......... O·C to +70·C 

'Exceeding these ratings could cause perma
nent damage. Functional operation of these 
devices at the conditions is not implied -
operating ranges are specified below. 

Standard Conditions (unless otherwise noted 

Vss = OV 
Voo = -9V Nominal (AY-S-841') 

-'SV Nominal (AY-S-8410) 
Operating Temperature (TA ) = O·C to +70·C 

I 
Characteristic Min. 

Inpu" 
Clocks, Key lines '-8 
Logic 0 +0.3 
Logic 1 -3 

Outputs 
Strobes SI, S2, 53 -
Ultrasonic output -
SUpply Current: 
Standby Mode -
Transmitting Mode -

*Typical values are at +25·C and nominal voltages. 

Typ· Max. Unl" Conditions 

- -, Volts 
- Voo Volts 

2.S - Kohms Output at -N 
100 - ohms 

6 - p.A 
2 - mA Chip alone 
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IIiII AY-5-8420 PRELIMINARY INFORMATION 

Remote Control System H/31-63 Channel Receiver 
FEATURES 

• Ultrasonic or Infrared reception. 
• Up to 31 or 63 channels of information 
• On board oscillator - external oscillator optional 
• Automatic power on clear 
• Local control from wire-OR of transmitter 
• Error detection is contained 
• Output provided to show informtin being received 

DESCRIPTION 

The AY-5-8420 provides the elctronics to produce an ultrrasonic 
or infrared remote control receiver which, with an appropriate 
transmitter, can accept up to 63 channels of information. An on 
chip oscillator is provided, the frequency of which is non critical 
('" 66KHz). The oscillator frequency is set by one external 
resistor; an external oscillator can be used if required. Two 
outputs are provided to indicate that data has been received and 
is ready for use. Automtic internal power-on-clear is provided. 
Error checking bits are transmitted with the code, these are 
interrograted by the receiver and prevent it from accepting 
incorrect data caused by attenuation, reflection or multiple path 
propagation effects. If the first received block of data is not 
accepted due to introduced errors, the receiver logic resets and 
attempts to accept the next block. Data blocks are repeatedly 
transmitted whenever the transmitter is keyed. 

PIN FUNCTIONS 

Vss 
o Volts or positive supply. 

VDD 
Negative supply (15V nominal). 

Clock inputs ¢R, ¢L 
The clock frequency is determined by the value of a resistor 
connected between ¢R and ¢l. 
¢R and t/>L may be connected together and overdriven by an 
external clock input. 

Signal Input 
The input should be driven from an amplifier output stage. The 
receiver is insensitive to input frequency except in so far as is 
necessary to satisfy the requirements of the transducers. 
A local keyboard input can be wire-OR'ed. The frequency is set to 
approximately 66KHz with a single resistor. 

5/6 Select Input 
This pin alters the function of the receiver to enable it to accept 
data from either a 5 bit (31 channel)· or 6 bit (63 channel) 
transmitter. With the pin not connected the receiver functions in 
the 5 bit mode. With the pin connected to Vss the receiver 
functions in 6 bit mode. 

4A-46 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 

Top View 

Vss (Ground) [.1 '-" 14 P Clock tPR 

Crock f/J L [ 2 13 P LED Output 

Voo (-lSV) [ 3 12 P Strobe Output 

Signal input [ 4 11 P 25 Output 

5/6 Select Input [ 5 10 P 24 Output 

22 Output [ 6 9 P 20 Output 

23 Output [ 7 8 P 21 Output 

'-----' 

Outputs 2', 2" 2", 2', 2', 2' 
The six outputs are latching outputs which retain the data until it 
is replaced by new input data. The outputs are open ended and 
clamp to 0 Volts with no output data present. 
The output codes change state midway through the end code 
following correct reception of a data block. 

Power-on-clear sets the outputs to an all ones state when power 
is first applied. 

LED 

This signal can be used to drive an indicator to show that new 
data has been received. 

The LED output is normally at 0 Volts and goes open circuit 
simultaneous with the outputs changing. The signal remains in 
this state during the time that the transmitter is keyed and the 
receiver is receiving input signals. The signal goes to 0 volts 32ms 
after the input signals cease. 

By gating the LED output with a discrete decode of the outputs 
1,2.4,8,16,32 a signal is obtained to drive an analog function i.e. 
volume up. Such a signal would be present only during the time 
that the transmitter was keyed. 

Strobe 

The strobe output is open ended and clamps to 0 Volts. 
The clamp is released 6OI'sec after the data on outputs 
1,2,4,8,16,32 has changed and is re-applied 60/Lsec later. 



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 ...........•.•.............. O· C to +70· C 

Standard Conditions (unless otherwise noted) 

Vss = OV 
Vee = -15V nominal 
Operating Temperature (TA) = O·C te +70·C 

Characteristic Min. 

Inputs 
Clock, 
Signal, 
5/6 Select: 
Logic 0 +0.3 
Logic 1 -3 

Outputs 
A-F, 
LED, 
STROBE: 
Logic 0 sink current -
Olclllator frequency -

*Typical values are at +25· C and nominal voltages. 

Typ* Max Units 

- -1 Volts 
- Vee Volts 

2 - rnA 

66 - kHz 

AY-5-8420 iii 

'Exceeding these ratings could cause perma
nent damage. Functional operation of this 
device at these conditions is not implied -
operating ranges are specified below. 

Conditions 

2V drop 
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lal AY·5·8450 

Remote Control System IH/30 Channel Transmitter 

FEATURES 

• 30 channels 346.4Hz spacing in the range 3444KHz. 
• P-channel 9V battery opertion. 
• 4.4336MHz TV crystal master oscillator. 
• 5 x 6 matrix keyboard input. 
• Low standby current drain (10J,lA), max. 
• Compatible with SAA1025, SAA1130, AY-5-8460 and 

AY-5-8461 receivers. 

DESCRIPTION 

The AY-5-8450 allows the transmission of 30commands using 30 
different ultrasonic frequencies in the range 33.945 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 101lA. As 
soon as a key is depressed the main circuit is powered up and 
transmission commences. 

OUTPUT FREQUENCIES Clock Frequency: 4.4336MHz 

SAAl025 
Key Frequency (Hz) Receiver Command 

Xl Yl 33944.89 Off/On 
Xl Y2 37062.28 Z3 
Xl Y3 37408.66 Volume Up 
Xl Y4 37755.03 Z4 
Xl Y5 38101.41 Volume Down 

X2 Yl 34291.21 Mute 
X2Y2 38447.97 Z5 
X2Y3 38794.16 Fl 
X2 Y4 39140.54 F2 
X2Y5 39486.92 F3 

X3 Yl 34637.65 Color Up 
X3Y2 39833.29 F4 
X3Y3 40179.67 F5 
X3Y4 40526.05 F6 
X3Y5 40872.42 F7 

X4Yl 34984.02 Normalize 
X4Y2 41218.80 F8 
X4Y3 41565.18 F9 
X4Y4 41911.55 FlO 
X4 Y5 42257.93 Fll 

X5 Yl 35330.40 Color Down 
X5Y2 35676.78 Zl 
X5Y3 3602315 Brightness Up 
X5Y4 42604.31 F12 
X5Y5 42950.68 F13 

X6 Yl 36369.53 Z2 
X6Y2 36715.91 Brightness Down 
X6Y3 43297.06 F14 
X6 Y4 43643.43 F15 
X6Y5 43989.81 F16 
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PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

Oscillator Input 

Oscillator Output 

{

Xl 

X2 

X3 

Keyboard Inputs X4 

X5 

X6 

CONNECTION DIAGRAM 

Vss (Positive supply) 

Ultrasonic Output 

VOD (Negative supply) 

Y5) Y4 

V3 Keyboard Outputs 

Y2 

Yl 

.'Vo-------t-----, 
r;::==t++t::tj;::Y5 I Y' 

r---+~+-+-+-Y3 

;UW£ttffRf~ 



PIN FUNCTIONS 

Pin No. 

1. 

2. 

3. 

4. 
S. 

6. 
7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

IS. 

16. 

Name 

Oscillator Input } 
Oscillator Output 

~~} Keyboard Inputs 
X4 
XS 
X6 

~~} Keyboard Outputs 

Y4 
YS 
Voo 
Ultrasonic output 

Vss 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

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) 

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 
F clock = 4.4336MHz 
TA = O·C to 70·C 

Characteristic Min. Typ 

Ciock Frequency - 4.4336 

Key Contact Resistance: 
ON - -
OFF 1 -
Key Capacitance - -
Output: 
On ReSistance - -
Off Resistance - -
Standby Current Drain - S 
Operating Current Drain - 12 

MD. Units 

- MHz 

100 0 
- MO 

20 pF 

600 0 
3 KO 

10 ,.A 

- mA 

Conditions 

See the Connection Diagram for 
external components 

To Vss, VOUT =-tV 
To Voo, VOUT = Voo +O.SV 
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I ., AY-5-8460 AY-5-8461 

Remote Control System ID/16 Channel Receivers 
FEATURES 

.16 Control Channels; 0 to 9, Volume up and down (AY-5-8460), 
Recall, ON/OFF, Fine Tune up and down (AY-5-8461), 
channel up and down. 

• Outputs in 3.5 matrix format for driving Omega. 
• On chip oscillator using 4.4336MHz TV Crystal. 

DESCRIPTION 

The AY-5-8460/8461 is a 16 channel ultrasonic remote control 
receiver designed to be compatible with the GI Omega TV digital 
tuning system. It can be operated by either the AY-5-8450 or the 
SAA 1024 -remote control transmitters. 

AY-S-8461 CONNECTION DIAGRAM 

TO 
KEYBOARD 

AND 
OMEGA 

CONTROL 

+12V 

CHIP':=at~~[~~~f~l000PF ~:~ j---o ~~;~:SONIC 
KB8 FINE TUNE UP 

~:;3 
KB3 
KB4 
KB5~_--...J 

OUTPUT fTO OMEGA 
CONTROL CHIP) 

L---~-6V 

FREQUENCY ALLOCATIONS 

AY-S-8460 

Frequency Hz Function Output Code 

370620 0 KB1/KB6 

37409 Recall 

37755 On/Off 

38101 Channel Down KB4/KB8 

38448 1 KB2/KB6 

38 794 2 KB3/KB6 

39140 3 KB4/KB6 

39487 Channel Up KB5/KB8 

39833 4 KB5/KB6 

40 180 5 KB1/KB7 

40526 6 KB2IKB7 

40872 Volume Down 

41219 7 KB3/KB7 

41565 8 KB4/KB7 

41912 9 KB5/KB7 

42258 Volume Up 

4A-SO 

PIN CONFIGURATIONS 
18 LEAD DUAL IN LINE 
AY-5-8460 

Vss (positive supply) 

Volume Output 

ON/OFF Input/Output 

V •• 

Recall Output 

KB10utput 

K82 Output 

KB3 Output 

KB4 Output 

AY-5-8461 

Vss (positlv6 supply) 

Fine Tune Down Output 

ON/OFF Input/Output 

V •• 

AY-S-8461 

Recall output 

KB10utput 

K82 Output 

KB3 Output 

KB4 Output 

Frequency Hz 

370620 

37409 

37755 

38101 

38448 

38794. 

39140 

39487 

39833 

40180 

40526 

40872 

41219 

41565 

41912 

42258 

Function 

0 

Recall 

OnlOff 

Voo 

Clock Input 

Clock Output 

Ultrasonic Input 

Volume Up/Down Input 

KBB Input 

KB71nput 

KB6lnput 

KB5 Output 

voo 

Clock Input 

Clock Output 

Ultrasonic Input 

Fine Tune Up Output 

KB8 Input 

KB71nput 

KB61nput 

KB5 Output 

Output Code 

KB1/KB6 

Channel Down KB4/KB8 

KB2IKB6 

2 KB3/KB6 

3 KB4/KB6 

Channel Up KB5/KBB 

4 KB5/KB6 

5 KB1/KB7 

6 KB2IKB7 

Fine Tune Down 

7 KB3/KB7 

8 KB4/KB7 

9 KB5/KB7 

Fine Tune Up 



PIN FUNCTIONS 

Pin No. 

2 

3 

4 

5 

6 
7 
8 

9 
10 

11 
12 

13 

14 

14 

15 

18 

17 

18 

Nam_ 

Vss 
Volume Output (AY-5-8460) 

Fine Tune Down Output 
(AY-5-8461) 

ON/OFF Outputllnput 

VaG 

Recall Output 

KB10utput 

KB2 Output 
KB3 Output 

KB4 Output 
KB5 Output 

KB60utput 
KB7 Output 

KB8 Output 

Volume Up/Down Input 
(AY-5-8460) 

Fine Tune Up Output 
(AY-5-8481) 

Ultrasonic Input 

Clock Output 

Clock Input 

Voo 

AY-5-8460 • AY-5-8461 iii 
Functions 

Ground 

This output is in the form of a pulse, the mark of space ratio of which can be 
changed in 125 steps from 1:126 to 126:1, the repetition frequency being 8.73KHz. 
The mark space ratio is incremented by one step about 115mSec after the start of 
an ultrasonic command, thereafter it is incremented every 46.2mSec. 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 connected to the corresponding pin on the Omega system. It is at 
logic '1' for the duration of the ultrasonic command. 

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 
Volume output is prevented from changing and the KB outputs are at logic '1', the 
Fine Tune outputs are at logic '0'. 

The output may be turned ON by connecting it to Vss via a 10KOhm resistor for 
10,..s, 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 Voo +(6V ± 5%), to serve as a ground ~ I 

reference for logic signals which interface with the Omega system. 

This output is at logic "0" for the duration of the ultrasonic command. 

These outputs and inputs are connected to the corresponding pins on the Omega 
system. A 3x5 matrix keyboard may be connected to the same pins. Maximum 
capacitance between intersecting matrix lines 20pF. 

This is a tristate input which provides local control olthe Volume Outputfunction of 
pin 2. Connecting this pin to Vss (Voo) via a 10KOhm resistor causes the mark 
space ratio to increment (decrement). The input must be activated for 23mSec 
before the Volume Output begins to change. This input has priority over any 
ultrasonic command. 

This output is connected to the corresponding pin on the Omega system. It is at 
logic '1' for the duration of the corresponding ultrasonic command. 

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 of this 
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 than 18usec or greater than 
36usec the signal is rejected and 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 olthecrystal 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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AY-S-8460 CONNECTION DIAGRAM 

TO KEYBOARD 

KB6 

KB7 

KB8 

co~~~gM5~~ KB1 

KB2 

KB3 

KB4 

KB5 

0--

AY-5-8460 ULTRASONIC PREAMP 

~I 

10 I 

1 

AY-5-8460 

18 

,-J 

4.4MHz HOI--
_L.... _'-

47P~ 

+12V 

10K 

RECALL 
ON 

OUTPUT 

lr°FF 

100K 

I VOLUME 

.:l. OUTPUT ~ 

+12 

1000r ULTRASONIC t,~ I~INPUT 
UP 

VOLUME 

INPUT 
IDOWN 

-6V 

r----------------------------------------Q+12v 

10nF 39pF 

i 
100K 

33K 

1M 220K 

ONIO FF 

-= 

100pF >-------0 TO AY-5-84OO 

EFR-058-40K2 
ULTRASONIC 

MICROPHONE 
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ELECTRICAL CHARACTERISTICS 

Maximum Rallngs· 
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 Conditions (unless otherwise noted) 

Vss = OV 
VGa = -12V ± 10% 
Voo = VaG - (6V ± 5%) 
F = 4.4336MHz 
Tomb = O·C to +70·C 

Characteristic 

Clock Oscillator Frequency 

Ultrasonic Input 
Sensitivity 
Impedance 

Keyboard Inpute (KBG-I) 
Pull up resistance 
Logic '0' 
Logic '1' 

Volume Input 
Increment Up 
Increment Down 
No Movement 

ON/OFF Input 
ON 
OFF 

Keyboard Outpute (KB1-5) 
Logic '0' 
Logic '1' 

Recall Output 
Logic '0' 
Logic '1' 

Fine Tune Outpute 
Logic '0' 
Logic '1' 

Volume Output 
On Level 
Off Level 
Pulse Frequency 

ON/OFF Output 
Off 
On 

Supply Current 

Min. Typ 

- 4.4336 

500 -
10 -

200 -
- -

Vss -1.5 -

- -
Vaa -
- -

Vss -1 -
VaG -

VGG -
Vss -1 -

VGG -
Vss -1 -

VGG -
Vss -1 -

VSs -1 -
VGG -
B.73 -

VGG -
Vss -1 -

- -

Max. Unite 

- MHz 

25 mVp-p 
- KOhm 

- KOhm 
Vss-B Volts 
- Volts 

Vss Volts 
- Volts 
- -

Vss Volts 
VGa +0.5 Volts 

VGG +0.5 Volts 
Vss Volts 

VGG +0.5 Volts 

Vss Volts 

VGG +0.5 Volts 

Vss Volts 

Vss Volts 
VGG +0.5 Volts 

- kHz 

VGG +0.5 Volts 
Vss Volts 

25 mA 

AY-5-8460 • AY-5-8461 [!] 

CondltlolUl 

to Vss • 
10KOhm to Vss 
Short to Vaa 
Open Circuit 

Load 10KOhm to Vss & 100KOhm to VaG 
Short to VaG 

} Load 100KOhm to Vss 

} Load 100KOhm to Vss 

} Load 100KOhm to VGG 

} Load 6BKOhm to VGG 

} Load 100KOhm to VaG 
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PIN FUNCTIONS (Pin numb.rs In parenth •••• ) 

V .. (2) 
Negative supply input, nominally OV(GND). 

Sound Output (3) 
Th. hit (32ms pulse/976Hz tone), boundary r.flectlon (32ms 
pulse/486Hz tone) and score (32ms pulse/l.95KHz tone) sounds 
are output on this pin. 

Vcc (4) 
Positive supply Input. 

a.11 Angl .. (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 ± 20° ,when four 
are selected they are ± 20° and ± 40°. See Fig. 9. 

a.1I Output (6) 
The ball video signal is output on this pin. 

a.1I 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 Playar Output (9,10) 
The video signals for the right and left players are output on 
separate pins. 

AY-3-8500 • AY-3-8500-1 Ii] 
Right aat Input/Left aat 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 open circuit (Logic '1') to select large 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. 10. 

Qock Input (17) 
The 2MHz 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. II 
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 ilthe 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"lnputs) have on-Chip pull
up resistors to Vcc. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlng.-

Voltage on any pin with respectto V ss pi n •............•..•....... -0.3 to +12V 
Storage Temperature Range ..........•......•..•............ -20° C to +700 C 
Ambient Operating Temperature Range •••.......•........•..... 0° C to +40° C 

Standard Condition. (unless otherwise noted) 

Vce = +6 to +7V 
Vss = OV 
Operating Temperature (TA) = O°C to +4O°C 

Challlctarl.UC8 
at 25° C and Vcc = +6 Volta Min Typ Max 

Qock Input 
Frequency 1.99 2.01 2.03 
Logic '0' 0 - 0.5 
Logic '1' Vce-2 - Vee 
Pulse Width - Pos. - 200 -
Pulse Width - Neg. - 300 -
CapaCitance - 10 -
Leakage - 100 -
Control Inputa 
Logic '0' 0 - 0.5 
Logic '1' Vee-2 - Vee 
Input Impedance - 1.0 -
Rifle Input - 1.0 -
Outputs 
Logic '0' - - 1.0 
Logic '1' Vee-2 - -
Po_r Supply Currant - 40 60 

Unlta 

MHz 
Volts 
Volts 

ns 
ns 
pF 
}JA 

Volts 
Volts 

M Ohms 
MOhms 

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 lK to Vee or Vss. 

VIN = OV, F = lMHz 

Max. contact resistance of 1 K to Vss 

Pull up to Vee 
Pull down to Vss 

I'out = 0.5mA 
lout = O.lmA 

at Vec = +8.5V 
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R9.22----------____________________________________________ -----------------------------------------

Soccer 
The "soccer" type game is shown in Figure 2. 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 2a), 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 thefirstteam's forward will have the opportunity 

l___________ _ ___________ J 

Flg.211 Retum 01 "Goal Save" 

of intercepting the ball and redirecting it forward at a new angle 
according to the 'player' section which is used (Figure 2b). If 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 outcoming 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 

Rg.2b "Shooting" Forward 
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.... 1 ' .- -. 
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ID 

• • • • • • II1II .... 

F~.5;-------------__________________________________________ -------------------

Rifle Game No.1 

This game is illustrated in Fig. 5. 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. 6, 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. •••• ..... --r 

15 ID 

F~~.8---------------------------
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Vee Vee I ; f t; f;! ~5.1K ~~-;;:;s'Il0K 
25 23 22 21 20 19 18 X 5.1K 

THIS INPUT CONNECTION IS USED ~AN~CAL 
ONLY WHEN RIFLE IS USED. - TRIGGE.R __ .... _;! 

Vee 

TRIGGER 
PULSE TO 

PIN 28 
J'L 

NOTE: Aim rifle at score on TV and adjust 1 meg pot. for max. voltage on pin 120flhe4098ata61t. distance. 
The Voltage at pin 12 should be 0 when there is no light on the TV screen. 

Flg.7 RIFLE INTERFACE 

43K 

.OO5IJF1 VIDEO 
(FROM 
SYSTEM>----J<rrY~.-~-~r~~ 

DIAGRAM) 
20Pfr This modulator is used in the lab for test 

purposes and may not possess the long term 
stability or meet FCC requirements for 
home use. 

Flg.8 VHF MODULATOR 

Horizontal VertlCIII 

Slow ± .5Jls 2 angles ± 1 line 
4 angles ± 3 lines 

Fast ± 1~s 2 angles ± 2 linas 
4 angles ± 5 lines 

Flg.9 ANGULAR MOTION 
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Hlv 

L~~I~~~EI II II I 

RETRACE ---! 
STD. 1 STD. 0 13.5 22.5 29.0 33.0 
--1-- I 1'~·5 24.0 311.5 

I II 
38.0 40.5 

I 3~.5J 

. ·-1-------1 1 

1 II 1 I 1 1 I II I I 
....... 5 

" 56 

" .. 
" 80 

E";: ~ ~Jr~~~:;.±.=--.. ~ t~--~H-----T' 
5~ ~~~~~~~:f:I~D~ ~1~5 : : : ! 
12_ __II ~ 1../.:-'.0~. 1 I 1 I 

1 I~ 1-'.0~. I 1 
1 1 1 

-I1-5~S 1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
I I 1 

'" '''- _ _ I I SQBUA'iSH I II 
I I 
I -I1-5~S I 
I I 

27'.275 m.233 __ ~_~ _________ ------------.1 
L 306 ''' _______ "'::..D~~D FIELD LINES NOT DRAWN TO SCALE. 

RETRACE 
o 1M21 

NOTES: 1 ~. = 2 CLOCK PULSES INPUT ON PIN 17 
1H = 1 HORIZONTAL SCAN OR 128 CLOCK PULSES (64~s) 

I 
58 

T 312 

1 COMPLETE FRAME: 525 LINE STD: 128-262 = 33,536 CLOCKS: 625 LINE STD: 128-312 = 39,936 CLOCKS. 

Flg.10 LOCATION OF DATA OUTPUT PULSES 

r-
I ~s 
o 

(64) 

BAT 

BALL 

TARGET 

FIELD 

525 LINE 
SCORE 

625 LINE 
SCORE 

H 

0.5~s 

1.01JS 

2.5.IJs 

0.5~s 

5.0~s 

5.0JJs 

1+ ____________ 16.6 mSEC 1525 LINE STO) -------------1 
20.0 mSEC 625 LINE STD) 

PIN 16 
SYNC 

PIN 24 
FIELD, SCORE 

PINS 11,12 
BAT INPUT 

O.SjJS 

r--";?.c..-.... RISE TIME DEPENDS ON RC. 

r-- 64~SEC. 

V 

14/28 lines 

5 lines 

14 lines 

2 lines 

20 lines 

30 lines 

PINS 9,10 
BAT OUTPUT ~0.5PSEC~ ___________ ~~~~~_+---------~ ~,... 140R 28 PULSES 

PIN 6 
BALL OUTPUT 

PIN3 
SOUND 

---+j64PS r-- 5 PULSES 

0--4----~------------~ 

l~SEC 

500Hz or 
1 KHz or 
2 KHz 
(32mssc PULSES) 

Flg.11 TIMING DIAGRAM 
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46-10 

FOUR PLAYER CONFIGURATION 

With this option, the basic two player tennis game can be 
expanded to true four player doubles. Each player i8 capable of 
playing the full width of the court. 
A variation ofthis option allows for a three player handicap game 
with two players against one. 

------------- -------------ID 5 
I I 
! ! 

I I 
------------ -------------

R9.1~2~------------____________________________ ---------------------

2K I4ICD4001 SYNC 
~No-~~~~--~~~ ,. )O-----+---Ic. Q 

2-4 PLAVERS 0 

RIGHT 

Vee o------1..--1r--1,....r-.-.......... --

.. PLAYER 
CONTROLS 

1M!! 

11 • 

C040130A 
F34013 

131-__ .... ____ -' 
C04016 

12 
10 

IIlK 

IIlK 

Rg.13 

r---~---------o~~ 
r-+----..... ---OA,GHT 

•• T 



AY-3-8500 • AY-3-8500-1 iii 
RANDOM BALL SPEED/RANDOM ANGLES 

To enhance the excitement and challenge of the variou$ 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 ~~~ro ~ 
.. 1.3 OR 0.65 SECONDS 

r.~~~;-~~:-i!- --i!f-------l 
: ...... I •• ... ~ • _ ____ RANDOM 

• ANGLE '=' REBOUND 

• • • • • • • • ,=, 
• • • • • • 

I I 
l___________ _ ___________ ~ 

Rg.~14a_--------______________________________ ------------------

Soccer 

s~~~~o---------~--~ 

~~~~o----------+--------------------------------------------, 

CK al-+---<S-

D 

~L~ o---..... -----1r---\ 

RII·15 

o 
MANUAL 
FAST/SLOW 

---<>---0 PIN 7 
RANDOM 

SPEED 

RANDOM 
ANGLE 

~J----<J PIN 5 

MANUAL 

48-11 
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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 producad 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. 

-------------------------It i! 

I 
I 

Flg.16as;---------------

~-----.. -----: It 
I 
I 

I 
I 
I 
I 

I 

I 

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

------------~ i! : 

I 

I 

I 
I 

I 
I 
I 
I 

------------.1 
Flg.177;a;---------------

46-12 

SCORE ANO FIELD 24">----4-----'''l 

BALL 6 

51011 

RIGHT BAT 9 

LEFT BAT 10>>-----1f--------.....J 

SYNC 1.)----4---':..... ..... -4 

510H 

510l.2 TO 
)o.::...-------+--+-~VVIr_-~ MODULATOR 

---" ~.~ (FIG.8) 

270l.1 

(7) 

THE ABOVE CIRCUIT IS USED AS AN ALTERNATIVE TO THAT SHOWN ON THE SYSTEM DIAGRAM. 

Fig. 18 GRAY BACKGROUND 



Vee 

Vee -
r--

10K 10K 

1M 
1M 
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A Y -3-8500-1 

NC 28 NC 

Vss (Ground) 

L...----SOund Output 3 

Vee 4 

Ball Angles 5 

Ball Output 6 

Ball Speed 7 

Manual Serve 8 

~ Right Player Output 9 

,....... Left Player Output 10 

Right Bat Input 11 

Left Bat Input 12 

27 Hit Input ------------fl "RiiiIF;;L~E-'1 
26 Shot Input ___________ l~C:!!IR!!C:!U!!:IT~ 

25 Reset Input 

1..1. 24 Score and Field Output _ ~ 
23 Practice iT 22 Squash 

21 Soccer 
20 Tennis 

19 Rifle Game 2 

18 Rifle Game 1 

17 Clock Input 

I -~1111 
Bat Size 13 16 Sync Output 

NC 14 15 NC 

'=' r '=' '='.,...,.. 

.IU 

1 Ball 16 

~ 
Vss Video In 

LP Video In Field 15 
Video In 

3 RPVideo In Sync In 
14 

3-1,i ...!... V 2.045MHz 13 
I. ec AY-3-8515-1 Out * W' e5 ~1;L NC 

Squash 12 

- . ,=r= 6 3.57MHz Soccar 
11 

Vp 110pF 

~ r Hue Adjust Tennis 10 

SOKr tVideoout Practice 
9 

Vp 

lK~ To Modulator 
.~ 

..... 11 AY-3-8S00-1 FULL COLOR IMPLEMENTATION USING AY-3-8515-1 COLOR 
CONVERTER CIRCUIT (SEE PAGE 48-23) 
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Ball & Paddle JA 

FEATURES 
• Full COLOR Operation (see page 4B-22) 
• 6 Selectable Games - Tennis, soccer, squaSh, prsctice 

and two rifle shooting games. 
• 625 Line (AY-3-8550) and 525 Line (AY-3-855D-1) versions. 
• Selectable horizontal motion. 
• Special Composite outputs for color coding, players and 

score, ball and boundaries. 
Automatic Scoring 
Score display on T.V. Screen, 0 to 15. 
Selectable Bat Size. 
Selectable Angles. 
Selectable Ball Speed. 
Automatic or Manual Ball Service 
Realism Sounds. 
Shooting Forwards in Soccer Game. 
Visually defined area for all Ball Games. 

Score color-coded to player. 
Ball output coded to player in Squash. 
Practice game scores both hits and misses. 
Composite picture data on one pin, and individual video 
signals for color. 

• Pin compatible with AY-3-8500/8500-1. 

DESCRIPTION 
The AY-3-8550 and AY-3-8550-1 circuits have been designed to 
provide a TV 'games' function which gives active entertainment 
using a standard domestic television receiver. 

SYSTEM DIAGRAM 

COMPOSITE 
PICTURE DATA 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

Horizontal Motion Select Input 
Vss (Ground) 

Sound Output 
Vee 

Ball Angl .. 

White/Black Bat Setaet 
Ball Spood 

Manual Serve 
Right Player Output 

Loft Player OUtput 
Right Bat Vortlcal Input 

Lott Bat Vertical Input 
Bat Size 

Right Bat Horizonlel Input 

Composlle Plctu .. Dale 
Hit Input 
Shot Input 
_Input 
Field Output 

Practice 
Squash 
Soccer 
Tennis 

Rift. Gomo2 

Rifle Gamol 
Clock Input 
Sync Output 

Left Bat Horizontal Input 

The circuit is intended to be battery powered and a minimum 
number of external components are required to complete the 
system. A system diagram is shown below. 

SYNC 

~c~~----~~----~----t-------------------------------~--~--~----.----.----.-~~~~~ 

7SpF 

lK 

~st-------4---------+-~-4------~-+~~4-~-+------~-----4----~--~--~~~ ALTERNATE 
ZMHzOSC. 

FIELD 

48-14 

WHITE! 
BLACK 

BAT 
SELECT 

RIGHT 
PLAYER 
OUTPUT 

see FIG. 12 FOR BIW IMPLEMENTATION; 
see FIG. 14 FOR COLOR IMPLEMENTATION. 

LEFT 
PLAYER 
OUTPUT 

* NORMALLY 
CLOSED 

Ir--~--:::;l 

I 12M!! CRYSTAL I 
2.00 
MHz 

I 0 I 
I I 
I 30pl 30pfI I 
~r~o~ ___ --.J 



PIN FUNCTIONS 

Horizontal Motion Select (1) When connected to Vss (Loglc'O'), 
the horizontal motion controls are enabled. Open circuit fixes 
paddles at baselines for vertical motion only. 

Vss (2) Negative supply 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 Angle. (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 
± 20°, when four are selected they are ± 20° and ± 40°. See 
Flg.9. 

Whlta/Black Bat Select (8) Connection to Vcc (Logic '1') inverts 
the right player output for black right player. This input is pulled 
to Vss so this circuit may be used in AY-3-8500/8500-1 sockets. 

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 the input to Vss. 

Right Player Output/Left Player Output (9,10) Normally positive 
going video signals representing the right hand player (paddle, 
score, and when playing Squash, the ball when it is the right hand 
player's turn to hit) and the left hand player (paddle, score, and 
ball - except that In Squash the ball is output only when it is the 
left hand player's turn to hit). When connected to V cc, the output 
is negative going with the "off" state at Vcc. 

A Y-3-8550 • A Y -3-8550-1 [!] 
Right bat Vertical Input/Left Bal Vertical 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 open circuit (Logic '1') to select 
large 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. 

Right Bat Horizontal Input/Left Bat Horizontal Input (14,15) 
An R-C network connected to each of these inputs controls the 
horizontal position of the bats. Use a 10K resistor in series with 
each pot. 

Sync Output (16) The T.V. vertical and horizontal sync signals 
are output on this pin. Sync must always be one of the signals 
included in the composite video to the modulator. See Fig. 10. 

Clock Input (17) The 2MHz 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 lLogic 'I') 
and are connected to Vss (Logic '0') to select the desired game. 

Field OutPut (24) The 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 by 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. 

Composite Picture Data (28) This positive going output is the 
sum of the picture data for the bats, ball, field and score and can 
be used in lieu of the data on pins 9, 10 and 24. This signal and 
Sync are the only signals required for black and white operation 
(see Fig. 12). 

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 Vcc. 

ELECTRICAL CHARACTERISTICS (PRELIMINARY INFORMATION) 

Maximum Ratings· 

Voltage on any pin with respectto Vss pin ........................ -0.3 to +12V 
Storage Temperature Range ................................. -20° C to + 70· C 
Ambient Operating Temperature Range ......................... O· C to +40· C 

Standard Conditions (unless otherwise noted) 

Vcc = +6 to +7V 
Vss = OV 
Operating Temperature (TA) = O·C to +40·C 

Characteristics 
at 25· C and Vcc = +8 Volts Min 

Clock 'nput 
Frequency 1.99 
Logic '0' 0 
Logic '1' Vcc-2 
Pulse Width - Pos. -
Pulse Width - Neg. -
Capacitance -
Leakage -
Control Inputs 
Logic '0' 0 
Logic '1' Vcc-2 
Input Impedance -
Rifle Input -
Outputs 
LogiC '0' -
Logic '1' Vcc-2 

Power Supply Currant -

Typ Max 

2.01 2.03 
- 0.5 
- Vcc 

200 -
300 -
10 -
100 -

- 0.5 
- Vcc 
1.0 -
1.0 -

- 1.0 
- -
40 60 

Units 

MHz 
Volts 
Volts 

ns 
ns 
pF 
)JA 

Volts 
Volts 

M Ohms 
M Ohms 

Volt 
Volts 

rnA 

"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 lK to Vcc or Vss. 

VIN = OV, F = lMHz 

Max. contact resistance of 1 K to V ss 

Pull up to Vce 
Pull down to Vss 

lout = O.SmA 
lout = O.lmA 

at Vec = +8.SV 

4B-15 

• 



[!] AY-3-8550 • AY-3-8550-1 

------------1'1 

------------

-------------Ii! 

• • • • • • • • •• • -.. ~ 
• • • • • • ••• -----... -------

FI9.1~-----------__________ ----------

Tennis 
With the tennis game the picture on the television screen would 
be similar to Figure 1 with one 'bat' per side, a top and bOllom 
boundary and a center net. The individual scores are counted 
and displayed automatically in the position shown. The detail of 
the game will depend upon the selection of the options. Con
sidering the situation where small bats are used and all angles, 
after the reset has been applied, the scores will be 0, 0 and the ball 
will serve arbitrarily to one side at one ofthe angles. Ifthe ball hits 
the top or bollom boundary it will assume the angle of reflection 
and continue in play. The player being served must control his 
bat to iritersecllhe path ofthe ball. When a 'hit' is detected by the 
logic, the section of the bat which made the hit is used to deter
mine 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 quarterof bat which actually hits which defines the 
new direction for the ball. 

48-16 

The direction does not depend upon the previous angle of 
incidence. With the two angle option the top and bollom pairs of 
the bats are summed together and only the two shallower angles 
are used to program the new direction for the ball. 
When horizontal motion is selected, the players are restricted to 
the proper side of the net. 
The ball will then traverse towards the other player, reflecting 
from the top or bollom 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 had just 
missed. This sequence is repeated until a score of 15 is reached 
by one side, whereupon the game is stopped. The ball will stili 
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 bollom reflections, bet hits and scores. 
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Soccer 
The 'soccer' type game is shown in Figure 2. 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' 
can be positioned in any part 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 28), 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 thefirstteam's forward will have the opportunity 

I 
I 

I.-:-~·· . . 
\. I • 

l___________ _ ___________ J 

Rg.211 Return 01 "Goal Save" 

of intercepting the ball and redirecting it forward at a new angle 
according to the 'player' section which is used, (Figure 2a). If 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 outcoming 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. 

I ..... -::- .-
~ .. -··r·· I 

l___________ _ ___________ J 

Rg.2b "Shoollng" Forward 
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Squash 
This game is illustrated in Fig. 3. There are two 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 turn. Each player 
is enabled alternately to ensure that the proper sequence of play 
Is followed. The ball is colored to the color of the bat of the next 
player who's to hit the ball. 

Practice 
This game is similar to aquash except that there is only one 
player. See Fig. 4. The left score counts misses; the right score 
counts hits. The game ends when either 15 misses occur or when 
15 consecutive hits are made without a miss. The right score Is 
reset if It is not 15 and a miss occurs. 

t 
+-J~ 

J!: 
•• 0 + 

-------------------------
Flg.4 
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Rifle Game No.1 

This game is illustrated in Fig. 5. 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 
incremented, 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. 

ID 
Rifle Game No.2 

In this game, illustrated in Fig. 6. the ball traverses the screen 
from left to right under control of the manual serve button. Other
wise the game is as described for Rifie Game No.1. 

... • ";f 

Fig.' 

. . ••• 

15 
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Vee Vee 

10K 

5.1K .33Il' 

~AL5.1K 
-= TRIGGER 

TRIGGER 
PULSE TO 

PIN 26 
Jl.. 

---~ 
Vee 

NOTE: Aim rifle at score on TV and adjust 1 meg pOt. for max. voltage on pin 12 of the 4098 at a 6 ft. distance. 
The Voltage at pin 12 should be 0 when there is no light on'the TV screen. 

50pf 
470H 

Slow 

Fast 

Fig.7 RIFLE INTERFACE 

VIDEO 
(FROM SYSTEM >-____ rY~~_.-r~~~~ 

DIAGRAM) 
20Pf I 

This modulator is used in the lab for test 
purposes and may not possess the long term 
stability or meet FCC requirements for 
home use. 

Fig.8 VHF MODULATOR 

Horizontal Vertical 

:to .Sps 2 angles :to 1 line 
4 angles" 3 lines 

:to 11ls 2 angles :to 2 lines 
4 angles -± S lines 

Flg.9 ANGULAR MOTION 
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RETRACE--1 

STD. 1 STD. 0 13.5 22.5 29.0 33.0 

I I 11i·5 L4.0 311.5 

, " 38.0 40.5 
,41.5 

..... 5 
50 .. 
" .. 
" .. 

. -1-------1 I 
'" I I 'I II I I 

:~ -=--=J.I"'~~~~~----.j,~ ~~--I-.,i'----i", 
§~ ~~!:i~~~~~:I~D~ ~1~5 I' II .. - - -fT- - - - ~- - - - - I , , : .. ,,- __ II ~ ~10 *1' , I 

I I~ 1-1.0~S 1 I 
I 'I 

-I1-.5~S , , 
1 I 
, I , , 
, , 
I I 

'22 '''- - -I r S~A~SH I II 
I I 
I -I1-5~S 
I I 

274.275 232.233 --.. -~--------- - ___________ .. 

~ "" '58- ______ ~D~~D FIELD LINES NOT DRAWN TO SCALE 

01252) 

RETRACE NOTES: 1 ~s = 2 CLOCK PULSES INPUT ON PIN 17 
1H = 1 HORIZONTAL SCAN OR 128 CLOCK PULSES (64~s) 

, 
58 

T 312 

1 COMPLETE FRAME: 525 LINE STD: 128'262 = 33.536 CLOCKS: 625 LINE STD: 128'312 = .39.936 CLOCKS. 

FlII.10 LOCATION OF DATA OUTPUT PULSES 

r-, ~. 
o 

(64) 

BAT 

BALL 

TARGET 

FIELD 

525 LINE 
SCORE 

625 LINE 
SCORE 

H V 

0.5~. 14/28 lines 

1.0~. Stines 

2.5~s 1411n88 

0.5~. 2 lines 

5.0~s 20 lines 

5.0~. 30 lines 

*Positions as shown when 
horizontal motion is not 
selected. 

I-+------------~:~ ~~~g l~~ t:~~ ~igl-------------+-l 

PIN 16 
SYNC 

PIN 24 
FIELD 

0.5~s 

O __ ~ ______ ~ __________ ~UUU-______________________ ~~ ________ ~ ______ __ 

PINS 11.12.14.15 
BAT INPUTS 

PINS 9.10 
BAT OUTPUT 

PINS 9.10 
BALL OUTPUTS 

PIN 3 
SOUND 

\o4---:7.,c;.-_ RISE TIME DEPENDS ON RC. 

---l64~S r- 5 PULSES 

1)JSEC 

500Hz or 
, KHz or 
2 KHz 
(32m .. c PULSES) 

FlII.11 TIMING DIAGRAM 

14 OR 26 PULSES 
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SE~~~~ 0 ) Vee 

27011 
COMPOSITE 

2.7K 
RIGHT .... 

PICTURE DATA 0---4'-; PLAYER 
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(PIN 28) 
1.0K 

LEFT 
PLAYER 

27011 
FIELD 

TO 
MODULATOR 4001 

27011 

15011 
SYNC 

27?~. ~ TO MODULATOR 

2.7K 

27011 

Fig. 12 BLACK AND WHITE IMPLEMENTATION 
USING COMPOSITE PICTURE DATA SIGNAL 

(While Bats) 

Fig. 13 BLACK AND WHITE IMPLEMENTATION 
USING INDIVIDUAL PLAYER SIGNALS 

(Black and While Bats/Gray Background) 

Vee 

A Y-3-855O·1 
Horizontal 

Motion Select Input 
Vss (Ground) 

'----Sound Output 3 

Vee 4 

,.----------- Ball Angles 5 
Ball Output 6 

,..--------- Ball Speed 7 

,..------- Manual Serve 8 

.---- Right Player Output 9 

r- Left Player Output 10 

l00K~--I-+__+---+_+_Right Bat Vert Input 11 
l00K~-'I__+-+_+---+_+_-Left Bat Vert Input 12 

Vee -
10K 10K 

,-t-+----BatSize 13 

28 NC 

27 Hit Input ------------<[RiF'lEl 
26 Shot Input ~ 
25 Reset Input -------,.....,...--~-, 

24 Score and Field Output _ I .L 
:: =u:,e_-_-::_-::_-_-::::_-I;_-::::_-::~-+-...,~ Ir, T_·01J.lF 
21 Soccer -----I---+_-+ .L 
20 Tennis -----+_--++..., 
19 Rifle Game 2 

18 Rifle Game 1 

17 Clock Input ---.....,r--, 
16 Sync Output ---+, 

I 

.3~1 r~1111 
Right Bat Horiz. In 14 15 Left Bat Heriz. In -

Vee -
10K 10K 

l00K~~r--------t-+-j 

l00K~-------+_+----~-----------" 

820pF 820pF 

11 
~vss 

~LPVideoln 

L... ___ .::;3-1RP Video In 

Ball 16 
VideOln~ 

Field 15 -
Video In 
Sync In 1-':.;:4 ____ ...... 

3-~5iF --L Vee AY_3_8515-~·045~~~I-,,,3-------, 

J. 8 C5 ~<L2....NC 
12 Squash 

~ II =r= ~ 1M 6 3.57MH' Soc .. , 11 
Vp 10pF 

j. .r Hue Adjust 
50K~ 8 

.J:. Vp r Video Out 

- lK ~ '--TO-M-Od-".-'O'-----' 

T 

Tennis 10 

Practice • 

Fig. 14 AY-3-8550·1 FULL COLOR IMPLEMENTATION USING AY·3-8515-1 
COLOR CONVERTER CIRCUIT (SEE PAGE 48-23) 



1811 AY-3-8S1S-1 

Color Converter I 
DESCRIPTION 

The AY-3-8515-1 is a single N-Channel MOS circuit which 
accepts the video outputs of the AY-3-850o-1 and AY-3-8550-1 
game circuits and converts the black and white signals to a single 
color composite video output. The colors of the background and 
paddle outputs are selectively changed directly by the game 
select inputs. The circuit also provides, as an output, a 2.045MHz 
clock for the game chip. 

OPERATION 

The AY-3-8515-1 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 the AY-3-8500-1 or AY-3-855O-1 is 
reconstructed in the color circuit and provides both front and 
back porchs to insure 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. The color phase 
of the burst is internally selected by the game select Inputs with 
respect to the phases of the background, right player and left 
player so that different colors may be rendered for each game. 
This color change may be affected with no external components 
for ball and paddle games and only requiras the addition of two 
diodes when target games are also selected. 
The color burst is followed by an appropriate blanking interval so 
the TV set will not lock on to the background phase. 

Video Inputs: Four video inputs are provided on the AY-3-8515-1. 
These are: field and score, left player, right player and ball. When 
operated with the AY-3-855o-1, the ball input should be 
grounded. 

Video Output: After sync, color burst and blanking, the video 
consists of baCkground, field and score, right player, left player 
and ball. The ball output is always white. In the absence of other 
signals, the background is output. 
The color outputs are: 

Grounded 
Select Back- Right Left 
Input ground Field Player Player 

1 Tennis Green Yellow Orange Magenta 
2 Soccer Blue Cyan Cyan YellOW 

Blue Green 
3 Squash Brown Magenta Blue Cyan 

Green 
4 Practice Cyan Green Yellow Brown 

Green 

Colors may be adjusted for system variations by the chip hue 
control which varies the phase delay of the color outputs. 
For games incorporating rifle, select input 3 may be connected 
by diodes to the squash select and practice select inputs of the 
game circuit, and select input 4 may be connected by diodes to 
the two rifle inputs. 

Lumlna.ence Levell: The luminesence levels of the various 
signals in the composite video output have been selected to 
provide black and white compatiblity. 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. 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE TopView 

Vss 

lP Video In 

RP Video In 

Vee 

NC 

3.S7MHz 

Hue Adjust 

Video Out 

CONNECTION DIAGRAM 

VSS 

(PIN10) LP Video In 

(PIN 9) RP Video In 

3-15pF 
Vee 

NC 
1M 

6 
3.S7MHz 

Hue Adjust 
SDK 

Video Qut 

To Modulator 

Batl Video In 

Field Video In 

Sync In 

2.0'5MHz Out 

Squash 

Soccer 

Tennis 

Practice 

Ball 
Video In 

Field 
Video In 

Sync In 

2.045MHz 
Out 

Squash 

Soccer 

Tennis 

Practice 

NOTE: Ay M3-8500-1/8550-1 PINS shown in parentheses. 

VIDEO 

'°1'"'' " 36 

30 COLOR 
aURST 

10C\'CLES 

Fig. 1 COMPOSITE VIDEO OUTPUT 

16 (PIN 6) 

15 (PIN 24) ,. 
(PIN 16) 

13 (PIN 17) 

12 (PIN 22) 

11 (PIN 21) 

10 
(PIN20) 

(PIN 23) 

RIGHT 
PLAYER 

In order to assure the correct video levels, a 1 K variable 
potentiometer should be used to adjust the output to a maximum 
of 4 volts and a minimum of 2 volts. 

CLOCK INPUT 
The AY-3-8515-1 operated directly from a 3.579MHz crystal 
input. A variable capacitor with a range of 3 to 15 pF should be 
used to tune the crystal. 

CLOCK OUTPUT 
The AY-3-8515-1 generates a low impendance 2.045MHz clock to 
directly drive the game chip without external components. 
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Ball & Paddle n 
FEATURES 
• Full COLOR Operation (see page 46-32) 
• Eight selectable games - tennis, hockey, soccer, squash, 

practice, gridball, basketball and basketball practice. 
625 Line (AY-3-8600) and 525 Line (AY-3-8600-1) versions. 
T. V. raster generator 
Color or black and white operation 
Two axis player motion 
Automatic on-screen scoring, 0-15 
End of game indication (flashing score) 
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::!: 40° , ± 20° , and horizontal 
Sound outputs for hit, rebound and score 
Shooting forwards In hockey and soccer 

DESCRIPTION 
The AY-3-8600 and AY-3-86OQ-1 circuits have been designed to 
provide a TV 'game' function 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. A system diagram is shown below. 

SYSTEM DIAGRAM 

Vee 

C 3.579MHz 

A SOUND 

B GAME LV 
SELECT LH 

RV 

RH 

NC COLOR BURST SERVE 1 

SYNC SERVE 2 

RIGHT PLAYER SIZE 1 
RI 

Vee LEFT PLAYER SIZE 2 

BLANKING RESET 

BOUNDARY BALL SPEED 

BKGND V •• 

VIDEO PUT 
TO MODULATOR 

48-24 

NC 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

V .. 
Sync 

Blanking 
Color Burst 
Background 
Boundaries 
Left Video 

Right Video 

3.579MHz Clock In 
Left Horizontal In 

Left Vertical In 

Left Serve 
Sound Output 

Right Horizontal In 

Select ,nput 1 
Select Input 2 
$elect ,npul3 
Strobe 1 
Strobe 2 
Strobe 3 
Do not connect 
Ball Speed Inhibit 

RighI Bat Size 
Left Bat Size 
Resel 
Right Serve 

Vee 
Right Vertical In 

r-----------------~~--Vce 

':' 

10K 10K 19K 

':' 

Vee 

10K 



PIN FUNCTIONS 

Power 
Vee positive supply input 
Vss negative (substrate) supply input 

Control Inputs 
Right player vertical control 
Right player horizontal control 
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 scores set to zero and ball returned to the 
service position by momentarily connecting the reset input to 

Vss' 
Bat size can be selected as either 15 or 30 fines in height 
individually for handicapping purposes. Connection of the bat 
size input to Vss selects small bat. 

Bat position is set by a variable resistor and capacitor connected 
as shown in the System Diagram. A 10K ohm resistor must be 
placed in series with the potentiometer. 

Game Selectlnputs/Oulputs 
Strobe 1 
Strobe 2 
Strobe 3 
Select Input 1 
Select Input 2 
Select Input 3 

Game selection is made by the interconnection of one of the 
output strobes, STR I, STR 2, or STR 3 with one of the three input 
selection fines SEL I, SEL 2, or SEL 3. 

OPERATION 

Ball Mollon 
In all games, the ball starts at slow speed. If the high speed mode 
has been selected the ball with 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 fisted from top of bat to 
bottom are nominally 40" up, 20° up, horizontal, 20° down, 40° 
down. A ball passing through a forward from behind will have its 
angle influenced as above, but not its left/right direction. 

AY-3-8600 • AY-3-8600-1 [!] 

The game selections are defined as: 
STR I/SEL 1 
STR I/SEL 2 
STR I/SEL 3 
STR 21SEL 1 
STR 21SEL 2 
STR 21SEL 3 
STR 3/SEL 1 
STR 3/SEL 2 

Video Outputs 
Right bat, score and ball 
Left bat, score and ball 
Boundaries 
Background 
Sync 
Blanking 
Color burst locator 

Tennis 
Hockey 
Squash 
Practice 
Gridball 
Soccer 
Basketball 
Basketball Practice 

All signals are present in the circuit to generate a composite 
video signal with sync, color burst, and blanking. This single 
video signal provides the input to the game RF modulator. 
Video outputs are provided for each of the two player bats and 
their scores, the boundaries, background, sync and blanking. As 
shown in the System Diagram, the ratio of the particular output 
resistor with Rl sets the luminance level. 
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. 

Clock Input - 3.579MHz 

Scoring 
All two player games wiff terminate when one player has 15 pOints 
at which time the score will flash and the bats have no further 
effect on the ball. 

Sound 
Tone of approximately 500Hz, 1 Kz and 2KHz will be output for a 
nominal period of 32msecs for ball hits wall, ball hits bat and 
score. The output is capable of directing driving 100 ohm 
speakers. 
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Tennis 

This game uses a playing area as shown in Fig. 1. 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 paint with a 
random angle but always toward the net. 



A Y -3-8600 • A Y -3-8600-1 [!] 

..------------; It 
I 

; .. -
I ... 
I .. 

~ .... [ t ; ... : I 
I .. 
r: I 
I ... '+' 
I .. 

• I .. 
I ... 
I .• 
I ... 
I .. 

• L _______ • __ _ 

------------, 

I ] 
------------~ 

FlO.2;-------______ -------~ 

Hockey 

This game uses a playing area as shown in Fig. 2. 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 paint with a 
randomly selected angle in either direction. 
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Soccer 
This game uses a playing area as shown in Fig. 3. 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 as shown in Fig. 4. 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 colorof the 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. 5). 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. 
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Gridball 

This game uses a playing area as shown in Fig. 6. Each player has 
three sets of vertically moving barriers to block the ball from 
approaching his end and opening in the barriers to permit the 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. 7. The players must deflect the ball and cause it to enter the 
top of the goal to score. The game starts when both players 
depress the service buttons. The ball moves from the serve point 
with a random angle in either direction. 

~---~--------------------~ I •••• & 
Basketball 
Practice 

Basketball practice is a one player game which utilizes only the 
left basket as shown in Fig. 8. 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. 
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Fig. 10 AY-3-8800-1 FULL COLOR IMPLEMENTATION USING AY-3-8815-1 COLOR 
CONVERTER CIRCUIT (SEE PAGE 4B-33) 
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Color Converter II 

DESCRIPTION 

The AY-3-8615-1 is a single N-Channel MaS circuit which 
accepts the video outputs of the AY-3-860D-1 game circuit and 
converts the black and white signals to a single color composite 
video output. The colors of the background and paddle outputs 
are selectively changed directly by the game select matrix. The 
circuit also provides, as an output, a buffered 3.579MHz clock for 
the game chip. 

OPERATION 

The AY-3-8615-1 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 the A Y -3-8600-1 is reconstructed in 
the color circuit and provides both front and back porches to 
insure correct operation in color TV circuits. 

Color Burst: A color burst signal, containing ten cycels of the 
3.579MHz color reference is supplied after sync. The color 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 so that different colors may be rendered for each game. 
This color change may be affected with no external components. 
The color burst is followed by an appropriate blanking interval so 
the TV set will not lock on to the background phase. 

Video Inputs: Six video inputs are provided on the AY-3-8615-1. 
These are: field, background, color burst locator, left player, right 
player and blanking. 

Video Output: After sync, color burst and blanking, the video 
consists of background, field, scores, right player, left player and 
ball. 

Colors may be adjusted for system variations by the chip hue 
control which varies the phase delay of the color outputs. 

Luminesence Levels: The luminesence 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 rightto 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 1 K variable 
potentiometer should be used to adjust the output to a maximum 
of 4 Volts and a minimum of 2 Volts. 

CLOCK INPUT 
The AY-3-8615-1 operated directly from a 3.579MHz crystal 
input. A variable capacitor with a range of 3 to 15 pF should be 
used to tune the crystal. 

CLOCK OUTPUT 
The AY-3-6615-1 generates a low impedance 3.579MHz clock to 
directly drive the game chip without external components. 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

v" 
Crystal Return 

Crystal In 

Hue AdJust 

Video Output 

3.579MHz Out 

Right Video In 

Left Video In 

Boundaries In 

Background In 

Color Burst In 

Blanking In 

Sync In 

NC 

Grounded 
Select 
Input 

1. Tennis, 
Soccer 

2. Gridball, 
Hockey 

3. Squash, 
Basketball 2 

4. Practice, 
Basketball 1 

VIDEO 
LEVel 

,lOr 

:lll~ 

,4 

Back-
ground 

Green 

Blue 

Brown 

Cyan 
Green 

Field 

Yellow 

Cyan 
Blue 

Magenta 

Green 

NC 

NC 

NC 

NC 

NC 

NC 

Vee 
Test~Do not connect 

Strobe 3 

Strobe 2 
Strobe 1 

Select 3 
Select 2 
Select 1 

Right Left 
Player Player 

Orange Magenta 
Cyan Yellow 
Green 

Blue Cyan 
Green 

Yellow Brown 

Fig. 1 COMPOSITE VIDEO OUTPUT 
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BaHle I 

FEATURES 

• Two independently controllable tanks 
• Tank explosion and sounds when hit by shell or mine 
• Exploding mines 
• Shell firing and burst video and sound 
• Three forward and reverse tank speeds 
• 32 rotational angles 
• Fixed terrain barriers 
• Realistic tank sounds 
• Automatic on-screen scoring 
• Scores color keyed to player 
• 625 Line (AY-3-8700) and 525 Line (AY-3-8700-1) Versions 

DESCRIPTION 

The AY-3-8700/8700-1 circuit is a "tank battle game" and has 
bean designed for two players where each player has a 
completely steerable tank with forward and reverse speed 
control and a firing button. Anti-tank barricades and mines are in 
the battlefield to retard each tank's progress while under battle 
conditions. The object of the game is to score as many hits on the 
enemy tank as possible. The first player to reach 31 hits ends 
game. The circuit is designed to be used with standard domestic 
television receivers. The AY-3-8700/8700-1 is manufactured in a 
28 pin dual-in-line package and can be used in battery systems 
with a minimum number of components to provide a complete 
game. 

SYSTEM DIAGRAM 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

Vss 
Righi Player Video 

Left Player Video 
Tank 1 Strobe 

Left Track Forward 

Right Track Forward 

Right Track Reverse 

Left Track Reverse 
Fire Gun In 

Game Reset 

Do not connect {~::: 
Test 
Test 

Background 
Blanking 

Explosion Envelope 

Gunfire Envelope 
Tank 2 Strobe 

Tank 2 Motor Sound 
Bearing Squeak 
Tank 1 Motor Sound 
ExplOSion and Gun'ire Nois. 
Clock Input (4.09MHz) 

Test-Do not connect 
Sync 

Color Burst LocatOl' 

Vee 

r-----~----~--~--_1~----------------------------~c~oJ~~O 

! ~ ~ 
~ 

! 
~ 
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TANK CONTROLS 
A.a " FORWARD 
O.C = REVERSE 
A.C = CW ROTATE 
B.D = CCW ROTATE 
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PIN FUNCTIONS 

Sound Outputs 

Tank 1 motor 
Tank 2 motor 
Bearing and track squeak 
Explosion envelope 
Gun fire envelope 
Explosion and gun fire noise 

P_erlnput 

V cc positive vo Itage 
Vss substrate (negative) voltage 

Control Inputs and Outputs 

Left track forward 
Left track reverse 
Right track forward 
Right track reverse 
Fire gun 
Control strobe 1 
Control strobe 2 
Game reset 

Video outputs 

Right player tank, shell, shell burst, score and mines. 
Left player tank, shell, shell burst, score and fixed barriers. 
Blanking 
Background 
Sync 
Color burst locator 

Clock Input 

4.09MHz clock input 

AY·3-8700 • AY·3-8700·1 [!] 
VIDEO SIGNAL OUTPUT 

All signals are present in the circuit to generate a composite 
video signal with a waveform which includes composite blanking 
and color burst envelope. This simple video signal provides the 
input to the game RF modulator. 

The luminance levels are set by the ratios of the resistors shown 
in the System Diagram. This output configuration provides 
maximum flexibility to the use who can set, at his option, either a 
positive or negative sync. 

Five outputs are provided; sync, right player, left player, back· 
nr?und and blanking. The right player output includes the tank 

Tlbol, right player score, shells fired by the right tank, shell 
__ rst from right tank shells and mines. The left player output 
includes the left tank, left player score, shells fired by the left 
tank, lele tank shell bursts and fixed barriers . 

It is recommended that one tank be displayed in white, one In 
black, and the background in gray. 

The blanking and black outputs are shown connected to a single 
resistor since the modulation level is approximately the same for 
both. 

In addition to the preceding five outputs, a color burst locator is 
provided to enable users who wish to provide a color background 
to locate the color burst envelope at the correct waveform 
position after the sync output. 

CLOCK 4.09MHz 
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Battle I 
DISPLAY SYMBOLS AND CONTROL 

TANKS 

Control - The tanks are controlled by connecting the appro
priate strobe outputs to the track inputs. Forward motion is 
achieved when both the right and left track forward inputs are 
connected to the strobe. On connection, the tank will advance in 
low speed. If the connection is held, the medium speed will select 
after one half second. After another one second of connection, 
high speed Is selected. Breaking the connection when any speed 
is achieved will cause the tank to remain at the selected speed. 
The controls should each be single pole double throw center off 
momentary switch. 

The tank can be made to go through the three reverse speeds at 
one second intervals by connection of the left and right reverse 
track Inputs to the appropriate strobe output. Tank rotation in a 
clockwise (right turn) direction is caused by connection of the 
left forward and right reverse track inputs to the strobe while 
counterclockwise (left turn) direction is caused by connection of 
the left reverse and right forward track inputs to the strobe. The 
tanks are able to turn while either in forward or reverse speed and 
rotate when stationary. 

Tank Details 
Definition and resolution 64 bits (8x8) or 8/100 

Orientations 
Direction of travel and 

firing angles 
Forward speeds 
Reverse speeds 

of TV screen width 
32 

32 
3 
3 

SHELLS 

Firing - connection of the gun fire inputto a strobe output with a 
SPST normally open pushbutton switch causes the firing of a 
tank gun and release of a projectile. The firing rate is approxi
mately once every four seconds and the refire requires release of 
the button and redepression. Depression made during the four 
second interfiring time are ignored by the circuit. 
When a shell is in flight, the rotation of the tank will cause the 
shell to follow a curved trajectory in the direction of tank rotation. 
Range - the range of a shell is approximately 2/3 of the screen 
length or width dependent on firing angle. 
Size - the shell is a 2x2 bit dot. 

BATTLEFIELD BARRIERS 

Fixed Terrain Barriers - a minimum of twelve pseudorandom 
fixed terrain barriers are on the battlefield to both impede the 
progress of the tanks and provide protection from shells. When 
coming in contact with a barrier, the tank stops and cannot be 
restarted for two seconds. The operator must then reverse his 
direction or turn the tank to clear the barrier before proceeding. 
Mines - six mines are distributed on the battlefield. Hitting a 
mine with a tank causes the tank to explode and become 
stationary with its gun inactive for a period of 2 to 4 seconds. The 
mine then vanishes for th·e duration of battle. A mine being hit 
scores a hit for the enemy tank. 
Barrier Sizes - barriers and mines are 4x4 bit square minimum 
size. 



EXPLOSIONS (VIDEO) 

Shell Bursts - shell burst patterns are produced when a shell is 
at end of range or when the shell makes contsct with a barrier. 

Tank Explosions - a tank will explode and fragment when a tank 
hlta a mine or is struck by a shell. 

SCORING 

Separate scores, color coded to the tank, are indiceted for each 
player. A player's score is Incremented when his tank scores a hit 

SOUND OUTPUT 

GENERAL 

The sound outputs produced by the circuit are low frequency 
typlcel of those essociated with heavy equipment motors and of 
explosions. it is recommended that the sound be reproduced 
through the TV Bel or in a large speaker so the full richnessofthe 
sound can add the propar atmosphere to the game. 

ENGINE SOUND 

Outputs are provided for the engine sound aSSOCiated with each 
tank. Four motor frequencies are provided; three for the three 
speed ranges and one for stationary condition. A typical sound 
circuit for filtering each output is shown in the System Diagram. 

AY-3-8700 • AY-3-8700-1 [!] 
on his opponent's tank or the opponent's tank hits a mine. The 
game ends when either player scores 31 points. 

RESET 

The game is reset by momentarily connecting Reset input to VN 
through an SPST pushbutton. On reset, the scores are cleared to 
zero, mines replaced and the tanks reset to the upper left and 
lower right comers in the stationary condition. 

GUN FIRE SOUND 

Gun fire sounds are produced mixing the noise output with the • 
fire output. The fire output should be filtered and mixed with the ~: 
noise output as shown in the System Diagram. 

SHELL BURST AND TANK EXPLOSION SOUNDS 

Shell burst sounds are produced when a shell reaches the end of 
its range or hits a barrier. Tank explosion sounds are produced 
when a tank hits a mine or is struck by a shell. These sounds are 
generated by filtaring the hit output which is an open drain FETlo 
VN and using the filtered output to gate the noise output. A typical 
circuit is shown in the System Diagram. 
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GIMINI 

GIMINI Programmable Game Set 
FEATURES 

• User game design capability 
• Up to eight player operation 
• Up to eight moving screen objects controlled by user 
• 64 selectable moving objects 
• Up to 240 selectable background objects 
• 64 text symbols 
• Movable background field 
• Six colors plus black and white 

DESCRIPTION 

The GIMINI Cassette Programmable Game Set is a multichip set 
which can accept different program chips, programmed by the 
user to provide an unlimited number of games including 
aggression games, bali and paddle games, gambling games, 
racing games, etc. The set consists of a CP1610 microprocessor, 
20K ROM game program chips, a standard television interface 
chip and a 16K ROM graphics storage chip. In addition the user 
will have to provide five 256'4 bit RAM circuits. 
The games can accept up to eight player inputs, and the set is 
designed for operation in color or black and white with standard 
domestic television receivers. 

HOST PROCESSOR 

OP1610 

16 

20K ROM 
(2048 >Ii 1Q} 

16 

I RAM 

R/W 

ADDRESS 

SYSTEM COMPONENTS 

CP1610 Microprocessor: The CP1610 is a variant of the General 
Instrument CPI600 microprocessor and is designed for game 
operation. The chip is a 16 bit utilizing eight general purpose 
registers for fast and efficient processing of all game data. The 
processor operates only when picture data is not being pre
sented and controls the addresses in both the program 20K ROM 
and the scratch pad memory according to the game rules. 

2DK ROM (RO-3-20480): The program ROM is organized as 2048 
• 10 bit and contains all game rules. Because the set is organized 
on a data bus principle, additional ROM for more complex games 
may be added, or ROM may be interchanged to provide a user 
selectable game format. The unit also stores all symbol locations, 
color and velocity and direction data. 
RAM: Up to five (5) 256' 4 bit RAMS are required in the system. 
These are standard units with a 320 nanosecond access time. 
STIC (AY-3-890D/8900-1): The STIC (Standard Television 
Interface Chip) provides the video signals including sync and 
blanking in a non-interlaced pattern for the TV deriving its output 
from graphics data specified by the microprocessor and 
obtained from the graphics ROM. The unit is functional only 
during picture time and obtains new graphics data between 
picture lines. The video output will consist olthe six colors, black, 
white, sync, blanking and color burst. In addition, the STIC will 
provide an audio output signal for most game sounds. 
Graphics ROM (RO-3-9316A): The 16K graphics ROM will 
contain a series 8 • 8 dot matrices for a large variety of game 
symbols; compOSite background sections to complete field 
outlines and 64 alpha-numeric characters. Special graphic 
symbols may be specified by the user for inclusion in custom 
processors. 

I GRAPHICS PROCESSOR 

T.V. 

STIC 

¢" tP2 
MCLR 
BUSRQ 
TCI 
BDIR 
BC2 

ADDRESS 

GRAPHICS 
CHARACTER 

16K ROM 
(2048 ' 8) 

SYSTEM BLOCK DIAGRAM 
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SYSTEM DESCRIPTION 

The Gimini Programmable Game Set consists of three major sub 
systems (refer to the System Block Diagram): 

1. The host processor consisting of: 
(a) C.P.U. (CP1610) 
(b) System instruction ROM (RO-3-20480) 

2. Random accell memory conSisting of: 
(a) 256 - 12 bit words 
(b) 256 - 8 bit words 

3. The graphics processor consisting of: 
(a) STIC, Standard Television Interface Chip 

(AY-3-8900/8900-1) 
(b) Graphics ROM (RO-3-Q316A) 

The host processor, via the system instruction ROM, executes a 
fixed program using a specific area of RAM for variables and a 
second area for graphics instructions. The graphics instruction 
area is common to the graphics processor. 

The graphics processor, using the common RAM area, fetches 
data from RAM, decodes it and fetches from the graphics ROM 
the picture to be displayed and displays it on the screen at the 
required position. 

TYPICAL OPERATION 

1. System on. 

2. Current game library displayed. (Automatic switch on routine, 
ROM programmed). 

3. User presses select input. (Host processor seeking external 
branch.) 

4. If game has subset selection,Le., 1,2,3 or 4 player modes, new 
library displayed). 

5. The host processor computes the start-game-picture 
instructions and writes to common RAM; it also computes 
the start condition of variables involved in the strategy of the 
game or motion constants. This setup could, in some games, 
take several picture frames. Therefore, the TV picture is 
presented as a single color wash. (This may be substituted 
with a kalidoscope effect if the time for set up is more than 
one second.) 

6. When the host processor gives control to the graphics pro
cessor, the first TV picture will be drawn using the following 
sequence of events. The first two lines before the active 
picture, up to 40 - 8 bit words will be fetched. This includes 
the following data: 

(a) the individual x and y coordinates of the top left hand 
corner of 8 moving objects, their location in graphics 
library, their color, visibility, and orientation (facing, left, 
right, up and down); 

(b) border color; 

(c) background color; 

(d) background offset in x, y from the top left hand corner of 
the active picture. 

7. At the end of the last two lines before the active picture, the 
first 8 horizontal points of each of the eight moving objects 
will be fetched from the graphics ROM and loaded into the 
scratch pad in the graphics processor. 

GIMINI PROGRAMMABLE iii 
During the drawn picture time any interactions of shapes are 
recorded. Then, at the end of the picture time, they are made 
available to the host processor for decoding of the pictu re status. 

For the system to operate, each 1/60 sec is divided up into five 
time slots which relate closely to the timing and synchronizing of 
the TV. 

Time Slot 1: A time slightly greater than the TV frame blanking; 
approximately 4.5 ms is dedicated to host processor. (This time 
can be increased by the host processor on a frame stealing 
basis). 

Time Slot 2: Active-picture-time consisting of 45jls of each 63.5 
jlS line for 192 lines. 

Time Slot 3: A time slightly greater than the line-blanking-time, 
17.8jls, which is used by the graphics processor for processing 
the moving object data. 

Time Slot 4: Consisting of the last two lines before the active 
picture when the graphics processor fetches the instructions 
from RAM of all the next-moving-object data into its internal 
scratch pad area. 

Time Slot 5: The first two lines after the active picture when the 
interaction data and the picture status is available for the host 
processor. 

8. The graphics processor will then begin the active picture 
subroutine, "draw card" - move. At this time, beginning at 
address '000' in the 12 bit RAM area, each RAM address is 
fetched in sequence (20 per line). (Each address contains a 
secondary address for the graphics ROM plus an instruction 
on how to use the data contained in that address). Each 20 
consective RAM location are re-addressed on 16 lines in 
each picture frame. This results in the picture requiring only 
240 words to describe the entire screen (in RAM) while using 
the graphics ROM to detail the point by point detail in any 
one of the 240 "background card locations". 

9. At the end of each active picture line the next (if required) 
picture dots of the moving objects are fetched from ROM and 
loaded to the graphics processor scratch pad. 

10. Cards and moving objects are output simultaneously by the 
graphics processor. If, however, there is a conflict, moving 
objects have priority-write. This feature is the basis of 
interaction recording, I.e., object coincidence indicates an 
interaction to be decoded by the host processor. 

11. By the end of the picture, all interaction possibilities would 
have been recorded. The graphics instructin detector can 
record all of the 67,108,869 possible moving object 
interactions. Additionally, there are 16,384 ways the moving 
objects can interact with the background objects. These are 
also recorded. 

The interaction structure is such that either shape, color, 
vertical position, horizontal position, or right angle position 
interaction can be detected and acted upon. 

12. The host processor regains control at the end of the active 
picture and re-computes the outcome of the last action and 
what new action is required due to the picture interactions 
and change in the user controls. 

II 

48-39 



[i] GIMINI PROGRAMMABLE 

EaJi! • & 
.:,J,' 

EaR =5'15 ~ ij EaET= 10 
HlvT7 
EaR .' ='115 8 fij EaET=5 

Flg.1 ------:---________________ ---------

Black Jack (2 PLAYERS) 

The Black Jack game is a one or two player game where the 
players are attempting to "beat the house" by drawing a higher 
card' hand than the bank without exceeding a count of 21. The 
game determines the winning hands and increments or 
decrements the bankrolls of the players as a result of the 
outcome of the hand. 

The game approximates Las Vegas rules in that (a) the "house" 
will always draw a card it it has 16 or fewer pOints and will stand 
on 17 or more, (b) draws are standoffs and bets are not won or . 
lost, (c) cards are dealt from a four deck "shoe" and (d) Black 
Jack pays 3 to 2. 
Completion of bet entry by the players initiate the deal which 
consists of two cards being dealt face up to the players and one 
face up and one face down to the "house". The symbol H, asking 
if the player desires a hit, or the symbol D for double are shown on 
the screen in the position previously occupied by the S Symbol. D 
only appears if the player has a 10 or 11 showing. Ifthe first player 
wishes to double, he depresses his yes button when D symbol 
appears. A single card is then dealt and the next player or bank 
completes' his draw sequence. Depression of the no button 
causes the H symbol with a question mark to be displayed. One 
card will be dealt on each depression of the yes button until 
either: (1) Five cards have been drawn, (2) The player depresses 
the nil, button, or (3) More than 21 points have been drawn. Althat 
time play is Wrned over to the second player, if any, who repeats 
the player one sequence. 

When the players have drawn their final cards, the "house" 
competes its draw. Should the house have 16 or fewer points, it 
will always draw an additional card. A count of 17 or more by the 
"house" will complete the draw ilnd cause an evaluation of the 
hands. 

48-40 

Those players with a card count greater than that of the house but 
not over 21, will have their bankrolls incremented by the amount 
of their bet or two times their bet should they have doubled. The 
bankroll count flashes indicating a winning hand. Players who 
exceed 21 or have less than the house have their bankrolls 
decremented by the amount oftheir bet or two times the bet in the 
event of a double. Players matching the house have no action 
taken on their bankrolls. 
The game ends on depression of the game reset button. 

FJg.2 

BJI 

BR =5~5 
BET=ID 
HIT? 

18 

Black Jack (1 PLAYER) 
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BR =5'15 
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Draw Poker (2 PLAYERS) 

The draw poker game is for one or two players who play against 
the house or against each other. 

In two player operation, the players are dealt five cards face up 
after an automatic ante of $5 and a shuffle. The players may then 
evaluate their hands and raise the pot, if they desire. The raise is 
accomplished by the oDening player, that is the one with the 
question mark next to his bet symbol, depressing his yes button. 
A raise of $5 is achieved each depression of the yes button. When 
the desired raise has been reached, the raiser depresses his no 
button and a question mark appears at the second player's bet 
line. If the second player desires to call or raise, he depresses his 
yes button once which causes his bet to equal the first player's 
bet. A $5 raise is made for each successive depression of the yes 
button. Depression of the no button after matching the original 
raiser is a cali. If the second player does not match a raise and 
depresses his no button he concedes the hand and the raiser 
wins no further action. 

The raise and betting continue until one of the players call. At that 
time, an indicator moves between the opposing player's cards, 
dwelling in each position for two seconds. The players wishing to 
discard one or-more cards, secretly depress their yes buttons 
when the marker is in pOSition. When the marker has moved past 
all the cards, the cards are discarded and new cards are dealt to 
replace the discards. The hands are then evaluated by the game, 
and the winning hand is awarded the loser's bet. The winner's 
bankroll count will then flash. 

When a single player is playing the game, he is dealt five cards 
after the shuffle as In the two player game. The object of the game 
is to achieve the best poker hand, and odds are paid on the $5 bet 
in relation to the value of the hand as noted below. Discard is as 

previously described and the hand is evaluated after the new -
cards have been dealt. 

Hand Value 

Royal Flush 
Straight Flush 
Four of a Kind 
Full House 
Flush 

D'PI 

Payout 

$500 
$250 
$125 
$40 
$25 

BR =5 ... 5 
BET= ID 
DRRWi! 

Hand Value 

Straight 
Three of a Kind 
Two Pair 
One Pair (Jacks or better) 
All other hands 

Payout 
$20 
$15 
$10 

Even 
Lose 

F1g.41--------------
Draw Poker (1 PLAYER) 

4B-41 
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RDi! 

:BR =·5 .. 5 
:!lET? 

:!IR = .. 15 
:!lET? 

R9.S------------------________________________ -------------------
Acey/Deucy 

(2 PLAYERS) 

The Acey/Oeucy game is for one or two players where the players 
use a combination of skill and luck to maximize their bankrolls. 
Shuffle and bankroll entry are accomplished in the same manner 
as for Black Jack. 

The game is played with two cards dealt from a single deck face 
up to each player. The object ofthe game is to draw a card which 
is between but not equal to either of the two cards dealt. 

Acey/Deucy 
(1 PLAYER) 

RDI 

BR =5115 
BET? Min 

Flg •• --------------
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FI9.7-----------____________ ---------
War 

(2 PLAYERS) 

The war game is a variation of the children's card game and is 
played with four decks. Each player is dealt five cards face down. 
After the deal, an indicator moves sequentially between the two 
rows of cards and the players choose the card to be turned over 
by depression of the yes button as the appropriate card is 
marked. When both players have selected their cards, the cards 
are shown face up. The player having the higher card wins two 
wins two points and the exposed cards are removed from the 
screen and replaced with two new face-down cards. In the event 

War 
(1 PLAYER) 

that both cards match, War, the players select two new cards in 
an attempt to win the trick. The winner in a War situation is 
awarded 12 points and the exposed cards play 6 additional cards 
are removed from the remaining deck. The game ends when all 
206 cards are used. The winning score will then flash. 

When only one person is playing againstthe game, card selection 
by the player causes both the player's card and the game's card in 
that position to be exposed. 

WRRI 

IIIII 
5EL7 

Flg.S --------------

4B-43 
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Combat Squares 

The object of Combat Squares is to maneuver the s"1uare into 
such a position that a missile can be launched against the 
opponent's square. Each hit scores one point and 31 points ends 
the game. To further complicate the game. barriers are placed 
randomly over the playing area to provide protection from 
opponent's missiles and impede the maneuverability of the 
players. The missiles can be directed to follow curved paths, as 
they are directed by the turn controls. 
Figures 1 shows a typical playing area. 
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Racing Squares 

This game requires both players to maneuver their squares 
around the course as shown in Figure 2. Each complete circuit of 
the course scores five pOints. However, if the player is notskillful 
in the driving of his square, his opponent scores one point each 
time the player hits the wall. 

48-45 
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Ag.3~-----------------------------------------------------------
Shooting Squares 

The Shooting Squares game is a target game where the players 
have their squares fixed as shown in Figure 3 and fire their 
missiles at the targets moving overhead. The targets move at 
various speeds and directions requiring constant adjustment of 
time and direction of fire. Thirty one hits by either player ends the 
game. 
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Juggle I 

The game combines timing and judgment as the players launch 
missiles against each other in an attempt to have the missile hit a 
wall or obstacle while on the opponent's half of the playing area. 
The players have control of the missiles on their side of the 
playing area which they are able to steer in a right or left direction 
with their controllers. 

Play begins when both players have depressed their five buttons 
which launch simultaneous missiles from the player's squares. 
The players then guide the missiles past the obstacles to the 
opponent's half of the playing area, where the opponent gains 
control of the incoming missile. The player must then turn the 
missile to return it to his opponent. Each match ends when both 
missiles have collided with fixed objects and the players start a 
new match. The game ends when 31 points have been scored by 
either player. 

48-47 
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Ag.5;---------------------------------------------------------------

Juggle II 

There is also a single missile version of the Juggle game where 
the player who was last scored against, launches the missile 
against his opponent. 
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Volleyball 

serving scores a point. The Volleyball game uses the closed playing area shown above. 
The players must hit the ball over the net to the opposing player. 
Failure to hit the ball, or hitting the ball against any wall is 
considered a foul. 

Ball travel approximates a parabolic path, and the distance of 
travel is directly related to the angle of the hit. High angle hits 
result in shorter horizontal travel than the low angle hits. 

The game scoring is identical to the real game in that a foul by the 
server only results in loss of service and a foul made when not 

I i! 
.... ,. . . . . 

.- e. . . . . . . 
: -. . . . . . . . . 

: . .... 
F1g.1. High Angle 

-

A score of 15 pOints by either player ends the game. 

.
......... 
. . . . . . . . . ... 

". 
..:.. 

Flg.1b Foul 

I i! 

-
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Protection 

i! 

In this game. the player must protect the goal area of their sides 
of the net to prevent the ball from dropping through the goal 
opening. The ball may be played off of all surfaces and shots may 
rebound from the net or back wall. The game starts when the 
player who was last scored against depresses his serve button. 
The ball will then travel with a random angle to the opposing 
player who must return the ball before it falls through the goal 
area. Play continues until one of the players misses the ball and it 
goes through the goal. 
The game ends at 15 points. 
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A9~.3~----------------________________________ ------------------

Hazard 

The Hazard game is one of skill and luck where the object of the 
game is to keep from hitting the ball into the goal opening which 
is in constant and random motion around the boundary area. 
Should the ball go through the moving goal, the player having hit 
the bell is at fault and loses the point. It Is therefore incumbent on 
the players to anticipate the location of the gael and hit the ball at 

the proper point on the bat to angle the ball so that it will hit a 
boundary. After a goal is made, the ball is next served by the 
player receiving the last paint. 
The game ends on a score of 15 points by either player. 

I , i! .. ------ ... . . . . . . . 

-
Flg.3a Point Lost 

. . . . . . . . . . ... . . . . ...-. 
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FIg.1 

Roadrace 

The Roadrace tests the skill and reaction time of one or two 
players who try to race down a "road" filled with traffic without 
colliding with any of the cars they are passing. 

On game reset, the cars start accelerating and passing the slower 
traffic as they accelerate. Steering is controlled to the left or right 
by the corresponding motion of the joystick. Acceleration 

continues until one of the vehicles collides with a slower car at 
which time the game and the score is displayed. After five 
seconds, the score disappears and the race cars resule their 
acceleration. 

The game ends when either player has had 15 collisions. 

F1g.1a On Collision, game stopa and number of collisions by 
each player Is sh_n. 

48-52 
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Barricade 

The object of Barricade is to keep a constant velocity track, 
steerable in the vertical or horizontal direction, moving without 
crossing itself or a track made by the opponent. Skill and 
strategic playing are required for if either player intersects his 
own track or the track of his opponent, the track stops, a new 
track begins at the origin, and a point is scored for the opponent. 

A score of three for either player terminates the game. 

413-53 
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Submarine 

Survival at sea is the objective of the submarine game with the 
surface fleet trying to depth charge the submarine and the sub
marine trying equally hard to torpedo the surface ships. The 
surface commander has a fleet of cargo and capital ships which 
he must protect with his destroyer. The destroyers are capable of 
dropping depth charges to stop and destroy the submarine and 
this ship can move left and right to fire. The other surface ships 
automatically move across the screen at various speeds to elude 
the sub. Each hit on the submarine counts for two points. 

The submarine commander moves his submarine left and right at 
the bottom of the screen. His mission is to destroy cargo and 
capital ships as well as the destroyer. Each hit on a cargo ship 
counts for one point, a capital ship hit counts for two pOints and a 
destroyer hit, for five points. 

Score are individually displayed and 31 points wins the game. 
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Dogfight 

The Dogfight Game locks two aircraft in aerial combat. The 
planes are controllable in both speed and direction by either one 
or two players whose objective is to destroy the other's aircraft 
with gun fire. Points for shooting down the other player are tallied 
by an on-screen counter and points are also scored when a 
player is hit by the ring of anticraft fire surrounding the playing 
area. The first player to score 31 is the victor and terminates play. 

When only one player is using the game, the other aircraft flies 
continuously with it's gun firing. The player must carefully 
approach the aircraft and shoot it down without being hit himself. 

48-55' 
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'.1 MEM 806 MEM 806A I 
P-Channel Enhancement Mode MOSFETS 

FEATURES APPLICATIONS 

• High breakdown voltage • Low level chopper 
application • Low input and drain to gate 

capacitance • Low level detector 
• High "off" resistance • Sample and hold circuit 
• Very high ratio of "off" to "on" 

resistance 
• Analog switching 
• Multiplexers 

• Normally off and zero offset 
voltage 

• Operational amplifiers 

MAXIMUM RATINGS (TA = 25°C. unless otherwise specified) 

MEM 806/MEM S06A 

Drain to Source Voltage.. . .............. -40V 
Drain to Gate Voltage. ................... . ... -40V 
Gate to Source Voltage................... . .... -40V 
Transient Gate to Source Voltage ....... ±125V 
Storage Temperature. . .................... '" ..... -65'C to +l50'C 
Operating Temperature . . .. -65'C to +l50'C 
Total Dissipation at 
25'C Case Temperature 
Total Dissipation at 
25'C Ambient Temperature 

...... 600mW 

....... 300mW 

ELECTRICAL CHARACTERISTICS 

(TA = 25°C, unless otherwise specified - body grounded) 

MEM806 MEMIIOIA 
SYMBOL CHARACTERISTIC MIN. MAX. MIN. MAX. 

V.'1fII1 Gate Source Cutoff Voltage -2.0 -5.5 -2.0 -5.5 

I ... Drain Leakage Current -1.0 -0.10 

I ... Source Lea.kage Current -1.0 -0.10 

less Gate Leakage Current -3.0 -1.0 

I ..... Drain Current -5.0 -5.0 

BVoss Drain-Source Breakdown -40 -40 

BV ... Source-Drain Breakdown -40 -40 

ROi .. , Drain to SQurce on Resistance 300 300 

V. Transadmittance 2000 2000 

c,. Get. to Source Capacitance 2.0 2.0 

C. Drain to Source Capacitance 0.3 0.3 

c... Gate to Drain Capacltfnce 1.5 1.5 

UNITS 

Volts 

nA 

nA 

pA 

rnA 

Volts 

Volts 

ohms 

pmhos 

pF 

pF 

pF 

CONDIlIOf4S 

v .. = VDI. 
1.= lOp' 
V .. =OV 
V .. =-2OV, 
Ves=Vu=OV 
V .. =-2OV, 
V.=V .. =OV 

Vss=-2OV. 
VDS=VI$=OV 
v .. = VDS = 
-15V 
1.=-10pA, 
V .. =V .. =OV 
1.=-10pA, 
Vso=V.=ov 
V .. =-15V, 
1.= lOOp' 
V .. =-20V, 
f= 1KHz, 
1 •• =lOmA 

V .. =-lOV, 
1.= lOrnA 
V,s=-lOV. 
1.= lOmA 
Vos=-lOV, 
!.= lOrnA 

TO-72 

ffD!t~ 
.208 

~
195 

T'i'i CAN 

030 ' MAX &!2 L I .170 HATING 
T:; t t PLANE 

HEADER - .o80J .2110 Jo 
J!!l ~ n MAX MIN. MIN • 
• 018 -U-=-..i j 
.021 
:mi 

,!!!! 
....... r ... '--....L.0211 

BOTTOM VIEW 
IIDIII: All dimensions in inches. 

TERMINAL DIAGRAM 

Lead 
1. Drain 

2. Gate 
3. Substrate (Case) 
4. Source 



TYPICAL CHARACTERISTIC CURVES 

TRANSFER CHARACTERISTICS 

VDS (VOLTS) 
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MEM 806 • MEM 806A I!J 

DRAIN TO SOURCE RESISTANCE vs. GATE VOLTAGE 
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IOOfl-A 
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IIiII MEM 807 MEM 807A 

P-Channel Enchancement Mode MOSFETS 

FEATURES APPLICATIONS 

• High breakdown voltage • Low level chopper 
application • Low input and gate to drain 

capacitance • Analog switching 
• High drain to source off 

resistance 
• Sample and hold circuit 
• Multiplexers 

• Very high ratio of "off" to "on" 
resistance 

• Audio amplifier 
• Operational amplifiers 

• Normally off with zero gate 
voltage 

• Zener protective diode 

MAXIMUM RATINGS (TA = 25'C. unless otherwise specified) 

MEM S07/MEM S07A 

Drain to Source Voltage.. . ..... -40V 
Drain to Gate Voltage. . .. -40V 
Gate to Source Voltage.................. . .. -40V 
Transient Gate to Source Voltage. ..±12SV 
Storage Temperature. . .................. -6S·C to +lS0·C 
Operating Temperature .......... -6S·C to +lS0"C 
Total Dissipation at 
2S"C Case Temperature. . .. 600mW 
Total Dissipation at 
2S"C Ambient Temperature .......................... 300mW 

ELECTRICAL CHARACTERISTIC 

(T A = 2S' C. unless otherwise specified - body grounded) 

MEM807' MEM807A 
SYMBOL CHARACTERISTIC MIN. MAX. MIN. MAX. UNITS 
V.SIIII' Gate Source Cutoff Voltage 2.0 5.5 -2.0 -5.5 Volts 

I.u Drain Leakage Current -1.0 -0.10 nA 

I". Source Leakage Current -1.0 -0.10 nA 

Irm Gate leakage Current -0.20 -0.05 nA 

IDI"', Drain Current -5.0 -5.0 mA 

BVDSS Drain-Source Breakdown -40 -40 Volts 

BVsos Source-Drain Breakdown -40 -40 Volts 

BVsss Gate to Source Breakdown -40 -40 Volts 

RD1 .. , Drain to Source on Resistance 300 300 ohms 

V. Transadmittance 2000 2000 ,.mhos 

c~ Gate to Source CapaCitance 2.0 2.0 pF 

c. Drain to Source Capacitance 0.3 0.3 pF 

c,. Gate to Drain Capacitance 1.5 1.5 pF 

40-4 

CONDITIONS 
Ves-VD$. 
1.= 10pA 
V,,=QV 
V .. =-2OV. 
V6 ,=V,,=OV 
V,,= -20V, 
VGO::;: VID = OV 

Ves = -2OV, 
VDl =V,,=QV 
V6S = VDS = 
-15V 

1.=-lOpA. 
V$$ = VIS = OV 

1.=-lOpA. 
V&o=VID=OV 

I. = -10 pA. 
VDS= v., = OV 
V5S= -15V. 
1.=loopA 
V .. =-20V. 
f= 1KHz, 
1 .. = 10mA 

V .. =-lOV. 
1.= 10mA 
VDs=-lOV, 
1.= 10mA 
VDs=-lOV, 
1.= 10mA 

TO-72 

~ 
...... T ..,0--1..028 

BOTTOM VIEW 
lilt.: All dimensions in inches. 

TERMINAL DIAGRAM 

Lead 
1. Drain 

2. Gate 
3. Substrate (Case) 
4. Source 
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TYPICAL CHARACTERISTIC CURVES 

TRANSFER CHARACTERISTICS 
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IIiII MEM 817 

P-Channel Enhancement Mode MOSFET 

FEATURES 

e High breakdown voltage 
e Low input and drain to gate capacitance 
e High "off" resistance 
e Very high ratio 01 "off' to "on" resistance 
e Normally off and zero offset voltage 

APPLICATIONS 

e Low level chopper application 
e Low level detector 
e Sample and hold circuit 
e Analog switching 
e Multiplexers 
e Operational amplifiers 
e Smoke Detector 

MAXIMUM RATINGS 
Drain to Source Voltage ........................................................................... 45V 
Drain to Gate Voltage ............................................................................. ..45V 
Gate to Source Voltage ........................................................................... ± 200V 
Storage Temperature ................................................................................ 50°C to 150°C 
Operating Temperature ............................................................................ 50°C to 125°C 
Total Dissipation at 25°C Case Temperature ..................................... 400mW 
Total Dissipation at 25°C Ambient Temperature ................................ 225mW 

ELECTRICAL CHARACTERISTICS Body Connected To Source. 

SVMBOL CHARACTERISTICS CONDITIONS MIN TVP 

VGS Ithl Gate·to·Source VOS - 201/, los- 10!,A -2.5 
Threshold Voltage 

loss Drain Leakage Vos - -201/, VGS - ov - -
Current 

Isos Source Leakage Vso - -20V, VGBO - OV - -
Current 

IGSS Gate Leakage VGS - -25V, VOS = OV - -
Current 

BVoss Drain Breakdown IDS - -to!,A, vGS =-ov -35 -45 
Voltage 

BVGOX Gate •. VOS = OV ±200 ±225 
Oxide Breakdown Voltage 

1010ni Drain Current VGS = VOS = -tOY -3 -12 

Ro lonl Drain-Io-Source VGS= -151/, los= -lmA - -
on reSistance 

V,. Forward Transadmittance VGs=VOs=-tOV tOOO 2000 
Ciss Total Gate r~lMV~r-l0V - 3.5 

Input Capacitance 
Cos. TotalOrain r~lJ~r-l0V, - 2.5 

Output Capacitance 
CIS. Reverse Transfer r~iJ~r-l0V, - 1.2 

Capacitance 
AGS Voltage Gain V~fr - -t5V, R - 10K (Source) - 0.8 

As Source Follower R rom gate to ground) -
1090hms 

4C-6 

MAX 
5.5 

-3 

-5 

-1 

-

-
-

350 

-
6 

5 

2.5 

-

UNITS 
V 

nA 

nA 

pA 

V 

V 

mA 
0 

umhos 
pF 

pF 

pF 

-

f 
TO-72 

Bottom View 

II1II. All dlm.nslons in inch ... 

TERMINAL DIAGRAM 

Lead 
t. Drain 
2. Gate 
3, Substrate (C_l 
4. Source 
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IIiII 3N181 3N182 3N183 

P-Channel Enhancement Mode MOSFETS 
FEATURES 

• One Watt Power Dissipation 
• Low Drain·Source "ON" Resistance 
• 10 '0 Ohms Input Resistance 
• Integrated Zener Protects the Gate 
• Normally "OFF" with Zero Gate Voltage 
• Square Law Transfer Characteristics 
• High Ratio of "OFF" to "ON" Resistance 

APPLICATIONS 

• Designed Primarily for Medium Power 
Switching and Chopper Applications 

• Series and Shunt Choppers 
• Analog Switch 
• Multiplexers 
• Low Impedance Device Driver 

MAXIMUM RATINGS (TA = 25°C, unless otherwise specified) 

3N!I! 3N!82 

Drain-Source Voltage -30V -3OY 
Drain-Gate Voltage -30V -3OY 
Gate Current (Forward 

Direction for Zener O.lmA O.lmA 
Clamp) 

Gate Current (Reverse 
Direction for Zener 1.OmA l.OmA 
Clamp) 

Drain Current lOOmA lOOmA 

3N!83 

-25V 
-25V 

O.lmA 

I.OmA 

IOOmA 
Storage Temperature -65°C to +200oC -65°C to +200°C -65°6 to +2000C 
Operating Temperature -65°C to +1500C -65°C to +1500C _65°C to +1500C 
Total Dissipation at 
25°C Case Temp. l.OW I.OW 1.0W 

Total Dissipation at 
25°C Ambient Temp. 300mW 300mW 300mW 

Derating Factor 2.4mW/oC 2.4mW/oC 2.4mW/oC 

I' 

I 
! 

TO-72 

.208 
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[!] 3N181 • 3N182 • 3N183 

ELECTRICAL CHARACTERISTICS (TA = 25°C. unless otherwise specified - body grounded) 

3Nl81 

SYMBOL DC CHARACTERISTICS MIN MAX 

V •• I .... Threshold Voltage 3.0 4.0 
I ... Drain Leakage Current - 0.5 
IDS. Drain Leakage Current - 10.0 
I ... Source Leakage Current - 1.0 
I •• Gate forward Current - 250 
I •• Gate forward Current - 5.0 
BV ... Drain Breakdown Voltage 30 -
BV ... Source Breakdown Voltage 30 -
V ... Gate to Source forward 

Voltage 30 -
I.IONI Drai n Current 40 -
R"ION1 Drain·Source on Resistance - 45 
VOSIOHI Drain-Source on Voltage - 225 

3Nl81 

SYMBOL AC CHARACTERISTICS MIN MAX 

Yh 
C, .. 
C. 
Co. 
t.I"1 
t-
t.qoffl 

t. 

4c-8 

forward Transadmittance SOOO -
Input Capacitance - 25 
Drain to Source Capacitance - 0.05 
Gate to Drain Capacitance - 8.0 
Turn·On Delay TIme - 30 
RiseTIme - 30 
Turn-Off Delay Time - 50 
fall Time - ISO 

DRAIN TO SOURCE RESISTANCE 
va GATE VOLTAGE 

120 r .. ,., r-... ;._ ............ ., ..... _. 

! 
110 ~··tH-·····'-······--+-··-·······,--····-+---···-" 

100 t-tt·t--········-··+~'···=1""J"-···,··--······-, 

I 
90 ~··tH··+---···-+····-···r--··-+------j 

80 I ..... tt--\.,--.... -....... ! ...... - .... -~~-..... -+ ..... ,._ ..... _; 
~ I 
o 

70 1',-.'. 
~ i 

~ &0 ~ .... -\\t-~ .. -+--. ··+·-·-··-··i-···'-·'··~ 

I 

, 
i , 
! ! 1 30r ~'--··'l'· 
I I 

20L __ .1.- ._1. 
-5 -10 -15 -20 -25 -30 

vo• VOLTS 

3NI82 

MIN MAX 

2.5 5.0 
- 2.5 

- 15.0 
- 5.0 

- 500 

- 10.0 
30 -
30 -
30 -
40 -
- 60 
- 300 

3Nl82 

MIN MAX 

8000 -
- 25 
- 0.075 
- 10 
- 35 
- 35 
- 55 
- 180 

3NI83 

MIN MAX 

2.0 6.0 

- 10.0 
- 25.0 

- 10.0 
- 1000 

- 25.0 
25 -
25 -
25 -
25 -- 75 
- 375 

3Nl83 

MIN MAX 

8000 -
- 30 
- 0.1 
- 12 
- 40 
- 40 
- 55 
- 180 

UNITS CONDITIONS 

Volts V .. = -lOV. I. = -10"" 
nA V .. = -20V. V .. = OV 

"" V .. = -2OV. V •• = OV. TA = 15O"C 
nA V .. = -2OV. V ... = OV 
pA V .. = -20V. V •• = OV 

"" V •• = -2OV. V .. = OV. TA = 15O"C 
Volts I. = -10"". V .. = OV 
Volts I. = -lOpA. V ... = OV 

Volts I. = -lOpA. V .. = OV 
mA V .. = V., = -15V 
Ohms V •• = -15V. V .. = OV. 10 = O.lmA 
mV Ves = -20V. I. = 0.5mA 

UNITS CONDITIONS 

"mhos V'" = -15V. I. = 25mA. f = 1kHz 
pF V •• = -ISV. V •• = OV. f = lMHz 
pf V .. = -15V. V •• = OV. f = 1MHz 
pf V .. = OV. V., = OV. f = lMHz 
ns 
ns } R, = R, = 3.7K Ohms 
ns See Circuit Diagram Bel_ 
ns 

DRAIN CURRENT va GATE VOLTAGE 
TRANSFER CHARACTERISTICS 

200! .......... \ ..... _ .. -;. 

" E 

~ 
I 

180t' 

10 15 

-Vo. VOLTS 



3N181 • 3N182 • 3N183 iii 
SWITCHING CIRCUIT FOR P-CHANNEL ENHANCEMENT 

VDD 
-IIiV 

GENERATOR 
t, • tf S 10,.5 lOl---_W..,....+I 

DUTY c.:i:'r; ':'°r: 

?-- OSCILLOSCOPE 
t, S lOftS 
Rift i!!: 107A 
Cln S 2.lIpF 

GENERATOR SOURCE 
IMPEDANCE' !lOll. 

DRAIN (OR SOURCE) CURRENT v. TEMPERATURE 

'0.000 

VDS -20 

~ 1000 
.S IUY J 

// I 

V ,/ 

:...--:: ~ / i 

,// .... ~ 
..-::;V V I 

::;;..- I-"" I 
z 
i 1.0 

o. , 
25 .0 '0 .0 .05 '20 145 1150 165 

1EIII PERATURE ·C 

SERIES CHOPPER 
(or MULTIPLEX CELL) SHUNT CHOPPER 

r---"""1p---oVDU' 

RANGE OF TYPICAL VAWES 

V_ o to -25V Square Wave 20Hz to 100kHz: 

V,N +0.5V (Max) A.C. or D.C. Sianal - 20V(Max) 

V .. , Chopped Output 

R. 1Koto 1MO 

R_ 5011 to 1MIl 

R, 10Kota 10MO 

R, 1Kto 1MO 

o 10% L J INPUT I 
PULSE 

-:" ~ J~ r-t-,-~-d-O-N---~~~rtd OFF. 

~,,~ 17 \~ 
VDD 90% -- Y- \"'. ____ _ 

c 
! 0 

CHARACTERISTIC CURVE 

DRAIN CURRENT VB 
DRAIN-TO-SOURCE VOLTAGE 

T •• ~5'C .- ,~ 

A ~ 
~ ~ ~ 

.6P v ~ 
~ IP: I--""" -,. 

, .£U ~ ~ r- ~ k-::: 
~ ~ ~ 
~ V 
1-'-' 

-2 

-. 
-4 

5 
-200 -100 'DO 200 

40-9 
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MEM 550 
MEM 551 

MEM 550C 
MEM 551C 

Dual P-Channel Enhancement Mode MOSFETS 

FEATURES 

• 10lO ohms Input resistance (MEM 550 Series) 
• 1015 ohms input resistance (MEM 551 Series) 
• Integrated zener clamp protects the gate (MEM 550 Series) 
• Normally off with zero gate voltage 
• Square Law transfer characteristics 

APPLICATIONS 

• Analog switches 
• Series and shunt choppers 
• Operational amplifiers 
• Logic circuits 
• Linear RF amplifiers 
• Multiplexers 
• Very high input Impedance amplifiers (MEM 551 Series) 

MAXIMUM RATINGS 

MEM 550 MEM 551 MEM 550C MEM 551C 

Drain to Source Voltage ................................. -30V -30V -25V -25V 
Source to Drain Voltage ................................. -30V -30V -25V -25V 
Gate to Source Voltage ................................. -30V ..l.30V -25V -25V 
Gate to Drain Voltage ..................................... -30V -30V -25V -25V 
Gate Current (Forward Direction for 

Zener Clamp) ................................................ +O.lmA - +O.lmA -
Drain'Current .................................................... -25mA each side - 25mA each side 
Storage Temperature ...................................... -50 To 150°C -50 To 1250C 
Operating Junction Temperature ................. -50 To 1250C -50 To l000C 
Total Dissipation at 25°C Case 

Temperature .................................................. 325mW each side 250mW each side 
Total Dissipation at 26°C Ambient 

Temperature .................................................. 112mW each side 85mW each side 

ELECTRICAL CHARACTERISTICS (for each side - body grounded) 

MEM 550 MEM 550C 
MEM 551 MEM 551C 

SYMBOL CHARACTERISTIC CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 
VGST Gale Souro. Thresh.ld 

Vollage vGS-Vos.lo- -10"A -3 - -6 -3 - -6 V 
loss Dram leakage Current Vos - -20V. VGS - OV - -0.2 -10 - - -10 nA 
1505 Source Leakage Current VOS - -20V. VGS - OV - -0.2 -10 - - -10 nA 

MEM 550 - -0.1 -1 - - -
IGSS Gate leakage Current VGS= -15V MEM 551 - - -1 - - - pA 

Vos= OV MEM 550C - - - - -.03 -4 
MEM 551C - - - - - -10 

10(on) Drain Current VGS=VOS= -10V -1.5 -5 - -1.5 -5 - mA 
BVOSS Drain-Source Breakdown 10 - -10"A. VGS - OV -30 -50 - -25 -50 - V 
BVsos Source-Drain Breakdown Is - -10"A. VGS - DV -30 -50 - -25 -50 - V 
BVGSS Gale 10 Source Breakd.wn IGS - - IOI'A. VOS - OV -30 -50 - -25 -50 - V 

V's Transadmittance lkHz,VGS-VOS- -10V 500 - - 500 - - ILmho 
CGS Gate to Source 

Capacitance VGS = Vos = -10V - 1.1 - - - 4 pF 
Cgd Gale 10 Drain Capacilance VGS - VOS - -10V - 1.1 - - - 4 pF 
CdS Drain to Source 

Capacitance VGS - VOS - -10V - 0.15 - - - 0.2 pF 

'os (onl Drain to Source on 
Resistance VGS- -15V.Vos-OV - 250 - - - 400 ohms 

V's,/V Is2 Transadmittance Ralio VOS - -1 OV.los - 250l'A 0.8 - 1.0 0.8 - 1.0 mV 
VGS1-VGS2 Gate V.ltage Diflerential VOS - -1 OV. los - 250"A - 70 200 - 70 200 mV 

40-10 
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TERMINAL DIAGRAM 

Lead 

1. Drain 1 5. Gate 2 
2. Source 1 6. Source 2 
3. Gate 1 7. Drain 2 
4. Substrate (Body) 8. Open 
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TYPICAL CHARACTERISTIC CURVES 

DRAIN CHARACTERISTICS AT 125"C 
V .. (VOLTS) 

-20 -I. •• 

r 
H-+'lf9==FF~.yI:~ i 

2.5::. 

-~ 

DRAIN CHARACTERISTICS AT 25"C 
V .. (VOLTS) 

i.-' ..... ~ 
~f-"'+:;k97'bo~t-+-t-1-.·S f 

~ JI 

... ...... 
v 

DRAIN CHARACTERISTICS AT 25"C 
V .. (VOLTS) 

,/ 1/ 'I) 

II 

MEM 550 • MEM 550C • MEM 551 • MEM 551C Ii] 

MEM 550 / MEM 551 

DRAIN CHARACTERISTICS AT 25"C 
V .. (VOLTS) 

-20 -I. • • 
-6 

-, .... 1--' ... l./ 
1-0:- 1/ i 

I-f-"'"/ 
2.S ::;: 

1-1-" _1 

..... 
1-,,, -

TURN-ON CHARACTERISTICS AT 25"C 
V .. = V .. (VOLTS) 

-2. -I. •• 
1/ 

II 

MEM 550C / MEM 551 C 

TURN·ON CHARACTERISTICS AT 25"C 
V •• = V .. (VOLTS) 

.';.0 ""T""T""T""T;;..-r...,." ..... -r-% 

I 
I 

t-t-t-t-HrHHHH"o ~ 

I 

DRAIN CHARACTERISTICS AT -70"C 
V .. (VOLTS) 

•

20 -I. g .. - . 
-6 

1-- , 

/ 
i 2.5 ~ 

-
II 

TURN-ON CHARACTERISTICS 
V .. = V .. (VOLTS) 

1/ - 25 

HH-t-t-ft-+-+-+-+-l-.25 i 
JI 

DRAIN CHARACTERISTICS AT 25"C 
V .. (VOLTS) 

SMALL SIGNAL EQUIVALENT CIRCUIT FOR EACH SIDE 
(Conditions: Vos = Vos = 10V) 

~~I'! ~Ff ·f 1 
ID :::::3mA 

Cf-'" 
.. Mill CH .... n.,ITIG 

IODY 
AND 
CASE 

SOURCE 

Diodes All diodes .r. to be considered perfect diodes 
rlf Gat, to source II. kill rlli.tlnc •• nd diode '"kq. ,Killanc, 
r. Dynlmic drlln resl.tance 
c.. Gat. to source cI.itlne. 
c.. Gat, to drlin tlllaclt.nee 
C. Dr,in to ICNIfCI c'PICltlnc. 
Y.. ForWird ttlfllldmittanc. 

"PlCIL 
VALUI 

101' 

18 
1.1 
1.1 
0.15 
1400 

UNITt 

oIIms 

Kohm. 
pf 
pF 
pF 

"mho 

40-11 
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MEM 954 Series 
MEM 955 Series 

Dual P-Channel Enhancement Mode MOSFETS 

FEATURES 
• Normally off with zero gate voltage 
• Square law transfer characteristics 
• Tight Vas match 
• Low temperature coefficient of A VGS 
• Specified for audio noise 
• Low leakage currents 
• 10" OHMS input resistance (MEM 955 Series) 
• 10" OHMS input resistance (MEM 954 Series) 
• Integrated zener clamp protects the gate (MEM 954 Series) 

APPLICATIONS 

Very high input impedance amplifiers 
Series and shunt choppers 
Operational amplifiers 
Smoke detectors 
Cryogenic amplifiers 
Multiplexers 
Analog switches 

MAXIMUM RATINGS (T A = 25°C, unless otherwise specified) 

Drain to source voltage ...•.....•......•.........•...•.•.•.•............. -35V 
Source to drain voltage ............••.•......•.........•.......••••.•.... -35V 
Gate to source voltage ...............•......................••••••....... -40V 
Gate to drain voltage ...................•.•..........•.....•.•.........•. -40V 
Gate current ...........•..........•........................••.••..••. +0.1 mA 
(Fwd. direction for zener clamp) (MEM 954 Series) 
Drain current. ..........•........•........•............•..•.. -50 mA each side 
Storage temperature ..•.•...............•............•.....•. -50°C to +150°C 
Operating junction temperature .....•...•.•..........•....... -saGC to +125°C 
Total dissipation at 25°C case temperature ...........•.••.... 300 mW each side 
Totai dissipation at 25°C ambient temperature ................ 112 mW each side 

4C-12 
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TERMINAL DIAGRAM 

Lead 
1. Drain 1 
2. Source 1 
3. Gate 1 
4. Substrate (Body) 
5. Gate 2 
6. Source 2 
7. Drain 2 
8. Open 

MEM 954 Series MEM 955 Series 
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. . 



MEM 954 • MEM 954A • MEM 954B 
MEM 955 • MEM 955A • MEM 955B 

ELECTRICAL CHARACTERISTICS (TA = 25°C, unless otherwise specified - body grounded) 

Symbol Characteristics MEM Min. Typ. Max. Units Test Conditions 

BVoss Drain·Source Breakdown -35 V VGs=OV. V.s=OV. ID= -IOJLA 

BVsos Source· Drain Breakdown -35 V VGo=OV. V.o=OV.lo=-IOJLA 

BVGSS Gate·Source Breakdown -40 V Vos=V.s=OV.IG=-IOJLA 

Gate·Source Threshold 
VGSfTHI 

Voltage 
-2.0 -3.5 -5.0 V Vos=VGs, 10= -IOJLA 

Drain To Source 954 Series n VGs=-15V. V.s=OV 
ROSfONI 100 150 

On Resistance 955 Series 10=0.1 rnA 

Forward Vos= -IOV. 10=500JLA. 
VIS 700 1400 JLrnho 

T ransadmiUance V.s=OV. f= 1.0 11Hz 

TransadmiUance 
VIStlV fS2 

Ratio 0.9 1.1 
Vos=-IOV.ID=500JLA. 

-
V.s=OV. f= 1.0 11Hz 

Equivalent Input nV Vos= -IOV. 10=500JLA. 
I ENI 700 .JHi i Noise Voltage V.s=OV. f= 100Hz. BW= 1Hz 

I EN2 
Equivalent Input nV Vos= -IOV. 0=500JLA. 

175 .JHi Noise Voltage V.s=OV. f= 1.0 11Hz. BW= I Hz 

! 954. 954A, 955, 955A .08 1.0 
loss Drain leakage Current 

nA Vos =-20V, VGs=V.s=OV 
954B, 955B .05 .30 

954, 954A, 955, 955A .08 1.0 
lsos Source leakage Current 

nA Vso=-20V, VGo=Vso=OV 
954B, 9558 .05 .30 

954 .03 .30 

nA VGs= -20V, V.s=Vos=OV 
954A,9548 .03 .10 

IGSS Gate leakage Current 

955, 955A .02 2.0 

9558 .02 1.0 
pA VGs=-40V, V.s=Vos=OV 

954, 955 75 

I VGlS,VG2S I 
Gate Voltage 

954A,955A 25 mV 
Vos-IOV,lo=500JLA, 

Differential V.s=OV 

954B, 9558 10 

Gate Voltage 954,955 150 
~IVGIS'VG2S I Differential Vos= -IOV, 10=500JLA, 

~T Temp. Coeff 954A,955A 50 JLvrC 
V.s=OV 

TI=25·C, Tz=IOO·C 9548, 9558 25 

• 
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'-I MEM 562 MEM 562C 

N-Channel Enhancement Mode MOSFETS 
FEATURES 
• 10" ohms input resistance 
• Normally off with zero gate voltage 

Square Law transfer characteristics 
• Low insertion loss 
• Low input and output capacitance 

APPLICATIONS 
• Logic circuits 
• Switches 
• Choppers 
• Multiplexers 
• Audio/RF Amplifier. Oscillators 
• Operational Amplifiers 

MAXIMUM RATINGS 
(TA = 25°C unless otherwise specified) 

MEM 562 

Drain to Source Voltage .......... , +20 Volts 
Gate to Source Voltage ......... ±10 Volts 
Gate to Drain Voltage. ±30 Volts 

MEM562C 

+20 Volts 
±10 Volts 
±30 Volts 

Drain Current 10 ... .Limited by Dissipation 
Storage Temperature. .... .......... ..... -65 to 150°C 

Limited by Dissipation 
-50 to 125'C 

Operating Junction Temperature... . .... -65 to 125'C 
Total Dissipation 

@ 25°C Ambient Temperature.... . .. 225mW 
@ 25°C Case Temperature...... .. .650mW 

Derate Linearly From .............................. T. = 25°C to 125°C 

ELECTRICAL CHARACTERISTICS 

@2.25mW/oC 
T. = 25°C to 125°C 

@6.5mW/oC 

-50 toIOO'C 

175mW 
500mW 

(TA ,= 25°C. unless otherwise specified - body grounded) 

MEM562 MEM562C 

S, ••• I Ch"ICltri.ttc Mil ly, Mil Min T" Mil Unit, COlditions 

VSSITHI Gate to Source 0.50 1.5 4.0 
Threshoid Voitage 

0.50 1.5 4.0 V Vos = VG~I ID = +lO,.A 

loss Drain leakage Current - - 10 - - 10 nA V" = +lOY, V., = OY 

1655 Gate leakage Current - - 10 - - 100 pA Yss = ±10V, Yos = OV 

BYoss Drain Breakdown 20 - - 20 - - V I, :::; +IO,.A, V., = OV 
Voltage 

RDSION) Drain to Source - 150 300 - 150 350 ohms V.,= + lOY. 1,= 0.1"'" 
on Resistance 

IDIOMI Drain Current 5 15 - 5.0 15 - mA Yes = V60S = +lOV 

Y. Forward 1000 - -
Transadmlttance 

1000 - - "mhos V" = +IOV, I, = 2""'.1 = 1kHz 

C ... Total Gate Input 
Capacitance 

- 3.0 4.0 - 3.0 5.0 pF V .. = OV. V,,= +lOV.I= 1 MHz 

C~. Total Orain Output 
Capacitance - 3.0 4.0 - 3.0 5.0 pF V., = OV. V" = +lOY. 1 = I MHz 

c.., Gate to Drain - 0.3 0.5 - 0.3 0.6 pF V., =OV. V,,= OV.I= I MHz 
Capacittlnce 

t. Turn on Delay Time - - 45 - - 55 nS See Figure I 

t. Rise Time - - 65 - - 75 nS See Figur. I 

t(offl TumoffTime - - 160 - - 170 nS See Figur. I 
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DRAIN TO SOURCE RESISTANCE 
VI GATE VOLTAGE 

.00 

400 

300 

200 

, .. 

o. 
V.,(VOLTSI 

vos=ov 
V .. -O\l 
ID-'·OmA 

.T ... ·+~-c 

20 2. 

FORWARD TRANSADMITTANCE 
VB DRAIN CURRENT 

.," -"'~-:-... - --_.' -~ ""'r;'~'--

". -VD-S~'W!V' 
-'Vss-;= "f!JV"" 
FREQ:. I kHt ' 

TA"·:;·~5o.0~··:·l ~ .. 

i' 
2:0' L"5~0':"i"6--io 

10 (rnA) 
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IIiII MEM 711 

N-Channel Enhancement Mode MOSFET 

FEATURES 

• Monolithic Gate Protection Diode 
• low Feed-Through Capacitance 
• low ON Resistance 
• Normally OFF with Zero Gate Drive 

APPLICATIONS 

• High Speed Analog Switches 
• linear Amplifiers 
• Series-Shunt Choppers 
• Synchronous Detectors 
• level Shifters 
• High Input Impedance Buffers 

DESCRIPTION 

The MEM 711 is an N-channel, Enhancement Mode, Metal Oxide Semiconduc
tor Field Effect Transistor, protected from excessive input voltages by a 
monolithic zener diode between gate and substrate. This MOSFET features a 
low threshold limit of 1.5 volts making possible direct drive from low voltage 
TTL logic levels. The low ON resistance and low feed-through capacitance 
make the MEM 711 ideally suited for high speed analog switching. 

MAXIMUM RATINGS (TA = 25°C, unless otherwise specified) 

Drain to Source Voltage ......................... Vos ..................... 25 Volts 
Gate to Source Voltage ......................... V GS ••..•••••••••••••.•.• 30 Volts 
Gate to'Drain Voltage ........................... VGD •••••••••••.••••••••• 30 Volts 

Storage Temperature ................................................ -65 to 150·C 
Operating Junction Temperature .......... '" ............. '" ........ -65 to 150·C 
Total Dissipation @ 25°C Ambient Temperature ........................... 225 mW 

@ 25°C Case Temperature .............................. 650 mW 

40-16 

i1 _ .... 

TO-72 

:~: DIA.;'--I 

I ..... ---+!- :!~: DIA. 

.210 J;. T70L . 
, ---,.250 

.019 .030/:;0-0-0---, ~::. 
-:or& ./U u U t 

.021 

Bottom view 

Note: All dimension. in Inche •• 

TERMINAL DIAGRAM 

LEAD 

1. Source 
2. Gate 
3. Drain 
4. Substrate, case 



MEM711 m 
ELECTRICAL CHARACTERISTICS (TA; 2SoC. unless otherwise specified - body grounded) 

Symbol Characteristic 
--

VOS llh) Gate-to-Source 
Threshold Voltage 

loss Drain Leakage Current 

lass Gate Leakage Current 

BVoss Drain Breakdown 
Voltage 

BVoss Gate Breakdown 
Voltage 

ROSION) Drain-to-Source 
on Resistance 

10 ION) Drain Current 

V's Forward 
Transadmittance 

Ciss Total Gate Input 
Capacitance 

Cos. Total Drain Output 
Capacitance 

Cgd Gate-Drain 
Capacitance 

td!on) Turn on Delay Time 

t, Rise Time 

tdloff) Turnoff Delay Time 

t, Fall Time 
.. .- . 

SWITCHING TEST CIRCUIT 

JL PULSE 
GEN 

GENERATOR: 
tr': tf l.!5nSEC 
PULSE WIDTH IOO~SEC 
DUTY CYCLE 2.,. 
RGn 50 OHMS 

OSCILLOSCOPE: 
f, I nSEC 

1070HM5 
1.5pF 

Rin 
Cin 

LOAD: 
RL IK OHMS 

Conditions Min Typ Max Units 

Vos = + 10V.lo = + 10/LA. Vas = OV 0.50 - 1.5 V 

Vos = + 10V. Vas = OV, Vas = OV - - 10 nA 

Vas = +10V, Vos = OV, Vas = OV - - 1.0 nA 

10 = + 10/LA, Vas =OV, Vas = OV 25 - - V 

10 = +lO/LA, Vos = Vas = OV 30 - - V 

Vas = +10V,lo =0.1mA -
Vas =OV 

- 100 ohms 

Vos = Vas = +10V,Vas = OV 10 - -

I 
mA 

Vos = +10V,lo = 2mA, f = 1kHz 1000 - - /Lmhos 
Vas = OV 

I 
VGS =OV,Vos = +10V,f= 1 MHz - - 6.0 pF 
Vas = OV 

VGS = OV, Vos = +10V, f = 1 MHz - - 5.0 pF 
Vas = OV 

VGS = OV, Vos = OV, f = 1 MHz - - 1.0 pF 
Vas = OV 

Voo = 10V - - 3 ns 

'.~ - ,"'" } - - 5 ns 

VGS (on) = 10V See Figure 1 - - 30 ns 

VGSloH' = OV - - 60 ns 
-

r---- PULSE WIDTH----1 

90%1 - ~-I"""'i'O%"VG,(ON). IOVOll'S 

10':'" I l ...!:~~ • ~ T "",-,~","O"!:.. __ 
,- VGSCOFF)- OYOLTS 

jt'in Itl"~ 

__ -.j __ 'd",,~O-=;G..,;1 I, ~ Id(O~f ~~. 10 VOLTS 

I OUTPUT I J 
CHANNEL B 

90% "-_____ -',.-...,,90"-%"--__ 0 VOLTS 

CL 7pF INCLUDING SCOPE INPUT C 
VDD tOvOc 
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IIiII 3N175 3N176 3N177 

.N-Channel Enhancement Mode MOSFETS 
FEATURES 

• low Threshold Voltage 
• low Input and Gate to Drain 

Capacitance 
• 1012 Ohms Input Resistance 
• Normally "OFF" with Zero Gate Voltage 
• Square law Transfer Characteristics 
• High Ratio of "OFF" to "ON" Resistance 

APPLICATIONS 

• Designed Primarily for low Power 
Switching and Chopper Applications 

• .Complementary to P·Channel 
Enhancement MIOS 

• Series and Shunt Choppers 
• Analog Switch 
• Multiplexers 
• Audio Amplifier 
• Operational Amplifiers 

MAXIMUM RATINGS (TA ,= 25°C unless otherwise specified) 

3N175 3N176 3N177 

Drain-Source Voltage +30V +25V +2OV 
Drain-Gate Voltage +30V +25V +20V 
Forward Gate- +35V +30V +20V Source Voltage 
Reverse Gate- -35V -30V -20V Source Voltage 
Drain Current 50mA 50mA SOmA 
Storage Temperature _65°C to +200oC -65°C to +200oC -65°C to +2000C 
Operating Temperature _65°C to +150oC -65°C to +150oC -65°C to +1500C 
Total Dissipation at 
25°C Case Temp. 650mW 650mW 650mW 

Total Dissipation at 
25°C Ambient Temp. 225mW 225mW 225mW 

Derating Factor 1.8mW/oC 1.8mW/oC 1.8mW/oC 

4C-18 
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BOTTOM VIEW 
II1II. All dimensions In Inch.s. 

TERMINAL DIAGRAM 

LEAD 

1. Source 
2. Gate 
3. Drain 
4. Bulk (Case) 



3N175 • 3N176 • 3N177 [!] 
ELECTRICAL CHARACTERISTICS (TA = 25°C, unless otherwise specified - body grounded) 

3N175 3N176 3N177 

SYMBOL DC CHARACTERISTICS MIN MAX MIN MAX MIN MAX 
--
V&S(THI Threshold Voltage 1.0 2.0 1.0 2.5 1.0 3.5 
loss Drain Leakage Current - 5.0 - 10 - 25 
loss Drain Leakage Current - 15 - 15 - 25 
Isos Source Leakage Current - 10 - 20 - 50 

IGSS Gate Leakage Current - 200 - 200 - 200 

Isss Gate Forward Current - 100 - 500 - 1000 

IDIONI Drain Current 20 - 15 - 10 -
RDSION) Drain·Source on Resistance - 200 - 300 - 500 
VDsfoNI Drain·Source on Voltage - 440 - 660 - 1100 
BVo .. Drain Breakdown Voltage 35 - 30 - 20 -
BVso, Source Breakdown Voltage 35 - 30 - 20 -

3N175 3N176 3Nl77 

SYMBOL AC CHARACTERISTICS MIN MAX MIN MAX MIN MAX 

Y,• Forward Transadmittance 120( - 1000 - 700 -
C;" Input Capacitance - 5.0 - 5.0 - 7.0 
Cd. Drain to Source - 0.1 - 0.25 - 0.5 
C,d Gate to Drain Capacitance - 0.5 - 0.5 - 0.75 (Cm) 
td(onl Turn·On Delay Time - 25 - 30 - 35 
t, Rise Time - 30 - 35 - 40 
t:.(oftl Turn·Off Delay Time - 50 - 55 - 60 
t, Fall Time - 150 - 150 - 150 

SWITCHING CIRCUIT FOR N-CHANNEL ENHANCEMENT 

GENERATOR 
t, = tf S IOnS 

P.W. = 10~S 
OUTY CYCLE S 2% 

GENERATOR SOURCE 
IMPEDANCE' !lOA 

SOn. 

VDD 
+lOV 

UNITS CONDITIONS 

Volts Vo, = 10V, 10 = +10J.lA 
nA Vo, = +lOV, Ve, = OV 
J.lA Vo, = +10V, Ve, = OV, TA = 150°C 
nA V", = +lOV, V.o• = OV 

{3N175 V,. = ±·35V 
pA 3N176 V •• =+30V Vo, = OV 

3Nl77 V .. = ±20V 

nA 
{3N175 V •• = +35V 
3N176 V •• = +30V Vo, = OV, TA = 150· 
3Nl77 V •• = +20V 

C 

mA Vo, = V •• = +10V 
Ohms V., = +10V, VIS = 0, 10 = O.lmA 
mV V., = 10V, 10 = 2.2mA 
Volts 10 = +10J.lA, Ve, = OV 
Volts I, = +10J.lA, V.o. = OV 

UNITS CONDITIONS 

J.lmhos Vo, = +15V, 10 = 2mA, f = 1kHz 
pF Vo, = +15V, Ve, = OV, f = lMHz 
pF Vo, = 15V, Ve, = OV, f = 1MHz 

pF Vo, = OV, Ve, = OV, f = 1MHz 

ns 

} ns R, = R. = 4.5K ohms 
ns See Circuit Diagram Below 
ns 
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Ii] 3N175. 3N176 • 3N177 

DRAIN CURRENT VI GATE VOLTAGE 
TRANSFER CHARACTERISTICS 

-[~~ 
.J : .. ~--.:ml t~m E-+--····t--
~r:::- ... 

Y .. +VOLTI 

DRAIN (OR SOURCE) CURRENT 
VI TEMPERATURE 

100,000 '-. 

VD. '"" .... 
!IO.ooO •• ./ 

.. ./ ./ z .. ./ ./ "..-II: 
1,000 a .. ./ ;p 

co 
;! ./' .,,- V 

100 C .. 
-' 

I 
./ V ./ I 

./ I 
10 

./ 

1.0 28 
._.- ... .L 

48 88 86 loe 128 145 180 

TEMPERATURE ·C 
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DRAIN TO SOURCE RESISTANCE 
VI GATE VOLTAGE 

1000 r··----~T 

I -i·_······ i 

-~ ...... -.. -j. 
, I 
. I 

TOO~ .. - •.. --•.. j .... 
! ; 

.+ __ . _____ .. _+-_. __ ... __ ..i.. __ .•... ---.J.._ 

-I·······-i-···· 
! ! I 
j 100r--·······t·· 
I I I 

! 

j : 

.. ----+-----------J.---- .-.~.--.. -" 

4OO!-"-.-----. -f ... 

I . 

J-::·· .. -t ··················i········"" 
---, i 

t--+-1 
~-----.- ··--1- ··_--t .. --.-... ---.-~ .. ------.. -~ 

'lei VOLTS 

CHARACTERISTIC CURVE 

20 v v •• I, 
18 

/' 
/ V +8V ,,/ 

12 c 
! 

" H 

/ / / V 
Ii / V ./ 

'/ /~ ~ f-"'" 

'/ ./ V -..-
4 v .... ..- +4V ..--

-. 

.,. 

v ,..-- --
~ 

o 4 12 
YDI (VOLTS) 

... 
18 20 



.,.. 

R. 

SERIES CHOPPER 
(or MULTIPLEX CELL) 

RL 

VIN 
~ ... 
:VGEN 

.,.. 

VOUT 

RANGE OF tyPICAL VALUES 

3N175 • 3N176 • 3N177 iii 

SHUNT CHOPPER 

V_ o to +lSV Square Wave 20Hz to 100kHz 

V,. -O.SV (Max) A.C. or D.C. Signal + 10V (Max) 

V .... Chopped Output 

R. 1Kn to 1Mn 

R ... SOn to 1Mn 

RL 10Knto 10Mn 

R, 1K to 1Mn 

DRAIN CURRENT ". 
DRAIN-TO-SOURCE VOLTAGE 

i--' 7 -, 

I I I 

t --'i--+--+--t-~~~~~ 
2+mi : 

~ l.of--T-+--+--+--+--+-~~'17''Sot''S:;.! , . , 
l-

i 
::> 
u 

z 

~-+.+-+--t-t--
o! I , ;;;::I:::::=l===1f==I 

= I 
o -1.0F--.::...1'~~W-'--+--+--+--+---+--+---j 

I 
-2.0 

Yos (mY) 
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I iii I MEM 557 

N-Channel Depletion Mode MOSFET 

FEATURES APPLICATIONS 

• 10" ohms input resistance • TV Tuners 
• low 3,. order distortion • FM Tuners 
• High gain - low noise through VHF range • I F Am plifiers 
• Low feedback capacitance 0.32 pF typo • SSB Amplifiers 
• Square law response • Wideband Amplifiers 

• High Frequency Analog Switching 

MAXIMUM RATINGS (TA = 25·C, unless otherwise specified) 
Drain·to·Source voltage, V.. +20V 
Gate·to·Source voltage, V.... ±30V 
Gate·to·Drain voltage, VDG ±30V 
Drain Current, I. . Limited by Dissipation 
Storage Temperature. -65 to +150·C 
Operating Junction Temperature -65 to + 150·C 
Total Dissipation at 25·C Case Temperature 300 mW 
Total Dissipation at 25·C Ambient Temperature.. 150 mW 

at 100·C Ambient Temperature. 150 mW 
Derate Linearly from 100·C to 150·C at 3 mWjOC 

ELECTRICAL CHARACTERISTICS 
(TA = 25·C, unless otherwise specified - body grounded) 

Symbol Characteristics Min. Typ. 

BVo .. Breakdown voltage 
drain to source 

20 -
IGSS Gate leakage Current - -
I. (off) Drain to Source - -

leakage Current 

loss Zero signal Gate 3.0 -
voltage drain current 

V.(ofl) Gate·Source Cutoff -0.3 -2.0 
Voltage 

Ci" Small·signal, short 
circuit gate No. I·to· 

- 3.0 

source capacitance 

C ... Small·signal, short - 2.0 
circuit drain·to·source 

em Small·signal, short - 0.32 
circuit reverse 
transler capacitance 

G .. Forward trans· 8000 10000 
conductance 

Gp, Power gain lor 16 18 
measurements circuits 

NF Noise Figure"" - 2.5 

rds1anl Drain to Source 
on resistance - 200 

"VOIS bias is adjusted lor the required current. 
""Input circuit adjusted lor minimum noise figure. 

4C-22 

Mal. Units Conditions 

- V V •• = -4V, 10 = lOO"A 

0.10 nA V •• = ±IOV 

100 ,.A Vo• = +15V, V •• = -4.0V 

30 mA Vo• = +15V, V •• = OV 

-4.0 V Vo. = +15V, 10 = lOO"A 

5.0 pF Vo• = +15V, 10 = lOmA", 
1=44 MHz 

- pF V •• = +15V, 10 = 10mA", 
1=44 MHz 

- pF Vo• = +15V,lo = 10mA", 
1= I MHz 

- "mhos Vo• = +15V, I. = 10mA", 
I = I kHz 

- dB Vo• = + 15V, V •• = 1.7V, 
I = 200 MHz, R. = 2700 

4.0 dB Vo• = + 15V, V •• = 1.7V, 
f = 200 MHz, R. = 2700 

V •• = OV 
300 n 10 = O.lmA 

TO-72 PACKAGE 

:~~~ DIA,-f4--~ 
I"'-",*f-':!~: DIA. 

.210 J±.0 T70L . 
, ---,.250 

~ .03/';/I-n-n---, ;::: . 
. 016 .I U u U t 

.021 

Bottom view 

Note: All dimensions in Inches. 

TERMINAL DIAGRAM 

LEAD 
1. Drain 

2. Source 

3. Gate 

4. Substrate 
and case 
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MEM557 I!l 

POWER GAIN TEST JIG @ 200MHz FOR 
MEM 557 WITH NEUTRALIZING 

IOOOPF) q 
17K 

AGC 

1. 

POWER GAIN VB DRAIN CURRENT 

lUI" CURRENt 1:r:0I-_ 

162K 

RFC 
ll44 

.p (IOOOPF 

C, = 1.5 to 20 Pf Trimmer (Arco·Elmenco #400) 

c ......... = 0.9 to 7 Pf Trimmer (Arco·Elmenco #402) 

L, = 5 Turns #22 Wire ~" Dia. & ~" Spacing 

L. = 4 Turns #22 Wire 1.4" Cia. & ~" Spacing 

NOISE FIGURE VB DRAIN CURRENT 

I 
~~~---+--~--~.~-+,--~.--~--~--t---f. 

DII .. INCURftENTIlDI- .... 
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IIiII MEM 616 MEM 617 MEM 6181 

N-Channel Depletion Mode Dual-Gate MOSFETS 

FEATURES 
• Monolithic Gate-Protection Diodes 

• Low Feedback Capacitance 
• High Gain-Low Noise at VHF 
• Reverse AGC Capability 
• Linear Mixers- Low Cross-Modulation Distonion 
• Dual-Gate Cascode Oparation 

APPLICATIONS 
TV Tuner RF Amplifiers and Mixers 
FM Tuner RF Amplifiers and Mixers 
IF Ampl ifiers 

Synchronous Detectors 

Wide Band RF Amplifiers 

DESCRIPTION 
I ne MEM 616 / MEM 617 / MEM 618 are N-channel, Depletion

Mode, Dual-Gate Metal Oxide Semiconductor transistors. They are 

protected from excessive input voltages by monolithic back-to-back 

diodes between gates and source. 

TO-72 

if
'230~ .208 
.195 

['178j CAN -,-
~~ ~ L 1.170 SEAnNG 

The MEM 616 is intended for use in VHF amplifiers. The low feed
back capacitance permits stable high gain without the use of neutral

ization. 

The MEM 617 is intended for use in VHF mixers in television tuners 

where minimized cross-modulation, and inter-modulation distortion 

and low noise operation are required. 

G ~PLANE 
HEAOER - - .o50} .250 r--

Jl!! :J n MAX MIN. MIN. 
.0\6 - -U-·-1 -.l 

The MEM 618 is intended for use in tuned high frequency amplifiers 

such as TV IF. The low feedback capacitance permits high single 

stage gain and stability without neutralization. 

4C-24 
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Bottom view 

TERMINAL DIAGRAM 
1. DRAIN 
2. GATE 2 

3. GATE 1 

4. SOURCE/SUBSTRATE 



MEM 616 • MEM 617 • MEM 618 Ii] 
MAXIMUM RATINGS '(TA' = 25°C, unless otherwise specified) 

DRAIN-SOURCE VOLTAGE, vDS •••••••••.••••• " ••.•.••• _ •••••••••••••••••••••••••.•••••••••••••••• 25V 

DRAIN-GATE NO.1 VOLTAGE, VDG1 •••• , ••••••••••••.••••••••••••••••••••••••••••••••••.••.•••••••• 25V 

DRAIN-GATE NO.2 VOLTAGE, VDG2 ••••••••••••.•••••••••••••••••••••.• , ••••.••.•••••••••••• , •••••• 25V 

GATE NO.1-SOURCE VOLTAGE, VG1S ..•••••••..••••.••• , •••.•••••••••••••••.•••••••••.•.••••••.•• , ±BV 

GATE NO.2-SOURCE VOLTAGE, VG2S ••••••••••••••••••.••.•••.••• , •••• , •••••••.••••••••••••••.•••• ±BV 

DRAIN CURRENT, 10 •••••••••••••••••.•.••••••••.•••••••..•••••••••..••••.••••••••••••••••••.••• 50mA 

TRANSISTOR DISSIPATION, PT AT 25"C ••.••••••••.••••••.••..•••••.••••••.•. , ...................... 360mW 

ABOVE 25"C, DERATE LINERALY •••••••••.••••••••••.••••••••••••••••••••• _ ••••••••••••••••. 2.4mW/"C 

LEAD TEMPERATURE DISTANCE 1/32 FROM THE SEATED SURFACE FOR 10 SECONDS •••.•••••••••••.•.•••••••• 265"C 

STORAGE TEMPERATURE RANGE " •••••••••••••••••••.•••••••••.••••••••.••••••••••••••••• -65"C to +175"C 

ELECTRICAL CHARACTERISTICS: (TA = 25°C unless otherwise specified) 
MEM616 MEM617 MEM618 

SVM80L CHARACTERISTICS TEST CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

BVOSS Drain-Source Breakdown Voltage IO=loo"A, VG1S=VG2S=-4V 25 - - 20 - - 20 - - volts 
BVG1SS Gate 1-Source Breakdown Voltage IG1S=10"A. VOS=VG2S=OV ±6.0 - - ±6.0 - - ±6.0 - - volts 
BVG2SS Gate 2-50urce Breakdown Voltage IG2S=ID1'A, VOS=VG1S=OV ±6.0 - - ±6.0 - - ±6.0 - - volts 
VG1S(0ff) Gate I-Source Cutoff Voltage IO=50"A. VOS=15V, VG2S=4V - -1.5 - - -1.0 - - -1.5 - volts 
VG2S(off) Gate 2-Source Cutoff Voltage IO=50"A, VOS=15V, VG1S=OV - - -4.0 - - -4.0 - - -4.0 volts 

lOSS Gate 2-Voltage Drain Current VOS=15V, VG1~=OV, VG2S=4V 5.07 - 30 2.07 - 15 3.0 7 - 20 rnA 

IGISS Gate I-Leakage Current VG1S=±4V. VG2S=VOS=OV - - 50 - - 50 - - 50 nA 

IG2SS Gate 2- Leakage Current VG2S=±4V.VG1S=VOS=OV - - 50 - - 50 - - 50 nA 
Crss Reverse Transfer Capacitance VOS=+15V. VG2S=+4V, 

lo=10mA,I=I.0MHz .005 .02 .03 - - - .005 .02 .03 pF 

Ciss Input Capacitance VOS=+15V, VG2S=+4V, 4.0 5.4 6.0 - 6.0 - - 5.1 - pF 
Coss Output Capacitance VOS=+15V, VG2S=+4V, - 2.2 - - 2.5 - - 2.5 - pF 

qss I nput Resistance VOS=+15V, VG2S=+4V, - 790 - - 670 - - 15k - II 
ross Output Resistance VOS=+15V, VG2S=+4V, - 1.25 - - 17 - - 18 - kll 
IVfsl Magnitude of Fwd Transadmittance VOS=+15V, VG2S=+4V. 12 18 - - 4.4 - 10 14 - mmho 
8 Angle of Fwd Transadmittance VOS=+15V, VG2S=+4V, see - -55 - - - - - -13.6 - degree 
IVrsl Magnitude of Rev Transaclmittance VOS=.t15V, VG2S=+4V, notes - 30 - - - - - 5.5 - J.&mho 
8rs Angle of Rev Transadmittance VOS=+15V, VG2S-+4V, 4,5,6 - -30 - - - - - 90 - degree 
MAG Maximum Available Power Gain VOS=+15V, VG2S=+4V, - 21 - - 17.3 2 - - 39 - dB 
Gps Power Gain VOS=+15V, VG2S=+4V. 16 18 1 - - - - - - - dB 
MUG Maximum UsabJe Power Gain VOS=+15V. VG2S=+4V. - - - - - - - 303 - dB 
N.F. Noise Figure VOS=+15V, VG2S=+4V, - 3.5 4.5 - - - - - - dB 

NOTES: 
1. See Figure 1. 
2. Signal and local oscillator voltages, both are applied on Gete 1 with injection level equal to 500MV RMS (see Figure 2). 
3. Unneutralized maximum usable gain for one stage (see Figure 3). 
4. MEM 616 (RF AMP) 10=10mA, f~200MHz. 
5. MEM 617 (MIXER) VG1S=0.IV, f=200MHz/44MHz. 
6. MEM.61S (IF AMP) 10=5mA, f=44MHz. 
7. In addition to the standard range of lOSS, the following lOSS ranges are available: 

Suggested 
lOSS Range Source Resistor Suggested Biasing 

Device (rnA) Color Code (ohms) (volts) 

MEM616 5·13 Black Dot 150 Val = +1.5 
R.F. Amplifier 11-22 Blue Dot 180 VG2S= +4.0 

20-30 Red Dot 200 

MEM617 2-9 Black Dot 100 VGl = +0.5 
Mixer 7-15 Blue Dot 100 VG2 = +1.5 

MEM618 3·9 Black Dot 270 Va! = +1.0 
I.F. Amplifier 7-14 Blue Dot 270 VG2S# +4.0 

12-20 Red Dot 270 
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I!I MEM 616 • MEM 617 .MEM 618 

40-26 

Fig. 1 - 200M Hz POWER GAIN/NOISE FIGURE TEST CIRCUIT 

200 MHZ CI 
INPUT 

FROM 50n 
SOURCE 

L2 

470pF TO 

C3 I 3PF 1 50n 
LOAO ---=- ---~ 

'------~Ifl -
1000pF I ~ 1000PFI f-:i 

AGC 
+6.4 VOC 

FOR MAXIMUM GAIN 

+ 
18VOC 

-r 
LI 4T NO.16 BARE COPPER WIRE 3/16" DIAM. FORM, 1/2" LONG TAP AT 3T FROM COLO END. 

L2 4T NO. 16 1/4" ClAM, FORM, 1/2" LONG TAP AT 3/4T FROM COLO END. 

CI 0.4 TO 7pF (ARCO 400 l. 
C2,C3 1.3 TO 5pF vARIABLE. 

C4 1000pF BUTTON TYPE CAPACITOR. 

Fig. 2 - 200M Hz TO 44MHz MIXER TEST CIRCUIT 

.01 7.51< 

,":i:~ 'n:~~I."~"'OI\,:rO-K" 
SOURCEN5 

- -
244 MHZ ~ 15VOC 
FROM 50n ~ 
SOURCE ADJUSTED -:b-
FOR 500mV -
ON GATE NO. I 

LI 3T NO.IS BARE COPPER WIRE ON 5/16" CORE, 1/2" LONG TAP AT 3/4T FROM COLO END. 

T! PRIMARY lOT NO.32 COTTON COVERED COPPER WIRE CLOSE WOUND ON 1/4" FORM. 
SECONDARY iT NO.32 ENAMELED COPPER WIRE ADJUSTED FOR 16 TO I rURNS RATIO. 

Fig. 3 - 44MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT 

44 MHZ 

AGC 
INPUT 

INPUT (o,hH"''-..--..... --+--+-'=-'''''',.-I1-4 ..... --, 
50n SOURCE 

lOOK 

+ 
I.VOC 

·r 
L.I 14T NO.32 COTTON COVEREO COPPER WIRE CL.OSE WOUND ON 114" OIAM. FORM. 

L.2 7T NO. 16 8ARE COPPER WIRE ON 112" FORM, 112" LONG. 

eD DRAIN TAP 2·1/2 T FROM COLO END, 

® L.OAO TAP O.4T FROM COL.D END. 



MEM 616 • MEM 617 • MEM 618 [i] 

Fig. 4 - 105MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT 

+ISVDC 

105 "'Hz 
son lo;~H"'----, 

SOURCE 

10K 10.££PF lOOK 

NOTE I ~ 
+ 

ISVOC .r 

C4 

LI 6T NO. 18 BARE COPPER WIRE ON 5116" DIAM. CORE, 112" LONG TAP AT 4-112T. 
CI'17.8pF RI'ISK AT 100MHZ, MOUNTED. 

L2 SAlliE AS LI, BUT Rt' 30K MOUNTED. 

CI,C4 0.9 TO 7.0pF TRIMMER. 

C2,C3 AIR VARIA8LE CAPACITOR 20pF MAX. 

NOTE I: ADJUST 10K POT. FOR 6mA ID. 

Fig. 5 - 105MHz to 10,7MHz CONVERSION GAIN TEST 
CIRCUIT (PRODUCT MIXER) 

+15VOC 

OUTPUT 
son. 
LOAD 

~~ij~i ~~PF LI .001 
120K TI 10.7 MHz 

SOn. SOURCE 1 !---+=f-' 

~_-+',,",-,<c-' 

ISpF 
TRIMMER 

220K 

t N2 INTO 50n EfIOUTPUT 

I LOAD 

100 
.001 

10SMHZ~ 
son. SOURCE J,. 

t----1--------~~-----------+---o+,SVDC r-
LJ 6T NO. Ie BARf COPPfR WIRE ON 5/16" OIAM. CORE. 1/2" LONG TAP AT 2T F~OM COLD END. 

l2 4T NO.le BARE COPPER WIRE ON 5116" OIAM, CORE, 3/S"lONG TAP AT IT FROM COLD END. 

TI 00" 61 AT IO.7MHZ, Nt/N2.17. 
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1 Enl MEM 638 MEM 637 MEM 638 

N-Channel Depletion Mode Dual-Gate MOSFETS 

FEATURES 
• Monolithic Gate·Protection Diodes 
• Low Feedback Capacitance 
• High Gain-Low Noise at VHF 
• Reverse AGC Capability 
• Linear Mixers-Low Cross-Modulation Distortion 
• Dual-Gate Cascode Operation 

APPLICATIONS . 
. TV Tuner RF Amplifiers and Mixers 

FM Tuner RF Amplifiers and Mixers 
I F Amplifiers 

Synchronous Detectors 

Wide Band RF Amplifiers 

DESCRIPTION 
The MEM 636/MEM 637/MEM 638 ara N-chonnal, Depletlon·Mode, 

Oual~Gate Metal Oxide Semiconductor field~effect transistors. They 

are protected from excessive Input voltages t-v monolithic back-to
back diodes between gates and source. 

The MEM 636 is intended for l:Ise in VHF amplifiera. The low 

feedback capacitance permits St8tWe high gain without the use of 
neutralization, 

The M EM 637 Is intended for use in VHF mixers where minimized 

cross-modulation, and inter-modulation distortion and low noise 

operation are required. 

The MEM 638 is intended for use in tuned high frequency amplifiers 

such as TV I F. The low feedback capacitance permits high single 

stage gain and stability without neutralization. 

£,030 TYP. 

1. 
LIOTYP. 

t 

.200 

G2 0 

GI S 

TOP VIEW 

{ • .120 

* L-..J 

j .15 L 
SIDE VIEW 

LEADS CAN BE PREFORMED TD CUSTOMER SPECIFICATION. 
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TERMINAL DIAGRAM 
1. SOURCE 
2. DRAIN 
3. GATE 2 
4. GATE 1 

~ 
~ 

t 
.150 

l 



MEM 636 • MEM 637 • MEM 638 iii 
MAXIMUM RATINGS (TA ~ 25°C, unless otherwise specified) 

DRAIN·SOURCE VOLTAGE, VDS •••••••...•..•..•.•..•••....••.......•............................... 25V 

DRAIN·GATE NO.1 VOLTAGE, VDGI •••...••••..••••••..•...•..........•............................. 25V 

DRAIN·GATE NO.2 VOLTAGE, VDG2 ..•...••..•.•••.•...••...•....•........•........................ , 25V 

GATE NO. I-SOURCE VOLTAGE, VG1S .• • . • . • . • . • . . • . • • . . • • • • • . • . • . • • . . • . . . . . . . • . . . . . . . . . . . . . . . . . . :!:6V 

GATE NO.2-SOURCE VOLTAGE, VG2S ••••••..•..•••.•..•.......•.................................... :!:6V 

DRAIN CURRENl; 10 ..•••..........•......•................•..................................... 50mA 

TRANSISTOR DISSIPATION, PT AT 25"C .............................................................. 350mW 

ABOVE 25"C, DERATE LINEAR LV .•.•••......•..••••..•............••.......•................. 2.4mW/"C 
LEAD TEMPERATURE DISTANCE 1/32 FROM THE SEATED SURFACE FOR 10 SECONDS .......•••...•.•........... 265"C 

STORAGE TEMPERATURE RANGE .•.••••••••.•••..•.•.•••••••...•.••....•................... -65"C to +175"C 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C, unless otherwise specified - body grounded) 
MEM 636 MEM637 MEM638 

SYMBOL CHARACTERISTICS TEST CONDITIONS MIN TVP MAX MIN TVP MAX MIN TYP MAX UNITS 

BVOSS Drain~Source Breakdown Voltage IO"I00~A. VG1S"VG2S=-4V 20 - - 20 - - 20 - - V 

BVG1SS Gate 1-Source Breakdown Voltage IG1S=10"A. VOS=VG2S=OV ±6.0 - - ±6.0 - - ±6.0 - - V 

BVG2SS Gate 2-Source Breakdown Voltage IG2S=10"A, VOS=VG1S=OV ±6.0 - - ±6.0 - - ±6.0 - - V 

VG1S(off) Gate I-Source Cutoff Voltage lo=5OIlA, VOS=15V, VG2S=4V - -1.5 - - -1.0 - - -1.5 - V 

VG2S(off) Gate 2-Source Cutoff Voltage IO=50"A, VOS=15V, VG1S=OV - - -4.0 - - -4.0 - - -4.0 V 

lOSS Gate 2-Voltage Drain Current VOS=15V, VG1S=OV, VG2S=4V 4.07 - 30 2.0 7 - 20 3.0 7 - 20 rnA 

IGISS Gate 1-Leakage Cu rrent VG1S=±4V, VG2S=VOS=OV - - 50 - - 50 - - 50 nA 

IG2SS Gate 2- Leakage Current VG2S=±4V, VG1S=lfOS=OV - - 50 - - 50 - - 50 nA 

ens Reverse Transfer Capacitance VOS=+15V, VG2S=+4V, 
lo=10mA, f=I.0MHz .005 .02 .03 - - - .005 .02 .03 pF 

Ciss Input Capacitance VOS=+15V, VG2S=+4V, 4.0 5.4 6.0 - 6.0 - - 5.1 - pF 

Cas, Output Capacitance VOS=+15V, VG2S=+4V, - 2.2 - - 2.5 - - 2.5 - pF 

riss I npu t Resistance VOS=+15V, VG2S=+4V, - 790 - - 670 - - 15k - 12 

rass Output Resistance VOS=+15V, VG2S=+4V. - 2.00 - - 17 - - 18 - kn 
IYIsI Magnitude of Fwd Transadmi ttance VOS=+15V, VG2S=+4V, 12 18 - - 4.48 - 10 14 - mmho 
8 Angle of Fwd Transadmittance 

'00'''''. ""'''J - -55 - - - - - -13.6 - deg. 
IVr,1 Magnitude of Rev Transadmittance VOS=,.15V, VG2S=+4V, notes - 30 - - - - - 5.5 - ,umho 
Sr, Angle of Rev Transadmittance VOS=+15V, VG2S=+4V. 4,5,6 - -30 - - - - - 90 - dog. 

Gc Conversion Power Gain VOS=+15V, VG2S=+4V, ~ ~ ~ ~ 18 ~ ~ - dB 
Fig. 2 200MHz, Fig. 5 105MHz 

Gpo Power Gain - 200MHz Fig. 1 19 21 - - .. - - - - dB 
Gps Power Gain - 105MHz Fig.4 ~ 27 - ~ - - - - - dB 
MUG Maximum Usable Power Gain - 44MHz Fig. 3 - - - - - - - 30 3 - d8 
N.F. Noise Figure - 200MHz Fig. 1 - 2.5 3.3 - - - - - - dB 

NOTES: 
1. See Figure 1. 
2. Signal and local oscillator voltages, both are applied on Gate 1 with injection lavc:~ t'!ouaf to 500MV RMS (see Figure 2). 
3. Un neutralized maximum usable gain for one stage (see Figure 3). 
4. MEM 636 (RF AMPT lo=10mA. f=200MHz. 
5. MEM 637 (MIXER) VG1S=0.IV, f=200MHz/44MHz, 
6. MEM638 (IF AMP) lo=SmA, f=44MHz. 
7. In addition to the standard range of lOSS. the following lOSS ranges are available: 
8. Forward conversion transconductance. 

Suggested 
lOSS Range Source Resistor Suggested Biasing 

Device (mA) Color Code (m (V) 

MEM636 4-13 Yellow Dot 150 VG1=+1.5 
R.F. Amplifier 11-22 Blue Dot 180 VG2S= +4.0 

20-30 Red Dot 200 

MEM 637 2-B Yellow Dot 100 VGl = +0.5 
Mixer 6-12 Blue Dot 100 VG2 = +1.5 

10-20 Rod Dot 

MEM63B 3-9 Yellow Dot 270 VGl = +1.0 
I.F. Amplifier 7-14 Blue Dot 270 VG2S= +4.0 

12-20 Rod Dot 270 
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MEM 636 • MEM 637 • MEM 638 

Fig. 1 - 200MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT 

200 MHz CI 
INPUT 

FROM SOn. 
SOURCE 

-----, 
1000pFIL II \ -b 1000 

10K 270K 270 - pF I 

~ + L 

C3 13PF 47~OPF ~n. 
LOAO 

---=- ---~ 

~ ____ ----1I:l -

47K 

1000pF I ~ 1000PFI ri 
+ 

AGC lavoc 
+6.4 VDC .t. -

FOR MAXIMUM GAIN 

II 4T NO.16 BARE COPPER WillE 3/16"OIAM. FORM~ 1/2"LONG TAP AT ST FROM COl.O END. 

L2 4T NO. 16 114" OIAM. FORM. 112" LONG TAP AT 314T FROM COLD END. 

CI 0.4 TO 7pF (ARCO 400 l. 
C2.C3 1.3 TO SpF VARIABLE. 
C4 1000pF BUTTON TYPE CAPACITOR. 

FIG. 2 - 200MHz TO 44MHz MIXER TEST CIRCUIT 

TI 
.OI~ 7.SK OUTPUT S144MHZ 

l ~ ~ son LOAO 

244 MHZ ~ I!5VDC 
FROM SOn. r---<> 
SOURCE ADJUSTEO J,. 
FOR SOOmV -
ON GATE NO. I 

LI 3T NO. 16 BARE COPPER WIRE ON !!I16· CORE. 112" LONG. TAP AT 3/4T FROM COLO ENO. 

TI PRIMARY lOT NO.32 COTTON COVERED COPPER WIRE CLOSE WOUND ON 1/4" FORM. 
SECONDARY 1T NO.32 ENAMELEO COPPER WIRE ADJUSTED FOR 16 TO I TURNS RATIO. 

Fig. 3 - 44MHz POWER GAIN/NOISE FIGURE TEST CiRCUIT 

44 MHz 

AGC 
INPUT 

12K 
TUT 

INPUT (Oihlf"'-1>---.---I-+--='-~ 
Son. SOURCE 

4.7K 100 

LZ 

+ 

.r ISVDC 

LI 14T NO.32 COTTON COVEREO COPPER WIRE CLOSE WOUND ON 1/4" DIAM. FORM. 

L2 7T NO. 16 BARE COPPER WIRE ON liZ" FORM. 112" LONG. 
<D DRAIN TAP Z-I/Z T FROM COLD END. 

® LOAD TAP 0.4T FROM COLD END. 



MEM 636 • MEM 637 • MEM 638 iii 

Fig. 4 - 105MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT 

105 MHZ 
son 

SOURCE 

+15VDC 

10K 10~PF lOOK 

NOTE I ~ 

C4 
OUTPUT 

~--~--~~~~)SOn 
LOAD 

+ 
15VDC -r 

LI 6T NO.18 BARE COPPER WIRE ON 5/16" OIAM. CORE, 1/2" LONG TAP AT 4-1/2T. 
Ct =17.8pF Rt = 15K AT IOOMHZ. MOUNTED. 

L2 SAME AS LI, BUT Rt· 30K MOUNTED. 

CI,C4 0.9 TO 7.0pF TRIMMER. 

C2.C3 AIR VARIABLE CAPACITOR 20pF MAX. 

NOTE I: ADJUST 10K POT. FOR 6mA ID' 

Fig. 5 - 105MHz TO 10.7MHz CONVERSION GAIN 
TEST CIRCUIT (PRODUCT MIXER) 

+I!SVQC 

150K ~~l~~ ~~LI .O?I 

50n SOURCE 1 ~f---+~'-...J 

"''[ r--t-"-'GI.y 

ISpF 
TRIMMER 

2200 

TI IO.7MHz 

t N2 INTO !lion EflOUTPUT 

I LOAD 

.001 
I05MHZ ~ 

50nSOURCE -1 
'---~--------~NV-----------4---o+15VDC r-

LI 6T NO.IS BARE COPPER WIRE ON 5/16- DIAM. CORE, 1/2" LONG TAP AT 2T FROM COLD END. 

Li 4T NO.18 BARE COPPER WIRE ON 5/16" OIAM. CORE. 3/8" LONG TAP AT IT FROM COLO END. 

TI Qo.67 AT IO.1MHZ. NI/N2-11. 
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IIiII MEM 655 

N-Channel Depletion Mode MOSFET 

FEATURES 

a Back-to-Back Zener Clamp to protect gate 
a Low 3rd order distortion 
a High gain-low noise Ihrough VHF range 
• Low feedback capacllance 0.32 pF typo 
a Square law response 

APPLICATIONS 

a TV Tunera 
a FM Tunera 
a IF Amplifiers 
a SSB Amplifiers 
• Wldeband Amplifiers 
• High Frequency Analog Switching 

MAXIMUM RATINGS: 

Draln-to-Source yoltage ........................................................................... + 20V 
Gate-Io-Source Yollage ............................................................................ ±6.0V 
Draln-to-Gate Yoltage ............................................................................... + 30 to -6.OV 
Drain Currenl ............................................................................................... Llmlled by Dissipation 
Storage Temperalure ................................................................................ -65 to +150"C 
Oparatlng Junction Temperature ........................................................... -65 to +150"C 
Tolal Dissipation al 25°C Case Temperature ..................................... 3OOmW 
Tolal Dissipation al 25"C Ambient Temperature ................................ 225mW 

at 1000C Ambient Temperalure ...................................................... 150mW 
Derale Linearly from 100"C 10 150"C al 3 mW t"C 

ELECTRICAL CHARACTERISTICS 

8rmbol Char.ct.rletlc Conditione 

BVosx Breakdown voltage 
drain 10 source 

VGS- 4.0V 10 - l00,.A 

BVgaa Breakdown voltage VOS - OV,lg - l00,.A 
gate to aDurce 

IGSS Gale Leakage Currenl VGS- ±4.0V 
10 \off) Drain to Source Vos- +15V,VGS- -4.0V 

Leakage Current 

loss Zero algnal Gate 
voltage drain current 

VOS - +15V, VGS - OV 

VG(oIf) Gate-Source Cutoll 
Voltage 

Vos - +15V,lo -100I'A 

Claa Smail-signal, short Vos- +15V,lo-IOmA', 
circuit Input f-44MHz 
capacitance 

Cos. Smail-signal, short Vos- +15V,10-5mA', 
circuit output capacitance f-44MHz 

C .... Small-algnal, short 
circuit reverse tranafer 

Vos - +15V,lo - SmA', 
f- 1.0 MHz 

capacitance 

Gil Forward 
tranaconductance 

Vos- +15V,10-5mA', 
f- 1.0kHz 

Gpo Power gain (See Fig. 1 VOO- + 18V, 
lor measurement circuit) f- 100 MHz. Ra - 2700 

NF Nolae Figure " (See Fig. 1 Voo - +18V, 
lor measurement circuit) f- 100 MHz, R. - 2700 

rd. (on) Drain to Source on 
realatance 

VGS- +8.0, 
100.lmA 

'V GS bias is adjusted lor Ihe required current. 
"Input circuit adjusted lor minimum noise figure. 
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Min 

20 

±S.O 

-
-
1.0 

-
-
-
-

8000 

18 

-
-

Typ Max 

-
- -
- ±100 

- 100 

4.0 20.0 

-1.0 -4.0 

4.0 7.0 

2.0 -
0.32 -

10000 -
22 -
2.5 4.5 

30 100 

Unite 
V 

V 

nA 
,.A 

mA 

V 

pF 

pF 

pF 

I'mhoa 

dB 

dB 

0 

TO-72 

Bottom View 

Nole: All dimensions In Inches. 

TERMINAL DIAGRAM 

Leed 

1. Drain 

2. Source 

3. Gale 

4. Substrate and case 



FIg. 1 - POWER GAIN TEST JIG @ 100MHz WITH NEUTRALIZING 

,.., 
~ ,r-------~--------~ , .... , , 

l000pF 

17K!l 

AGC 

, 
.... , 

" , 

'" ..L. 

~I~ 

162K!l 

RFC 
Z144 

p (1000PF 

Voo = 18V 

l 

MEM655 m 

1- l, - 10 turns of number 22 wire, diameter of coil = .125 inch 
l2 = 8 turns of number 22 wire, diameter of coil = .25 inch 
C 1 = 1.5 - 20 pF (Areo Elmeneo # 400) 
C2 & C3 - .9 to 7 pF (Areo Elmeneo #402) 
C4 &CS= .9t07pF(AreoElmeneo#402) 

TYPICAL CHARACTERISTIC CURVES 

POWER GAIN va. DRAIN CURRENT 

24 

22 
III 

" I 20 -a 
S2 
z 18 
C 
C1 
~ w 16 

~ 

I 
I ---r i/ V 

· . /t COMMON SOURCE POWER GAIN 

'T/ 1 
INPUT SIGNAL TO GATE 
AMBIENT TEMPERATURE IT.I - 25'C 
FREQUENCY (11- 'OOMH, 

14 

1 l' j I 
g~~~~;.1~s~m~E:i~~E(~~,lvARtE'gV 

3 4 , e 7 

DRAIN CURRENT (tol - mA 

9 

NOISE FIGURE va. DRAIN CURRENT 

6 .. -H COMMON SOURCE NOISE FIGURE 
. INPUT SIGNAL TO GATE 

i\ ! 
i AMBIENT TEMPERATURE IT AI = 25°C 
. FREQUENCY (I) - l00MHz 

I I CRAIN-TO-SOURCE VOLTAGE (Voll - + '5V 

\l 
i I GATE-TO-SOURCE VOLTAGE (VGS VARIEC I 

I ........ '- 1 I I I 

i I I 
I 

i I I i 

I I 
I 
I 

10 3 4 5 6 10 

DRAIN CURRENT (tci - mA 
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lal MEM 670 

N-Channel Depletion Mode Silicon MOSFET 

FEATURES 

• Femtoamp Gate Leakage 
• 1015 Ohms Input RllSiltanee 
• High Transient Gate Voltage Capabilitv 

• Narrow lOSS Ran ... 
• Low Input Capacitanee 
• Excellent Stability 

APPLICATIONS 

Smoke Detectors 
Memory Modules 
Electrometer. 
Alarm Systems 

DESCRIPTION 

The MEM 670 i. an N-channel, Dopletlon Mode, Metal Oxide 
Semiconductor Field Efflct Transistor. This MOSFET exhibits 

very low gate leakaga, extremely high Input resistance, and is 
capable of handling very high gate to saure. voltage transients. 

These faatures, combined with an excellent stability. make the 
MEM 670 ideally suited for .moke detector applications. 
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TO-72 

,208 

If~~ ~
::~i:1 CAN 

---r = :!!2 L 1.110 SEATING 
t t PLANE 

G __ I 
HEADER -:osor .250 500 

. .2!.! :J n MAX Mt MIN . 

. 01. - -U I 
&!!. 
.OIlS 

BOTTOM VIEW 
Note: All dimensions in Inch.s. 

LEAD CONFIGURATION 

1 - DRAIN 

2 - SOURCE 

3 - SUBSTRATE AND CASE 

4- GATE 



MEM870 [!] 
MAXIMUM RATINGS (TA = 25°C) 

DRAIN·SOURCE VOLTAGE, VDS •.•.•.•.••••••••••••.•...•••••••••••• , •••••••••••••.••••••••••••••••• , •••. 20V 
DRAIN·GATE VOLTAGE, VGD ••••••••••••••••••.••••••••••••••••••••••••••••••.•••••••••••••••••••••••••. 20V 

GATE·SOURCE VOLTAGE, VGS •••••••••••••..•••••••••••.•••••••••••••••••••••••••••••••••.•••..•••••• ± 100V 

DRAIN CURRENT, 10 ••••••.••.•.••••••••••••••.•••••••••••••.•••••••••••••••.•••••••••••• Limited by Dissipation 
STORAGE TEMPERATURE RANGE .••••••••••••••••.•••••••••••••••••••••••.•••••.•••.••.•••••• -6SoC to +150oC 
OPERATING TEMPERATURE RANGE •••••.•••••.•.•••••••••••••••••••••••••••••.•...•.•.••.••.. _65°C to +1250C 

POWER DISSIPATION (TC=250C) •••••.•••••••••.••••.•.•••••••••••..•••••••.••••...•.••••.•.•.•••••••••. 300 rnW 

POWER DISSIPATION (TA=2SoC) ••••.•••.•...•••••.•.•••••.•••••••.•.•••.••..•...•.•.•••••.•••.•.••.•••• 150 rnW 

ELECTRICAL CHARACTERISTICS (TA = 25°C. unless otherwise specified) 

SYMBOL CHARACTERISTICS TEST CONDITIONS MIN TYP MAX UNITS 

V(BR)SDX DRAIN·SOURCE BREAKDOWN VGS=-4V, ID=lOI'A, VUS=O 20 45 - volts 

VGS(off) GATE·SOURCE CUTOFF VOLTAGE VDS=+15V,ID= lOI'A -0.3 -2.5 -4.0 volts 
I o (off) DRAIN CUTOFF CURRENT VDS=+15V, VGS--4V, VUS=O - 0.5 10 nA 

IGSS GATE LEAKAGE CURRENT VGS=±10V, VDS=VUS·O - .01 1.0 pA 

IYf~ FORWARD TRANSFER ADMITTANCE VDS-+15V, ID-2rnA, VUS=O - 2000 - umho 

Clss· INPUT CAPACITANCE VDS=+15V, ID=10rnA, f=lMHz - 2.0 5.0 pF 

Coss • OUTPUT CAPACITANCE VDS=+15V, ID=10rnA, f=lMHz - 2.0 5.0 pF 

Crs•• REVERSE TRANSFER CAPACITANCE VDS·+15V, ID=10rnA, f-1MHz - 0.3 - pF 

lOSS ZERO GATE VOLTAGE DRAIN CURRENT VDS=+15V, VGS=VUS=O 
COLOR CODE - NONE 0.5 - 2.2 rnA 

COLOR CODE - BLACK DOT 1.8 - 5.0 rnA 

NOTES: • VGS ADJUSTED FOR 10 = lOrnA 
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I &II MEM 680 MEM 681 MEM 682 

N-Channel Depletion Mode Dual-Gate MOSFETS 

FEATURES 
• Monolithic Gate-Protection Diodes 
• Low Feedback Capacitance 
• High Gain-Low Noise at VHF 
• Reverse AGC Capability 
• Linear Mixers-Low Cross-Modulation Distortion 
• Dual-Gate Cascode Operation 

APPLICATIONS 
TV Tuner RF Amplifiers and Mixers 
FM Tuner RF Amplifiers and Mixers 

IF Amplifiers 
Synchronous Detectors 

Wide Band RF Amplifiers 

DESCRIPTION 
The MEM 680/MEM 681/MEM 682 are N-channel, Depletion-Mode, 

Dual-Gate Metal Oxide Semiconductor field-effect transistors. They 
arB protected from excessive input voltages by monolithic back-to
back diodes between gates and source. 

The MEM 680- is inte.oded for use in VHF amplifiers. The low 

feedback caparutance permits stable high gain without the use of 
neutralization. 

TO-72 

.208 

if
·230~ 
.195 

[ TI81 CAN ---, 
.030 .210 
MAX -L I .170 SEATING 

I I PLANE 

The MEM 681 is intended for use in VHF mixers where minimized 

cross-modulation, and inter-modulation distortion and low noise 
operation are required. 

-r:::: - _ --=:T I 
HEADER .0501 .250 .500 

.019 :A ~ MAX MIN_ MIN. 

The MEM 682 is intended for use in tuned high frequency amplifiers 

such as TV IF. The low feedback capacitance permits high single 

stage gain and stability without neutralization. 
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_016 _ _ __ --.1 I 
.021 -
:Ot6 

Bottom view 

TERMINAL DIAGRAM 

1. DRAIN 
2_ GATE 2 
3_ GATE 1 

4. SOURCE/SUBSTRATE 



MEM 680 • MEM 681 • MEM 682 m 
MAXIMUM RATINGS (TA = 2S·C, unless otherwise specified) 

IIPTA-25"C UNLESS OTHERWISE SPECIFIED 
DRAIN-50URCE VOLTAGE, VDS. • .. .. • . . • . . . • . . • . . . . • . • . . . .. • .. • ....................................... 25V 
DRAIN·GATE NO. I VOLTAGE, VDGI ••.•• • ....•.....••.•...•.....................•.............•........ 25V 

DRAIN·GATE NO.2 VOLTAGE, VDG2 .• • . • . . • . . . . . . . . . . . . • • . . . . • . . . . • . • . . . . . . . . . . • • . . . . . . . . • . . . . . . . . . . . . .. 25V 

GATE NO. I-SOURCE VOLTAGE, VGIS •..•....•..•........•••••................•..•...................... ±6V 
GATE NO.2-SOURCE VOLTAGE, VG2S ••.....••....•.•....•.............................................. ±6v 

DRAIN CURREN, ID •.•.••••............••..••.....................•.•................................ 50mA 
TRANSISTOR DISSIPATION, PT AT 25"C ....•..•.•.•....••.••.•........•........•......................... 360mW 

ABOVE 25"C, DERATE LINEARLY ....••••.•..•..•.....•..•... , •...•••...•........................ . 2.4mW/"C 

LEAD TEMPERATURE DISTANCE 1132 FROM THE SEATED SURFACE FOR 10 SECONDS ............................... 265"<: 
STORAGE TEMPERATURE RANGE .•.•...••....•..........•..•.•............•.•.................. -65"C to +175"C 

ELECTRICAL CHARACTERISTICS (TA = 2S·C, unless otherwise specified - body grounded) 

MEM 680 MEM 681 MEM 682 
SYMBOL CHARACTERISTICS TEST CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

BVDSS Drain~Source Breakdown Voltage ID=IOOIlA, VG1S=VG2S=-4V 20 - - 20 - - 20 - - V 

BVGISS Gate l-Source Breakdown Voltage IG1S= 10IlA, VDS=VG2S=OV ±6.0 - - ±6.0 - - ±6.0 - - V 
BVG2SS Gate 2-Source Breakdown Voltage IG2S=IOIlA, VDS=VG1S=OV ±6.0 - - ±6.0 . - ±6.0 - - V 

VGIS(off) Gate I-Source Cutoff Voltage ID=50IlA, VDS=15V, VG2S=41/ - -1.5 - - -1.0 - - -1.5 - V 

VG2S(offl Gate 2-Source Cutoff Voltage ID=50IlA, VDS=15V. VG1S=OV - - -4.0 - - -4.0 - - -4.0 V 
lOSS Gate 2-Voltage Drain Current VOS=15V, VG1S=OV. VG2S=4V 4.07 - 30 2.0 7 - 20 3.0 7 - 20 mA 

IGISS Gate 1-Leakage Current VGIS=±4V.VG2S=VDS=OV - - 50 - - 50 - - 50 nA 

IG2SS Gate 2-Leakage Current VG2S=±4V, VG1S=VDS=OV - - 50 - - 50 - - 50 nA 
Crss Revene Transfer Capacitance VDS=+15V. VG2S=+4V, 

ID=10mA, f=1.0MHz .005 .02 .03 - - . .005 .02 .03 pF 
Ciss Input Capacitance VDS=+15V. VG2S=+4V. 4.0 5.4 6.0 - 6.0 - - 5.1 - pF 

Coss Output Capacitance VDS=+15V. VG2S=+4V, - 2.2 - - 2.5 - - 2.5 - pF 

'iss I "put Resistance VDS=+15V. VG2S=+4V. - 790 - - 670 - - 15k - n 
ross Output Resistance VDS=+15V. VG2S=+4V. - 2.00 - - 17 - - 18 - kn 
IYfsl Magnitude of Fwd Transadmi Uance VDS=+15V, VG2S=+4V 12 18 - - 4.48 - 10 14 - mmho 
6 Angle of Fwd Transadmittance V"'·."V. VG"-~ _ - -55 - - - - - -13.6 - deg. 

IVrsl Magnitude of Rev Transadmittance VDS=*15V, VG2S=+4V, notes - 30 - - - - - 5.5 - ~mho 
6'1 Angle of Rev Transadmittance VDS=+15V, VG2S=+4V, 4,5.6 _. -30 - - - - - 90 - deg. 

Go Conversion Power Gain VDS=+15V, VG2S=+4V. - - - - 18 - - - - dB 
Fig. 2 200M Hz. Fig. 5105MH. 

GPO Power Gain - 200M Hz Fig. 1 19 21 - - - - - - - dB 
GPO Power Gain - 105MHz Fig.4 - 27 - - - - - - - dB 
MUG Ma)(imum Usable Power Gain - 44MHz Fig, 3 - .. - - - - - 30 3 - d8 
N.F. Noise Figure - 200MHz Fig. 1 - 2.5 3.3 - - - - - - dB 

NOTES: 
1. S_ Figure 1. 
2. Signal and local oscillator voltages, both are applied on Gate 1 with Injection level equal to 500MV RMS (see Figure 2). 
3. UnneutraUzed maximum usable geln for one stage (see Figure 3). 
4. MEM 680 (RF AMPT I o=10mA, f-200MHz. 
II. MEM 681 (MIXER) VG1S-o.1V, f-200MHz/44MHz. 
6. MEM 682 (IF AMP) ID-5mA, f-44MHz. 
7. In addition to the Itandard range of IDSS, the following lOSS rongel are available: 
8. Forward conversion transcdnduetanee. 

Suggested 
lOSS Range Source Resistor Suggested Biasing 

Device (mA) Color Code (11) (V) 

MEM680 4·13 Yellow Dot 150 VG1=+1.5 
R.F. Amplifier 11-22 Blue Dot 180 VG2S= +4.0 

20·30 Red Dot 200 

MEM 681 2·8 VellowDot 100 VG1 - +0.5 
Mixer 6·12 Blue Dot 100 VG2 = +1.5 

10·20 Red Dot 

MEM 682 3·9 Vellow Dot 270 VGl = +1.0 
I.F. Amplifier 7·14 Blue Oat 270 VG2So- +4.0 

12·20 Red Dot 270 

4c-37 
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Ii] MEM 680 • MEM 681 • MEM 682 

4c-3a 

Fig. 1 - 200MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT 

200 MHz CI 
INPUT 

FROM son 
SOURCE 

---, 
100QpFIQ II 

_ 1000 

L2 

47K 
470pF TO 

-- -=- ---~ 

10K 270K 270 - pF I I L 
C3 I 3PF 1 50n 

LOAO 

~ __________ ~'9 -
1000pF I ~ 1000PFI t-:i 

+ 
leVQe AGC 

+6.4 VDC 
FOR MAXIMUM GAIN 1-

LI 4T NO.IS BARE COPPER WIRE 3/16" ClAM. FORM, 112" LONG TAP AT 3T FROM COLO END. 
L2 4T NO. IS 114" OIAM. FORM, 1/2" LONG TAP AT 3/4T FROM COLO END. 

CI 0.4 TO 7pF (ARCO 4001. 

C2,C3 1.3 TO SpF VARIABLE. 

C4 IOOOpF BUTTON TYPE CAPACITOR. 

Fig. 2 - 200MHz TO 44MHz MIXER TEST CIRCUIT 

TI 
.01 I: 

7.5K .001 
OUTPUT 11 44MHZ 

i -=- -=- son LOAD 

22K 
IpF 

IOOll. lOI 

L---+---------------~----o+,5VDC 
244 MHz ~_ _ 
FROM son 
SOURCE ADJUSTED 
FOR SDOmV 
ON GATE NO. I 

LI 3T NO. 16 BARE COPPER WIRE ON 5116" CORE, 112" LONG TAP AT 3/4T FROM COLD END. 

TI PRIMARY lOT NO.32 COTTON COVERED COPPER WIRE CLOSE WOUND ON 1/4" FORM. 
SECONDARY iT NO.32 ENAMELED COPPER WIRE ADJUSTED FOR /6 TO I TURNS RATIO. 

Fig. 3 - 44MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT 

44 MHz 

AGe 
INPUT 

12K 
TUT 

INPUT (<?:f-;,it"4r--.,.,----if-+--=---'<;:-' 
son SOURCE 

4.7t< 

L2 

100 

+ 
15VOC 

-r 
LI 14T NO.32 COTTON COVERED COPPER WIRE CLOSE WOUND ON '/4" OIAM. FORM. 

L2 7T NO. 16 BARE COPPER WIRE ON 1/2" FORM, 1/2" LDNG. 

eD DRAIN TAP 2-1/2T FROM COLD END. 

® LOAD TAP O.4T FROM COLO END. 



MEM 680 • MEM 681 • MEM 682 Ii] 

Fig. 4 - 105MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT 

+ISVDC 

lOS MHZ 
50 n lo,f-::,fF--, 

SOURCE 

10K 10~pF lOOK 

NOTEI::j; 

C4 
OUTPUT 

r---'--?I1"'---t<~ J 50.11 

+ 
15VDC -r 

LOAO 

L I 6T NO.IS BARE COPPER WIRE ON 5/16" DIAM. CORE, 1/2" LONG TAP AT 4-1/2T. 
Ct -17.8pF Rt = 15K AT IOOMHZ, MOUNTED, 

L2 SAME AS LI, BUT Rt' 30K MOUNTED. 

CI,C4 0.9 TO 7.0pF TRIMMER. 

C2,C3 AIR VARIABLE CAPACITOR 20pF MAX. 

NOTE I, ADJUST 10k POT. FOR 6mA ID' 

Fig. 5 - 105MHz TO 10.7MHz CONVERSION GAIN 
TEST CIRCUIT (PRODUCT MIXER) 

+I~ voe 

1501< ~~il~i ~yPF LI .001 

5011 SOURCE 1. It---+=t'--' 

r----1--".!.l,'" 

15pF 
TRIMMER 

2201( 

TI 10.7 MHZ 

t N2 INTO 50n l10UTPUT 

I LOAD 

t--~----~~-------~---o+15VOC r-
LI 6T NO.IS BARE COPPER WIRE ON 5/16" OIAM. CORE, 1/2" LONG TAP AT 2T FROM COLD END. 

L2 4T NO.IS BARE COPPER WIRE ON 5116" OIAM. CORE. 3/8" LONG TAP AT IT FROM COLO END. 

T! °0.67 AT IO.7MHZ. NI/N2-17. 

4c-39 
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ISII AY-1-0212 AY-1-0212A 

Master Frequency Generator/Top Octave Generator 

FEATURES 

• Wide Input Frequency Range: 
1) AY-1-0212-250KHz to 1.5MHz 
2) AY-1-0212A-250KHz to 2.5MHz 

• Low Impedance Push-Pull Outputs 
• Full Musical Scale in One Chip 
• Zener Protected Input 

DESCRIPTION 

The Master Frequency Generator/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 M.F.G.IT.O.G. consists of twelve divider circuits which divide 
the input by an exact integer 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 electronic music synthesizer. 
The AY-1-0212 operates with input frequencies of up to 1.5MHz. 
A premium device designated AY-1-0212A operates up to 
2.5MHz. 

BLOCK DIAGRAM 

fo 
IN 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

TOp View 

v .. 
Input fo 

+451 

+379 

+319 

+301 

+253 

+239 

fo +- 239 

fo + 253 

fo + 268 

fo + 284 

fo + 301 

fo + 319 

fo .;. 338 

fo .;. 358 

fo .;. 379 

fo + 402 

fo .;. 426 

fo + 451 

+428 

+402 

• +358 

+338 

+284 

+288 

voo 

VGG 
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Ii] AY-1-0212 • AY-1-G212A 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All Pin Voltages with respect to Vss ..••.•..•.•• -30V to +0.3V 
Storage Temperature ..•..•..•.•..•.•••••••• -55·C to +150·C 
Operating Temperature (TAl' ••••••••.••.••.••• O·C to +70"C 

Standard Conditions (unless otherwise noted) 
\Qss = GND 
See Fig.1 for Voo and %G 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 V .. -
IGG Supply Current -
100 Supply Current -
AC CHARACTERISTICS 
AY-1-0212 Input Frequency fo .25 
AY-1-0212A Input 

Frequency fo .25 
Input CapaCitance -
Input Positive Level Width tp .33 
Input Negative Level Width tn .33 
Input Positive Level Width tp .2 
Input Negative Level Width tn .2 
Output Rise Time t, -
Output Fall Time tf -
*.' Typical values are at +25· C and nominal voltages. 

NOTE: 

-
-
-
-
-
-
-
-
-
5 

--
--
1 
1 

1. Output impedance measurements are made with 1.0V across 
the device to be measured with 17K Ohm load to -6V. 

-15 

/ I -14 
Iii STANDARD CONDITIONS 

V " ~ (WITHIN THIS AREA) 

g -13 

V" 0 ./ 0 
> 

-12 

-II 

L 
-23 -24 -25 -26 -27 -28 -29 

VGG (VOLTS) 

Flg.1 OPERATING VOLTAGES 

Max 

10 
-2.0 
Voo 

3500 
3500 

16 
20 

1.5 

2.5 
10 

-
-
-
-
-
-

·Exceeding these retings could cause 
permanent damage. Functional operetion of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Units CondHlons 

p.A at27V 
Volts 
Volts 
Ohms 
Ohms See Note 1 

mA 
mA 

MHz See Fig.3 

MHz 
pF 1 MHz 

"s AY-1-0212 

"s AY-1-0212 ,,5 AY-1-0212A 

"s AY-1-0212A ,,5 no load 
.}.IS no load 

I vss 

J:- r; 
4io.n. I 

I 
2 FREQ I 

INPUT I 
I 

OUTPUTS 

JlINPUT ~2.7K.n. 
I 

FREQ I 

4 10 voo 

J vGG 
voo ]9 

YGG 

Flg.2 TYPICAL INPUT BUFFER (IF REQUIRED) 



AY-1-0212 • AY-1-0212A Ii] 
TYPICAL CHARACTERISTIC CURVE 

3MHZ 

./ 

L' 
V 

2MHZ 

/ 

V 
100KHZ 

24 25 26 27 

VGG VOLTAGE 

F1g.3 , TYPICAL FREQUENCY VS. VGG VOLTAGE OPERATION • 

t----------------; 

INPUT ~;-f1..Jl..fLJL.rI1JLJ I. TYPICAL I 201 INPUT CYCLES I 201 INPUT CYCLES I EVEN 
DIVISION 

10..,. fo+402 
.D. 

90..,. OUTPUT J l[ 2 
2 

TIMING DIAGRAMS 

INPUT 

2. TYPICAL 
INPUT JU1...,~Jl.f1...[ 

"F.'O..,. 
000 I Ito INPUT CYCLES I 159 INPUT CYCLES t DIVISION 
'O+~II ~ 'f 90..,. 

OUTPUT J l!:fL+1 !!=I. r 2 

OUTPUT +'. ________ _ 
-d-t, 

n • THE DIVISION NUMBER 

TYPICAL APPLICATION 

,-------l 
I I 
1 I 
I I 
I I 
I I 

0,,1 1 
U l I 

I I 
I I 

I : 
I I 
L ______ .:-J 

FREQ. NOTE 

8368.2 HZ C, >--l FREQ. DIVIDERS 1----+ Ca, ___ Co 

7905.1 Hz 8a >--l FREQ. DIVIDERS ~ 8., ___ Bo 

7462.7 Hz A'.>--l FREQ. DIVIDERS 1----+ A"'r, ___ A'"o 

7042.3 Hz A. >--l FREQ. DIVIDERS ~ A., ___ Ao 

6644.5 HZ G~>---1 FREQ. DIVIDERS ~ G"'r, ___ G'o 

6269.6 Hz Ga >---1 FREQ. DIVIDERS ~ G., ___ Go 

5917.2 HZ F'8>---1 FREQ. DIVIDERS ~F~, ___ F'o 

5586.6 Hz F. >--l FREQ. DIVIDERS ~F., ___ Fo 

5277.0 HZ E. >--l FREQ. DIVIDERS HE., ---Eo 

4975.1 Hz D~>---1 FREQ. DIVIDERS ~ D~, ___ o,j'o 

4694.BHZ D. >----l FREa. DIVIDERE ~D., ___ Do 

4434.6 HZ c'it >----l FREa. DIVI DERS 1----+ C"'r, --- C"o 
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IIiII AY-3-0214 
AY-3-0215 
AY-3-0216 

Master Frequency Generator/Top Octave Generator 

FEATURES 

• Wide input frequency range: 100 KHz to 4.5 MHz 
• Single power supply . 
• Full musical scale on one chip 
• Low impedance push-pull outputs 
• Zener protected input. 
• AY-3-0214: 12 outputs· - 50% Duty Cycle (Highest accuracy) 
• AY-3-0215: 13 outputs - 50% Duty Cycle 
• AY-3-0216: 13 outputs - 30% Duty Cycle 

DESCRIPTION 

The General Instrument M.F.G./T.O.G. is a digital tone generator 
which prod uces, from a Sing Ie inputfrequency, 12 or 13 semitone 
outputs fully spanning the equal tempered scale. When used in 
conjunction with an oscillator and frequency dividers such as the 
G.I. AY-1-1007B, a system maybe configured which generates all 
the frequencies required by an electronic music synthesizer. 

BLOCK DIAGRAMS 

to.;- 427 

10';- 254 

10';- 269 

10";" 285 

10";" 302 

10';- 320 

:~ >---<I--+-+-t--4-.... 

10';- 339 

10';- 359 

10';- 380.5 

10';- 403 

10';- 452.5 

10 -+ 479.5 

AY-3-0214 
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PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

AY-3-o214 

vee 

Inputfo 

+479.5 

+403 

+339 

+320 

+269 

+254 

16 LEAD DUAL IN LINE 

A Y -3-02151 A Y -3-0216 

Vee 
Inputfo 

v •• 
+451 

+426 

+402 

+379 

+356 

+452.5 

+427 

+380.5 

+359 

+302 

+l!S5 

Vss 

NIC 

+478 

+239 

+253 

+268 

+284 

+301 

+319 

+338 

10 + 478 

~----------.:=---~ 10 .;- 239 

r------------~ 10 + 253 

Ir=:;:===~l-+ 10 + 268 

10 + 284 

10+301 

L--~lo';-319 

10 
IN 

.---~ 10 .;- 338 

10';- 358 

10 + 379 

L-__________ ~ 10 + 426 

L-____________ ~ 10 + 451 

A Y -3-02151 A Y -3-0216 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss .........•. +20 to -0.3 
Storage Temperature •..........••..•••.•..• -55·C to +150·C 
Operating Temperature (T A) ••••••••••••••••••• O· C to +500 C 

Standard Conditions (unless otherwise noted) 

O·C ~ TA ~ 50·C 
Vss = O.OV 
Vcc = +10V to +16V 

Characteristic 

Clock Input 
Low 
High 
Frequency 
Rise Time 
Fall Time 
Duty Cycle 
Capacitance 

OUlpula 
High 
Low 
Fall Time 
Rise Time 
Duty Cycle 

Supply currant 

Min Typ·· 

0.0 -
Vee -3.0 Vee 

100 -
- -
- -
40 50 
- -

Vee -1.5 -
0.0 -

-- --
- 50 
- 30 

- -
··Typical values are at +25·C and nominal voltages. 

TIMING DIAGRAMS 

202 I 
Clocks I J 202 202 

Clocks 

202 
Clocks Clocks 

FIg.1 TYPICAl. EVEN DIVISOR N • 400 

Fla.3 TYPICAl. EVEN Pl.US 0.5 DIVISOR N • 452.5 

TYPICAL APPLICATIONS 

CID 18740.18 Hz 

,---------__'; B9 16807.28 

A * 9 14911.86 

AI 14080,00 

G '9 13288.00 

G9 11543.24 

F '9 11844.48 

F9 11115.20 

E9 10551.e8 

LJ:=~===~!"-+ 0 '9 9958.22 

L.. __________ D9 9317,04 

L.. ___________ ~ Ct. 8881.90 

AY-3-G214 

Max 

0.8 
Vee 

4500 
30 
30 
60 
10 

Vee 
0.5 
2.5 
2.5 
-
-
120 

AY-3-0214 • AY-3-021S • AY-3-D216 

·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 4.5 MHz 
ns 4.5 MHz 
% 
pF 

V 0.25 mA 
V 0.7mA 

/LS 20K & 500 pFto 16V 
/LS 20K & 500 pFto Vss when Vee=116V 
% AY-3-D214/5 
% AY-3-0216 

mA 16V, 4.5 MHz, 25·C 

FlII.2 TYPICAL ODD DIVISOR N = 403 

Fla.. TYPICAl. ODD PLUS 0.5 DIVISOR N • 479.5 

C9 8569.20 Hz 

CID '1158.40 

89 15812.10 

A , • 14127.10 

AI 140.'.10 

G ". 152'0.80 

09 12540.80 

Fl. 11135.70 

•• 11174.50 

EO 10555.S0 

••• 9851.40 

•• '580.70 

e .. '8rO.20 

AY-3-021S/AY-3-G216 

• 
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IIiII 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. The output 
switch will remain closed even if the input switch is released, and 
will remain closed until a new input switch closure occurs. 

BLOCK DIAGRAM 

PRIORITY IN PRIORITY OUT 

INHIBIT IN INHIBIT OUT 

FREQUENCY our 

I 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

SWitch 6 
SWitch 5 
Switch 4 

SWJtch3 
SWitch 2 
Switch 1 
Ground 

VDD 

frequency Out 

Priority IN 
Inhibit Out 

N.C. 
N.C. 
N.C. 

Frequency 1 
frequency 2 
Frequency 3 
Frequency 4 
Frequency 5 

Frequency 6 

LOGIC DIAGRAM 

PRIORITY INHIBIT 
OUT IN 

Switch 8 
SwltchB 

Switch 9 
Switch 10 
Switch 11 

Switch 12 
Swltch 13 
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 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All Pin Voltages with respect to Vss ............ -30V to +0.3V 
Storage Temperature ....................... -55·C to +150·C 
Operating Temperature (TAl ................. -20·C to +70·C 

Standard Conditions (unless otherwise noted) 

Vee = -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 nom mal voltages. 

TYPICAL APPLICATION 

-NIf').,.U')"' ...... CO~O-NI'1 
1&.1&.1&.1&.1&.1&.11..1&.1&.---

ILI&.I.I.. "'-

Max 

80 

-
-2 
-
-2 
-
20 
-
8 
1 

AY-1-1313 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Units 

KO 

MO 
Volts 
Volts 
Volts 
Volts 

KG 
Mn 
mA 
mA 

Conditions 

J Measured to 
Ground 

} RL = 47K tOVDD 

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 olthe lower. The Priority 
and Inhibit Inputs must be grounded 
when not in use. 

• 
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AY-5-1315 

Rhythm Generator 

FEATURES 

• Drives 8 instruments 
• 32 beat long pattern 
• 6 rhythm selections 
• Internal oscillator 
• Mask programmable rhythm pattern and pattern length 
• Automatic reset for easy chord coupling 

DESCRIPTION 

The AY-5-1315 is a P-Channel MOS IC specifically designed for 
the Rhythm and Percussion section of an Electronic Organ and 
for Automatic Rhythmers. It contains all the logic circuits 
necessary to generate six sets of rhythm patterns driving eight 
instruments. The automatic reset feature allows it, when coupled 
with the chord section ot the organ, to star! on the downbeat 
every time a new chord is played. Selecting multiple patterns will 
result in a combination of the patterns selected. Tempo is 
externally adjustable from slower than largo to faster than presto. 
For added stability ofthe Internal tempo OSCillator a -+ 32clrcuit is 
provided. If an external tempo oscillator is used this circuit could 
be mask programmed out of the counter decoder chain. For 
added flexibility the output buffers could be mask programmed 
for either 100% or 50% duty cycle. The AY-5-1315 may be 
operated alone or in conjunction with the AY-5-1317A chord 
generator. 

BLOCK DIAGRAM 

RIC NETWORK esc 
OR OUTPUT 
OSC INPUT 

VDD 

Vss 

PATTERN 
SELECT 
INPUTS 

OUT1'\JTS 

5-10 

PIN CONFIGURATION 
18 LEAD DUAL IN LINE 

vss 
Osc Oul 

Oae In 

Oull 

Oul2 

out S 

Out 4 

OutS 

Out 6 

VDD 

Pattern seleCtion 8 

Pattern selection 5 

Pattern Selection 4 

Pattern Setectlon 3 

Pattem Selection 2 

Pattern Selection 1· 

Oute 
Out 7 

A separate publication, "AY-5-1315 Custom Coding 
Information", available from GI Sales Offices, describes the 
punched card and truth table format for custom programming of 
the AY-5-1315 memory. 

TYPICAL APPLICATION 

1M lOOK .033 
16V 

RHYTHM 18 
SELECT 

SWITCHES VDD 

RI!'" 
OUT 1 

ANY KEY 
DOWN 

TO DRUM 
VOICING 
CIRCUITS ./S. 

OUT 0 

TO TEMPO TO CHORD 
LIGHT VOICING 

CIRCUITS 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respect to V ss ......... -20V to +0.3V 
Storage Temperature ........•..•........... -65°C to +150°C 
Operating Temperature (TA) ••••••••••••••••• -25°C to +70°C 

Standard Conditions (unless otherwise noted) 
Vss = 0 Volts, Voo = -12 to -18 V 

Charactertstlc Min 

Clock Input 
Freq. DC 

DC 
Logic '0' Voo-4.0 
Logic '1' +0.3 
Internal osc. Ireq. -
Rhythm select Inputs 
Logic '0' VoD-4 

Rhythm select Inputs 
Logic '1' +0.3 
Rhythm select Input 
Impedance 10 
Instrument & OBC. output 
Logic '0' (Note 1) Voo-6.0 

Instrument & osc. output 
Logic '1' -
Power -

Typ·· 

100/1000 
3/300 
-
-

100/1000 

-

-

-

-

-
-

··Typical values are at +25°C and nominal voltages. 

Max 

100K 
100K 
Voo 
-1.0 
-

Voo 

-1.0 

-
VOD-4.0 

-1.0 

300 

AY-5-1315 

·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 

Hz with +32 circuit in 
Hz with no +32 circuit 
V 
V 

Hz Set by external resistor & capacitor 

V 

V 

KOhm Pulled to VOD 

V with internal pull ups to Voo 
(instrument outputs only) supply-
ing 0.1 mA 

V Sinking 1.0 mA 

mW VDo =15volts 

NOTE: 1. Open ended devices have a minimum impedance of 500K ohm to GND when in the off condition. 

OPERATION 
The AY-5-1315 Rhythm Generator contains an internal oscillator, 
a clock generator circuit, a 5-bit synchronous resetable 
counter/decoder, and a ROM that drives 8 instruments and the 
reset circuit. By selecting one of the 6 available rhythm patterns, 
the appropriate section 01 the ROM is enabled. 
If no pattern is selected the reset circuit is activated which stops 
the internal oscillator. inhibits the output drivers and resets the 
counter to count 1. When a selection is made, the outputs are 
enabled which brings out the program as stored in count 1- the 
down beat program. 

The oscillator frequency determines the tempo of the rhythm 
pattern generated. The clock generator generates a 2 phase clock 

</>1 and </>2. If the internal divide by 320ption is selected c;f>1 ison for 
the first 16 count and c;f>2 is on between count 17 and 32, thus 
producing two non overlaping clocks. If the divide by 32circuit is 

programmed out, the circuit </>1 and c;f>2 will be directly related to 
the ON (logic 1) and OFF (logic 0) time at the clock generator 
input as provided by an external oscillator. The c;f>2 clock drives 
the 5 bit counter/decoder which sequentially turns on one olthe 
32 lines of the ROM. 

On the <1>1 clock, the program out of the ROM is transferred to the 
output thus eliminating decoding spikes at the output. If the 
output of the ROM is a '1' the proper instrument will be turned on. 
The output drivers are programmed either for 100% duty cycle or 
50% duty cycle. When programmed for 100% duty cycle the 
output turned on will remain on lor an entire,c;f>1h~'2 cycle. If the 
next bit in the program is a '1' again, the output will remain on for 
the next cycle without going to zero between cycles. When 
programmed for 50% duty cycle the output will be on during 11>1 
only and return to zero during c;f>2. 
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IIiII 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 
functions. 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-
1317A 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 hasa keyboard 
priority system with the C Major chord having the highest priority. 
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BLOCK DIAGRAM 

KEYBOARD 
SCANOSC 

ANY OKUE;p~~WN __ -+-_-' 

SPECIAL 
EFFECT 
OUTPUT' 

3 
CONTROL 

LINES 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

v" 
Vee 

C1 
asc 
RES 

mSel 
R1 
R2 
R3 
R4 
R5 
R6 
F1 

F2 

F3 
F4 

F5 

F6 

F7 

F6 

Top View 

MINOR SELECT 

7TH SELECT 

12 FREQUENCY 
INPUTS 

CHORD 
I-...L_---+-_ ELEMENTS 

OUTPUTS 

C6 

C5 

C3 
C2 
SUS 

MO 
7 Sel 

7th Output 

Root 
AK 

3rd Output 
5th Output 
B1 
B2 

B3 
F12 

F11 
F10 

F9 



AY-5-1317A 

PIN FUNCTIONS 

Pin No. Name (Symbol) Function 

1 Ground (Vss) Ground 

2 PowerSupply(VDD) Negative Supply 

3,36-40 Column Inputs (CI-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 MinorSelect(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 Controllnputs(B3-B1) 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. 

B1 B2 B3 Selection 

0 0 0 No change from last selection. 

0 0 1 ROOT 

0 1 0 5th 

0 1 1 3rd 

1 1 1 7th 
II 

1 1 0 4th 

1 0 1 6th 
28 5th Output (5th) This line will output the 5th frequency element of the 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. 
Major3rd will be provided if a Major or 7th chord are selected. 

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 Effect Output (MO) This line will output one of the six frequency elements as 

programmed by the control lines B1- B3. 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 played. 

TRUTH TABLE FOR SPECIAL EFFECT OUTPUT 

FREQUENCY OUTPUTS 

Chord 
Root 3rd Minor 3rd Major 4th 5th 6th 7th 

Selection 

C C (+2) D# (+2) E (+2) F (+2) G (+2) A ( +2) A # (+2) 
C# C# (+2) E (+2) F (+2) F # (+2) G # (+2) A# (+2) B (+2) 

D D (+2) F (+2) F # (+2) G (+2) A (+2) B (+2) C ( +1) 
D# D# (+2) F# (+2) G (+2) G # (+2) A# (+2) C ( +1) C # (+1) 
E E (+2) G (+2) G # (+2) A (+2) B (+2) C# (+1) D (+1) 
F F (+2) G# (+2) A (+2) A # (+2) C (+1) D (+1) D # (+1) 
F# F# (+4) A (+4) A# (+4) B (+4) C# (+2) D# (+2) E (+2) 
G G (+4) A# (+4) 8 (74) C (+2) D (+2) E (+2) F (+2) 
G# G# (+4) 8 ( +4) C (+2) C# (+2) D# (+2) F (+2) F # (+2) 
A A (+4) C (+2) C# (+2) D (+2) E (+2) F# (+2) G (+2) 
A# A# (+4) C# (+2) D (+2) D # (+2) F (+2) G (+2) G# (+2) 
B B (+4) D (+2) D# (+2) E (+2) F# (+2) G# (+2) A (+2) 
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Ii] AY-5-1317A 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voo with respect to Vss . . . . . . . . . . . . . . . -20V to +0.3V 
Logic Input Voltages with respect to Vss . . . . . . . -20V to +O.3V 
Storage Temperature . . . . . . . . . . . . . . -65·C to +150·C 
Operating Temperature (TA). . . . . . . . . . . . . O·C to +70·C 

Standard Conditions (unless otherwise noted) 

Voo = -15V ±3V 
Vss = OV (substrate voltage) 
Operating Temperature (TA) = +25·C 

Characteristic 

Input Logic Levels 
Logic 0 
Logic 1 

Input Capacitance 

Note Outputs 
Logic 0 
Logic 1 

Row Drivers Output Impedance 
Control Input 

Keyboard Row Input Impedance 
Keyboard Scan Frequency 

Sym 

VIL 
VIH 

CIN 

ROFF 

RON 

Min 

Voo 
-1.0V 

-

160KO 
-
-

10KO 

24KO 

-
""Typical values are at +25· C and nominal voltages. 

STANDARD INTERCONNECTION FOR A 3><12 KEY MATRIX 

SUS. REseT ROOT 3RO 

35 

4 05C 
1 vss 
2 veo 
7 

Typ"" 

-
-
-
-
-

7500 

-
-

25KHz 

5TH 

8 AY-5-1317A 

10 

11 

12 

36 37 38 39 40 
C c# 0 0# E F 

.J.... ....I.... -L -L -L -L 
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7TH 

F# 
.L 

"Exceeding these ratings could cause perma
nent damage. Functional operation of this 
device at these conditions Is not implied 
-operating ranges are specified below. 

Max Conditions 

-8.5 
+0.3V 
10 pF 

-
5000 
- Voo =-15V 

1000K'0 

100KO 

- 500 pF, 750K,VDO = -15V 

MO. SELECT 

B1 B2 83 

13 

14 
A# 

15 

16 
G# 

17 

18 
F# 

FROM 

19 FREQUENCY 
DIVIDERS 

20 

21 
0# 

22 

23 
c# 

24 

G G# A A# 8 
..L -L -L -L -L 

MAJOR 

MINOR 

SEVENTH 



STANDARD INTERCONNECTION FOR A SINGLE' ROW KEYBOARD 
WITH SEPARATE KEY FOR MINOR AND SEVENTH 

3S 

VSS 

AV-5-1317A 

VDD 

11 

12 

36 37 38 39 40 3 6 

81 B2 B3 

AY-5-1317A Ii] 

13 

14 
A# 

15 

16 
A 

17 
G# 

G 
18 

F# FROM 
19 FREQUENCV 

20 
F DIVIDERS 
E 

21 
0# 

22 
23 

0 

24 
C# 

C 
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IIiII AY-1-1320 

Piano Keyboard Circuit 

FEATURES 

• 12 keys per package 
• Loudness proportional to key press velocity 
• Sustain input to give 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 velocityof 
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 
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PIN FUNCTIONS 
AY-1-1320 Ii] 

Name Function 

Vss Positive supply 

VGG Negative supply (-25 to -29V) 

VBIAS 1 Bias supply to keying circuit (-27V nominal) 

Sustain When a logic '1' the outputs are damped with a time constant of 180msec. 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.SiJF 
gives a time constant of 18msec. 

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 with 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 39KOhm resistor with a time 
constant of 18msec. At the end of the key travel the final voltage 
on C1 is transferred to the gate of T3via T2. This causes C2to be 
charged to VCl + 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 voicing circuits and 
amplifiers. C2 slowly discharges through R1 to give the required 
exponential decay of note amplitude. When the key is released 
the 50K damping resistor is optionally connected across C2 to 
damp the notes with a 110msec. time constant. 

~r------------------------~ 
r---- I 

BIAS 1 .... ---+--...., 
I 

I 
I 
I 
I 
I 
'OUTPUT TO ---+--j-JV\I'v--..,.--JV\I'v-- VOICING 

Rl I CIRCUITS 
Cl I 

r- 4---+--4---1 

• I 
I 
I 
I 
I 

....L. 

39K 

BIAS 2 

390K 

I 68K-.1M!! I 
I • 
I FROM I DIVIDERS 

I 
I 

-L 

C?5~F 

r-±-~+-+-~----~----~~~~~ 
• -= 
I 

I 
I 
LA 

KEV 

• I 
I I 
I 

SUSTAIN I L ________________________ J 

Flg.1 KEY CIRCUIT SCHEMATIC 
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I!l AY-1-1320 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlng.-

Voltage on any pin with respect to Vss pin ..................... +0.3 to-3O Volts 
Storage Temperature Range .•.•..•..•.•••..•..•....•...••.••• -65·C to +150· C 

Ambient Operating Temperature Range •••••••..•....•..••••••••••• O·Cto +70·C 

Standard Condition .• (unless otherwise noted) 

V GG = -25 to -29 Volts 
Vss = OV 
VelAS 1 = VGG 
Operating Temperature (TA) = O·C to +70·C 

Charactarlsllcs Min. 

Key Input Logic '1' -24 
Key Input LogiC '0' +0.3 
Key velocity time constant -
Output peak amplitude -
Output decay time constant -
DampE'r time constant -
Dynamic range -
Power Supply Current IGG -

IelAs -

"Typlcal values are at +25°C and nominal voltages. 

Typ •• Ma. Units 

- -29 Volts 
- -1 Volts 
18 - ms 
8 - Volts pop 

286-2486 - ms 
110 - ms 

30 - dB 
3 - mA 
3 - mA 

·Exceedlng· these ranges could cause 
permanent demage. Functional operation of 
this. device at these conditions is not 
Implied-operating ranges are specified 
below. 

Conditions 

Key up 
Key down 
C1 = 0.5jJF (Note 1) 
(Note 2) 
See Table 1 

C2 = 2.2JJF 

Note 1. The key transittlme determines the initial amplitude of the note. The longer the time the softer the note.lfthetransiltime 
is 18ms the amplitude will be approximately 37% of maximum. capacitor C1 determines the time constent. 

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 Decay Time 
KOhm KOhm msec. 

C7-C6# 
2093-1108Hz 68 470 286 

C6-C5# 
1048.4-554.2Hz 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 660 470 1960 

C2-Cl# 
65.4-43.6Hz 1000 470 2486 
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iii AY-1-5050 
AY-1-5051 

AY-1-6721/5 
AY-1-6721/6 

4-5-6-7 Stage Frequency Dividers 

FEATURES 

• DC to 1 MHz operating frequency range. 
• Diode protection on all inputs. 
• Low output impedance in both states. 
• Choice of configurations: 

1) AY-1-S0S0: 7-Stage Frequency Divider, 3+2+1+1 
2) AY-1-50S1: 4-Stage Frequecy Divicer, 2+1+1 
3) AY-1-6721/S: 5-Stage Frequency Divider, 3+2 
4) AY-1-6721/S: S-Stage Frequency Divider, 3+2+1 

DESCRIPTION 

The AY-1-S050, AY-1-S0S1, AY-1-S721/Sand the AY-1-6721/Sare 
constructed on monolithic silicon chips using MTOS (Metal
Thick-Oxide-Silicon) P-Channel Enhancement Mode Field 
Effect Transistors. All circuits can be driven from asine or square 
wave input. The different types all have the same specifications 
and are fully compatible with one another. 

BLOCK DIAGRAMS 
IN A OUT At OUT A'l OUT A3 

I ~I ~ 
INS OUTB, OUTB2 INC CUTe INO OUTO 

AY-1-5050 

I'~'I 
INS aUTB INC DUTe 

AY-1-50S1 

I'~'I 
INB OUTB, OUTB2 

AY-1-6721/5 

I'~'I 
INa OUTB, OUTB2 INC DUTe 

AY-1-6721/6 
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PIN CONFIGURATIONS 

14 LEAD DUAL IN LINE 
AY-1-S0S0 

10 LEAD 
AY-1-S0S1 

10 LEAD 
AY-1-67211S 

12 LEAD 
AY-1-6721/S 

GND 

InA 

QutA, 

OUtA2 

OulA3 

InD 

QutD 

1 
2 
3 
4 
5 
6 

Top View 

VGG 

In B 

OutS, 

OUtB2 

In C 

Dute 

vDO 

Bottom View 

QutA, 
OUtA2 
InB 
OutS 
GND 

6 InC 
7 Cute 
8 VGG 
9 Voo 

10 InA 

Bottom View 

GND 6 InA 
OUtB2 7 QutA, 
OutS, 8 OutA2 

In B 9 OulA 3 

VGG 10 Voe 

Bottom View 

GND 7 CutC 
InA 8 Voo 
QutA, 9 QutB2 
OutA2 10 OutS, 
Cut A, 11 InB 
InC 12 VGG 



AY-1-S0S0 • AY-1-S0S1 • AY-1-6721/5 • AY-1-6721/6 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Drain Voltage . . . . -30V to +0.3V 
Gate Voltage. . . . . -30V to +O.3V 
Data Input Voltage. . -30V to +0.3V 
Storage Temperature .................... -55°C to +150°C 
Operating Temperature (T A). . . . . . . . . . . . . . . . . . . 0° C to +70° C 

Standard Conditions (unless otherwise noted) 

CL = 10 pF Voo = -13V ±1V 
Voo = -27V ±1V 
RL=lMOhm 

Operating Temperature (TA) = +25°C 

Characteristics Min. Typ" 

Data Input 
Logic "0" level - -
Logic "1" level -10 -
Data I nput operating freq. DC -
Data Input Pulse width 
-"O"level 300 -
-"1" level 300 -
Input Leakage - -
Output Parameters 
Logic "0" level - -
Logic "1" level -11 -
Drive Capability 
- "0" level - -1 
-"1" level -11 -
-"1" level -8 -
Data output Rise and Fall time - 0.6 

Current Drain 
100 - 3 
100 - ... 

Max 

-2 
-
1 

-
-
5 

-1 
-

-1.5 
-
-
-

-
-

• 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 

p.A V,,=-20VDC 

V 
V 

V Sinking current = 0.5 mA 
V RL= 100 KI1 
V RL=10 KI1 

p's 

mA Voo=-27 V 

"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 Voo enables tremulant to be introduced in the electronic organ application. 

TIMING DIAGRAM 

'N, 

OUT Al 

OUT A2lL ____ ~ L 
OUT All 

~--------------~ L 
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IIiII AY-1-1006 AY-1-2006 

Six Stage Frequency Dividers 

FEATURES 

• Sine or Square Wave Input 
• Low Impedance Push-Pull Outputs 
• Six Divider Stages: 

3-2-1 (AY-1-1006) 
2-2-H (AY-1-2006) 

DESCRIPTION 

The AY-1-1006 and AY-1-2006 are monolithic frequency divider 
circuits which utilize MOS technology. Each consists of six flip
flops arranged either 3-2-1 (AY-H006) or 2-2-1-1 (AY-1-2006) 
and diffused into a single silicon substrate. Each circuit can be 
driven from a sine or square wave input. Each output is a low 
impedance push-pull output which is capable of driving external 
circuitry as well as other flip-flops. 

APPLICATION 

BLOCK DIAGRAMS 

AY-1-1006 

5-22 

/ 

TRIGGER 3 
2 

9 OUTPUT 1, 72 

OUTPUT 1,+8 
11 

PIN CONFIGURATIONS 

14 LEAD DUAL IN LINE 
AY-1-1006 

VGO 

Trigger 3 

Input 3 

Trigger 2 

Input 2 

Input 1 

VDO 

14 LEAD DUAL IN LINE 
AY-1-2006 

Voo 

Input 1 

Input 2 

Input 4 

N.C. 

Input 3 

Voo 

AY-1-2006 

Output 3,+4 

Output 3,+-2 

Output 2,+ 2 

Output 1,+8 

Output 1,..,..4 

Output 1.+2 

Vss 

Output 1,+4 

Output 1,+ 2 

Output 2,-;-.2 

Output 4,+ 2 

Output 3,+ 4 

Output 3.+2 

Vss 

OUTPUT 4,+2 
11 

OUTPUT 3.+2 
9 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 
All Pin Volages with respect to Vss ............. -30V to +0.3V 
Storage Temperature ....................... -SS·C to +lS0·C 
Operating Temperature (TA) ••••••••••••••••••• O·C to +70·C 

Standard Conditions (unless otherwise noted~ 

-14< Voo <+0.3V VGG; -27i;;2V Vss; GND 

Characteristic Min Typ" 

DC CHARACTERISTICS 
Input Leakage -
Input Positive Level -
Input Negative Level -B.O 
Output Positive Level -
Output Negative Level -10.0 
I GG Supply Current -
D.C. Noise Immunity (Note 2) +1.0 

AC CHARACTERISTICS 
I nput Repetition Rate D.C. 
I nput Capacitance -

"Typical values are at +2S·C and nominal voltages. 

NOTES: 

-
-
-
-
-
-
-

-
-

1. Outputs may be momentarily grounded (individually) 
without damage to the device. 
2. D.C. noise immunity is defined as follows: 

"1" state N.!. = VOUT "1" - VIN "1" = [-10]-[-B] = 2V 
"0" state N.!. = VIN "0" - VOUT "0" = [-2]-[-1] = 1V 

Max 

1 
-2.0 
-

-1.0 
-

10.0 
-

SO 
S 

AY-1-1006 • AY-1-2006 iii 

'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 

p.A VIN=-20V 
Volts 
Volts 
Volts VGG=-27V. Voo =-12V 
Volts VGG =-27V. Voo =-12V 
rnA VGG = -2BV 

Volts 

KHz 
pF VIN=OV 

3. Voo not used internally. Used for output negative supply only. 
4. Outputs change on the negative transition of the respective 
inputs. 

TIMING DIAGRAMS !NPUT\~ tNPUT1~ 

OUTPUT1''''2~ 

OUTPUT1,+4~ 

OUTPUT1"'2~ 

OUTPUT1.~4~ 

OUTPUT1.-S I L-_____ -' 

INPUT 2 LSULrLr 
OUTPUT2,-2~ 

INPUT3~ 

OUTPUT3'.2~ 

OUTf'UT3._4~ 

AY-1-1006 

CIRCUIT TEST CONFIGURATIONS 
Voo 

-I 10K 

....... _ ..... -_~-Vout 

--I 10K 20pf 

BUFFER OUTPUT TEST LOAD 

INPUT:! L.n..JL.J"Lj 

OUTPUT2.+2~ 

INPUT3~ 

OUTPUT3. ... 2~ 

OUTPUT3.+4~ 

INPUT~ LI"lSl.I 

AY-1-2006 

TRIGGER OUTPUT TEST LOAD 
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AY-1-1007B 

7 -Stage Frequency Divider 

FEATURES 

• Sine or Square Wave Input 
• Low Inpedance Push-Pull Outputs 
• Seven Divider Stages 
• Power-an-Reset 

DESCRIPTION 

The AY-1-1007B is a monolithic frequency divider circuit which 
utilizes MaS technology. The divider circuit consists of seven 
flip-flops arranged in a 3-2-1-1 configuration and diffused Into a 
single silicon substrate. The circuit can be driven from a sine or 
square wave input. Each flip-flop has a low impedance push-pull 
output which is capable of driving external circuitry as well as 
other flip-flops. 
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TYPICAL APPLICATIONS 

BLOCK DIAGRAM 

IN"~T"'7 
13~14 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 

v •• 
VGG 

voo 

Input.1 

Output.1 

CIRCUIT TEST CONFIGURATION 

Output #7 

Input #4 

Output 116 

Output '5 

Input #3 

Output .4 

Input #2 

OUTPUT 7 

OUTPUT 6 

OUTPUT e 

OUTPUT 4 

INPUT NUMBERS 1,2,3,4 (-I~;-LrL J 
REFER TO TIMING DIAGRAM FOR 
OUTPUT PHASE AND FREQUENCY 



AY-1-1007B 

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) ................... O°C to +70°C 

'Exceeding these ratings 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) 

-14 < Vee < +0.3V VGG =-27V ± 2V Vss = GND 

Characteristics Min Typ" 

DC CHARACTERISTICS 
I nput Leakage -
Input Positivie Level -
Input Negative Level -9.0 
Output Positive Level -

Output Negative Level -11.0 

IGG Supply Current -
D.C. Noise Immunity (Note 2) +1.0 

AC CHARACTERISTICS 
Input Repetition Rate D.C. 
I nput Capacitance -
"Typical values are at +25°C and nominal voltages. 

Notes: 

-
-
-
-
-
-
-

-
-

Max Units Conditions 

1 !LA VIN = -20V 
-2.0 Volts 
- Volts 

-1.0 Volts Voo=-27V, Voo=-12V, 

- Volts VGG= -27V, Voo =-12V, 

14.0 mA VGG =-25V, 

- Volts 

50 KHz 
5 pF VIN=OV 

1. Outputs may be momentarily grounded (individually) without 
damage to the device. 

3. Voo not used internally. Used for output negative supply only. 
4. Typical output impedance to Vss orVoo isl.2Kohms. 

2. D.C. noise immunity is defined as follows: 
"1" state N.!. = VOUT "1" - VIN "1" = [-10] -[-9] = 1V 
"0" state N.!. = VIN "0" -VOUT "0" = [-2]-[-1] = 1V 

TYPICAL TIMING DIAGRAM 

INPUTI~ 

OUTPUTI~ 

OUTPUT2-~ 

OUTPUT' IL ____ ....J L 

INPUT2~ 

OUTf'UT'~ 

INPUT3~ 

OUTPUT5~ 

OUTPUT6~ 

INPUT 4 l-'lSU 
OUTPUT7~ 
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AY-9-1000 

216 12L Frequency Divider 

FEATURES 

• Crystal oscillator input 
• RC oscillator input 
• Sine or square wave input 
• Divide by 218,2 15,2.'2,2.'1, 210, or 27 
• TTL interface capability 

DESCRIPTION 
The AY-9-1000 Is a monolithic frequency divider that uses 
General Instrument's bipolar logic. This logic uses an lon
implanted Integrated Injection technique, which allows 
operation In environments normally too hostile for average MOS 
technology. High speed low power operation and TTL Interface 
capability are also provided using this technique. 
The AY-9-1000 Inverter Inputs are Intended for use as a crystal 
oscillator/amplifier; however, they may be used 8S 8 normal logic 
inverter if desired. 

BLOCK DIAGRAM 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

Ground 

Out 2 

NC 

Injector 

In 1 Ie) 

In 1 IBI 

In 2 (CI 

In 2 (BI 

Out 1 

NC 

NC 

Out 1 

Select 3 

In 31CI 

In 3 (BI 

Select 2 

@o-----, @o-------, 
IN 1 

o 
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IN 2 SELECT 

OUT 1 

IN 3 SELECT 
OUT 2 



AY·9·1000 iii 
ELECTRICAL CHARACTERISTICS 

Maximum Rating,· 

Open Collector Voltage (VOh) ........•.......•..•.••• 7.0Volts 
SupplyCurrent(lcc) ••..............•.•..•..•••••.•••• 200mA 
Input Current .......•.......•..•..•..•.•••••...•.••••. 20mA 
Storage Temperature ....•...•.••..••..••.• -55°Cto+150°C 

STANDARD CONDITIONS (unless otherwise noted) 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Vee = 5V (Note 1) Ri = 100012 (Resistor from Vee to Injection Input Pin) 
TA = 25° C Open Collector Outputs tied to Vee via 2400 ohm Resistors. 

Chal'llcterlltlc Symbol Min Typ •• Max Un", Condltlonl 

Supply Current (Note 2) I"c - 15.0 - mA 
High Level Output Voltage Vah 4.8 - 5.0 V 
Low Level Output Voltage 

(101 = 2.OmA) Vol - 0.2 0.4 V 
High Level Input Voltage Vlh - 0.7 - V 
Low Level Input Voltage VII - 0.4 - V 
High Level Input Current 

(Vlh = 750mV) Jlh - 50 100 flA 

"Typical values are at +25° C and nominal voltages. 

1. Normal device voltage is ab.out 750mV. Operation is a function of the current through a resistor from Vee to injection pin. The 
outputs are open collector devices. 

2. lee is a function of the programming resistor Ri. 

5-27 



iii AY-9-1000 

5-28 

INPUT CHARACTERISTICS (at +25°C) 

800r----r---.----.----r9~2~, 

mV 700 91 

-15 -10 -5 

( ~ DO NOT bXCEED 

90 
600 

89 
500 

mA 88 
400 

300 
87 

85 
200 

TYPICAL 
OPERATING ....... 

~82 
100 

POINT 

J> 0 
0 200 400 600 800 1000 

mV 

Fig.1 INPUT CURRENT vs INPUT VOLTAGE Fig.2 REVERSE BREAKDOWN 

INJECTOR CHARACTERISTICS (at +25° C) 

Icc!mA) 

9.0 ....---------,-------.... ----------, 

8.01-----t----+i-----j 

7.0 i------i-------f-+-----I 

6.01-----t----f-i-----j 

5.01-----t---__ >---i-----j 

4.01-----+--+--+-------1 

3.01-----+/-.--+-------1 

2.01------tJ ..... ---i-----j 

/ 

700 800 900 

Vcc!mV) 

Flg.3 INJECTOR CURRENT ¥s. INJECTOR VOLTAGE 

00 

-10 

-20 

mA 

-30 

-40 

-50 



AY-9-1000 [!) 

+5.0V 

? 
2.4K S ~ 2.4K 

> 
~ 2.4K 2.4K > • ~ 2.4 > • 

K 

:~ 22pF 
~1.920KHz 

30pF :~ 1K: 

~ 
1 16 

100K 
-'\IV' 2 15 ro 

60Hz 

0- 3 14 f-o 

• 
XTL 4 13 

101 5 12 f-o 
II JI 

6 11 ~ 

60Hz 

7 10 f-o 
0- 8 9ro 

= fXTL 3932.160 KHz 

Fig. 4 - TYPICAL APPLICATION (60Hz CLOCK) 
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AY-5-1230 AY-5-1231 
AY-5-1232 AY-5-1233 

Clock / Appliance Timers 
FEATURES 

• 4 Digit Clock. 
• Drives 7 segment Fluorescent Displays. 
• Programmable switch on and switch off times. 
• Repeating or non-repeating o~eration. 
• Dimming control. 
• Power on reset, remains reset until time is set. 
• Foolproof switch on/off selling, 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-5-1230/1232/1233:150Hz Input, 24 hour operation. 
• AY-5-1231: 50/60Hz input, 12/24 hour operation. 

DESCRIPTION 

The AY-5-1230 Series Clock/Appliance Timers 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-5-8320 TV Time/Channel Display circuit to 
provide a clock display and automatic on and off switching oflhe 
TV at any desired time. 

BLOCK DIAGRAM 
SET ON TIME! 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 
A Y -5-1230/1232/1233 

Vss(GND) 
Set ON Time/Set OFF Time 

Repeat Input 

Set ON Output 

Set OFF Output 

Clock Input 

Set Hours Input 

Set Minutes Input 
VLL (Display Supply) 

Seg. G Output 

Seg. F Output 
Seg. E OutpuVStrobe Out 

Seg. 0 OutpuV2° Out 

Seg. C Outputl21 Out 

40 LEAD DUAL IN LINE 
AY-5-1231 Top View 

Vss (GND) 

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 Select Input 

Clock Input 
Set Hours Input 

Set Minutes Input 

VLl (Display Supply) 

Segment G Output 

Segment F Output 

Segment E Output/Strobe Out 
Segment 0 Outputl2o Out 
Segment C Outputl2' Out 
Segment B Output122 Qut 

Inhibit Input 
(SetlRun on AY-5-1232) 
BeOn Segment 

Vee 
Cancel Input 
(Reset 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 Out 

Seg. B OutpuV22 Out 

Inhibit Input 

Set/Run Input 

BCOI7 Segment Input 

Voo 
N.C. 
Cancel Input 

Reset Input 

ON/OFF Input 

Multiplex 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 

6-2 

SET 
MINUTES 

SET 
HOURS 

INPUT OUTPUT OUTPUT REPEAT CANCEL INPUT 

SO/60Hz 
SELECT* 

CLOCK 
INPUT 

I---;:====~I~ SWITCH OUTPUT 

L... ___ ---J ~~~~:~~x OSCILLATOR 

12/24 HOUR 
SELECT* 

'-T-+=~~( VLL 

r.J==±:::;-1~ INHIBIT*· 
SEG.A-G/BCD & 
STROBE OUTPUTS 
COLON OUTPUT 

L..._-+~ PM OUTPUT* 

BCOI7 SEGMENT 
SELECT 

*ONLY ON AY-5-1231 
**SET/RUN ON AY-5-1232 

*.*RESET ON AY-5-1233 



PIN FUNCTIONS 

AY-5-1230 AY-5-1231 AY-5-1232 AY-5-1233 
I'ln. No. "- _PlnNo. Pin No. Pin No. Name 

1. 1. 1. 1. Vss 
2. 3. 2. 2. SetON tlme/ 

Set OFF time Input 

3. 4. 3. 3. Repeat Input 

4. 5. 4. 4. Set ON Output 

5. 6. 5. 5. Set OFF Output 

6. 11. 6. 6. Clock Input 

7. 12. 7. 7. Set Hours Input 

8. 13. 8. 8. Set Minutes Input 

9. 14. 9. 9. VLL (Display 
Supply) 

10-16 15-21 10-16 10-16 :7 Segment 
iOutputs 

13-16 18-21 13-16 13-16 BCD Outputs 
17. 22. 17. 17. Colon Output 

18-21 23,24 18-21 18-21 MX4-MXl Outputs 
27,28 

22. 31. 22. 22. Switch Output 

23. 32. 23. 23. Multiplex 
Oscillator 

24. 33. 24. 24. ON/OFF Input 

25. 35 25. - Cancel Input 

26. 37. 26. 26. Voo 
27. 38. 27. 27. BCDn Segment 

Select 
28. 40. - - Inhibit Input 

- 2. - - 12/24 Hour Select 

- 10 - - SO/60Hz Select 
- 29. - - PM Output 

- 39 28. - Set/Run InpL!t 

- 34 - 25 Reset Input 

NOTE: 
1. All inputs have a pull down resistor to Voo. 

Positive Supply 

AY-5-1230 • AY-5-1231 
AY-5-1232 • AY-5-1233 

Function 

When taken to logic '0' the ON time is displayed and the Set 
"hours and Set minutes inputs operate the ON time counter. 
When taken to logic '1' the OFF time is displayed and the Set 
hl1urs and Set minutes inputs operate the OFF time counter. 
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. 

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 the Switch logic is reset. The switch 
logic can be set again by pressing Set ON and Set OFF. 
This 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. 
This output goes to logic '0' when an OFF time has been set. It 
returns to '1' when the switch logic has timed out or has been 
cancelled. 
The timing clock is Input to this pin. Hysterlsls is provided so 
that the input waveform is not critical. 
When this input is taken to logic '0' the hours counter is 
advanced twice per second. 
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. 
The on chip pull down resistors provided for each high voltage 
output are connected to this pin. When driving fluorescent 
display this pin is connected to -32 Volts. 
High voltage outputs capable of driving fluorescent displays 
directly. At logic '0' to display. They have on-chip pull down 
resistors to VLL. 
In the BCD mode the time data is output on these pins. 
This high voltage output is enabled on MX3 time and flashes 
once per second. 
These outputs are switched to logic '0' successively to select 
the digits, MX41s lOs hours, MXl is units mins. There are 5 time 
slots the fifth being blank. These outputs are high voltage and 
have on-chip pull down resistors to VLL. 
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. 
Not used normally. An external capacitor can be connected to 
reduce the mux frequency, or an external clock can be applied 
If required. 
When this input is taken to logic '0' the switch output is 
alternately turned ON and OFF. This input has anti bounce 
logic to prevent maloperation. 
When this input Is taken to logic '0' the Switch logic is reset 
and the Switch output turned off. 
Negative supply 15V nom. (11-19V) 
When this input is wired to logic '0' BCD operation results. 

When this input is taken to logic '0' display outputs are 
switched off. This input can be used for display dimming. 
When connected to Vss selects 12 hour operation. 
When connected to Vss selects 60Hz operation. 
This output is on during the PM period. It is a high voltage 
output enabled at MX4 time slot. 
When taken to logic '1', the clock is stopped and the 
seconds counter is reset to zero. 
When taken to logic '0', 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. 

2. At power-on the chip is reset but the clock does not start to count until either the set hours or set minutes button 
has been pressed. 

6-3 

II 



AY-S-1230 • AY-S-1231 
AY-S-1232 • AY-S-1233 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings-

Voltage on any pin (except display pins) 
with respectto Vss. pin. . . . . . . . . . . . . . . . . . . . . . +0.3 to -20V 

Voltage on display pins with respect to Vss pin. . . . . . . . . . . +0.3 to -3SV 
Operating temperature range . . . . . . . . . . . . . . . . . . 0° C to +70° C 
Storage temperature range .................. -SsoC to +lS0°C 

Standard Conditions (unless otherwise noted) 

Vss= OV 
VDD = -11 to -19V 
VLL'= -31 to -33V 
Operating Temperature (TA) = O°C to HO°C 

Characteristics Min 

Clock Input 
Frequency -
Logic '0' +O.S 
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 -

Typ"" 

SO/60 
-
-
100 

-
-
200 

-
-
-
-
200 

-
-

-
-

3S0 

""Typical values are at +2So C and nominal voltages. 

NOTE: 

Max Units 

- Hz 
-2 Volts 
-19 Volts 
- KHz 

-l.S Volts 
-19 Volts 
.- Kohm 

-2 Volts 
10 }.JA 

-2 Volts 
10 }.JA 
- Kohm 

-2 Volts 
10 }.JA 

-2 Volts 
10 p.A 
- mW 

1. The clock input may be taken positive provided that the current is limited to 100p.A 
2. This results in a multiplex rate of SKHz. 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Conditions 

SOHz only on AY-S-1230/1232/1233. 
Note 1 

Note 2 

tOVDD 

lout=2mA 
Vour = -3SV 

lout = SmA 
Vour = -35V 
to VLL 

lour = 30mA 
Vour =-19V 

lour=2mA 
Vour = -19V 



50HZ 

+15V 

STROBE 

23 

2' 

2' 

if! 

COLON 

Mx4 

Mx3 

Mx2 

Mx1 

SO/60Hz 

-15V 

+15V 

G 

F 

E 

D 

C 

B 

A 

COLON 

Mx4 

Mx3 

Mx2 

Mx1 

PM 

OV 

G 

F 

E 

D 

C 

B 

A 

'" '" 
m 

0 .... 0 :D 
!!1 J: 

." m 
0 

." Z ." 
;:: r- r- m 
Z c m m l> 

470K :D 0 0 .... 

1= 3300pF 

tt r1/ ( 

~f 

141 I I 
~ ~ 

" " " " 

AY-5-1230 

15
1 I I 1 

0 0' 
Z l> 

0 Z 
0 ." m ." r-

390 

1 

128 

7j g 

AY-S-1230 • AY-S-1231 
AY-S-1232 • AY-S-1233 

SET ON TIME 

o RUN/SET CLOCK 

SET OFF TIME 

TRIAC OUTPUT 

OV 

Flg.1 AY-5-1230 CONNECTION DIAGRAM 

470K 

"'''' 0 o :D ",!l1 mo ." zm mJ: 
f;;S 

." 
r-

." f;;o r-m 
OJ: m m l> (')C 
.... N 0 0 .... ....:D 

~t 
T 

_Q ~t T 
I I 
I 

~~ I 
I I 
I I 

201 I I 
I I 
I I 

I 1 1 1 
"" .. I 

" " I i " '" 1 

AY-5-1231 

I I I 1 1 1 1 

.~ 'IT~ ON/ CANCEL SET/ 
RUN 

OFF 

TRIAC 
OUTPUT 

390 ~ 

L.7 
g: 

Flg.2 AY-5-1231 CONNECTION DIAGRAM 

S 

S 

ET ON TIME 

• RUN/SET CLOCK 

ET OFF TIME 

• 
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IIiII AY-S-12S0 AY-S-12S1 

Cooker Timers 

FEATURES 

• 12/24 Hour Clock 
• 3 Timing Functions: Start, Stop, Duration. 
• Separate "minute minder" function 
• A Y -5-1250: Daily repeat mode for central heating 

control. 
• AY-5-1251: Temperature programming 

capability. 
• Three high current timed outputs. 

DESCRIPTION 

The A Y -5-1250/1251 are desig ned to be incorporated in domestic 
cookers/stoves. In addition to the three timing functions for 
automatic cooking the circuit includes a count-down timer 
(Minute Minder). Control of an oven temperature for 2 of the 
outputs is also provided. 
Both clocks and automatic timer controls can use 12 or 24 hour 
systems, but when the 12 hour mode a P.M. key is provided to 
enable the controls to be set more than 12 hours ahead. 

AY-S-1250 KEYBOARD FUNCTIONS 

(a) 12/24 
hour 

(b) 50/60Hz 
(c) Separate 

Minute 
Minder 
Display 

(d) Time 
Switch 1. 

(e) Time 
Switch 2. 

(f) Repeat 
Mode 

(g) Auto/ 
Manual 
Switch 

Wiring selectable option. PM indicator 
when in 12 hours. 
Wiring selectable option. 
(i) 4 digit display - when minute minder 
selected then required period is shown in the 
time window. 
(ii) Minute minder display is continuously 
shown on a separate 3 digit display. 
A wiring selectable function. 
(i) When time buttons depressed then digits 
advanced at 2Hz. 
(ii) Digits advance at 2Hz for 4 counts and then 
at 8Hz. 
A wiring selectable function. 
(i) On selecting an automatic timed function 
that function remains displayed for 5 secs 
following release of the select key or incre
ment time keys. 
(ii) Function remains displayed until another 
time function is selected. 
Wiring selectable function. 
(i) Cooker application - all automatic 
register memories revert to zero after time 
period complete. 
(ii) Central Heating application. Outputs 
activated each 24 hour period. 
A wiring selectable function. 
(i) When automatic time controls are set then 
automatic cooking is set immediately the 
AUTO lamp lights. 
(ii) In this mode the automatic time controls 
are set but the AUTO lights are not illuminated 
(except to flash to indicate error conditions 
in time setting) until the Auto/Manual Switch 
is depressed. 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

Not yet defined. 

AY-S-12S1 KEYBOARD FUNCTIONS 

(a) 12/24 
hour 

(b) 50/60Hz. 
(c)Separate 

Minute 
Minder 
Display 

(d) Number 
Keyboard 

A key position to be permanently wired to 
select 24 hour operation and left open 
circuit for 12 hour operation. 
A wiring selectable option. 

A wiring selectable function. 
(i) 4 digit display - when minute minder 

selected then required period is 
shown in the time window, for 5 
seconds. 

(ii) When minute minder selected the re
quired period is entered into an ad
ditional 3 digit display and remains 
illuminated. 

A push button keyboard with the numbers 
0-9, a PM key for 12 hour system, and a clear 
key. (If oven temperature control is possible 
then the temperature setting could be either 
linear on a potentiometer or digital 
through the keyboard, having first de
pressed a temperature key). 



OPERATION 

On initial switch-on all registers are set to zero and any display 
selected reads a single '0' in the R.H. position. No output is in the 
AUTO mode. 
Following any AC line failure the initial condition is re
established. Provision of a capacitor in the power supply circuit 
will enable the chip to remain active during AC line transients. 

If the external standby oscillator is connected then true time is 
maintained from battery operation (though not displayed) during 
power failure. Time memories are also stored. On resumption of 
the main power a lamp is lit to indicate that a failure has occured. 
The standby oscillator is of acceptable accuracy from passive 
components (2 minutes per day). 

Time Display 
A 4 digit display of time in either 12 or 24 hour mode as selected. 
An LED is provided to indicate PM times when in the 12 hour 
mode (this could be incorporated in the display). 

When the 'Set time' key is depressed the display is blanked, and 
the colon commences to flash at 1 Hz. The time is entered through 
the keyboard commencing with the hours. Digits are displayed 
from the RHS; in this manner leading zeros remain suppressed. 

A second depression of the 'Set Time' key causes the colon to be 
illuminated constantly and the clock to operate from the mains 
supply. The internal 'seconds' register starts to operate from the 
'0' state. 

In the event of a false time being entered (more than 23 hours or 
59 minutes) the colon continues to flash and buzzer sounds at 
1 Hz, modulation. The clock fails to start. False entries can be 
deleted by depression of the 'clear key'. 

Automatic Output Control 
Two outputs (3 on the AY-5-1251) are under the control of the 
automatic timer. The controls are "Set Start Time", "Set Stop 
Time" and "Set Cook Duration", although on any manufacturers 
model only 2 of the 3 are necessary. 

Two keys can be used for each controlled output, or alternatively 
one pair of keys with a 2 (or 3) position switch to direct the 
information to the relevant chip input can be used. 

(a) SETTING 

Set Start Time When depressed this key immediately lights up 
and the time display colon commences to flash. The display 
shows the previously set Start Time if a cooking period is 
incomplete, or a single '0' on the RHS if no period is underway. A 
'Start Time' is fixed with the same Set Keys. To set a time 
commencing with 0 hours it is necessary to give a single 
depression to the Set Hours key (counting commences with 0) to 
illuminate the hours digit. 

If Time Switch 2 is in the static position then the display reads the 
"Start Time" until another function is selected, otherwise it 
reverts to Real Time and a constant colon 5 secs. after releasing 
the Set Time, Set Hours or Set Minutes key. 

The relevant AUTO lamp lights after this 5 seconds if a Cook 
Duration or Stop Time has been previously set. Automatic 
Cooking is set. (See note Paragraph 2g). 

Set Cook Duration Functions as the' Set Start Time' switch, 
except the Cook Duration switch is illuminated. The relevant 
AUTO lamp lights if a Stop Time or Start Time has been 

AY-S-12S0 • AY-S-12S1 ~ 
previously set, although the AUTO lamp flashes and automatic 
cooking is not set if the cook duration is greater than the period 
between the real time and selected Stop Time. 

To enter a Cook Duration of less than one hour it is only 
necessary to use the 'Set Minutes' button. 

Set Stop Time Functions as the 'Set Start Time' switch, except 
'Stop Time' Switch is illuminated. 
The relevant AUTO lamp lights. 

If a cook duration has been selected which is greater than the 
period between the real time and the selected stop time then the 
AUTO lamp flashes and automatic cooking is not set. 

(b) USE 
Fully Automatic: The time controls are set and the oven 
temperature selected. When the real time reaches the Start Time 
selected (or the Stop Time less the Cook Duration) the relevant 
output is activated and lights the ON lamp. At the conclusion of 
cooking both the AUTO and the ON lamps are extinguished and 
the relevant timing registers revert to O. The audio output gives a 
1 Hz cycle for 10 secs. 

Where the Auto/Manual button is included then cooking can be 
terminated at any time by the momentary depression of this 
switch, which will also cancel the AUTO lamp. 

Semi-Automatic: The 'Stop Time' is set and oven temperature 
selected. Cooking continues until the Stop Time is reached, 
when the AUTO and ON lamps are extinguished and the Stop 
Time register reverts to zero. The audio output gives a 1 Hz cycle 
for 10 secs. 
Manual: Operation is simply through the oven temperature select 
switch. 

INFORMATION RECALL 
Times selected for automatic operation can be displayed for 5 
seconds by depression of the appropriate key. 
If the Cook Duration is interrogated during cooking then the time 
remaining before completion is displayed. 

MINUTE MINDER (Short Term Alarm) 
Depression of the 'Minute Minder' key illuminates that key and 
displays the contents of the MM register. The display colon 
flashes. 
Time is entered from the keyboard - any increment of 1 minute is 
accepted from 1 minute to 9 hours 59 minutes. 

5 secs. following the last entry key the colon ceases to flash and 
the countdown commences (providing no false time has been 
entered - greater than 9 hours or 59 minutes. Use of the clear key 
will delete a false entry). It is important that the countdown starts 
immediately following this 5 secs. period rather than to couple 
the MM register to that for true time for in this latter case an error 
of up to 59 sees. can occur and seriously distort short periods. 

For models with a separate MM display the time remaining to the 
end of the selected period is continuously shown. For single 
display models this time can be displayed by depressing the MM 
key and remains for 5 secs. following release of this key. 

On completion of the selected period the audio output gives a 
continuous tone for 1 minute. This tone can be cancelled by 
depressing the MM key. 

The minute minder setting can be cancelled at any time by 
depressing the MM key followed by the clear key. 

6-7 
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CENTRAL HEATING OPERATION. with the AY-5-1250: 
For this application an additional output is provided which is the 
composite signal of the two timed outputs in order to minimize 
external peripheral circuitry. 
The Repeat mode Is selected to enable the two timed periods to 
remain stored and operate every 24 hours. 
Setting Start and Stop times is achieved in precisely the same 
manner as previously described. 

Cancel 
Cancel buttons are provided for each output which, when 
depressed, extinguish the relevant AUTO lamp and inhibit the 
output signal even though the Start and Stop times remain in 
memory. The output can be restored by depressing the Start and 
Stop time keys, whereupon the AUTO lamp lights up. 

ELECTRICAL CHARACTERISTICS 

Voo ····.·.·.·.·.· .................................... 9V 
Operating temperature range .......................... O·C to 70·C 

On/Off Control 
This is a bistable action switch which changes the start of the 
composite signal output switch. If the output were OFF then this 
switch turns It ON until the next Stop Time; if it were ON then it 
becomes switched OFF until the next Start Time. 
Further depression again changes the state. 

Clock Input .......................................... 50Hz or 60Hz 
Internal Multiplex Clock frequency .................... 100KHz 
Display outputs .................................•.... Suitable to drive LED displays up to 0.5" high. Segments are driven directly. 

Fluorescent compatibility. 
Timed outputs ........................................ 3 timed outputs are provided with 30mA drive capability to operate a 

triac or relay. 
Audio output ......•.................................. Continuous tone for 30 secs. on completion of minute minder period. 1Hz 

cycle for 10 sees. on completion of automatic cooking period. 

Tone 1 KHz - nominal. 
Keyboard ............................................ Keybounce protection and two key lockout provided. 
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I I : I 51 MINUTE MINDER DISPLAY (OPTIONAL) 

o TO SET TIME 

MINUTE® 
MINDER 

SET 
o TO SET MINUTE MINDER 

--- --O/~ O/P*2 O/P*1 

D D D TO SET "STOP TIME" 

O/P* FOR I 
CENTRAL 0 I 0 0 HEATING 

OPERATIONS 

0 1 0 0 _____ ::.J 

TO SET "DURATION" 

TO SET "START TIME" 

-----:1 

®I® ® AUTO SET 

CJ CLEAR 

CJ SETHOURS 

CJ SET MINUTES 

CJ MANUAL/AUTO (OPTIONAL) 

~ BUZZER 

®I® ® 
0 1 0 0 

O/P· ON (DRIVEN FROM TRIAC/RELAY O/P·) * O/P : OUTPUT 

CANCEL, OPERATES WHEN IN REPEAT MODE 
CENTRAL 
HEATING ! 0 
l FOR 

ON/OFF O/P*, OPERATES WHEN IN REPEAT MODE APPLICATION 

Fig. 1 TYPICAL AY-S-12S0 CONTROLS FOR INCREMENTAL INPUT COOKER TIMER 

MINUTE 1\:)\ 
MINDER '01 

SET 

I I : 50 I MINUTE MINDER DISPLAY (OPTIONAL) 

o "C/"F SET TEMP 

o TO SET TIME 

o TO SET MINUTE MINDER 

O/P*1 O/P*2 O/P*3 o 0 0 TO SET "STOP TIME" 

o 0 0 TO SET "DURATION" 

o 0 0 TO SET "START TIME" 

® ® ® AUTOSET 

NUMBER 
KEYBOARD 

789 

456 

2 3 

OCTO CANCEL INCORRECT ENTRY 
'-- '--

8 (FOR 12 HOUR SYSTEMS) 

CJ AUTO/MANUAL (OPTIONAL) 

~ BUZZER 

*O/P: OUTPUT 

® ® ® O/P' ON (DRIVEN FROM TRIAC/RELAY OUTPUT) 

Fig. 2 TYPICAL AY-S-12S1 CONTROLS FOR FULL KEYBOARD COOKER TIME 
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AY-1-8622 

Coin box Circuit 

FEATURES 

• 63 Credit Capacity 
PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

• 2 Special Selection Options 
• 7 Different Coin Inputs 
• Easy Price or Program Change 
• "Make Selection" Control 
• Input Noise Rejection on Chip 
• On Chip Clock Oscillator 

APPLICATIONS 

• Arcade Equipment 
• Vending Machines 
• Gaming Devices 
• Programmable Counters and Timers 

DESCRIPTION 

The General Instrument AY-1-8622 is a single monolithic P
channel MOS/LSI Chip designed for use as a credit accumulator 
in coin-operated equipment. The chip requires only a power 
supply and a coin acceptor to complete the cash register section. 
Coin inputs allow 7 different coin or paper denominations to be 
used. Both credit and bonus price are easily changed in the field. 
Two special selection options may be programmed. 

BLOCK DIAGRAM 

COIN 
INPUT 

COIN 
ENCODER 

C1 ---~PROGRAMMABLE 

C2 ~~~~~ 
C3 GENERATOR 

COUNTER 
EMPTY 
CE+-----, 

P1 P2 

UP 

Vss Power Supply 

P2 Unit Price Control 
P1 Unit Price Control 

81 Bonus Credit Control 
82 Bonus Credit Control 

C3 Coin Input 

Master Reset 
VaG Supply 

C2 Coin Input 

C1 Coin Input 

Test Point 
Recirculate 

R4 Bonus Register Output 
R3 Bonus Register Output 
R2 Bonus Register Output 
R1 Bonus Register Output 

P3 UNIT 
COUNTER 

Voo Supply 
G7 Credit Input 

G6 Credit Input 

GS Credit Input 

B1 B2 

1,2,3.4,5 

MEMORY SE1+----t 

SE2+----\ 

SE3+----t 

SE4+----\ 

SES(----i 

SE6+----t 

SE7+----\ 
SELECT 
ENABLE 

DECODER 
DRIVER 6 BIT 

UP/DOWN COUNTER 

PS1----;~ 

PS2--4j 
PROGRAM ~-r-r-r-~ 
SELECT 

DOWN 

R4 
I 

I G1 GS G7 R1 R3 I 
I I I I : I I I L ________ I __ -+-______ I _______ 

I
_-' : 

: L _______ ~------~ I 
L ________________ ~------------' 
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BONUS 
COUNTER 

Unit Price Control P3 

Selection Enable 2 
Selection Enable 3 

Selection Enable 4 
Selection Enable 5 
Selection Enable 6 

Selection Enable 7 
Selection Enable 1 

Counter Empty 

Program Select Output 52 
Program Select Output 51 
Clock Capacitor 

Clock Capacitor 

Clock Aesistor 

G1 Credit Input 

Program Select input PSl 
Program Select Input PS2 
G2 Credit Input 

G3 Credit Input 
G4 Credit Input 

~LOCK =:~~-: 
OSC. :~: : ___ +-...J 

MASTER 
,( RESET 

------coVss 
------<loVoo 
-----OOVGG 

«,.-----TEST 

RECIRCULATE 



PROGRAMMING THE AY-1-8622 
The AY-1-8622 has been designed for the maximum versatility 
compatible with one package. The user can program the device 
to operate with different currencies and with different pricing or 
credit structures. 

Currency Programming 
C1, C2, and C3 form the 3 coin inputs, with weighting as indicated 
under the pin function section of this data sheet. If, for example, a 
nickle (5') is chosen as one unit, a dime (10') would have a weight 
of two units, a quarter (25') a weight of five units, etc. In this case, 
the user would program his coin acceptor to produce a "1" at C1 
when a 5' piece is deposited, a "1" at C2 when a dime is deposited, 
and a "1" at C3 when a 25' piece is deposited. 

Pricing Structure Progremmlng 
Pricing structure consists of three controllable options: Unit 
Price Control, Bonus Credit Control, and Program Select 
Control. The first two of these control how many play credits the 
customer receives for his coin deposits. Program Select Control 
determines how many play credits are used by his various play 
options. 
Unit Price Control is through inputs P1, P2, and P3. If, for 
example, 5¢ is one unit, and 10¢ is one play, P2 would be tied to 
logic "1". If 2501: is one play, the P1, P2, and P3 would all be tied to 
"0". 
In many applications it is desirable to present the customer with 
an incentive for depositing additional money to receive "bonus" 
plays. For example, two plays for 2501:, five plays for 50¢. This 
option is controlled by the Bonus Credit Control. 

TYPICAL APPLICATION 

"GAMES REMAINING" 

"M~THAN3" 
fo\ 

"SP~AL GAME" 

~) 

AY-1-8622 [!] 
Bonus Credit ContrOl, is derived through inputs B1 and B2, in 
conjuction with the Program Control Matrix. Unlike the unit price 
control section which drives the credit accumulator directly, the 
Bonus Credit Control drives a shift register whose outputs, R1 
through R4, form part of the Program Control Matrix. B1 and B2 
control how many units are required to increment the shift 
register. The first bonus places a "0" onto' R1, the second moves it 
to R2, etc. 

Control Matrix 
The Control Matrix consists of three sections: S1 and S2 form the 
Program Select Outputs, G1 Ihrough G7 form the inputs to the 
Credit Accumulator, and R1 through R4 are the Bonus Register 
Outputs. The Credit Accumulator, a 6 bit up/down counter, is 
automatically placed in the "up" count mode when a coin input is 
made, and a "down" count mode when a selection is made. 
Although single selections and unit price inputs are fed directly 
into the counter, special play options and bonus credits are 
entered through the matrix. A "0" on G1 places 1 credit/debit into 
the counter, a "0" on G2 places 2 credits/debits into the counter, 
etc. 

Typical Example 
In the typical application shown one unit is 5'. P1, P2, P3, B1 and 
B2 are tied to "0". As a result, there is one play for 25' from the 
Unit Price Control, and one bonus for 25'. By tying R1 to G1, the 
bonus gives a bonus play for 25', resulting in a total of two plays 
for 25'. R2 is tied to G2, so that the deposit of an additional 25' 
results in three additional plays, or a total of fives plays for 50'. 

I DEPOSIT MORE J. MONEY 

2 PLAYS - 25' 
5 PLAYS - 50' 
7 PLAYS - 75' 
11 PLAYS - $1.00 
1 "SPECIAL GAME" - 5 PLAYS 

G<J-
I 800pF 

1140 39 38 37 36 35 34 33 32 31 30 129 Ir:2-B-~\--"--~ 
~ Vs:3 SE2 SE3 SE4 SE5 SE6 SE7 SE1 CE 82 51 C C R;.:2;;..7 _",72NK'Ir-_-' 

SPECIAL 
GAME 
ENABLE 

ENABLE L PLAY ~P2 
..2 P1 

4 
>- 81 

~ 82 

G1;.:2;;:.6 ____ --, 

PS1;.:2;;:.5 _-.-~1V'00"'Sr'__f-f_-.. 

PS2t'2:::.4~+,j1V'oo"n~++__,-1___' (TO RELAY ETC) 

G2 23 

RESET >------+--+-=-:'-1:: ~: :: ~y~ 
VGG C2 C1 TP RC A4 A3 R2 R1 Voo G7 G6 GS .001 "SPECIAL" 

8 9 10 12 13 14 15 16 17 18 19 20 I GAME 

__ 1'V00v.n~ ...... --, .001* -= 1./1 
COIN 100n ':" '-----PLAY 

ACCEPTOR ~-'\10"'oNn-+-"---+-' I -- ------- ----- -- - -, GAME 

I 1-= 
I I 
I I 
I I 
I I 
I I 
I I 

1 UNIT = 5' .001 .001 .001 
I I I 

I I 
I CONTROL MATRIX I L ______________ ..l 

-27V -12V 
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OPERATION 

Coin inputs are encoded Into a series of pulses by the coin 
encoder. These pulses are fed into the unit price control divider, 
controlled by Pl, P2 and P3, and Into the bonus credit control 
divider, controlled by Bl and B2. The output from the unit price 
control dividar goes to the 6 bit memory. The output from the 
bonus credit control clocks a 4 bit shift register. The first bonus 
credit places a "0" into Rl, the second moves the "0" to R2 etc. 

The memory, a 6 bit up/down counter, Is placed Into an "up" 
count mode when coin inputs are made, and a "down" count 
mode when selections are made. Input to it comes from the unit 
price control and from a pulse generator controlled by Gl-G7. 
51,52, Rl-R4 and Gl-G7 form the program control matrix and 
are interconnected by the user to allow the programming of the 
number of credits triggered by bonuses and debits triggered by 
selections. 

PIN FUNCTIONS 

Pin No. Name Symbol Description 

1 Vss Power Supply Vss Ground 
2,3,40 Unit Price Controls P2,Pl,P3 Pl, P2, P3 determine the price in units per credit by the following Matrix: 

P3 P2 P1 Units per credit 

0 0 1 1 
0 1 0 2 
1 0 0 3 
0 1 1 4 
0 0 0 5 

4,5 Bonus Credit Controls Bl,B2 Bl, B2 determine the number of units needed to increment the bonus shift 
register one place as follows: 

B2 B1 Units per bonus Credit 
1 1 1 
0 1 2 
1 0 4 
0 0 5 

6,9,10 Coin Inputs C3,C2,Cl C1, C2, C3 are coin inputs. Inputs are weighted as follows: 

C3 C2 C1 Weight 

0 0 0 no Input 
0 0 1 1 unit 
0 1 0 2 units 
0 1 1 4 units 
1 0 0 5 units 
1 1 1 8 units 
1 0 1 10 units 
1 1 0 20 units 

7 Master Reset MR All counters and registers are reset by a logiC "1" 
8 VG~ Supply VGG -27 Volt supply 
11 Test Point TP For Testing only. Do not make external connections to this Pin. 
12 ReCirculate RC LogiC "1" on Pin 12 locks the bonus shift register after it reaches the4 bonus 

credit level. Logic "0" on Pin 12 allows shift register to re-cycle from the 
fourth level to the first. 

13,14 Bonus Register Outputs R4,R3, The bonus register outputs indicate the status of the bonus 
15,16 R2,Rl register as follows: 

R4 R3 R2 R1 Bonus Credits 
1 1 1 0 1 
1 1 0 1 2 
1 0 1 1 3 
0 1 1 1 4 

17 Voo Supply Voo -12 Volt supply 
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PIN FUNCTIONS (continued) 

Pin No. Name Symbol 

18 7 Credit Input G7 

19 6 Credit Input G6 

20 5 Credit Input G5 

21 4 Credit Input G4 

22 3 Credit Input G3 

23 2 Credit Input G2 

26 1 Credit Input Gl 
24.25 Program Select Inputs PS2.PS1 

27 Clock Resistor 

I 28 Clock Capacitor 

29 Clock Capacitor 
30.31 Program Select Outputs Sl.S2 

32 Counter Empty CE 
33 Selection Enable 1 SEl 

34 Selection Enable 7 SE7 

35 Selection Enable 6 SE6 

36 Selection Enable 5 SE5 

37 Selection Enable 4 SE4 

38 Selection Enable 3 SE3 

39 Selection Enable 2 SE2 

AY-1-8622 m 
Dascrlptlon 

A "0" level input on a credit input enters the respective number of credits Into 
the credit accumulator. These Inputs are internally clocked by the coin inputs 
and program select inputs. and are for program control matrix use only. 
Credits are added when the coin input is addressed and are subtracted when 
program select inputs are enabled. 

These inputs cancel credits as follows: 
PS2 PS1 Result 

1 1 No Cancellation 
1 0 Single Credit 

cancellation 
0 1 Option 1 selected 
0 0 Option 2 selected 

Selection of option 1 or 2 results In program select outputs being triggered. 
This allows user selection of the number of credits cancelled by both options. 

A 800 pF capacitor between Pins 28 and 29. and a 72K resistor between Pins 
27 and 29 give a nominal system frequency of 6.2KHz. 

Program control matrix outputs. Output states are as follows: 
S2 S1 Option 
o 1 Option 1 selected 
1 0 Option 2 selected 

Single credit select is internally connected to GI. 
This Pin is at logic "1" until at least one credit is in the credit counter. 

The Selection Enable outputs indicate the number of credits in the 
credit counter as follows: 
SE7 SE6 SE5 SE4 SE3 SE2 SE1 Credits 

1 1 1 1 1 1 0 1 
1 1 1 1 1 0 0 2 
1 1 1 1 0 0 0 3 
1 1 1 0 0 0 0 4 
1 1 0 0 0 0 0 5 
1 0 0 0 0 0 0 6 
0 0 0 0 0 0 0 7 or more 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All Pin Voltages with respect to Vss .............................. -30V to +0.3V 
Storage Temperature ........................................ -55·C to +150·C 
Operating Temperature ........................................ -20·C to +70·C 

'Exceeding these ratings could cause perm
anent damage. Functional operation of this 
device at these conditions is not implied -
operating ranges are specified below. 

Standard Conditions 
VGG = -27 ±1.0V 
Voo = -12 ±1.0V 
Vss = 0 

Characteristic Min. Typ Max Units CondHion 

All Inputs 
Logic "1" -8.0 - -30.0 Volts 
Logic "0" 0.3 - -2.0 Volts 
Input Impedance 20 - 100. KO 

Program Control Outputs 
R1,R2, R3,R4,S1,S2 - - - -
Logic "1" Voo-0.5 - - Volts 100KO to Voo 
Logic "0" - - -2.0 Volts 0.5mA 
Select Outputs 
CE, SE1 to SE7 -
Logic "1" Voo-0.5 - - Volts 100JJA 
Logic "0" - - -4.0 Volts 2.0mA 

Coin Input Repetition Rate - - 30 Hz 

Coin and Program Select 
Date Hold Time 20 - - msec 6.2KHz Clock 

Clock Frequency 100 - 50 KHz 

Power Consumption - 250 400 mW 

NOTES: 
Clock Frequency: The clock frequency is determined by the values of an external timing capacitor and a resistor connected to Pin 29. 
An 800pF capacitor and 72K resistor will produce a clock frequency of 6.2KHz. 

Master Reset: All counters and registers are reset to zero by a logic "1" on Pin 7. 
Bonus Recirculate: Logic 1 on Pin 1210cks the bonus register after it reaches the 4th bonus level. Logic "0" allows the 4 bonus levels to 
be continuously repeated. . 

Test Lead: Pin 11 is internally tied to Voo. No external connections should be made to this Pin. 

INPUT & OUTPUT MOS STRUCTURES 

UNIT PRICE CONTROL 
BONUS CREDIT CONTROL 

RESET, RECIRCULATE INPUTS 

Vss 

6-14 

PROGRAM SELECT, 
CREDIT INPUTS 

COIN INPUTS BONUS CREDIT, 
PROGRAM SELECT 

OUTPUTS 

Vss 

COUNTER EMPTY 
SELECTION ENABLE 

OUTPUTS 

1 



1.1 MEM 4962 

Ionization Smoke Detector 
FEATURES 

• On-Chip Input MOSFET (Typ. 10" 11. to 140°F) 
• Stand-By Current Drain 10llA 
• Low Battery Warning Beep 
• 14-Pin DIP Package 
• On-Chlp Output Driver 
• Designed to Meet UL 217 

OPERATION 

Output 

Op. Mode Input o.c C/Mo. N-Ch FET 

SIInd-by V, < Va. V" < V'3 Disabled Low Off 

Alarm V, > Va. V" < Vu Disabled High On 

Low Battery V, < Va. Vll > V's Enabled Pulse· Pulsed On 

Low Battery 
Alarm 

V, > Va, V" > Vt:J Enabled High On 

'With built-in nominal duty cycle of 1:1500 and nominal 
frequency determined by 8RC. 

BLOCK DIAGRAM 

14 13 12 

OSCILLATOR 

TRIGGER 

3 4 

11 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 

Chamber Input 

NC 

Threshold Voltage Input 

C/MOSOuput 

Hom Driver 

V •• (-VI1 End of Supply) 

Level Detector Input 

Voo (+VE End of Supply) 

High Comparator Input 

Timing Resistor 

Low Comparator Input 

Reference Voltage 

Timing Capacitor 

level Detector Output 

LEVEL DETECTOR 

10 

VDD -V7 

>0.2V 

<0. tV 

6 

9 

Output @ Pin 8 

Low 

High 

8 

II 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voo •..••.•.•..•••.••••.••.••............•..•...•...•.......... , .......... 18V 
Avg. Current lco ....................................................... 120mA 
Operating Temperature ... , ....................................... -30 to 85°C 
Storage Temperature ............ .' ............................... -30 to 100°C 

Standard Conditions (unless otherwise noted) 

TA = 25°C 
R = 9.1M ll(5%) 
C = .58IJF 

Functional 
Block 

Voltage 
Comparator 

OSC. 

Output 
Devices 

Complete 
Chip 

Ref. Volt. 

Level Detector 

6-16 

CharacterlaUc 

Input Leakage Current 

Pin 1 Breakdown 
Voltage 

Common Mode 
Input Range 

Input Offset 
Voltage 

Trigger Voltage 

Period 

Duty Cycle 

Capacitor 
Charging Current 

Capacitor Dls-
Charging Current 

CIMOS Sourcing 
Current 

Open-Drain N-Ch. 
FET Sinking Current 

Stand-by Current 

Low Battery 
Mode Current 

Ref. Voltage 

Bias Current 

Pin 
No. 

1 

1 

1,3 
11.13 

1,3 
11,13 

1,3 
11,13 

-

-

9 

9 

4 

5 

-
-

10 

7 

Min Typ Max 

- - 1 

40 - -

0.5 - Voo-2 

- - 50 

0.01 0.1 0.15 

20 - 50 

1/3000 - 1/1000 

65 - 150 

125 - 300 

5 - -

240 - -

- 4n 6/10 

- 5/9 7/13 

0.8 1.2 1.8 

0.3 2.5/3.3 3.3/5.0 

Units 

pA 

Volts 

Volts 

mV 

Volts 

Sec 

-
nA 

IJA 

mA 

mA 

IJA 

IJA 

Volts 

IJA 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not implied 
- operating ranges are specified below. 

Conditions 

Pin 1 @ 12.8V, Others @ GND 

Other Pins @ GND 

Voo -Vss = 6 to 13V 

Voo-Vss = l1V 

Voo-Vss = 6-13V 

Low Battery condition 
Voo-Vss = 7.5-11V 

Voo-V ss = 7.5-11V 

Low Battery Cond., Current meter 
@ Pin 9 and Voo, VDO-V •• = 7.5-11V 

Low Battery Cond., Current meter 
@ Pin 9 and Vas, Voo-V •• = 7.5-11V 

1 k Cl load Pin 4 and Vss, Alarm 
Condition, Voo-Vss = 7.5V 

25 Cl load Pin 5 and VDD, Alarm 
Condition, Voo-Vss = 7.5V 

Stand-by Condition, V oo-Vss = 9/12V 

Low Battery Condition, Excluding 
pulse content, Voo-Vss = 7.5/11V 

Voo-Vss = 7.5-11V 

Voo-Vss = 9/12V 



TYPICAL APPLICATIONS 

TERA-OHM 
RESISTOR 

OR 
REFERENCE 

CHAMBER 

SENSING L::::J 
CHAMBER -.l 

TERA-OHM 
RESISTOR 

OR 
REFERENCE 

CHAMBER 

SENSING 
CHAMBER 

MEM4962 iii 

MEM 4962 

• 
-=-12V/9V 

1-

MEM 4962 

-=-12V/9V 

I-
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PUSH BUTTON 
TELEPHONE 

DlALLER 
CIRCUIT 

Converts push button input 
to rotary dial pulses 

TELECOMMUNICATIONS 

• 



En 
AV-5-9100 

AV-5-9106 AV-5-9110 
AV-5-9118 AV-5-9120 

Push Button Telephone Dialler Circuits 

FEATURES 

• 20 Digit Storage 
• Selectable dialling rate 
• Selectable mark/space ratio 
• Selectable Inter-Digit Pause (except AY-5-9118) 
• Dynamic circuitry - low power consumption 
• Re-dial of last number (except AY-5-9118) 
• Access Pause Facility (except AY-5-9118) 
• Companion Repertory Dlaller 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 a series of 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 storage 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 conjuction with the AY-5-9200 repertory dialler. 

C I 
FROM C2 

KEYBOARD C3 

C4 

KEYBOARD 
STROBE 

RESET >-+-------1 

4.21 BIT SHIFT 
REGISTERS 
lRI- R4) 

ACCESS I'IlUSE REGISTER 

MARKER REGISTER 

CONTROL LOG IC 

PIN CONFIGURATION 
18 LEAD DUAL-IN-L1NE 
AY-5-9100/9106/9110/9120 

TOp View 

Re-dial Output 

Access Pause Output 

Reset 

Muting Output 

Keyboard Strobe 

C1 

C2 

C3 

C4 

14 LEAD DUAL-IN-L1NE 
AY-5-9118 

v,s .1 .3 
Une output 

Mark/Space Select 

Strobe output 

lOP Select 

INHIBIT?-t=====!:t===t===t~=~ _______ J INPUT> 

I.O.P. Select 

Inhibit Input 

Strobe Output 

Mark/Space Select 

L.lneOutput 

Dialling Rate Control 

v~ 

C. 

C3 

C, 

C, 

Keyboard Strobe 

Muting output 

Reset 

MUTING STROBE REiJIAL. ACCESS 
PAUSE. *Not available on AY-5-9118. 
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PIN FUNCTIONS 

AY-5-9100 
AY-5-9108 
AY-5-9110 
AY-5-9120 AY-5-9118' 

PIn No. PIn No. . 

1 -

2 

3 

4 

5 

6-9 

10 
11 
12 
13 

S 

9 

10 

11-14 

1 
2 
3 

Name/Descrlpllon 

Re-Dlal Output (except AV-5-9118): A 
logic "0" at this output indicates that 
redial mode has been selected. 
Access Paule Output (except 
AV-S-911S): A logic "0" at this output in
dicates that an access pause is required. 
Relet: 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 Cl-C4 are to be read. 
C1-C4 (except no access pause on 
AV-5-911S): These are the keyboard 
data inputs. They are encoded as 
follows to allow simple interface with a 
standard push button (2-of-7) 
keyboard. 

AY·5·8100/9108 
Ay.s·tll0/9118 AY·5-8120 

Dig" Imp"l... Cl C2 C3 C4 Cl C2 C3 C4 
1 1 1 1 1 1 1 1 1 0 
2 2 1 1 1 0 1 1 0 1 
3311011100 
4 4 1 0 1 1 1 0 1 1 
5510101010 
6610011001 
7701111000 
8801100111 
9901010110 
01011000101 

Access 
Pause 

Vss 
4>1 
4>3 

00110100 

DiallIng Rate Control (Fixed at 10 p.p.s. 
on AY-5-911S) This input controls the 
line pulsing frequency as follows: (See 
Note 1): 

Input Line Pulse Rate 
4>1 600 p.p.s. 
"'3 20 p.p.s. 

Vss 10 p.p.s. 

TYPICAL APPLICATION 

~n. 
AU.IIE~A'I'S 12\1. 2~n 
"'$T£lflSIIIffYIS_"T~r 

-SWI'tH 

AV-S-9100. AV-S-9106. AV-S-9110 
AV-S-9118. AV-S-9120 

AY-5-9100 
AY-5-9108 
AY-5-9110 
AY-5-9120 AY-S-9118 

PIn No. Pin No. 

14 4 

15 5 

16 6 

17 

18 7 

NemelDescrlptlon 

Line Output A logic "0" on this output 
is a line pulse "mark" or "break." 
MarkfSpace Select The mark to space 
ratio is controlled by this input as 
follows: 

Input Mark Space 
4>1 70 30 
4>3 50 50 

Logic 0 66 2/3 33 1/3 
Logic 1 60 40 

These ratios are exact and do not de
pend on clock freq uency. 
Strobe Output This output goes to 
logic "0" to indicate that a digit is being 
out-pulsed. 
Inhlbllinput (except AV-S-911S) 
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. 
It the chip is cleared before inhibit is 
toggled, digits entered are accepted, 
but out-pulsing does not commence 
until the inhibit is re-strobed. It 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 dailing 
sequence. 

When an access pause is signE.lled, 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 

<1>3 
\Iss 

</>1 

Input 

<1>3 
vss 

<1>1 

IDP: AY-!Hll0019108J8120 

10p.p .•. 

400ms 
BOOms 
1000ms 

2Op.p ••• 

200ms 
400ms 
SOOms 

IDP: AY·S·t110 

10p.p •• 2Op.p ••. lOOp.p ••• 

700ms 350ms 11.66ms 
900ms 450ms 15ms 
800ms 400ms 13.33ms 

lOOp.p .•. 

6.66ms 
13.33ms 

18.33 

IDP: 
AY-5-8118 

10p.p ... 

lOOms 
900ms 
800ms 

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 • 
AY-5-9118 • 

AY-5-9106 • AY-5-9110 
AY-5-9120 

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 Strobe 
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 8.5 msec. is started. If the common input 
is removed before this period has elapsed, the counter will be 
reset to its starting state. lithe Keyboard Strobe input is stable for 
at least 8.5 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 Rl
R4. If an access pause is decoded, it is written into the access 
pause register. 

Simultaneous with the data being written into Rl-R4, the muting 
output goes to logic "0", to disconnectthetransmission circuitry. 
When all digits that have been keyed into the circuit have been 
dialled out the muting output returns to logic "1". 

TIMING DIAGRAMS 

Flg.1 Clock Waveforms 

V~H======i-

V~L------

Flg.3 Line, Muting and Strobe Output Timing 

7A-4 

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 numberto 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 Rl-4. One 
empty state at least is required to indicate to the system that a 
number is complete. 

Fig.2 Reset and Keyboard Strobe Timing 

CLOCK 

RESET 

r i ~k.W r 
KEYBOARD 

STROBE ~::Jr==t::Cl __ 

Fig.4 Line, Muting and Access Pause Output Timing 

MUTING 
OUTPUT 

LINE 
OUTPUT 

ACCESS 
PAUSE 

OUTPUT 

INHIBIT 
INPUT 

VOL. ____ .....J 

VOH----...., 



I-I AY-5-9100 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

AY-5-9120 

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) 
Vss=OV 
Negative logic conventions are followed for this data sheet. 

Characteristic Sym Min 

Clocks (see Fig.1) 
Logic'1' V</JI. -13.5 
Logic'O' V</JH +0.3 
Frequency f 10 
Capacitance C</J -
RiseTime tr .1 
Fall Time tf .1 
Leakage h.</J -
Pulse Width t</J,w 5 
Pulse Separation t</JPS 5 
All Outputs (Note 3) 
On Resistance (Logic '0') RON -
Off Leakage (Logic '1') ILL -
Line Output (See Fig.3) 
Strobe-Line Delay t p -
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' VIH +0.3 
Leakage 11.1 -
Rise and Fall Time tr,t, -
Capacitance Cr -
Keyboard Strobe Input (See Fig.2) 
Pulse Width tKPW 10 

Reset Input (See Fig.2) 
Logic '1' VII. -4.0 
Logic '0' VrH +0.3 
Leakage ILl -
Capacitance C, -
Fall Time tA' 3 
Delay Time tI> 3 

Power - -

"" TYPical values are at +25° C and nominal voltages. 

Typ·· 

-
-
18 
90 
-
-
-
-
-

-
-

-
-

-

-
-
-
-
-

-

-
-
-
-
-
-
0.9 

"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 

-16.5 V 
-1.0 V Match clocks within 0.5V 
30 KHz See Note 2 
150 pF Each clock input. V</J=OV, f= 1MHz 
8 IJ,S 
4 IJ,s 
30 IJ,A V</J=-16.5, TA=+80°C 
40 IJ,S 
40 IJ,S 

1 Kn VC)H:::::-1 volt 
10 IJ,A VOI.=-10V. TA=25°C 

3 ms 
- ms MARK/SPACE=662/3-331/3 

(to increases for other 
MARK/SPACE RATIOS) 

- ms MARK/SPACE = 662/3-331/3 
(tmincreases for other 
MARK/SPACE RATIOS) 

-16.5 V 
-1.0 V 

1 IJ,A Vr = -16.5, TA = 25°C 
10 IJ,S 
5 pF Vr=OV,F=1MHz 

- ms Effective only when RESET input is 
at Logic '1' 

-16.5 V 
-1.0 V 

1 IJ,A Vin = -16.5, T A = 25°C 
5 pF Vin = OV, f = 1MHz 

100 IJ,S 
- ms After clocks reach full amplitude 

2 mW V</J= 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{ltypical). 

ACCESS PAUSE OPERATION TYPICAL OUTPUT INTERFACE 
-t5V 

--~~ t,,: 
~I 

____ .J 

III 
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IIiII AY-5-9106 

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) 
Vss ~ OV TA = +25°C. 
Negative logic conventions are lollowed lor this data sheet. 

Characteristic Sym Min 

Clocks (see Fig.1) 
Logic'1' Vt/>c -4.0 
Logic'O' Vt/>H +0.3 
Frequency I 8 
Capacitance Ct/> -
RiseTime t, .1 
Fall Time tt .1 
Leakage Ict/> -
Pulse Width tt/>pw 5 
Pulse Separation tt/>PS 5 
All Outputs (Note 3) 
Output Current (Logic '0') 10H 0.1 
Off Leakage (Logic'1') ILL -
Line Output (See Fig. 3) 
Strobe-Line Delay (Note 4) tp -
Line-Strobe Delay (Note 4) to 66 

Muting Output (See Fig.3, 4) 
Line-Muting Delay (Note 4) tm 66 

All Inputs (Except Reset) 
Logic '1' VII. -2.0 
Logic '0' V,H +0.3 
Leakage ILl -
Rise and Fall Time tr,tf -
Capacitance C, -
Keyboard Strobe Input (See Fig.2) 
Pulse Width (Note 4) tKPW 20 

Reset tnput (See Fig.2) 
Logic '1' V,c -2.0 
Logic '0' Vm +0.3 
Leakage III -
Capacitance C, -
Fall Time tRt -
Delay Time (Note 4) tD 6 
Power - -

- -
"Typical values are at +25°C and nominal voltages. 

Typ" 

-
-
9 
90 
-
-
-
-
-
-
-
-
-

-

-
-
-
-
-
-

-
-
-
-
-
-
0.12 
0.24 

"Exceeding these ratings could cause 
permanent damage. Functional operation 01 
this device at these conditions is not 
implied-operating ranges are specilied 
below. 

Max Units Conditions 

-8.5 V 
-0.2 V Match clocks within 0.05V 
20 KHz See Note 2 
120 pF Each clock input, Vt/>~OV, 1~1MHz 
8 ,..s 
4 ,..s 
10 ,..A Vt/>= -8.5V, TA = +80°C 
40 ,..s 
40 ,..s 

- mA VOH~-1 volt 
10 ,..A Voc~ -8.5V TA = 25°C 

6 ms 
- ms MARK/SPACE~66 2/3-331/3 

(to increases lor other 
MARK/SPACE RATIOS) 

- ms MARK/SPACE ~ 66 2/3-331/3 
(tm increases lor other 
MARK/SPACE RATIOS) 

-8.5 V 
-0.2 V 

1 ,..A V, = -8.5, TA = 25°C 
10 ,..s 
5 pF V,~OV, F~ 1MHz 

- ms Effective only when RESET input is 
at Logic '1' 

-8.5 V 
-0.2 V 

1 I'A Vin = -8.5, TA = 25°C 
5 pF Vin ~ OV, I ~ 1MHz 

100 I'S 
- ms Alter clocks reach lull amplitude 

- mW Vt/>= 8.5V, I = 9KHz 
- mW Vt/>= 8.5V, I = 18KHz 

NOTES: 2. Line Pulse Rate depends upon Irequency 01 clock input. Standard clock frequency is 9KHz 
3. Outputs require external pull-down resistors (47K n typical). 
4. These times will be halved for 18KHz operation. 

ACCESS PAUSE OPERATION TYPICAL OUTPUT INTERFACE 

-''5V 

--~~i h 
-I ____ .J 
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IIiII AY-5-9110 

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) 
Vss = OV TA = +25°C 
Negative logic conventions are followed for this data sheet. 

Characteristic Sym Min 

Clocks (seeFig.1) 
Logic'1' V<I>I. -10 
Logic'O' V<I>H +0.3 
Frequency f 10 
Capacitance C<I> -
RiseTime tr .1 
Fall Time t, .1 
Leakage 11.<1> -
Pulse Width t<l>pw 5 
Pu Ise Separation t<l>ps 5 
All Outputs (Note 3) 
Output Current (Logic '0') 10H 0.25 
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' VIH +0.3 
Leakage lu -
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' Vm +0.3 
Leakage III -
Capacitance C, -
Fall Time tR' 3 
Delay Time to 3 
Power - -

.. TYPIcal values are at +25° C and nom mal voltages. 

Typ" 

-13 
-
18 
90 
-
-
-
-
-
-
-

-
-

-

-
-
-
-
-

-

-
-
-
-
-
-
0.7 

·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 

-16.5 V 
-1.0 V Match clocks within 0.5V 
30 KHz See Note 2 
150 pF Each clock input, V<I>=OV, f= 1MHz 
8 I's 
4 I'S 
30 I'A V<I>=-16.5, TA=+80°C 
40 I's 
40 I's 

- mA VOH=-1 volt 
10 I'A VOI ,=-10V. TA=25°C 

3 ms 
- ms MARK/SPACE=662/3-331/3 

(to increases for other 
MARK/SPACE RATIOS) 

- ms MARK/SPACE = 662/3-331/3 
(tmincreases for other 
MARK/SPACE RATIOS) 

-16.5 V 
-1.0 V 

1 I'A V, = -16.5, TA = 25°C 
10 I'S 
5 pF V, = OV, F = 1MHz 

- ms Effective only when RESET input is 
at Logic '1' 

-16.5 V 
-0.5 V 
1 I'A Vin = -16.5, T A = 25°C 
5 pF Vin = OV, f = 1MHz 

100 I's 
- ms After clocks rea.;h full amplitude 

2 mW V <I> = 16.5V 

NOTES: 2. Line Pulse Rate depends upon frequency of clock input. Standard clock frequency is 18 KHz. 
3. Outputs require external pull-down resistors (47K n typical). 

ACCESS PAUSE OPERATION TYPICAL OUTPUT INTERFACE 
-15V 

--~~ t"; 
~I 

____ .J 

• 
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AY-5-9118 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings' 

-20V to +0.3V Input Voltages (with respect to Vss) . 
Storage temperature. -65°C to +150°C 
Operating temperature. -25°C to +70°C 

Standard Conditions (unless otherwise noted) 
Vss = 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' Vcf>L -3.8 
Logic '0' Vcf>H +0.3 
Frequency f 15 
Capacitance Ccf> -
RiseTime I, .1 
Fall Time t, .1 
Leakage ILcf> -
Pulse Width tcf>pw 10 
Pulse Separation tcf>ps 5 

All Outputs (Note 3) 
Output Current (Logic '0') 10H 0.1 
Off Leakage (Logic '1 ') ILL -

Line Output (See Fig.3) 
Strobe-Line Delay t" -
Line-Strobe Delay to 33 

Muting Output (See Fig.3, 4) 
Line-Muting Delay tm 33 

All I~puts (Except Reset) 
Logic '1' V,L -2.0 
Logic '0' VIH +0.3 
Leakage ILl -

Rise and Fall Time t"t, -
Capacitance C, -
Keyboard Strobe Input (See Fig.2) 
Pulse Width tKPW 10 

Reset Input (See Fig.2) 
Logic '1' V,L -2.0 
Logic '0' V,H +0.3 
Leakage ILl -
Capacitance C, -
Fall Time tAl 3 
Delay Time tD 3 

Power - -

•• Typ,cal values are at +25° C and nominal voltages. 

Typ" 

-
-
18 
90 
-

-
-
-
-

-
-

-
-

-

-
-
-
-

-

-

-
-
-
-
-
-

0.24 

'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 

-8.5 V 
-0.2 V Match clocks within 0.5V 
21 KHz See Note 2 
150 pF Each clock input, Vcf>=OV, f=1MHz 
8 I'S 
4 I'S 
10 I'A Vcf>= -8.5, TA=+80°C 
40 I'S 
40 I'S 

- mA VoH =-1 volt 
10 I'A VOI.= -8.5'TA=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) 

-8.5 V 
-0.2 V 

1 I'A V, =-16.5, TA=25°C 
10 I'S 
5 pF V,=OV,F=1MHz 

- ms Effective only when RESET input is 
at Logic '1' 

-8.5 V 
-0.2 V 

1 I'A Vin = -8.5V, T A = 25°C 
5 pF Vin=OV, f= 1MHz 

100 I'S 
- ms After clocks reach full amplitude 
- mW Vcf>= 8.5V 

NOTES: 2. Line Pulse Rate depends upon frequency of clock input. Standard clock frequency is 18 KHz. 
3. Outputs require external pull-down resistors (47K 11 typical). 
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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 DISABLE 

COMMON COMMON DATA IN/OUT 
KEY KEY 

OUTPUT INPUT 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

¢1 

¢3 

Retrieve Input 

Control Logic Enable Input 

Common Key Input 

Store Input 

Chip Select Input 

Top View 

~: 1 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 II 
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 22-81T SLOTS 

v .. 
01 

03 

RESET 

CHIP SELECT 
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[!] AY-S-9200 

Pln.No. Nama 

Vss 

2-3 Clocks <1>1, .p3 

4 Retrieve Input 

5 Control Logic Enable Input 

6 Common Key Input 

7 Store Input 

8 Chip Select Input 

9 Digit Keyboard Disable Output 

10 Address Keyboard Disable OutPUt 

11 Power-On-Reset Input 

12 Common Key Output 

13-16 

NOTE: 
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 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
0 10 

Access Pause 

7A-l0 

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 aiternate negatlve
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 ofthe on-chip timings. 
The retrieve inputmust be taken to a logic 'I' for at least 10ms 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 "I" 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 input. 
This input is taken from the common contact on all keyboards. A 
'I' 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 'I' for the 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 'I' 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 'I' to activate the chips. 
This output is fed directly to the Common Key input of the 
associated AV-5-9100 Push Button Dialler and goes to a logic '0' 
to indicate a valid code signal. It controls the routing of data into 
the AV-5-91 00. (See Function Description for further details.) 
Data InpuVOutputs. 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 
AV-5-9200 is shown below. When outputting information, the 
output is normally at a logic 'I' and goes to a logic '0' for a data bit. 

Code 

C, C2 C3 C4 

1 1 1 1 
1 1 1 0 
1 1 0 1 
1 0 1 1 
1 0 1 0 
1 0 0 1 
0 1 1 1 
0 1 1 0 
0 1 0 1 
1 1 0 0 
0 0 1 1 



FUNCTION DESCRIPTION 

The following description applies to a Push Button Repertory 
Dialler using the AY -5-9100 and A Y -5-9200 circuits. The system 
provides normal push button telephone facilities with access 
pause and redialling, together with a repertory dialling store 
expandable in blocks of 10 numbers. 

The AY-5-9100 is a standard Push Button Dialler circuit with 
normal dialling and redialling facilities. It also has the capability 
of storing access pauses and waiting until a dial tOl'1e is detected 
by external circuitry before dialling 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-5-9100 
data sheet. 

The AY-5-9200 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-5-9200 as 4-bit codes on 4 inpuVoutput pins 
which are also connected to the digit input pinsofthe AY-5-9100 
as in Figs.4 and 5. While data is being transferred between the 
AY-5-9200 and the AY-5-91 00, the keyboards are externally 
disabled by signals generated by the AY-5-9200, 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 logic 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-5-9200 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-5-9100 
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 gated 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-5-9200 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. 

A Y -5-9200 I!!I 
OPERATION MODES 

1, STORE OPERATION 

DEPRESS STORE 
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, orthe 'Store' button must 
remain depressed during the sequence. The Control Logic En
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 -5-9200 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 numberto 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 
10gic'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. The data transmission continues 
at 60mS on, 60mS off until the whole number has been transfer
red, 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 DIALLING 
These are performed as for the Push Button Dialler on its own. 
See AY-5-9100 data sheet for full description. 

7A-11 
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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 
Vq,=-15±1.5V (see fig. 1 for wave.form) 
Clock frequency=18 KHz 
Operating Temperature (TA)=-55·C to +80·C 
Negative logic conventions are followed for this data sheet. 

Characteristic Min. Typ'" 

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 '1' level -5 
Capacitance -
Leakage -
Common Key Input 
Pulse Width (Tc) 10 
Reset Input 
Pluse Width (Td) 3 
Fall Time (Te) -
Anti-bounce on all I nputs except 

Chip Select & Reset 4.2 
Outpuls 

All outputs including C, to C. 
when acting as outputs 

Logic '0' output current 0.6 
Log ic '1' output leakage -
Digit Output Rate -
Power -

""Typical values are al+25·C and nominal voltages. 
NOTES: 

-
-
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 Condltlona 

-1 Volts Note 1 
-16.5 Volts 

30 KHz 
4 I'S 
8 I'S 
40 I'S At logic '1' min. level 
40 I'S At logic '0' max. level 

pF Per phase Vq,=OV, f=1MHz(Note 2) 
10 I'A Vq,=16.5V, TA.=25·C 

-1 Volts 
-16.S Volts 

5 pF V'N=OV.f=lMHz 
1 I'A V'N=-16.SV,lA·=2S·C 

- ms At logic '0' max. level see fig. 2 

ms After clocks reach full amplitude 
100 I'S Fig.2 

- ms 

- rnA Va=-W 
10 I'A Va=-10V 
- Hz 
- mW 

2. The effective dynamic clock capacitance while operating is 260pF. 
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TIMING DIAGRAMS 

o 

0- - - - - - - - --

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 m 

o~_. ___ . ___ • 
CLOCKS 

1--- -

I =1[' o -- ---

,~;J---'~ ;_nmunm_ 
TIMING 

Fig.2 CLOCK WAVEFORMS WITH RESET TIMING 

II 

NOTE: 
NOT TO SCALE. 
ALL TIMES SPECIFIED ARE MINIMUM. 

Flg.3 "RETRIEVE" WAVEFORMS 
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Flg.4 SINGLE KEYBOARD SYSTEM FOR REPERTORY DIALLER 
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Flg.5 DUAL KEYBOARD SYSTEM FOR REPERTORY DIALLER 
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ISII AY-5-9300 

Telephone Coinbox Circuit 

FEATURES DESCRIPTION 

• Up to three coin denominations recognized. 
• 16 coin value ratios selectable. 
• 8 tariff rates selectable. 
• Tone outputs for switch-on. coin input. bulk collect. last pay 

period. cut-off. 

The AY-5-9300 is a P-Channel MOS integrated circuit designed 
to control the operation of a standard coinbox telephone. The 
device registers the inaertion of coins and automatically debits 
the sum when a meter pulse is received. Lamp and tone signals 
are provided to inform the user and the exchange of the progress 
of the call. The use offour-phase dynamic logic provides very low 
power dissipation (2mW typical). The AY -5-9300 is offered in a 24 
pin dual-in-line package. 

• Lamp outputs for last coin and last pay period. 

BLOCK DIAGRAM 

SI CI 

S2 C2 

S3 C3 

POR R 

TI B 

T2 193001 L ~".'"'"o { 1T1 T 
DEFINE TARIFF 

1T2 BC AND COIN RATIO 
1T3 GS 

1T4 G 

01 MP 

03 GND 

t-~==~-l BUFFER 1-__ -' 

LARGEST COINS 
VALUE 

SOLENOIOS 
TO COLLECT 
COINS 

TO COIN REFUND MECHANISM 

~;:::==~~TO COIN COLLECTION MECHANISM 

L~==~-l WARNING r LIGHT LOUDSPEAKER 

-= 

BULK 
COLLECTION 
BUTTON 

CRADLE SWITCH 
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11511 AY-3-9400 
AY-3-9401 AY-3-9410 

Dual Tone Multi-Frequency Generators 

FEATURES 

• No tuning required, inherent accuracy ± 0.25% 
• Uses low cost ceramic resonator 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 
AY-3-9400 

• 12 tone pairs (16 tone pairs with AY-3-9401/9410 and choice of 
high group pre-emphasis with AY-3-9410) 

• Total harmonic distortion less than 8% (but dependent on 
external fi Iter) 

• Instant 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 

Top View 

VCT Ground 

A Any Key Down output 

B Oscillator output 

Power on Reset Oscillator input 

C E 

o 
Tone output G 

• High group pre-emphasis fixed at 3.52dB (AY-3-9400), 
2dB (AY-3-9401), 3/6dB (AY-3-9410). 

16 LEAD DUAL IN LINE 
AY-3-9401/AY-3-9410 

• Pre-emphasis can be varied by simple component adjustment. 

DESCRIPTION 

The AY-3-9400/9401l9410 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 
synthesised tones give precisely controlled characteristics. 

The AY-3-9400/9401/9410 is fabricated using the ion implantN
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 batt~ry supplies. 

BLOCK DIAGRAM 
VI. 

I 

rlL r-
IL r- I-- HIGHER PRE8CALER 

,L-r-
,~ r-

KEYBOARD 

KEYBOARD LOGIC 

I--
I~ r-
I.E- -
IL -
I~ -

I 
AKD 
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I 

LOWER PRESCALER 

MASTER OSCILLATOR I 
I 
I I 
'--y----J 

MASTER FREOUENCY 
ELEMENT 

AY-3-9401/9410 

Ground 

V('t 

A 

B 

Reset 

c 
o 

Tone output 

Top View 

Any Key Down output 

OSCillator output 

Oscillator input 

Pre-emphasis" 

E 

G 

H 

*2dB on AY-3-9401. 3/6dB on AY-3-9410. 

GROUND 

I 

I-- HIGH GROUP 
D.A.C. 

--OUTPUT 

I-- LOW GROUP 
D.A.C. 



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 offull 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 will immediately cease. 
If only one key contact is made, a single tone corresponding to 
the closed contact will be output. The "Any Key Down" output 
goes to logic '0' as soon as a key depression is recognized. 

NOTES: 

AY·3·9400 • AY·3·9401 • AY·3·9410 [!] 

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 
V ccsupply 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 (see figs. 1a 
and 1b). 

1. Pre-emphasis selection for the AY-3-9401: Connect pin 13 to ground for 2dB pre-emphais. Pre-emphasis selection fortheAY-3-9410: 
Connect pin 13 to Vee 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. 

PERIPHERAL CIRCUITS 

KEYBOARD 

KEYBOARD 
4 
6 
7 

12 
10 
11 

82pF 

Flg.1a HIGH IMPEDANCE BUFFER 

82pF 

Flg.1b LOW IMPEDANCE BUFFER 
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I!] AY-3-9400 • 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° e to +150° e 
Ambient operating temperature range ........ -25°e to -700 e 

Standard Conditions (unless otherwise noted) 

Vet· = +3.5 to +8V 
Fclock = 559.7KHz 
Operating Temperature (T A) -25°e to +700 e 

Characteristic Min Typ" 

Input Logic '1' +3.3 -
Input Logic '0' -0.3 -
I nput pull down resistance 20 -
Input capacitance - -
Tone output Low Group - 0.653 
Tone output High Group - 0.783 
High group pre-emphasis - 3.52 
Output impedance - -

Any Key Down output 
On resistance - -
Off Leakage - -

Total Distortion ~ -
Harmonic component - -
Supply current - -

- -

"Typical values are at +25°e and nominal voltages. 

NOTE: 

Max 

+8 
+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. 

Units Conditions 

Volts logic '1' activates tone 
Volts 
Kohm resistor to ground 

pF 
Vrms } Vee = 4V,Note 1, Note 3 
Vrms Vee = 4V,Note 1, Note 3 

dB 1.6dB typo for AY-3-9401. 
ohms Note 2, Note 3 

Kohm Vout=+1V 
p.A Vout=+8V 
dB 
dB 
mA Vec= +3.5V 
mA Vee = +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 ohms. 

3.The output would be buffered to drive the line, the buffer can be arranged to have either a high impedance current output or a 
low impedance voltage output (See Figs.1a and 1b). 

FREQUENCY OUTPUTS 
All output frequencies are derived from a 559.7KHz 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 
941 940.68 

1209 1211.48 
1336 1332.62 

High Group 1477 1478.69 
1633 1631.78 

Error Key 
% 

-0.25 A 
-0.15 B 
-0.16 e 
-0.03 D 

+0.21 E 
-0.25 F 

'+0.25 G 
-0.07 H 

TYPICAL CHARACTERISTIC CURVES 
,. .02 

1/ J...-
.01 

I " 
,. 

z " z 
~ 0 - - -- -V: '" 0 - - -
III ::> , ..... 

t"-If .02 
Ii! , 
IE .01 

, 
;; V I ;; 

, ....... 
~ , , 

~ .04 

II 
ILl .02 , 

z : Vcc=4 VOLTS '" .. z , TEMP= 20·C 
is .06 ~ .03 

, 
.e I 

, I , at , 
.08 .04 , I , , 

-20 -10 0 10 20 30 40 50 I 2 3 4 5 6 7 8 
TEMP ·C vee VOLTS 

Flg.2. OSCILLATOR CHARACTERISTICS 
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'1iI1 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 telephones 
• 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 Push Button Telephone 
chip and the AY -5-9200 Repertory Dialler circuit. 

It consists of an RC oscillator, a level 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 which is normally run on a 14 Volt supply. 
The D-type bistable is either used as a Reset generator for the 
AY-5-9100, or it is used to drive a Cockroft-Walton voltage 
multiplier to generate the 14 Volt supply. 

BLOCK DIAGRAM 

4 3 2 

PIN CONFIGURATION 
14 LEAD DUAL IN LINE 

Top View 

Vssi2 [.1 '-J 14 P VOD 

36KHz Output [2 13 P "1 

Oscillator [3 12 P ~ 
Oscillator [ 4 11 P Vss2 

Oscillator [5 10 P Data Input 

Vss l [ 6 9 P a Output 

Vss 3 [ 7 8 P Q Output 

o Vss3 
10 7 

• 
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[!] AY·5·9500 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings" 

Voltage on any pin with respect to VDD pin ...... -18V to +0.3V 
Storage temperature range .........•.. -65·C to +150·C 
Ambient operating temperature range. . . . . . . -25·C to +70·C 

Standard Conditions (unless otherwise noted) 

VDD=OV 
Vss 1 = -4 to -15V 
Vss2 = -4 to -15V 
Vss3 = -4 to -15V 
F Clock = 36KHz± 10% 
Operating Temperature (T A) = +25· C 

Parameter 

CLOCK OUTPUTS 
Rise Time (Tr) 
Fall Time (Tf) 
Width (Tw) 
Separation (Ts) 
Stability 

OUTPUT 'ON' RESISTANCE 
~1,~3 
Q,a 

SUPPLY CURRENT 
Iss 1 
lss2 
Iss3 

TIMING DIAGRAM 

Min 

-
-
10 
10 
-

-
-

-
-
-

0-------- -------
01 

Typ 

90 
120 
-
-
-

0.3 
200 

130 
100 
30 

Max 

200 
250 
-
-
±5 

2 
750 

200 
200 
50 

"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 

ns At 360pF load 
ns At 360pF load 
loiS At 36KHz 
loiS At 36KHz 
% With supply and temperature 

KOhm Vss2=-4V 
Ohm Vss3=-4V 

lolA Vss1 =-4V 
lolA Vss2=-15V, 10pF load 
lolA Vss3=-15V 

T, 



OV 

58pF 

-4V 

ALL DIODES IN914 

SINGLE SUPPLY OPERATION 

'4 

AY-5-9500 

1-_'.3 ____ 0 (6, 

'2 1--.----0 ¢3 

9 

8 

DC-DC CONVERTOR CONNECTION 

AY-S-9S00 8 

-'5V 

• 

-'SV 
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I-I A Y -5-9800 Series 

Dual Tone Multi-Frequency Receivers 
FEATURES 
• No tuning required; inherent discrimination better 

than±0.1%. 
• Digitally dell ned bandwidths with no Inherent 

voltage or temperature drift. 
• Acquisition time typically 25 ms. (tone inputs to common 

output). 
• Frequency correlation provides good SIN performance. 
• Inter-tone separation checked for correct IDP 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 CP1600 

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 (1 out of 5 to 5 out of 5) 

Variable "Release" criteria (1 out 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-5-980119821 4-Bit Yes 28 
A Y-5-9802/9822 10116 Yes 40 
A Y -5-9803/9823 2018 Yes 40 
AY-5-9804I9824 Binary Yes 28 

A Y -5-980519825 4-Bit No 24 
A Y -5-980619826 1 of 16 No 40 
AY-5-9807/9827 2 of 8 No 24 
A Y -5-9808/9828 Binary No 24 

·Part numbers AY-5-9801 through 9808 are supplied in 
ceramic packages. Part numbers AY-5-9821 through 9828 
are supplied in plastiC packages. 

• Common output can be delayed by 1-32 ms after tones 
are detected valid. 
Note: IDP 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.) 

HIGH GROUP TONE INPUT 

~~~~--I - -.-
I + + + 

BIAS o-f- v,..----H-I-G-H-G-R-'OUP 
+Vss <>-r I 

OV c:-r- OP AMPS 
-V DO 0--:- I 
POR.~ I " 

:N~ 
lr-=--l-i-- -J 

LOW GROUP 
\ 

1 PERIOD COUNTER I 
------~ 

LOW GROUP TONE INPUT 



PIN CONFIGURATIONS 

28 LEAD DUAL IN LINE 
AY-5-9801/9821 
A Y -5-9804/9824 

Vss 
Amp 1 input 

Amp 1 output 

Amp 2 mput 

Amp 2 output 

Amp 3 input 

Amp 3 output 

Low group tone input 

VGG 

V DD 

Common output 

Low group valid output 

Code output C1 

Code output C2 

40 LEAD DUAL IN LINE 
A Y -5-9802/9822 

Vss 
Amp lmput 

Amp 1 output 

Amp 2 input 

Amp 2 output 

Amp 3 input 

Amp 3 output 

Low group tone input 

VGG 

VDD 

Common output 

Low group valid output 

Code output Cl 
Code output C2 

Code output C3 

Code output C4 

Code output C5 

Code output C6 

Code output C7 

Code output CB 

40 LEAD DUAL IN LINE 
A Y -5-980;l/9823 
Not yet defined 

Top View 

Amp bias input (Vb) 

Amp 4 output 

Amp 4 input 

Amp 5 output 

Amp 5 input 

Amp 6 output 

Amp 6 mput 

High group tone input 

Reset input 

Clock input 

Interrogate input 

High group valid output 

Code output C4 

Code output C3 

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 C 16 

Code output C 15 

Code output C14 

Code output C13 

Code output C12 

Code output Cll 

Code output Cl0 

Code output C9 

24 LEAD DUAL IN LINE 
A Y -5-9805/9825 
A Y -5-9808/9828 

Vss 
NC 

NC 

NC 

Low Group Tone Input 

VGG 

VDD 

Common output 

Low Group Valid Output 

NC 

Code Output Cl 

Code Output C2 

40 LEAD DUAL IN LINE 
A Y -5-9806/9826 
Not yet defined 

24 LEAD DUAL IN LINE 
A Y -5-9807 /9827 
Not yet defined 

AY-5-9800 Series I!iI 

NC 

NC 

NC 

NC 

High group tone input 

Reset Input 

Clock Input 

Interrogate Input 

High Group Valid Output 

NC 

Code Output C4 

C,?de Output C3 
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[!] AY-S-9800 Series 

DESCRIPTION 
The AY-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 and two source followers are 
included on-chip, external components being used to determine 
the filter characteristics. The major functions are mssk prog ram
mabie thus giving a flexible system at a low cost. 

The tone pair is separated 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 low group 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 
a~"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 of5), 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 this pulse, the system will not 
respond again until on 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, AY-5-9801/9821, 
provides four Three-State Code outputs suitable for 
microprocessor controlled systems and direct interfacing to the 
AY-5-9100 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 TIL, CMOS or MOS and, being Three-State, can 
be bussed in large systems. 

Input Clock - The recommended clock frequency is 1 MHz 
which will then give a frequency detect range of 620-3400Hz 
with a discrimination of ± 11.1s. The discrimination of 1633Hz 
using a 1 MHz clock will be better than ± 0.1%. Any deviation of 

SYSTEM DIAGRAM 

LINE 
INPUT 

BALANCED 
INPUT 

BAND 
PASS 

PREFILTER 
AGC 

AMPLIFIER 

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 VDD; a 0.11lF 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 is interrogated by the 
period counter. Each counter has eight values decoded, these 
representing F1 low limit, F1 high limit, etc. Oncea 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 set. Special logic 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 butfilled 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 between 
SIN ratio and stimulation rate can be obtained for different 
systems. 

Output Logic-Two outputs, HGVand 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) outputto go low. Similarly with 
the LGV (low group valid) output. Once both high and low 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 high; 
the interrogate input going low removes both the Codes and the 
Common Output. 

r-------~ 

HIGH PASS FILTER 

I 

I 
LOW PASS FILTER 

DIGITAL 
FREQUENCY 
ANALYZER 

OUTPUT 
ENCODER 

DIGITAL 
FREQUENCY 
ANALYZER 

I 
I 
I 
I 

I 
I 
I 
I 

L _______ J 



AV-S-9aoo Series [!] 
OUTPUT CODE CHART 

Input To,ne Pair A Y -5-9801/9821 A Y -5-980219822 A Y -5-9803/9823 A Y -5-9804/9824 
Low High 

Normal Digit 
A Y -5-9805/9825 A Y -5-9806/9826 A Y -5-9807/9827 A Y -5-9808/9828 

Group Group 
Representation Output Code· Output Code Output Code Output Code·· 

(Hz) (Hz) C1 C1 C2 C3 C4 1 of 16 20fB C1 C2 C3 C4 

697 1209 1 1 1 1 1 Cl Cl,C5 1 1 1 0 
697 1336 2 1 1 1 0 C2 Cl,C6 1 1 0 1 
697 1477 3 1 1 0 1 C3 Cl,C7 1 1 a a 
697 1633 - 0 0 0 1 C4 Cl,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 a C6 C2,C6 1 0 1 0 
770 1477 6 1 0 a 1 C7 C2,C7 1 0 a 1 
770 1633 - 0 0 1 0 C8 C2,C8 a 0 1 0 
852 1209 7 0 1 1 1 C9 C3,C5 1 0 0 0 
852 1336 8 0 1 1 a Cl0 C3,C6 0 1 1 1 
852 1477 9 a 1 a 1 Cll C3,C7 0 1 1 0 
852 1633 - 0 1 a 0 C12 C3,C8 0 0 1 1 
941 1209 . 0 0 1 1 C13 C4,C5 a 1 0 a 
941 1336 0 1 1 a 0 C14 C4,C6 0 1 0 1 
941 1477 # 0 0 0 0 C15 C4,C7 a 0 0 0 
941 1633 - 1 a a a C16 C4,C8 1 1 1 1 

'Compatible with AV-5-9laO "Compatible with AY-5-9l20. 

.------------.1 

1.6nF 

HIGH PASS FILTER 

LOW PASS FIL TEA 

Fig. 3 FILTER CONNECTIONS 
(R=lMIl, C=10nF, Active elements on chip) 

66K 

t 
EXTERNAL 
EMITTER 

FOLLIwERS 
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iii AY-S-9aOO Series 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respectto Vss ........................••. -20V to +0.3V 
Storage Temperature Range ............................... -6S·Cto+1S0·C 
Ambientoperatingtemperature .........•.....•........•.... -2S·C to +70·C 

Standard Conditions (unless otherwise noted) 

Vss = OV 
Voo = -8.S ± O.SV 
VGG = -17V ±1V 
Clock frequency = 1 MHz 
Operating Temperature (T A) = +2S· 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 & LGV) 
Logic '0' output current 

Signal Input 

"Handshake" Routine 

(See Fig. 1 for timing diagram). T1, T2 
Pull-down resistor (to Voo) 

Power-on Raset 

Pull-down resistor (to Voo) 
Pulse Width 

Amplifiers 
Open loop gain 
Open loop bandwidth 
Output Impedance 

Power Dlulpetlon 

Min 

+0.3 
-6.S 
0.01 
10 
10 

4S0 
-
-

+0.3 
-3.7 
-
-

1 
460 

1 
620 

1 
1 

SOO 

.S 

-
50 

SO 
10 

-
-
-

-

Typ Max 

- -1.0 
-6.S -18 
1.0 1.1 
- SO 
- 50 

500 S50 
- 20 
- 10 

- -1.0 
-5 -18 
- 10 
- 10 

- -
- -

- -
- -
- 31 
32 32 

- -

- 2 

- 2.S 
1S0 SOO 

1S0 SOO 
- -

SOO -
1 -
- 6 

- 3S0 

-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 Conditione 

V 
V 

MHz 
ns 
ns 
ns 
pF 
~A 

V 
V 
pF 
~A 

mA Va =-1V 
~A Va = -SV 

mA Va =-1V 
~A Va = -SV 
ms 
ms 

",A Va = -1V (Exiernal pull-down 
resistors to Voo required). 

V Peak to peak sine wave 

,",S 
KQ 

KQ 
~s 

- Fin = 1KHz 
MHz 
KQ Fin = 1KHz 

mW Voo = -9V 
VGG = -18V 

NOTE: Any deviation from the nominal 1 MHz clock frequency will result in a corresponding deviation ot-the frequency detection 
bands. Other frequencies than 1MHz clock can be preprogrammed in, but circuit characteristics will be modified. 
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A Y -5-9800 Series Ii] 

RESET / 
INPUT 
_-----oJ 

TONE I 
_P_A_IR _____ --<~ 

~~~2~5-m~S-~-----------J 
) 

I TYP. I 

)(r-------------------------~ 
___________ J I 

COMMON 
OUTPUT \ 
INTERROGATE 
INPUT 

T2~ 

J 
I 

\ I~ ____________________ _J 

I 
14-

_I~ ~ I4-T1 
-C-O-D-E----------------------~\Vlr--------------------~ 

X CODES 
VALID OUTPUTS A _________________________ --JI~ ____________________ _J 

Flg.1 "HANDSHAKING" TIMING DIAGRAM 
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ACF 7032C ACF 7092C 

Universal Active Filters 
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 7032Cfl092C is shown in 
Figure 1. The filter is composed of 4 operational amplifiers. The 
first three form the basic state varieble configuration (triad) and 
the fourth can be utilized for increased gain or in the biquadratic 
configuration with the addition of external components. Two 
filter inputs are provided; a non-inverting input and an inverting 
input. 

In the Triad configuration, amplifier A, is a summing amplifier 
providing the high pass output, amplifers ~ and As 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 Rs or R7 and Rs 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. 

78-2 

,
I 
I 

"I 

v+ v- GNO 

R3 ~I 
{"2~ - -

em .'18 "I 
.7 ~I 

~I 

I '--__ +vR6"'-+ __ -i 
R3.R7.8RB L ___ ~II; 
DETERMINE AzHN) A3\-INI 

GAIN a Q VHP 9 rfi 9 VSP9 Do;) q VLP 

~ ~ 
RI a R2 DETERMINE 
NATURAL FREQUENCY 

Fig. 1 SCHEMATIC 

PIN CONFIGURATIONS 
16 LEAD TO-8 
ACF 7032C 

PIN FUNCTION 
1 A4 (+IN) 
2 VO 
3 VlP 
4 NC 
5 A3(-IN) 
6 NC 
7 GNO 
8 1>2 (-IN) 
9 VBP 

10 V+ 
11 Ne 
12 A1 (+IN) 
13 VHP 
14 Al (-IN) 
15 V-
16 A4(-IN) 

16 LEAD DUAL IN LINE· 
ACF 7092C 

!--·ill DIA.----I 
.5!f8 i 

~ 'i. 
1--- 70°----1 1--0601170 r--t- 150 

PIN FUNCTION 
1 Al(+IN) 
2 Al (-IN) 
3 VHP 
4 V+ 
5 VlP 

I I i MAX I I MIN 
16 91 I I fl 

11 I ---, lala' I .. ' 

ACF 7092C 
GlXXXX 

i ' 
.620 
MAX 600 

I 
6 A4 (+IN) 
7 A'(-IN) 
8 NC 
9 GND 

10 A4(-IN) 
11 VO 

. 

.. O'I~ Ll 
L 8) COVER-

840 MAX -----l AWMINA 

~I. 
12 v-
13 VBP 
14 A2 (-IN) 
15 NO 
16 NO 

r _____ --,SUBSTRATE-
~ALUMINA 

m1YV\1Y~TVP 
.100 Typj l Jl- ,~i~ 

v+ v- GNO ,
I 

-----, 
~Nr~"~'O~ I 

_I 
~I 

R3 :fl {'20-J'M-0 - -
I 
I 
I 
I 
I 
I ''"''1:7 !: ~I 

I '-__ f'l"/I!6-+_--! 
L---! __ ~~~~~I 

R3,R7,8R8 L ___ ~k 
DETERMINE 

GAIN a Q 

RI a R2 DETERMINE 
NATURAL FREQUENCY 

Fig. 2 TRIAD CONFIGURATION 

I 



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 1 TRANSFER FUNCTIONS 

GHP(S) 
VHP 

SIN 

GBP(s) 
.VBP 

SIN 

GlP 
VlP 

SIN 

Fn Wn/27r= 

S 
Goo 
Go 
G(O) 

Q 

Q 

Q 

Goo 52 

52 + Wn S + Wn2 

Q 

Go Wn S 
Q 

8 2 + Wn S + Wn2 

Q 

G(O)Wn 2 

S2 + Wn S + Wn2 

Q 

HIGH PASS 

BAND PASS 

lDW PASS 

Natural 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 BAND 
Bandwidth 0 PASS 

Gain at Natural Frequency HIGH 
Gain at infinite Frequency PASS 

Gain at Natural Frequency LOW 
Gain at DC PASS 

DESIGN EQUATIONS 

The design equations for the transfer functions listed In Table 1 
are: 

Wn = J 03 W'W2 

Non .. lnvertlng Inverting 

Figure 3 Figure 4 

Goo ", (1 + "3 + "4) -°4 

Go -8, 102 84 

"2('+84+°3) 

G(O) 8] (1 +83+84) -84/83 

83 

Note: 
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. 

ACF 7032C • ACF 7092C [!] 

r---lGND 

.-1----+b-----, \l 

R2 

V+ 

Fig. 3 NON-INVERTING CONFIGURATION 

r- GND 

I I 
Z ~ 1 

1: ~ > 

~ 
Z Z Z 
I I ~ .. ;. ~ .. .. -ff > " "3 J I o. 

I 
VHP 

"7 vLP 

"I R2 

v BP 

v+ 

Fig. 4 INVERTING CONFIGURATION 

TRIAD TUNING PROCEDURE 

The following four step tuning procedure allows the selection of 
the external resistors R" R2, R7 and R3 or Re. 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 Rs as a Function of Design Q 

R3 or Ra can be calculated from the equations listed in Table II. 
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[!iJ ACF 7032C • ACF 7092C 

Table II R. OR R3 CALCULATION 

Non~lnwrUng Inverting 

Configuration Figure 3 Figure 4 

Low~Pass R ~ ili!ill-
8 Q design 

R3 = 100kf! 

Band-Pass R8 ~ a desired (lOOk) R3 = a design (31.6kf!) 

Q design 

High-Pass R8~~ 
Q design 

R3 ~ 10kf! 

Step #3: Calculate R, and R2 as a Functln of Fn 

For basic unity gain configuration, R, = R2. 

R, ~ R2 = 5.04 x 107 
Fn 

LOW FREQUENCY OPERATION 

For very low frequencies (fn ~ 50Hz) additional capacitance 
can be used toshuntthe 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 Q 

R7 can be calculated from the equations listed in Table III 

Table III R7 CALCULATIONS 

Non-Inverting Inverting 

Configuration Figure 3 Figure 4 

100kf! 100kf! 
Low-Pass R7 ~ R7 = 3.16 (a de,ign)-l 3.8 (a design)-l 

100kf! lOOkf! 
Band-Pass R7 ~ 3.48 (a de~ign)-2 R7 ~ 

3.48 (a design) 

100kf! 100kf! 
High-Pass R7 ~ 0.32 (a design)-l R7 ~ 6.64 (a design)-l 

BIQUAD TRANSFER FUNCTION 

The BIQUAD configuration for generatin9 Cauer or Band Reject 
responses is shown in Figure 6. 

The transfer function is: 

eo A ~S2 + aWnS+ bwn2] 
., N ~ S2 + Wn S + W n2 

a 

The parameters for the Transmission Zeros (numerator) are 
given by: 

A~_(R14lx(R4)x G(O) 
R13 R5 

provided that R 12 R 14 

The tuning procedure for Wn and Q is the same as in the TRIAD 
configuration. 

A Band Reject filter can be obtained by making Constant (b) = 1 
and R'2 infinite which makes the Constant (a) = zero. The transfer 
function then becomes: 

~= 52 +Wn2 
BIN 52 + WnS + Wn 2 

I
I 
I 

a 

V+ v- GNO 
RI' 

~I 
{ .3 ;fl 

,,"ee~1~~: 
R7 "'-I 

~I 

I L_-1...;R;y,6'+-_-4 

DESIRED FnQ 

R3, R7, 8. RS L ___ ~k _ _ _ _ _ _ _ ..J 
DETERMINE A2(-IN) A)HN) A,,(+INI GAINOO V"'[ v.'~v" RI R2 RII RI5 

RI' 

'--___ ~RI3ir_ ...... ---------' 

RI a R2 DETERMINE 
NATURAL FREQUENCV 

Fig. 5 FnQ CORRECTION Fig. 6 BIQUAD CONFIGURATION 
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ACF 7032C • ACF 7092C Ii] 
PERFORMANCE SPECIFICATIONS 

MAXIMUM RATINGS 

Supply Voltages ....................................................... ± 18 V 
Supply Current ( ± 15 Volt Supplies) ................................... ± 12mA 
Operating Temperature Range ................................... O·C to +70·C 
Storage Temperature Range ................................. -55·C 10 +125·C 

ELECTRICAL PERFORMANCE CHARACTERISTICS 

Unless other specified these parameters apply over a temperature range of O·C to +70·C with ± 15 VDC supplies 

Characteristic Min Typ Max. Unite 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. - ±4O +75 ppm/·C 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 0·C<;;TA<;;70·C 
Input offset current - 5 200 nA TA = 25·C 

- - 300 nA 0·C<;;TA<;;70·C 
Input 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, Va = + 10V, TA = 25·C 
Voltage Gain RL ;;;. 2k, Va = t 10V, 

15,000 - - - O·C < TA< 70·C 
Supply Voltage Rejection Ratio - 30 300 "V/v 
Output Resistance - - 100 Il 
Load Resistance 1,000 - - !l 
Output Voltage Swing - - 20 V p-p { Low pass 

- - 8 V p-p Fn = 10Hz to 1KHz 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%) and does not 
include the tolerance of the external resistors Rl and R2. 

Note 2: The internal capacitors have a temperature coefficent of ± 30 ppm/· 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 amplifer. 

ENVIRONMENTAL SPECIFICATION 

(The hybrids are capable of meeting Ihe following specifications) 
Thermal Shock ........................................ -55·C to +125·C, 15 cycles (Mil-Std-883, Method lOll, Test Condition B) 
Temperature Cycling .............................•.... -55·C to +125·C, 10.cycles (MII-Sld-883, Method 1010, Test Condition B) 
Moisture Resistance ... Omit initial conditioning (Mil-Std-883, Method 1004) 80% to 98% RH and -10·C to +65·C no power applied. 
Mechanical Shock ....................... " .. , ....•.......•... , '" .......• 3000 g's (Mil-Std-883, Method 2002, Test Condition C) 
Vibration Variable Frequency ............................... 50G's peak acceleration (Mil-Std-883, Method 2007, Test Condition B) 
Constant Acceleration .. A=5,OOO g's to axis, X, Y2, Z (Mil-Std-883, Method 2001, D=20,OOO g's to Y1 axis, Test Conditions A and D) 
Solderability ...............................•..•...........•.... All terminals, no special preparation (Mil-Std-883, Method 2003) 
Intermittent Life ........... 1,000 hours at rated voltage in 70·C free air. (Mil-Std-883, Method 1006) 1.5 hours ON, 0.5 hours OFF. 
Seal leak rate....................................... 5xl0'''cc/s Calculated rate per Mil-Std-883, Method 1014, Test Condition A 
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1151 1 ACF 7110C 

3825Hz Low Pass Filter 

FEATURES 

• 0 Insertion Loss 
• High Out of Band Attenuation 
• Low Noise 
• Low In Band Ripple 
• Can be operated from a single-ended power system 

DESCRIPTION 

The ACF 711 OC is a linear hybrid low pass RC active filter. The 

PACKAGE INFORMATION 
PIN CONFIGURATION 

1.300 

ACF 7110C 
GIXXXX 

,140 
MAX. 

-I sr=r ~ n-~~~ " I I< 

ACF 7110C filter provides for low pass filtering of speech ,-:0,=:;-;:==========-:, 
frequencies while attenuating the 3825 Hz signaling frequency to 

~~ tQ= J 11< 
a minimum attenuation of 50 dB. The reference 1.0KHz gain of I. ' 
this filter is 0 dB with a maximum in band ripple specification of J------1.760 MAX. .. I 010 002 

plus or minus 0.15 dB. This filter is packaged in a dual In line 
configuration. NOTE: 

For proper operation 
connect Pin 1 to 
Pin 5, Pin 4 to Pin 9, 
Pin 8 to Pin 14. 

PIN FUNCTION PIN FUNCTION 
1 Stage 1 Output 15 T.P. 

MAXIMUM RATINGS 
2 Input 16 NC 
3 NC 17 NC 

Vcc (Max) ......................................... ±18 Volts 
4 Stage 2 Output 18 T.P. 
5 Stage 2 Input 19 NC 

Vcc (Min) ........................................... ±5 Volts 
Input Voltage Range ................. Power Supply Potential 
Storage Temperature Range ............... -65·C to +150·C 
Operating Temperature Range ................. O·C to +70·C 

6 NC 20 NC 
7 +15 Volts P.S. 21 NC 
8 Stage 3 Output 22 T.P. 
9 Stage 3 Input 23 NC 

10 NC 24 NC 
11 Output (low impedance) 25 T.P. 
12 Output (600 ) 26 NC 
13 T.P. 27 -15 Volts P.S. 
14 Stage 4 Input 28 GNO 

ELECTRICAL CHARACTERISTICS (Unless otherwise 

Vcc:± 12 Volts specified) 
TA : +25·C 
Rs: 501l. 
RL:600 n 

Characteristic Min Typ Max Units Conditions 

Voltage Gain -0.4 0 +0.4 dB 1.0KHz, VOUT : 1.0 VRMS 

Gain Stability -1.0 - +1.0 dB O·C to +70·C, from ref. 1.0KHz gain 
Frequency Response Referenced to 1.0KHz Gein, VOUT: 1.0 VRMS 

-0.15 - +0.15 dB 300Hz to 2400Hz 
-0.2 - +0.15 dB 2900Hz 
-0.25 - +0.15 dB 3000Hz 
-0.75 - +0.15 dB 3250Hz 
-50 - - dB 3825Hz 
-43 - - dB 3850Hz to 4050Hz 
-35 - - dB 4050Hz to 5000Hz 
-22 - - dB 5000Hz to 20.0KHz 
-25 - - dB 28.0KHz 
-25 - - dB 56.0KHz 

Input Impedance 10 - - K1l. 
Output Impedance - - 600 1l. 
Harmonic Distortion -38 - - dBm VIN = +8.0 dBm, 300Hz to 2400Hz, Second or 

Third Harmonic Output 
Output Offset Voltage - - 50 mV 
Current Drain - - 20 rnA Vice =±15 Volts 
Noise - - 275 uV Unweighted noise in the pass bend 
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11iI' ACF 7170C 

PCM Transmit Low Pass Filter 

FEATURES 

• Pass band ripple ±0.15IdB, from 100 to 3KHz, O· to 70·C. 
• Stop band attenuation, 39 dB, 4.6KHz to 100KHz. 
• Low power dissipation, 25 mW typical. 
• Insertion Loss - 0 dB 
• Can be adjusted to meet these specifications for power 

supplies from±4 volts to±15 volts or equivalent single 
ended supplies. 

DESCRIPTION 

The ACF 7170C 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 
± .15 dB ripple to 3KHz and be 39 dB down at 4.6KHz with equal 
rejection out to 100KHz. The filter Is designed to be used in PCM 
transmit applications. 

MAXIMUM RATINGS 
VCC ................................................... ±18V 
Input Voltage ....... , ......•.........•.................. Vce 
Storage Temperature ..................•... -65·Cto+150·C 
Operating Temperature ........•.............. 0·Cto+70·C 

ELECTRICAL CHARACTERISTICS 
O·C';;;;TA <O;70·C 

Vr;c = 10 ±.25V } (Note 1) 
-VCC = 10 ±.25V 
RL = 2KH (Note 2) 
F:'s = 50n (Note 1) 

Characteristic 

Passband Freq. Range 
Passband Ripple 
Gain 
Cutoff Freq. Attn. 
Stop Band Atten. 
Stop Band Atten. 
Input Impedance 
Output Impedance 
Output Signal Level 
Power Dissipation 

NOTES: 

Min 

0 
-

-0.15 
0 
15 
39 

500 
-
-
-

1. Or equivalent sin91e ended supplies. 

Typ 

-
0.1 
-
-
-
42 
-
50 
-
25 

2. 600 ohm load capability can be suppled by the factory. 
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PACKAGE INFORMATION 
PIN CONFIGURATION 

~ 
.750 

if 
.010 1.3 .'2 
TYP ---'--L 

-J .258l.-
MAX 

PIN FUNCTION 
1 NC 
2 NC 
3 NC 
4 NC 
5 Input 
6 Int Conn 
7 Int Conn 
8 GND 
9 Vcc+ 

DATE COOE 

GIXXXX 
ACF 7170C 

1.830 

PIN FUNCTION 
10 vcc-
11 Output 
12 Int Conn 
13 Int Conn 
14 NC 
15 NC 
16 NC 
17 NC 
18 NC 

NOTE: An external connection is required between Pins 6 & 7 and Pins 12 & 13. 

Max Units Conditions 

3 KHz 
~0.15 dB 100Hz to 3KHz 
+0.15 dB Ref Freq. 1KHz 
-1.0 dB 3.4KHz 
- dB 4.OKHz 
- dB 4.6KHz to 10KHz 
- KII 100Hz to 3KHz 

100 II 100Hz to 3KHz 
7.5 Vp-p 100Hz to 3KHz 
50 mW 
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IIiII ACF 7173C 

PCM Trunk Transmit Low Pass Filter 

FEATURES 
• Exceeds AT & T 03 Channel Bank Compatibility 

Specifications. 
• Low Noise +15dBRNC @ Gain = +lOdb 
• 60Hz Attenuation -14.5 db Min. 
• Adjustable Gain 0 to +29db 
• Output Clamp Voltage ± 4.5 Volts maximum 
• Output Power Supply Rejection Ratio -

40db minimum (Freq. 300Hz to 4KHz) 
• Low Power Dissipation -240 milliwatts maximum 
• Maximum output voltage ±4.0 Volts 

DESCRIPTION 
The ACF7173C is a linear hybrid low pass active filter with a 
Cauer type response. It is capable of exceeding AT & T 03 
Channel Bank Compatibility Specifications and is designed to be 
used in PCM "Trunk" Transmit applications. This RC Active Filter 
will pass a signal In the pass band with 0;2db pop ripple from 
300Hz to 3000Hz and be 32db down at 4.6KHz with equal rejec
tion to 12KHz minimum. 

MAXIMUM RATINGS 
Vee ............................................... ±lBVolts 
Input Voltage ...•••....••...•••..••••..••••..••••••..••• Vcc' 
Storage Temperature ......................•• -65·C to 150·6 
Operating Temperature ......................... O·C to 70·C 

PACKAGE INFORMATION 
PIN CONFIGURATION 

1 

PIN FUNCTION 
1, Mechanical Support 
2. NA 
3. NA 
4. Input 
5. NA 
6. NA 
7. Mechanica' Support 
8. NA 
9. Positive Vee 

1.780MAX--i 

GI XXXX __ --, DATE CODE 

ACF7173C 

PIN FUNCTION 
10. NA 
11. GNO 
12. NA 

~!: ~~ative Vee 

PIN #1 
INDICATOR 

15. Gain Adiust - Poten"_ 
Termination 

16: Gain Adjust - Potentiometer Wiper 
17. Output 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 
Rs = 600[1 V/oUT = BVp-p 
RL = 1.2K Vee' = ±12 Volts 

Characteristic Min. Typ MD. Units Conditions 

Frequency Response . Referenced to 1 KHz. VauT = V AMS 

(See Note 1) -14.5 - - dB 60Hz 
-1.0 - 0 dB 180Hz to 300Hz 
-0.1 - +0.1 dB 300Hz to 3000Hz 
-1.2 - 0 dB 3400Hz 
-14.5 - - dB 4000Hz 
-32.0 - - dB 4600Hz to 12kHz 

Input Impedance lOOK - - ohms 
Output Impedance - - 10 ohms 
Envelope Delay Distortion - 102 200 usee BDO-27ooHz 

- 53 100 usee l000-2500Hz 
- 30 60 usee 115O-2300Hz 

Guaranteed Gain 
Adjustment Range 0 - +29.25 dB Freq = 1 KHz. Fig. 1 

Output Clamp Voltage ±4.2 - ±4.5 Volts Input Voltage ±12 Volts 
Noise (See Note 2) - - +15 dBRNC Gain = 10db 
Output Power Supply -40 - - dB Gain = +29db Freq. = 100Hz to 4KHz 
Rejection Ratio -30 - - - Freq = 4kHz to 10kHz 

Current Drain - B 10 mA Vcc = +12 
- 8 10 mA Vee. = -12 

Single Freq. Distortion -55 - - dB Referenced to Freq = 1020Hz & 
300Hz to 4kHz 

DC Output Offset Voltage - - 10 ±mV 
Load Capacitance - - 5000 pF No evidence of oscillation 

NOTES: 
1. Test Equipment - HP3330B Synthesizer. HP3570A Network Analyzer 
2. Test Equipment - NEC Model TT5-37BAQ Noise Measuring Test Set 
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1&11 ACF 7174C 

PCM Trunk Receive Low Pass Filter and PAM GATE 

FEATURES 

• DEMOD PAM GATE and Trunk Receive Filter in one Pkg. 
• Exceeds AT & T 03 Channel Bank Compatibility 

Specifications. 
• Low Noise +2DBRNC Max. 
• Adjustable Gain -16 to +3.56dB 

PACKAGE INFORMATION 
PIN CONFIGURATION 

1 ~~~ i"'1"e----l.780MAX------t-1 

• Output Power Supply Rejection Ratio 40dB minimum 
(Freq. 300Hz to 4KHz) 

• Low Power Dissipation 240mW maximum 

DESCRIPTION 

The ACF7174C is a PAM GATE, a Linear low pass active filter 
Cauer response with SI NXlX correction packaged in a hybrid. It 
is capable of exceeding AT & T 03 Channel Bank Compatibility 
Specifications and is designed to be used in PCM "Trunk" Re
ceive applications. The hybrid demultiplexes, holds and filters 
the input information. 

rr----------; 
'u Ag~~:c ~;~::: 

J1 ~~ox -W"t:'~'TYP'jlo"8'':' 'J'l 

MAXIMUM RATINGS 

VCC ............................................... ±lSVolts 
Input Voltage ........................................... Vcc 

L .040 I.- 17 PINS EQUAL SPACED .090 
MAX AT .,00·'.600, TOl NON CUM MAX. 

PIN FUNCTION 
1. Mechanical Support 
2. NA 
3. PAM GATE Bias - Positive Vee 
4. Input 
5. PAM GATE Input 
6. NA 
7. Mechanical Support 

PIN FUNCTION 
10. NA 
11. Ground 
12. NA 
13. Negative Vee 
14. NA 
15. Gain Adjust - Potentiometer 

Termination 

Storage Temperature ........................ -65°Cto150°C 8. NA 16. Gain Adjust - Potentiometer Wiper 

Operating Temperature ......................... 0°Ct070°C 
9. Positive Vee 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 
vcc =,±12 Volts 
Rs = 10n 
Rl = 1.2K 

Characlerlsllc Min Typ Max Unll8 

Frequency Response . 
(See Note 1) -1.0 - 0 dB 

-0.1 - 0.1 dB 
-1.2 - 0 dB 
-14,5 - - dB 
-2S.0 - - dB 

Input Impedance - 20K - ohms 
Output Impedance - - 10 ohms 
Envelope Delay Distortion - 102 200 }.Jsec 

- 53 100 ),Jsec 
- 30 60 }.Jsec 

Guaranteed Gain Adjustment 
Range -16 - +3.56 dB 

Noise (See Note 2) - - +2 dBRNC 
Power Supply Rejection -40 - - dB 
Ratio -30 - - dB 

Current Drain - 5 10 rnA 
Single Freq, Distortion -55 - - dB 

Gate "On" vs, "Off" -SO - - dB 
Isolation 

NOTES: 
1. Test Equipment - HP3330B Synthesizer, HP3570A Network Analyzer 
2. Test Equipment - NEC Model TTS - 37BAQ Noise Measuring Test Set 

17. Output 

Conditions 

Referenced to lKHz,IVo = 1 VRMS 

180Hz to 300Hz, 
300Hz to 3000Hz 
3400Hz 
4000Hz 
4600Hz to 12KHz 

SOO-2700Hz 
l000-2500Hz 
115D-2300Hz 

Freq. = 1 KHz, VIN = SVp-p 
Vo = 1.3Vp-p 
Freq, = 300Hz to 4KHz 
Freq, = 4KHz to 10KHz 
Vcc =±12V 
Referenced to Freq, 1020Hz & 
Vo = SVp-p 300Hz to 4kHz 

Freq. 300Hz to 3000Hz 
Gain = maximum Rl = 600n, Fig. 2 
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ACF 7174C 
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lal ACF 7175C 

PCM Line Transmit Low Pass Filter 

FEATURES 

• Exceeds AT & T 03 Channel Bank Compatibility 
Specifications 

• Low Noise 12dBRNC @ Gain = +8.25db 
• Output Clamp Voltage ±4.5 Volts Maximum 
• Output Power Supply Rejection Ratio 40db minumum 

(Freq. 300Hz to 4KHz) 
• Low Power Dissipation 240 milliwatts maximum 

PACKAGE INFORMATION 

PIN CONFIGURATION 

1.010 

PIN #1 
INDICATOR 

DATA CODe 

GI XXXX 
ACF 7175C 

DESCRIPTION 

The ACF7175 is a linear hybrid low pass active filter with a Cauer 
type response. It is capable of exceeding AT & T 03 Channel 
Bank Compatibility Specifications and is designed to be used in 
PCM "Line" Transmit applications. This RC Active Filter will pass 
a signal in the pass band with 0.6 db p-p ripple from 300Hz to 
3000Hz and be 30db down at 4.6KHz with equal rejection to 
12KHz minimum. 

~ T ~~~ -t-i ~~~~~~~~~~ 
TYP 1187MIN~ .010 ~ 

-J 175 L l" 018''':J~ 
MAX 080 

1 760 MAX --:----..1 

PIN FUNCTION PIN FUNCTION 
Mechanical Support 10 NA 
NA 11 GND 

MAXIMUM RATINGS NA 12 NA 
Input 13 Negative.Vee 

Vce ............................................... ±18 Volts NA l' Mechanical Support 
NA 15 NA 

Input Voltage ........................................... Vee Mechanical Support 16 NA 

Storage Temperature ........................ -65°Ct0150°C 
Operating Temperature ......................... O°C t070°C 

NA 17 Output 
Positive Vee 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 

VOUT = 8Vp-p 
Vee = ±12 Volts 
Rs = 600" 
RL = 1.2K 

Characteristic Min Typ Max Units Conditions 

Frequency Response Referenced to 1 KHz 
(See Note 1) VOUT= 1VRMS DC Blocking 

-0.3 - 0.3 dB 300Hz to 3000Hz 
-14.5 - 0 dB 4000Hz 
-30.0 - - dB 4600Hz to 12KHz 

Input Impedance 100K - - ohms 
Output Impednace - - 10 ohms 
Envelope Delay Distortion - 102 150 /.Isec BOO-2700Hz 

- 53 75 /.Isec 1000-25OOHz 
- 30 40 J.lsec 115D-23OOHz 

Gain 8.15 - 8.35 dB Freq. = 1KHz 
Output Clamp Voltage ±4.2 - ±4.5 Volts Input Voltage.;; ±12 Volts 
Noise (See Note 2) - +6 +12 dBRNC 
Output Power Supply -40 - - dB Freq. 300Hz to 4KHz 
Rejection Ratio -30 - - - Freq. 4KHz to 10KHz 

Current Drain - 8 10 mA Vee =+12V 
- 8 10 mA Vce =-12V 

Single Freq. Distortion -55 - - dB Referenced to Freq. 1020Hz &. 
Vo = B Vp-p, 300Hz to 4kHz. 

DC Output Offset Voltage -10 0 10 mV 
Load Capacitance - - 5000 pF No evidence of oscillation 

NOTES: 
1. Test Equipment - HP 3330B Synthesizer, HP 3570A Network Analyzer 
2. Test Equipment - NEC Model TTS-37BAQ Noise Measuring Test Set 
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ACF 7176C 

PCM Line Receiver Low Pass Filter and PAM GATE 

FEATURES 

• DEMOD PAM GATE and Line Receive Filter in one package. 
• Exceeds AT & T 03 Channel Bank compatibility specification. 
• Low noise +10dbrnc maximum. 
• Output Power Supply Rejection Ratio - 40db maximum 

(Freq 300Hz to 4kHz) 
• Low Power Dissipation - 240mw maximum 

DESCRIPTION 

The ACF 7176 is a PAM GATE. a linear low pass active filter Cauer 
response with SINX/X correction packaged in a hybrid. It is 
capable of exceeding AT & T 03 Channel Bank Compatibility 
Specifications and is designed to be used in PCM "Line" receiver 
applications. The hybrid demultiplexes. holds and filters the 
input information. 

MAXIMUM RATINGS 

Vee ............................................... j:18Volts 
Input Voltage ........................................... Vee 
Storage Temperature ....................... -65°Ct0150°C 
Operating Temperature ........................ 0°Cto+70°C 

PACKAGE INFORMATION 

PIN CONFIGURATION 
PIN #1 DATAtODE 

INDICATOR 

llo GI ixxx 
MAX 

li 
ACF 7176C =H .060 TYP 

...L II Ihrlhrl hi hi hrl 

1i6-1 I- 1·187t'N T , TI~, 11 "" " 
--1.175 L - l .018±l102J .............. :1()() 

MAX. .080 TYP 

1.760 MAX. 

PIN FUNCTION PIN FUNCTION 
1 Mechanical Support 10 NA 
2 NA 11 GND 
3 NA 12 NA 
4 Input 13 Negative Vee 
5 PAM GATE Input 14 Mechanical Support 
6 NA 15 NA 
7 Mechanical Support 16 NA 
8 NA 17 Output 
9 Positive Vee 

ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 

Vee = ±12 Volts 
Rs = 10!! 
RL = 1.2K 

Characteristic 

Frequency Response 
(See Note 1) 

Input Impedance 
Output Impedance 
Envelope Delay Distortion 

Gain 
Noise (See Note 2) 
Power Supply Rejection Ratio 

Current Drain 
Single Freq. Distortion 

Gate "On" vs. "Off" Isolation 

NOTES: 

Min. 

-0.3 
-14.5 
-28.0 

-
-
-
-
-

-8.4 
-

-40 
-30 
-

-55 

-80 

Typ. Max. 

- +0.3 
- -
- -

20K -
- 10 

102 150 
53 75 
30 40 

-8.25 -8.0 
- +10 
- -
- -
8 10 
- -
- -

1. Test Equipment - HP3330B Synthesizer. HP3570A Network Analyzer 
2. Test Equipment - NEC Model TTS-37BAQ Noise Measuring Test Set 
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Units Conditions 

Referenced to 1 KHz. Vo = 1 VRMS 
dB 300Hz to 3000Hz 
dB 4000Hz 
dB 4600Hz to 12KHz 

ohms 
ohms 
usec 800-2700Hz 
usec 1000-2500Hz 
usec 1150-2300Hz 
dB Freq = 1KHz 

dBNRC 
dB Freq 300Hz to 4KHz 
- Freq 4KHz to 10KHz 

mA Vee = j:12V 
dB Referenced to Freq 1020Hz & Vo = 8 V p-p 

300Hz to 4kHz 
dB Freq. 300Hz to 3000Hz 
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OFF - VOUT "-80dbm 
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ISII ACF 7300C 

Band Pass Filter and Full Wave Detector 

FEATURES 

• Low Power Dissipation 
• Can be operated from a single ended power system 
• 20 dB minimum attentuation at stop band frequencies 
• 0 dB 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 

Vcc (Max) ...............•......................... ±18 Volts 
Vcc (Min) ......•....•..................•.........•• ±5 Volts 
Input Voltage Range .........•.....•. PowerSupplyPotential 
Storage Temperature Range ................ -65·Cto +150·C 
Operating Temperature Range ...........•.••... O· C to +70· C 

ELECTRICAL CHARACTERISTICS (unless otherwise specified) 

Vcc = ±12 Volts 
O·C to +70·C 
Filter Load Resistance = 5K!l 
Detector Load Resistance = 5K!l 
Source Impedance, Filter or Detector = 50n 

PACKAGE INFORMATION 
PIN CONFIGURATION 

14~'~~8 
~~~~~~]l 

ACF 7300C - FREQ 1.020 
GIXXXX MAX. 

"~~~~~~~ J 
L:'" :=J 1.010 MAX. 

NOTE: For proper operation connect Pin 4 
to Pin 5 and Pin 7 to Pin 14. 

.060 
TYP 

~ 
t 

Characteristic Min. Typ. Max. Units 

Filter 
Input Impedance 10 - - K ohms 
Voltage Gain See Figure 1. 

1 
.300 t-1- 150 MAX MIN. 

T 
1.000 

mj .008 

~ 

PIN FU.NCTION 
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 

Conditions 

- 0 0.5 ±dB Ideal Center Frequency (Fo) 
- 0 1.5 ±dB Pass Band ( ±10Hz from Fo) 
-20 - - dB Stop Band (±"11 OHz from F 0) 

Input Voltage 5 - - VRMS 
Output Impedance - - 25 ohms 

Detector 
Input Impedance 25 - - K ohms 
Input Voltage 5 - - VRMS 
Voltage Gain 0.95 1.0 1.05 VDCNRMS See Figure 2. 
Output Impedance - - 25 ohms 
Output Offset Voltage - - 20 mVolts 

Power Supply Current - 1.5 3.0 rnA 

Standard factory tuned filters available with the following Ideal center frequencies: 
540Hz, 660Hz, 760Hz, 900Hz, 1020Hz, 1140Hz, 1380Hz, 1500Hz, 1620Hz, 1740Hz, 1860Hz, and 1960Hz. To order one of the 
above tuned filters, specify the device as follows; ACF 7300C - Freql,lency. e.g. ACF 7300C - 0540 

Other factory tuned frequencies are available upon request and nominal set up charge. 
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+2db
+1db-
Odb-' 

-1db-
-2db-
-3db-
-4db-
-5db-
-6db-
-7db-
-8db-
-9db-

-10db-
-11db-
-12db-
-13db-
-14db-
-15db-
-16db-
-17db-
-18db-
·1 ~acl-~, //,;lj 

-21db-
-22db-
-23db-
-24db-

ACF 7300C [!!] 

, 

~ ______________________________ F_19_._1_F_R_E_Q_U_E_N~C_Y_R_E_S_P_O_N_S_E ________________________________ ~1IIiII 

DETECTOR 
INPUT 

14 12 10 9 

FILTERING 
CAPACITOR 

FULL WAVE 
,----..... ---0 DETECTOR 

OUTPUT 

ACF 7300C 

FILTER 
INPUT 

FILTER OUTPUT 

Flg.2 TYPICAL APPLICATION 

Low 
Center Stop Band 

Frequency Frequency 
(FO)(Hz) (FSBL)(Hz) 

540 430 
660 550 
780 670 
900 790 

1020 910 
1140 1030 
1380 1270 
1500 1390 
1620 1510 
1740 1630 
1860 1750 
1980 1870 

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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I-I ACF7301C 

Band Pass Filter and Full Wave Detector 

FEATURES 

• Low Power Dissipation 
• Can be operated from a single ended power system 
• Odb Insertion loss in pass band 
• 20db minimum attentuatlon at stop band frequencies 
• Fixed band width filter 
• 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 

Vcc (Max) ......................................... ±18Volts 
Vcc (Min) .......................................... ±5 Volts 
Input Voltage Range ...........•...•.. Power Supply Potential 
Storage Temperature Range ......•.......... -65·Cto+150·C 
Operating Temperature Range ................. O·Cto +70· C 

PACKAGE INFORMATION 
PIN CONFIGURATION 

-, "" " :~::1l. 
ACF 7301C-FREQ. 1.020 

• G"'~ J 
I -,- -,. 3 • , r'!'=1 
1-.---11010 MAX.--:-J 

NOTE: For proper operation connect Pin 4 
to Pin 5 and Pin 7 to Pin 14. 

1 
.300 
MAX 

1--l-.150 
J I MIN. 

T 
.012J1.000 

.OOS 

e 

PIN FUNCTION 
1 Filter Input 
2 Test Point 1 
3 GNO 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 

" NC 
12 Positive Potential 
13 NC 
14 Detector Input 

ELECTRICAL CHARACTERISTICS (unless otherwise specified) 

Vcc = ±12 Volts 
O·C to +70·C 
Load Resistance, Filter Output or Detector Output = 5K ohms 
Source Impedance, Filter Input or Detector Input = 500 

Characteristic Min Typ 

Filter 
Input Impedance 10 -
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 

Max Units Conditions 

- K ohms 
See Figure 1 

0.5 ±dB Ideal Center Frequency (F 0) 
1.5 ±dB Pass Band (±15Hz from Fa) 
- dB Stop Band (±185Hz from Fa) 
- VRMS 
25 ohms 

- K ohms 

- VRMS' 
1.05 VDCNRMS See Figure 2. 
25 ohms 
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 7301 C - Frequency. e.g. ACF 7301 C -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-
-5db-
-6db-
-7db-
-Sdb-
-9db-

-IOdb-
-lldb-
-12db-
-13db-
-14db-
-15db-
-16db-
-17db-
-ISdb-
-19db~ 
-2Odb-
-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 
r-----o DETECTOR 

OUTPUT 

14 12 10 9 

ACF 7301C 

7 

FILTER INPUT FILTER OUTPUT 

Flg.2 TYPICAL APPLICATION 

TABLE 1 

Low Stop B8nd Low P ... B8nd Hlghp ... B8nd 
FnIqUIIftCy 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 

ACF 7301C [!] 

• 

High Stop B8nd 
Frequency 

(FBBH) (Hz) 

685 
1085 
1285 
1485 
1685 
1895 
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IIiII ACF 7302C 

Band Pass Filter and Full Wave Detector 

FEATURES 

• Low Power Dissipation 
• Oan be operated from a single ended power system 
• 20dB minimum attentuation at stop band frequencies 
• OdB Insertion loss in pass band 
• Fixed band width filter 
• Internal full wave detector 

DESCRIPTION 

The AOF 73020 consists of six (6) pole, fixed band width, band 
pass filter, factory tunable over a center frequency (Fo) range of 
2260Hz to 3825Hz, and a full wave detector. This RO 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 
componenta for proper operation. 

MAXIMUM RATINGS 

Vce (Max) ........................... -............. ±18 Volta 
Vee (Min) .•..•...•...•••.•.••.••.••••..••.••.•...•. ±5Volts 
Input Voltage Range •...•.......•....• Power Supply Potential 
StorageTemperatureRange ...........••..•• -65·0to+150·0 
Operating Temperature Range ................... 0·Oto+700 

ELECTRICAL CHARACTERISTICS (unless otherwise specified) 

Vce = 12 Volts 
0·0 to +70·0 
Filter and Detector Load Resistance = 5K ohms 
Filter and Detector Source Impedance = 50n 

PACKAGE INFORMATION 
PIN CONFIGURATION 

NOTE: For proper operation connect Pin 4 
to Pin 5 and Pin 7 to Pin 14. 

1 
.300 
MAX 

1--+-.150 
! I MIN. 

T 
.
012J

1.000 

.008 

~ 

PIN FUNCTION 
1 Filter Input 
2 Test Point 1 
3 GNO 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 Tel Point 3 
12 Positive Potential 
13 Test Point 4 
14 Detector Input 

Characteristic Min Typ Max Units Conditions 
/ 

Filter 
Input Impedance 10 - - K ohms 
Voltage Gain See Figure 1. 

- 0 0.5 ±dB Ideal Center Frequency (Fo) 
- 0 1.5 ±dB Pass Band (±15Hz from Fo) 

-22 - - dB Stop Band (±120Hz from Fo) 
Input Voltage 5 - - VRMS 

Output Impedance - - 25 ohms 

Detector 
Input Impedance 25 - - K ohms 
Input Voltage 5 - - VRMS 

Voltage Gain 0.95 1.0 1.05 VDONRMS See Figure 2. 
Output Impedance - - 25 ohms 
Output Offset Voltage - - 20 mVolta 

Power Supply Current - 3.0 5.0 mA 

Standard factory tuned filters available with the following ideal center frequencies: 2260Hz, 2400Hz, 2600Hz, 3825Hz. To order one 
of the above tuned filters, specify the device as follows; AOF 7320 0 - Frequency. e.g. AOF 7302 0 - 2280. 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-
-20db-
-21db-
-22db-
-23db-
-24db-

Center 
Frequency 
(FO) (Hz) 

2280 
2400 
2600 
3825 

FREQUENCY 

Flg.1 FREQUENCY RESPONSE 

DETECTOR 
INPUT 

FILTERING 
CAPACITOR 

FULL WAVE 
r--.... -~:> DETECTOR 

OUTPUT 

14 12 10 9 

ACF 7302C 

FILTER INPUT FILTER OUTPUT 

Flg.2 TYPICAL APPLICATION 

Table I 

Low Stop Band Low Pal. Band HlghPasaBand 
Frequency Frequancy Frequency 

(FSBL) (Hz) (FPBL) (Hz) (FPBH) (Hz) 

2180 2265 2295 
2280 2385 2415 
2480 2585 2615 
3705 3810 3840 

ACF 7302C [!] 

• 

High Stop Band 
Frequency 

(FBBH) (Hz) 

2400 
2520 
2720 
3945 
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ACF 7310C 

2600Hz Band Pass Filter 

FEATURES 

• 0 Insertion Loss 
• Low Power Dissipation 
• 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 detact and pais 
the 2600Hz signaling frequency. This filter provides for a 
minimum attenuation of 30 dB. 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) .......................................... ±5 Volts 
Input Voltage Range ••.•••.......••.. Power Supply Potential 
Storage Temperature Range ..•....•....... -65·C to +150·C 
Operating Temperature Range .••.••.•••....... O·C to +70·C 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) 

VCC =±12 Volts 
TA =25°C 
Rs = 50 
RL = 10K 

Characterlsllc 

Voltage Gain 
Frequency Response 

Ripple 
Input Impedance 
Output Offset Voltage 
Output Impedance 
Harmonic Distortion 
Current Drain 

78-22 

Min 

-0.5 

-70 
-50 
-30 
-3 
-
-
-3 
-30 
-50 
-70 
-
25 
-
-
-
-

Typ Ma. 

0 +0.5 

- -
- -
- -
- -
- -3 
- -3 
- -
- -
- -
- -
- +0.5 
- -
- 20 
- 25 
- 1.0 
- 5.0 

PACKAGE INFORMATION 
PIN CONFIGURATION 

.140 

,.'"i""1·~---1.300-----t frir 
ACF 7310C 1035 rfooo .... 

I,-,::o====-G=I =X",X=-X-=,X=====-.. U 4fL 
~----1.500MAX.----~ .. 1 .010''''' 

~-=4 
.100TYP.-l L jL018'''' 

PIN FUNCTION PIN FUNCTION PIN FUNCTION 
1. Input 
2. NC 
3. NC 
4. NC 
6. NC 
6. GNO 
7. NC 
8. NO 
9. NO 

10. Stage 2 Input 20. NO 
11. NC 21. NO 
12. Stage 2 Output 22. -12 VOC 
13. NO 23. NO 
14. Output 24. +12 voe 
15. Stage 3 Input 25. NO 
16. NC 26. Stage 1 Output 
17. NC 27. NO 
18. NC 28. NO 
19. NC 

NOTE: For proper operation connect Pin 26 to Pin 10. Pin 12 to Pin 15. 

Units Condition. 

dB Ideal Center Frequency (Fo). 2800Hz 
Referenced from Fo Gain 

dB DC to 1600Hz 
dB 2100Hz 
dB 2400Hz 
dB 2540Hz 
dB 2560Hz 
dB 2640Hz 
dB 2880Hz 
dB 2800Hz 
dB 3100Hz 
dB 3800Hz to 50KHz 
dB 2541 Hz to 2659Hz (Reference Fig. 1) 
Ku 
mV 
(l 

% VOUT = 10 VPP. Freq. = 2800Hz 
mA 
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, 
~~. 

ACF 7310C [!] 
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. / 
, , 

~ . -60 

.V 
2000 2200 2400 2600 2600 3000 

FIg.2 ACF 7310C PASS BAND ATTENUATION LIMITS 

3200 
~" -70dB 

3600 3400 
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'a' ACF 7311C 

3825Hz Band Pass Filter 
FEATURES 

• 0 dB Insertion loss 
• Low Power Dissipation 
• Narrow Band Width 
• High Out of Band Attenuation 
• Can be operated with single-ended power system 

DESCRIPTION 

The ACF 7311 C is a linear hybrid band pass RC active filter. The 
ACF 7311C Is a sharply tllned filter designed to detect and pass 
the 3825Hz signaling frequency. The filter provides for a 
minimum attenuation of 40 dB, plus and minus 200Hz from the 
ideal center frequency. The filter is self contained and requires 
no external components for proper operetlon. This filter is 
packaged in a dual in line package. 

Maximum Ratings 

Vce (Max) ........................................ ± 18 Volts 
Vee (Min) ......................................... ± 5 Volts 
Input Voltage Range •..••••••••••.••. Power Supply Potential 
Storage Temperature Range ..•...•.•••..•• -65·C to +1SO·C 
Operating Temperature Range; ..•....•...•.•.. O·C to +70·C 

ELECTRICAL CHARACTERISTICS (unless otherwise 
Vee =±12 Volts specified) 
TA = 25·C 
Rs = 50!! 
RL = 10 K 

Characteristic Min Typ Max Units 

Voltage -0.4 0 +0.4 dB 
Gain Stability -1.0 - +1.0 dB 
Frequency Response 

-60 - - dB 
-SO - - dB 
-40 - - dB 
- - -3.0 dB 

-3.0 - - dB 
- - +0.5 dB 

-3.0 - - dB 
- - -3.0 dB 
-40 - - dB 
-SO - - dB 
-50 - - dB 

Input Impedance 10 - - KO 
Output Impedance - - 25 0 
Harmonic Distortion 

-37 - - dB 
Intermodulation -34 - - dB 
Distortion 
Output Offset Voltage - - 25 mV 
Current Drain - - 10 mA 

711-24 

PACKAGE INFORMATION 
PIN CONFIGURATION 

r\~ "~l rr~= 
GI XXXX 1.035 t[J,~ 

.,ACF7311~T tl: 
"'1.>-----1.760MAX.~ .010·· .. 

.075 NOTE: 

VV,""' I~ i~~-ll- -1--.018:1 

For proper operation 
connect Pin 14 to 
Pin 2, Pin 13 to Pin 7, 
Pin 8 to Pin 4. 

-10 

III 
~ -20 z 
o 

~ -30 

~ 

S-40 
-50 

PIN 
1 
2 
3 
4 
5 
6 
7 

FUNCTION 
Input 
Stage 2 Input 
GND 
Stage 4 Input 
+12V Power SupJjly 
NC 
Stage 3 Input 

SPEC LIMITS_ 

PIN FUNCTION 
8 Stage 3 Output 
9 NC 

10 -12V Power Supply 
11 NC 
12 Output 
13 Stage 2 Output 
14 Stage 1 Output 

-~·~.7--~~-L-~3.-3-~3.-5-~3.7--3~.9~-4~.1~-4~.3~~4.5 
FREOUENCY, KHz 

Flg.1 FREQUENCY RESPONCE CHARACTERISTICS 

Conditions 

Ideal Center Frequency (Fo), 3825Hz 
O·C to +70·C, from Ref. Gain @ Fo 
Referenced from Fo Gain 
DC to 2900Hz 
3250Hz 
3610Hz 
3735Hz 
3775Hz 
3724Hz to 3914Hz 
3875Hz 
3915Hz 
4040Hz 
4400Hz 
4400Hz to 150KHz 

Vln = 0 dBm, 300Hz to 3400Hz, Second or Third 
Harmonic Output 
Vln = -5.0 dBm, Each of two frequencies, (f, & f2), 300Hz to 
3400Hz, Intermodulation Product (2 " - f2) at 3825Hz 

Vee = ±15 Volts 



'SII ACF 7320C 

300·3400Hz Band Pass Filter 

FEATURES 

• Low Noise 
• Low Power Dissipation 
• Low In-band ri pple 
• OdB I nsertion loss 
• Can be operated with single-ended power system 

PACKAGE INFORMATION 
PIN CONFIGURATION 

DATE CODE 

~ 
1.015 

DESCRIPTION 

The ACF 7320C is a linear hybrid band pass RC active filter. The 
ACF 7320C provides for frequency attentuation of greater than 
15dB out of the pass band frequencies of 300Hz to 3400Hz. The 
filter is self contained and requires no external components for 
proper operation. This filter is packaged in a single in line 
package. 

~~ I :~ 
GIXXXX 

ACF 7320C 

.020 TYP. 
1 2 3 _____________ " 

MAXIMUM RATINGS 

v cc (Max) ..••.........•.....•..................... ±18 Volts 
Vcc(Min) .......................................... ±5Volts 
Input Voltage Range .................. Power Supply Potential 
Storage Temperature Range ..•.............. -65·Cto+150·C 
Operating Temperature Range •...........•.•... 0·Cto+70·C 

ELECTRICAL CHARACTERISTICS (unless otherwise specified) 
Vcc = ± 15 Volts 
O·C to +70·C 
Load Resistance = 5krl 
Source Impendance = 50rl 

Characteristic 

Input Impedance 
Gain 
Frequency Response 
dc to 170Hz 

Min. 

10 
+0.98 
-
-15 

Typ Max 

- -
0 -1.11 
- -
- -

---J .175 L .175 
MAX MAX 

L 15 PINS EQUAllY SPACED..----i 
@.100= 1.400. TOl NON CUM 

14-----1.770 MAX. -----., 

PIN FUNCTION PIN FUNCTION 
1. Input 9. GND 
2. NC 10. Negative Vee 
3. NO 11. Output 
4. NC 12. NC 
5. NC 13. NC 
6. NC 14. NC 
7. NC 15. NC 
8. Positive Vee 

NOTE: An external connection is required between Pins 2 & 3, 4 & 12, 5 & 15, 
and 13 & 14. Pins 6 & 7 are internal test points. 

Units Conditions 

K ohms dc to 50kHz 
dB F = 1.0kHz 
-
dB 

300 to 3400Hz -0.15 - +0.15 dB 
3750 to 1OO00Hz -15 -25 dB 
Input Voltage 3.0 VRMS 
Output Impendance - - 20 ohms 
Output Noise - - -70 dBm Input & outputterminated with 600 ohms 
Output Distortion - - 1.0 percent VOUT = 3.0 VRMS 
Power Supply Current 5.0 10.0 mA 

7B-25 
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iii ACF7323C ACF7363C 
ACF7383C 

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% Fa tolerance 
• ± 0.0075%/·C Fa temperature coefficient 
• ± O.l%/·C Q temperature coefficient 
• Preset Q, 22 ±10% (4.5% B.W.) 
• Filter design factory turnable over Fa 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 power 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. These filters are avail
able In hermetically sealed 12-lead TO-8, D.D.I.L., and S.I.L. 
packages. 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise 

+Vcc = +12V, 
-Vcc = -12V 

Characteristic 

Frequency Range 
Q Range 
Fo Accuracy 
Fo Temp Coef 
Q Accuracy 
Q Temp Coef 
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 -
- ±O.2 
- ±35 
- -
- ±500 
-1 0 
22.5 30 
- 7 
- -
- 0.25 
- ±40 
+5 +12 
-5 -12 
- 1.5 
0 -

-55 -

TYPICAL APPLICATION 
a-SECTION TONE FILTER 

MUL TIFREQUENCY 
INPUT SIGNAL 

Max. Units 

3000 Hz. 
30 -

±0.3 % 
±75 ppml"C 
±10 % 

±1000 ppm/·C 
+1 dB 

37.5 Kn 
- VRMS 

1 n 
0.75 mVRMS 

±60 mV 
+18 V 
-18 V 
3.0 mA 
70 ·C 

150 ·C 

LOWGRQUP 
INDIVIDUAL TONE 

FREQUENCIES 

697Hz 

----8-- 770Hz 

f-----~ 852Hz 

f------l~ 941Hz 

f------~ 120~Hz 

. _______ 1336Hz 

-1477 f------ 1477Hz 

1633Hz 

HIGH GROUP 

Conditions 

Note 1 
Note 1 

(0· C to 70· C) 

(O·C to 70·C) 
@Fo (O·C to 70·C) 

600 n Load 
10 to 10KHz 
10to 10KHz 

For the eight standard models, Q is preset to 22 and Fo is preset althe 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 

ACF 7323C 

J
OO'."DIA.~ 

5OO DIA. 
. REF . 

• 1115 
MAX. 

I 
.500 

L 

PIN FUNCTION 
1. NC 
2. NC 
3. GND 

12 LEADS 
.017 DIA. 

4. Input Test Point 
5. Input 
6. NC 
7. NC 
8. NC 
9. NC 

10. Output 
11. ·VCC 
12. +VCC 

I 
I 
I 

Vee 

A 

L -= -=-
--------

-Vee 

ACF 7363C 

ACF 7323C • ACF 7363C • ACF 7383C I!rI 

-l 
I 
I 

BANDPASS 
FILTER I 

I 
I 
I 

___ --.J 

ACF 7383C 

A.C. VOLTMETER 
OR SCOPE 

.150 
MIN 

'''Pl Tvptll 
045~1--
,023~ 

.200 
MAX 

PIN FUNCTION 
1. NC 
2. Input 
3. Test Point 
4. NC 
5. NC 
6. -Vee 
7. GND 
8. +VCC 
9. Output 

10. NC 

SUBSTRATE
ALUMINA 

PIN FUNCTION 
1. GND 
2. Input Test Point 
3. +VCC 
4. -Vee 
5. Output 
6. Input 

7B-27 
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IIiII ACF 7401C 

Dial Tone Band Suppression Filter 
FEATURES 
• 60dB Minimum attenuation at 350Hz and 440Hz 
• 30dB Minimum attenuation at 60Hz 
• OdB Insertion loss in passband 
• Can be operated from a single - ended power system 

DESCRIPTION 
The ACF 7401 C is a dual tuned band suppression RC active filter 
which has been designed to reject frequencies of 350Hz and 
440Hz. which are present on a telephone line. The unit is total self 
contained an requires no external components for proper oper
ation. The filter provides for OdB insertion loss in the pass band of 
697Hz through 1633Hz. the normal DTMF Tone Frequencies. The 
filter also provides for 60Hz attenuation for low noise operation. 
This filter is packaged in a dual in line package. 

MAXIMUM RATINGS 
VCC ....•.......•..•..•.••..•.••.••.••.•••••••.•..•. 18Volts 
VcdMin) •...............•.......................... 5 Volts 
Input Voltage Range .................. Power Supply Potential 
Storage Temperatu' nange .....•............ -65'C to 150'C 
Operating Tempe dtureRange ..........•..•.•.•. 0'Ct070'C 

ELECTRICAL CHARACTERISTICS (unless otherwise 
Vcc = 12 Volts Rs = 500 specified) 
RL = 5KO O'C to 70'C 

Characteristics Min Typ 

Input Impedance 30 -
I nput Voltage Range - -
Frequency Response 
60Hz -30 -
350Hz -60 -
440Hz -60 -
680 to 1750Hz -0.5 0 
1750 to 3000Hz -0.8 0 
10000Hz - -3.5 
Output Impedance - -
Output Voltage Range 5. -
Power Supply Current - -
NOTE: 1. Or equivalent single - ended power supply. 

Max 

-
Vcc 

-
-
-
0.5 

+0.8 
-
25 
-
3.0 

TYPICAL FREQUENCY RESPONSE CHARACTERISTICS 

78-28 

PACKAGE INFORMATION 
PIN CONFIGURATION 
PIN IDENTifiCATION DOT 

250 l t--t- 300 
MAX I I MIN 

ACF 7401C J,", t[tl~ 
GIXXXX I 

-----.l 1 ~ 

L,ooo."'~ o}" 
NOTE: 

required between Pins; 1&5. 
7&11,12&18. No electrical ~ 
An external connection is 

' connections on missing Pins. 

--II-- .020':"'" --j ~ .'00"000 TVP (TaL. NON CUM) 

PIN FUNCTION PIN FUNCTION PIN FUNCTION 
1. Test Point 8. Minus Vee 15. NC 
2. NC 9. Plus Vee 16. NC 
3. Input 10. GND 17. NC 
4. NC 11. Test Point 18. Test Point 
5. Tesl Point 12. Test Point 19. NC 
6. NC 13. NC 20. Output 
7. Test Point 14. NC 

Units Conditions 

K ohms 
Volts 

Referenced to 941Hz Gain 
dB 
dB 
~B 
dB 
dB 
dB 

ohms 
Volts p-p 

rnA 

700Hz 



IIiII ACF 7410C 

2600Hz Band Suppressicm Filter 
FEATURES 

• 69 dB attenuation from 2585Hz to 2615Hz. 
• Low Power Dissipation 
• Narrow Band Rejection 
• Low Ripple 
• Can be operated with single-ended power system 

DESCRIPTION 

The ACF 7410C is a linear hybrid band suppression RC Active 
Filter. The ACF 7410C is a sharply tuned filter designed to reject 
the 2600Hz signaling frequency. This filter provides for a 9 dB 
attenuation to match the characteristics of a passive filter system. 
In addition, the filter provides a minimum attenuation of 69 dB, 
plus and minus 15Hz from the ideal center frequency of 2600Hz. 
This filter is packaged in a dual in line configuration. 

MAXIMUM RATINGS 

Vcc (Max) ......................................... ± 18 Volts 
Vee (Min) ......................................... ± 5 Volts 
Input Voltage Range .•.•............• Power Supply Potential 
Storage Temperature Range •..•...•....•.• -65·C to +150·C 
Operating Temperature Range .............•..• O·C to +70·C 

ELECTRICAL CHARACTERISTICS (Unless Otherwise 
at Vee = ±12 Volts, Specified) 
TA = 25·C, 
Rs = 50n, 
RL = 10K 

Characteristic 

Voltage Gain 
Frequency Response 

Imput Impedance 
Output Offset Voltage 
Output Impedance 
Harmonic Distortion 
Current Drain 

Min Typ 

-9.5 -9.0 

-0.5 0 
+1.0 -
-60 -
+1.0 -
-0.5 0 
25 -
- -
- -
- -
- -

Max 

-8.5 

+0.5 
-5.0 
-

-5.0 
+0.5 
-

100 
25 
0.5 
6.0 

PACKAGE INFORMATION 
PIN CONFIGURATION 

~ ~ 

,.~I[!!"m~t!mlml 6OO~~~;;;;;·~l.r-l00 Ml~1 r/ J~~ 

rl----·--~~~:df ~t= 
~~ 

.100-1 L -Jl018'" )5 
TYP. 

NOTE: 
For proper operation 
connect Pin 29 to Pin 27. 
Pin 24 10 Pin 22. 

PIN FUNCTION PIN FUNCTION PIN FUNCTION PIN FUNCTION 
1. T.P. 9. +12VCD 18. ·12VDC 26. Ne 
2. NC 10. NC 19. Output 27. Stage 2 Input 
3. NC 11. NC 20. T.P. 28. NC 
4. NC 12. T.P. 21. NC 29. Stage 1 Output 
5. NC 13. NC 22. Stage 3 Input 30. NC 
6. NC 14. NC 23. NC 31. T.P. II 
~: ~'6' ~~: ~g ~~: ~~~~e 2 Output ~~: ~but : 

17. GND 34. NC 

-91:o-+==!=~\+-1B--t-/-7I===F~ 

-10~~~~~-!--t~~~~ 
'8 -11f-+--+--S~-+\-+-I1-+/+--~-+--+---i 
~ 

~ -121---- TYPICAL =:h::HII--I-f---1oS--+--+---1 
(Ii RESPONSE - .... ~9~~ 
-13r--+--t-n~/oI--+--+-i!-t-+---fV~/-+---I---1 

-14f---1---t-~'77rl--+--Jll--+--"7n*-t--t---1 
/////~ [/// / 

-1 f6~O-:CO-:1-::'80::-:0--:C20.,cOOC::-2::-:2:':OO-=-2~40':cO:-'-::2-!'600~-:2.:'80"'O:-::-30.,cOC:-O-3::-:2LO-C-O --3C':4LOO::-C3c:'SOO 

FREQUENCY IN Hz 

Fig. 1 FREQUENCY RESPONSE LIMITS ACF 7410C 

Units Conditions 

dB 1000Hz 
Referenced from the 1000Hz Gain as 0 dB 

dB 250Hz to 220Hz 
dB 2200Hz to 2400Hz 
dB 2585Hz to 2615Hz 
dB 2800Hz to 3000Hz 
dB 3000Hz to 3400Hz 
KH 
mV 
n 
% VOUT = 4.0 Vpp, Freq. = 1.0kHz 

mA 
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ACF 7480C PRELIMINARY INFORMATION 

60Hz Noise Suppression Filter 

FEATURES 

• Small Size 
• Low Power Dissipation 
• 60 dB typical attenuation. 
• Can be operated from single-ended power system. 

DESCRIPTION 

The ACF 7480C is a linear hybrid RC notch active filter providing 
for 60 Hertz suppression. The ACF 7480C provides for a typical 
attenuation of 60dB plus or minus 0.1 Hz from the center 
frequency. The filter Is self contained and requires no external 
components for proper operation. 

MAXIMUM RATINGS 

Vcc(Max) ........................................ ±18VollS 
Vcc(Min) ......................................... ±5Volts 
Input Voltage Range ................. PowerSupplyPotential 
Storage Temperature Range ............•.• -65·C to +150·C 
Operating Temperatu re Range ...........•...... O· C to +70· C 

ELECTRICAL CHARACTERISTICS (unless otherwise specified) 

Vee = 15 Volts 
O·C to +70·C 
Load Resistance = 10K II 
Source Impedance = 50n 

Characteristic 

Input Impedance 
dc to 50Hz 
57Hz. 63Hz 
59.75Hz, SO.25Hz 
59. 90Hz, 60.10Hz 
70Hz to 20KHz 
Output Impedance 
Output Voltage 

Power Supply Current 
Gain 

78-30 

Min 

100 
-

-3.0 
-40.0 
-50 
-
-
18 
-
-

Typ Max. 

- -
0 ±0.25 
- -
- -

-60.0 -
0 ±0.25 
- 25 

- -
3.0 6.0 
0 ±5 

PACKAGE INFORMATION 
PIN CONFIGURATION 

NOT YET DEFINED 

Units Conditions 

K ohms 
dB 
dB 
dB 
dB 
dB 

ohms 
Less than 0.5% Harmonic Distortion 

Vp-p at I.OKHz 
mA 
dB Referenced to 1.0KHz 



lal ACF 7711C 

DTMF Band Separation Filter 
FEATURES 

• Dual Filter in one package 
• 25dB minimum out of band attenuation 
• Low in band ripple 
• 0 dB insertion loss 
• 30 dB minimum out of band attenuation at 941Hz 

and 1209Hz respective 
• 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 941Hz, 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. 

MAXIMUM RATINGS 

Vcc(Max) ..........................•.............. ±lBVolts 
Vcc(Min) .......................................... ±5Volts 
Input Voltage (atVec max) ......•................... ±15Volts 
Storage Temperature Range ................. -65°c to +150·C 
Operating Temperature Range .................. O· C to +70·C 

ELECTRICAL CHARACTERISTICS (unless otherwise noted) 

Vec = ± 12V (Note 1) 
RL = 5KIl 
Rs=50!! 
O·C to 70·C 

Characteristic Min Typ 

Low Group Filter Section 
Input Impedance 30 -
Input Voltage Range - -
Gain - 0 
Frequency Response 
300Hz to 941 Hz -.75 0 
1209Hz -30 -
1209Hz to 1700Hz -25 -
Output Voltage Range ±3.2 -
Output Impedance - -
High Group Filter Section 
Input Impedance 60 -
Input Voltage Range - -
Gain - 0 
Frequency Response 
1209Hz to 1700Hz -.75 0 
941Hz -30 -
941 Hz to 300Hz -25 -
Output Voltage Range ±10 -
Output Impedance - -
Power Supply Currant - 4.0 

NOTE: 
1. Or equivalent single - ended power supplies. 

PACKAGE INFORMATION 

PIN CONFIGURATION 

..r ~I.~ ·:\'l rr'~, 

.• :~~x;,~~c I f tEt 
1 .... 0-----1.760 MAX. ___ --<.~Ior, 002 

.075 

.!::::====ttfltvmvwv~~==~I.-l-.
J~o-J ~ -Jl-.018"'" , 

PIN FUNCTION 
1 Low Group Output 
2 Plus Vee 
3 Test Point'2 
4 Low Group Input 
S Interstage Output #3 
6 GND#1 
7 GND#2 
8 Test Point IJ4 

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. Interstage Output *2 
16. Interstage Input #1 

NOTE: An externa' connection is required between Pins; 3&13, 5&9, 
6&7.8&10.15&16. 

Max. Units Conditions 

- K ohms 
±12 Volts 

±0.25 dB 941Hz 
Reference to 941Hz Gain 

+.75 dB 
- dB 
- dB 
- Volts No Clipping 
10 ohms 

- K ohms 
±12 Volts 

±0.25 dB 1209Hz 
Reference to 1209Hz Gain 

+1.5 dBp-p 
- dB 
- dB 
- Volts No Clipping 
10 ohms 

5.0 mA 
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m ACF7711 

z 
0 
i= « 
::> 
I-z 
W 
I-
I-« 

7B-32 

OdB "" -, 
/ 

-20dB 

-25dB f-
~ ~~ V 

./ 

-40dB~----~--+-~r-4-~~~+-~~----~ 

500Hz 

FREQUENCY 

1KHz 

Flg.1 TYPICAL FREQ RESPONSE 

-12V 

HIGH GROUP """"':-0--------;------, 
OUTPUT' 

HIGH GROUP _________ ~---, 
INPUT 

n if "if 'ifr 16 15 14 131211 10 9 

ACF 7711C 

2KHz 

12345678 

, i I' 'I' 'I' 'I' t 
~-~~ ~~~ 

LOW GROUP-E"''--_-' 
OUTPUT ... 

LOW GROUP ____ ~---' 
INPUT 

+12V 

Flg.2 TONE SEPARATION FILTER TERMINATION 
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FREQUENCIES 

ACF 7401C 
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Flg.3 TYPICAL DTMF RECEIVER APPLICATION 
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iii AY-5-1013A 
AY-6-1013 

AY-3-1014A 
AY-3-1015 GENERAL INFORMATION 

UAR/T Universal Asynchronous Receiver/Transmitter 

FEATURES 

• DTL and TLL 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 30kbaud/O to 4Okbaud. 
• Pull up resistors to Vcc on all inputs. 

AY-6-1013 
• GIANT P-channel nitride process. 
• 0 to 20kbaud. 
• Extended Operating Temperature Range: 

-40·C to +85·C (plastic package) 
-55·C to +125·C (ceramic package) 

• Pull-up resistors to V cc on all inputs. 

AY-3-1014A11015 
• . Single Supply Operation: 

>4.75V to +14V (AY-3-1014A) 
+4.75V to +5.25V (AY-3-1015) 

• CMOS compatible (AY-3-1014A). 
• 1'h stop bit mode. 
• External reset of all reg isters. 
• GIANTJIN-channellon Implant Process. 
• 0 to 30k.baud. 
• Pull-up resistors to Vcc on all inputs (AY-3-1015). 

DESCRIPTION 

The Universal Asynchronous Recelver/Transmltter (UAR/T) is 
an LSI subsystem which accepta 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 8 data bits, one or two stop bits 
(1'h stop bit capability with the AY-3-1014A/1015), 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 
TTLlDTL/CMOS logic without the need for 'Interfacing 
components. All strobed outputs are three-state logic. 

BA-2 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Vcc(+5V) 
*VGG (-12V) 

GND 
~ 
ADB 

AD7 

ROB 
ADS 

AD4 

RD. 
AD2 
RDI 

PE 

FE 
DA 

$We 
ACP 

Rl5AV 
DAV 

SI 

Top View 

TCP 

EPS 

NBI 
NB2 
TSB 
NP 

cs 
DBB 
DB7 

DBB 
DBS 
DB4 
DB. 
DB2 
OBI 
SO 
EDC 
~ 
TBMT 

XA 

'Pin 2: AY-3-1014A11015 - No Connection. 

BLOCK DIAGRAM 

TRANSMITTER 
DATA BITS 

, ........ ST_ 

16 X T TRANSMITTER 
'LOO' 
'6 X R 
OL''':K RECEIVER 

SEAIAL 
INPUT 

:II 
.. 

i ~~ ~all 
. -Ii ... ~---~ 

2'" :!. RECEIVER 

i~ ~ c 
DATA IITS 

• : "01 

DiTi"'iiiO'ii 

URIA\.. 
OUTPUT 

Elf 0 Of 
CHAitACTER 
EXTERNAL 
RElET 

&'Mm 



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) 

Vee Power Supply (Vee) 
Voo Power Supply (VOG) 
Ground (VOl) 
Received Data Enable (ROE) 

Received Data Bits (RD8-RD1) 

Parity Error (PE) 

Framing Error (FE) 

Over-Run (OR) 

Status Word Enable (SWE) 

ReceiverClock (RCP) 

ResetDataAvailable (RDAV) 

DataAvaiiable (DAV) 

Serial Input (SI) 

External Reset (XR) 

Transmitter Buffer Empty (TBMT) 

Data Strobe (OS) 

End of Character (EOC) 

Serial Output (SO) 

Data Bit Inputs (DB1-DB8) 
Control Strobe (CS) 

No Parity (N P) 

Number of Stop Bits (TSB) 

Number of Bits/Character (NB2, NB1) 

Odd/Even Parity Select (EPS) 

Transmitter Clock (TCP) 

UARIT GENERAL INFORMATION 

Function 

+5VSupply 
-12V Supply (NotconnectedforAY-3-1014A/1015) 
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 RD1. These lines have tri
state outp~.e., they have the normal TTL ouput characteris
tics when ROE is·"O" and a high impedance state when ROE is 
"1 ". Thus, the data output lines can be bus structure oriented. 
This lines goes to a logic "1" if the received character 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 (DAV 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, 
DAV, TBMT) onto the output lines. Tri-state. 
This line will contain a clock whose frequency is 16 times (16X) 
the desired receiver baud. 
A logic "0" will reset the DAV line. TheDAV F/F is only thing that 
is reset. 
This line goes to a logic "1" when an entire character has been 
received and transferred to the 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 that the received data register is not 
reset in the AY-5-1013/1013A and AY-6-1013). Sets SO, EOC, 
and TBMT to a logic "1 ". Resets DAV, 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 "1" when the 
data bits holding register may be loaded with another character. 
Tri-state. See Flg.18,20,4O,42. 
A strobe on this line will enter the data bits into the data bits 
holding!!!9ister. 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 Flg.17,19,39,41. 
This line will serially, by bit, provide the entire transmitted char
acter. It will remain at a logic "1" when no data is being transmit
ted. See Fig.1B. 
There are up to 8 data bit input lines available. 
A logic "1" on this lead will enter 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-
1014A11015, the combined selection of 2 stop bits and 5 
bits/character will produce 1'h 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 

NB1 
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 determines 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. 

I 
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UARIT GENERAL INFORMATION 

TRANSMITTER OPERATION 

I. TURN POWER ON 
2. PULSE ElITERNAL. RESET 
3. SELECT BAUD - 16 X cue 

NO 

'-_____ ----' YES 

Flg.1 

SA-4 

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 setTBMT, EOC, and SOto logic "I" (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 OS and CS simUl
taneously if minimu'!!!"'pulse width specifications are followed. 
Once Data Strobe (OS) is pulsed the TBMT signal will change 
from a logic "1"to a logic "0" indicating that the data bits holding 
register is filled with a previous character and is unable to receive 
new data bits, and transmitter shift register is transmitting pre
viously loaded data. TBMT will return to a logic "I". When 
transmitter shift 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 "I" 
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 bit(s). When the last stop bit 
has been on line for one bit time, EOC will go to a logic "I" 
indicating that new character is ready for transmission. This new 
character will be transmitted only if TBMT Is a logic "0" as was 
previously discussed. 



RECEIVER OPERATION 

I. TURN POWER ON 
2. PULSE EXTERNAL RESET 
3. SELECT SAUD ~ 16 X eLK 
4. SET CONTROL BITS 

OAV·O 

YES 

HAS 

'-__ -'""'0< 8E~NS~:IFI~lci? 
8-16 X-CL.K 

HAS THE 

'----"'"o"«Of~i~:i:~i:::EN 
? 

YES 

YES 

TRANSFER DATA 81TS FROM 
SHIFT REGISTER TO DATA 

BITS HOLDING REGISTER 

DAV_' 

EXAMINE OUTPUTS 
I. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 

RESET OATA AVAILABLE DAV- 0 

F1g.2 

UARIT GENERAL INFORMATION 

Initializing 
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 ")". 

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, 8 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" to a 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 ifthe No Parity Mode is 
selected the PE (parity error) will be unconditionallysettoa logic 
"0". 

Once a full character is received, internal logic looks at the data 
available (DAV) signal to determine if data has been the read out. 
lfthe 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. 

BA-5 
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UARIT GENERAL INFORMATION 

16 X T 
CLOCK 

UJ 
..J 
ID 

IO~ UJZ 
>UJ 

~~ 
~8 

II> t-
0 0 
0: 0: 

ID on .. .., 
0 0 0 0 
0: 0: 0: 0: 

~-~",""""- DATA STROBE 

Flg.3 TRANSMITTER BLOCK DIAGRAM 

N -
0 0 
0: 0: Ii "'z 

..J" 
~a: ",= a: ....... '" ~> > 

O~ c 

Flg.4 RECEIVER BLOCK DIAGRAM 

'" !:o: 
:EO 
.. 0: 
0:0: ... '" 

TRANSMITTER 
BUFFER EMPTY 

SERIAL 
OUTPUT 

END OF 
CHARACTER 

0:: o::~ 
o UJQ. 
0: .... ::;; 
ffit: lU 

::;;0: 
>- CIl", 
t:: Zl&.. 
0: ~ ... 

f e:~ 

TBMT F/F 



IIiII AY-5-1013A 
AY-6-1013 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 
VGG (with respect to Vee .................... -20 to +0.3V 
Clock and logic input voltages (with respect to Vee) . . . . . . . -20 to +0.3V 
Storage Temperature ................... -6SoC to +1S0°C 
Lead Temperature (soldering, 10 seconds) ............. +330°C 

Standard Conditions (unless otherwise noted) 
V(;(; = -12V ±S% 
V("(·= +SV±S% 
Temperature (TA) = O°C to +70°C (AY-S-l013A) 

-40 C to +8SoC (AY-6-1013 Plastic Package) 
-SSC to +12SoC (AY-6-1013 Ceramic Package) 

Characteristic Min Typ"" Max 

DC CHARACTERISTICS 
Input Logic Levels 
Logic 0 0 - 0.8 
Logic 1 Vee-1.S - Vcc+0.3 
Input Capacitance 
All Inputs - - 20 
Leakage Currents 
Three State Outputs - - 1.0 
Data Output Levels 
Logic 0 - - +0.4 
Logic 1 Vec-1.O - -
Output Capacitance - 10 IS 
Short Ckt. Current - - -
Power Supply Current 

IGG} - 14 16 
25° C,aH inputs +SV - 17 19 

Icc - 18 20 
- 21 23 

AC CHARACTERISTICS 

Clock Frequency DC - 640 
DC - 360 

Units 

Volts 
Volts 

pF 

IlA 

Volts 
Volts 

pF 

-

mA 
mA 
mA 
mA 

KHz 
KHz 

Baud 0 - 40 Kbaud 
O. - 22.S Kbaud 

Pulse Width 
Clock Pulse 7S0 - - ns 

1.5 - - !,s 
Control Strobe 300 - - ns 

600 - - ns 
Data Strobe 190 - - ns 

2S0 - - ns 
External Reset SOO -- - ns 

1.0 - - !,s 
Status Word Enable 500 - - ns 

600 - - ns 
Reset Data Available 2S0 - - ns 

3S0 - - ns 
Received Data Enable 500 - - ns 

600 - - ns 

Set Up & Hold Time 
Input Data Bits 0 - - ns 
Input Control Bits 0 - - ns 
Output Propagation Display 
TPDO - - 500 ns 

- - 650 ns 
TPDl - - 500 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. 

Conditions 

(I,L = -1.6mA max.) 
Unit has internal pullup resistors 

o volts bias, 1= 1 MHz 

o volts 

10L = 1.6mA (sink) 
10H= .3mA (source) 

See Fig.25 

AY-S-l013/1013A - See Fig.2S 
AY-6-1013 - See Fig.25 
AY-S-l013/1013A - See Fig.26 
AY-6-1013 

TA = 25°C, output load 
capacitance 50pF max. 
AY-5-1013A 
AY-6-1013 
AY-5-1013A 
AY-6-1013 

AY-S-l013A - See Fig.9 
AY-6-1013-See Fig.9 
AY-5-1013A-See Fig. IS 
AY-6-1013 
AY-S-l013A-See Fig. 14 
AY-6-1013 
AY-5-1013A - See Fig. 13 
AY-6-1016 
AY-S-l013A - See Fig. 21 
Ay-6-1013 - See Fig. 21 
Ay-5-1013A - See Fig. 22 
AY-6-1013 - See Fig. 22 
AY-5-1013A - See Fig. 21 
AY-6-1013 - See Fig. 21 

See Fig.14 
See Fig.15 

AY-5-1013A - See Fig. 21 & 24 
AY-6-1013 - See Fig. 21 & 24 
Ay-5-1013A - See Fig. 21 & 24 
AY-6-1013 - See Fig. 21 & 24 

8A-7 
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AY-5-1013A • AY-6-1013 

TIMING DIAGRAMS 

EOC 

Os INOTE 3 I 

TBMTU IL 
-i t-NOTE 2 

SO (H) ---'STAAT IDAT;-, T~TA iT ;T. ;:;"1"-4[DAT; ;:;A;A ;:;A~ ,:0;';-.1P~R-;T; I STOP I STOP 21 START rD;T~ ~ Cl) t.:.:.=.:...,; ___ ..I. ___ L ___ '&' ___ ..L ___ ~ ___ '&' ___ "' ___ J. ___ .J ---~ 

NOTE I-l-----I- BIT TIME 

EOC~ , 

NOTE: SEE FIGURES 1. 8. 9 FOR DETAILS. 

TRANSMITTER INITIALLY ASSUMED INACTIVE 
AT START OF DIAGRAM. SHOWN FOR 8 
LEVEL CODE AND PARITY AND TWO STOPS. 

I: BIT TIME' 16 CLOCK CYCLES. 
2: IF TRANSMITTER IS INACTIVE THE START 

PULSE WILL APPEAR ON LINE WITHIN 
I CLOCK cveLE OF TIME OATA 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. 

DETAIL: 

DATA ---",-----
STROBE r--J 

CLOCK LflJt....ILJ 
L.....-...-I-I/16BIT 

so~ 

Flg.S UARIT TRANSMITTER TIMING 

TRANSMITTER INACTIVE TRANSMITTER ACTIVE 
TRANSMIT BUFFER LOADED WHEN EOC HIGH TRANSMIT BUFFER LOADED WHEN EOC LOW 

L 
SO STOP BIT I START 81T 

I .----____ '~ 
~2·6 Cl.OCK CYCLE$ =1 L--
I ' 

TBMT 

,v Eoe n ~ ____ -J ~ __ ~ ________ ~/~' ________ __ 

Flg.6 TRANSMITTER AT START BIT Flg.7 TRANSMITTER AT START BIT 

~
-"T-.,--r-T'"-,.-..,--r-r-- I I 

so ArtT I I 2 I 3 I 4 I 5 I 6 I 7 I a I P I STOP I I STOP 21 
__ L_.1 __ L-_L_.L_..1 __ L_L__ I I 

MAXIMUM I I~ * l,us MIN, AY-5-IOI3 
DUTY CYCLE --LJ--* L 150n5 MIN. AY-5-IOI3A 

'iiU-NOTEI os AND CS MAY OCCUR 
SIMULTANEOUSLY WHEN 
TRANSMITTER INACTIVE I 

DA I 
I 

~L ___________ '_L_LE_G_A_L_T_D_U_S_E __ CS ________ ~ __ -J~ 
NOTE: CONTROL STROBE MAY BE HARDWIRED TO tI,;" 

IN THAT CASE, DATA MUST 8E STABLE DURING "ILLEGAL Cstl TIME. 

FIg.a ALLOWABLE POINTS TO USE CONTROL STROBE 

SA-8 

MINIMUM 'I **~ ** IloLa MIN. AY-5-1013 
DUTY CYCLE L~ L 750"5 MIN, AY-5-1013A 

ANY PULSE WIDTH WHICH MEETS 
ABOVE CRITERIA IS ALLOWABLE. 

Flg.S ALLOWABLE TCP, RCP 



Rep 

51 

AY-5-1013A • AY-6-1013 

TIMING DIAGRAMS 

DATA STRoBES ______ ~ __ ~ __ _L __ ~~ __ ~ __ _L __ _L __ ~L_ __ L_ __ ~ __ _L ________ L_ __ __ 

PARITY 
ERROR 

FRAMING 
ERROR 

NOTE 1-, 

NOTEI-r--

-H- ,/<" 
AVAIL~:[: ___________________________________________ N~O_TE ___ 2_--t __ _fJ1 

I 
OVER RUN ___________________________________________ N~O~T~E_'_=:1__J 

NOTES: 
I. THIS IS THE TIME WHEN THE ERROR CON

DITIONS ARE INDICATED, IF ERROR OCCURS. 

2. OATA AVAILABLE IS SET ONLY WHEN THE 

~~~~~gR~:JAttETH~E·H8~Dr.:: :IJ'~TERS. 
(SEE RECEIVER BLOCk DIAGRAM1. 

3. ALL INFORMATION IS GOOD IN HOLDING 
REGISTER UNTIL DATA AVAILABLE TRIES TO 
SET FOR NEXT CHARACTER. 

4. ABOVE SHOWN FOR 8 I!EVEl CODE 
~~~~I~DFOTl'rgwST~A~R NO PARITY, 

5. FOR ALL LEVEL CODE THE DATA IN THE 
HOLDING REGISTER IS RIGHT JUSTIFIED; 
THAT IS, LSS ALWAYS APPEARS IN 
RD I (PIN 12). 

Flg.10 UARIT RECEIVER TIMING 

DAV AND STOP BIT ONE 

FIRST STOP BIT 

RCP 
oJ<. CkoeKS 

b----7~2CLOCKS 
INTERNAL 

SAMPLE 

I 
________________ ~--~n~------------

I /<" ---II--r=-____________ __ 
I 
f- ~~A~i' gl;~~~~I~~O~E~~. 

THEN 
SAMPLE POI NT WILL BE HERE---i 

I 
INTERNAk SAMPkE PUkSE =:J 

FIg.11 

~
'H----

XR 
500n5 

MIN. 

:~~~ ~~TH~~DUSAEi ::0. 
XR RESETS EVERY REGISTER 
EXCEPT CONTROL REGISTER AND 
RECEIVED DATA. SO. TBMT, EDC 
ARE RESET TO 5V Akk OTHER 
OUTPUTS RESET TO OV. 

FIg.13 XR PULSE 

:SIH-1----~-

ROI-ROB 
PE, FE. OR 

OAV ON 

DAV OFF 

I 

Flg.12 RECEIVER DURING 1st STOP BIT 

Flg.14 DS 

VIH~-

JI I~ 

VJ~ 
NP. TSB, NB2.1, E:~ 'lfL-,:~ -J~ rs 

MIN. I--
CONTROk BITS MUST 8E STABkE 
FOR LAST 300n5 OF es. 

Flg.15a CS 

NP ET::1~-;~~l~k 
VIH1- -~ ----"'-~ 

NP ETC I 300n5 1>0 . f-- MIN.---j 

CONTROL STROBE AND CONTROL BITS 
MUST BE 300n5 MINIMUM. 

Flg.15b CS 

kEADING EDGE Of DATA IS NOT CRITICAL 
AS I.ONG AS TRAI kiNG EDGE AND 
PULSE WIDTH SPECS ARE OBSERVED. 

Flg.15cl CS Flg.16 
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[!] AY-S-1013A. AY-6-1013 

TIMING DIAGRAMS 

~ ~~ ~-VIL-- --
TCP I 

:::--1-71 no, j ~ :::-j-~--~ I~S l VOl- __ 1 __ 

500ns ~ I~S r--
TYPo TYP. TYP. 

Flg.17 EOC TURN-ON Flg.18 TBMT TURN-OFF Flg.19 EOC TURN-OFF 

ROE. ffi ----- -VIH 
~ 250ns r; 500 ns 

+-'-VIL ~ V:=Jf 

MIN. 
TRI-STATE ---

OUTPUTS I I TCP 
I VOH '-~ VIL- -- -

VOH- ---If--
[1.5v\I __ J ~~~k I 

RDI-RD8 DAV I 
vOlL 

PE. FE. OR. I 

TBMT I--,~s TYP'~ DA,TBMT I I 
...., 500 ns l- i--- 500 ns --1 

MAX. VOL MAX. 

Flg.20 TBMT TURN-ON 
Flg.21 ROE, SWE 

Flg.22 RDAV 

TYPICAL CHARACTERISTIC CURVES 

3.5 

SH~RT ~'RCU;T 
2500 

WORlT CAsl 
3.0 ~ 

1'\. OurUT CURRENT ./ 2000 

~ 
/ ..... -2.5 

~ ~-(NOMIN~l 
/ 

2.0 .. 1500 

1/ -<-NOMINAL 

~ RI' c: 

.... 
1.5 Q 

~ 
.... 0. 1000 

~ 
/ 

-

1.0 

T clsE/ ~ 500 
.5 WOR 

" 0 J 2 3 4 5 6 7 0 100 200 300 400 500 

VOUT COUT pF 

Flg.23 SHORT CIRCUIT OUTPUT CURRENT Flg.24 RE1, RD8, PE, FE, OR, TBMT, DAV 

18 22 
-12 VOLT SUPPlYI CURiENT +5 VOLT SUPPLY CURRENT 

17 .......... 21 I I 
r--...... L'l WORST CASE ........... 

~r-... 
yWORST CASE 

16 ...... 20 .......... r--...... ;-.....,.". .. ....... I"---.. 
E 15 .. 19 -.... i""'"'-- E ...... .......... .. ...... ....... ;-.....,.". 
,! 14 

u 
u 18 H 

13 
NOMINALf 

...... 
17 

NOMI,NALf 

I"-
....... r-- .... ...... 

12 I I 
16 

:"'- ..... 

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 
CASE TEMPERATURE ,OC) CASE TEMPERATURE ,OC} 

Flg.25 -12 VOLT SUPPLY CURRENT FIg.26 +5 VOLT SUPPLY CURRENT 

8A-10 



I al AY-3-1014A AY-3-1015 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Vcc(with respect to VGI) . . . . . . . . . . . . . -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-3-1015) 
Operating Temperature (T .) = O· C to +70· C 

Characteristic Min 

DC CHARACTERISTICS 
Input LogIc Levels (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 2.0 
Input CapacItance 
All inputs -
Output Impedance 
Tri-State Outputs 1.0 
Data Output Levels 
Logic 0 -
Logic 1: AY-3·1014A11015 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) -
lee at Vee = +5V (AY-3-1015) -

A.C. CHARACTERISTICS 

Clock Frequency DC 
Baud 0 
Pulse Width 
Clock Pulse 3.0 
Control Strobe 200 
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. 

• Exceeding these ratings could cause perma
nent damage. Functional operation ('f these 
devices at these conditions is not implied 
-operating ranges are specified below. 

Max Units Conditions 

0.8 Volts 
Vee +0.3 Volts 
Vee +0.3 Volts 

0.8 Volts 
Vc:c+0.3 Volts AY-3-1015 has internal 

pull-up resistors to Vee. 
20 pF o volts bias. f = 1 MHz 

- Mil 

+0.4 Volts IOL = 1.6mA (sink) 
- Volts IOH = -40j./A (source) - at Vee = +5V 
- Volts IoH = -SOpA (source) - at V cc = +14V 
15 pF 

- - See Fig.45. 

15 mA See Fig.47. 
20 mA See Fig.48. 
15 mA 

T. = 25·C. Output load 
capacitance 50 pF max. 

480/400 KHz at Vee = +4.75v/+14V 
30/25 Kbaud at Vee = +4.75V/+14V 

- I'S See Fig.31 
- ns See Fig.37 
- ns See Fig.36 
- ns See Fig.35 
- ns See Fig.43 
- ns See Fig.44 
- ns See Fig.43 

- ns See Fig36 
- ns See Fig.37 

500 ns See Fig.43 & 46 
500 ns See Fig.43 & 46 

8A-11 
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AY-3-1014A • AY-3-1015 

TIMING DIAGRAMS 

Eoe~~ ________________________________________________ -L ______ _ 

NOTE, SEE FIGURES 28,29,30 FOR DETAILS. 

TRANSMITTER INITIALLY ASSUMED INACTIVE 
AT START OF DIAGRAM. SHOWN FOR S 
LEVEL CODE AND PARITY AND TWO STOPS. 

I: BIT TIME = 16 CLOCK CYCLES. 

2: IF TRANSMITTER IS INACTIVE THE START 
PULSE WILL APPEAR ON LINE I TO 2 
Cl.OCK CYCLES AFTER THE DATA STROBE 
OCCURS. SEE DETAIL. 

3: SINCE TRANSMITTER IS OOUBLE BUFFERED 
ANOTHER DATA STROBE CAN OCCUR ANY
WHERE OURING TRANSMISSION OF 
CHARACTER I AFTER T8MT GOES HIGH. 

DETAIL: 

DATA ---"'1Ir-----
STROBE ~ 

CLOCK LnJLfU 
I 

so ~ 

Flg.27 UARIT· TRANSMITTER TIMING 

TRANSMITTER INACTIVE TRANSM IlTER ACTIVE 
TRANSMIT BUFFER LOADED WHEN Eoe HIGH TRANSMIT BUFFER LOADED WHEN Eoe LOW 

I 

OS 

so START BIT I 
~====::====:;-L-

TBMT 

Eoe 

Flg.28 TRANSMITTER AT START BIT 

~
T. -,--,--r-r-,--,--r-r-- ( I 

so ART t I 2 I 3 I 4 I S I 6 I 1 I 8 I P I STOP I I STOP 2 I __ '-_.J. __ L_L_J.._.l __ L_L__ I , 

~-NOTEI os AND CS MAY OCCUR 
SIMUl..TANEOUSLY WHEN 
TRANSMITTER INACTIVE I 

OA I 
I 
~ Il..LEGAl TO USE CS ~ 

'-NO-T-E:-CD-N-T-RO-l-S-TR-O-BE-M~-'-B-E-H-A-RD-W-'R-ED-T~-O-'I-'-' --' 

8A-12 

IN THAT CASE,CONTROL DATA BITS MUST BE SIABLE DUR'ING 
"ILLEGAL CS" TIME. 

Flg.30 ALLOWABLE POINTS TO USE CONTROL STROBE 

OS 

so 

T8MT 

Eoe 

I 

jSTART 

I 
11' 

I 
I I n ,/j 

Flg.29 TRANSMITTER AT START BIT 

MINIMUM I **~ ** 
DUTY CYCLE ~~ L 

50%[ ri 
DUTY CYCLE ~~ L 

ANY PULSE WIDTH WHICH MEETS 
ABOVE CRITERIA IS ALLOWABLE. 

Flg.31 ALLOWABLE TCP, Rep 

L 

1141 MIN 



AY·3-1014A • AY·3-1015 

TIMING DIAGRAMS 

DATA sTRoBEs ______ ~ __ _L __ ~~ __ ~ __ ~ __ _L __ ~ ____ L_ __ ~ __ _L __ ~ ________ ~ __ ___ 

PARITY 
ERROR 

FRAMING 
ERROR 

NOTE I-I 

NOTEI-r

-it- I CLOCK 

AVAIL~~~: __________________________________________ ~N:..:0:..:TE::....:2:...---i __ 4J1 

I 
OVERRUN ____________________________________________ N:..:OT~E~I_::1~ 

NOTES: 
I. THIS IS THE TIME WHEN THE ERROR CON~ 

0lTION5 ARE INDICATED, IF ERROR OCCURS. 

2. OATA AVAILABLE IS SET ONLY WHEN THE 

~~~~~f~R~:JAttETH~EH8~or:: :tG~~TERS. 
(SEE RECEIVER BLOCk DIAGRAMI. 

3, ALL INFORMATION IS GOOD IN HOLDING 
REGISTER UNTIL DATA AVAILABLE TRIES TO 
SET FOR NEXT CHARACTER. 

4. ABOVE SHOWN FOR 8 LEVEL CODE 
~~~';.I~DFOTl~gwST:tA~R NO PARITY. 

5. FOR ALL LEVEL CODE THE DATA IN THE 
HOLDING REGISTER IS RIGHT JUSrIFIED; 
THAT IS, LSB ALWAYS APPEARS IN 
RD I IPIN 12). 

Flg.32 UARIT RECEIVER TIMING 

DAV AND STOP BIT ONE 

Rep 

I ~~g~.rTLE 
SI~ : 
SI~~I==+,======~B~C=LO~C~K~S~======~.~:-------
5l I '==== 7 CLOCKS & , 

I I 
-l f- ~~A~f gl;~~~~IJ~O=E~~. 

RCP 

INTERNAL 
SAMPLE 

ROt -ROB 
PE, FE, OR 

FIRST STOP BIT 

I i __________________________ ~ I 

THEN 
SAMPLE POINT WILL BE HERE-.f 

INTERNAL SAMPLE PULSEi 
~j;.---DAV ON 

DAV OFF 

Flg.33 

X:'H --t=1\ --
~ j 5?'9~s l-L-

MIN. 

WHEN NOT IN USE, XR 
MUST BE HELD AT GND. 

XR RESETS EVERY REGISTER, 
SO, TBMT, EOC ARE RESET TO 
5V ALL OTHER OUTPUTS 
RESET TO OV. 

Flg.35 XR PULSE 

:SIHif----1\ 

NP ET::1~--2~~:~~*~ 
CONTROL STROBE AND CONTROL BITS 
MUST BE (:00n5 MINIMUM. 

Flg.37b 

Flg.34 RECEIVER DURING 1ST STOP BIT 

~ V:J--l' ------1\ 
CS 1 

I I 
DATA~ II 1200nJ 1\ 

20nl MIN. ~ ~ MIN ~ 20nl MIN. 

NP, TSB. NB2,I, E:~!fL:"" -- - -JL-~ 
2~?:' ~>O 

Flg.3S DS 

VIH~--

JI I~ 
NP V~:c1-----~ ~;:=J*~ 

.. 20nl MIN. 

LEADING EDGE OF CONTROL DATA IS NOT 
I CRITICAL AS LONG AS TRAiLiNG EDGE AND 

PULSE WIDTH SPECS ARE' ("B~i:.tiVED. 

Flg.37e 

CONTROL BITS MUST BE STABLE 
FOR LAST 200ns OF CS. 

Flg.37a CS 

I 

~VI,H 
I I~ ______ ___ 

SEROUTn-i ~ ------

VOL - - --A -- -- ---
--l J.LS 1.-

TYP. I 

Flg.3S SEROUT 

8A-13 
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iii AY-3-1014A. AY-3-1015 

TIMING DIAGRAMS 

,,-------V'"-=:}--- TCf 

, 

;::-- ~!f 
11.5)15 ~ 

--l TYP. 

TRI-STATE 
OUTPUTS 

RDI-RD8 

PE, FE. OR, 

Flg.39 EOC TURN-ON 

Flg.41 EOC TURN-OFF 

DA, TBMT I 

SA-14 

I 

--t 500ns ~ 
MAX. VOL 

Flg.43 RDE, SWE 

Flg.40 TBMT TURN-OFF 

~----
VOH- ----f--

TBMT I-- / I 
1.5)18 --l 
TYP. 

Flg.42 TBMT TURN-ON 

~ 200 ns I, 
\ I MIN. 1/----

VIL-

DAV l VOL~ 
500 ns . I 
MAX. --, 

Flg.44 RDAV 



TYPICAL CHARACTERISTIC CURVES 

21r--.---r--,--,~-r--,---. 

18 1---+--1---+ SH~RT blRCJIT 
OUYUT CURRENT 

I I 
/ NOMINAL 

15 ~. 

<' 121'\.:r-. 

§. r'\.~"< 
Jl 91--+1--,,~~+---l---+--+--I 

~ 
61--+--+~~-+--+---l--~ 

WORST CASE/I~ 

o 2 3 4 5 8 7 

VOUT 

Flg.45 SHORT CIRCUIT OUTPUT CURRENT 
(only 1 oulpul may be 

shorted al a lime) 

15 +5 VOLT SUPPLY CURRENT 

I I I J 
......... 

.............. 
yWORSTCASE 

r-.... 
............ 

14 

13 

............ -..... ........ ............ 
r-...... 

1 12 

r-.... o 
..P 11 

NOMINA)L 

...... .., 
...... 

.......... 
I 

10 

9 

t 
o 10 20 30 40 50 60 70 

CASE TEMPERATURE (0 C) 

FlgA7 +5 VOLT SUPPLY CURRENT 

2500 

2000 

.. 1500 
c: 
5 
~ 

1000 

500 

18 

17 

16 

1 
15 

~ 14 

13 

12 

AY-3-1014A • AY-3-1015 I!!I 

o 100 200 300 400 500 

COUT pF 

Flg.48 RD1-RD8, PE, FE, OR, TBMT, DAV 

. +14 VOLT SUPPLY CURRENT 

I I I I 
............ r-..... yWORSTCASE 

r-.... 
I'---- ............ ...... 

........ .......... 
r--...... 

NOMINALY-

......... 
...... r-- ..... I 

, 
o 10 20 30 40 50 60 70 

CASE TEMPERATURE (OC) 

Flg.48 +14 VOLT SUPPLY CURRENT 
(AY-3-1014A only) 

SA-1S 

I 



'.1 AY-8-1472B PRELIMINARY INFORMATION 

P/SAR Programmable Synchronous Asynchonous Receiver 

FEATURES 

• Directly TTL & DTL Compatible - Internal Active Input 
Pull-Up Devices & Push-Pull Output Buffers. 

• Programmable Mode & Clock Rate Selection -
Asynchronous & Isochronous - 1X, 16X, 32X or 64X Clock 
Rate; Synchronous - Internal or External Character 
Synchronization. 

• Programmable Transmission Codes -
Character Length of 5, 6, 7 or 8 data bits plus Parity; 
Parity Inhibit. 

• DC High Speed Operation -
Bit Rate to 100K Bits/Sec. with 1 X Clock. 

• Double Buffered Receiver 

DESCRIPTION 

The General Instrument AY-8-1472B P/SAR is a Programmable 
Receiver that interfaces variable length serial data to a parallel 
data channel. The receiver converts a serial data stream into 
parallel characters with a format compatible with all standard 
Synchronous, Asynchronous, or Isochronous data 
communications media. 

Contiguous synchronous serial characters are compared in a 
programmable Match-Character Holding Register, character 
synchronized and assembled. Programming the Asynchronous 
or Isochronous Mode provides assembly of characters with start 
and stop bit (s) which are stripped from the data. Four internal 
registers, in conjunction with Tri-StateOutput lines providefull-s 
system versatility. 

BLOCK DIAGRAM 

33 
RRC DR 

CRL 

EPE 
21 

P) 19 

WLS, 
5 

23 CONTROL 
WLS2 . 

REGISTER 

RMS, 
37 

RMS 2 
39 

RMS3 
2 

RI 35 

8A-16 

24 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Vss {+5V) 

RMS, 

MHRs 3 

MHA7 

RR, 
RR, 
RR, 

RR, 
RR, 

RR. 
RR, 
RR, 
RR, 

Voo(-'2V) 
MHR3 
MHR, 

PI 

VDD(GND) 

MHR8 
RMSI! 
MHRe 
RMS, 
MHR4 
R, 

MHRL 
CRL 
MR 
RRC 

MDET 
PE 

FE/SS 
OE 
DR 
DRR 
SFR 

WLS2 
MHR2 
EPE 

--G Vss 

--EJ VGG 

~VDD 

--El CD 

MR 

MHRL MHR. MHR7 MHR. MHRs MHR. MHR3 MHR2 MHR, 



IIiII AY-8-1482B PRELIMINARY INFORMATION 

P/SAT Programmable Synchronous Asynchronous Transmitter 

FEATURES 
• Directy TTL & DTL Compatible - Internal Active Input 

Pull-Up Devices & Push-Pull Output Buffers. 
• Programmable Mode Selection -

Synchronous - Programmable Fill (Idle) Character; 
Isochronous - Programmable Fill Character with Start 
& Stop Bit; Asynchronous - Single or Double Stop Bit 
Generation with 1.5 Stop Bits or 5-level Codes. 

• Programmable Transmission Codes -
Character Length of 5, 6, 7 or S data bits plus Parity; 
Even/Odd Parity Generation; Parity Inhibit. 

• Programmable Clock Rate -
Asynchronous & Isochronous Mose Selectable Divider Ratios 
for 1 X, 16X, 32X or 64X Clock Rate. 

• DC to High Speed Operation -
Bit Rate to 100K Bits/Sec. with 1X Clock. 

• Double Buffered Transmitter 

DESCRIPTION 
The General Instrument AY-S-142SB P/SAT is a Programmable 
Transmitter that interfaces variable length parallel input data to a 
serial channel. The Transmitter converts parallel characters into 
a serial data stream with a format compatible with all standard 
Synchronous, Asynchronous or Isochronous data com
munication media. 
Contiguous serial characters are transmitted in the Synchronous 
Mode with the automatic Insertion of a programmable Fill (Idle) 
Character during the absence of parallel input data. 
Programming the Asynchronous mode provides "Start-Stop" 
serial data transmission with automatic insertion of Start and 

BLOCK DIAGRAM 
THAl 

THAEf-.!.~---.......J 

CAL }-''-----, 

EPE 

PI 

CS, 

CS2 

MS, 

MS2 

WlS, 

WlS2 

ClK CTS. DAA DA 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Vss (+SV) WLS2 
EPE WLS, 

PI TA, 

CAL FA, 
ClK TA, 

CS, FA, 

cs, TR, 
MS, FA, 
MS, TA, 

DAR FA, 

TCO TR. 

M FA. 

DO TA, 

THRE FR, 

TAO TA, 

VGG (-12V) FA, 
CTS TAl 

MA FA, 

THRL CD 

FHRL Voo(GNDl 

Stop Blts(s). Isochronous mode selection provides data 
transmission with a single Start and Stop Bit with the added I 
capability of programmable Fill (Idle) Character insertion during : I 

the absence of parallel input data. Four internal registers and a 
multiplexer, in conjunction with Tri-State Output Lines, provide 
full system versatility. 

FA, 

TAO 

Vss 

!-GJ VGG 

!-G Voo 

f-GJ MR 

DO TCO r-GJ CD 
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AY-S-1016 AY-6-4016 

Random/Sequential Access Multiplexers 

FEATURES 

• Directly interfaces with TTLlDTL 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 2M Hz 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 Randoml 
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. 
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PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Vcc(+SV) 
21input 

22input 
23 input 

Load Enable 
Differential Mode Control 

Voo (-12V) 

ChannelS 
Channel 9 

Channel 10 
Channel II 
Channel 12 
Channel 13 

Channel 14 
Channel IS 

N.C. 

Series Bus 2 

Matching Resistor 2 
Shunt Bus 

VQ,(GND) 

BLOCK DIAGRAM 

CHANNEL INPUTS 

2° Input 

DC Load 
Clock 
Matrix Enable 

N.C. 

N.C. 

N.C. 

Channel 0 
Channel 1 

Channel 2 

Channel 3 
Channel 4 
ChannelS 
Channel 6 
Channel 7 
N.C. 

Series Bus1 
Matching Resistor 1 
Shunt Enable 
SyncOulpul 

r"-'L-------.s.,c!lli~SI!RII!S aus NO.1 

SHUNT 
ENAIIL! 

DIFf'ER!NTIAL .1 
MOOe: CONTIIOL 

SERIES BUS NO.a 
SHUNT BUS 
MATCHING RESISTOR NO.1 

.........--_____ T-~MATCHIN. RESISTOR NO.1 

SYNC. OUTPUT 

ADDRU~ INPUTS 



LOGIC DIAGRAM 

( ) = Pin Numbers 

MATCHING 
RESISTOR-I 

(23) 

SHUNT 8USJ(~I9~)======~i=::c:i=:i~:t:i==i=~t:~=t~:±~==t=~t:~=t:::t~==~::±:=F:j:=:J--t---] SERIES BUS :# I.J 4 

ADDRESS 
INPUTS 

NOTES: 

(6) 
DIFFERENTIAL 
MODE CONTROL 

1. Direct Address gated when either DC Load = "1" or Load Enable = "0". 
2. DC Load gives permanent high clock. 
3. Matrix Enable = "1" inhibits matrix. 

4. Shunt Enable = "0" connects shunt FETS into circuit. 

VOl 

SYNC. 
OUTPUT 

UB) 
MATCHING 

RESISTOR-2 

5. Differential Mode Control = "1" connects channels 8-15 ganged to channels 0-7. 
6. Sync Output = "0" when channel 15 is accessed. ... 

Ell 



m AY-5-1016· AY-6-4016 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings 
VOl and VGG (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 . . . . . . . . . . . -55°C to +150°C 
Operating Temperature Range: ........... O°C to +70°C (AY-5-1016) 

-55° C to +125° C' (A Y -6-4016) 
Standard Conditions (unless otherwise stated) 

'Exceeding these ratings could cause 
permanent damage. Functional 
operation of these devices at these 
conditions is not implied-operating 
ranges are specified below. 

Vee = +5 Volts ±0.5 Volts (Vee = Substrate voltage) 
VGG = -12 Volts ±1 Volt 

Operating Temperature (TA) = -O°C to HO°C (AY-5-1016) 
-55°C to +125°C (AY-6-4016) 

V",= GND 

Characteristic Min Typ" 

Clock Inputs (See Fig.1) 
Repetition Rate DC -
Clock Pulse Width (<I>pw) 200 -
Clock Pulse Width (<I>pw) 1.0 -
Clock Pulse Delay (<I>d) 200 -
Logic Levels 

Logic "Oi" - -
Logic "1" Vee-1.5 -

Input Capacitance - 12 
Input Impedance 1.0 -
Rise & Fall Time (tr, tI) - -
Rise & Fall Time (tr, tI) - -
Noise Immunity +0.4 -
Address Inputs (See Flg.1) 
Clock Lead Time 300 -
LogiC Levels 

Logic "0" - -
Logic "1" Vee-1.5 -

Input Capacitance - 6 
Input Impedance 1.0 -
Noise Immunity. +0.4 -
Load Enable Input (See Flg.1) 
Clock Lead Time 300 -
Log ic Levels 

Logic "0" - -
Logic "1" Vee-1.5 -

Input Capacitance - 7 
Input Impedance 1.0 -
Noise Immunity +0.4 -
DC Load Input (See Fig.2) 
Pulse Width (90% pOints) 400 -
Logic Levels 

Logic "0" - -
Logic "1" Vee-1.5 -

Input Capacitance - 8 
Input Impedance 1.0 -
Noise Immunity +0.4 -

"Typical values are at +25°C and nominal voltages. 
NOTE 1: <l>pw + <l>d ;;;. 500ns 

TIMING DIAGRAMS Fig 1 
1" r l'rr . 

9~1 I~ ..r-
CLOCK 5~:=-~ I .~ 10%-t:-..f4 _d --J 

ADDRESS .~/r----II---TI-~-
INPUTS Iq,,"\.~~ 

LOAD 
ENABLE 

~ 
ADDRESS CLOCK 
LEAD TIME 

LOAD ENABLE 

~ 
CLOCK LEAD TIME 

10%- '---___ _ 

Max Units Conditions 

2.0 MHz 
- ns at 2M Hz, (See NOTE 1) 
- "s at 200Hz 
- ns See NOTE 1 

+0.8 V 
- V 
- pF 
- Mil VIN = +5V to -5V 
1.0 "s at 100KHz 
50 ns at 2M Hz 
- V 

- ns 

+0.8 V 
- V 
- pF 
- Mil VIN = +5V to -5V 
- V 

- ns 

+0.8 V 
- V 
- pF 
- Mil VIN = +5V to -5V 
- V 

- ns 

+0.8 V 
- V 
- pF 
- Mil VIN = +5V to -5V 
- V 

Fig.2 

'O%-~ 

D.C. LOAD --1U~ 
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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Charateristic Min 

Shunt Enable 
Logic Levels 

Logic "0" -
Logic "1" Vcc-1.S 

Input Capacitance -
Input Impedance 1.0 
Noise Immunity +0.4 

Matrix Enable 
Response Time (See Fig. 3) 

To!'\: -
TOI'I' -

Logic Levels 
Logic "0" -
Logic "1" Vcc-1.S 

Input Capacitance -
Input Impedance 1.0 
Noise Immunity +0.4 

DiHerential Mode Control 

Response Time (See Fig. 4) 
TI)!" -
ToF!' -

Logic Levels 
Logic "0" -
Logic "1" Vec-1.S 

Input Capacitance -
Input Impedance 1.0 
Noise Immunity 0.4 

Series Switches 
Ron 
(Current Mode) -

Ron 
(Voltage Mode) -

-

R off -

Turn On Time -

""Typical values are at 2So C and nominal voltages. 

TIMING DIAGRAMS 

IotATRIX~O"'-L ENABLE 
10"'--

CHANNEL 
OUTPUT 

Flg.3 

Typ·· 

-
-
6 
-
-

230 
120 

-
-
7 
-
-

200 
600 

-
-
S 
-
-

460 

300 

460 

5 

300 

AY-S-1016 • AY-6-4016 [!] 

Max Units Conditions 

+0.8 V 
- V 
- pF 
- M!l V,N ~ +SV to -SV 
- V 

- ns } at 2So C Output voltage 
- ns response with.10 Mn. 10 pF load 

0.8 V 
- V 
- pF 
- M!l V'N~ +SV to-V 
- V 

- ns } at 2S'C Output voltage 
- ns response with 10 M!l. 10 pF load 

0.8 V 
- V 
- pF 
- M!1 
- V 

7S0 Ohms lIN ~ 100 "A 
Series Bus 1 ~ Series 
Bus 2 ~ OV (Vee -SV) 
TA~2SoC 

Vc<' ~ +SV 
VGG~ 12V 

SOO Ohms V,N ~ +SV. RI. ~ 300 K!l II· I I 

TA~2SoC 

Vcc~+SV 
VGG = -12V 

7S0 Ohms V,N = OV. RI. = 300 Kn 
TA=2SoC 
Vcc=+5V 
VGG =-12V 

- G!1 VlN =Vcc -10V 
TA=25°C 

- ns Output Voltage Waveform 
with 10 Mn. 10 pF load 
TA=25°C 

DIFFERENTIAL ~ r-, 
CONTROL 10%-- .. -~ i 

10 ... · .. - : \. ~'TOFF-y--
c~u~~~~ I 50~i\ 1 

L.- TON --I '-------' 

Fig.4 
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AY-5-1016 • AY-6-4016 

Characteristic Min Typ·· Max Units Conditions 

Sync Output (See Fig.S) 

Logic "'0"' +0.4 V 
{ C = 10pF .} Output - - ISINK = 1.SmA ":lin. Load 

10F = 100 ,.A min. 
Logic "'1"' Vcc-1.0 - - V 
Rise Time (tr) - 110 - ns } at 25°C 
Fall Time (tf) - 40 - ns 
Response Time 

tpd- - 200 - ns } at25°C 
tpd+ - 1S0 - ns 

Input Leakage 
Channels 0-15 (Per Channel) - 1.0 10 nA VIN = Vce -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 Ohms iIN = 100 p.A 

Shunt Bus = OV 
Vee = +5V 
Voo=-12V 
TA = 25°C 

- 550 900 Ohms iIN = 100,.A 
Shunt Bus = +5V 
Vee = +5V 
Voo =-12V 
TA= 25°C 

R off - 5 - GO V" = Vee -10V 
TA = 25°C 

Turn On Time - 300 - ns Output Voltage Waveform 
with 10 MO, 10 pF load 
TA=25°C 

Matching Resistors - 460 750 Ohms iIN = 100 ,.A 
VR"S=OV 

Ron - 300 500 Ohms iI,= 100 p.A 
VR"S= +5V 

Channel Input Capacitance, 
Channels 0-15 (Per Channel) - 4 - pF 

Power Consumption - 200 - mW } Series MODE } V(;(; = -12V 
- 290 - mW Shunt MODE Vec=+5V 

Current Drain 
Icc - 12 - mA 1 Series MODE } lOG - 12 - mA V(;(;=-12V 
Icc - 17 - mA Shunt MODE Vn ·= +5V 
IGO - 17 - mA 

Power Dissipation (Device) - - SOO mW 
Per Channel - - 100 mW 

"TYPIcal values are at 25°C and nominal voltages. 

TIMING DIAGRAMS 

90% 

CLOCK _-----;-,1 ~Irr -lift-
SYNC. I )l 1f O~~T I 

, I<---~' I 
-.jIPd-1-- tPd+--i;--

FIG.S 
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AY-5-1016- AY-6-4016 

TYPICAL CHARCTERISTIC CURVES 

'000,-,--,--,--,--,--,..-,..--, 700 
V'.;'/ V 

k~~2.~V V 
V ~ V 

.,/ 
V V V Vv,."ov 
./ 

~ V 
--

600 

.00 

tI. 400 

300 

200 

'00 
-~O -25 o 25 50 75 100 125 150 

SHUNT MODE ·C SERIES MODE ·C 

800 ,--------r----r------r--='" MAX. MATCH * 
MATCHING RESISTOR* ~VIN·-5V * TYP. OF ALL 

f-----i-----b-'=----=="_"'-::;;;;o-IMIN. MATCH* J THREE CURVES 700 

600 

tI. 

'00 

400 

II-I I 

300 2. .0 '00 '2' 
·c 
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IIiII MEM 851 P/D/F 

Four Channel MOSFET Analog Gate 

FEATURES CIRCUIT DIAGRAM 

• 30 volt peak-peak signal input range 
• 10" ohms input resistance to gate 
• Integrated zener clamp protects the gate 
• Normally off with zero gate voltage 
• Square Law linear transfer characteristics 
• Low crosstalk 
• Low leakage presented to the summing junction 
• Low "on" Resistance 
• Low harmonic distortion 

APPLICATIONS 

High speed analog multiplexing 
Time division multiplexing 
Series I shunt chopping 
2-channel differential switch 
Double pole-double throw switch 
Digital switching 

MAXIMUM RATINGS 

® 

ITA = 25°C unless otherwise specified - body grounded) 
Drain to Source Voltage ....................... . 
Gate to Source Voltage . . ............................... . 
Gate to Drain Voltage . .. . ............... . 
Drain Current. . .................... . 
Gate Current (forward direction for zener clamp) . 
Storage Temperature ..... ............................ . 
Operating Junction Temperature (851P) ..... . 
Operating Junction Temperature (851 D/FI 
Total dissipation at 25°C Ambient Temperature. . ......... . 

~.@ 
" 

@ 

@ 

0 

................ -35V 
............... -35V 

. ................................. -35V 
.......... -50 mA 

..................... . ... +0.1 mA 
......... - 65 to 150°C 

............. -65 to 85°C 
. .......... - 65 to 125°C 

600mW 
Total dissipation at 25°C Ambient Temperature for each gate circuit ..... . ........ .150 mW 

ELECTRICAL CHARACTERISTICS 
ITA = 25°C, unless otherwise specified - body grounded) 

SYMBOL CHARACTERISTIC MIN TVP MAX UNITS CONDITIONS 

VGS(t"l 
Gate Source Cutoff - 1.0 - -4.0 Volts Vo, = Vos, 10 = -10 pl., Voltage V,,=OV 

loss Drain leakage Current - - -2.0 nA Vo, = -20V, Vo .. = OV 

lSD, Source Leakage Current - - -2.0 nA V .. = -20V, Voo• = 0 

les, Gate Leakage Current - -0.1 -1.0 nA Ves = -20V, Vo .. = OV 
10lONI Drain Current -5.0 - - mA V .. = Vo, = -IOV, V .. = OV 
BVos, Drain-Source Breakdown -35 - - Volts 10 = -10 pi.. V ... = OV 
BV .. , Sourc~rain Breakdown -35 - - Volts I, = -IO".A, V ... = OV 
BVo" Gate-Source Breakdown -35 - -80 Volts I" = -10 pi.. V.., = OV 
Y,. T ransadmittance - 1500 - "mho I kHz, Vo, = -IOV, 10= -5 ma 

e.- Gate To Source - - 3.0 pf I MHz, V,,,..; Vo, = -IOV Capacitance 

e.- Gate To Drain - - 3.0 pf I MHz, V,,, = Vo, = -IOV Capacitance 

C ... Drain To Source - 0.04 0.10 pf I MHz, Vo, = VD• = -IOV Capacitance 

rOS(anl 
Drain To Source - - 100 Ohms V,,, = -20V,ID = -IOO"A, On Resistance V .. =OV 

VOSlonJ Drain-Source "ON" Voltage - - 0.4 Volts V., = -IOV,ID = -2mA 
tr Rise Time - - 25 ns 1 V"j,=V •• =-15V 
tf Fall Time - - 130 ns RD = R. = 1.5Kn 
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P 14 LEAD PLASTIC 

-, COYIR,LUO ___ PU." 
_SOUI~OIIf(O_ • 

F 14 LEAD FLAT PACK 
l!t 
.1415 

rf.= 

All dimensions in inches 

TERMINALS 

PIN FUNCTION PIN FUNCTION 

I Substrate 8 Substrate 

2 Drain 3 9 Drain I 

3 Gate 3 10 Gate 1 

4 Source 3 11 Source I 

Source 4 12 Source 2 

6 Gate 4 13 Gate 2 

7 Drain 4 14 Drain 2 



TYPICAL CHARACTERISTIC CURVES 

Vo.,.., VS. VIS 

-6.0. 

!o-.. o~ .. -, g ! 
~ -4.0 '" " ... ~ 

: -10, .' .• . ".""' 
> VOl-V .. 

-2.0 ,ID .~IO"A 
TA ' I!:S·C 

10 IS 20 25 

V8S (VOLTS) 

r., .. , vs. TEMPERATURE 
Vo., VIS parameter 

"'~' ... -".~ .. ::, ... : ... 

~. '~ .. ::;;'..'!J!:~--:.~ 
,~:--~., .. ". . .. 
--~'" :": 

~!oO -II 0 2& 50 .,., 100 115 

7.0 

•. 0 

INPUT CAPACITANCE vs. Vo. 

~-., 
.. ~ 

:to " 10m,. f., MHz 

-. -10 
Vos (VOLTS) 

VDSIOIII VS. V.s 
I. parameter 

1Ito.IVllLUI 

-10 -20 

2501" 

i 2OO!- .. 
2 

100,·,· 

r.I_. VS. V.s 
VIS parameter 

-"I'()"" :"is"- "-':'20 

v .. 'YOLTS) 

CROSSTALK (dB) vs. FREQUENCY 

RISE TIME vs. DRAIN CURRENT 
Ro, V&& parameter 

- ________ ...., .... 0, .... -11'1 

~'f--' '--'-1 ·il "-M 

MEM 851P/D/F I!l 

LEAKAGE VS. TEMPERATURE 

HARMONIC DISTORTION vs. Vo. 
R, parameter 

ALLUrou'!D"'., 
eo"NlCT£DTO_UIID 

FALL TIME vs. DRAIN CURRENT 
Ro, V •• parameter 

-•• , -io 
1.1_lIcu .... E.n ..... 
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IIiII MEM 855P/D/F 

Six Channel MOSFET Analog Gate 
FEATURES 

• Low in~ut capacitance 
• 40 volt peak·peak signal input range 
• 10" ohms input resistance to gate 
• Integrated zener clamp protects the gate 
• Normally off with zero gate voltage 
• Square Law linear transfer characteristics 
• Low crosstalk 
• Low leakage presented to the summing junction 
• High Drain, Source and Gate Breakdown Voltages 
• Low harmonic distortion 

CIRCUIT DIAGRAM 
" --Jrj 
IS 

-';: 

" 

10 

MAXIMUM RATINGS 

"'" 

APPLICATIONS 

• Analog· Multiplexin, 
• Time division multiplexing 
• Chopping 
• Serial to paraHel & parallel 

to serial converter 

r-
"'!; 

.L..: 
--0 

-';: 

IT. = 25°C, unless otherwise specified - body grounded) 
Drain to Source Voltage .. . . .. . .. .... .. ............... -SOV 
Gate to Source Voltage ..... .................. .. ...... .. ...................................................................... -SOV 
Gate to Drain Voltage . .. ......... -SOV 
Drain Current .... ........ ................ ......... ....... ......... ..... .................... ............... .... .. -20mA 
Gate Current (forward direction for zener clamp) ... ....................... ....................... .. .......... +O.1mA 
Storage Temperature .................................... . .... .. .. ....... ... -65 to 150°C 
Operating Junction Temperature (856P) ...... .................................. .. .... -65 to 8S"C 
Operating Junction Tem~erature (856 D/F) ,. ......................... .. .... -65 to 12S"C 
Total diSSipation at 25 C Ambient Temperature .......................................... .. ......................... 300mW 
Total dissipation at 25°C Ambient Temperature for each gate circuit ." 50mW 

ELECTRICAL CHARACTERISTICS 
IT. = 25°C, unless otherwise specified - body grounded) 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

Ve"", 
Gate Source Cutoff -3.0 - -6.0 Volts Ve, = V.s, I. = -IOpA, V .. =OV Voltage 

IDss Drain Leakage Current - -.05 ~.5 nA Vos = -20V, Vest = 0 
Iso, Source leakage Current 

IT otal for all Units) - ~.2 -2.0 nA Vso= -20V, VSDI=O 
1655 Gate leakage Current - ~.1 ~.5 nA Ves = -20V, VOst = 0 
10iOHI Drain Current -1.0 -3.0 - mA Ves = Vos = -IOV, V .. =OV 
BV.ss Drain-Source Breakdown -50 -65 -80 Volts 10 = -10 "A" VeSl=OV 
BV .. , Source-Drain Breakdown -50 -60 -80 Volts Is= -IOpA, V& •• =OV 
BVess Gate-Source BreakOown -SO -70 -80 Volts Ie = -10 pA, VOSl=OV 
V,. Transadmitlance - 700 - "mho 1 kHz, Vos = -20V, 10 = -SmA, 

C •• Gate To Source 0.2 0.5 pF V .. =O~ 
Capacitance - I MHz, e,= Vo, = -IOV 

C,. Gate To Drain - 0.2 0.5 pF I MHz, Ves = Vos = -IOV Capacitance 

C •• Drain To Source 0.04 0.10 pF I MHz, Ves = Vos = -IOV Capacitance -
r05(MJ 

Drain To Source - 700 1000 Ohms Ves = -20V, 10 = -IOO"A, V,,=OV On Resistance 
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D 14 LEAD CERAMIC DIP 

F 14 LEAD FLAT PACK 

All dimensions In Inch .. 

TERMINALS 

PIN FUNCTION PIN FUNCTION 

1 Gate 1 8 Substrate 

2 Gate 2 9 Drain 6 

3 Gate 3 10 Drain 5 

4 Gate 4 11 Drain 4 

5 Gate 5 12 Drain 3 

6 Gate 6 13 Drain 2 

7 Source 14 Drain 1 



TYPICAL CHARACTERISTIC CURVES 

VeS{'" VB. VIS 

\~rllJ] 
:; -4.0 ~- -.~ - -'-~"-VD~ .-Y8;·- -~ 

i i ~ ZO,,",-IOJAA i 
-3.0 i-'-'!-"'-'~'-'TA"'~"'2~-'-"--1 

I, 'I 
-2.0 '-_._ . ..1.._- ...,I....-----.-....... ~~ _,-, 

o 5 10 15 20 25 

l,ooo'--
! 
~ 

500·· 

r.looI VB. Ves 
V .. parameter 

Vas (VOLTS) ... L_. ___ ._ .. _._l 

0; .. 

I 
-20!-

-$ -10 -15 

ViiI (YOLTS) 

LEAKAGE vs. TEMPERATURE 

TEMPERATURE ·C 

CROSSTALK (dB) VS. FREQUENCY 
+1011 

+511 IKft B 
of\r~ S 

-"_~ov~G • 
.~s 
'IKn~ ® • G 

o S 

@T~G 
INPUT SIGNAL. '0 VOLT Pk- PI! 

CROSSTALK IdB}. 20 LOG * 

eo 

-40 I-i-- -:"-1 -~~·~.'m.~FT~o¥~r.:~p'_~H~U T'--

-20 

-.Oi--r,,;~··l······i 
-.0~_._.L JJ_l:_ J -" _ . __ ~_.liIJI 

I 10 100 1000 IDIC 

FREQUENCY (KHZ) 

MEM 855P/D/F iii 

r.looI vs. TEMPERATURE 

Ves. VIS parameter 

TEMPERATURE ·C 

INPUT CAPACITANCE vs. Vos 

-1------ -+---+ --- -- ---\ 
--~---+---I , - , 

",.; .. -----." ·-i·---······· ....• ..... -... 

5.01-
; 

. xi;; 10mA 

1.0; 

i 

l ....... ____ .. __ j "0 ___ L~. ~ .~~_~~! ... 
o -5 -10 -15 -20 

VD• IVOLTS' 

HARMONIC DISTORTION vs. V .... 

RL parameter 

• 
,·~v~ll., 

vooif l 

INPUT SIGNAL. 10 VOLT 
--- ._--j Pk-P' 

: FREQUENCY· 10KHz 

--j ALL UNUSED PINS 
, CONNECTED TO GROUND 

1---
°b'"---' '--=\Cf ---'--':20"-- ------=30--- ·":';'"40 ------=50 

v.. tGATE-GROUND VOLTAGE) 
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I-I MEM 856P/O/F 

Six Channel MOSFET Analog Gate 

FEATURES 
• 25 volt peak-peak signal input range 
• 10" ohms input resistance to gate 
• Integrated zener clamp protects the gate 
• Normally off with zero gate voltage 
• Square Law linear transfer characteristics 
• Low crosstalk 
• Low leakage presented to the summing junction 
• Low "on" Resistance 
• Low harmonic distortion 

CIRCUIT DIAGRAM 

-JU 
" ~ 

" 
" 
'0 

MAXIMUM RATINGS 

~ 

"':.: 

APPLICATIONS 
• Analog Multiplexing 
• Time division multiplexing 
• Chopping 
• Serial to parallel & parallel 

to serial converter 

t-
o'!; 

.L-==t- ~f----<> 

1 "':.: ~ 

ITA = 25°C unless otherwise specified - body grounded) 
Drain to Source Voltage ................................................ _ ............................... ................................. -35V 
Gate to Source Voltage ...................................................................... . ........................ -40V 
Gate to Drain Voltage ........................................................................................................................ -40V 
Drain Current ............................................................................................ ....... . ... -50 rnA 
Gate Current (forward direction for zener clampl ...................................................................... +0.1 rnA 
Storage Temperature ......................................................................................................... -65 to 150°C 
Operating Junction Temperature (855Pl. ......................... . ................. -65 to 85'C 
Operating Junction Temperature (855 o/Fl .......................................................................... -65 to 125'C 
Total dissipation at 25°C Ambient Temperature .......................................................................... 900 mW 
Total dissipation at 25°C Ambien! Temperature for each gate circuit ....................................... .150 mW 

ELECTRICAL CHARACTERISTICS 
ITA = 25°C. unless otherwise specified - body groundedl 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

VGSlthl 
Gate Source Cutoff -1.5 - -5.0 Volts V., = Vos, 10 = -10 pA, Voltage V .. =OV 

loss Drain Leakage Current - -.10 -3.0 nA Vo, = -20V VGSI=O 
Iso, Source Leakage Current 

IT otal for all Units) - -0.6 -12 nA Vso = -20V, V"",=O 

I"" Gate Leakage Current - -0.1 -1.0 nA VGS = -20V, Vo .. = 0 
10lONI Drain Current -3.0 -6.0 - mA Ves = Vo, = -IOV, V .. =OV 
BVoss Drain-Source Breakdown -35 - - Volts 10 = -10 i"\ V"SI = OV 
BV ... Source-Orain Breakdown -35 - - Volts I, = -10 pA. V .... = OY 
BV"" Gat8-&urce Breakdown -40 - -80 Volts I" = -10 "A, VOSl=OY 
Vh Transadmiltance - 2500 - "mho I kHz. V ... = Vo, = -IOV 

C" 
Gate To Source - 3.0 6.0 pF I MHz. V., = Vos = -IOV CapaCitance 

e" Gate To Drain - 1.9 3.5 pF I MHz. V., = Vo, = -IOV CapaCitance 

c... Drain To Source - 0.04 0.10 pF I"MHz. V., = Vo, = -lOY Capacitance 

rDSlon) 
Drain To Source - 150 350 Ohms Ves = -2DV, 10 = - 100 pA On Resistance V,,=OV 

P 14 LEAD PLASTIC 

D 14 LEAD CERAMIC DIP 

F 14 LEAD FLAT PACK 

PIN 

2 

3 

4 

5 

6 

7 

~ .m : : ~-=:::::>-- : 
m 

All dimensions in inches 

TERMINALS 

FUNCTION PIN FUNCTION 

Gate I 8 Substrate 

Gate 2 9 Drain 6 

Gate 3 10 Drain 5 

Gate 4 11 Drain 4 

Gate 5 12 Drain 3 

Gate 6 13 Drain 2 

Source 14 Drain 1 



TYPICAL CHARACTERISTIC CURVES 

Ves,,,, vs. VIS 
-8.0' 

.. ~ ~-7.0;· .; .,. .-. . ... 

~-&O~ • .:. . ..... ,.-

~-5.0 .. . Vos.YGS· 

-4.0· 
10' -'OP.A 

. TA ·'25·C" 

o 5 10 152025 

VB. 'VOLTS) 

.; 

r""", vs. TEMPERATURE 
Ves, V" param~ter .. 

TE .... E •• TUItE ·c 

LEAKAGE VS. TEMPERATURE 

TEMPERATURE ·C 

CROSSTALK (dB) vs. FREQUENCY 

Or 

-20~ 

.1 ... ,."~ .. _.: .. _; 
1000 10K 

FREQUENCY (KHZ) 

.. .. 
4.0 ~-

" 

MEM 856P/D/F I!!l 

." 
(VOLTS} 

INPUT CAPACITANCE VS. VDS 

:: 3.5" 

~ ..... 

. ~ 
u 

10 -lmA 
f· I MHz 

3.0 

" % 

~ 

o -5 -15 -20 

Vos (VOLTS) 

HARMONIC DISTORTION VS. VGS 

R, parameter 
I.' 

1.0 

0.' 

+~ 
-'v 

. 
'Oll 1+'OV 
~{l" v"f t 

INPUT SIGNAL' 10 VOLT 
Pk -Pk 

FREQUENCY ~ 10KHZ 

ALL UNUSED PINS 
CONNECTED TO GROUND 

00 -10 -20 -'0 -40 -'0 
Vso (GATE-GAOUND VOLTAGE) 
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IIi1I MEM 857P/O/F 

Eight Channel MOSFET Analog Gate 

FEATURES 

• 25 Volt Peak·Peak Signal Input Ral)ge 
• Low Threshold 
• 10" Ohms Input Resistance 
• Integrated Zener Clamp Protection 
• Normally Off with Zero Gate Voltage 
• Square Law Linear Transfer Characteristics 
• Low Crosstalk 
• Low Leakage Presented to the Summing Junction 
• Low "ON" Resistance 
• Low Harmonic Distortion 
• Less Than a 20 Ohm Change of "ON" Resistance 

from Channel to Channel 

DESCRIPTION 

This multiple switch contains 8 nitride passivated insu· 
lated gate field effect transistors. The sources are 
connected in such a way as to afford maximum flexi· 
bility for switching applrcations. 

CIRCUIT DIAGRAM 

3 2 4 

20o-------~------~------+-_.~ 

2IO-------r-------r-~~ 

22 o-------~ ...... ....J 

23 

6 7 

APPLICATiONS 

Analog Multiplexing 
Time Division Multiplexing 
Chopper 
Serial to Parallel & Parallel 

to Serial Converter 
4·channel Differential Switch 

By properly biasing the devices, they can be used either 
as multiple switches, rotary switches, "AND" gates or 
"NOR" gates. 

The nitride passivation process enables this device to 
have a low threshold voltage capability. 

9 II 10 

~~~----1_------t--------016 

L-~+-------~------~15 

~~~---------o 14 

'---+---0 13 

~------~------~------~~----~~~---*------~~----~------~~-O I SUB. 
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MAXIMUM RATINGS 
(T .. = 25°C unless otherwise specified - body grounded) 

Drain to Source Voltage 
Gate to Source Voltage 
Gate to Drain Voltage 
Drain Current 
Gate Current (forward direction for zener clamp) 
Storage Temperature 
Operating Junction Temperature (857P) 
Operating Junction Temperature (857 D/F) 
Total Dissipation at 25°C Ambient Temperature 

MEM 857P/O/F iii 

-30V 
.. -30V 
-30V 

50mA 
. +O.lmA 

Total Dissipation at 25°C Ambient Temperature for each gate circuit. 

. -65°C to 150°C 
..-65°C to 8SoC 

-6SoC to l2SoC 
1.75W 
l7SmW 

ELECTRICAL CHARACTERISTICS 
(T .. = 2SoC unless otherwise specified - body grounded) 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

V&s/thl Gate·Source 
Cutoff Voltage 1.5 - 4.S Volts VDS = V&S, ID = -lO"A, V.s = OV 

IDSS Drain Leakage Current - - S nA Vos = -20V, V&s. = 0 

I 51-4 Source Leakage Current - - 20 nA VSD = -20V, V&DI = 0 sos 5S-8 20 

1&55 Gate Leakage Current - - 1 nA V&S = -20V, VDS• = 0 

IOj .. , Drain Current 10 - - mA VDS = V&S = -lOV, Vas = 0 

BVDSS Drain·Source 
Breakdown Voltage 30 - - Volts IDS = -lO"A, V&51 = 0 

BVsos Source·Drain 
Breakdown Voltage 30 - - Volts ISD = -lO"A, V&OI = 0 

BV&ss Gate·Source 
Breakdown Voltage 30 - - Volts I&s = -lOI'A, V051 = 0 

Yh Transadmittance lSOO - - "mhos VDS = -lOV, 10 = -SmA, f = 1kHz, VIS = 0 

C •• Gate·Source 
Capacitance - 1.5 2.S pF Vss = Vos = -lOV, f = lMHz 

C,d Gate·Drain 
Capacitance - 1.0 2.0 pF V&S = Vos = -lOV, f = lMHz 

Cd. Drain·Source 
Capacitance - 0.04 0.10 pF Vss = VDS = -IOV, f = lMHz 

rOSlan' Drain·Source 
On Resistance - - ISO Ohms V&S = -20V, 10 = -lOO"A, Vas = 0 
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I!rI MEM857P/D/F 

P 24 LEAD PLASTIC 

D 24 LEAD CERAMIC DIP 

TYPICAL CHARACTERISTIC CURVES 

VGSlthl VS. VIS 

, 
ci--- 5 -- -fo--'5 -20- --25 

Ves (VOLTS) 

'; 

rdliDl'lI VS. Vas 
t/.~ parameter 

-1& -20 -18 
V .. fVOLT81 

F 24 LEAD FLAT PACK 

'------

.070 "MOl 
!~~LI!1 .L"'N~, 

PIN 
1 
2 
3 
4 
5 
6 
7 
8 
9 

lO 
11 
12 

400 

-50 

TERMINALS 

FUNCTION PIN 
Substrate 13 
Drain 2 14 
Drain 1 15 
Drain 3 16 
Drain 4 17 
Drain 5 18 
Drain 6 19 
Drain 7 20 
Drain 8 21 
Drain 10 22 
Drain 9 23 
Source 7·10 24 

r.,_, vs. TEMPERATURE 
V6S, V's parameter 

ID --IOOILA 

25 50 " 
TEMPERATURE -C 

FUNCTION 
Gate 10 
Gate 9 
Gate 8 
Gate 7 
Gate 6 
Source 5·6 
Gate 5 
Gate 4 
Gate 3 
Gate 2 
Gate 1 
Source 1·4 

100 



LEAKAGE ¥s. TEMPERATURE 

7.0 

~ 
Q. 

U> 
6.5 

~ 
0 

6.0 

0 

nMIIlIIATUIIE '"(; 

CROSSTALK (dB) ¥S. FREQUENCY 

i'--+-......... --<> " 

IOKA 

-20· 

;;; 
~ ci .. 3 THRU 8 % 
oJ -40 

~ 
;! 

3 
~ 

-60,""" 

-IO j - .;- 1.. ••• 0'"100 

FREQUENCY (KHZ) 

MEM857P/D/F I!!l 

INPUT CAPACITANCE ¥s. VD, 

1.5 

La· 

0.5· 

-5 

. Ie = 10mA' 

f = I MHZ 

-10 -15 

Ves (VOLTS) 

-20 

HARMONIC DISTORTION vs. Vo. 

-'0 

RL parameter 

-20 

B 
HV rv 5011 1+'OV ~s , :PRL ' 

VGGf ~ 
-5V 

INPUT SIGNAL = 10 VOLT 
Pk -Pk 

FREQUENCY ~ 10KHZ 

ALL UNUSED PINS 
CONNECTED TO GROUND 

-30 -40 -50 
VGG (GATE-GRQUt.lD VOLTAGE) 
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'iii' MEM 8S3P/O/F 

Ten Channel MOSFET Analog Gate 

FEATURES 

• 25 Volt Peak·Peak Signal Input Range 
• Low Threshold 
• 10" Ohms Input Resistance 
• Integrated Zener Clamp Protection 
• Normally Off with Zero Gate Voltage 
• Square Law Linear Transfer Characteristics 
• Low Crosstalk 
• Low Leakage Presented to the Summing Junction 
• Low "ON" Resistance 
• Low Harmonic Distortion 
• Less Than a 20 Ohm Change of "ON" Resistance 

from Channel to Channel 

DESCRIPTION 

This multiple switch contains 10 nitride passivated insu· 
lated gate field effect transistors. The sources are 
connected in such a way as to afford maximum flexl· 
bility for switching applications. 

CIRCUIT DIAGRAM 

3 2 4 5 19 17 6 

20O------+------+------;--~ 

2Io------+------+-~~ 

220------!-_---' 

23 

7 

APPLICATIONS 

Analog Multiplexing 
Time Division Multiplexing 
Chopper 
4·channel Differential Switch 
Serial to Parallel & Parallel to Serial Converter 

By properly biasing the devices, they can be used either 
as multiple switches, rotary switches, "AND" gates or 
"NOR" gates. 

The nitride passivation process enables this device to 
have a low threshold voltage capability. 

8 9 II 10 

~-;r-----r-----_+-------o16 

~~+------+-------o15 

L-.--r-------o14 

13 

~----~~----~------~----~~------~_;~~~~~----~----~~----~~-Ol SUB. 

24 18 12 

SOURcE 
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MAXIMUM RATINGS 
(T" = 25°C unless otherwise specified - body grounded) 

Drain to Source Voltage 
Gate to Source Voltage 
Gate to Drain Voltage 
Drain Current 
Gate Current (forward direction for Zener clamp) 
Storage Temperature 
Operating Junction Temperature (853P). 
Operating Junction Temperature (853 D/F) 
Total Dissipation at 25°C Ambient Temperature 

MEM 8S3PfOfF [!] 

.-30V 

.-30V 
-30V 

50mA 
.+O.lmA 
. -65°C to 150°C 

. ....... -65°C to 85°C 

Total Dissipation at 25°C Ambient Temperature for each gate circuit 

. -65°C to 125°C 
1.75W 
l75mW 

ELECTRICAL CHARACTERISTICS 
(T" = 25°C unless otherwise specified - body grounded) 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

V6S1thl Gate·Source 
Cutoff Voltage 1.5 - 4.5 Volts Vos = V6S, 10 = -lOl,A, V,s=OV 

loss' Drain Leakage Current - - 5 nA Vos = -20V, V6S, = 0 

Sl-4 20 
Isos S5·6 Source Leakage Current - - 10 nA Vso = -20V, VGO' = 0 

S7-l0 20 

16ss Gate Leakage Current - - 1.0 nA V6S = -20V, Vos, = 0 

10/001 Drain Current 10 - - mA Vos = V6S = -lOY, V's = 0 

BVDSS Drain·Source 
Breakdown Voltage 30 - - Volts IDs = -lO!,A, V6sa = 0 

BVSDs Source·Drain 
Breakdown Voltage 30 - - Volts ISD = -lO!,A, VGoa = 0 

BV6ss Gate·Source 
Breakdown Voltage 30 - - Volts 16s = -lO!,A, VDsa = 0 

Yls Transadmittance 1500 - - !,mhos VDS = -lOV, ID = -5mA, f = 1kHz, V's = 0 

C •• Gate·Source 
Capacitance - 1.5 2.5 pF VGS = VDS = -lOV, f = lMHz 

C.d Gate·Drain 
Ca pac ita nce - 1.0 2.0 pF VGS = VDS = -lOY, f = lMHz 

Cd. Drain·Source 
Capacitance - 0.04 0.10 pF VGS = VDS = -lOY, f = lMHz 

rOSlonl Drain·Source 
On Resistance - - 150 Ohms V6S = -20V, ID = -lOOILA, Vas = 0 
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I!!I MEM853P/D/F 

P 24 LEAD PLASTIC 

D 24 LEAD CERAMIC DIP 

EC8~~ / ~ li:::::lk I 
uti!! i.olO lllllt mr ___ ~ 

-1~. 

TYPICAL CHARACTERISTIC CURVES 

VGSlthl vs. v.s 

-5.0 

~-40~' 
- -3.0 
~ 

} -2.0\ 

-1.0 

Vos '* VGS 
IO' -IOJLA 
T.' 25·C· 

0- 5 10' 15 20 25 

Ves (VOLTS) 

" 

:!!.!!. .... 

r.1-1 vs. V&S 

V" parameter 

_III -tD 

..... lvo~"l 

F 24 LEAD FLAT PACK 

PIN 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

TERMINALS 

FUNCTION PIN 
Substrate 13 
Drain 2 14 
Drain 1 15 
Drain 3 16 
N.C. 17 
Drain 4 18 
Drain 5 19 
N.C. 20 
Drain 6 21 
Drain 8 22 
Drain 7 23 
Source 5-8 24 

FUNCTION 
Gate 8 
Gate 7 
Gate 6 
Gate 5 
N.C. 
N.C. 
N.C. 
Gate 4 
Gate 3 
Gate 2 
Gate 1 
Source 1·4 

r"I"" vs. TEMPERATURE 
VGS, VIS parameter 

-50 -25 2' .0 100 

TEMPERATURE -C 

12. 



MEM853P/D/F I!iI 

LEAKAGE va. TEMPERATURE 

INPUT CAPACITANCE VB. V .. 

I~J 
~ 

;.'~-=t 

·20~--

~ -40~-·-· 
;! 

i 
u 

-60~ 

CROSSTALK (dB) VB. FREQUENCY 

• ~ s1'-_I-~"",,-o"1 
'IKA~ ® a. IOOA 

. ®T~.l1;l 
.~ INPUT SIGNAL. IOYOLT"::-~k~ 

CROSSTALK (dB). 20 LOG ~ 

i; 
.'-+--+''"! 

I! 

ALL UNUSED PINS OF MOS'ETS 3 THRU 10 
ARE CONNECTED TO GROUND 

"i' 'T' 1···r·:r····-rj··Tli 
···1··t+I····t-·-i-rH 

... :_: .. ! .... :.1 .. 1 .. 11 i -,o,_.J..--",-_~ .. __ L"jO-·-~-·----' _..I _liJ-o-·l. -L • ioOO- --L --Tote 
FREQUENCY (KHZI 

6.0: 

1.5,.-

f· 
1 

VDS (VOLTS) 

HARMONIC DISTORTION VB. V"" 
RL parameter 

a I 
f·_···- 50A 1+'OV I' ~s 

~~RL[ v··f l i 
~ ... -

1.0'···· -, 

r-" 

.. ..j._. 

INPUT SIGNAL· ro VOLT 
Pk -Pk 

FREQUENCY· IOtcHz 

ALL UNUSED PINS 
CONNECTED TO GROUND 

I 

I 

r····· · •. · .• t:-~~~I_._ .. =.::L .... ~]=-·-J 
°b-··'·· -10 -20 -30 -40 -50 

V.I (GATE-GROUhD VOLTAGE) 
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Counts (up or down), stores & 
decodes four decades to 7-
segment outputs. 

DVM logic incorporating dual 
ramp integration 

INDUSTRIAL 

IiiIMICRO L::.I ELECTRONICS 

• 





lal AY-5-4057 

Four Digit Counter 

FEATURES 

• Fully static operation. 
• Maximum clock input 500kHz. 
• Reset input. 
• Multiplexed outputs. 
• Final Carry output and two intermediate carry outputs. 
• TTUDTL compatible inputs and outputs. 

DESCRIPTION 

The AY -5-4057 is a fully static four digit counter capable of 
accepting'a count frequency of up to 500kHz. The four counters 
are connected in series, each having a4-bit store associated with 
it. The counters change on the negative going clock transition, 
and the counter outputs are transferred to the 4-bit stores when 
the load control is taken to LogiC '0'. 

The count held in the four stores is strobed out in sequence by a 
signal derived from the 'Strobe Input'. The multiplexed BCD 
outputs are output in sequence and are capable of driving a 
decoder/driver. The 'Strobe Input' operates on a positive transi
tion (0 to 1), and the multiplex outputs, P and Q are in a 2-bit 
binary sequence. 

In addition to the count outputs, the device has a 'Final Carry 
Output' (CO 4) and two intermediate carry outputs, C02 and 
C03, from the second and third decades respectively. 
A reset line is provided to reset all four decades to the zero state. 

BLOCK DIAGRAM 

COUNT 

PIN CONFIGURATION 

16 LEAD DUAL IN LINE 

Vec (+5V) MultiplexQ 

Reset MultiplexP 

VGG (-12V) Strobe 

Final Carry (Decade 4) Load Input 

Carry Output Decade 3 Count Input 

Output 8 VGI (GND) 

Output 4 Carry Output Decade 2 

Output 2 Output 1 

FINAL CARRY 

INTCARRY 2 .. JL.l __ ~JL~~~~~~:t:!::t:jt~t:jt:t::12~:::: INTCARRY3 

LOAD 

STROBE 

P a 

MULTIPLEX 
OUTPUTS 

A C 

SEGMENT 
OUTPUTS 

D 

• 
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AY-S-40S7 

PIN FUNCTIONS 

Name 

COUNT INPUT 

LOAD INPUT 

RESET 

STROBE 

P&QOUTPUTS 

'INTERMEDIATE 
CARRY (C02) 

'INTERMEDIATE 
CARRY (C03) 

'FINAL CARRY 

Functions 

A negative going (1 to 0) signal on this input causes the counter to be incremented by 
one. 

A logic '0' level on this input causes the contents of the four counters to be 
transferred to the store. To store anyone count, the load Input must go to logic '0' a 
minimum of 800 nsec after the count pulse that sets up the count to be stored. (ts1 
on timing diagram) and stay at logic '0' for a minimum of 1 Ilsec. 
A logic '1' level applied to this input will reset all four counters to the all 'O's state. 
(Store Is not reset). A delay of 250 nsec must be allowed (ts2 of timing/diagram) 
after the reset goes to logic '0' before a count is started. 

A positive going ('0' to '1') Signal on this input clocks the multiplex counter. thereby 
causing the count to be output in the correct sequence. 
The two Multiplex outputs P and a, identify which decade is being output. 

P a 
1 0 
o 1 
1 1 
o 0 

Strobes decade 1 
Strobes decade 2 
Strobes decade 3 
Strobes decade 4 

This output is generated by the second decade of the counter. 

This output is generated by the third decade of the counter. 

This output is generated by the fourth decade of the counter. 

'All carry outputs go to logic '1' on count 8 and return to logic '0' on count 10. 

COUNTER-DISPLAY INTERFACE 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Max. voltage between Vee and any pin ....... -20V to 0.3V 
Operating Temperature Range .......... O·C to +70·C 
Storage Temperature Range ......... -6S·C to +1S0·C 

Standard Conditions (unless otherwise noted) 
Vao = -12V ±1V 
Vee = +S.O ±O.SV 
Vm=OV 

Operatin!! Temperature (TA) = O°C to +70°C 
Output Loading + 1 TTL Load 

CL TOTAL = 10 pF 

Characte .... tlc Min Max 

Count Input 
Repetition Rate DC SOO 
Rise/Fall Times - 10 
Logic '0' - +0.6 
Logic'1' Vec-1.S -
Input Capacitance - S 
Load Input 
Pulse Width tsw' 1.0 -
Set-up Time ts1 600 -
Logic'O' _. +0.8 
Logic'1' Vee-1.S -
Input Capacitance - 10 
Strobe Input 
Repetition Rate DC 10 
Pulse Width 10 -
Rise/Fall Times - 10 
Logic'O' - +0.8 
Logic'1' Vec-1.S -
Input Capacitance - S.O 
Reset Input 
Pulse width tRW 1 -
Set-up-Time ts2 2S0 -
Logic '0' - +0.4 
Logic'1' Vec-1.S -
Input Capacitance - 10 
Outputs 
Logic '0' - +0.4 
Logic'1' Vec-1.0 -
Propagation delay tpd - 2.0 
Input Leakage - S.O 
Power - 3S0 

TIMING DIAGRAM 

AY-5-4057 iii 

·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 
I'S 
V 
V 
pF V1N=VCC 

I'S 
ns 
V 
V 
pF VIN=VCC 

kHz 
1'8 
I'S 
V 
V 
pF V'N=Vee 

I'S 
ns 
V 
V 
pF 

V IOL=1.6mA 
V IOH=100pA 
1'8 

I'A V;,=Vec-10V. at2S0C 
mW 

COUNT ~--~---E~:::~~ 
I [ 1\- yc-=====_. LOGIC 1 

LOAD - ts;:J'-ltsw jf------LOGICO 

RESET II jE, .. ~~~:::: 

,""'OS I ~~:::; 
!---tPd 
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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, seven segment displays. 

• Large output current capability on seven segment outputs, 
typically 2SmA with 1V dJop. 

• 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 

Dt~J.r~5WT 
100 10' 

ILSD) IMSOI AY-5-4007A shown: 

• indicates functions 
available with the AY-5-4007D. 

PIN CONFIGURATION 

40 LEAD DUAL IN LINE 
AY-S-4007A 

Vee (+5V) 

Count Input 
Down/Up Command 

Transfer Input 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 

vG. (-t2V) 
N.C. 

BSegment 
C Segment 
o Segment 
G Segment 
ESegment 

N.C. 
N.C. 

ASegmen! 
F Segment 

TruetComplement Control 
A .... Input 
4th Decade Carry Output 

N.C. 
N.C. 
3rd Decade Carry Output 
2nd Decade Carry Output 
Sari .. Output 
100 0lgit Select Output 
Digit Select Clock Input 
10' Digit Select Output 
to' Dig" SelIIC1 Output 
to' Digit Select Output 

2"acDOutput 
2' BCD Output 
Shift Clock Input 
2' BCD Output 
2°800 Output 
VOl (GNO) 
Common Source 

MTNS P-channel enhancement mode transistors. 

AY-5-4007A, Available in 40 Lead Dual In Line package, allows 
for lIli available functions. 
The AY-S-4007 and AY-S-4007D incorporate the most commonly 
used features in 24 Lead Dual In Line packages. 

7 SEGMENT 
OUTPUTS 

ABCDEfG 

. 
Flila 
Elle .. 

- - -llol~fc\\,ON 
.....~.-L-.J......L.-'-, I 

I---I-e ~~:g: L....,.,.., .. _--' I BCD OUTf'UTS 
~ ____ -+-o25 IMS81 

SERIAL :t=!=====~flr~;~~~~LT~ au",UT 

SHI" CLOCK 
INPUT 

TRANSFER 
INPUT 
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PIN CONFIGURATIONS 
24 LEAD DUAL IN LINE 
AY-5-4007 

Vee (+5V) 
Count Input 

Down/Up Command 

Transfer Input 

VGG (-12V) 

B S~gment 

CSegment 

o Segment 

G Segment 

E Segment 

A Segment 

F Segment 

PIN FUNCTIONS 

Name 

COUNT INPUT 

RESET INPUT 

DOWN/UP COMMAND 

Top View 

2ND DECADE CARRY OUTPUT J 
3RD DECADE CARRY OUTPUT 
4TH DECADE CARRY OUTPUT 

TRANSFER INPUT 

SHIFT CLOCK INPUT 

SERIAL OUTPUT 

True/Complement Control 

Reset Input 

4th Decade Carry Output 

100 Digit Select Output 

101 Digit Select Output 

102 Digit Select Output 

1030lgl1 Select Output 
23 BCD Output 

22 BCD Output 

2'eCD Output 

2° BCD Output 
VGI (GND) 

AY-5-4007. AY-5-4007A • AY-5-4007D 

24 LEAD DUAL IN LINE 
AY-5-4007D 

Vee (+5V) 

Count Input 
Down/Up Command 

Transfer Input 

VaG (-12V) 
B Segment 
C Segment 

o Segment 
G Segment 

E Segment 

ASegmenr 
F Segment 

Top View 

Reset Input 

4th 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 

103 Digit Select Output 

Shift Clock Input 

VGI (GND) 

Common Source 

NOTE: For AY-S-4007D, True/Complement control 
is internally connected to logic "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 decade 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 psec. 

The count direction depends upon the logic level on the DOWN/UP Command input. 
Logic '0' = Count UP. Logic '1' = Count DOWN. 

Normally the Carry Outputs are at a logic '0' level; when activated a positive pulse is 
generated on the output line, which is identical 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. 

This input is used to apply clock pulses to the 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') 
has tobe limited to 20,usec. 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 OUTPUT (LSD) 1 
101 DIGIT SELECT OUTPUT 
102 DIGIT SELECT OUTPUT 
103 DIGIT SELECT OUTPUT (MSD) 

2° BCD OUTPUT(LSB) 1 

These outputs provide sequentially an active logic level (logic '1' if the 
True/Complement Control is at a logic '1'; logic '0' ilthe 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 

These outputs provide the Binary Coded Decimal representation of the digit being 
selected and displayed by the multiplexer. 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 output transistor. 

This is the common of the 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 Voo 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 logic '1', when at a logiC '0' active level is a logiC '0'. 

An external signal applied to this terminal overrides the internal oscillator. When the 
internal oscillator is used, this terminal must be left floating. 

II 
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m 'AY·5-4007 • AY·5·4007A • AY·5-4007D" 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 
Voltage on any pin with respect to Vee. . . . . . . . . -20 to +0.3V 
Storage temperature range. . . . . . . . . . . . -65°C to+150°C 
Ambient operating temperature range . . . . . . . . 0° C to +70° C 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
thse devices at these conditions Is not 
implied-operating ranges 'are specified 
below. 

Standard Conditions (unless otherwise noted) 
Vee = +5.0 ±0.5V Vaa = -12V ±1V OR -7.0V ±0.5V 
VOl = OV Operating Temperature (T A) O°C to +70°C 

Voo=-12V±1V 

Characteristic Min Typ" Max 

Inputs 
Logic '0' Vaa . +0.8 
Logic'1' Vee-1.5 - Vee +0.3 
Capacitance - - 10.0 
Leakage - - 5.0 
Repetition Rate D.C. - BOO 
Pulse Width 0.7 - -
Tr&Tf - - 100 
True/Complement/ 
Control Input 
Input Current 10 40 100 

10 25 50 
Digit Select Clock 
Input Current 10 60 150 

50 250 1 BOO 
Internal Freq. 1.0 ' 2.0 4.0 
External Freq.-Data only D.C. - 100 

Display D.C. - 15 
Shift Clock 
Frequency D.C. - 1 
Pulse Width 0.4 - 1000 
Input Current 20 100 400 
Outputs-7 Segment 
(See Note 2) 
Leakage Current - - 10 
Device on Cu rrent 15 25 45 

Device on Current 12 18 27 

Power Dissipation 
(per segment at 25°C) - - 200 
Other Outputs 
Logic '0' - 0.2 0.4 
Logic '1' Vee -1.0 Vee-0.B5 -
Propagation Delay - - 1.0 

1.5 
Tr, Tf 
Rrse, Fall Times - 0.15 0.3 
Power. 
100 - 25 35 

"Typical values are at +25° C and nominal voltages. 

TIMING DIAGRAMS 
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n,. 0000 "" 0000 0001 0000 "" 

DOWN/UP 
COMMAND ___ ~ 

CARRY 
OUTPUTS 

CARRY OPERATION 

Voo = -7V ±O.5V 

Min Typ" Max Units Conditions 

Vaa - +0.8 Volts See Fig. 4. 
Vee-1.5 - Vee +0.3 Volts 

- - 10.0 pF V'N=Vee t=1MHz 
- - 5.0 p.A V'N-Vee =-10Vat25°C 

D.C. - 350 kHz Square Wave 
1.0 - - p.sec Pulse either high or low 

100 p'sec 

10 - 50 p.A V,N = Vee 
10 - 25 p.A V,N = VOl See Fig. 5 

5 25 75 p.A V,N = Vee (Sink) 
50 150 1000 p.A V,N = VOl (Source) See Fig. 3. 
1.0 2.0 4.0 kHz 

D.C. - 50 kHz 
D.C. - 7 kHz Display Duty Cycle 25% 

D.C. - 0.8 MHz 
0.5 - 1000 p.sec See functional description 
10 30 200 p.A V'N= VOl (See Fig.B), 

- - 10 p.A Vour-Vee = -10V at 25°C 
12 20 35 rnA Ves-VouT=+1.0V at 25°C, 

Vcs= Vee 
7 11 17 rnA Ves-VouT = -1.0V at 25°C, 

Ves = VOl 

- - 200 mW See Note 1 & Fig.1. 

- 0.3 0.4 Volts lac = 1.BmA with 10pF load 
Vee-1.0 Vee -0.65 - Volts lac = 50p.A 

- - 1.5 p.sec Carry 0 utput } . 
- - 2.0 p.sec Serial Output See Fig. 2 

- 0.3 O.B p'sec 

- 13 20 rnA (Vee to Vaa) 

NOTES: 
1. Derate Power Linearly to 100mW at 70°C. 
2. See also Typical 7-Segment Output Curves, Figs.9, 11, & 13 (-12V ±1V) 

See also Typical7-Segment Output Curves, Figs.10, 12, & 14 (-7V ±0.5V) 

10' DIGIT 
SELECT OUTPUT 

10" DI81T 

la' DIGIT ___ ..-JrlL. ___ --'I1L. ___ --Jr 
10· D,.,T 1'-___ ....111 111... __ _ 

1 I I I I. I I I 1 I I 
,IDS 102 10' 10° 10' lot 10' lfI ,01 101:. 

OICIIT 

DIGIT SELECT OPERATION 
(True/Complement Control Is at logic '1' level) 



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 a logic '1' for a continuous transfer and 
display operation. 
The Storage register may also be operated as a parallel-in serial
out shift register. In this case clock pulses are to be provided to 
Shift Clock Input, the serial content of storage register is availa
ble 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 

AY-5-4007 • AY-5-4007A • AY-5-4007D 

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
mation from storage register to the 7 segment decoder drivers 
and to the BCD Outputs. 

The counter scans from MSD (10' digit) to LSD (10' dig it). 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 components when driving 7 segment displays such as LEDs, 
fluorescents, incandescents, 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 

DIGIT 
A 

0 · 
1 -
2 · 
3 
4 -
5 
6 · 
7 
8 · 
9 

LEGEND: 
• output transistor ON 
- output transistor OFF 
o logic '0' 
1 logic '1' 

B C D E F G MSB LSB 
2' 2' 2' 2° 

· · · · · - 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 
D 

7 SEGMENT AND BCD OUTPUTS TRUTH TABLE 
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SolO 

r-~~~~~~~~~~ __ .--. ___ COMMON 
SOURCE 

A 

L...... ____ ~ B 
L...... ________ ~ C 

'---------~ 0 

L......-------~E 

L......------------------~F 

'-----------------.,~ G 

Flg.1 7-SEGMENT OUTPUTS 

Flg.3 DIGIT SELECT 

CLOCK INPUT 

Flg.4 TYPICAL INPUT 

CIRCUIT DIAGRAMS 

OV 

100 ,. ,. 
10' 

18 

H" 17 

10' ,. 
11 

-12V +5V 

24 
12 

COUNT 
INPUT 

RESET 

'ChooH,..isto,. 
toglW required 

segment current. 

Flg.7 cOMMON CATHODE LED DISPLAY 

---------~----VGI 

+--~ OUTPUT (TYP) 

----------~----~~-----vcc 

Flg.2 ALL OTHER OUTPUTS 

Flg.5 TRUE/COMPLEMENT 

INPUT 

Flg.6 SHIFT CLOCK 

INPUT 

OV -12V 

V" DIU 

10" 19 
14 

10' 
18 

10' AY~5-4007D 

17 

10' 
18 

10 12 

Flg.SCOMMON ANODE LED DISPLAY 

'CI1OO18ret1ltOtl 
to gl'18 required 
aegmenlculT8fl1. 



AY-5-4007. AY-5-4007A • AY-5-4007D I!!J 
TYPICAL CHARACTERISTIC CURVES 

" c 

" " m 
Z ... 
3 
> 

VGG=--7V VGG '" -12V 

30..,----,----,-----, 3O~-----,------,--------, 

" c 

" Ves eVG1 ;:: 
Z ... 
3 
> 

10 _ 

2' '0 1. 50 1. 

TEMP .. oC TEMP.OC 

Flg.9 Fig.10 

TYPICAL CURVES OF SEGMENT CURRENT VS. TEMPERATURE AT 1V ACROSS OUTPUT DEVICE 

so 

40 

30 

's 20 
rnA 

's 
rnA 

10 

50 

40 

30 

20 

10 

-
V -

/ -
V -

V 
0 I 1 1 

0.5 1.0 1.5 2.0 

Vs volts 

Flg.11 

VGG -" 12V; Ves VG1 

-

-
/ -
~ 

/ -
1/ 

V 
0 

<'5 1.0 1.5 2.0 

Vs volts 

Flg.13 

'S 
rnA 

I-

~ 
a: 
a: 
:> 
u 
I-., 
I-
:J 
a 
I-

~ 
:; 

~ 

's 
rnA 

so 

40 

30 

20 

10 

so 

40 

30 

20 

10 

/ -
/ -

/ 
;/ 

V 
V 

-
-

-
-

I 
05 1.0 1.5 

SEGMENT VOL TAGE 
Vs volts 

Flg.12 

VGG"" -7V;VCS ""V GJ 

V 
V V 

V 
I 

1.0 
"Is volts 

Flg.14 

I 
1.5 

2.0 

I 
2.0 

TYPICAL SEGMENT OUTPUT CURRENT Vs OUTPUT VOLTAGE AT +25°C 
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, .. AY-5-3507 AY-5-3510 

31/2 Digit DVM 

FEATURES 

• 3}<. Decade Display (±1999 max. reading) 
• Automatic Polarity Detection 
• Overrange Indication 

AY-5-3507 
• Direct LED 7-Segment Drive 
• Up to 5 readings per second 

AY-3-3510 
• BCD Outputs 
• Up to 50 readings per second 
• Chopper Output provided for oscillator synchronization or 

underrange indication 

DESCRIPTION 

The AY-5-3507 and the AY-5-3510 are MOS LSI circuits 
containing all the logic necessary for a 3'h Decade Digital 
Voltmeter utilizing Dual Ramp integration. Automatic polarity 
detection is incorporated as is automatic overrange indication. 
For the AY-5-3507. the outputs are multiplexed onto a 7-seament 
bus allowing easy interface to LED and similar displays. For the 
AV-5-3510 the outputs are multiplexed onto a BCD bus allowing 
easy interface to a wide variety of displays. 

BLOCK DIAGRAM 

PIN CONFIGURATION 
18 LEAD DUAL IN LINE 
AY-5-3507 

F Segment 

GSegment 

ESegment 

Signal Switch 

Comparator Input 

Negative Ref. SWitch 

Positive Ref. Switch 

A Segment 

B Segment 

16 LEAD DUAL IN LINE 
AY-5-3510 

Top View 

Top View 

vs. (GND) 

OutputC 

Output 0 

Chopper Output 

Voo (-20V) 

Clock Input 

MXl 

MX2 

MX4 

MX3 

MX2 

MXl 

Clock 

Voo (-15V) 

o Segment 

CSegment 

Vee (GND) 

Output B 

Output A 

Positive Ref. Switch 

Negative Ref. Switch 

Comparator Input 

Signal Switch 

MX4 

MX3 

1<-----1f-++--<> CLOCK 

9-12 

COMP 
INPUT 

~~~~~~.j.......j(M" 

AY-5-3507 

(MX2 

t MX3 

t MX
' 

SAME AS AY-5-3507 EXCEPT AS MARKED ABOVE. 

AY-5-3510 



PIN FUNCTIONS 

Name 

COMPARATOR INPUT 

CLOCK INPUT 

REFERENCE SWITCH 
OUTPUTS 

SIGNAL SWITCH 
OUTPUT 

DISPLAY MULTIPLEX 
OUTPUTS 

AY-5-3507 
SEGMENT OUTPUTS 

AY-5-3510 
CHOPPER OUTPUT 

AY-5-3510 
DISPLAY OUTPUTS 

OPERATION 

Functions 

A logic '0' level corresponds to a negative input signal. 
A logic '1' level corresponds to a positive input signal. 

AY-5-3507 • AY-5-3510 

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. A logic '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' for2 clock periods to display (see Fig. 4). The outputs 
selected will be as follows:-
MX1 0/1, ±, Over-range MX3 Decade 2 (10') 
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. 

This output is a square wave at 1/100 the clock inputfrE!quency. It can be used either 
to phase lock the clock oscillator to the mains or to provide a 5% FSD under-range 
signal. 
The outputs of the 3 decade counters are presented on the outputs A, B C, D in BCD 
complement code. A=2', B=2', C=2', D=2'. At MX1 time, the most significant digit is 
output on Awith its complement on D, sign is output on B and over-range on C. 

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 

3'/2 DECADE DIGITAL VOLTMETER 

SIGNAL 
INPUT 

store together with polarity information. 9 
Should the input signal beso large that zero is not reached dUring. 
one counter cycle, an overange flip flop will be set and will remail'1 
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 
(AY -5-3507) or 4 line (AY -5-3510) output bus. 
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I!I AY-5-3507. AY-5-3510 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings" 
Maximum voltage between any pin and Ysspln . . . . +0.3 to -20 V 
Operating temperature range . . . . . . . . . . . . O·C to +70·C 
Storage temperature range ............. -65·Cto+l50·C 
Maximum power dissipation. . . . SOOmW (total), 50ImW (per output) 

Standard Conditions (unless otherwise noted) 

AY-5-3507 
Vee GND 
Vss 
Voo -12 to -18V 
Operating Temperature (TA) = O·C to +70·C 

Characterlatlc Min 

AY-5-3507 

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 

Logic '0' leakage current -
Switch Outputs (Note 1) 
Logic '1' sink current O.S 

Logic '0' leakage current ~ 

Segment Outputs (Note 1) 
Logic '1' sink current 4.2S 

Logic '0' leakage current -
Supply Current -

-
AC CHARACTERISTICS 
Clock & Comparator Inputs 
Input Capacitance -
Clock Frequency DC 

DC 
Clock Pulse Width 10 
Display Multiplex Outputs 
Propagation delay -
Segment Outputs 
Propagation delay -

AY-S-3510 
Clock & Comparator Inputs 
Logic '0' Level -8 
Logic '1' Level +0.3 
Input Capacitance -
Input Leakage -
Clock Frequency DC 
Display Multiplex Outputs (Note 1) 
Logic '1' sink current 2 
Logic '0' leakage current -
Display & Switch Outputs (Note 1) 
Logic '1' sink current· 0.7 
Logic '0' leakage current -
Supply Currant -

""Typical values are at+25·C and nominal voltages. 
NOTE: 

AY-5-3510 

GND 
-18to-24V 
O·C to+70·C 

Typ •• 

-
-
-
2 

-
0.8 

-
7 

-
1.S 
3.6 

-
-
-
-

-

-

-
-
-
-
-
-
-

-
-
~ 

Max 

-18 
-1 
10 

3.2 

10 

1.2S 

10 

11 

10 
2.2 
5.25 

10 
20 
10 
-
4 

10 

-24 
-1 
5 
10 

200 

-
10 

-
10 

10.5 

"Exceeding these ratings could cause 
permanent damage. Functional operaton of 
these devices at these conditions Is not 
Implied-operating ranges are specified 
below. 

Units Conditions 

Volts 
Volts 
~A VIN = -18V, TA = +2S·C 

mA VOUT = -2V, TA = +2SoC, 
VGG = -12V 

~A VOUT = -18V, TA = +2SoC 

mA VOUT = -2V, TA = +2S·C, 
VGG = -12V 

~A VOUT = ~18V, TA = +2S·C 

mA VOUT= -2V, TA = +2S·C, 
VGG = -12V 

~A VOUT = -18V, TA = +2S·C 
mA Vee = -12V, TA = +25°C 
mA Vee = -18V, T A = +25·C 

pF VIN = OV, f = lMHz 
kHz Vee = -18V 
kHz Vee = -12V 
~s Note 2 

~s from Clock positive edge 

~s from Multiplex 
output positive edge 

Volts 
Volts 

pf VIN = OV 
,..A VIN = -24V 

kHz 

mA VOUT = -6V 
,..A VOUT = -24V 

mA VOUT = -4V 
,..A VOUT= -24V 
mA Vee = -24V 

1. All outputs are single-ended ("open-drain"). External pull-down resistors are required. 
2. A square waveform is preferred. 
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7 SEGMENT OUTPUT TRUTH TABLE (MX2-MX4) 
......... Outpul 

OigitABCDE G 
o A 

~ ,I G I_ 

i 'I Ie 
8 -0--

9 

MX1 OUTPUT TRUTH TABLE 
""",,1 OulpUI 

Display A B C 0 E G 
0 0 0 0 0 
1 1 1 0 0 
+ 0 0 0 0 

0 0 0 , 
UR 0 0 0 0 
OR 0 0 0 0 Flashed 

ANALOG CIRCUIT DIAGRAMS 

-----.... -----11--- +VSS 
+REFo--

R' 
lNPUTC>--·------..... .JVIIIr ..... --l 

OUTPUT 

-REF 0--

INTEGRATOR COMPARATOR 

Flg.1 BASIC ANALOG CIRCUIT-AY-5-3507 

FIg.3 DISPLAY INTERFACE For AY-5-3510 

68K 
-10 

AV-S-3S07 • AV-S-3S101i] 

2 CLDCK 
PERIODS 

Mx,J=L __ rL 
MX2 1 I 
MX3 

o I 
MX4 I 

FIg.2 MULTIPLEX WAVEFORMS 

AY-5-3510 

BCD OUTPUT TRUTH TABLE (MX2-MX4) 

A B c o 

MX1 OUTPUT TRUTH TABLE 

SIGNAL 
SWITCH 

A , 
0 
X 
X 
X 
X 

B C 
X X 
X X , X 
0 X 
X , 
X 0 

0 0/1 
0 0 , , 
X 
X 
X 
X 

Digit Output 

Polarity Over-range 

+ 

OR 

+10V 

SIGNAL o--'1"<--+--+=--....,~ 
,," 

Flg.2 TYPICAL ANALOG CIRCUITRY-AY-5-3510 

- ..... ------<1,..-.--..... .,.lOV 

UK 2N3906 

10KHz 

22K 1.2K 

88K 1.2K 

Flg.4, CLOCK OSCILLATOR-AY-5-3510 
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iii AY-5-3507. AY-5-3510 

TYPICAL CHARACTERISTIC CURVES 

28 

24 

~ 20 
~ 
Z 
~ 16 
a: 
::) 
() 

~ 12 
Cl. 
~ 
::) 

8 0 

4 

VOUT Volts 
OUTPUT CURRENT VS. OUTPUT VOLTAGE 
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1.6 

o 1.4 

~ 
a: 
~ z 
w 
a: 
a: 
::) 
() 1.2 

1.0 
-10 

TA = 25°C / 
V 

) 

/ 
'{ 

/ 
V 

-12 -14 -16 -18 

VaG Volts 
NORMALIZED OUTPUT CURRENT 

VS. SUPPLY VOLTAGE 

2 

0 
1.5 ~ 

a: 
~ 
Z w 
a: 
a: 
::) 
() 

0.5 

-20 

1. 
1,\ 

o 
~ VGG = -15V '" '" 
a: 1.0 

!Z 
w 
a: 
a: 
::) 
() 

0.9 

0.8 
o 

6 

5 

4 

« 
E 

J3 

2 

-10 

~ 
~ 

" 25 50 75 

TEMPERATURE °C 
NORMALIZED OUTPUT CURRENT VS. 
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/ 
[;7 

/ 
/ 

-12 -14 -16 -18 
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'al AY-5-3500 

3314 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. 
• Underrange 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 

vss (GNO) 

¥GG (-15V) 

Underrange output 

Overrange output 

x, Scale length select 
X2 Scale length select 

BCD enable 

'lfJ/ A Segment output 

2'/S Segment output 

22/C Segment output 
23/0 Segment output 

Vo, 
Clock input 

Reset output 
Clamp output 

V1N comparator 
Vx comparator 

N.C, 

Multiplex input 

Hold enable 

Load enable 

10" (LSD) Digit Select 

10' Digit Select 
102 Digit Select DESCRIPTION 

E Segment output 

F Segment output 
G Segment output Polarity, 103 (M.S.D.) Digit Select 

The AV-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 achieved by the use of 4-
phase logic with an "9n chip" clock generator. 

BLOCK DIAGRAM 

See next page for details of Pin Functions. 

i' ALSO 22 ALSO 2' ALSO 20 ALSO 
,03MSD. 
POL.l.U 

SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT 
G FED C B A 

MUlTIPLEX --, ...... .,=:~1=:1!!t:::l--1 INPUT t----------:;A~i.E 

HOLD 
E~LE---~,_--~ 
INPUT 

LOAD 
ENABLE 
INPUT 

INPUT 
COMPo 

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
mentcycle. 

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 

XI X2 Scale 

0 1 999 
1 0 1999 
0 0 2999 

OVERRANGING 

OVerrange 
Range Count DI.play Output 

999 OXXX XXX 0 
1 XXX 1 XXX} First 0 
2XXX XXX, Two Digits 0 
3XXX 3XXX Flash 0 

1999 OXXX XXX 0 
1XXX 1XXX 0 
2XXX 1XXX tirst Two 1 
3XXX 3XXX Digits Flash 1 

2999 OXXX XXX 0 
1XXX 1 XXX 0 
2XXX 2XXX 0 
3XXX 3XXXj First Two 1 

Digits.Flash 

9-18 

CLAMP OUTPUT 
The clamp 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' 
0=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. 



AY-S-3500 I!1l 
TIMING DIAGRAMS 

..... TI .... n 
~ L ______________________________ ~ 

MULTIPl.D n 
~ __ ----' L _______ _ 

MULT1PLD n 
OUTPUT "'0'\ _____ ----' '-___ _ 

.... TlPUil1 

OUTPUT IL "'0'\ 
I'OLAA1TY • '.1. _________________________ -.J 

Fig. 1 MULTIPLEX INPUT AND OUTPUT 

j4-'28MULTIPLEX ~ 

=- :If--r' 
RAMP • "-: ~ 
GENERATOR. ~ ~ f" 

~MP. ~--u---tJ 
',JLSLi i CLAMP 

OUTPUT 

INPUT 
COMP 
FOR-v. 
POLARITY 
DISPLAY ~ L 
NOTe. NOT TO SCALE ~C::;E. CLOCK PERIOOS-.ll--

Flg.3 INPUT AND RESET OUTPUT TIMING 
DIAGRAM SHOWING CLAMP OUTPUT 

12S MULTIPLEX 

RESET 
OUTPUT 

1'4- 128 MUL TIPl.EX -----.t '-,r-CLOC1(PERIODSu 8 

, 

RAMP' ~ ~ 
GENERATOR ~ ~ ~ 

:-U---U-y, 
COMPo 

',---'U-U-FOR-VB I 
INPUT 
COMPo 

POLARITY 
DISPLAY 

~~~~Y ~n n I 
NOTE: NOT TO SCALE 

Flg.2 INPUT AND RESET OUTPUT 

1--'28 MULTIPLEX CLOCK PERIODS~ 

--1'1- ~ •. 1--___ _ 

.... T ·,ilr--------;"-
OUTPUT U U 

'-U--+- ~~. 1::::1--UNOERRANGE i 
OUTPUT j 

, : 
~.t+ ~'i-f-

OVER
RANGe 
OUTPUT 

>------~ 

NOTE. OYeR-RANOE OUTPUT GOES TO A lOGIC ,,' AS SOON AS AN oYER_NOE COUNT HAS BEEN DETECTED IT 
RETURNS TO '" LOGIC '0' AT TtE END Of THE MEASUREMENT CYCLE 'oYIiICH IS '28 r.lUL TIPLEX ClOCll. P£FlIOOS 

'O~ 
UHDeR-IIANGe OUTPUT IS ONLY ACTIVATED IF THE COUNT IS lESS TttAN 258 

IT SMOUlD BE NOTED THAT THE INTEFlN"L LOAD CONM~D SIGNAL HAS TIE SAME TIMING AS THE LlNOER-R""NGE 
OUTPUT I.E THE MA~'MUM Tlt.Ie AVA'LIIIIl£fORMEASUlIEIIII:IOIT IS THE FIJIST I04MUL TIPLE~ CLOCK PERIODS THE 
CONTEIOITS 01' THE COU'fTERS ARE THEiOI LOADED 'IOITO TliE STORE FOR THE IOIOT 8 Ml( CLOCK PERIODS 

Flg.4 UNDER-RANGE AND OVER-RANGE 0VTPUT 

!,--CLOCKS-I-- 120 --I J--12S.......j 

RESET 
OUTPUT 

HOLD 
ENABLE 
INPUT 

-lsi- .......jsf-

:U u Lt U U 

Flg.5 RESET OUTPUT WITH RESPECT TO HOLD ENABLE INPUT 
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Ii] AY-5-3500 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings-

Voltage on any pin with respect to V .. pin . . . . -2OV to +0.3V 
Storage temperature range. • . . . . ~ . . . -65·C to +150·C 
Ambient operating temperature range . . . . . . O· C to +70· C 

Standard CondHlons (unless otherwise noted) 

Vss=OV 
Voo=-15±2V 
VOl = Vool2 (Note 8) 
Temperature (TA) = O·G to +70·G 

Characteristic 

Clock Input 
Frequency 
Pulse width 
Rise and Fall time 
Logic '0' level 
Logic 'I' level 
Mulliplex Input 
Frequency 
Pulse width 
Logic '0' level 
Logic '1' level 
Control Inpull 
Logic '0' level 
Logic '1' level 
Leakage (all inputs) 
Segment,Overranga, 
Underranga Outpull 
Logic '0' 
Logic '1' 
Digil Select Outpull 
Logic '0' 
Logic '1' 
Qamp and Reset Outpull 
Logic '0' 
Logic '1' 
Supply Currant 

Min 

-
1.5 
-

+0.3 
-9 

0.5 
15 

+0.3 
-4 

+0.3 
-4 -

-
-
--
--
-

"" ° TYPical values are at +25 C and nom mal voltages. 

NOTE: 
1. This gives a reading rate of typically 12 per second. 

Typ" " 

200 
-
---
1.5 
-
--
-
--

-
-
--
--
2 

Max 

-
-
1 

-1 
-17 

10 -
-1 
-17 

-1 
-17 

1 

30 
2 

1 
15 

20 
5 
-

"Exceeding these ratngs could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Units Conditions 

kHz 
p.s At logic '0' and 'I' levels 
p's 
V 
V 

kHz (See Note 1) 
P.s Atlogic '0' and '1 'levels (Note 2) 

V 
V 

V 
V 

p.A VIN = -10V at 25°C 

kfl VOUT = -0.3V (Note 3) 
kfl VOUT = VOl +1V (Note 4) 

kO VOUT = -IV (Note 5) 
kfl VOUT = VOl +O.3V (Note 6) 

kO VOUT = -0.2V (Note 3) 
kfl VOUT = VOl + 1V (Note 7) 
mA Vao = -15V excluding output 

current 

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 be less than the Counter clock frequency divided by 21. 
2. In 7 segment mode, outputs are energised when Multiplex Input is at Logic '1'. 
The display brilliance Is therefore controlled by the Input Mark-Space ratio. 
3. Output device connected to Vss. 
4. Output device connected to VOl segment energised. 
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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AV·5·3500 

MUl TIPrX INPUT 

-..,....---------.:...,r---------r------.,--vSS(+7.5v) 

4.7K 

HIGH(-) 

LOW(+) 

I 

r-----------, 
I I 
I I 

J ! 
I 

! 
: 
I 

1 
I 
I 

! 

141-_...:.._ ..... 

80108 

-~-----_;_---~+------..... ----+_----VQQ(-7.5V) 

CLOCK INPUT 

AV·5·3500 D.V.M. -FSD 999 COMMON CATHODE LED DISPLAY 

I 
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AY-3-3550 

43/4 Digit Multi-Meter I Counter 

FEATURES 

• 4% digit display (± 29,999 max. reading) 
• 6 range autoranging 
• Autozero, auto polarity 
• Direct LED 7 segment drive 
• Leading zero blanking/overrange blinking 
• Multiplexed BCD output 
• Single power supply 
• On chip clock 
• 20,000, 29,999 or freerun counter mode. 

DESCRIPTION 
The AY-3-3550 contains all the logic for a 4% digit DMM (±29,999 
maximum reading) incorporating dual ramp integration. 
Outstanding features of this "state-of-the-art" DMM chip include 
6 range autoranging, autozero, auto polarity, direct 7-segment 
LED drive, and multiplexed BCD outputs. An on-chip OSCillator 
controls the sampling rate, digit select multiplexing and BCD 
counting. 

Fabricated in GI's advanced N-channel Ion Implant process to 
enable operation from a single power supply (+4.5Vto +11V), the 
AY-3-3550 typically draws only 12mA when operating at +5V. 
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BLOCK DIAGRAM 

LEVEL 
DETECT 

REF 2 

REF 1 

SIGN 

AUTO ZERO 

SAMPLE 
CONTROL "'--"--,--' 

TRANSFER 

L1UMIT1 

L2 LIMIT 2 

DP' 

DP2 

AliAS 

A2 

A3 

A. 

AS 

AUTO RANGE 
CONTROL 

LOGIC 

AUTO RANGE 
COUNTER 

RC NElWOAK 
OR EXT. SIGNAL 

DECIMAL 
POINT 

CONTROL 
MATRIX 

DECIMAL POINT OUT 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

DIGIT SELECT 

v,. 
VDD 

Segment F 
Scan osc. 
Segment E 

Segment 0 

Segment C 

Segment B 
Segment A 

BCD out 10° 

BCD out 10' 

BCD out 1()3 
BCD out 102 

Count Extend 

Transfer 
DP2 

DP' 
AS 

A4 
A3 

AUTO BLANK DISABLE 

LEADING 
ZERO 

BLANKING 
CONTROL 
CIRCUIT 

MasterOSC. 
SegmentG 
Auto Blank Disable 

SamplelReset OSC. 

Digit Select 10' 
Digit Select 1()3 

Digit Select 100 (LSD) 

Digit Select 1()2 

Digit Select 101 (MSO) 

Sample Control 

Rei, 
Ref 2 

Sign 

Level Detect Input 

limit2L2 
Limltll1 
Auto Zero 

Decimal Point Out 

AlIRe 
A2 



Functional Description 
Operation 
(Refer to Figs. 1 and 2 and the Block Diagram). An input on the 
Sample/Reset OSC Input triggers the internal reset signal which 
in turn resets the internal BCD synchronous counters, 
synchronizes the master clock with the control signals and 
simultaneously activates the 10' Multiplex output. At the lirst 
master clock following the trailing edge of the internal reset, the 
"Sample Control" signal is activated. This signal opens the 
switch in the analog section to integrate the unknown input 
voltage. After 10,000 internal clocks, the "Sample Control" signal 
is deactivated and either Ref SWl or Ref SW2 activates 
depending upon the comparator logic level. This in turn switches 
the integrator to the opposite polarity source. Compared to the 
unknown input voltage, the integrator capacitor is discharged 
until the output voltage reaches the comparator threshold value. 
This variable time is proportional to the unknown voltage. The 
Comparator input voltage change at this time stops the internal 
counter and internally produces a transfer pulse to store the 
measured count. The storage registers are fed to the BCD 
multiplexer which is controlled by a digit select counter. 
According to the multiplexing sequence, the seven segment 
information and BCD data are made available at the Seven 
Segment and BCD Output pins. Note that the Autozero signal is 
deactivated during the counting cycle. Also, the correct polarity 
signal Sign Output is available when either of the reference 
switches are activated. 

Transfer Logic and Timing 

BCD data in the decade counter is transferred to the storage 
registers by means of an active Comparator Input. BCD data can 
also be transferred to the latches under the control of the 
Transfer Input signal. 

The Transfer signal at its active (high) state causes a continuous 
transfer and display mode; or it can be pulsed to transfer on 
command. The Transfer signal in its active state also triggers the 
auto-range up-down counter whose function is determined by its 
control logic. The internal transfer pulse is superseded by an 
external signal applied at the Transfer Input. The Transfer signal 
in its active state also blanks the Decimal Point Output. 

Scan OSC. Logic and Timing 

The digit select counter and decoder is edge-triggered from 
either a signal applied at the Scan OSC. Input or from the output 
of the internal scan oscillator. The frequency of the internal 
oscillator is controlled by an RC network tied at this input. The 
digit select counter is set to the MSD position by a reset signal. 
Each of the live digit select line outputs is sequentially activated 
(low) when the corresponding digit is selected. The internal 
synchronization logic is incorporated to ensure that both the 
seven segment and BCD data from the selected latch are valid 
prior to enabling the corresponding Digit Select Output. 

Sample/Reset OSC. 

An input pulse on this pin activates an internal one-shot which 
resets the BCD decade counter and forces the digit select 
counter to the MSD position. This reset pulse also synchronizes 
the master oscillator frequency to control the logic outputs and 
BCD counters. An RC network tied to this input causes the 
internal oscillator to function at the frequency selected. 

Leading Zero Blanking and Decimal Point Control 

At the start of each MSD to LSD scan cycle, a blanking of leading 
zeros occurs until the decimal point active state is clocked. Any 
number following a decimal point is displayed. Leading zero 
blanking does not affect the BCD outputs and the 10' and 100 
digits in the display. This feature allows the chip to work as a 3'14 
DMM. Leading zero blanking is inhibited whenever the Auto 
Blank Disable is tied to an active (low) level. 

AY-3-3550 iii 
Autoranglng 

The autorange up-down counter is edge triggered by a transfer 
pulse (internal or external) in conjunction with the associated 
control logic. The autorange counter is decoded into one of the 
five output signals through buffers Rl thru RS. Range Rl acts a 
R6 when the DP2 control signal is zero. 

Down Ranging 

If the display count is less than 1800, the autorange counter is 
downranging, except in the resistance range (Function 2). When 
in this mode, the counter is upranging. Between count 1800 and 
20,000, no autorange movement occurs. At 20,000 or above the 
counter upranges except in the resistance range when the 
counter down ranges. Depending upon the state of the Limit 1 
and Limit 2 control signals, the scale length could be 20,000, 
29,999 or free run. 

Flashing Logic 

The MSD digit flashes when the count is above 20,000 and the 
chip is in scale length 29,999 (L2;l,L 1 ;0). If leading zero 
blanking is not disabled in this mode, all digits except MSD are 
blanked out and the MSD flashes indicating an overrange 
situation in the highest possible range. This feature prevents 
current drain through the segments in an overflow condition. 

SIGNAL 
INPUT 

REF SOURCE 

COMPARATOR 
INPUT 

vss 

CHOOSE RESISTORS 
TO GIVE REQUIRED 
SEGMENT CURRENT 

~~~--~--~--L-~--~'COMMON 
CATHODE 

L..,r----..-----r-----,r----....J DISPLAY 

L-r-~-+--~t---~r-~---o'5V 

Flg.1 DIAGRAM SHOWING DISPLAY CONNECTION 
AND CONTROL INPUT TO ANALOG SECTION. 
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I!J AY-3-3550 

TIMING DIAGRAMS 
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EXTERNAL 
SAMPLE 

INTERNAL 
RESET SIGNAL 

EXTERNAL 
MASTER 

OSC. ClK. 

INTERNAL 
+ 2 ClK. 

INPUT 
SAMPLE 

COMPARATOR 
lEVEL DETECT 

REF SWI 

REF SW2 

AUTO ZERO 

SIGN 

0 

0 

o 

~-----------------ONESAMPlECYClE----------------~ 

....._-- ONE INTERNAL ClK PULSE 

I 17.500 
, DISPLAY 

COUNT 

NOTE2--~'---------------~ 

NOTE 3 

- - NoTE4 - - - ,....---------------------------------------------

NOTE: 1) During the shaded area, the comparator level DETECT INPUT should be well defined and no noise should be allowed at the Input. 

2) The comparator change is determined by the EXTERNAL CIRCUIT at this point. Thecount In the counter Is proportional to the 
Input measuring Yoltage. 

3) The waveform of REF1 and REF2 would be reversed if the comparator level is in the opposite state. 

4) Polarity would be l'8't'ersed If the comparator input is reversed. 

Flg.2 TIMING DIAGRAM OF CONTROL SIGNAL FOR ONE SAMPLE CYCLE 

SCAN OSC. 
INPUT 0 

INTERNAL 
+ SCAN ClK 

DIGIT 
SELECT 10' 

DIGIT 
SELECT 10' 

DIGIT 
SELECT 10' 

DIGIT 
SELECT 10' 

DIGIT 
SELECT 10' 0 

Note sequence of multiplexing digit select output is kept 1~ -11)2 -+ loo -1 ()I-10' to accdmmodate gas type display. 

Flg.3 SCAN CLOCK INPUT AND MULTIPLEXING DIGIT SELECT OUTPUT 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings-

Voltage on any pin with respect to V ss ........•..... +20 to -0.3V 
Storage Temperature ......................... -55°C to 150°C 
Operating Temperature ........................ O· C to +70° C 

Standard Conditions (unless otherwise noted) 

Operating Temperature (T A) ;+25° C 
Vss; O.OV 
Voo; +4.5V to +11V 

Parameters 

Clocks input voltage low 

Clocks Input voltage high 
Pin No. 4,40 
Pin No. 37 

Master Clk Freq. 
Scan Clk Freq. 
Sample Clk Freq. 

Comparator Input voltage HI 

Comparator Input voltage LO 

Group A 
Input Logic Level HI 
Input Logic Level LO 

Group 2 & 3 
Output Logic Level HI 
Output Logic Level LO 

Group 4 
Output Logic Level HI 
Output Logic Level LO 

Group 1 
Output Logic Level HI 
Output Logic Level LO 

For REF1, REF2, 
Sample Control, Aulozero 
& Clk Extend 
Output Rise Time 
Output Fa" Time 
Supply Current 

Pin Numbers 
Group A ; 15, 16, 17, 25, 26, 38 

Group 1 ; 3, 5, 6, 7, 8, 9, 23, 28, 29 

Min 

0.0 

Voo-1.0 
Voo+1.0 

DC 
DC 
DC 

3.0 

Vss 

Voo -1.0 
Vss 

Voo -1.2 
Vss 

Voo -1.0 
Vss 

Veo -1.2 
Vss 

-
-
-

Group 2 & 3; 10, 11, 12, 13, 14, 32, 33, 34, 35, 36 

Group 4 ; 18,29, 20, 21, 22, 24, 27. 30, 31 

Typ 

-

-
-

(Internal) 
(Internal) 
(Internal) 

2.6 

2.0 

-
-

-
-

-
-

-
-

-
-
-

Max 

0.7 

Voo 
Voo 
400 
10 

100 

Voo 
2.5 

Vee 
Vss +0.7 

Vee 
Vss +0.5 

Vee 
Vss. +0.4 

Voo 
Vss +1.2 

5.0 
5.0 

12 

AY-3-3550 [!] 

'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 

kHz From O°C to 70°C 
kHz From O°C to 70°C 
Hz From O°C to 70°C 

V At Voo; 5V 

V At Voo; 5V 

V Input Resistance; 100KQ 
V 

V At 40IlA (Voo = 5V) 
V At2.0mA 

V At 40llA (Veo ; 5V) 
V At100llA 

V Voo = 5V 
V Voo; 5V@ 1mA 

jJs Voo=5V 
jJs 

mA @ Voo ; 4V, Vss ; OV, 
Input Freq = 300 KHz 
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[i] AY-3-3550 

Flg.4 TRUTH TABLE FOR DECIMAL POINT AND AUTORANGE FUNCTIONS 

Funcllon 1 Funcllon 2 Function 3 
Auto (ACY. DCY.) (R.al.tance) (Current) 

Rang. DP1 I DP2 DP1 I DP2 DP1 I DP2 DP1 

0 I 1 1 I 0 0 I 0 1 

R1 A . . 
R2 B C . 
R3 C E B 

R4 D D C 

RS E C D 

RS . B E 

NOTES: 
1) • denotes illegal states. 
2) RANGE 1 (R1) output = R1 when DP2 = 1; RANGE 1 OUTPUT acts as RANGE S OUTPUT when DP2 = O. 
3) When decimal point A is "ON", no blanking occurs. 

4) DECIMAL POINT POSITION is shown in Fig.S below. 

MSD LSD 

DIGIT SELECT 

10" 1()3 10' 10' 1()O 

2. 9 9. 9. 9. 

B C [) E A 

POSITION OF DECIMAL POINT 
ON DISPLAY 

Flg.S 

Scale 
Length 

20.000 

20,000 

29,999 

FREE RUN 
COULD BE USED 
AS FREQ. CTA. 

Condilion Leading 
Zero 

L2 L1 Blenklng 

0 1 YES 

0 0 YES 

1 0 YES 

1 1 NO 

Function 4 

1 DP2 

I 1 

D 

B 

C 

D 

E . 

Blinking 
MSDon 

Overrang. 

NO 

NO 

YES,OVER 
20,000 COUNTS 

NO 

Flg.6 SCALE LENGTH SELECT AND OVERFLOW CONDITION TABLE 

DECIMAL 

A B 

0 0 0 

1 1 0 

2 0 0 

3 0 0 

4 1 0 

5 0 1 

6 0 1 

7 0 0 

8 0 0 

9 0 0 

7-SEGMENT 

C 0 E F G 

0 0 0 0 1 

0 1 1 1 1 

1 0 0 1 0 

0 0 1 1 0 

0 1 1 0 0 

0 0 1 0 0 

0 0 0 0 0 

0 1 1 1 1 

0 0 0 0 0 

0 0 1 0 0 

BCD 

2" 2' 2' 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

0 0 0 

1 0 0 

23 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

NOTE: 
Logic "0" = Low Segment "ON" 
Logic "1" = High Segment "OFF" 

Flg.7 Seven segment and BCD output truth table. 



11111 AY-S-SOS3 

10 Bit D/A Converter 

FEATURES 

• 10 Bit resolution. 
• 8 Bit accuracy (linearity). 
• Parallel or serial input. 
• Simple external circuitry. 
• Binary or 2's complement coding. 
• Output inversion. 
• TTL/CMOS compatible inputs. 
• Monotonic output. 
• 6.8 ms settling time for 10 bits with 2nd order filter. 
• 1.23 ms settling time for 8 bits with 2nd order filter. 

DESCRIPTION 

The AY-5-5053 is a 10 bit D/A converter employing the stochastic 
conversion technique, requiring no precision components other 
than a voltage reference. 
The input can be either serial or parallel with Binary or 2's 
complement coding. 

BLOCK DIAGRAM 

INVERT 

+REF 
OUTPUT 
-REF 

TEMP STAB 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

Vee (+5V) 

Code Select Input 

29 Input Bit 1 

28 1nput Bit 2 

27 1nput Bit 3 

26 Input Bit 4 

25 Input Bit 5 

2"'lnput Bit6 
231nput Bit 7 

22 Input Bit 8 

2'lnput Bit 9 
2° Input Bit 10 

vGG (-12V) 

Invert input. 

Oscillator frequency control. 

Temperature compensation. 
Negative reference. 

Positive reference. 

Analog output to filter. 

Oscillator output. 

Serial input. 

Strobe input. 

Parallel load input. 

Shift input. 

See next page for details of Pin Functions. 

OSCILLATOR 
OUTPUT 

OSCILLATOR 
FREQUENCY 

CONTROL 

1-----. CODE SELECT 

, .............. ......I......I--II.....oL-.'-..... .,. ____ ... SHI FT 

"=====::: STROBE .. SERIAL INPUT 
L_...,._....,~r_,...."T"""T'_-r-J-----.. PARALLEL LOAD 

BIT 1 
MSB 

BIT 10 
LSB 

.. 
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l!I AY-5-5053 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlng.-

Voltage on any pin with respect to Vee pin . . -20 to + 0.3 Volts 
Ambient operating temperatura range. . . . . . o· C to +70· C 
Storage temperatura range ......... -65·C to +150·C 

Standard Condition. (unless otherwise noted) 

Vee = +5V ± 0.5V 
Voo = -12V ±0.5V 
Positive reference = +4.5V 
Negative reference = OV 

Characteristic 

Clock Frequency 
Voltage Stebillty 
Temp. Stability 
Output Logic '0' 

Output Logic '1' 

Inpuls 
Logic '0' Level 
Logic '1' Level 
Leakage Current 
Capacitance 
Shift Clock Frequency 
Resolution 
Differential Linearity 
linearity 

Temperatura Co-efficlent 

Supply current 
Reference Currant 

Clock Frequency = 800KHz 
RT (temp camp) = 12K (1 5% 
RL (linearity) = 270 (1 nom 
Ro (osc. fraquency) = 10K (1 nom 

Min Typ" Max 

100 BOO 1000 
- 5 -- 0.2 -
- - 0.4 

Vec-1 - -

- - +O.B 
Vec-1.5 - -

- - 10 
- - 10 
10 - 1000 

- 10 -
- l4 - 0.5 2 

- 60 -

- - 20 
- - 100 

"Typical values are at +25· C and nominal voltages. 

BINARY 

0000000000 
0000000001 
0111111111 
1000000000 
1000000001 
1111111111 

TABLE 1 INPUT CODING 

2'sCOMPLEMENT 

1000000000 
1000000001 
1111111111 
0000000000 
0000000001 
0111111111 

'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 
%N 

%I·C 
Volt RL=6.BKtoVoG 

I sink = 1.6mA 
Volt RL =6.BKto VOG 

I source = 100jtA 

Volts 
Volts 

p.A V'N=Vee-5V 
pF 

kHz 
Bits 
LSB 
LSB After trimming at 0.5 

FSD 
PPM/C· Excluding reference and 

filter drift 
mA (140mW) 
p.A Max at 1.FSD 

ANALOG OUTPUT 

o 
+LSB 

Y,Vref-LSB 
y,v ref 

Y,V ref+LSB 
V ref-LSB 

SETTLING TIME AND BANDWIDTH D/A CONVERTER 

NO. OF BITS 10 B 6 

1st 2nd 1st 2nd 1st 2nd 
Filter Type Order Order Order Order Order Order 

Filter time constant mSec 5.3 0.66 1.1 0.16 0.2 0.08 
Settling time to ± 1. LSBmSec 45 6.B 7.7 1.23 O.B 0.32 
Bandwidth Hz- 0.1% 1.35 14.8 

-0.4% 13 118 
-1% 112 61B 
-1dB 13.5 135 65 537 400 1784 
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PIN FUNCTIONS 

Pin No. Neme 

1 Vee 
2 Code Select Input 

3-12 Bits1-10lnput 

13 Shift Input 

14 Parallel Load Input 

15 Strobe Input 

16 Serial Input 

17 Oscillation Output 
18 Analog Output 

19 Positive Reference 

20 Negative Reference 

21 TemperatureCompensation 

22 Oscillator Frequency Control 

23 Invert Input 
24 VGG 

OPERATION 
The binary word contained in the input register is compared with 
the output of a continuously cycling counter. The output of the 
comparator is high whenever the binary input is greater than the 
counter, this results in an output waveform which has a mean 
value equal to the desired analog output. This output Is passed 
through a low pass filter to recover the DC level. 
The counting sequence of the binary counter has been chosen to 
optimise the conversion characteristics and the frequency of the 
output noise to simplify the filtering. 

AY-S-SOS3 

Function 

Positive power supply+5V 
Logic '0' gives Binary coding. Logic '1' gives 2's complement 
coding. (Seetable1). 
Parallel data inputs. Bit 1 is MSB. 

Clock input for serial mode. Data is shifted in on the '0' to '1' logic 
transition. In the parallel mode this input must be at logic '1 '. 

In the parallel mode data is loaded into the data register when this 
input is at logic '1'. This input should be at logic '0' in parallel 
mode operation. 

A logic'1' on this input loads serial data into the data register. The 
data is latched when the input returns to logic '0'. This input 
should be at logic '0' in parallel mode operation. 

Serial data input Bit 1 first. 

TTL compatible oscillator output signal. 
Analog output to low pass filter. This output Is a stochastic pulse 
waveform having a mean am pI/tude equal to the required DC 
output level. 

+4.5V nominal reference of voltage. 

OV reference, connected to OV via a 500 ohm variable resistance 
used to adjustthe error at half scale to zero. 
Thispin is connected toVoo via a 12K ohm 5% resistor to achieve 
the stated temperature stability. The temperature stability can be 
improved by a factor of 4 by using an 18K 0 resistor in paral/el 
with a DPGC49-39K 0 thermistor instead ofthe 12K 0 resistor. 
This pin is connected to VOG via a50 K 0 variable resistor used to 
adjust the oscillator frequency to the required value. 

A logic '1' on this input inverts the output. 
Negative power supply-12V. 

MULTIPLIER OPERATION 
The AY-5-5053 may be used as a Digital-Analog multiplier by 
replacing the positive reference with the Analog multiplier. Input 
voltages in the range 0 to +4.5 Volts may be used. The accuracy is 
of the order of 0.1 % and the settling time is as for normal 
operation. 

+15V .------------------------------------p--

+4.5V 
REFERENCE 

WF 

33100pF • 14 

820 
H=J--....... ~--I p.A 723 

8 

l00pF 

OV.-----~----~--~~-----------

+4.5V REFERENCE SUPPLY 
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AV-S-SOS3 

+15V 

.5V 

+4.5V 
REFERENCE 

ANALOG 
OUTPUT 
010 +10V 

ov 

-12V 

50K 22K 22.4K 

SET ZERO 

27.5K 

100 4.7K 

4.7K 

33K ~ .l! 

MiL 
f-

r-- f-
l"- f-

33K - f-

'F,•nF I 
AV-5-5053 t-

l"- e-
-l"- f-
.-1"- f-

33nF I"- t-
LlNEAR~~~ 

I"- h 
4~~ 

12K ]>50K SET FREQUENCY 

::: 
::: 
~ 
~ 
~ 

LOAD 

BIT 10 (LSB) 

BINARY 
INPUT 

BIT 1 (MSB) 

10 BIT D/A CONVERTOR PARALLEL INPUT SECOND ORDER FILTER 0 to HOV OUTPUT 

+1.0 

ERROR 
LSB 

+0. 5 

+5V 

+4.SV 
REFERENCE 

ANALOG 47K 
OUTPUT 
Oto+4.5V 

0.1. 

500 
LINEARITY 

OV 

-12V ..-_________ ...... 0--' 

10 BIT D/A CONVERTOR FIRST ORDER FILTER 

-' -' , ,-

" ......-. --- •• _.~LIMIT 

-' ..... 
TYPICAL ~ " ",-~-~ 

,/' ", 

~ ~~-
~ ----o -____ _ __ 

SO'IIoLIMIT 

LOAO 

LSB 

BINARY 
INPUT 

MSB 

-- ...... , , 
- :::", 

, 
----'~ ' ... \. 

........ ~' 

FUL 
o '4 SCALE II SCALE "SCALE 

L 
SCALE 

D/A CONVERTOR LINEARITY 



AY-S-SOS3 

+1.51--------+------~"'-+---""'"---+-------_1 

+1.01---------f.,..t::.....~'------+-------+-~~----_4 

+O.5t-----:-r----t---------t--------:::::::=a-t---=:::::---"'-_1 

+25°C 

-O.5t-----"""":--t-------+-------:~+-------t_ 

-1.0t-------+--""'""----j----:f----t-------_+_ 

-1.51--------j------~_+_f------+-------+_ 

V.SCALE 'hSCALE 0/4 SCALE 

D/A CONVERTOR TYPICAL TEMPERATURE STABILITY 

1MHz 
::>0-1-.... ------------ CLOCK 

START ... ---'9 

STROBE 

PARALLEL ~~~~ 
DATA ; 
INPUT 

OUT 560 SERIAL 
ro~-~:J~~ ~~-----------OUTPUT 

CLOCK 

START~ 

STROBE ~,------------,L_ 

SERIAL OUTPUT ~ 

SERIAL DATA TRANSMITTER FOR AY-5-50S3 D/A CONVERTOR 

FULL 
SCALE 

• 
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..... AY-S-SOS4 

10 Bit AID Converter Control 

FEATURES 

• 10 Bit Resolution 

• 200 ms settling time to± I/, LSB 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

• Integral serial data transmitter 8/10 Bits with parity 

• Parallel outputs 

• TTUMOS compatible Inputs and outputs 

DESCRIPTION 

The AY-5-5054 is designed to work in conjunction with the 
AY-5-5053 to form a 10 ait AID converter. It consists of a 10 bit 
up/down counter, control logic and a serial data transmitter. 

BLOCK DIAGRAM 

~c (+5V) 
Up/Down Input 

Counter Input 
Cascade Enable Input 

Serial Output 
Load Input 

Data Available Output 
Transmit Input 

Pulse Chain Output 
Clock Input 

Even/Odd Parity Input 
8/10 Bit Control Input 

PULSE CHAIN 
OUTPUT 

CLOCK 

1; ""~""., .. ,.,mo, f-
rt 

8110 BITS 

EVEN/ODD 
PARITY 

I I 1 I 1 I 1 1 1 1 

TopVlow 

~ 
~ 

---e 
SERtAL 
OUTPUT 

--J PARITY GENERATOR ~ ~ 

DATA TRANSMITTER ~ ONTROL 

9-32 

LSB 

PARALLEL 
OUTPUT 

MSB 

UP/DOWN COUNTER 

LOGIC 

r----. 

If-,--. 
~ It-~ 

t 

Voo (-t2V) 
Ground 
Bit 1 (MSB) output 
Bit 2 output 
Bit30utput 
Blt40utput 
B~5 output 
Blt80utput 
Bit 7 output 
B~8output 

Bit 9 output 
Bit 10 (LSB) output 

LOAD 

TRANSMtT 

CASCADE 
ENABLE 

DATA AVAtLABLE 

UP/DOWN 

COUNT 



AY-5-5054 

PIN FUNCTIONS 

Pin No. Name Function 

1 Vee Positive Power supply (+SV) 

2 UP/DOWN Controls direction of counting, at logic '1' for UP. 

3 Counter Input Clock input for UP/DOWN counter. Control logic inhibits the 
clock during UP/DOWN transition, during loading of the trans-
mitter and when the counter has reached all 'O's orall '1 'so 

4 Cascade Enable Output This output goes to logic '1' at the end of data transmission for 
one clock cycle. It can be connected to the Transmit input of a 
second AY-S-50S4, enabling a series of convertors to be interro-
gated sequentially using only one line. 

S Serial Output Serial data output from transmitter, 8 or 10 bits plus parity. MSB 
first. 

6 Load Input A pulse to logic '1' on this input loads data into the transmitter. If 
data is being transmitted the command is stored until the trans-
mission iscomplete. 

7 Data Available Output This output goes to logic '1' when valid data has been loaded into 
the transmitter. It returns to logic '0' when the transmission has 
been completed. 

8 Transmitlnput A pulse to logic '1' on this input causes transmission to com-
mence. The pulse must last at least one but no more than 8 clock 
periods. 

9 Pulse Chain Output A chain of 9 or 11 pulses is output on this line during data 
transmission. It would be used to clock data into the receiver. 

10 Clock Input Clock forthe data transmitter 1 MHz max. 

11 Even/Odd Parity Input Logic '1' gives even parity. 

12 8/10 Bit Control Input Logic '1' gives 8 bit data transmission. 
13-22 Parallel Data Outputs Connectto Parallel inputs of AY-S-SOS3. 
23 Ground 
24 Vaa Negative powersupply (-12V). 

AID CONVERTOR RESPONSE TIME 

1. SIMPLE TYPE - 1ST ORDER FILTER 

NO. OF BITS 10 8 

Filter time constant 4.Smsec 1.2msec 
Clock frequency 10kHz 40kHz 
Settling time to ';'LSB 200msec SOmsec 

2. VARIABLE CLOCK FREQUENCY TYPE 

If the counter clock frequency is arranged to be proportional to the difference 
between the input voltage and the actual convertor output, the response speed 
can be considerably improved. In this case the system becomes a linear one and a 
2nd order filter can be used without danger of oscillation. 

NO. OF BITS 10 8 

Filter time constant O.66msec O.164mesc 
Settling timeto ';'LSB I.Smsec 3msec 
Max. clock frequency 450kHz lMHz 

6 

0.3msec 
160kHz 

12.Smsec 

• 
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AY-5-5054 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voltage on any pin with respect to Vss pin. . . -20 to +0.3 Volts 
Ambient Operating Temperature range. . . . . . O·C to +70·C 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these condition is not implied
operating ranges are specified below. 

Standard Conditions (unless otherwise noted) 

Vce = +5 ±0.5V 
VGG = -12 ±0.5V 
Operating Temperature (TAl = O·C to +70·C 

9-34 

Characteristic Min Typ." Max Units 

Clock and Clock Inpuls 
Logic '0' level - - +0.8 Volts 
Logic'l'level Vee-l.5 - Vee +0.3 Volts 
Frequency DC - 1 MHz 
Capacitance - - 10 pF 
Leakage - - 10 /loA 
Logic Inpuls 
Logic 'O'level - - +0.8 Volts 
Logic'l'level Vee -l.5 - Vee +0.3 Volts 
Capacitance - - 10 pF 
Leakage - - 10 /loA 
Output 
Logic '0' level - - +0.4 Volts 
Logic'l'level Vee -1 - - Volts 
Power - 240 - mW 

""Typical values are at +25· C and nominal voltages. 

TIMING DIAGRAMS 

COUNTER~~ 
INPUT I : 

I ss I 
I I 
I ' 
ISS: 

UP/DOWN~l Ul 
I ' ' I I 
I I \ I 

.... ! 1... .....! I~ 
500nS SOOnS 

CLOCK 

TRANSMIT / 

_-oJ 

PULSE CHAIN 

SERIAL 
OUTPUT 

min min 

! 
I 

i 
I 

! I 
I I 

I I ! --'1 14- I 
300nS I 

--+-Ic 
, I 

-+1 :--
500nS 

Conditions 

V'N=Vee-l0V 

V'N=Vee-l0V 

IOL=1.6mA 
10H= l00p.A 



SIMPLE 10 BIT AID CONVERTER 

+5V __ ---------------------~~-----------------------------r_-------------------__, 

21K 

24 

~~------------------------~----~---------L~----~~~_r~ 

AY-5-5054 

+4.SV 
REF 

-12V _--------------____________________________________ ...... ~ ..... __ _J 

• 
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IIiII SBA 

Sequential Boolean Analyzer 

FEATURES 

• 1023 words of program 
• 30 programmable inputs, outputs, or multiplexed 

input/outputs. 
• 16 element stack and 120 element Read/Write memory 
• AND, OR, XOR, COMPARE, INVERT basic logic functions 
• Serial processing of inputs and stored information 

provides very easy programming in Boolean logic 
• Versatile clock generation scheme 
• TTL compatible inputs and outputs 
• Simulator and software program compiling facilities 

available 

DESCRIPTION 

The SBA is a microprogrammable Sequential Boolean Analyzer 
which forms the basic controlling element for many systems 
requiring timing and control functions. The SBA is fabricated in 
GI's low voltage Ion Implant N-channel process resulting in high 
speed operation and low power dissipation. 

APPLICATIONS 

The SBA is suitable for a very wide spectrum of applications such 
as: 
TELECOMS: Simple PAX controllers, Relay circuit control, 
Answering machine controllers, Line seeker/monitor. 
INDUSTRIAL: Complex sequential timers, Small machine 
controllers, Special purpose digital clocks, Alarm monitor. 

CONSUMER: Gaming machines, White goods timers, 
Combination locks, Pinball machine/one arm bandit. 

BLOCK DIAGRAM AND DATA PATHS 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

v •• GO 
RESET I/O Control 

HALTED Clock 
+5V Clock 

+12V Clock 

1/01 I/O 30 

1/02 1/029 
1/03 1/028 

1/04 1/027 

1/05 1/026 
1/06 1/025 

1/07 1/024 

1/08 1/023 

1/09 1/022 

11010 1/021 

1/011 1/020 

1/012 1/019 

1/013 1/016 

1/014 1/017 

1/015 1/018 

MICROPROCESSORS: As a slave processor for BCD/binary 
conversion, Binary/BCD conversion, Alarm condition 
monitor/interrupt generator, Peripheral controller. 

In general the SBA is best suited to applications where a control 
response is required in milliseconds rather than microseconds. 

1----------------- - --1 
ISBA 

I PROGRAM MEMORY I I 
I I 

n -
I I 

- - I I LOGIC 0 I UNIT U I I 
N 

1-
T P 
P 0 I U 

I N T U U 
T T I -----3l P 

~ L TOP ~ P r---I U B 
T A r-- U U I 

I S T 

/1\ 
F T 

C F 5 I 
I 

H E 
E R I 

I 
S S 

- ~ '-- ~ I 
I I STORED STATES 

I 
PA,GE I PA~E I PA;E I PAGE I 

I 4 I 
L_ ------------ ----- -- ---l 

L. 

EXTERNAL SYSTEM BEING CONTROLLED 

9-36 



SBA I!I 
PIN FUNCTIONS 

RESET Input 
GO Input 

HALTED Output 
INPUTS/OUTPUTS 

When taken to a logic '0', this input will reset the program to the start position. 

When taken to a logic '0', this input will halt the program at the end of the program cycle and wi" activate the 
HALTED output. When taken to a logic '1', the program wi" cycle continuously. 
A logic '1' on this output indicates that the program has stopped cycling. 

There are 30 inpuVoutputs on the circuit which can be mask programmed as inputs, outputs, or 
inputs/outputs. 

I/O Control When this output is at logic '0', the circuit will output information. When it is at logic '1', it will read input data. 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlng.-

Voltage on any pin with respect to Vss ........................... -0.3V to +i5V 
Storage Temperature Range .................................. 65·C to +150·C 
Operating Ambient Temperature Range ........................... O· C to +70·C 

Standard Condition. (unless otherwise noted) 
Vss = OV 
Vcc = +12V ±' 10% 
VGG = +5V ± 15% 

Characteristic 

Clock 

Inputs 
Logic '0' level 
Logic '1' level 
Current 
Timing 

Outputs 
Logic '0' 
Sink Current 
Logic '1' 
Leakage current 
Timing 

NOTES: 

Min. 

10 

+0.3 
+2.4 
-
-

-
-
1.2 
-
-

Typ. 

-

-
-
-
-

100 
7 
-
-
-

1. Clock frequency controlled by external R/C network. 

Max. Units 

800 kHz 

+0.4 V 
+12 V 
10 }JA 
- -

- Ohms 
20 mA 
- MOhms 
10 }JA 
- -

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not implied 
- operating ranges are specified below. 

Conditions 

Note 1 

V1N = +12V 
Note 2 

0.7V at 7mA 
Max total power 150mW 
open drain 
VOUT = +12V 
Note 2 

2. The timing of inputs depends on the clock frequency and the program length. Refer to the detailed descriptions. 
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[!] SBA 

PART I G.enerallnformation 

A. INTRODUCTION 

The Sequential Boolean Analyzer (SBA) is a very simple single 
bit processor which can directly evaluate a set of Boolean 
equations. 

The use of Boolean Equations as a 'programming language' has a 
number of unique advantages: 

1. It is concise 
2 .. It is standarized worldwide 
3. engineers already use It and understand it 
4. universities teach it now and have done so for many years. 
5. It serves the dual purpose of both program and 

documentation 
6. it has stood the test of time. 

The equations define the logic that controls the system to which 
the SBA inputs and outputs are connected. 

Inputs ~ ~ Outputs 
from SBA to control 

System the system 
'-------' 

In addition to Boolean logic, most systems require that some 
events have to be 'remembered', this being the reason forthe use 
of flip flops in TTL type logic implementations. In the SBA a 
number of internal storage elements are provided for such 
purposes. 

A memory is used to hold an encoded version of the Boolean 
equations that define the desired function olthe SBA and there is 
a one to one correspondence between the data in this memory 
and the BOQlean Equations as written by an engineer. 

B. PRINCIPLE OF OPERATION 

A block diagram of the SBA showing the program memory, 
inputs, logic unit, stack, stored states and outputs is shown in 
Fig. 1. 

The SBA functions as follows: 
1. The new inputs are read in from the system being controll

ed and are' latched into the input latches. 
2. The SBA now reads the Boolean equations out of the 

memory and, using the logic unit and the stack, it processes 
the input data and stored states one Boolean term at a time 
to produce results which are either 'remembered' as stored 
states or placed in the output buffer. 

3. The Boolean equations are taken from the memory term by 
term and when all the equations have been evaluated the 
results are transferred from the output buffers to the out
puts and thus to the system being controlled. The program 
address counter Is then reset and the cycle begins again. 

C. COMBINATIONAL LOGIC 

If the SBA is used to emulate combinational logic, then the 
Boolean equation which defines the logical function will only 
contain input terms and output terms. For example: 

A = B.C.-D+E.F. (X + -X.G) 
L = T + E.F. (X + -X.G) 

where. signifies logical AND 
+ signifies logical OR 
- signifies negate (-D read not 0) 
A and L are outputs 
all other letters are inputs. 

The number of program steps required to evaluate the above 
Boolean equations can be reduced by using a stored state to save 
the value of E.F. (X + -X.G) after it has been evaluated the first 
time. This partial result can then be used in the second equations. 
Now we have: 

a. stored state = E.F. (X + -X.G) 
b. A = B.C. + stored state 
c. L = T + stored state 

This example serves to illustrate how the equations can 
sometimes be optimized by trading off stored state memory 
against program memory. 

Fig. 1 BLOCK DIAGRAM 



D. SEQUENTIAL LOGIC 

Although some problems are combinational in nature, the vast 
majority of practical problems are sequential. 

A sequential system is one in which the response to a given set of 
Input conditions is dependent on the previous history of the 
system. An example might be a digital clock where normally the 
seconds digits are incremented except when they are at 59 when 
they are reset to 00. In other words the next response of the 
counter depends on its current value and there may be different 
responses depending on different current values. 

All sequential systems can be described by a combinational 
network in which some of the results of the Boolean equations 
are stored in a memory. It is this memory that remembers the 
history or 'state' of the sequential system. 
Thus the stored state memory of the SBA has its main use in 
remembering the 'state' of the system being implemented. Each 
time the SBA evaluates the complete set of Boolean equations 
describing a sequential system, it uses the stored states as part of 
the equations. As the evaluation proceeds, the stored states may 
be changed if the Boolean equations demand it. 

A simple example is shown by a Vending Machine where there 
are two major states-I. not enough money to buy anything. 

2. enough money, so supply the goods. 
In this example some of the stored states would be used to keep 
count of the money that has been fed into the machine. The 
Boolean equations controlling the dispensing of the goods 
would all contain a term involving the stored state that could 
never be logically true if there were not enough money to buy the 
goods. As soon as goods were bought and supplied the stored 
states holding the 'amount' of money would be altered to reflect 
that the goods had been supplied thus switching the system back 
to state 1. 

E. SYSTEM DESCRIPTION 

The Sequential Boolean Analyzer consists of the following major 
components (refer to Fig. 1): 

1. A Program Memory which holds the set of Boolean 
equations defining the system operations. In the single chip 
version of the SBA this Is contained in an on-chip mask pro
grammable ROM. There will be another version in which the 
program memory is off the chip and it can then be ROM, 
RAM or PROM as required. The Boolean equations which 
define the logical relationships between the SBA inputs, 
stored states, and outputs are stored in the memory as 8 bit 
words in an encoded form. An exact definition of the code is 
given in the next section. 

2. A set of up to 30 input buffers which are latched at the start 
of the evaluation of Boolean equations. This is done so the 
input values are consistent during the whole period of time it 
takes to evaluate all the Boolean equations once. 

3. A number of pages of 30 stored-state flip flops which can be 
grouped to emulate counters and shift registers, or used 
singly as 'flags' to remember the state of the machine, or in 
logic equation reduction. The SBA addressing structure 

AND OR 

A B RESULT A B RESULT 

0 0 0 0 0 0 

0 0 0 

0 0 0 

Output true only if Output true if 
both inputs true. either input true. 

SBA l!l 
only allows for30 addresses, butt he number of stored states 
is increased to 120 by having typically 4 pages of 30 each. 
Two instructions control a 'page counter'. One steps the 
counter and so changes the page, and the other sets it back 
to the first or 'home page'. Thus an infinite number of pages 
is theoretically possible, the SBA stepping through them in 
sequence as required with the option to return to the start at 
any time. 

4. A logic unit which can perform all the possible logic 
functions of two variables, namely AND, OR, EXCLUSIVE 
OR and COMPARE, and also negate (invert). The truth 
tables of the functions are shown in Fig. 2. Any logic system 
can be described by a set of Boolean equations written with 
these operators. 

The logic unit always has two inputs and produces one 
output and there are two types of action. 
(a) One input comes from an input latch or stored state; the 

second input comes from the top of the stack, and the 
result is placed on the top of the stack. 

(b) One input comes from the top of the stack; the second 
input comes from the next location of the stack; and the 
result is left on the top of the stack. 

The exact operation of the various Boolean equation 
evaluation codes is defined in the next section. 

5. The stack is always involved in logical evaluations, as the 
top of the stack is always one of the operands to the logic 
unit. The stack is just a pile of Boolean values and can be 
imagined as a vertical shift register in which data is always 
put into or taken from the top. When data is added to the 
stack, it is said to be 'pushed' onto the stack. The new data 
becomes the top of the stack and all the previous data is 
pushed down the stack by one place. If the opposite is per
formed, the data in the stack is moved up by one place and 
the stack is said to be 'popped'. The top of the stack will be 
lost and the data previously just below the top will become 
the new top of the stack. 

The data stack in the SBA is normally used as workspace or 
accumulator and the top of the stack is used in most of the 
instructions together, sometimes, with the next location 
down. However, the stack can also be used to store 
temporary Boolean variables and helps greatly in the 
evaluation of Boolean equations containing brackets. For 
example a function such as: 

A. (B.C. + (D.E + F.G).(H.I + J.K» 
would be evaluated in the following way: 

Operation 
(a) evaluate D.E 
(b) push into the stack 
(c) evaluate F.G 
(d) OR 
(e) push into the stack 

Result 
D.E 

D.E+F.G 

(f) evaluate H.I + J.K as in (a)-(d) 
(g) AND 
(h) push into stack (D.E+F.G).(H.I+J.K) 

EXCLUSIVE OR COMPARE 

A B RESULT A B RESULT 

0 0 0 0 0 1 

0 0 0 

0 1 0 0 

0 

Output true when Output true when 
inputs differ inputs compare. 

Fig. 2 LOGIC FUNCTIONS 
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Operation Result 
(i) evaluate B.C 
(j) OR B.C+(O.E+F.G).(H.I+J.K) 
(k) AND the stack with A Final result. 

Naturally this is not the only way the stack can be used, the 
variation being limited only by the imagination. 

6. A set of up to 30 output buffers which have their new values 
stored in them as the Boolean equations are evaluated. 
When all the equations are complete, at the end of a 
program cycle, the data on the output buffers is relatched 
into the output drivers connected to the system being con
trolled. In this way the external outputs of the SBA are up
dated once per cycle and remain unchanged until the end of 
the next complete evaluation of the Boolean equations. 

F. INPUT/OUTPUT 

It has been noted that there can be up to 30 inputs and up to 30 
outputs available in an SBA. However, because of the physical 
limitation of an actual device, if there are more than a total of 30 
inputs and outputs then inputs and outputs are multiplexed onto 
the same pins. So the device will be available with 30 pins mask 
programmable to be inputs, outputs or multiplexed 
input/outputs. 

G. CONTROL LOGIC 

As well as the major functional blocks described above, the SBA 
contains some Simple control logic which operates transparently 
to the user. At the end of a complete program cycle, i.e. at the 
Restart Instruction, the following actions are performed: 

(a) the contents of the output buffers are relatched into the 
outputs 

(b) the top of the stack is set to a logic 1 
(c) the page counter is set to the home page 
(d) new inputs are latched 
(e) Ine program address counter Is selto point althe firstterm 

of the first Boolean equation. 

Once the SBA has started a program cycle, the program address 
counter Is simply incremented every SBA clock cycle, the 
Instruction read out and acted upon. 

H. SBA RESPONSE TIME 

It Is Implicit In the description of the operation that the speed of 
response of the SBA to an external system being controlled Is 
determined by the length of time It takes to evaluate the complete 
set of Boolean equations once. This is because the Inputs and 
outputs are only latched once per program cycle of the SBA's 
operation. 
The SBA is designed in such a way that all its logical operations 
and data transfers take the same time to execute (in fact, one of 
the SBA's internal clock cycles) and so the response time of the 
output of the SBA to new inputs from the system being controlled 
by the SBA is directly proportional to the number of Boolean 
operations required to define the control function. This rasponse 
time will typically be of the order of a few milliseconds. 

I. DATA PATHS 

The data paths available in the SBA are Illustrated In Fig. 3. The 
focal point as far as data is concerned Is the top olthe stack Since 
all data transfer go to or come from the top olthe stack. The stack 
is loaded from an input or stored state. The logic unit can perform 
any logical function on it and the result can then be stored on any 
output buffer or a stored state. 

Note that it is not possible for Boolean equations to use terms 
Involving data on the output buffers. If such a facility is absolutely 
necessary, then a copy of the output buffer state must be made In 
a stored state so that the data path to the top of the stack Is made 
available. The outputs of the SBA can be connected back to 
inputs either directly or via some piece of circuitry. A direct 
connection forms a stored state that can be accessed from 
outside the SBA. This can also be a limited source of extra stored 
states. External logic can be connected between outputs and 
inputs or even keys and switches. This latter possibility is useful 
in, say, scanning a matrix switch or selecting a code switch, and 
reduces external circuitry. 
However, in general, the outputs olthe SBA are connected to the 
parts of the external system that controls its actions and the 
inputs of the SBA are connected to parts of the system that 
monitor its current state. 

PROGRAM MEMORY 

I 
N 

S 
T 
A 
C 
K 

STORED STATES 

I PA;E 1 PAGE 
3 

EXTERNAL SYSTEM 
BEING CONTROLLED 

Fig. 3 DATA PATHS 
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J. BOOLEAN EQUATIONS IN THE PROGRAM 
MEMORY 

In order to make the best use of the space available for memory, 
the codes representing the Boolean operations should be as 
efficient as possible. It has been determined that about 20 
instructions would provide a good compromize between the 
number and efficiency of the instructions. Given also that about 
30 inputs and outputs were suitable for the requirements of the 
type of system likely 10 be controlled by an SBA, the following 
scheme is used. 

Memory 
Code 

In OCTAL MNEMONIC Functional Description of Coda 

01 } 
to 0 ANOIN This input specified by the 
36 address is ANOed with the top of 

01 } 
the stack. 

to NANOIN The logical inverse of the input 
36 speCified by Ihe address is 

01 } 
ANOed with the top of the stack. 

to 2 ANOSS The stored state specified by the 
36 address' is ANOed with the top 

01 } 
of the stack. 

to 3 NANOSS The logical inverse of the stored 
36 state specified by the address' 

is ANOed with the top of 

01 } 
Ihe stack. 

10 4 ASPI The slored state speCified by the 
36 address' is ANOed wilh the top 

of the stack, then a 1 is pushed 

01 } 
onto stack. 

to 6 NASPI The inverse of the stored state 
36 specified by the address' is 

ANOed with the top of the stack 

01 } 
then a 1 is pushed onto stack. 

to 5 STORE The value on top of the stack 
36 is stored in the stored state 

specified by the address' and a 

01 } 
logical 1 left on the stack. 

10 7 OUTPUT The value on top of the stack is 
36 stored in the output buffer 

specified by the address and a 1 
left on the stack. 

SBA [!] 
An 8 bit word is used for each Instruction code. 5 bits provide an 
address for the inputs, outputs or stored states and, if two of the 
32 available addresses are reserved for addressless instructions, 
the remaining 3 bits of the code enables a total of 24 instructions 
to be made available. 

The 8 bit binary word is conveniently represented by 3 octal 
(radix 8) digits ranging from 0 to 377 (00 000 000 to 11 111 111 
binary). The least significant 3 binary digits are treated as the 
instruction, and the 5 most significant bits as the address. 
Addresses 1 to 36 (octal) represent the 30 addresses required 
throughoulthe SBA (1-30 in decimal). AddressesOand 37 (all O's 
and all l's in binary) are reserved for instructions as shown in Fig. 4. 

Memory 
Code 

In OCTAL MNEMONIC Functional Description of Code 

000 RESTART Restart evaluation of equations 

001 INVERT Invert top of stack 

002 PAGE Change Page 

003 HOME Back to Home Page 

004 PUSH 0 Push logic 0 onto stack 

005 PUSH 1 Push logic 1 onto stack 

006 PUSH C Push and copy top of stack 

007 POP Pop the stack 

370 
AND I Perform the function 

371 OR on the top two locations 
372 EXOR of the Slack. Slore result 
373 COMP on lop of slack. 

374 
eANO I Perform the function on the 

375 POR top two locations of the stack. 
376 PEXOR Push result into stack leaving 
377 PCOMP logiC 1 on top 

"The address of a stored state defines 1 of 30 on Ihe currently enabled page. 

Fig. 4 BOOLEAN EQUATION CODES 

• 
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Description of Codes. 
I 
The codes used fOr defining the Boolean equations fall into four 
categories: 

(a) single operand instructions which affect the stack 
(b) logical operations taking Inputs from the stack and storing 

the result on the stack 
(c) data transfer instructions for inputs. stored states, and 

outputs 
(d) program control Instructions. 

Category (a) - stack manipulation (See Fig. 5): 
1. Invert top of stack. The Boolean value is taken from the top 

of the stack and replaced by its logical Inverse; a 1 becomes 
a 0, and a 0 becomes a 1. The steck is neither pushed or 
popped. 

2. Push 0 onto stack. All date values on the stack are pushed 
down one place and a logic 0 entered on top of the stack. 

3. Push 1 onto stack. All items in the stack are pushed down 
one place and a logic 1 put on the top. 

4. Push and Copy top of stack. Data is moved down the stack 
and the previous top of stack (now the next position down) 
is copied to the top. 

5. Pop the stack. All data values are moved up the stack one 
place. The old top of steck Is lost. 

Category (b) - logical operations (See Fig. 6): 
There are two types here, a logical function (AND, OR, EXOR, 
COMP) and the function followed by PUSH: 

1. AND, OR EXOR, COMPo The top two elements of the stack 
are propped into the logic unit, the logical function is per
formed on them, and the result pushed back onto the stack. 

2. AND-PUSH, etc. The top two values on the stack are popped 
into the logic unit, the appropriate function is performed on 
them, the result is pushed onto the stack, and this is follow
ed by a logical 1. This form of logical operation is used when 
the result is to be saved in the stack for subsequent pro
cessing. The 1 Is put onto the stack to make It ready for 
further evaluations. 

9-42 

INVERT I .l. I ~ 
PUSH 0 I ,: I I .L I 
PUSH 1 I Be~ore I ~ 
PUSH + COpy 

I '~ffl I I L I 
POP I Be~ore I ~ 

Fig. 5 STACK MANIPULATION 

TOP OF STACK = A function B, where function = AND, OR. 
EXCLUSIVE OR, COMPARE: 

In the case of AND PUSH, OR PUSH, EXCLUSIVE OR

PUSH. COMPARE-PUSH: 

A 

B AfB 

C C 

Before After 

Fig. 6 LOGICAL OPERATIONS 



~ C ' 
After 

STORE A; 

The value of B on the top of the stack is stored in stored 
state of address A and replaced by a logical 1. 

OUTPUT A; 

The value of B on the top of the stack is stored In output 
buffer of address A and replaced by a logical 1. 

FIg. 7 OUTPUT OPERATIONS 

ANDIN A; 

I Be~re l A-B 

ANDSSA; I C 

I After I 

I Be~ore I 
NANDINA; I A-B 
NANDssA; I C I 

I After I 

I ~ I 
ANDSS - A; 
PUSH 1 A-B 

C 
After 

I ~:~ I 
NANDSS - A; 
PUSH 1 A-B 

C 
After 

Fig. 8 INPUT OPERTIONS 

SSA I!l 
Category (c) - Input/output operations (See Figs. 7 and 8): 
These instructions have two parts, the command and the 
address. The command defines the data path (input-stack, stored 
state-stack, stack-stored state or stack-output) and the logical 
operation to be performed, if any. The address defines which of 
the 30 pieces of data is to be manipulated. 

STORE and OUTPUT take the logic value from the top of the 
stack and transfer It to the approprite stored state or output 
buffer, the top of the stack being replaced by a logical 1 ready 
for the next evaluation. 
ANDIN takes the value of the addressed input and ANDs it with 
the top of the stack. 
NANDIN takes the logical inverse of the addressed inputs and 
ANDs It with the top of the stack. 
ANDss takes the value of the addressed stored state and ANDs 
it with the top of the stack. 
NANDsS takes the logical inverse of the addressed stored 
state and ANDs It with the top of the stack. 

In the above four operations, the stack is neither pushed nor 
popped. 

AsPl takes the value of the addressed stored state, ANDs it 
with the top of the stack, and pushes 1 onto the stack. 
NASP1 takes the logical inverse of the addressed stored state, 
ANDs it with the top of the stack, and pushes 1 onto the stack. 

Category (d) - control: 
PAGE. There are typically 4 pages of stored states in the SBA, 
and the instructions reading and writing to and from the stored 
states only provide an address within the currently enabled 
page. The PAGE instruction steps the page counter and 
enables the next page. 
HOME. If it is required toenablea page of stored states that has 
been passed, the HOME instruction causes the page counter to 
go back to enable the home page. 

As an example, if the page counter is currently enabling page 3 
and it is required to update a stored state on page 4, the PAGE 
instruction would be used. If now a stored state on page 2 is 
required, a HOME instruction will switch back to page 1 and a 
PAGE instruction will step to page 2. 

RESTART. This code is always the last code In the program 
memory (note that its value is conveniently all zeros) and when 
seen by the control logic the following is performed: 
1. the contents of the output buffers are relatched to the 

outputs. 
2. a new set of inputs are latched 
3. the top of the stack is set to logical 1 
4. the page counter is reset to the home page 
5. the program address counter is reset to restart the 

evaluation of Boolean equations. 
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PART n Using the SBA 

A. INPUT/OUTPUTS 

The addressing capability of the SBA allows for 30 inputs and 30 
outputs. There are 30 pins available as InpuVOutputs and so if 
more than 30 total inputs and outputs are used they must be 
multiplexed. 
There is a mask programmable option on each of the 30 pins to 
allow them to be inputs. outputs or multiplexed inpuVoutputs. 
Regardless of the option. the internal addressing of the pins 
remains the same and so. for example. if an application requres 
only one input and the board layout requires It to be the last pin 
the program must use address 30. 

Input 
When programmed as an INPUT.nothing will be able to be output 
from the pin even if the program loads something in the 
respective output buffer. 

Output 
When programmed as an OUTPUT. the input data path is still 
connected and the value on the pin will be latched with aU the 
other inputs at the appropriate time. This fact can be utilized as 
follows: 

(a) It is sometimes required that the value of an output Is used 
in the processing during the following cycle and would 
normally have to be copied into a Stored State. Feeding an 
output back as an Input in this way avoids this problem and 
can also be used as a limited supply of extra stored states. if 
spare pins are available. that can also be read outside the 
chip. 

mA 

20 

19 

18 

17 

16 

.... 15 :::l 
Co .... 
:::l 14 0 
a: w 
Co 13 ... z w 

12 a: 
a: 
:::l 
() 

11 ::;; 
:::l 
::;; 
x 10 
« 
::;; 

(b) As well as reading the value of the output directly. the 
output can be modified by making use of the open drain 
construction of the output driver. The value of the output 
can be modified by an externally connected active pull
down device and the result read into the input. Something 
like a manual override would be a Simple use ofthis facility 
while more complex logic functions can also be easily 
performed. 

Multiplexed Input/Output 
For complete separation of inputs and outputs the 
MULTIPLEXED facility must be used although external logiC 
must be used for demultiplexing. 

Output Drive Capability 
The Output drivers have an impedance of 100 Ohms and are 
nominally rated at a sink current of 7mA. Thus each output can 
drive 4 TTL loads plus a 10 KOhm pull-up resistor to +5V. 
The nominal current rsting is determined by the total allowable 
power dissipation in the output circuits. which is a maximum of 
15OmW. The 7mA rating has been determined assuming all 30 
outputs are being used. If less than the maximum are in use. the 
current rating for each can be increased up to the maximum 
rating of 20mA. keeping within the 150mW power restriction. Fig. 
9 gives a guide to the current capacity for different numbers of 
outputs in use. 

2 3 6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

NUMBER OF OUTPUTS 

Fig. 9 
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B. DEVICE TIMING 

The clock can be generated internally with the help of an external 
RIC network connected to the three 'clock' pins, or an external 
clock can be applied to the clock input. 
The SBA will perform the instructions in the ROM, one per clock 
cycle, until the RESTART instruction is reached. At this point a 
special sequence is performed that is shown in Fig. 10. 
The possible variations are due to separate or multiplexed 
inputs/outputs and the use of HALTED and GO. 

Input Timing 

program (including RESTART) plus 6 (for the end of cycle 
sequence). If the cycle is stopped by removing GO, the time can 
be up to 1 clock cycle less. Thus the maximum possible cycle 
time is: 

Clock period x (1023 + 6) = 1.28625ms at 800KHz 
= 10.29ms at 100KHz 

In general we have: 

no. of instructions + 6 = program cycle time in ms. 
clock frequency in KHz 

Inputs are strobed into the device once per program cycle, as C. BASIC PROGRAMMING 
shown in Fig. 10, whether they are exclusive inputs or 
multiplexed. The internal operation of the SBA is of no concern to the user, the 

device simply being thought of as a variable array of logic. It can 
Output Timing be treated as abstract logic or as the logic family most familiar to 
If a pin is dedicated to the output function, then the logic level the engineer, although speed and response time must be 
remains constant throughout the program and is updated at th!l considered separately as it is somewhat unique in the SBA. 
end of each cycle as shown in Fig. 10. The logic representing the function to be performed by the SBA 
In a multiplexed 110 the output data is present for two clock is described by a set of Boolean Equations. These can be of any 
cycles at the end of each program cycle, the 110 control providing length and are composed of the four logical functions, AND, OR, 
a strobe so the data can be stored in an external device (on the EXCLUSIVE OR and COMPARE, together with invert or negate 
negative edge). and as many levels of brackets as are required. Rules and 
Modes of Operation restrictions are minimal. 

1. If the SBA is required to cycle continuously the GO input will Stored States - Basic Storage 
be true. In this case there will be one clock cycle between 1/0 The Stored States can be used to store the state of some input or 
control disappearing and the SPA strobing the inputs. This is the logical combinations from one program cycle to the next. For 
more common mode of operation. example, If it were required to produce an output whenever an 
2. If GO is not present after the 110 control goes high, the input changed state, the value of the input must be stored and 
HALTED output will appear and the SBA will stop. When GO compared with the new input in the next cycle. The equations 
becomes true, HALTED will be removed and the SBA will might be: 
continue by latching a new set of inputs. Although this mode can output = input * store; (where * represents exclusive OR) 
be useful it is usually better to put the control into the program store = input; 

itself and run continuously. Thus, when the input is different from the stored value, i.e. the 
Cycle Times state of the Input last time, the output is produced. 
Since all instructions have been arranged to take the same time, It should be noted here that because of the sequential nature of 
the total time taken for a complete program cycle is the time for 1 the SBA the equations are performed one at a time. So the 'store' 
clock cycle multiplied by the total number of instructions in the equation must come after the 'output' equation otherwise the • 

r---------------, I 

BASIC CLOCK 

DEDICATED OUTPUT UPDATED 

MULTIPLEXED OUTPUT DATA VALID 
-1----1 

I/O CONTROL 

INPUT STROBED 

I/O CONTROL 

GO 

HALTED OUTPUT 

INPUT STROBED 
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store would contain the same value as the input of the current 
program cycle. 
The Stored States can also be considered in groups for storing 
numbers, machine states, etc., and also for counters and 
sequence generators. Again the equations can either be 
generated purely logically from a truth table of the required 
sequence or by considering an appropriate hardwre solution. 

Stored State - Temporary Storage 
Stored States do not necessarily have to be used as stores from 
one cycle to the next. It is often convenient to use these as 
temporary stores within a program cycle. A typical example is 
when a calculated value is to be used in several equations. Rather 
than calculate the value each time, it can be calculated once and 
stored and then read directly from the store as required. Such 
'temporary stores' may be updated as many times as required in a 
program cycle and it is often convenient to reserve a couple of 
stored states on each page for this purpose. An example might be 
the Stored State 'temp' being used as a reset for a store and then 
later as an enable for an output: 

temp = reset logic; 
store A = (store A logic).-temp; 
store B = (store B logic).-temp; 
etc., then later in the program 
temp = enable logic; 
output A = (output A logic).temp; 
output B = (output B logic).temp; 
etc. 

If the SBA compiler Is used, the name for the temporary store 
must be the same (as 'temp' above) to define the same bit and it 
can be seen that there might be confusion in knowing the 
function of the store in a particular part of the progrem. The 
problem can be solved by knowing that SBACOMP only takes the 
first 4 characters of the name. So as long as these remain 
constant, the same bit of storage will be used and the name can 
be extended to indicate the current use ofthat particular store. In 
the above example the names could have been 'tempreset' and 
'tempenable'. 

Order of Equations 
The most important rule In SBA programming has already been 
mentioned and that is the order ofthe equations. While the timing 
as seen external to the device Is clearly defined, it must always be 
remembered that the equations within a program cycle are 
performed in sequence and care must be taken to ensure that 
stores are updated at the right time. 

The first example illustrates the overall construction of a program 
and is demonstrated by considering the store defining the 
current state of the machine. The state will be output to the 
system being controlled and the inputs read back from the 
system. These, together with the present state, will define the 
next state to be output to the system. When the state number Is 
used in ··,e SBA equations, the position of that equation in 
relation to the equations updating the state will obviously define 
which state is being referred to. The state number before 
updating will refer to the state output to the system last time and 
will therefore be associated with the current inputs since these 
are a direct result of that state. The state number after updating 
will refer to the next state and will be used in determining the 
outputs. 
Another Important time to watch the updating of stores Is when 
using such things as counters. A 3 bit binary counter stepped by 
'step' might be written: 

A = A"step; 
B = B"(step.A); 
C = C"(step.A.B); 

where the least significant bit changes whenever 'step'ls true and 
the subsequent bits only when all previous bits are true AND 
'step' Is true. It can be seen that the equations cannot be written 
as shown because the values on the right hand side refer to the 
present value of the counter and those on the left hand side the 
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next value. After the first equation, A has been updated and so In 
the next equation the wrong value will be read. (Note that a 
hardware solution would update all bits In paralle!.) In this case 
the stack can be utilized to advantage by storing the new values 
as they are calculated and only when all bits are completed are 
the stored states updated from the stack. The example would 
actually be written: 

stak = A "step; 
stak = B"(step.A); 
stak = C"(step.A.B); 
C = save; 
B = save; 
A = save; 

Equations 3 and 4 can be combined but, if written like this for 
clarity, they will, In fact, be combined by the complier. 

The Pages of Stored States 
The order of equations and the variables within the equations can 
also be important (as far as economy of instructions are 
concerned) when the different pages of Stored States are used. 
Equations using variables from more than one page can, in 
extreme circumstances, use more page change instructions than 
actual processing! 
For this reason, those bits commonly used together (e.g. 
counters) should be grouped on asingle page. It Is better to leave 
a page partly unused in order to do this. Thus four 15 bit counters 
would certainly be better put one counter per page with the odd 
associated bits (like resets) kept on their respective pages, rather 
than squeezing onto two pages and having to put resets etc., on a 
different page. 
If possible, processing should be performed in the order of 
pages. Thus page 1 processing would be done first, then page 2 
and so on to avoid unnecessary page changes. It is easiest to 
write the program first and then allocate the stores to pages to get 
the flow right. Data transferring from one page to another can 
often be stacked first as demonstrated in the following. 
Bits on page 1 labelled lA, lB, lC to be moved to page 2, bits 
labelled 2A, 2B, 2C, and if written: 

2A = lA; 
2B = lB; 
2C = lC; 

will use 11 instructions while: 
stak = lA; 
stak = lB; 
stak = lC; 
2C = save; 
2B = save; 
2A = save; 

uses only 9. If the pages were 1 and 4, the number of instructions 
would be 17 and 11; if moving page3topage2wewould have 14 
against 10. Obsessive page instruction saving is, however, not 
usually required and is only important when using the ROM to Its 
maximum capacity. It is generally best to write the equations 
initially using the simple basic rules and to resort to more clever 
reduction techniques if the ROM is filled. 

D, PROGRAMMING EXAMPLES 

Combinational Logic 
Little needs to be said here since any boolean equations is valid 
and can include AND, OR, EXOR, COMPARE and INVERT 
operators and. as many variables and brackets as are required. 
For greatest economy of instructions the equation should be 
minimized as far as possible, using EXOR and COMP if 
appropriate, and in general sums of mlnterms are most efficient. 
If required, even further reductions can be made by considering 
the Instruction set. Inversion of Single terms costs nothing, while 
Inversions of multiple terms costs one Instruction. The AND 
operator with a single term is implicit with the reading function, 



while all other operators andtheANO with a multipleterm all cost 
an extra instruction. 

A good rule is to use as few OR, EXOR and COMP operators as 
possible (also AND and INVERT outside brackets). The 
difference in the number of instructions taken by two versions of 
the same equations is approximately the difference in the 
numbers of these 'bad' operators (shown underlined). 

Examples: 

(a) -A.-B ± -C.-O ± -E.-F instead of (A ± B).(C ± O).(E ± F) 
saves 3 (2 versus 5) 

(b) -(-A.-B.-C.-O) instead of A ± B ± C ± 0 saves 2 

Latches 

The straightforwa:·d storing, temporarily or otherwise, of input 
data or logical combinations has been discussed and needs no 
further comment. 

However, it is often required that a piece of data be latched into a 
store, and in hardware solutions devices such as S-R, J-K and 0 
type latches are available for this function. The stored states in 
the SBA together with a bit of logic can be made to act as latches, 
the type being limited only by the imagination. A few examples 
are as follows: 

(a) Simple S-R latch that is set by the variable 'set' and reset by 
'reset': a = set + a.-reset 

(b) In (a) the 'set' will override if both inputs appear together. If 
'reset' is to override: a = (set + a).-reset 

(c) Clocked latches have greater variety, a Simple 0 type 
being: a = data.clock + -clock. a 

(d) A clocked set - reset: 
a = (set.clock) + a.-(reset.clock) 

(e) Clocked set, asynchronous reset, set override: 
a = (set.clock) + Q.-reset 

(f) Clocked set, asynchronous overriding reset: 
a = «set.clock) + a).-reset 

(g) Full J-K latches: 
a = J.clock.-a + a.-(K.clock) 

It is usually best to design the latch to fit the particular 
requirement since, in general, the more features required the 
more instructions are needed. If a latch is required to change on a 
particular edge of a clock, another store is required and we have, 
for example: 

clock = inclock.-storeclock; 
storeclock = inclock; 

to detect the 0-1 transition. Either or both edges can be detected 
in this way. It can be noted here that once an input clock has been 
monitored for a transition then anything in the whole of that 
program cycle can be clocked by the same edge. 

Counters and Sequence Generators 

There are several ways in which counters can be programmed, 
but a good general purpose method is described here. 

The counter will have an input to tell it when to count and let this 
be called COUNT. 

Consider each bit of the counter in turn, from the least to most 
significant bits, and determine the conditions that require that bit 
to change. This condition, ANOed with COUNT, can be made to 
change tne bit using the exclusive OR instruction. So for the Rth 
bit, if the change condition is CR we have: 

R = R*(COUNT.CR); 

Care must, of course, be taken to ensure that bits are not used 
after they have been updated. They can be stored conveniently 

SBA Ii] 
on the stack. In a binary counter each bit changes when all bits of 
lower significance are true, and we have, for a 4 bit counter as an 
example: 

stak = A 'COUNT; 
stak = B'(COUNT.A); 
stak = C'(COUNT.A.B); 
stack = O'(COUNTAB.C); 
0= save; 
C = save; 
B = save; 
A = save; 

If the counter is to step each program cycle (for a switch scanner 
or a counter using the cycle for its timing, for example). COUNT 
can be removed and the first equation changed to stak = -A; 

The binary case is very regular and an alternative approach, 
which is more economical for large (over 4 bits) counters, uses 
temporary stores to build up the change conditions 
progressively: 

T1 = COUNT.A 
A = A*COUNT 
T2 = Tl.B 
B = B'T1 
T1 = T2.C 
C = C*T2 
T2 = T1.0 
0= O'Tl 
etc. 

Note that this time stacking has been avoided since the change 
condition is buill up progressively. It can also be seen that only 
two temporary stores are required. 

The technique is further illustrated by considering the following 
'random' sequence: 

State OCBA 
1 0000 
2 0111 
3 1110 
4 0001 

5 1011 9 
6 0011 
7 0100 
8 1001 
9 0000; 

Examining each bit we see that: 

A changes after states 1, 2, 3, 6, 7, 8 
B changes after states 1, 3, 4, 6 
C changes after states 1, 3, 6, 7 
o changes after states 2, 3, 4, 5, 7, 8 

Assuming the non-valid states cannot occur, and using standard 
reduction techniques, the change conditions reduce to: 

CA = -A + B.-O + -B.O 
CB = -C.-O + C.O 
CC = -A + B.-C.-O 
CO = C + 0 + A.-B 

Now including STEP, and reducing still further for the SBA using 
exclusive ORe') and compare (#), we have finally: 

stak = A ' STEP.(-A + (B*O»; 
stak = B * STEP.(C#O); 
stak = C ' STEP.(-A + B.-C.-O); 
stak = 0' STEP.(C + 0 + A.-B); 
0= save; 
C = save; 
B = save; 
A = save; 

And, for completeness, the carry output is given by A.-B.-C.O, 
reducing to: 

COUT = -B.O; 

which should go at the beginning, before the states are updated. 
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CP1600 

16-8il Single-Chip Microprocessor 
FEATURES 

iI 8 program accessible 16-bit general purpose registers 
• 87 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 2's complement arithmetic & logic 
• Status word: carry, overflow, sign, zero 
• Direct memory access (DMA) for high speed data transfer 
• 84k memory using single address 
• TTL compatible/simple bus structure 
• 600ns cycle time 3.3 MHz 2-phase clock 

DESCRIPTION 

The CP1600 Microprocessor is a compatible member of the 
Series 1600 Microprocessor products family. The CP1600 is a 
complete, 16-bit, single chip, high speed MOS-LSI 
Microprocessor. The Series 1600 family is fabricated with 
General Instrument's N-Channellon-Implant GIANT II process, 
Insuring high performance with proven reliability and production 
history. All members of the Series 1600 family, including 
Programmable Interface Controllers, Read Only Memories, and 
Random Access ReadlWrite Memories are fuliy compatible with 
the CP1600. 

The CP1600 Microprocessor has been designed for high speed 
data processing and real time applications. Using a 3.3MHz two 
phase clock, the CP1600 completes a microcycle in 600 
nanoseconds. Typical applications include programmable 
calculator systems,peripheral controllers, process controliers, 
intelligent terminals and instruments, data acquisition and digital 
communications processors, numerical control systems and 
many general purpose mini-computer applications. The 

CP1600 SYSTEM DIAGRAM 

16·BIT BIDIRECTIONAL BUS 

10A-2 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Top View 

eBCI.~ ., - 40 l: PCIT* 
MSYNC*: 2 39 P GNO 

:~: ~ 
3 3B p., 
4 37~" 

BOIR C 5 36 ~ Veo (+12V) 

015 t 6 35 ~ Vss (-3V) 
014C 7 34 P Vee (+5V) 
013t 8 33 P BDADY 

012 t 9 32 P STPST* 
011t 10 31 P BUSRQ'" 
010 t 11 30 P HALT 
Dot 12 29 P BUSAK* 

OSC 13 28 P INTR* 

DOC 14 27 INTAM* 

01t 15 26 :J Tel 

07 : 16 25 :J EBCAO 

~~ 
17 24 :J EBCAl 

18 23 :: EBCA2 

~~ 
19 22 2 EaCA3 

'ACTIVE 20 21 P 02 
LOW LEVEL 

Microprocessor can readily support a variety of peripheral 
equipment such as TTY, CRT display, tape reader/punch, AID & 
D/A converter, 'keyboard, cassette tape, floppy disk, and RS-
232C data communication lines. 
The CP1600 utilizes third generation minicomputer architecture 
with eight general purpose registers to achieve a versatile, 
sophisticated microcomputer system. The 16-bit word enables 
fast and efficient processing of alpha-numeric 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 and 
microprogrammable Peripheral Interface devices, provides an 
efficient solution to' microcomputer' and many, minicomputer
based product requirements. 

VDO Vee V~8 
MSVNC +12V +5V -3v 



PROCESSOR SIGNALS 

DATA BUS 
00-015 
Input/Output/High Impedance 

Data 0-15: 16-bit bidirectional bus used to transfer data, 
addresses, and instructions between the microprocessor, 
memory, and peripheral devices. 

PROCESSOR CONTROLS 

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. 
EBCAO-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 
External Branch Condition Input: Return signal from the one
of-16 selection made by EBCA 0-3. 

CP1600 INTERNAL BLOCK DIAGRAM 

PROCESSOR 
CONTROL EBCAO 

EBCA1 
EBCA2 
EBCA3 

EBCI 
STPST 
HALT 
pen 
TCI 

BDRDY 
INTR 

INTRM 
BUSRQ 

BUS BUSAK 
CONTROL 

BCI 
BC2 

BOlA 

(SP) 

{PC) 

RS 

R7 

BUS CONTROL SIGNALS 

BOIR, BC1, BC2 
Outputs 

CP1600 I!iJ 

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· 
informs devices that the bus has been released. 
BOROY 
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 CI~rrent Interrupt: pulse outputted by the micro
processor in response to the TCI instruction. 
PC IT 
input/output 
Program Counter InhibitlTrap: 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 
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CP1600 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings" 
Voo, Vee, GND and all other input/output voltages 

with respect to V.. . . . . . . . . . . . . -0.3V to +18.0V 
Storage Temperature ............ -55°C to +150°C 
Operating Temperature. . . . . . . . . . . . .0° C to +70° C 

Standard Conditions: (unless otherwise noted) 

"Exceeding these ratings could cause 
permanent damage to these devices. 
Functional operation at these conditions is 
not implied-operating conditions are 
specified below. 

Voo=+12V±5%, 70mA(typ) ,110mA(max.) v •• = -3V±10%, 0.2mA(typ) ,2mA(max.) 
Vec=+5V±5%, 12mA(typ) , 25mA(max.) Operating Temperature (T ,)=00 C to +70° C 

Characteristic Sym Min 

OC CHARACTERISTICS 
Clock Inputs 
High VIHe 10.4 
Low VILe 0 
Logic Inputs 
Low VIL 0 
High (All Lines except BDRDY) VIH 2.4 
High (Bus Data Ready Line 

See Note 1) VIHB 3.0 
Logic Outputs 
High VO" 2.4 
Low (Data Bus Lines 00-015) VOL -
Low (Bus Control Lines, 

BC1,BC2,BDIR) VOL -
Low (All Others) VOL -
AC CHARACTERISTICS 

Clock Pulse Inputs, ~1 or ~2 

Pulse Width t~2, t~2 120 

Skew (~1, ~2 delay) t12, t21 0 

Clock Period Icy 0.3 

Rise & Fall Times Ir, If -
Master SYNC: 
Delay from ~ tms -
00-015 Bus Slgnal8, 
Output delay from ~1 

(float to output) tBO -
Output delay from ~2 

(output to float) t BF' -
Input setup time before ~1 t B1 0 
Input hold time after ~1 tB2 10 
Bus Control Signals 

BC1,BC2,BOIR 
Outpul delay from ~1 toe -

BUSAK Output delay from ~1 t BU -
TCI Output delay from ~1 tTO -
TCI Pulse Width tTW -
EBCA output delay from BEXT 

tOE input -
EBCA wait time for EBCI input tAl -
CAPACITANCE 

~1, ~ Clock Input capacitance C~1,C~ -
Input capacitance 
00-015 CIN -
All Other - -
Output capacitance 
00-015 in high impedance state Co -
""Typical values are at +25° C and nominal voltages. 
NOTE: 

Typ"" Max 

- Voo 
- 0.6 

- 0.65 
- Vee 

- Vee 

Vee 
- 0.5 

- 0.45 
- 0.45 

- -
- -

- 2.0 

- 15 

- 30 

- 120 

50 -
- -
- -

- 120 

150 -
200 -
300 -

- 150 
- 400 

20 30 

6 12 
5 10 

8 15 

Units Conditions 

V 
V 

V 
V 

V 

V 10" = 100pA 
V 10L= 1.6mA 

V IOL=2.0mA 
V 10L= 1.6mA 

ns 

ns 

poS 

ns 

ns 

ns 1 TTL Load & 25 pF 

ns 
ns 
ns 

ns 

ns 
ns 
ns 

ns 
ns 

TA=+25°C; Voo=+12V; Vee=+5V; 
V •• =-3V; t'~1 t~2 = 120ns 

pF 

pF 
pF 

pF 

1. The Bus Data ReaDY(BDRDY) line Is sampled during time period TSI after a BAR or ADAR bus control signal. BDROY must 
go low requesting a wait state 50 ns before the end of TS1 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 up to a maximum 
of 40 posec duration. 
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BUS TIMING DIAGRAM 

JS CONTROl Wtl BAR t0I NACT @ DTB @ NACT @ BAR @ 

00-015 ; FLOAT ~ FLDAT X=X~_....:FL:.:.OA....:T_--->o>l~ 
~ 
OUTPUT 

PROGRAM COUNTER 

4-+ 
INPUT 

BEXT INSTRUCTION 

--j tOE r--

~ 
OUTPUT PC+I TO 

FETCH DISPLACEMENT 

E~~-l:XXXXXXX ;UNQEFINED )¢()()()()@OO(r.ST=A'"'BC-LE:-:CAS"'LD:-:-C:NG:-:CAS"'A:-::D~OR:-::E~SS""I""S '::sr"'AB""LE"O:"i: 

I \--tAI --, 

EBCI : • DON'T CARE • a-DON'T CARE--; -VAUD INPUT 
THROUGHOUT TSI 

TYPICAL INSTRUCTION SEQUENCE 

· CP1600 

~II'CYCLE~ 

AAAAA~~A~~R~~ 
r---tCy--i 

_I 9.4V 

O.BV 

~t_l4-
I I 

I 
I 

I I II 

I -:-r t.,2 ~:I 
:tIZ-I :-- -t I/-izi 
I I I 
I I I 

~ IDe ri- : --j I- t MS : I:: I I I 
8CI, BCZ, -rv,z,.ZV MSYNC!! r-

BOIR .----lJ\ O.BV I : -.lJ 

00-015 : 

i --jlBO r-- ~tBF--

~ \\\\ ~"=-:ZB: ------.:m 
If ~ ~f Ii 

BUS 
CHANGING FROM 
FLOAT MODE TO 
OUTP\lT MODE 

BUS BUS 
OUTPUT CHANGING FROM 
VAll 0 OUTPUT MODE TO 

FLOAT MODE 

, I 
I I 
I I 

tBI-j r-: r-- IBZ 

~~--------~ 

hi 
INPUT 

INSTftUCTION 
OR DATA 
OPERAND 

BRANCH ON EXTERNAL CONDITION INSTRUCTION 

II 
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CP1600 

SIMPLIFIED STATE FLOW DIAGRAM 

INTERNAl. 
REFERENCE 

MSYNC· 

}
NITIALIZATION 
SEOUENCE 

FETCH 
SEQUENCE 

INSTRUCTlONr-__ ~=;;1b=~· 

BUS CONTROL SIGNALS 

10A-6 

BDIR 

o 
o 
o 
o 
1 
1 
1 
1 

BC1 

o 
o 
1 
1 
o 
o 
1 
1 

u.
INTERRUPTABLE 
INSTRUCTION 

BC2 

o 
1 
o 
1 
o 
1 
o 
1 

Signal 

NACT 
lAB 
AOAR 
OTB 
BAR 
OWS 
OW 
INTAK 

Decoded Function 

AllOR'" 
SEQUENCE 

INTERRUPT 
SEOUENCE 

No ACTion, 00-015 " high impedance 
Interrupt Address to Bus, 00-015 = Input 
Address Data to Address Register, 00-015 = high Impedance 
Data to Bus, 00-015 = Input 
Bus to Address Register 
Data Write Strobe 
Data Write 
INTerrupt AcKnowled!le 



CP1600 

INSTRUCTION SET SUMMARY 

Mnemonlca Operation Mlcrocycle. Comments 
Olr. Indr.lmm. Stac~ 

8 :8CJ ADD ADD 10 a a 11 
~ 1/1 ~ '8' SUB SUBtract 10 a a 11 
CD IS CMP CoMPare 10 a a 11 Result not saved Gi .. ~~ a: u AND logical AND 10 a a 11 
as < XOR eXclusive OR 10 a a 11 
C III 
~ C 

10 a a 11 CD-

~ 
MVO MoVe In 1< MVI MoVe In 10 a a 11 w 
AD DR ADD contents of Registers 6 Add one cycle 

.a~ SUBR SUBtract contents of Registers 6 if Register 6 or 7, except'. 
~-! CMPR CoMPare Registers by subtr. 6 Result not saved 
~'Q AN DR logical AND Registers 6 
i>CD XORR eXclusive OR Registers 6 a: a: 

MOVR MOVe Register 6 

ClRR CleaR Register 6 XORR with itself ., 
TSTR TeST Register 6 C 

0 JR Jump to address in Register 7' PC-(RRR) ti 
2 lii INCR INCrement Register 6 
0; 0; DECR DECrement Register 6 
.E '0, COMR COMplement Register 6 One's Complement 
~ CD NEGR NEGate Register 6 Two's Complement .e a: 
1/1 CD ADCR ADd Carry Bit to Register 6 '0, c;, GSWD Get Status WorD 6 CD C a: iii NOP No OPeration 6 Two Words a SIN Software INterrupt 6 Pulse to PCIT pin 
E RSWD Return Status WorD 6 .e PUlR PUll from stack to Register 11' PUlR=MVI @ R6 .E 

PSHR PuSH Register to stack 9' PSHR=MVO @ R6 

Sll Shift logical left 6 
;:: RlC Rotate left thru Carry 6 one or two position 
:;: SllC Shift logical left thru Carry 6 shift capability. Add 
rn SlR Shift logical Right 6 two cycles for 2-position 
lii SAR Shift Arithmetic Right 6 shift 0; 
'0, RRC Rotate Right thru Carry 6 
CD SARC Shift Arithmetic Right thru Carry 6 a: 

SWAP SWAP a-bit bytes 6 2-position=SWAP twice 

HlT HalT 4 
1/1 SDBD Set Double Byte Data 4 Must precede external reference 

-e.§ EIS Enable Interrupt System 4 } .. '00.' "" , .. -U DIS Disable Interrupt System 4 C ~ o ~ TCI Terminate Current Interrupt 4 Not Interruptible 00; ClRC CleaR Carry to zero 4 .E 
SETC SET Carry to one 4 

1/1 J Jump 12 
C JE Jump, Enable, interrupt 12 

0..2 
EU JD Jump, Disable interrupt 12 
~ ~ JSR Jump, Save Return 12 JReturn Address """).; 

JSRE Jump, Save Return & Enable 12 saved in R4, 5 or 6 .E JSRD Jump, Save Return & Disable Interrupt 12 

B unconditional Branch 7 Displacement in PC+1 
BC, BlGE Branch on Carry, C=1 7 PC-PC±Displacement 

1/1 BNC, BllT Branch on No Carry, C=O 7 Add 2 cycles if test condition 
C 

BOV Branch on OVerflow, OV=1 7 is true. .2 
U BNOV Branch on No OVerflow, OV=O 7 
2 BPl Branch on Plus, S=O 7 
0; BMI Branch on Minus, 8=1 7 .E 

BZE, BEQ Branch on ZEro or EQual 7 Z=1 s:. 
u BNZE, C 
I!! BNEQ Branch if Not ZEro or Not EQual 7 Z=O 
m BlT Branch if less Than 7 SYOV=1 

! BGE Branch if Greater than or Equal 7 SYOV=O 
,g BlE Branch if less than or Equal 7 ZV(SYOV)=1 
'6 BGT Branch if Greater Than 7 ZV(SYOV)=O 
C BUSC Branch if Sign'" Carry 7 CY8=1 0 
0 BESC Branch if Sign = Carry 7 CYS=O 

BEXT Branch if External condition is True 7 4 lSB of I nstruction are decoded to select 
1 of 16 external conditions. 

1 MICROCYCLE = 2 CLOCK CYCLES 
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IOB1680 

Input/Output Buffer 
FEATURES 

• Single 16-Bit Port or Dual B-Bit Ports for 
Bidirectional Input/Output 

• Parity Check Logic on Both Ports 
• Three Levels of Priority Interrupt Logic 
• 'Real Time' Presetable 1B-Bit Timer 
• Capability to Monitor Peripheral Error Status 
• Three Interrupt Vectors for Error, 110 and Timer 
• Automatic Handshake Logic and Signals 
• Control Register 
• TTL Compatible 

DESCRIPTION 

The IOB1680 is a byte oriented programmable input/output 
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 CP1800 by the use of six B-bit registers and a 16-bit 
programmable timer. Two of the B-bit registers are a buffer store 
between the CP1800 and the bidirectional 110 lines to peripheral, 
latching any data sent to them from the CP1600. Three other B
bit registers hold the Interrupt Vector Addresses associated with 
1/0, 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 
informtion. The 1B-bit timer gives the IOB1680 a real time 
capability which is suitable for confirming system security and 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Tel'" 
IMSKO 

DO 

01 
02 
03 
D. 
05 
06 
07 

CK1* 

POl 
P02 
P03 
PD. 
POS 

P06 
P07 

TOp View 

INTRO· 
IMSKI 

BCl 

BC2 

BOIR 
CEO 

ERROR' 

Vee 
GNO 

vDO 

P.E. 

A.R." 

POlS 
P014 

P013 

P012 
P011 
POlO 

P09 
PDS 

"'ACTIVE 
LOW LEVEL 

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. 
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IOB1680/CP1800 SIGNALS 

Data BUI: 
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 and the IOBl680. 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. 

BUI Control Signall 
BOIR. BC1, BC2 (Inputs) 
Bus DIRection, Bus Control 1 and 2: Bus control signals from the 
CPl600 which define the state of data bus operations. These 
signals are decoded internally by the IOB1680 to control its 
operation. 

TCI" (Input) 
Terminate Current Interrupt: A pulse output by the CPl600 in 
response to the TCI instruction to indicate the end of the current 
interrupt service routine. 

INTRO" (Output) 
INTerrupt Reauest: This output is pulled low to a logic '0' by the 
IOBl680 to request an interrupt from 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 INTRa' output of several IOB1660s can be wired ORed 
together. 
CK1" (Input) 
ClocK 1: This clock defines when the bus control signals BDI R, 
Bel and BC2 are valid and is used in the IOB1680to strobe their 
decode signals. It is also used to increment the timer. 

CEo (Input) 
Chip Enable: This low true address input enables the IOB1680 for 
data read and write operations. 
IMSKIIMSKO (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 IOB1660 which Is to 
have highest priority must be connected to GND. 

IOB1880 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 l00}lA. These lines can be used as wire ORed inputs 
by 'pulling down' the line to a logic '0' sinking the 100~A 
externally. 

Peripheral Control Signals: 
PE (Output) 
Peripheral Enable: This output isa function of the Ready bit of the 
control register. When It Is at a logic '0' no action Is required by 
the peripheral, a '1' 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 

IOB1680 iii 
of the control register pulling It to a logic '0', causing an Interrupt 
request to be made via the INTRa' 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 Regllter: 
The Control Register can be written and read under program 
control. The function of the individual bits are: 

Bit 7-Parlty StatuI for Peripheral Data 0-7: 
The parity of the low order byte of the Perl pheral Data bus Is 
indicated by this Control bit, a logic 'O'indicates even parity while 
a '1' Indicates odd. 

Bit 6-Parlty StatuI 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 (TeE): 
The clock to the 16-blt timer Is controlled via TCE, the clock is 
enabled by setting TCE to a logic '1'. The timer can only request 
an interrupt when Its clock Is enabled by TCE. 

Bit 4-Tlmer Interrupt Enable (TIE): 
For the timer to cause an interrupt request on the INTRa' output 
TIE must be set to a logic '1', a '0' disables the timer interrupt 
logic. 

Bit 3-Perlpherallnterrupt Enable (PIE): 
PIE must be set to a logic '1' to enable Interrupt requests on the 
INTRa' output as a result of peripheral Attention Request or 
Error Status conditions. 

Bit 2-0ata Width Select (DWSL): 
The re-enabling ofthe peripheral by automatic handshake can be 
chosen to occur with 8 or 16-blts wide data; DWSL being an '0' 
Indicates an 6-blt wide data word while a '1' Indicates a sixteen 
bit wide data word. 

Bit 1-Error Summary 
The ERROR STATUS olthe 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 INTRa' output if PIE is 
set to a '1'. 

Bit O-Ready 
This READY bit Indicates the operational status ofthe peripheral. 
When It Is a logic '0' the peripheral Is active while a logic '1' 
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 INTRa' output. Reading or writing to the Peripheral Data 
lines causes the resetting of this Ready bit re-enabling the 
peripheral activity. 

lOA-9 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voo and Vee and all other input/output voltages 
with respeetto GNO •••••.•••.••.•••••.••••.••.••••...•••.•••.• -0.3V to +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 Conditions (unless otherwise noted) 

All voltages referenced to GNO 
Voo = +12V ±5% 
Vee = +5V ±5% 
Operating Temperature (T A) = 0° C to +70° C 

Characteristic Symbol 

DC CHARACTERISTICS 

Clock Input: High Vihc 

Low Vile 

Logic Inputs: High Vih 
Low Vii 

Logic Outputs: High VOh 
Low VOl 

AC CHARACTERISTICS 

Clock Inputs 

CK1' Clock period tllc 
Clock width tcl 

Rise & Fall times tcr,tcf 

CAPACITANCE (TA = 25°C, 

Voo = +12V, 

Vee = +5V) 

Input Capacitance: 00-07 Cin 
All others 

Output Capacitance: Cout 

Min 

2.4 

0 

2.4 

0 

2.4 

-

0.4 
70 

-

-
-
-

"Typical values are at +25°C and nominal voltages. 

TIMING DIAGRAM 
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V 
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nS 
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pF Yin = OV 

pF 

H ~ H H H 

U 
---t] 
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Note: CK1' not drawn to scale. 
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CIRCUIT DESCRIPTION 
This circuit is designed to provide all the data buffering and 
control functions nsquired 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-blt bytes. the 
register addresses are aSSigned CP1600 memory locations. as 
follows (N is an arbitrary starting address): 
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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 



8-Blt Data Registers 
These two 8-bit registers are the buffer store between the CP1600 
and the peripheral interface. These registers, when addressed, 
accept data from the CP1600 data bus during a Move Out (MVO) 
instruction to the peripheral lines on the IOB1680. 
During a CPI600 Move In (MVI) instruction, the data present on 
the IOB1680 peripheral lines is transferred to the CP1600 data 
bus. If the registers have not been set toa '1' 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-Bit Binary COllnter-Timer 
This 1.6-bit down counter can be set un\:ler 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 by8. The clock inputtothe 
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 '0'. 
Every time the count reaches zero the timer signals 'end of count' 
which will generate an interrupt request via the INTRO" 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 IOB1680daisy 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 the 
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 CP1600. 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 Interrupt 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 
during system initialization. When an interrupt request 
(INTRO"). generated from the IOBI680 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 Status of Circuit 
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 '1' so that the peripheral input/output 
interface is high at a logic '1', this allows the peripheral lines to 
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 
logic '1'. 

(c) Interrupt Vector Address Registers. 
These registers have all their bits reset to a '0' by the power on 
reset logic. 
Control Register. 

(i) Bit 0 - Ready. This bit is set to a logic '1' indicating that no 
activity is required by the peripheral. 

1081680 Ii!I 
(i1) 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 '0', 
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 '0' 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 
TCI to define their priority. An interrupt request is made by the 
IOB1680 pulling down, to a logic '0', the INTRO" 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 propogates toalilower 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 olthe 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 II 
device whose interrupt logic has been set by an interrupt request 
and acknowledged by an INTAK. 
The IMSKIlIMSKO 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 conveniently accessed by the CP1600 for use in branch 
instructions. 

Branching on Parity 
Bits 6 and 7 of the IOBI680 Control register contain the parity 
status of 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 
BC 
BNC 
BOV 
BNOV 

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 
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The IOB1680 as an Output Device 
The power clear reset logic of the IOB1680 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 IOB1680'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. This would 
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 IOB1680 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 is shown at A in 
the waveform diagram. 

4. The Peripheral Interrupt Enable (PIE) bit of the Control 
Register is now set to a '" by programmer allowing the 
IOB1680 to request inierrupts from the CP1600 via the 
INTRa' 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 
IOB1680 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' outpulto a '0', 
stopping the peripheral activity. The PIE bit and the Ready 
bit both being set to a '1' causes an interrruptrequeslto be 
generated via the INTRa' 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 INTRa' output to its inactive state. 
The subsequent lAB 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 
IOB1680 and EXIT. 

(b) If n is notzero outpulthe next data to the IOB1680. 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 ofthis 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 IOB1680 interface logic. 
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The 1081880 a8 an Input Device 
The power clear status of the IOB1680 for Input Is the same as for 
output which is described under the section 'The IOBl680 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 upthe 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 CPl800 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 
IOBl680 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 IOBl680 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 INTRa' output if no higher priority 
devices are interrupting. 

6. When this interrupt is accepted by the CPl600 the 
acknowledge signal, INTAK, will reset the INTRa' 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 10Bl680 
and EXIT. 

(b) if not zero increment the buffer address and decrement 
N. 

8. Move data from the 10Bl680 and CPl600 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 IOBl680 interface. 
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Dual Digital to Analog Converter 
DESCRIPTION 

The DACI600 Digital to Analog Converter has been designed to 
serve as a powerful, yet economic Interface to a process control 
loop. The DAC1600 provides two 100bit Pulse Width Modulated 
outputs and an array of switch inputs and light driver outputs. 
Essentially the DACI600 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 (1 MHz/l024) whose high/low ratio 
is inversely related to the 100bit value 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, while the 
output ratio is accurate, the chip's output voltage levels are not, 
and would thereby degrade the accuracy olthe 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 100bit 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) toa "I" 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 manual 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 

10A-14 

102 

'0' 

106 

1010 
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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, M4 and 
M5 can be read or loaded via the I/O bus or set by inputs from 
three switch inputs CM1, CM2, or CM3. The condition of these 
bits is encoded and output on light drivers MBI 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 
which 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. 



PIN FUNCTIONS 

101-10: 10 bit bidirectional data bus. Data can be loaded 
synchronously or asynchronously. Data are read onto the 1/0 
bus without strobing. 

MI: Manual input line. It forces the chip into a manual mode of 
operation. 

CS': Chip select line. It is low active for sychronous data transfer, 
high active for asychronous data transfer. 

IS: Input strobe line. It loads one of the four internal registers 
defined by FAl-3, when CS· 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 independentofthe 
CS' 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. Sea Table 3. 

UP1. DN1. RD1: Up counting, down counting and reversing lines. 
They are used to control the direction of counting serially in the 

10-10 10-9 10-8 

1/0 Buffer 0 0 0 
Register A (mode register) 1 1 1 

Register B (valve register) V10 V9 V8 

Register C (set point register) SP10 SP9 SP8 

Register 0 
(switch/lamp driver register) 0 SW6+ SWS+ 

+Read only locations 

DAC1600 I!!I 
value 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 5. 

MO: DAC1600 manual mode output. It oscillates around 2Hz 
whenever MI is low and SO is high. See Table S. 

MB1. MB2: Mode bit-lines. 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 

0 0 0 0 0 0 0 
UP+ DN+ MS M4 M3 M2 Ml+ 

V7 V6 V5 V4 V3 V2 V1 

SP7 SP6 SPS SP4 SP3 SP2 SP1 

SW4+ SW3+ SW2+ SW1+ LD3 LD2 LD1 

Fig. 1 REGISTERS DATA BASE 

Valve Register Value Register Ouput (VO) 
or or 

Set Point Register Set Point Register Output (SP) 

1 1 1 1 1 1 1 0 0 0 

ASSUMING 1MHz CLOCK 

Jl n 
(LSB) 7Jls-.1 1-- lO17!Js --I 

0 1 1 1 1 1 1 1 1 1 --.J I I 
I+--S12JlS .. I .. Sl2Jls ----I 

0 0 0 0 1 1 1 1 1 1 --.J LJ 
1-- 960Jls --I 64ps f.--

Fig. 2 PULSE WIDTH MODULATED OUTPUT WAVEFORMS 
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I:!] DAC1600 

ELECTRICAL CHARACTERISTICS 
Standard Conditions (unless otherwise noted) 
TA= O·Cto 7S·C 
Voo = +12V ± 5% 
Vee = +5V ± 5% 

Symbol Characteristic 

VIL Input Low Voltage 

VIH Input High Voltage 

liN Input Current 
ILOH Output Lkg. Curro 

ILOL Output Lkg. Curro 

CIN Input Capac 

COUT Output Capac 

VOL Output Low Voltage 

VOH Output High Voltage 

Icc Supply Current 

100 Supply Current 

Min. 

-0.5 

2.2 

-
-
-
-
-

-
2.7 

-
-

Max Unlll Conditions 

+0.S5 V " 
Vee V " 

± 10 pA VIN = OV to 5.25V 
10 IJA CS"= 2.2V 10 (1-10) = 4.0V 

-10 ",A CS" = 2.2V; Vee = 5.25 V; 10 (1-10) = 0.4V 
8 pF 1= lMHz 

10 pF 1= lMHz @VOUT=O.OV 
Tri-State Mode 

0.45 V "IOL = 1.S mA 

Vee V IOH = 300pA· CL = l00pF 
S mA 
25 mA No Load 

• Applies to TTL compatible Inputs and outputs. See Table 1 lor other Inputs and outputs. 

Table 1: THE FOLLOWING TABLE DEFINES INTERNAL 
PULL UP CURRENT SOURCES 

Signal In lOut Pull Up Comp loading 

FA1,2,3 In To+5V TTL .. lma@.4V 
LOl Out - - Load Type A 
L02 Out - - Load Type A 
MI In None CompType 1 
MO Out - - Load Type A 

CMl In None CompType 1 
CM2 In None Comp Type 1 
CM3 In None Comp Type 1 
MBl Out - .- Load Type A 
MB2 Out - - Load Type A 

SW3 (ROl 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 CompType 1 
SW5 In Nane Comp Type 1 
ONl In None Comp Type 1 
SWS In None CompType 1 
SW4 In None Comp Type 1 
L03 Out - - Load Type A 

SO In To+5V TTL .. lma@.4V 

CC In Series RC to Common 
. IS In To+5V TTL "lma@.4V 
CS· ·In To+5V TTL ... lma@.4V 

101, -10 InlOut Tri State - Load Type C 

COMPATABILITY 

Compo Type 1 High ............................ 4V to 12V 

LOADING 

Load Type A 

Load Type B 

Load Type C 

lDA-16 

Low .................................. 0.4V 

Source.. • . .. .. .. . .. .. .. .. 2:5 mA @ 4V Min 
Sink ................... 300 ",A @ 0.4V Max 
Source ................... 10 pA @ 9V Min 
Sink ...................... lmA@ 1.2V Max 

Sink ..................... 1.S mA 0.45V Max 
Source ................. 300 pA @ 2.7V Min 
Cap ..•.....•.•.•.•.••.... 100 pF Max Load 

LOAD A,a,e,D 

READ A,a,C,D 

FAl-3 ~~ __ 'C 
OUTPUT 

DATA 
101-10 

cs 

1-----1b~MM~--~ A~~~~7~~5R. 
NO ASYNeH OPER. PERMITTED 

Fig. 3 TIMING DIAGRAM 



3 

0 

0 

0 

0 

1 

1 

1 

1 

MI 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

Table 2 REGISTER AND FUNCTION SELECT 

FA CM 
2 1 Operation Condition 

3 2 
0 0 Load 'A' 

0 1 Load 'e' MI+ =0 JL 
1 0 Load 'c' Jl.. 
1 1 Load '0' 

0 0 Read 'A' CM1-3 

0 1 Read 'e' 
1 0 Read 'C' 

1 1 Read '0' 

Table 3 MODE CONTROL 

1 

J1.. 
M5 

1 

0 

0 

0.02 MIN 

20 MAX 

M4 

0 

1 

0 

DAC1600 

M3 M2 

0 0 

0 0 

1 0 

MSEC 

Table 4 MANUAL MODE FUNCTION CONTROL 

CS" 

1 

1 

1 

1 

1 

1 

1 

1 

O· 

MI 

o 
o 

0 

1 

UP1 DN1 RDI Opertlon 

0 0 0 NoOp 

0 0 1 NoOp. 

0 1 0 Incr "e" 
0 1 1 Deer "e" 
1 0 0 Deer "e" 
1 0 1 Incr "e" 
1 1 0 Indeterminate 

1 1 1 Indeterminate 

X X X NoOp. 

X X X As specified by FA1-3 

X X X NoOp. 

Table 5 MANUAL MODE OUTPUT 

SD 

o 

o 

MO 

o 
~f=2Hz 

INCR/OECR speed is controlled by an internal variable 
frequency clock. The clocking rates are as follows: 

16Hz for 2 See 
64Hz for 2 Sec 

128Hz thereafter until UPl or ON1 are deactivated 

"If CS· remains low for longer than 10 psec. 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 

II 

10A-17 



IIiII 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 

" 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

GND 
Chip Select 

Address Strobe 
2CI Address 
21 Address 

2' Address 
~ Address 
24 Address 
Voo (+12V) 

IN1 

IN2 

INa 
INO 
INS 

IN 18 
,/ 

---------

2' 

ADDRESS 2' 
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2' 

2' 

ADDRESS 
STROBE 

"-
( 
( LATCH , REGISTER 

, 

, , 

CHIP SELECT 

l MULTIPLEXER SWITCHES 
I .-

l~V 

5/ 51018 
/ DECODER 

" 
::J ..., 

Analog Output 
IN1B 
IN17 
IN16 

IN15 

IN14 

1N13 

IN12 
IN11 
INTO 
IN9 
INS 
IN7 
IN6 

, ANALOG OUTPUT 

r---< Voo 

f-< GND 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voo and all other input/output voltages 
with respectto GND •................................•......... -o.aVto +18V 
Storage Temperature ..................................... -55·Cto+150·C 
Operating Temperature ....................................... 0·Cto+70·C 

Standard Conditions (unless otherwise noted) 
All voltages referenced to GND 
Voo = +12V ± 5% 
Operating Temperature (TA) = O·C to +7S·C 

Characteristic Symbol 

Input Load Current (all digital inputs) liN 
Power Supply Current 100 
Input Low Voltate VIL 
Input High Voltage VIH 
Analog Input Voltage VA 
Channel on Resistance RON 
Channel leakage (each channel) ICL 
Voo Leakage IpL 
Source to Drain Capacitance Cso 
Analog Input Cap. CA 
Analog Output Cap. Co 
Digital Input Cap. Co 
Substrate Leakage ISL 
18 ICL + IpL + ISL ILT 

Min Typ Ma. 

- - ±10 
- - 8 

-0.5 - 0.80 
2.2 - Voo 
0.0 - 6.0 
- - 600 
- - 5 
- - 10 
- - S 
- - S 
- - 20 
- - S 
- - 410 
- - SOO 

Unit 

IlA 
rnA 
V 
V 
V 
0 
nA 
hA 
pF 
pF 
pF 
pF 
nA 
nA 

MUX1600 [!] 

'exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Condition 

VIN = OV to S.2SV 
All digital inputs = S.2SV 

VA = OVto 6V 
VA -VOUT = 6V 
Voo - VOUT = 17V 
f = 1 MHz 
f = 1 MHz 
f = 1 MHz 
f = 1 MHz 
Vo - Vss = 6V 
Vo - Vss = 6V 

SWITCHING CHARACTERISTICS LEAKAGE CURRENT DIAGRAM 

ANALOG 
OUTPUT 

INPUT SIGNALS: 
+O.8V to +2.2V 

~---3, .. ---.j 
TO .... INTO TEST LOAD 

OF 1MU and 2OpF. 

I.GY 

D.OV 

VA 

Voo 

1-
Cso 

I I 

_ICL 

I I 

I I 
CA 

! VOUT 

I 18 TOTAL 

I 
I ISL 

T CO 

L~ ~=GND I 
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IIiII GIMINI 

16-8it Microcomputer System 

FEATURES 

• Built around the General Instrument's CP1600 MOS N
Channel Microprocessor. 

• Complete microcomputer system to enable rapid program 
development. 

• Separate Data, Address and Control Buses. 
• Up to 6SK memory space. 
• Unlimited DMA channels. 
• Nested interrupt system with full priority resolution. 
• Includes- MC1600 Microcomputer Module 

RM1602 BK RAM Memory Module 
1/01600 TTY High Speed Reader Punch 

Interface Module 
CC1600 Control Console (Operator's Front 

Panel) and Control Console Module 
CF1600 Card File 
CA1600 TTY/EIA Cable AsSembly 
CA1601 Reader/Punch Cable Assembly 
A full set of Software necessary to prepare and 
debug programs. 

DESCRIPTION 

To simplify microprocessor hardware and software develop
ment, speed the product design cycle, and support product 
prototyplng, a microcomputer development system and its asso
ciated components are a must. The Series 1600 family fills these 
requirements with the GIMINI Microcomputer-a versatile, gen
eral purpose, stand alone computer system built with the Series 
1600 Semiconductor Components. 
The GIMINI utilizes a totally modular deSign allowing the system 
designer maximum configurabllity. The system provides direct 
addressing to 6SK words, unlimited DMA channels, and a multi
line/rliulti-Jevel nested interrupt system with full priority resolu
tion and self-identifying addresses. All control and timing signals 
as well as data and address buses are fully buffered and available 
for use in expanding memory or designing specialized I/O 
interfaces. 

The basic hardware includes a card cage, front panel, and four 
printed circuit boards: the MC1600 Microcomputer Module, the 
RM1602 BK-16 RAM Memory Module, the CC1600 Control Con
sole and Control Console Module, and the 1/01600 TTY
EIAlHigh . Speed Reader Punch Interface Module. Up to 9 
additional cards of any type can be added as required. With the 
addition of a TTY and a high speed reader/punch, the GIMINI 
becomes a test bed for customer designed Interfaces and related 
hardware as well as a full program preparation facility. Its 
resident On-Line Debug Program allows testing of hardware and 
software directly on the system in real time and also totally 
eliminates the annoying bootstrap procedure. The On-Line 
Software Package provides the necessary program preparation 
aids, such as the Assembler, Super Assembler, Text editor, the 
Relocating/Linking Loader and the Object Module Linker. 
All of the card level modules of the GIMINI are available on an 
OEM basis for further system integration. 

10A-20 

GIMINI MICROCOMPUTER 

BLOCK DIAGRAM 



iii 
CA1600 
CA1601 
CA1602 

CF1600 
EX1600 

GIMINI Accessories 

FEATURES 

CF1600 CARD FILE 
• 13-position 
• P.C. backplane with wlrewrap capability 
• Rack-mountable 
• Cards are keyed to connectors 
• 10.5" high x 19.0" wide x 12.0" deep 

EX1600 EXTENDER CARD 
• For use with all GIMINI cards 
• Two 70-pin connectors 

WW1600 WIREWRAP CARD 
• 126 16-pin positions 
• Power and ground planes provided 
• 10 Test points on edge of card 

PS1600/PS1601 POWER SUPPLIES 

PS1600 
PS1601 

WW1600 

• Provides all required voltages for the GIMINI Microcomputer 
System. 

• PS1600 (115V, 60Hz): +5V at 12A; +12V at 2A; -12 V at 2A 
capability. 

• PS1601 (200/250V, 50Hz): +5 at 15A; +12 at 2A; -12V 
at 2A capability. 

• 1% line and load regulatidn. 
• Remote sensing capability. 

CA1600 TTY lElA CABLE ASSEMBLY 
• 6-ft. cable for connecting 1/01600 Interface Module to TTY or 

EIA compatible device. 

CA1601 READER PUNCH CABLE ASSEMBLY 
• 6-ft. Cable for connecting 1/01600 Interface Module with 

high speed reader-punch. 

CA1602 GP1600 MODULE CABLE ASSEMBLY 
• 6-ft. cable for connecting GP1600 Interface Module with 

external device. 

DESCRIPTION 

The CF1600 Card File Is deSigned to house up to 13 cards of the 
GIMINI family. The MC1600 Microcomputer Module, the CC1600 
Control Console Module, and the 1/01600 TTY-EIAIReader
Punch Interface Module each have one assigned position. The 10 
remaining positions are available for memory modules, general 
purpose input-output cards, or special interface cards. 

The printed circuit backplane parallels the power supply rails and 
the data, address and control buses for all 13 cards. There are 
separate voltage and voltage sense lines on the P.C. backplane 
for the +12V, -12V and +5V supplies. The bus system can be 
extended to another card file by wirewrapplng or soldering a 
ribbon cable to one of the rear connectors. 

The EX1600 Extender Card can be used with any other card of the 
GIC1600 family. 

The WW1600 Wirewrap Card conteins 126 16-pln sockets for 
prototyping special Interface cards. Power and ground planes 
are provided. 

The PS1600/PS1601 Power Supply provides all the power 
necessary to run the GIMINI Microcomputer System. The user 
has 2A of +12V and 2A of -12V available for extra memories and 
Interfaces. 

CARD FILE 

SLOT 

1 
2 
3-12 

13 

CF1600 CARD FILE 

CARD 

MC1600 MicrocomputerModule 
CC1600 Control Console Module 
Memory or 1/0 Cards 
1/01600TTY-EIAIReader-Punch 
Interface Module 

Also available is 9A of +5V if the system uses only one 8K RAM 
Memory Module. Special power supply configurations are 
available upon request. 

The CA1600 TTY lElA Cable Assembly is a 6' cable that has a 10-
pin 3M connector to Interface with the 1/01600 TTY-EIAIReader
Punch Interface Module on ('-9 end. The other end is split into 
two sections: one is left unterminated for connection to a TTY; 
the other is terminated in a 25-pln data connector for connection 
to an EIA device. 

The CA 1601 ReaderlPunch Cable Assembly Is a 6' cable that has 
a 34-pln 3M connector to interface with the 1/01600 TTY~ 
EIAIReader-Punch Interface Module on one end. The other end 
is split Into tWo sections: both are terminated In 25-pln data 
connectors, one for connection to the reader and the other for 
connection to the punch. 

The CA1602 GP1600 Module Cable Assembly is a 6' cable that 
has a 34-pin 3M connector to interface with the GP1600 General 
Purpose Interface Module on one end. The other end is 
unterminated. 
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'1iI' AD1600 

Analog to Digital Module 

FEATURES 

• 12-bit Analog to Digital Conversion 
• ± 10 volt inputs. 
• 25KHz Standard Throughput Rate, Option 35KHz, 

50KHz, 100KHz. 
• 16 Channel Input. 
• Plugs directly into GIMINI System. 
• Operates from +5V DC source. 
• Program controlled. 
• Interrupt capability. 
• Interlaces directly with MC1600 Module. 

DESCRIPTION 

The ADl600 is a multichannel analog data acquisition module 
which interlaces directly to General Instrument GIMINI 
microcomputers. The AD1600 provides 16 channels of ± 1 0 Volt 
Analog to 12-bit 2's complement digital data with a standard 
conversion rate of 25KHz. Conversion rates of 35KHz, 50KHz and 
100KHz are available. 
The ADl600 is controlled via three operational registers which 
are used to select a specific analog input channel, start data 
conversion, determine when conversion is complete and input 
the resultant digital data. These registers are cleared initially 
when a console master clear is issued and set under program 
control. 
The ADl600 is operated by first setting an analog input channel 
address (0-17) in the Channel Select Register (CSR). Analog to 
digital conversion is started by setting the Start Conversion bit in 
the Conversion Control Register (CCR). When the analog to 

BLOCK DIAGRAM 

16 { ANALOG 
INPUTS 
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+5VDC 

GRO 

+15VOC 

-15VDC 

ANALOG TO DIGITAL MODULE 

digital conversion is complete the End Conversion bit in the CCR 
becomes a "1". This bit may be sampled under program control 
or if the CCR Interrupt Enable bit is set, an interrupt is generated 
when end of conversion occurs. If after a start convert signal is 
generated an end of conversion doesn't occur, the CCR Error bit 
is set instead of the End Conversion bit. This bit may also be 
sampled under program control or ilthe CCR Interrupt Enable bit 
is set, an interrupt is generated when the error bit becomes a "1". 

START ----3.r-;:;;:;;:;;;l 
CONVERT 

EOC 

NO 
CONVERTER 

START CONVERT 
COR 

3-8TATE 
BUFFER 

DATA BUS 

INTR* 



AX1600 
DA1600 
SC1600 

AX1600: Auxiliary Module 
FEATURES 
• Companion to MC1600 and RM1602 
• 1Kx16 PROM 
• UART 110 
• Interrupt Capability 
• 16-Bit Output Latch 
• 16-Bit Input Port 
• Automatic Start-up Circuitry 
• RS-232 or 20 MA TTY Loop 
• Selectable BAUD Rates: 110 to 9600 BAUD 

DA1600: Digital to Analog Module 
FEATURES 
• 4 D/A's on One Card 
• 12-Bit Resolution 
• '" 10 Volt Outputs 

DESCRIPTION 
The DAl600 is a multichannel digital to analog data output 
module which interfaces directly to Gl's GIMINI Micro
computers. The DAl600 provides four separate 12-bit 2's 

PRELIMINARY INFORMATION 

DESCRIPTION 
The AX1600 Auxiliary Module is the third card of a set of three of 
the Series 1600 modules that form a complete 16-bit 
microcomputer. The first two are the MCl600 Microcomputer 
Module and the 8Kx16 RAM Memory Module. The AXl600 
Auxiliary Module contains all other computer functions other 
than processing and memory; specifically, it has serial 110, a 16-
bit output port, a 16-bit input port, 1Kx16 of PROM, interrupt 
circuitry, and automatic start-up circuitry. It is contained on a 
a 9.75"x9.25" PC board which mates with a dual 70 pin 
connector. 

complement digital to ± 10 Volt analog outputs. Each olthefour 
analog outputs is controlled by a corresponding Analog Data 
Register (ADR) which has a unique bus address. A stabilized 
analog output signal is generated in a maximum of 3/ls after a 12-
bit digital quantity is placed in the corresponding ADA. The four 
analog outputs are initially set to zero Volts when a console 
master clear is issued and are under program control thereafter. 
The DAl600 Digital to Analog Module is contained on a 
9.75"x9.25" PC board which mates with a dual 70 pin connector. 

SC1600: GIMINI Single Card Microcomputer Module 
FEATURES 

• CP1600 with multi-level priority interrupt structure and DMA 
channel for floppy disc 

• 16K words of RAM 
• 4K words of PROM sockets 
• Real Time Clock - crystal controlled with 4 strap 

selectable frequencies 
• Power Down Interrupt 
• B-bit System 1/0 Port with full handshake control lines 
• Two UART -RS232 compatible Serial 1/0 Channels with strap 

selectable baud rate 
• Up to 32 Digital Output Lines with interrupt capability 

(IOB1680) 
• Up to 32 Digital Input Lines with interrupt capability 

(IOB1680) 
• Up to 5 Programmable 16-bit Timers 
• Resident Operating Systems in PROM 
• ROM Resident Utility Functions including MUL, DIV, 

SQRT, Floating Pnt. Operations, Code Conversions, etc. 
• Resident Drivers for all 1/0 Functions and Floppy Disc 
• Integral Power Supply with power-down detection output 

and power-up initialization output 

GIMINI SINGLE CARD MICROCOMPUTER 

Under Development 
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I-I CC1600 

Control Console and Control Console Module 

FEATURES 

• 16-blt Datal Address Display 
• 16-blt Switch Register 
• Easy to use Control Panel: 

Display/Modify all 8 internal registers. 
Display/Modify the CPU Status Word. 
Display/Modify all 65K Memory Space. 
Single Instruction operation. 
Program Counter Inhibit capability 

• ROM based Operating System: 
Conversational Monitor 
On-Line Debug Program/Software Breakpoints 
Relocating Loader (Eliminates Bootstrap) 
Memory Dump Program 
General Utilitieellnput-Qutput Drivers 

• Standard 19" x 10'h" rack mountable Control Panel 

DESCRIPTION 

The CC1800 Control Console and Control Console Module is 
designed to provide a convenient method of controlling and 
monitoring the GIMINI System. The CC1600 consists of a front 
panel and a printed circuit module that are connected with two 34 
pin flexible cables. The module contains the control logic to 
handle all front panel commands as well as the required interrupt 
logic to interface with the Microcomputer Module. 
The Control Console Module consists of six control ROMs, 
scratch pad memory (256x16),a 16-bltSwltch Register, a 16-bit 
Display Register, and the control logic to service any front panel 
request. 

All functional operations for the Control Console are performed 
by the execution of program stored in the control ROMs. Press
Ing any action switch on the Control Console results In an 
interrupt request to the CP18OO. After this interrupt is acknowl
edged, the CC1800 supplies the starting address of the Control 
Console service routine which performs the required function. In 
addition, the program automatically stores all CP1600 register In 

BLOCK DIAGRAM 
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the scratch pad memory which is accessible via front panel 
selection. Consequently, whenever the CP1600 is in the HALT 
mode, the Control Console has direct access to all updated 
CP1800 information. 

The control ROMs also contain all the firmware necessary for the 
development of micro-processor based systems. An On-Line 
Debug program is included so that software breakpoints and 
memory search routines may be executed. The system monitor 
allows the user to maintain conversational control via teletype 
interaction. The Relocating Loader can be used to input data 
from either a TTY or High Speed Reader, while the Memory 
Dump program allows any block of memory to be punched onto 
paper tape. 
The Control Console Module is packaged on a 9.75" x 9.25" P.C. 
board, which mates with a dual 70-pin connector. It also inter
faces with two 34-pin connectors for connection to the control 
console. Its operating temperature is 0" C to 55° C. It requires +5V 
+5%at1.0A. 

CONTROL CONSOLE MODULE 



••• GP1600 

General Purpose Interface Module 

FEATURES 

• 116-bit Addressable I nput Port 
• 116-bit Addressable Output Port 
• 2 Addressable Status Registers 
• Interfaces directly with MC1600 Module 
• Space provided for sockets for 1/0 Control Logic 
• Full Interrupt Capability. 

DESCRIPTION 
TheGP1600 General Purpose Interface Module has two software 
addressable ports: one 16-bit input port and one 16-bit output 
port. Each port has an associated 4-bit status register that is 
addressable via program control. Provision is made so that the 
peripheral device can be operated on an interrupt or polling 
basis. Address decoding for the module is provided on the card 
although specific port assignments are determined by backplane 
selection. It is therefore possible to use up to eight GP1600 in a 
given system. 
Connection to a given peripheral device is accomplished by a flat 
ribbon cable. Dual 34 pin connectors are mounted at the top end 
of the module. Space has been provided to accommodate wire 
wrap sockets so that specific interface circuitry may be incorpor
ated on the module. Control and data signals have been brought 
out to wire wrap pins to facilitate prototype development. 
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1/01600 

TTY -EIAIReader-Punch Interface Module 

FEATURES 

• Teletype Asynchronous Transmitter-Receiver and Control 
(UARlT) 

• High Speed Reader/Punch Controller 
• EIA (RS-232C) Interface 
• Interfaces directly with MCl600 Microcomputer Module 
• TTL Compatible to I/O Peripherals 

DESCRIPTION 
The 1/01600 TTY-EIAlReader-Punch Interface Module handles 
full duplex communication between a Teletype, High Speed 
Reader/Punch combination or any RS-232C compatible device 
and the MCl600 Microcomputer Module. The 1/01600 Module 
has complete interrupt capability with four separate channels: 
two for the receiver section, High Speed Reader and TTY Read
er/Keyboard; and two for the transmitter section, High Speed 
Punch and TTY Punch/Printer. These four interrupt channels 
operate independently with the receiver sections taking priority 
over the transmitter sections on simultaneous interrupts. The 
High Speed Reader/Punch has a higher priority than the TTY. 
Electrically, the 1101600 Module has a 20 mA current loop for TTY 
operation and a TTY reader control line which allows the micro
processor to control the Teletype reader during on-line opera
tion. The High Speed Reader/Punch interface controls a high 
speed Reader/Punch combination capable of reading paper tape 
at 300 characters per second and punching tape at 60 characters 
per second. The 1/01600 module also provides the additional 
capability of interfacing with any RS-232C compatible terminal. 

BLOCK DIAGRAM 
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TTY-EIAIREADER-PUNCH INTERFACE MODULE 

The I/O Module is a 9.7S" x 9.2S" P.C. board, which mates with a 
dual 70 pin connector. It also interfaces with a 10 pin connector. 
for the TTY and a 34 pin connector for the high speed 
reader/punch. Its operating temperature is O°C to SsoC. It 
requires +SV±5% at .5A, +12V±5% at .2A and -12V±5% at .2A. 



IIiII MC1600 

Microcomputer Module 

FEATURES 

• Complete microcomputer module with system clocks, 
memory interface, and fully buffered Address, Data, and 
Control Buses 

• Built with General Instrument's CP1600 MOS N-Channel 
microprocessor 

• Two Phase CPU Clock 
• Direct and Register Addressing up to 65K memory space 
• Memory stack pointer 
• Two Programmable Interrupt lines/Multi-Level and Self 

Identifying 
• DMA Channel Capability 
• 16 External Sense Conditions for Conditional Branching 
• Generalized I nitialization Logic 
• Real Time Clock Interrupt 
• Power Fail Interrupt 

DESCRIPTION 
The MC1600 Microcomputer Module is a complete 16-bit parallel 
processing unit. It contains the hardware necessary to interface 
with memory and I/O, This is the main module in the GIMINI 
System. 

The Microcomputer Module is designed around the CP1600, a 16-
bit microprocessor on a chip. The MC16DD contains a 16-bit wide 
Bidirectional Bus Driver, Address Register and Driver, Bus Con
trol Decoder-Driver, Crystal Oscillator, Clock Driver, an External 
Branch Multiplexer, A Real Time Clock Interrupt and a Power Fail 
Interrupt. 

Two line, multi-level interrupt capability and Direct Memory 
Access are provided on this module. In response to an interrupt, 
the microcomputer automatically saves the current Program 
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,&I, PM1600 

PROM Memory Module 

FEATURES 

• Provides sockets for up to sixteen PROMs (4096x16) 
• Static Memory - no clocks required 
• Field programmable 
• Erasable with short wave ultra-violet light 
• 11's max. access time 
• Buffered TTL inputs - 1 load 
• Open collector TTL output - 30 loads 
• Module decoding for 65K memory expansion 

DESCRIPTION 
The PMl600 PROM Memory Module is a standard 4096x16 
memory module for use In the GIMINI Microcomputer System. 
It Is useful during the initial product design phase before freezing 
the program for a production quantity of lower cost masked 
ROMs, such as General Instrument's 16K RO-3-8316A(2Kx8). 
This memory module has sixteen sockets for4096.bit stetlc reed
only memories. Each row of 8 rows will provide51216-bitwords 
of memory. Each row contains 2 PROMs. 
The Address bus inputs from the GIMINI to the memory card are 
buffered to provide the necessary address Inputs to the PROMs. 
The sixteen data outputs from the PROMs are buffered onto the 
Data bus of the GIMINI System. For memories larger than 4Kx18, 
decoding on the module allows addressing for a total of 65K 
memory. 

A special memory delay circuit Is also provided on the board and 
Is used to insure that the CPl600 microprocessor waits until 
stable data is available from the PROMs. 
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IIiII RM1600 

2Kx16 RAM Memory Module 

FEATURES 

• 2048-16-bit words per module 
• Static memory, no clocks required 
• Single +5 Volt Supply 
• Byte or Word Capability 
• Module decoding for 65K memory expansion 
• 750 ns ReadlWrite Cycle Time 
• Open Collector TTL Output-30 Loads 
• Buffered TTL Inpuls-1 Load 

DESCRIPTION 

The RM1600 Memory Card is a standard 2Kx16 memory module 
for use in the GIMINI Microcomputer System. This memory card 
contains address and data buffers, read/write circuits, low or 
high byte word selection logic, and is implemented with General 
Instrument's RA-3-4256B 1024 bit static Random Access Memo
ry. There are thirty-two 22 pin 256x4 static RAM's packaged on a 
9.75" x 9.25" x .062" printed circuit board, which mates with a 
dual 70 pin connector. Its operating temperature is 0" C to 55° C. 
It requires +5V ± 5% at 2.0A typical. 

The Address bus inputs from the GIMINI to the memory card are 
buffered to provide the necessary address Inputs to the RAM's. 
The sixteen data outputs from the RAM are buffered onto the 
Data bus of the GIMINI System. 

If more than one 2K memory card is used in the GIMINI System, 
provisions are provided for proper selection of 2K Increments, up 
to 65K (32 modules) memory space. 
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'_I RM1601 

8Kx16 RAM Memory Module 

FEATURES 

• 8192 - 16-bit words per module. 
• Static memory, no clocks required. 
• Byte or Word Capability. 
• Module decoding for 85K memory expansion. 
• 400 ns Read Time. 
• 500 ns Cycie Time. 
• Open Collector TTL Outputs-30 Loads 
• Buffered TTL InpulS-1 Load 

DESCRIPTION 

The RM1601 Memory Card is a standard 8Kx16 memory module 
for use in the GIMINI Microcomputer System. This memory card 
contains address and data buffers, read/write circuits, low or 
high byte word selection logic, and is implemented with General 
Instrument's RA-3-4402 4096 bit static RandomAccess Memory. 
There are thirty-two 22 pin 4Kx1 static RAM's packaged on a 
9.75" x 9.25" x .062 printed circuit board, which mates with a dual 
70 pin connector. Its operating tempereture is O"C to 55·C. It 
requires +5V ±5% at 0.5A typical, +12V ±5% at 0.5A typical and 
-12V ±5% atO.1A typical. The Address bus inputs from the GIMINI 
to the memory card are buffered to provide the necessary ad
dress inputs to the RAM's. The sixteen data outputs from the 
RAM are buffered onto the Data bus of the GIMINI System. 

If more than one 8K memory card is used in the GIMINI System, 
provisions are provided for proper selection of 8K increments, up 
to 85K (8 modules) memory space. 
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IIiII RM1602 

8Kx16 RAM Memory Module 

FEATURES 

• 8192 - 16-blt words per module. 
• Dynamic memory with Refresh logic (Refresh 

during no-action state of CP 1600). 
• Byte or Word Capability 
• Module decoding for 65K memory expansion 
• 400ns Read time 
• 5OOn8 Cycle time 
• Open collector TTL outputs - 30 loads 
• Buffered TTL Inputs - 1 Load 

DESCRIPTION 

The RM 1602 Memory Card is a standard 8Kx16 memory module 
for use in the GIMINI Microcomputer System. This memory card 
contains address and data buffers, read/write circuits, refresh 
logic, address multiplexer, low or high byte word selection logic. 
There are thirty-two 16-pin 4Kxl dynamic RAM's packaged on a 
9.75"x9.25"x.062 printed circuit board, which mates with a dual 
70 pin connector. Its operating temperature is 0° C to 55° C. It 
requires +5V ±5% at .2A, +12V ±5% at .5A, typical, and -12V 
±5% at 0.02A typical. The address bus inputs from theGIMINI to 
the memory card are buffered and multiplexed to provide the 
necessary address inputs to the RAM's. The sixteen data outputs 
from the RAM are buffered onto the Data bus of the GIMINI 
System. 
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'1iI1 81600 

Software 

FEATURES 

• Cross Software Package including Assembler/Simulator 
programs. 

• On-Line Software Package for Program Preparation on 
Microcomputer. 

• Resident Firmware in ROMS on Control Console Module in 
GIMINI Microcomputer allows conversational debugging of 
programs. 

• Subroutine Library: Math packages, Code Conversion 
routines, String Operators, etc. 

DESCRIPTION 
Software is fundamental to making every microprocessor come 
alive and the Series 1600 is no exception. The entire product 
family is supported by an extensive software system designed to 
make program development fast and efficient. Most important, 
the software structure is designed to grow with the hardware to 
insure a long term product continuity. 

The Series 1600 Cross Software Package contains a versatile set 
of program preparation tools including compatible As
sembler/Simulator programs operating at two different compu
ter system levels-large machine or time share, or popular 
minicomputer systems. Each accepts Series 1600 assembly lan
guage statements as input and produce relocatable, linkable 
object code as output. In addition, the full microprocessor en
vironment, including I/O operations, is simulated on the host 
machine so that complete program debugging and testing can 
be performed before committing to hardware. The combination 
ofthese features along with the ability to use a minicomputer as a 
host processor results in the lowest cost,easiest to use, Cross 
Software Package in the industry. 

The GIMINI Microcomputer System also serves as a program 
preparation and hardware debug facility with the aid of its resi
dent firmware and the On-Line Software Package. The resident 
firmware consists of a basic operating system containing a 
Monitor, theOn-line Debug Program, the Relocating Loader, the 
Memory Dump Program, and a number of other basic utility 
routines. The firmware also supports the system I/O with gener
alized routines for inpuVoutput from a TTY, high speed paper 
tape reader/punch, or any RS232 compatible device. 
The On-Line Software Package includes the Symbolic As
sembler, the TextEditor and the Relocating/Linking Loader, the 
Object Module Linker and the Super Assembler. The Object 
Module Linker provides the same features as S16LNK allowing 
generation of relocatable or absolute load modules on-line. The 
Super Assembler allows programs to be coded using high level 
procedure oriented statements while providing all the flexibility 
of basic assembly language. 
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S16XSFT CROSS SOFTWARE PACKAGE 
The Series 1600 Cross Software Package is coded in low level 
Fortran IV and is specifically designed to operate in a 16-bit 
minicomputer environment. The Cross Software package has 
been installed on many popular minicomputer systems such as 
DGC NOVA and DEC PDPll. The Cross Software package has 
also been installed on many popular time-sharing computer 
systems. 

S18XAL CROSS ASSEMBLER 
Symbolic representation of all instructions 
User defined six character symbols 
Octal, decimal, hexadecimal and ASCII literals 
Expression evaluation 
Extensive assembly directives 
Absolute, Relocatable or RelocatablelLinkable assembly 
Full program and sorted symbol listing 
Extensive error detection 
S18XRF CONCORDANCE GENERATOR 
Assembly symbol cross reference map 
S18LNK OBJECT MODULE LINKER 
Resolves global/external symbol linkages 
Relocates and merges object modules 
Produces relocatable/absolute load module 
Produces load module map 
S18SIM SIMULATOR 
Full Series 1600 Instruction set simulation 
Full 65K word memory simulation 
I/O and interrupt simulation 
Memory and/or Register breakpoints 
Memory and/or Register traces 
Simulated program execution time accumulation 
Program execution time and stack size limits 
Inspection and modification of memory and registers 
Symbolic memory addressing 
S18BPT BINARY PAPER TAPE GENERATOR 
S18RTG ROM PATTERN TAPE GENERATOR 

S16SXAL SUPER ASSEMBLER 
High level procedure oriented instructions plus all 
features of S16XAL. 

GIMINI RESIDENT FIRMWARE 

The resident firmware in the GIMINI Microcomputer System 
creates an efficient, easy to use, prototyping tool for the 
development of microprocessor based products. The firmware 
performs all front panel functions as well as creating a terminal 
driven operating environment. Features include the following: 
S18MTR MONITOR 
Conversational system control 
TTY communications 
S180DP ON-LINE DEBUG PROGRAM 
Eight program breakpoints 
Register/Memory display and modify 
Memory search and initialize 
Single step/Execute commands 
Modify Branch and Jump destinations 
Module Relocation Origins 
S18LDR RELOCATING LOADER 
Full relocation capability 
TTY or H.S. Paper Tape Reader input 
S18MDP MEMORY DUMP PROGRAM 
Punches in S16LDR format 
TTY or H.S. Paper Tape Punch output 
Generalized Code Conversions 
TTY input/output driver 
H.S. Paper Tape Reader/Punch driver 

S1600 Ii] 
SERIES 1600 ON-LINE SOFTWARE PACKAGE 
The Series 1600 On-Line Software Package is written in 
assembly language and runs on the GIMINI Microcomputer 
System. All programs are designed to be directly input/output 
compatible with the S16XSFTCross Software Package so that 
either means of program preparation can be used 
interchangeably. 

S16AL ASSEMBLER 
Same features as S16XAl 
S16TXE TEXT EDITOR 
Multiple line buffering 
Symbol search 
Character, line, string editing 
S16RLL RELOCATING/LINKING LOADER 
Global and external symbol resolution 
Full relocation capability 
loads and links multiple object modules 
Memory map 
S16DGS DIAGNOSTICS 
Memory diagnostic 
Instruction test 
I/O Controller exerciser 
S160ML OBJECT MODULE LINKER 
Same features as S16lNK 
S16SAL SUPER ASSEMBLER 
High level procedure oriented instructions plus 
all features of S16Al. 

SERIES 1600 SUBROUTINE LIBRARY 
The Series 1600 Microprocessor System is supported by an 
extensive and growing library of useful subroutines designed 
to relieve the user of many time consuming software chores. 
All of Subroutine Library programs are written in Series 1600 
Assembly language making them both fast and efflicient. They 
are compatible with both the Series 1600 Symbolic Cross 
Assembler (S16XAl) and the Series 1600 On-Line Assembler 
(S16Al). In addition, all library programs are designed to be 
directly compatible with hardware extensions to the Series 
1600 product family so that increased performance can be 
aChieved without software complications. 

S16BMR BINARY MATH ROUTINES 
Signed Multiply/Divide 
Square Root 
Double Precision Multiply/Divide 
Double Precision Square Root 

S18CeR CODE CONVERSION ROUTINES 
Binary to BCD-BCD to Binary 
Binary to ASCII-ASCII to Binary 
Binary to HEX-HEX to Binary 
Binary to OCTAL-OCTAL to Binary 
Fixed to Floating---Floating to Fixed 

S1810D INPUT/OUTPUT DRIVERS 
TTY Input/Output 
H.S. Paper Tape Reader/Punch Input/Output 
Byte Table Pack-Byte Table Unpack 

S18FPR FLOATING POINT ROUTINES 
Floating Add/Subtract 
Floating Multiply/Divide 
I/O Conversion 

S18DMR DECIMAL MATH ROUTINES 
Decimal Add/Subtract 
Decimal Multiply/Divide 
Decimal Square Root 
Decimal Compare 
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1&11 SAL1600 

Super Assembly Language 

FEATURES 

• High level operations: LET, GOTO, GO@, 
CALL, IF, IF-THEN, IF-THEN-ELSE, DO, DO-FOR, 
DO-WHILE. 

• Array subscripting 
• Literal representation in Binary, Octal, Decimal. 

Hexadecimal and character notation. 

• Symbolic representation of all CP1600 instructions. 

• Directives for: 
Controlling register utilization of high level operations 
Controlling storage allocation 
Initializing storage 
Specifying character strings 
Declaring a program entry point 
Declaring global and external symbols 
Declaring a program entry point 
Specifying assembly output form 
Controlling conditional assemblies 

• Absolute and Relocatable load module output 
• Absolute and Relocatable linkable object 

module output 

• Program listing 

• Extensive error diagnostics 

HIGH LEVEL STATEMENTS 

GOTO 

DESCRIPTION 

. The General Instrument Super Assembly Language enables the 
CP1600 user to implement programs at a procedural level using 
FORTRAN-like statements rather than at the machine level of 
conventional assembly languages. Super Assembly Language 
includes LET, IF, CALL, DO, GOTO, and GO@ high level 
operations as well as all the instruction mnemonics and assembly 
directives of basic CP1600 assembly language. Super Assembly 
Language provides both the novice and the experienced 
programmer with the convenience and efficiency of procedural 
level programming while retaining the flexibility and economy of 
basic assembly language. Many applications can be completely 
coded using the high level operations, but when required, basic 
assembly statements can be intermixed freely with high level 
statements. The CP1600 Super Assembly Language is based on 
the popular high level programming languages, FORTRAN and 
BASIC. 

The Super Assembler Program converts source programs written 
in CP1600 Super Assembly Language into binary machine code. 
This conversion process is accomplished by making two passes 
through a source program. The Super Assembler Program also 
produces a listing of the assembled program; the full instruction 
expansion into machine assembly language for each high level 
statement may be printed on the listing, if the expanded listing 
option is selected by the user. 

The GOTO statement is used to transfer program control 
unconditionally to a specified destination. 
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Ex.: GOTO SCAN 

GO@ 
The GO@ statement is used to transfer program control 
unconditionally indirectly through a specified storage designator 
to a destination. The destination is defined by the current 
contents of the storage designator. 
Ex.: GO@ TABLE (I) 

CALL 
The CALL statement is used to transfer program control to a 
subroutine. Arguments, i.e., parameters to be passed to the 
subroutine, follow the subroutine name enclosed in parenthesis 
and separated by commas. 
EX.: CALL SQRT(I,J) 

LET 
The LET statement is used to perform data transfers, arithmetic 
computations and logical operations involving constants, 
variables and subscripted variables. Addition, subtraction, 
multiplication, division, negation and logical NOT, AND, 
exclusive OR and inclusive OR operations may be performed 
using the LET statements. 
EX.: LET X = .NOT. Y .AND. Z' 5 



IF 
The IF statement is used to perform tests on single quantities and 
make comparisons between two quantities. The quantities may 
be constants, variables, assembly expressions and subscripted 
variables. An IF statement may be of three types: arithmetic, 
conditional or relational. The arithmetic IF is used to test a 
quantity for negative, zero and positive and directly transfer to a 
corresponding destination. The conditional IF Is used to test a 
quantity for positive, negative, zero and non-zero and the 
relational IF is used to compare two quantities. The conditional 
and relational IF statements may execute a GOTO statement if 
true. They may also cause a THEN-ELSE (THEN, if true and 
ELSE, if false) sequence of instructions to be executed. The 
THEN-ELSE capability is a feature not found in FORTRAN or 
BASIC and is similar to the IF-THEN-ELSE facilities in more 
powerful languages such as ALGOL, COBOL and PL/I. 

EX.: IF ANSWR .ZERO. GO TO NEXT 
IF OUANT .EO. LIMIT THEN 
CALL SORT(A) 
END 

:X.: IF A .EO. 2 THEN 
LET B;5 
ELSE 
LET B;6 
END 

SAL 1600 I!!J 
DO 
The DO statement is used to perform looping and iterative 
operations by causing a sequence of statements between the 
DO statement and a corresponding CONT (CONTinue) 
statement to be executed repeatedly. Such a statement 
sequence is known as a DO loop. DO loops may be nested i.e., 
contain other DO loops up to a depth of four levels. When DO 
loops are nested, inner loops terminate before outer loops. DO 
loops may be controlled by FOR or WHILE conditions. 

EX.: ABC 

EX.: XYZ 

DO ABC FOR I ; INIT, MAX, INCR 
IF (TBL (I) .EO. OTY) GO TO GETOUT 
CONT 

DO XYZ WHILE OTY .GT. LIM 
LET K ; K .AND. MASK 
LET OTY ; K + INCR 
CO NT 
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8 BIT 
MICRO

PROCESSOR 

The LP 8000 Logic Processor 
Unit is a complete 8-bit 
single chip MOS-LSI Micro
processor. It has a modern 
computer architecture with forty 
eight general purpose internal 
registers. The 8-bit Data 
hi9hway is supplemented by a 6-
bit Address bus to give a 14-
bit address capability which 
permits access to 16.384 words. 
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En LP8000 
LP6000 
LP1030 

LP1010 
LP1000 

8-Bit Microprocessor System 

FEATURES 

• 2 Chip Minimum System (plus clock) 
• 48 Accessible 8 Bit Internal Registers 
• 48 Basic Instructions 
• Binary and Decimal Arithmetic Capability 
• Direct and Indirect Input Output Capability 
• Automatic subroutine nesting on memory devices 
• Family of development devices 

DESCRIPTION 

The Series 8000 Logic Processor System is designed to perform 
any digital function using far fewer packages than a TTL or 
CMOS implementation. Typically a 100 package system can be 
reduced to a three chip solution of LP8000 Processor, LP6000 
Program Memory and LP1030 Clock Generator (two 40 lead DIP 
plus one 8 lead DIP). The consequent savings in development 
and production costs and increased reliability give the user 
many of the advantages of a customized LSI solution but without 
the restriction that it must be a high volume product. 

The System is fabricated with General Instrument's P-channel 
Nitride Process which has a proven reliability and production 
history. All members of the Series 8000 family including Read 
Only Memories, General Purpose Input Output and Memory 
interace parts are fully compatible with each other. 

The LP8000 Logic Processor Unit itself is a complete 8-bit single 
chip MOS-LSI Microprocessor. It has a modern computer 
architecture with forty eight general purpose internal registers. 
This, coupled with a binary and decimal capability arithmetic 
unit, allows a versatile and sophisticated implementation of a 
microcomputer system. The 8-bit Data highway is supplemented 
by a 6-bit Address bus to give a 14-bit address capability which 
permits access to 16,384 words in combination of program 
memory, data memory or peripheral devices. The address space 
consists of 64 "modules" which can be either 256 words of 
memory or one 8-bit bidirectional I/O port. 

LOGIC PROCESSOR - LP (Part number LP8000) 
The logic processor (LP) is the heartolthe Series 8000 system. It 
performs all of the arithmetic and logical functions required and 

COMPLETE MINIMUM SYSTEM 

108-2 

1024 Words Program Memory 
48 8 Bit General Registers 
24 User Input Output Pins 
4 Deep Address Stack 

also controls all activities occurring in the Series 8000 system. It 
has 48x8 bit working registers and an 8 bit input/output interface 
to which external peripherals may be attached directly. 

PROGRAM MEMORY· PM (Part number LP 6000) 
The program memory PM contains a 1K x 8 bit memory which 
stores the user's program. This chip also includes the program 
counter which points to the current address. It is arranged at the 
top of a four word hardware stack which is controlled by the LP 
for subroutine nesting. Two directly addressable 8 bit I/O inter
faces are included, so that.a minimum system consisting of one 
LP and one PM has 24 I/O leads. Extra PMs can be connected to 
the main system bus, up to a maximum of 16K words. Each PM 
and I/O interface can be addressed by the LP, the module 
addresses being programmed althe same time as the customer's 
program .. 

MEMORY INTERFACE CHIP - MIC (Part number LP 1000) 
The memory interface chip consists of an 11 bit program counter 
at the top of four word hardware stack. The address output are 
TTL compatible and enable any external 2Kx8 bit memory to be 
addressed. Other circuits allow the MIC to interface directly to 
the Series 8000 system without any external components. It is 
intended for use when breadboarding systems or when using 
non-standard memory, e.g. diode matrix, core, etc. 
The memory area can be extended by using several 
MIC/external memory combinations. The addresses are 
selected by hardwiring pins to V GG or Vee. 

INPUT {OUTPUT BUFFER - lOB (Part number LP 1010) 
The input/output buffer consists of two addressable 8 bit I/O 
interfaces. The addresses are selected by ha{dwiring pins to Vgg 
orVcc· 

CLOCK GENERATOR - CG (Part Number LP1030) 
The Series 8000 needs only an 800KHz clock, a power-on-reset 
signal to clear and synchronize the system and two power 
supplies. Virtually all external components may beeliminated by 
using the clock generator (eG). The frequency of the built in 
oscillator is determined by an external resistor or can be 
optionally over-ridden by an input from an external oscillator. A 
data synchronizing signal <P3N is provided to act as an 
oscilloscope trigger and as a Data Valid signal for exteral 
hardware. 

MEMORY IMPLEMENTATION FOR DEVELOPMENT 
SYSTEMS 

MEMORY PAGE 

2048X8 BIT WORDS 
ROM, RAM, PROM. CORE, ETC. 
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PIN FUNCTIONS 

Processor Signals 

DAB 1-8 
Bidirectional 8-lead precharged data bus, used in conjunction 
with address bus to implement 14-bit address word. 
ADB1-6 
Push pull 6-lead address bus. This 6-bit word specifies the 
memory 'module' address and the 8-bit data bus specifies the 1 of 
256 'intra module address'. 

Procellor Control Signals 

CIO 
Indicates direction of data flow on data bus. 
CDA 
Indicates if data bus is carrying data or address information. 
caz 
Used to select the a counter or Z register for memory addressing. 
CRA 
Used to control the internal address stack. 

Peripheral Signals 

PEB 1-8 
This is a bidirectional 8-bit latched input/output port with an 
open drain output configuration. In the case of the LP8000 chip 
the 8-bit port is organised such that only bits 5-8 are bidirectional, 
bits 1-4 are only available as inputs. For all other chips in the 
family the peripheral interfaces are 8-bit all bidirectional. 

Drive Requirements 

CLOCK 
A Single phase high level clock is required by the system and this 
would normally be provided by the LP1030 Clock Generator. The 
clock frequency used can be selected between SOO and 800KHz. 
With an 800KHz clock the machine provides a 51'Sec machine 
cycletime. 
RESET 
This is a clock synchronized high level Signal, normally provided 
by the LP1030 Clock Generator. 
POWER 
Vn· +5 Volt supply 

Vw 0 Volt (GND) supply 

V",; -12 Volt supply 

PIN CONFIGURATIONS 
40 LEAD DUAL IN LINE 
LP8000 LOGIC PROCESSOR 

Vee 
Power on Reset 

Clock 
Not lJaed 
Not Used 

Data Bus 8 
Data Bus 7 

Data BusS 
Data Bus 5 
Data Bus 4 

Data Bus 3 
Data Bus 2 
Data Bus 1 

Peripheral Bus 8 

Peripheral Bull 7 
Peripheral Bus 6 
Peripheral Bus 5 
Peripheral BUll '" 

Peripheral Bus 3 
Peripheral Bus 2 

VGO 

VGG 
eRA 
COl 
CDA 
CID 
Not U .... 
Not Used 
Not US8d 

Not Used 

Not Used 
Not Used 
Not U .... 
Addre .. Bus 6 

Addl'88S Bus 5 
Address Bus 4 
Address Bus 3 
Address Bus 2 
Address Bus 1 
Peripheral Bus 1 

40 LEAD DUAL IN LINE 
LP6000 PROGRAM MEMORY 

Vee 
Cate Bus , 

Data 8us 2 

OataBus3 
Data Sus'" 
DalaSu.S 
Data BusS 

Data Bus7 

Oat_SusS 
Not Used 

Power on Reset 
Addre .. Sus , 

Add,,", Bus 2 
Addl'8lsBua3 
AddressSus4 
Address Bus 5 
AddretsBus8 

Clock 
CDA 
CID 

8 LEAD DUAL IN LINE 
LP1030 CLOCK GENERATOR 

Vee 
Timing Input 

Synchronizing Input 

Reset Input 

40 LEAD DUAL IN LINE 

Top View 

LP1010 INPUT/OUTPUT BUFFER 

Vee 
Data Bus 1 

Oat, BU82 
Data BUI3 
Data Bus 4 

Data BusS. 
DataSus8 
Data Bus7 
DalaBus8 

Chip Select 

Power on Reset 
Address Bus 1 

Address Bus 2 
AddreuBu8a 
Addresa Bus 4 
Addreea Bus 5 
Addresl BusS 

Clock 
COA 
CID 

Peripheral BUI A1 
Peripheral Bu. A2 
Peripheral BUI A3 
Peripheral Bus A4 
Peripheral Bus AS 
Peripheral Bus AS 
Peripheral Bus A7 
Peripheral Bus AS 
Peripheral Sus B1 
Peripheral Bus B2 
Peripheral Bus 93 
Peripheral Bus 54 

Peripheral Bus B5 
Peripheral Bus B6 
Peripheral Bus B7 
Peripheral Bus B8 

VO' 

VGO 

CRA 

COl 

Reset Output 

.,N Output 

Clock Output 

VaG 

Peripheral Bus A1 
Peripheral Bus A2 
Peripheral Bus A3 
Peripheral Bus A4 
Peripheral Bus AS 
Peripheral Bus AS 
Peripheral Bus A7 
Peripheral Bus AS 
Peripheral Bus B1 
Peripheral Bus 82 
Peripheral Bus B3 
Periphe,al Bus B4 
Peripheral Bus 85 
Peripheral Bus B8 
Peripheral Bus 87 
Peripheral Bus B8 
PAD 4 

VGO 

PAD 3 

PA02 

A pair Df adjacent addresses is selected by PAD 4, PAD 3 and PAD 2 in 
the range 48 tD 63. e.g. 01t selects peripheral addresses 54 and 55. 

40 LEAD DUAL IN LINE 
LP1000 MEMORY INTERFACE 

Vee VG' 
OalaSu.' VGa 
Data Bus 2 Addreaa Bit 11 

~ataBus3 Address Bit 10 
Data BUl4 Address Bit 9 

OataBus5 Address Sit 8 
Data BU86 Address Bit 7 

Data Bus 7 Address Bit 6 
Data BUl8 Addrese Bit 5 

Power on Reset Address Bit 4 
Address Bus1 Add ..... Bita 

Address Bus 2 Addrer.aSit2 
Address Bus 3 Address Bit 1 

Address BU84 Clock 
Address Bus 5 iiJw 
Address BusS Memory Enable 

PAD 4 MIC Enable 
PADS CRA 

PAD 6 COl 

CID CDA 
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.ELECTRICAL CHARACTERisTICS 

Maximum Ratings' 

All pins with respect to Vee. . . . . . . . . . -20V to +0.3V 
Storage Temperature ........... -55·C to +150·C 
Operating Temperature ............ O·C to +70·C 

Standard Conditions (unless otherwise noted) 

Vec = +5V ±o.25V 
VGI = GND (substrate at Vee) 
Voo = -12V ±IV 

Characteristic 

Clock Frequency 
Machine Cycle Time 
Clock and Relet Input 

Logic '1' 
Logic '0' 

Data Bus 
Input Conditions 
Logic'1' 
Logie '0' 
Output Conditions 
Logic '1' 
Logic '0' 

Control & Address Bus 
Input Conditions 
Logic '0' 
Logic '1' 
Output Conditions 
Logic '0' 
Logic '1' 

Peripheral BUB 
Input Conditions 
Logic '1' 
Logic '0' 
Output Conditions 
ON Current: LP1010 

Other Devices 
OFF Current: All Devices 

LP1000 Memory Controls 
(Address, R"IW, Enable) 
Logic '1' 
Logic "0" 

Power Consllmptlon: LP 8000 
All other devices 

TIMING DIAGRAMS 

CLOCK 

RESET 

108-4 

Min 

400 
6.7 

Vee -1.5 
-

Vee -1.5 
-

Vee -1.0 
-

Vee -1.5 
-

Vee -1.0 
-

Vee -1.5 
-
2 
1 

-

Vee-1.O 
-
-
-

"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 

600 KHz 
10 1'9 

- Volts 
-9.5 Volts 

- Volts 
+0.8 Volts 

- Volts Capactive load 
+0.4 Volts only, maximum 275pF 

- Volts 
+0.8 Volts 

- Volts Capactive load 
-7.0 Volts 200pF 

- Volts 
+0.8 Volts 

- mA VOUT = Vee-tv 
- mA VOUT = Vee-tv 
1 Jl.A Vin = VGG at 25·C 

- Volts IOH = 100jJA 
+0.4 Volts IOL = 0.5mA 
1000 mW 
500 mW 
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Mnemonics Operation Cycles Comments 

r---.----+---+-------------+---+-------------I 

INTERNAL 
REGISTER 

INSTRUCT)ON 

REGISTERS 
S&T 

I 

EXTERNAL I 
REFERENCE 

INSTRUCTIONS 

SIMULATOR 
& ADDRESS 
CONTROL 

REGISTERS 

SHIFT 

LAR 
SAR 
DEC 
ADR 
BAD 
AND 
EOR 

LSS 
LST 
SAT 

SST 

LAL 
LAS 
ALL 
DRL 
EDL 
ALA 
CMP 
L1X 
L1Y 
SIX 

SAX 
SAY 
LAX 
LAY 
SZX 
SZY 
sax 
say 
SAY 
SAW 
LAY 
LAW 
CLA 

LSA 
RSA 
LSN 
RSN 

Load Accumulator from Register 
Store Accumulator in Register 
Decrement Register by one" 
BCD Add Accumulator with Register" 
Binary Add Accumulator with Register 
Logical AND Accumulator with Register 
Exclusive OR Accumulator with Register 
"The results of these operations are stored in 
the respective register. The result of all other 
operations is stored in the accumulator. 

Load S with Short (3-bit) Literal 
Load T with Short (3-bit) Literal 
Store Accumulator in Register T 

Store Accumulator in Registers S & T 

II Load Accumulator with 8-bit Literal 
Load Accumulator with 4-bit Literal 

I Logical AND, Accumulator with 8-bit Literal 
Logical OR, Accumulator with 8-bit Literal 

i Exclusive OR, Accumulator with 8-bit Literal 

I 
Add Accumulator with 8-bit Literal 
Compare Accumulator with 8-bit Literal 
Load Accumulator Indirect Module X 
Load Accumulator Indirect Module Y 

I Store Accumulator Indirect Module X 

Store Accumulator in Register X 
Store Accumulator in Register Y 
Load Accumulator from Register X 
Load Accumulator from Register Y 
Store Accumulator in Z Register Module X 
Store Accumulator in Z Register Module Y 
Store Accumulator in Q Counter Module X 
Store Accumulator in Q Counter Module Y 

Store Accumulator in Register V 
Store Accumulator in Register W 
Load Accumulator in Register V 
Load Accumulator in Register W 
Clear Accumulator to Zeros 

Shift Accumulator Left 1-bit 
Shift Accumulator Right 1-bit 
Shift Accumulator Left 4-bits 
Shift Accumulator Right 4-bits 

1 
1 
1 
2 
1 
1 
1 

2 
1 
2 
2 
2 
2 
2 
4 
4 
3 

1 
1 
1 
1 
3 
3 
3 
3 

1 
1 
1 
1 
1 

These instructions are used to manipulate the 
contents of the accumulator with one of the 
48 internal registers. They have a four bit 
argument and direct addressing is assumed 
for 0-11 but indirect for 12, 13, and 14. For 
indirect addressing the register address is 
held in S,T. Argument 12 gives register point
ed to by S & T; 13 gives the same then S is 
decremented. 14 also addresses via S & T and 
tl:1en S is incremented. 

Lower order bits (1-3) of accumulator are 
copied in register T. 
Bits \1-3) of accumulator copied in register S, 
bits 4-6) copied in register T. 

The lower six bits of the X and Y registers are 
used to address 256-bit modules of data and 
program respectively. The 8-bit data bus is 
used to provide the intra-module address. 
These three instructions respectively fetch or 
store data using the address in the register to 
specify the module. 

Used in normal register operation and also 
for setting up module addresses for program 
and data manipulation. 

Used to set Q Counter or Z register of re
quired module. 
The Y register points to the active program 
module, the X register points to an alternative 
module or a data space. 
These four instructions allow direct access to 
the internal registers which are masked by II 
the operand code used for indirect address-
ingi.e. 12, 13, I : 

Carry Flag set unconditionally 
Carry Flag cleared unconditionally 

f--- .. ---+---t--------------+----t--------------; 

INPUT/OUTPUT 
INSTRUCTIONS 

JUMP 
WITHIN2K 

PAGE 

. SUBROUTINE 
INSTRUCTIONS 

LAM 
SAM 
LIM 
SIM 

JMP 
JIZ 
JNZ 
JIP 
JRS 

JCS 
JCN 

GOS 
RET 

Load Accumulator from Module Direct 
Store Accumulator in Module Direct 
Load Accumulator from Module Indirect 
Store Accumulator in Module Indirect 

Jump Unconditional 
Jump if all Zeros 
Jump if not all zeros 
Jump if sign bit positive 
Jump if Register S not equal to 
seven 
Jump if carry bit set 
Jump if carry bit not set 

Go to Subroutine 
Return from Subroutine 

2 
3 
4 
3 

3 
3/2 
3/2 
3/2 
3/2 

3/2 
3/2 

3 
2 

The indirect 110 operations use the X register 
for module addressing. The SAX instruction 
is used to set up the system for the indirect 
mode. 

3 if true, 2 if false 

Used to sequence through a 'page' of internal 
registers. 

Program counter automatically stored in 
memory chip stack. 
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INTERNAL BLOCK DIAGRAM OF LP8000 CHIP 

I I 
INSTRUCTION 

REGISTER 

CIO 
CDA 
caz 
CRA 

1 I 
="~oo{> = CONTROL ROM 

ADD 
B €H 

B 
INTERNAL CLOCKS 

,~~ 
V., CLOCK 

I Ir-
TEMPORARY STORE 

WORKING REGISTER 

I 
ARITHMETIC LOGIC 

UNIT WITH . 
DECIMAL CORRECT 

LP1000 MEMORY INTERFACE CHIP 

DAB 

ADB 6-""" 
V~ __ 

V., __ 
VaG __ 

ADDRESS-
SELECT 

POR 

STACK 
CONTROL 

CLOCK ___ -, 

CIO 

CDA 

caz 
CRA 

CHIP 
ENABLE 
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CONTROL 
DECODER 

RIW MEMORY 
ENABLE 

r--

I I I, PRECHARGE & 51 
OUTPUT DRIVERS 

I 

r--

BIDIRECTIONAL 
8 BIT DATA BUS 

T 

I I I 'BIT il OUTPUT LATCH 

PERIPHERA 

\ 
LBUS 
NLY 
TIONAL 

1-4 INPUT 0 
5-8 BIDIREC 

48)(8BI T 
REG 1ST ER STORE 

T 
REG. 

'--
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S 3 
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5 
,5 - - -

6 - - - 3 
7 

1 
/0 

LP1010 INPUT/OUTPUT BUFFER 

16 INPUT OUTPUT PINS 

(Open Drain Configuration 
TTL Compatible with Pull 
Down Resistors) 

CHIP 
ENABLE 

ADDRESS 
SELECT 



LP8000 

DEVELOPMENT FAMILY 

A production system may consist of only a Logic Processor, 
LP8000, and ROM, LP6000, (plus Clock Generator, LP1030). 
However, the practical development family which complements 
the LPBooo allows the user to implement his hardware and 
software in a real time replacement mode for his final mask 
programmed product. LP1000 and LP1010 parts, plus PROM, can 
directly replace the LP6000 ROM. Indeed the development family 
may well be used as the complete solution for short run multi
variety systems. 

DEVELOPMENT SUPPORT 

Circuits 
LP BOOO systems use only a small number of integrated circuits 
for cost effective implementation. For development and pre
production LP 1000 (Memory Interface Circuit) and LP 1010 
(Input-Output Buffer) can be used with PROM, EAROM or RAM 
to replace the final mask-programmed ROM (see diagram). The 
system using PROM or EAROM behaves identically with the final 
mask-programmed ROM version. When the program has been 
proved, the LP1000, LP1010, and PROM/EAROM can all be 
replaced by LP 6000 to give the final low-cost system using 
perhaps as few as two 40 lead DIPs (LP 8000 + LP 6000), and one 
Blead DIP (LP 1030). Small production runs, or systems needing 
extensive RAM memory can remain with LP 1000 and LP 1010. 

• LP6000 • LP1030 • LP1010 • LP1000,1!i] 

Prototype System 
To simplify hardware and software development and help speed 
the users product design cycle time, 8 complete hardware pro
totype development system is available to support the Series 
6000 family. TheGIC 8000 Microcomputer System provides a test 
bed for user designed interfaces and related hardware as well as 
a program preparation facility with reSident, on-line hardware 
and software debug aids. The users program can be tested and 
modified under real time operating conditions. To make program 
development fast and efficient, peripheral interfaces and their 
related software including TTY high speed reader, high speed 
punch and serial line printer are included on the prototype 
system. In addition, all of the card level modules of this system, 
ranging from complete microcomputers to memory or I/O mod
ules, are available on an OEM basis for further system 
integration. 

Software 
For pure program development to check the flow of instructions, 
a complete assembler and simulator written in FORTRAN IV is 
available for operation on minicomputer systems or on internal 
or external time share networks. 

Manual 
A manual describing complete hardware aspects of Series 8000, 
and details of the program preparation software is available from 
all General Instrument Microelectronics Sales Offices, Agencies, 
and Distributors. 

Series 8000 Cross Assembler - Program Specification 

INTRODUCTION 

The Symbolic Cross Assembler is capable of converting 
programs written in Series 8000 symbolic assembly language 
into a tape format suitable for loading into the prototyping 
system. The program runs on a General Instrument GIMINI 
prototyping system with BK of 16 bit RAM memory using either a 
teletype or reader/punch for inpuVoutput operations. The 
symbolic assembly language used by this cross-assembler is an 
extension of the original specification and closely resembles the 
language format of the Series 1600 Assembler. 

FEATURES 

The Symbolic Cross Assembler provides the following major 
features: 
• Symbolic language representation of all instructions and data. 
• Up to 250 user defined names for variables/registers. 
• Binary, octal, decimal, hex and character representations 

for literals. 
• Arithmetic evaluation of operand expressions. 
• Assembly directives for 

- Controlling memory allocation 
- Defining character strings 
- Specifying input/output options 
- Establishing and controlling conditional assemblies. 

• Program listings - which are optional. 
• Comprehensive error detection and diagnostics. 

OPERATION 

The Symbolic Cross Assembler converts symbolic source 
programs into machine code format in a two pass process. 
During the first pass through the source file, all user specified 
symbols are placed in a symbol table containing the symbol. its 
value, and several other attributes. During the second pass 
through the source file, symbolic instruction mnemonics are 
translated, symbol references resolved, errors diagnosed, a 
machine code file generated, and an optional program listing 
produced. 
The machine code file produced by the Cross Assembler is 8n 

absolute load module that can be punched on paper tape for 
subsequent loading in a GIC8000 microcomputer system by the 
resident loader. Both standard and modified hexadecimal codes 
can be generated. 
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GIC8000 

8-Blt Microcomputer System 

FEATURES 

• Built around the General Instrument LP8000 Microprocessor 
• Complete microcomputer system to enable rapid program 

development 
• Up to 16K x a of memory space 
• PROM resident system monitor 
• Load and dump routines for Teletype, Reader, Punch, V.D.U. 

and Line Printer 
• Examine/Store all 48 internal CPU registers, user memory 

locations and user I/O ports 
• Auto Increment for examining and storing in sequential 

locations. 
• 'Breakpoint' facility for halting execution of user program 

at specified address 
• 'Start from address' facility for starting execution of user 

program at any specified address 
• Up to 6K x 8 of user RAM or PROM memory 
• Up to 15 8-blt user I/O ports 
• 8-bit data and 14-bit address displays 
• Internal power supplies 

DESCRIPTION 

The GICSOOO Microcomputer System is a complete development 
system designed to support the General Instrument Series 8000 
family. It provides a test bed for user designed interfaces and 
related hardware as well as a program preparation facility with 
resident, on-line hardware and software de-bug aids. It also 
allows the user program to be tested and modified under real time 
operating conditions. To make program development fast and 
efficient, peripheral interfaces and their related software 
including TTY, high speed reader, high speed punch and serial 
line printer are included. In addition all the cards of the system, 
ranging from complete microcomputers to memory or I/O 
modules are available on an OEM basis for further system 
integration. 
The GIC8000 is of modular design, the basic hardware conSisting 
of a steel cabinet, 12 position card file, front panel control 
console, power supply and 5 plug-in cards: 

MCaOoo MICROCOMPUTER MODULE (INCLUDING 
USER lOB) 

OS80OO SYSTEM MONITOR MODULE 
108000 TTY/RDR-PCH MODULE 
RMaOOO 2K x 8 USER RAM MODULE 
CC8OO0 FRONT PANEL DRIVER MODULE 

In addition, the following modules are also available: 
GP8000 GENERAL PURPOSE I/O MODULE 
EX8000 EXTENDER CARD 
PM8000 2K x a USER PROM MODULE 
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GIC8000 MICROCOMPUTER 
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OPERATING MODES 
The machine can operate in either SYSTEM or USER mode. In 
SYSTEM mode, the PROM resident System Monitor program 
controls all the operational features of the machine and provides 
a wide range of monitoring and editing facilities which can be 
used to rapidly develop user programs. In USER mode, the 
machine is under the exclusive control of the user program and 
can therefore be used as a test bad for user defined interfaces and 
related hardware as well as testing the program itself. 

OPERATIONAL FACILITIES 

Load and Dump Tapes 
Load and dump routines allow user program tapes to be read and 
dumped from a standard teletype, teletype compatible V.O.U., 
high speed reader, high speed punch or serial line printer. Ready 
and fault lamps on the front panel indicate the status of the 
machine during these operations. In dump mode, the whole or 
only certain specified areas of user memory can be punched out. 

Examine Memory, I/O Modules and CPU Registers 
The user area of memory (up to 6K x 8), all user I/O modules and 
all 48 internal CPU registers can be examined from the front 
panel. A 14 bit address register and an Bbitdataregisterareused 
to set and display address and data information respectively. To 
allow sequential locations to be rapidly examined, a special 
increment key has also been provided. 

Start Execution at Specified Address 
Normally, execution of the user program starts from line zero. 
However in certain circumstances this may not be convenient 
and so a start from address facility has been incorporated. This 
allows the user to start execution of his program at any specified 
address in it and is controlled by a special key on the front panel. 

Store In Memory, I/O Modules and CPU Registers 
Data can also be written into user memory, user I/O modules and 
CPU registers via the same address and data registers. Again, the 
auto increment facility is available to rapidly store data in 
sequential locations. 

GIC8000 [!] 
Stop Execution at Specified Address 
Execution of the user program can be stopped by operating 
MASTER RESET to return control of the machine to the System 
Monitor Program. However as it is not possible to define exactly 
where execution ceases using this method, a 'Breakpoint' facility 
has been provided. This allows the user to execute his program 
up to a specified point and then automatically switch into Monitor 
mode where the full range of monitoring and editing facilities can 
be used. 

USER MEMORY MODULES 
The total memory area of 16K is divided into 8 pages of 2K and 
each page is further sub-divided into B modules of 256 words. 
The bottom three pages, 0, 1 and 2, are available to the user and 
can consist of up to 3, plug-in static RAM or UV Erasable PROM 
cards or any combination of the two. To prevent accidental 
corruption of the RAM modules during development, each card is 
provided with a Memory Freeze switch which effectively converts 
them to volatile ROM memory. One 2K x B RAM module is 
normally supplied with the basic kit. 

USER I/O MODULES 
The top 15 modules in memory are allocated for user as user 1/0 
ports. Each port is B bits wide and occupies one module address. 
The microcomputer module has two lOB's, one of which is used 
by the LPBOOO microcomputer chip but the other is available to 
the user. If the user requires additional 1/0 ports, then General 
Purpose 1/0 Modules can be added as necessary. 

Each General Purpose 1/0 Module supports two, dualB bit lOB's 
giving the user four, individually addressable B bit 1/0 ports, i.e. 
32 bi-directional lines. Pull-down resistors fitted on the card 
make the 1/0 lines TTL compatible (one load). In addition up 
to eight 16 pin OIL packages can be added to the cards for user 
designed circuitry. All 1/0 lines enter the machine via sockets on 
the rear panel. 
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ISII PIC1650 

Programmable Intelligent Computer 
FEATURES 
• User Programmable 
• Intelligent Controller for Stand-Alone Applications 
• 32 8-Bit Registers 
• 512 x 12-Bit ROM for Program 
• Arithmetic Logic Unit 
• 4 Sets of 6 User Defined TTL-compatible InpuVOutput Lines. 
• Real Time Clock Counter 
• Self contained Oscillator· 
• Access to RAM Registers inherent in instruction. 

DESCRIPTION 
The PICl650 MOS/LSI circuit array is a byte oriented program
mable controller designed to satisfy the requirements for a low
cost, stand-alone 8-bit micro-computer. The array is a complete 
chip controlled with an internal customer-defined ROM program 
specifying the overall functional characteristics and operational 
waveforms on each of the general purpose inpuVoutput lines. 
The array can be programmed to scan keyboards, drive 
multiplexed displays, control vending machines, control traffic 
lights, control printers and to control automatic gasoline pumps. 
Since it contains ROM, RAM, I/O as well as the central 
processing unit on one device, the PIC1650 is truly a complete 6-
bit micro-computer on one chip. 

The PIC1650 is fabricated with N-Channellon Implant technol
ogy resulting in a high performance product with proven 
reliability and Production history. Only a single +5 volt power 
supply is required for operation, and an on-chip oscillator pro
vides the operating clock with only an external R/C network to 
establish the frequency. Inputs and outputs are TTL compatible. 
The PIC1650 is supplied in a 4O-pin dual-in-line package. 
The PIC product family (PICl650 and all extensions) is support
ed by an extensive software and hardware package. The software 
package includes Cross Assembler/Simulator programs 
designed to run on the large machine, on time share and 
minicomputer system levels. The hardware package includes a 
prototype TTL Emulator Board with which the user can verify, in 

BLOCK DIAGRAM 
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his actual system, the program in either RAM or PROM before 
committing it to mask tooling. For added flexibility, the board can 
be interfaced into the GIMINI developmental system for con
versational capability via a terminal with the PIC TTL Emulator's 
RAM memory. The PIC program is stored in RAM on the PIC 
Emulator board as memory as part of the CP1600 micro
processor address space. Thus, on-line changes in code can be 
implemented without the inconvenience of reburning PROMs. 

REGISTER 
FILE 

(F9 to F31) 

INSTRUCTION 
DECODE 

& 
CONTROL 

.2 

PROGRAM ROM 
512x 12 
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PIC1650 [!] 
PIN FUNCTIONS 

Signal 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 RIC network can be used to set the frequency of operation 
of the internal clock generator. The maximum oscillator frequency is 1 MHz. 

RTCC· (Input) Real Time Clock Counter. Used by the microprogram to keep track of elapsed time between 
events. The maximum RTCC' frequency is 250KHz. This register can be loaded and read by the 
program. 

RAIJ..7, RBO-7, RCIJ..7, RDO-7 
(Input/output) 

User programmable input/output lines. These lines can be inputs andlor outputs and are under 
direct control of the program. 

MCLR· (Input) Master Clear. Used to initialize the internal ROM program to address 777 s. Should be held low 
at least 20 JjS past the time when the power supply is valid. 

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

ARCHITECTURAL DESCRIPTION 

The firmware architecture of the PIC1650 microcomputer is 
based on a register file concept with very simple, low level, 
commands 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. 

Internally, the PIC1650 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 Control ROM composed of 512 program words 
each 12 bits in width. 

The Register File is divided into two functional groups: 
operational registers and general registers. The operational 
registers are addressed as FO to F8 (the first9 olthe total of 32 file 
registers) and include, among others, the Real Time Clock 
Counter Register, the Status Register, the Program Counter 

REGISTER FILE ARRANGEMENT 

File 

(PC), and I/O Registers A, B, C and 0 (RA, RB, RC and RD). The 
general registers are addressed as F9 to F31 and are used for data 
and control information under command of the instructions. 

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

The Control ROM contains the operational program for the rest 
of the logic within the controller. Sequencing of a micro
instructions is controlled via the Program Counter (PC) which 
automatically increments to execute in-line programs. Program 
control operations can be performed by Bit Test and Skip 
instructions, Jump instructions, or loading computed addresses 
into the PC. In addition, an on-chip pushdown stack is employed 
with the return address register serving as the top element of the 
stack. This permits easy to use subroutine nesting. Application of 
the +5V power supply initializes the ROM microprogram to 
address 777 s. 

Function 

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 

F2 

F3 

Real Time Clock Counter Register. This register can be loaded and read by the microprogram. Clock keeps 
counting up after zero is reached. 
Program Counter (PC). The PC is automatically incremented and can be written into; e.g., MOVWF F2. If 
cannot be read, however. 
Status Word Register. The bits in this register can be set or cleared only by the Bit Set and Bit Clear instructions; they 
cannot be altered by other commands operating on F3. 

(4) (1) (1) (1) (1) 

1 PC9 I z I DCI C :F3 

PC9: Tenth bit of PC for future use. Future ROM space of 512-1023 can be addressed with this bitse!. 
C (Carry): Stores the carry out on arithmetic operations, and acts as a bit link on rotate operations. This bit is set 

high on an SUBWF instruction if the addition of f, the one's compiement of W, and a 1 results in a carry. 
DC (Digit Carry): Stores the carry out of low order digit on arithmetic operation. This bit is set high on a SUBWF instruction 

if the addition of f, the one's complement of W, and a 1 results in a carry from the low order digit. 
Z (Zero): Set if the result of the arithmetic operations is zero. 

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 read as a logic "1". 

F5 I/O Register A (RA) 
F6 I/O Register B (RB) 
F7 I/O Register C (RC) 
Fa I/O Register 0 (RO) 

10C-3 
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._, PIC1650 

Instruction Set Summary 
For an oscillator frequency of 1 MHz, the instruction execution 
time is 4 ,.sec, except if a conditional test is true or if the PC 
register is changed as a result of an instruction. In these' two 
cases, the Instruction execution time is 8 ,.sec. 

In the following PIC instruction descriptions "k" represents an 
eight bit constant or literal value, "f' represents a file register 
designator and "d" represents a destination designator. The file 
register designator specifies which one of the 32 PIC file registers 
is to be utilized by the Instruction. The destination designator 

GENERAL FILE REGISTER 
OPERATIONS 

(6) 

OP CODE 

specifies where the result of the operation performed by the 
instruction is to be placed. If "d" is zero, the resultis placed in the 
PIC W register, if "d" is one, the result is returned to the file 
register specified in the instruction. If the "d" operand is omitted, 
the f register Is assumed as the destination. "f' and "d" may be 
numbers, characters, or symbols as described in the PIC 
Assembler and PIC Simulator instructions. "C" reprasents the 
carry bit, "Z" represents the zero bit, and "DC" represents the 
digit carry bit. 

(5) 

f (FILE #) 

lor d = O. I-W 
d = 1. I-I 

Instruction (Octal) Name Syntax 

000000 0 00000 (0000) No Operation NOP 
000000 1 11111 (0040) Move Wto 1* MOVWF 
000001 0 iliff (0100) ClearW CLRW 
000001 1 iliff (0140) Clear I CLRF I 
000010 d ifill (0200) Subtract W Irom I SUBWF I. d 
000011 d ifill (0300) Decrement f DECF I. d 
000100 d ifill (0400) Inclusive OR Wand I 10RWF I, d 
000101 d IIfIt (0500) AND Wand I ANDWF I, d 
000110 d IIfIt (0600) Exclusive OR Wand I XORWF I, d 
000111 d Iffll (0700) Add Wand I ADDWF I, d 
001000 d fltll (1000) Move I MOVF I, d 
001001 d fltll (1100) Complement I COMF I, d 
001010 d ifill (1200) Increment I INCF I, d 
001011 d fltll (1300) Decrement I, Skip il Zero DECFSZ I, d 
001100 ,d fltll (1400) Rotate Right I RRF I, d 
001101 d IIfIt (1500) Rotate Left I RLF I, d 
001110 d fltll (1600) Swap halves I SWAPF I, d 
001111 d fltll (1700) Increment I, Skip il Zero INCFSZ I, d 

BIT LEVEL FILE REGISTER (4) (3) (5) 
OPERATIONS 

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

Instruction (Octal) Name Syntax 

0100 bbb 11111 (2000) Bit Clear I BCF I, b 
0101 bbb fltll (2400) Bit Set I BSF I, b 
0110 bbb filII (3000) Bit Test I, Skip il Clear BTFSC I. b 
0111 bbb Iffll (3400) Bit Test I, Skip il Set BTFSS I, b 

LITERAL AND CONTROL (4) (8) 
OPERATIONS 

OP CODE I (LITERAL) 

Instruction (Octal) Name Syntax 

1000 kkkkkkkk (4000) Return RET 
1000 kkkkkkkk (4000) Return and place Literal in W RETLW 
100t kkkkkkkk (4400) Call subroutine * CALL 
101x kkkkkkkk (5XOO)"* Go To address GOTO 
1100 kkkkkkkk (6000) Move Literal to W MOVLW 
1101 kkkkkkkk (6400) Inclusive OR Literal and W 10RLW 
1110 kkkkkkkk (7000) AND Literal and W ANDLW 
1111 kkkkkkkk (7400) Exclusive OR Literal and W XORLW 

Operation 

W-I 
O-W 
0-1 
I -W-d 
1- 1-d 
WVI-d 
WfII-d 
WVI-d 
W+I-d 
I-d 
t-d 
I+l-d 
1- 1-d, skip il Zero 
I(n)-d(n-1), I(O)-C, C-d(7) 
I(n)-d(n+1), I(7)-C, C-d(O) 
I(0-3)<='1(4-7)-d 
I+1-d, skip il zero 

Operation 

O-I(b) 
1-I(b) 
Bit Test I(b); skip il clear 
Bit Test I(b); skip il set 

Operation 

O-W, RAR-PC 
k k-W, RAR-PC 
k PC-RAR, k-PC 
k k-PC 
k k-W 
k kVW-W 
k kIlW-W 
k kVW-W 

Status 

Z 
Z 

C.DC.Z 
Z 
Z 
Z 
Z 

C,DC,Z 
Z 
Z 
Z 

C 
C 

Status 

Status 

Z 
Z 
Z 

*The 9th bit olthe program counter in the PIC1650 is zero for a CALL and a MOVWF F2. Therefore, subroutines must be located in 
page O. However, subroutines can be called from page 0 or page 1 since the RAR is9 bits wide. (Page 0: 0-255. Page 1:256-511). 

**If X = 0, the address is in page 0; if X = I, the address is in page 1. The PIC assembler takes care of assigning the correct op codes. 

100-4 



OTHER INSTRUCTION MNEMONICS REGONIZED BY THE PIC1650 ASSEMBLER 

Instruction (Octal) 

0100 000 00011 (2003) 

0101 000 00011 (2403) 

0100 001 00011 (2043) 

0101 001 00011 (2443) 

0100 010 00011 (2103) 

0101 01000011 (2503) 

011100000011 (3403) 

0110 000 00011 (3003) 

011100100011 (3443) 

0110 001 00011 (3043) 

011101000011 (3503) 

0110 010 00011 (3103) 

001000 1 I I I I I (1040) 

001000 0 I I I I I (1000) 

001001 1 I If If (1140) 
001010 d I I I I I (1200) 

011000000011 (3003) 
001010 d I If If (1200) 

0110000 00011 (3003) 
000011 d If If I (0300) 

0110001 00011 (3043) 
001010 d I If If (1200) 

0110001 00011 (3043) 
000011 d I If I I (0300) 

101' kkkkkkkk (5'00) 

011000000011 (3003) 
101' kkkkkkkk (5'00) 

0111 00000011 (3403) 
101 x kkkkkkkk (5xOO) 

011000100011 (3043) 
101 x kkkkkkkk (5xOO) 

0111 00100011 (3443) 
101 x kkkkkkkk (5xOO) 

0110 01000011 (3103) 
101 x kkkkkkkk (5X OO) 

011101000011 (3503) 
101 x kkkkkkkk (5xOO) 

II x = 0, address IS In page O. 
if x = 1, address is in page 1. 

Name 

Clear Carry 

Set Carry 

Clear Digit Carry 

Set Digit Carry 

Clear Zero 

Set Zero 

Skip on Carry 

Skip on No Carry 

Skip on Digit Carry 

Skip on No Digit Carry 

Skip on Zero 

Skip on No Zero 

Test File 

Move File to W 

Negate File 

Add Carry to File 

Subtract Carry Irom File 

Add Digit Carry to File 

Subtract Dig it Carry from File 

Branch 

Branch on Carry 

Branch on No Carry 

Branch on Digit Carry 

Branch on No Digit Carry 

Branch on Zero 

Branch on No Zero 

Syntax 

CLRC 

SETC 

CLRDC 

SETDC 

CLRZ 

SETZ 

SKPC 

SKPNC 

SKPDC 

SKPNDC 

SKPZ 

SKPNZ 

TSTFI 

MOVFWI 

NEGF, I,d 

ADDCFI, d 

SUBCF I,d 

ADDDCF I,d 

SUBDCFf,d 

BK 

BCK 

BNC K 

BOCK 

BNDCK 

BZ K 

BNZK 

PIC1650 I!I 

Equivalent 
Operatlon(s) StatUI 

BCF3,O -
BSF3,O -
BCF3,l -
BSF3,1 -
BCF3,2 -
BSF3,2 -
BTFSS3,O -
BTFSC3,O -
BTFSS3,1 -

BTFSC3,l -
BTFSS3,2 -
BTFSC3,2 -

MOVF 1,1 Z 

MOVF I, 0 Z 

COMF 1,1 
INCFI, d Z 

BTFSC 3,0 
INCFI, d Z 

BTFSC 3,0 
DECF I, d Z 

BTFSG 3,1 
INCFI,d Z 

BTFSC 3,1 
DECF I,d Z 

GOTOK -
BTFSC 3,0 
GOTOK - II 
BTFSS 3,0 
GOTOK -
BTFSG 3,1 
GOTOK -

BTFSS 3,1 
GOTOK -
BTFSC 3,2 
GOTOK -
BTFSS 3,2 
GOTOK -
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Sample Programs 

In the following program steps, .dddd mesns literals, in decimal form, otherwise they are In octal form. 

I OBJECTIVE: fo display the file pointed to by F31 via I/O post A (FS). Assume .20 In F31 and .100 in F20. 

Hence, the following program will display .100 via FS. 

Program steps 

MOVF .31, W 

MOVWF4 

MOVFO, W 

MOVWFS 

Description 

Move the contents of F31 to the working register W. After execution W contains .20. 

Move the contents of W to FSR (F4). After execution F4 contains .20. 

Move the contents of the file pointed to by FSR, that is, the contents of F20, to W. Thus W contains .100 
after execution. 

Move the contents of W to FS. Hence .100 is In FS now. 

n OBJECTIVE: To compare F31 to a constant, If equal GOTO OK, If not equal GOTO NO. 

Program Steps 

MOVF .31, W 

XORLWCONST 

BTFSS3,2 

GOTO NO 

GOTO OK 

DescrlpUon 

Move the contents of F31 to the working register W 

Exclusive Orlng, bit by bit, the contents of Wand the literal CONSTANT. If the are equal, all zero bits 
will result in Wand the second bit In the status register (F3) will be set. 

If the second bit In F3 Is one, skip the next step. 

They are not equal. 

They are equal. 

m OBJECTIVE: To clear flies FS to F31. 

Program Steps 

MOVLW4 

MOVWF4 

LPIINCF 4,5 

CLRF O,F 

MOVLW.255 

10C-6 

XORWF4, W 

BTFSS 3,2 
GOTO LPI 

END 

Description 

Move the literal 4 to the working register W. 

Move the literal 4 from W to the FSR (F4). These two steps initialize the pOinter F4 to 4. 

Increment the contents of FSR by one. This is the same as saying that the pointer points to next file. 

Clear the contents of the file pointed to by FSR. 

To sense the end of the file, which is F31, move the Iiteral.2SStoworking reglsterW. The Iiteral.2SS is used 
since the top three bits of F4 are read as one. 

Compare bit by bit the contents of FSR and W. If they are equal, the second bit in the status register (F3) 
will beset. 

If they are not equal, go back to the step labelled LPI, otherwise stop. 



PIC1650 

1][ OBJECTIVE: BCD to 7-Segment Code Conversion 

CONVRT 

TBlSTR 

a 

fl.lb 

eDc 
d 

Program steps 

MOVLW TBLSTR 
ADDWF 20, W 

CALL CONVRT 

MOVWF 5 

MOVWF 2 

RETLW B'1 1 1 1 1 1 0' 

RETlW B'O 1 10000' 

RETlW B'11 0110 l' 

RETlW B'1111 00 l' 

RETlW B'O 1 1 001 l' 

RETLW B'1 01101 l' 

RETlW B'O 011 1 11' 

RETlW B'1 1 10000' 

RETlW B'1111111' 

RETlW B'1 1 1 00 1 l' 

Digit is displayed in either I/O Register 5,6,7, or 8. F20 contains 
the BCD numbers. 

Description 

Starting address of table 

Add BCD number as offset to Tablestart 

Obtain converted code 

Move the 7-segment code to the file pointed to by the file select register 

Move the computed address into the PC 

o in seven segment (abcdefg) 

1 in seven segment (abcdefg) 

2 in seven segment (abcdefg) 

3 in seven segment (abcdefg) 

4 in seven segment (abcdefg) 
5 in seven segment (abcdefg) 

6 in seven segment (abcdefg) 
7 in seven segment (abcdefg) 

8 in seven segment (abcdefg) 

9 in seven segment (abcdefg) 

II 
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1/0 Timing 

lDc-a 

INCREMENT 
PC& 

ADDRESS ROM 
FOR NEW 

INSTRUCTION: 
e.g., MOVE W - f 

PIN 
SIGNAL 

Electrical Characteristics 

Operating Parameters 
Vee Voltage = +5 volts :5% 
Vxx Voltage = +4.75V to +10.0V 
Icc Current = 50 ma typical; 75 ma max. 

Temperature = O·C to+50·C 

Storage Temperature Range: -55·C to +150·C 

D.C. Parameters 

Input Logic "1" 

Input Logic "0" 

Input Leakage 

Input Capacitance 

Output Logic "1" 

Output Logic "0" 

Output Leakage 

Output Capacitance 

A.C. Parameters 
OSC Frequency 

RTCC· Frequency 

LED Direct Drive 

VIH = 2.4V min. 

VIL = 0.8V max. 

IlL = 15)JA max. 
CI = 5 pF max. 

VOH = 2.4V min. @ 100 )JA 

VOL = O.4V max. @ 1.8 mA 

IOL = ± 5 )JA max. 

Co = 10 pF max. 

1 MHz 

250 KC 

Vxx drives the gate of the output buffer, allowing adjustment of 
LED drive capability: 

__ -J 

Vxx 
5V 
5V 

10V 
10V 
10V 

INPUT 

VOUT 
0.4V 
0.7V 
0.4V 
0.7V 
1.0V 

ISINK (typ.) 
2.5mA 
4.2mA 
5.8mA 

10.0mA 
14.1mA 

\'-----'/ 

PIN SIGNAL 
VALID 

WRITE TO 110 

} 
READ FROM 
110 



1/0 Interfacing 
The equivalent circuit for an I/O port bit is shown below as it 
would interface with either the input of a TTL device (CPU chip is 
outputting) or the output of an open collector TTL device (CPU 
chip 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 

Do 
(INTERNAL - ..... ---------lD 
DATA BUS) 

WRITE C 
(INTERNAL '-.....,..;.--' 

SIGNAL) 

READ 
(INTERNAL 

SIGNAL) 

PIC1650 [!] 

at the port and the pin can be connected directly to a TTL gate 
input. When inputting data thru an I/O Port, the port latch must 
first be set to a logic "1" level under program control. This turns 
off O2 , allowing the TTL open collector device to drive the pad, 
pulled up by 0 1 , which can source about 100flA. 

-;.c,.;;;;-t 
I/O BIT I 

I/O STRUCTURE 

10C-9 
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PIC1664 PRELIMINARY INFORMATION 

Programmable Intelligent Computer Development Circuit 

FEATURES 

• PIC1650 computer with ROM removed 
• Useful for engineering prototyping and field trial 

demonstrations 
• PIC1650's ROM address & data lines brought out to pins 
• PIC1650's ROM can be replaced by external RAM or PROM 
• PIC1650 can be single stepped or stopped via the halt pin. 

DESCRIPTION 
The PIC1664 MOS/LSI circuit array is exactly the same as 
PIC1650 except for the faclthat the ROM is removed and thatthe 
ROM address and data lines are brought out, resulting in a 64 pin 
package. The addition of a halt pin has also been made to the 64 
pin package. This pin gives the user the ability to stop as well as 
single-step the chip. The PIC1664 is designed as a useful tool for 
engineering prototyping and field trail demonstration. 

BLOCK DIAGRAM 

10C-l0 

ARITHMETIC 
LOGIC 
UNIT 

RETURN ADDRESS 
REGISTER (RAR) 

PIN CONFIGURATION 
64 LEAD DUAL IN LINE 

HALT ACK 
HALT 

ROM AD DR 9 

ROM DATA 12 

OSC 

RTCC* 

MCLR* 

CLOCK 

SPARE 

REGISTER 
FILE 

(F9 to F31) 

8 

INSTRUCTION 
DECODE 

& 
CONTROL 

PIC1664 

RAO-7 

RBO-7 

RCD-7 

RDO-7 

Vxx 

Vee 

GND 

0;; 
!:. 
« 8 
Cl RBO-7 
w 
II: 

g 

iD 
!:. 
III 
Cl RBO-7 
w 
II: 

g 

;:: 
!:. 
<.l 
Cl RCO-7 
w 
II: 
0 

iD 
!:. 
Cl 

Cl RDO-7 
w 
II: 

g 



IIiII PIC Hardware 

TTL PIC Emulator 
FEATURES 

• Provides hardware emulation of the PIC1650 
• PIC program can be in RAM or PROM. 
• Interface with GIMINI provides Interactive debugging of the 

PIC's program. 
• 1/0 Data for all 512 instruction steps stored in RAM. 

DESCRIPTION 

The PIC Emulator is a hardware tool useful in the prototyping 
state of a product. It consists of a 180 IC wirewrap card 
containing a TTL emulation of the PIC chip, a cable terminating 
in a 4O-pin male plug which would plug into the PIC's 40-pin 
socket on the end product's breadboard, an interface card to the 
GIMINI Microcomputer and 2 cables between the wirewrap card 
and the interface card. The interface card permits the PIC's ROM 
program to be interrogated (if the PROMIRAM switch on the PIC 
Emulator's wirewrap card is in the PROM position) or to be 
Interrogated and modified (if the PROMIRAM switch is in the 
RAM position) via the GIMINI's front panel or via the GIMINI in 
conjunction with a terminal device. Thus, with a GIMINI and a 
terminal, on-line changes in the PIC's program can be imple
mented immediately in an interactive mode between the user and 
the GIMINI Microcomputer. The interlace card also contains 
512x16 of RAM to store the data present on each olthe 4 1/0 ports 
corresponding to the last execution of each of the512 instruction 
steps of the PIC1650. This 1/0 history feature is quite useful in 
program debugging. 

BLOCK DIAGRAM 

Vee 

ARITHMETIC 
LOGIC 
UNIT 

RETURN ADDRESS 
REGISTER (RAR) 

+1 

PROGRAM 512-12 
RAMIPROM 

(GIMINI ADDRESSES 
72000-72777) 

TTL PIC EMULATOR 

REGISTER 
FILE 

(F9 to F31) 

INSTRUCTION 
DECODE 

& 
CONTROL 

12 

RAM. 

PROM. 

12 

INTERFACE 
CARD 

CONTAINS 
1/0 HISTORY 

MEMORY 

I/OA.B 
(GIMINI 

ADDRESS 
71000-71777) 

1/0 C.D 
(GIMINI 

ADDRESS 
70000-70777) 

ALLOWS PIC 
MEMORY TO 
BE WRITTEN 

INTO OR 
READ FROM 

GIMINI 

TO GIMINI 
DATA BUS 
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IIiII PIC Hardware PRELIMINARY INFORMATION 

MOS PIC Emulator 

DESCRIPTION 

The MOS PIC Emulator is useful for debugging a PIC 
applications program. The card contains 512x12 of RAM, a 
PICl650 containing PICBUG (see page 10C-19), a TTY interface 
and a PICl664. A reset button is provided, which halts the 
PIC1664 and places PICBUG in the command mode. 

BLOCK DIAGRAM 

PIC1664 

i 32 

HLT ACK 

KJ~:'i:~"- ' 
HL T I CONTROL 

HLTCOMMAND 

9 

DATA 
, 12 

ADDRESS 

, 
, 
8 

PIC1650 
PICBUG 

USER'S 
1/0 

'12 I BIDIRECTIONAL LJ<E/~ __ --' 
BUFFERS I .... DIRECTION 

100-12 

II' 

I BIDIRECTIONAL L .. 
BUFFERS I<E------D-IR-E-C-T-IO-'N 

'--___ --II 512x12 LJ<E/'-....,2,c./ ____ ---' 
1 RAM I' 

CONTROL 
(R/W, CS) 

TTY -I INT~~~lcE _ i~Y 
CONTROL 

8 

8 



IIiII PIC Hardware PRELIMINARY INFORMATION 

PIC Field Demo Card 

DESCRIPTION 

The PIC Field Demo Card is used to demonstrate a PIC 1650's 
capability in the field before committing to masked ROM. The 
card contains a PIC1664, 2 PROMs (512x8 organization with 1 ilS 
or less access time) to hold the user's program, and logic to allow 
a single-step or free-run mode. The card terminates in a 4O-pin 
plug to simulate the PIC1650's pinout. 

BLOCK DIAGRAM 

/~ 
ADDRESS" 9 

PROM 

12 V DATA 

\It 

PIC1664 

HLT ACK .... 

...... HLT 

C=t===t==:t::=::t=t:::t=::l 40-PIN CABLE & PLUG 

\It 
1/0 

RTCC' 
OSC +5 

MCLW GND 

SINGLE
STEP 

LOGIC 

SINGLE-STEP 

--L 
f---J IL--_-, 

FREE-RUN 

o 
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IIiII PICAL 

PIC Assembler 

FEATURES 

• Symbolic representation of all instructions. 
• User defined six character symbols. 
• Octal, decimal, hexadecimal and ASCII literals. 
• Expression evaluation. 
• Extensive assembly directives. 
• Full program and sorted symbol listing. 
• Extensive error detection. 

DESCRIPTION 

The PIC assembler converts symbolic source programs for the 
PIC1650 into suitable code. Programs for the PIC may be coded 
symbolically using methods and techniques common to 
assembly level coding for conventional stored program 
computers. The PIC assembler produces a binary paper tape 
output which may be loaded and executed by the PIC TTL 
Emulator or used to directly mask program on PIC chip. 

The PIC assembler is available in two versions allowing 
execution on a wide variety of computers. One version, coded in 
FORTRAN IV is intended for use on popular mini-computer and 
larger computer systems and time sharing systems. The other 
version, coded in CP1600 assembly language executes on a 
GIMINI microcomputer with at least 6K words of 16-bit RAM 
storage. 

USING PICAL ON GIMINI 

A terminal and a high speed readerlpunch are required to use 
PICAL on the GIMINI microcomputer system. The PIC 
Assembler is first loaded via the loader command "LH". To 
execute, command 'E' is typed in. PI CAL identifies the version in 
use, indicates assembly pass 1 and requests source input device 
identifications by printing "SRC DEV? (H/L):" The user response 
with "L" (low speed tape reader, i.e., teletype) or "H" (high speed 
tape reader). Note that all user responses are terminated by a 
carriage return. The user is then requested to select the 7 level 
tape option by the message: "7 level? (YIN):" If the source tape 
contains valid 7 level ASCII characters, the response is "Y"; 
otherwise the response is "N". Next, the assembler requests the 
user to select a pass 1 listing option by printing "Listing? (YIN)." 
A pass 1 program listing is complete except for forward symbol 
references and undefined symbol diagnostics. 

Assembly pass 2 begins when "Pass 2? (YIN)" is printed at the 
end of pass 1. The "LISTING? (YIN)" is printed to allow the user 
to select a pass 2 listing. Next, the device upon which the object 
module is to be punched is requested by "OBJ DEV? (H/LlN):" 
being printed. If the high speed tape punch is to be used, "H" is 
entered; if low speed tape punch is to be used, "L" is entered. If no 
object module is to be generated, "N" is entered. If a pass 2 listing 
and object output on the low speed punch are selected, "DEV 
CNFLCT!I" is printed and the pass 2 options again requested 
because the listing and object code cannot be mixed on the 
teletype during the same assembly pass. If object output is to be 
punched on the low speed reader, the user must manually enable 
the teletype punch before entering the "L" response. Since pass 2 
starts when the object option is entered, the source tape must be 
repositioned on the appropriate reader before the option is 
entered. At the end of pass 2, pass 2 may be rerun by entering "Y" 
in response to the message "Pass 2? (YIN): If"N" is entered, pass 
1 is relntiated. 
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A program assembly can be aborted by depressing the teletype 
"CRTL" key while simultaneously striking the "C" key. This 
causes the assembly to be cancelled and control to be returned to 
the resident monitor. 

SOURCE PROGRAM FORMAT 

A PIC source program is composed of a sequence of statements 
with each statement contained on a Single line terminated by a 
carriage return character. A statement may contain up to four 
fields, identified from left to right as follows: 

LABEL OPERATOR OPERAND COMMENT 

The label and comment are optional, while the operator is always 
required. The presence and nature of the operand depends upon 
individual operators. Statements should not exceed 
approximately 50 characters so that assembled programs can be 
printed on a teletype or Similar terminal. 

LABEL 

A label is a user defined character string, used to symbolically 
reference a specific location within a program. If a statement 
contains a label, the label must begin in the first character 
position in the statement. Labels may contain up to six 
characters, the first of which must be a letter (A-Z), a currency 
symbol ($), a question mark (?) or an ampersand (&). The 
remaining five optional characters may be any combination of A
Z, 0-9, $, ? or &. 

OPERATOR 

An operator follows the label field in a statement. A statement 
operator contains up to six characters and may be an instruction 
mnemonic or an assembly directive. Instruction mnemonics are 
symbolic character strings which represent the various PIC 
micro instructions. Assembly directives are symbolic character 
strings used to represent certain actions performed by the 
assembler. If a statement does not contain a label the operator 
must be preceded by at least one blank space. If the operator is 
the last field in a statement, it may be followed by a carriage 
return, otherwise it is followed by the comment field. 

OPERAND 
An operand follOWS the statement operator separated by at least 
one blank space. Operands may be blank space. Operands may 
be symbols, literals or expressions. When multiple operands are 
used, they are separated by commas. If an operand is the last field 
in a statement it is followed by a carriage return, otherwise it is 
followed by the comment field. 

COMMENT 

The comment field is optional in all statements and must be 
preceded by a semicolon(;). The contents of the comment field 
are printed on the program listing but have no effect on the 
assembled program. Entire lines may serve as comments if the 
first non-blank character is a semicolon. Blank lines may be used 
to separate statement lines in order to enhance program 
readability. 



SYMBOLS 

A symbol is a user defined character string which appers in an 
operand and is used to represent the value assigned to the 
symbol by the assembler. A symbol is given a value by direct 
assignment via an assembly directive or by appearing in the label 
field of a statement. I nstruction labels are given the value of the 
assembly location counter associated with the instruction. The 
assembler recognizes the exclamation mark (!) as a special 
symbol for the current value of the program counter. 

LITERALS 

Literals are character strings which serve as sources of data. i.e .• 
cannot be changed and are interpreted by the assembler as 
constants. Literals may be expressed as octal. decimal. 
hexadecimal. binary and character and may be preceded by a 
plus (+) or minus (-) to signify sign. Plus is assumed unless a 
minus is present. 

Octal 
soooo - s = optional + or -. + assumed 

o = 0-7; 0 to 7777 

Decimal 
s.dddd - s = optional + or -. + assumed 

= leading character 
d=0-9;Oto '" 2047 

PICAL iii 
Hexadecimal 
sX'hhh' - s = optional + or -. + assumbed 

Binary 

X' = leading characters, ' = trailing character 
h = 0-9. A-F; 0 to FFF 

sB'bbbbbbbbbbbb' - s = optional + or -. + assumed 
B' = leading characters.' trailing 
character 
b = 0,1; 0 to 111111111111 

Character 
s"C" or 'C' - s = optional + or -. + assumed 

"or" = leading and trailing characters 
C = any ASCII character 

EXPRESSIONS 

Arithmetic operators + and - may be used to form operand 
expressions containing up to six elements. An expression 
element may be a user defined symbol. the assembly location 
counter (!) or a literal. Expression elements are separated by + or 
- and an expression is terminated by a comma. carriage return or 
a semicolon (;). Expressions are evaluated from left to right with 
no parenthetical groupings allowed. 

ASSEMBLY DIRECTIVES 

ORG exp Set the assembly location counter of the value of expression. 
Program assembly starts at zero by default. 

Symbol EQU 
Symbol 

(Label) ZERO 

(Label) DATA 

END 

PAGE 

TITLE 

PROGRAM LISTING 

operand 
operand 

expression 

Assign the value of the operand to the symbol. The operand may be a 
symbol. a literal or the assembly location counter symbol (!). If! is specified 
it may be followed by + or - and a literal. Note that only one level oftorward 
symbol reference is allowed. 

Zero a block of storage whose length is specified by the expression. If a 
label is specified it is assigned a value equal to the address of the first word 
in the block. 

expr. [ expr .... ,expr 1 Generate a data word for each operand expression. The contents of each 
word is set equal to the value of the respective expression. If a label is 
specified it is assigned a value equal to the address of the first 
word generated. 

End of the program. the assembly is terminated on the previous statement. 

Advance the listing to the top of the next page. 

name Use the specified six character name in the listing page heading. 

The PIC assembler produces a listing of the assembled program 
containing the following fields: Line number; address; contents; 
label; opertor; operand(s) and comment. The address field 
contains three octal digits (eight bits). the contents field contains 
four octal digits (twelve bits) and the label. operator. operand(s) 
and comment fields are columnized to enhance program 
readability. Each page of listing contains sixty lines and begins 
with a one line heading. At the end of the program listing all user 
defined symbols and the number of diagnostics issued are 
summarized. 

This format permits the program to be loaded into suitable 
CPl600 microcomputer memory locations for execution by a PIC 
emulator. The paper tapes are formatted into one or more 
variable length binary records. Each record contains a four frame 
header and up to 132 data frames followed by a check sum frame. 
The first frame in each record contains a 001 except for the last 
record which contains a 377. The second frame contains the PIC 
assembly base address. the third frame contains 000 and fourth 
frame contains the number of data frames following in the record. 
The last data frame is followed by record check sum frame which 
is used to verify the data when the tape is read. Each PIC 
instruction is punched in a three frame sequence which contains 
001. the least significant eight bits and the most significant four 
bits. Address adjustments resulting from imbedded ORG or RES 
assembly directives result in a three frame sequence containing a 
000. the address adjustment and 000. 

BINARY MACHINECODE 

The PIC assembler produces binary machine code punched on 
paper tape formatted for loading by the CPl600 resident loader. 

10C-15 

II 



I!!I PICAL 

DIAGNOSTICS 

The PIC Assembler issues the following diagnostic messages when the Indicated error conditions are detected: 

SYNTAX 
LABEL 

Syntax error 
Label illegal or missing 
Operator unrecognized 
Undefined symbol referenced 
Double or multi-defined symbol 

OP UNREC 
UNDF SYM 
DBL DEF 
MDEF SYM 
FILE REG 
BIT NUM 
OPRN VAL 
LITERAL 
DEST 
PHASE 
?SYNTAX 
?LABEL 
ADR/DEST 
?USE 

Double or multi-defined symbol referenced 

File Register designator illegal 
Bit Number designator illegal 
Operand value illegal 
Literal illegal 
Destination illegal 
Phase error, i.e., symbol has different definition In pass 2 than in pass 1 

Questionable syntax 

MEM LIM 

TRUNCATN 

USING PICAL 

Questionable use of label 
Questionable address or destination 
Questionable use of directive 
PIC ROM limit exceeded 
Statement field too long, truncated 

The PIC Assembler (PICAL) requires a GIMINI microcomputer 
with 8192 words of RAM and a ASR33 teletype terminal or 
equivalent for execution. A high speed paper tape reader/punch 
may be used for available. PICAL is loaded Into the GIMINI by 
mounting the load module tape in either the low speed or high 
speed tape reader and entering "LL" (load via low speed reader) 
or "LH" (load via high speed reader) when althe monitor"$" level 
Note that all user inputs must be terminated by a carriage return. 
When the load is completed, a loader summary is printed and the 
monitor returns to the "$" level. Execution of PICAL is started by 
entering "EO" when at the "$" level. 

Upon initial start-up, PICAL identifies the version in use, 
indicates assembly pass 1 and requests source input device 
identification by printing "SCR?(H/L)". The user must respond 
with "L" (low speed reader) or "H" (high speed reader). If the 
source tape contains valid 7 level ASC11 data, i.e., was punched 
on a parity generating device, a "7" is entered immediately 
following the device indicator. If only a carriage return is entered 
in response to the "SRC?" request, control is returned to the 
resident monitor. Next, the user may select a separated tape 
mode by responding to "SEP TAPES?(Y/N)" with "Y". If this 
mode is selected, PI CAL will pause (GIMINI halts) after each 
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physical tape segment is read (indicated by text ending with a 
form feed character). When the next source tape segment is 
mounted in the appropriate reader, the GIMINI START/STOP 
switch is depressed, continuing the assembly process. Finally, 
"LST?(Y/N)" is printed allowing the user to select a pass 1 
program listing If desired. 

At the end of pass 1 "PASS 2?(Y /N)" is printed allowing the user 
to elect to rerun pass 1 or proceed to pass 2. Prior to running pass 
2 the source tape must be repositioned at the beginning. If in the 
segmented tape mode, physical tape segments must be read in 
the same order as in pass 1. After the pass 2 listing option is 
selected, "DEV?(H/L/N)" is printed allowing the user to select 
object tape output on the high speed punch, low speed punch or 
specify no object output. If a pass 2 listing and object output on 
the low speed punch have been selected, "DEVCNFLCT" is 
printed and the options are requested again. 

If object output is on the low speed punch "PUNCH ON" is 
printed to remind the user to manually enable the teletype punch. 
PICAL waits until the user enters a carriage return to indicate that 
the punch has been enabled. At the end of pass 2, "PASS 
2?(Y/N)" is printed, allowing the user to rerun pass 2 or return to 
pass 1. 
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PIC Simulator 
FEATURES 

PICSIM 

• Simulation of all PIC instructions. 
• Access to all PIC operational registers. 
• Execute, Trace and Step Modes. 
• Console - interrupt and up to eight program breakpoints. 
• Real time clock simulation. 
• Input/output simulation. 
• Execution time accumulation. 
• Symbolic instruction mode. 
• Numeric quantities expressed in octal or decimal. 

DESCRIPTION 
The PIC simulator (PICSIM) is a program which simulates the 
PIC1650. Programs assembled by the PIC symbolic assembler or 
programs entered manually may be quickly and easily debugged 
and verified using PICSIM. 
The PIC simulator is available in two versions allowing execution 
on a wide variety of computers. One version coded in FORTRAN 
IV is intended for use on popular minicomputer and larger time 
sharing systems. The other version executes on a GIMINI 
microcomputer. 
PICSIM executes on a GIMINI microcomputer with at least 6K 
words of RAM memory and a teleptype or equivalent console. 
PICSIM is supplied as a relocatable load module which is loaded 
and executed using the GIMINI resident monitor. The user 
communicates interactively with PICSIM using a set of 
commands Which are used to contro Ithesimulation environment 
and program execution. 

USING PICSIM ON GIMINI 
A terminal and a high speed reader/punch are required to use 
PICSIM on the GIMINI microcomputer system. The PIC simu
lator program tape is first loaded via the high speed reader by the 
loader command "LH". To execute, command "E" is typed in. 
PICSIM identifies the version in use and prints out "Command 
summary? (Y/N):" The user responses with "N", if the printout of 
those commands are not required. Next PICSIM will request the 
next command to be executed by printing "Command?" To load 
the object tape, "LH" is entered. PICSIM will again request 
another command. The user can then enter any of the commands 
described below. 

COMMANDS 
The following commands may be entered on the console 
keyboard whenever a command prompt is displayed. Numeric 
quantities in commands, indicate by n, a, i, j in the descriptions 
may be entered in octal or decimal format. Decimal quantities are 
preceded by a period, i.e., ".15" is decimal 15 which "15" is octal 
15. Quantities displayed by PICSIM are always in octal. If a 
command is unrecognized or contains an error, a "?" is display
ed followed by another command prompt. All commands must be 
entered as indicated followed by a carriage return. 

? - Display Command Summary 

Bn, A- Set program breakpoint n (0-7) at memory address a (0-7 
777). 

Bn - Remove program breakpoint n (0-7). 

B - Remove all program breakpoints. 

en - Continue program execution from the current breakpoint. 
If optional n is specified, n subsequent program breakpoints that 
may be encountered will be ignored. This feature is useful when a 
program loop is to be breakpointed after n executions. If the 
current program was not breakpointed, the message "NO 
ACTIVE BRK PNT" Is Issued and the command is rejected. 

DB - Display the currently specified program breakpoints. lithe 
program was breakpointed, that breakpoint is preceded by"@". 
If a console interrupt (CNTRL/C) caused a breakpoint 
"@ C=address" is displayed. If there are no breakpoints set, 
"NONE!!" is displayed. 
OIl,j - Display the instructions from memory locations i to j 
inclusive in symbolic format. See note 1. 

OMi,; - Display the contents of memory from location i to ; 
inclusive in dump format. See note 1. 

DR - Display the contents of the W register, the RAR (Return 
Address Register Stack) and the 32 file registers. See note 1. 
OT - Display the accumulated program execution time in 
microseconds. 

Ea - Execute starting at memory address a. If a is not specified, 
execution starts at the current PC (File Reg. 2) address. When 
program execution starts, the execution time counter is zeroed. 
See note 3. 

Fn - Inspect/change the contents of File Register n (0-.32). See 
note 2. 
la - Inspect/change the instruction at memory address a in 
symbolic format. See note 2. 
Lda - Load memory from device d (H=high speed, L=low speed) 
starting at address a. 

Ma - Inspect/change the contents of memory address a. See 
note 2. 

Pdi,; - Punch the contents of memory on device d (H=high 
speed, L=low speed) from address i to; inclusive. 

Rn - Set the interrupt repetition rate to n PIC machine sycles and 
activate the real time clock counter. 

R - Deactivate interrupts. 

R? - Display the current interrupt repetition rate. 

Sa - Step the program starting at memory address a. If a is not 
specified, stepping starts at the current PC (File Reg 2) 
address. 
Ta - Trace program executions starting at memory address. If a 
is not specified, tracing starts at the current PC (File Reg 2) 
address. As each instruction is executed, the contents of the PC 
(program counter) is indicated by the display "@aaaa", where 
aaaa is the current address. See note 3. 

W - Inspect/change the contents of the W register. 

X- Exit to the GIMINI resident monitor. 

ZM - Zero memory. 

ZR - Zero registers, (W, RAR and File Registers). 
ZS - Zero RAR Stack. 

ZT - Zero the accumulated execution time. 
NOTES: 
1. Striking console key "c" while depressing the "CTRL" key 
causes the console output to be terminated on GIMINI Systems. 
On time sharing systems the "Break" key is used. 

2. Entering "/" opens the next location or register, "-" opens the 
previous location or register. 

3. Striking console Reg. "c" while depressing the "CTRL" key on 
G IMINI Systems causes program execution to be suspended and 
interaction with the user resumed. The display" tC@aaaa" 
indicates which instruction, i.e., aaaa is its address, was about to 
be executed. CTRUC acts just like a breakpoint. On time sharing 
systems the "Break" key is used. 
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INPUT/OUTPUT 

PICSIM 'provides for simulation of both Input and output 
operations through PIC file registers 5, 6, 7, 8 (lOA, lOB, 10C, 
100). Whenever an instruction sample file registers 5, 6, 7 or 8, 
the following display is output on the console: u@aaaa, T=n 
USEC, ENTER 10REG DATA:" and program execution is 
suspended. In the display, u@aaaa" indicates the memory 
address of the instruction, "T=n USEC" indicates the 
accumulated execution time and "f" is A,B,C or O. Program 
execution resumes after the user enters appropriate data. 
Whenever an instruction places data in file registers 5,6,70r8, the 
fOllowing displeyis output on the console: "@aaaa, T=n USEC, 
10REGf=dddd" and program execution continues. In the display, 
u@aaaa" Indicates the memory address of the instruction, "T= 
USEC" indicates the accumulated execution time, "f" is A, B, Cor 
o and "dddd" is the current contents of the register. 

SYMBOLIC INSTRUCTIONS 

The following symbolic instructions may be entered into memory 
from the console: 

NOP 
MOVWFf 
CLRW 
CLRFf 
SUBWFf,d 
OECF f,d 
10RWF f,d 
ANOWFf,d 
XORWFf,d 
AOOWFf,d 
MOVF f,d 

COMFf,d 
INCF 
OECFSZ 
RRFf,d 
RLF f,d 
SWAPFf,d 
INCFSZ f,d 
BCFf,d 
BSF f,d 
BTFSC f,d 

where f = file register 0-37 (0-.31) 

100-18 

d = destination: 0 or W; 1 or F 
i = literal 0-377 (0-.256) 

x = literal 0-777 (0-.511) 

BTFSS f,d 
RETLW i 
CALL i 
GOTOx 
GOTOO i 
GOT01 i, 
MOVLW i 
10RLWi 
ANDLW i 
XORLWi 

ERROR CONDITIONS 

PICSIM detects several error conditions while simulating 'the 
execution of PIC programs. The following error messages are 
issued as a result of the indicated error conditions. After the error 
message is displayed program execution is suspended and a 
command prompt is issued. 
@aaaa, More than two levels of CALL instruc-
STK OVERFLOW!! tions have been executed. 
@aaaa, More than two levels of RET instruc-
STK UNDERFLOW!! tions have been executed. 
@aaaa, The program has attempted to read 
INVALID READ OF the contents of PC (File register 2), 
PCII i.e., the program counter. 
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PIC Debug 
DESCRIPTION 

PICBUG PRELIMINARY INFORMATION 

PICBUG is a debug program contained in a PICI650, which will 
enable the user to debug his PIC application program contained 
in 512-12 of RAM on the MOS PIC Emulator Card. 

PIC BUG contains the debug commands listed below (underlined 
items are typed by the user), the TTY service routines and the 
ability to terminate a lengthy display listing, and issue another 
command prompt, by the user depressing Control C. 

PICBUG COMMANDS 
1. 

2 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

$AI(CR): 
Example: 
$A200(CR) 
200 = 07142:(CR) 
$ 
$A200(CR) 
200= 07142:1 
201 = 10712:-
200 = 07142:(CR) 
$A200(CR) 
200 = 07142:0(CR) 
SA200(CR) 
200 = 07142:01 
201 = 10712:0-
200 = O(CR) 
$ 
SRn(CR): 
Example: 
$R20(CR) 
20 = 367:377 
. $ 
SLI(CR): 

$P,l,h(CR): 

$DA1,h(CR): 
Example: 
$DA202, 213(CR) 
200 17036 
210 12525 
$ 

$DR(CR): 
Example: 
$DR(CR) 

W 131 141 
7 000 777 
17 000 121 
27 000 131 
37 101 
$ 

$Ea(CR): 
Example: 
$EO(CR) 
$Bn,a(CR): 

Example: 
$B100(CR): 

ST(CR): 

Inspect address 200 

Inspect addresses sequentially. Note that '"I" causes the next address to be displayed, that '"-" causes 
the previous address to be displayed and (CR) terminates activity. 

;Modify address 

;Modify addresses sequentially 

;Inspect/modify all PIC registers; W register is R40a. 

;Mofifying regiBters sequentially is not permitted - each register 
must be queried separately . 

Load memory contents of PIC instruction memory from the teletype 
reader, beginning at address a. If a is not specified, loading begins at the origin specified on the tape. 

Punch memory contents of PIC instruction memory on the teletype punch. beginning at address 1 
and ending at address h. 

Display contents of instruction addresses 1 to h inclusive. 

17777 
05252 

17776 
05252 

01106 
12525 

12571 
00000 

00741 
00001 

00741 
00002 

Display contents of all PIC registers and W register. 

172 100 404 303 313 121 
123 421 727 777 121 111 
515 172 200 556 555 554 
161 172 400 000 222 111 

00777 
00000 

Execute program from instruction address a. By default, a = 777 a' 

Set and execute program to breakpoint at address a. The breakpoint is automatically removed upon 
execution. The program continues from the last breakpoint upon selling a new breakpoint. If the 
previous breakpoint is not specified. the program is executed from 777 a. 

Set breakpoint 0 at address 100 and execute program from address 777a to address l00a. 

Trace (step) program one instruction at a time. Displays the contents of the W register each time. Use 
the breakpoint command to get to the desired starting address. 
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RA-3-42S6 
RA-3-42S6A 
RA-3-42S68 

1024 Bit Static Random Access Memories 
FEATURES 

• 256 x 4 Organization 
• Single +5 Volt Supply 
• True TTL Compatability 
• Static Operation-no clocks required' 
• 500ns Access Time: RA-3-4256 
• 650ns Access Time: RA~3-4256A, RA-3-4256B 
• Separate Data I nput and Output Lines 
• Low Power 
• Three State Outputs-under control of Chip Select signals 
• Power Down State: RA-3-4256, RA-3-4256A 
• Zener Protected Inputs 

DESCRIPTION 
The General Instrument RA-3-4256, RA-3-4256A and 
RA-3-4256B are 1024 bit, high-speed static random access mem
ories organized as 256 4-bit words. Low voltage N-channel ion 
implant technology results in true TTL compatibility from a 
single 5 volt supply, and static operation. These devices are 
extremely useful in small read-write memory systems for termi
nals, peripherals, microcomputers, and a wide variety of portable 
equipment. 
The RA-3-4256 and RA-3-4256A can also utilize a back bias 
substrate and split supply for applications where a low standby 
power drain is required. These devices may be switched to 
the power down state under system control with no danger of 
memory storage errors. 
The RA-3-4256B's 22-pin package, which has a 0.4" width, per
mits tight packing density on printing circuit cards. 

Package 
No. of Chip Select Inputs 
Power Down Capability 
Max Access Time 

BLOCK DIAGRAM 

RA-3-4256 RA-3-4256A RA-3-4256B 

24-pin 
2 

Yes 
500ns 

DATA IN 4 

OATA OUT 4 

24-pin 
2 

Yes 
650ns 

DATA OUT 3 

22-pin 
1 

No 
650ns 

RA~3-4256 PLANES. 
FOR {VDD SUPPLIES POWER TO MEMORY 

11-2 

RA-3~4256A Vcc SUPPLIES POWER TO ALL OTHER 
CIRCUITS. 

PIN CONFIGURATIONS 
24 LEAD DUAL IN LINE 
RA-3-4256/RA-3-4256A 

V Substrate 
Data In 1 
~ 
esT 

AO 
Al 

A2 
A3 

RIW 
GND 

Data In 2 

Data Out 2 

22 LEAD DUAL IN LINE 
RA-3-4256B 

V Substrate 

Data Out 3 

Data In 3 

A7 

A6 

AS 

A4 

N.C. 

Vee (+5V) 

Data In 4 

Data Out4 

Top View 

Data Out 1 
Data Out 4 
'Dataln4 

Vee (+SV) 
A4 

AS 
AS 

A7 

Voo (+SV) 

Po 
Data In 3 

Data Out 3 

Data Out 2 

Data in 2 

GND 
RIW 
A3 

A2 

At 

AO 

Cs 
Data in 1 

Data Out 1 

---<>v" (RA-3-4256/4256A only) 

I(RA-3-425614256A only) 



POWER DOWN OPERATION 

The RA-3-4256 and RA-3-4256A bring out, to separate pins, the 
circuit Substrate, the memory plane supply (Voo) and the pe
ripheral circuit's power supply (Vee). These three connections, 
plus the Power Down input, allow extremely flexible control of 
the memory during standby and/or reduced voltage and power 
dissipation operation. 

In a static memory the memory cell is a flip flop and, in order to 
retain information, one side of the flip flop must be on continu
ously. Thus the static memory power dissipation is higher than 
for a dynamic memory and techniques for reducing this dissipa
tion when the device is in the standby condition become attrac
tive for the system user. 

The power down pin (PO pin 15) isolates the memory from the 
address decoders, so that incorrect data cannot be written into 
the memory when Vee is not within its specified limits. Even if Voo 
is maintained by a battery, if Vee falls in a manner such that the 
n/w circuitry considers itself to be in a write mode for a short 
interval oftime, then false data will be written into the memory. To 
prevent this from happening, PO is driven low by a signal (Power 
Down In) that senses Vee is going below its allowable range; this 
is usually done by monitoring the power supply's AC input 
voltage. Fig. 1 shows the timing required before Vee falls, to 
preserve a memory with a battery backup on Voo. 

To prevent miswriting a data word, the fall of the j5C signal must 
not intersect the RIW pulse. Otherwise, the write operation may 
not be complete at a given address when ffi falls. The fall of I'D 

Vee 

1 ~ 
'" t 

PoA I 

R/W 

l'----~ __ v,L~'" t 

Flg.1. POWER DOWN TIMING 

RA-3-4256 • RA-3-4256A • RA-3-4256B iii 
during the RIW pulse would prevent that address (and all others) 
from having access to the memory section of the device. The 
external gating in Fig. 1b disallows I'D from falling during a write 
operation. 

Battery backup for Voo can be accomplished as shown In Fig. 2. 
The germanium power transistor (2N3612) is used here as a 
power diode. For a card with 10 RA-3-4256's, Voo would draw a 
maximum current of 500 mAo The 2N3612 would have a maximum 
collector emmitervoltage drop of .25 v dc at 500 mA base current. 
During normal operation, If Vee varied from 4.75 to 5.25 volts, Voo 
would vary from 4.5 to 5.00 volts, which is within the operating 
specification. In the power down mode, Voo would be supplied by 
the 5v standby battery. The battery voltge could fall from 5v to 
4.5v (which would be from 4.25V to 3.75V forVDD because of the 
silico.n diode) and still keep the memory alive. 

Once the memory is powered down so that the total supply 
current Is reduced by a factor of 2 (since Vee = 0 and is not 
drawing any current), 100 can be reduced in half by placing -5 
volts on Vss - pin 1. This back-biases the substrate which 
reduces the current drawn in each flip-flop in the memory during 
this memory hold state. The -5 volts on Vss can only be used to 
retain the information in the memory and must be removed (V&, = 
0) before writing into or reading from the memory. 

Thus, using the power down mode and placing -5 volts on the 
substrate, total power dissipated would be reduced 75%, from a 
maximum of 500mW (5v X 100 mAl to 125 mW (5v x 25 mAl. 

... ,' .,.'~ _ ) TO Po 
R/W (TO PIN 15) 

I (TO PIN 9) 

Flg.1b POWER DOWN GATING 

I TijiCKLECHARGE -, SILICON 
FOR BATTERY I (.75V) 2N3612 

I + 5V --'VI/Ir-t:>t-+-..... --i)I'-.....,........ r--..... ---O +5V 
I RI 01 I L _____ ..J 

F1g.2 BATTERY STANDBY SCHEMATIC 
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[!] RA-3-4256 • RA-3-42S6A • RA-3-42S6B 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 
Vcc. Vee .and Input voltages (with respect to GND) .... -0.3V to +8.0V 
Storege Temperature ............................. -65·C to +150·C 
Operating Temperature .............................. O·C to +70·C 

Standard Conditions (unless otherwise noted) 

'Exceeding these ratings could cause 
permanent damage. Functional operetion of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Vee = +5V ±5% (Vee is the peripheral circuitry supply for the RA-3-4256/4256A 
and the power supply for RA-3-4256B.) 
Voo = +5V ±10% (Voo is the memory call supply for the RA-3-4256/4256A.) 
V ....... ,,=GND 
Operating Temperature (TA ) = O·C to +70·C 
Output Loading: One TTL Load, CLTOTAL = 100pF 

Characteristic Sym 

DC CHARACTERISTICS 
Input load current (all inputs) lIN 
Output leakage current ILOH 

Output leakage cu rrent ILOL 

Input low voltage V,L 
Input high voltage V,H 
Output low voltage VOL 
Output high voltage VOH 
Input capacitance (all inputs) C'N 
Output capacitance (all 

outputs) COUT 

Total Power Supply Current loo&lee 
Power Supply Current Ice 
Power Supply Current 100 

Power Supply Current lee 

AC CHARACTERISTICS 

Access Time RA-3-4256 TAce 

Cycle Time RA-3-4256 TCYCLE 

Access Time RA-3-4256A TAce 

Cycle Time RA-3-4256A TCYCLE 

Access Time RA-3-4256B TAce 

Cycle Time RA-3-4256B TCYCLE 

Min Typ" 

- -
- -
- -
- -
2.2 -
- -
2.4 -
- 5 

- 10 
- 60 
- 30 
- 30 
- 60 

- -
500 -
- -

650 -
- -

650 -

Max 

10 
10 

-10 
0.65 
-

0.40 
-
-
-
100 
50 
50 
100 

500 

-
650 

-
650 

-

POWER DOWN DC CHARACTERISTICS (RA-3-4256 & RA-3-4256A ONL Yl: 

11-4 

Power Down Sink Current Ipo -
Memory hold voltage Voo 3.75 
Substrate Power Supply Vss -5 
Substrate Power Supply 

Current Iss -

"Typical values are at +25· C and nominal voltages. 

TIMING DIAGRAMS 

ADDRESS 
INPUTS ____________ .....// ~---=-v" 

f-----tCYCLE---~ 

~_AX _-v" 

• t.", ----l~L-----
08:~TS ___________________ JJC:=.---IOV 

READ ACCESS 

- 100 
- 7.0 
- 0 

20 100 

Units Conditions 

p.A V'N=OVt05.25V 
p.A Vom=4.0V 
p.A VourO.4V 
V 
V 
V IOL=I.6mA 
V IOH=IOOI'A 
pF 1=1 MHz 

pF 1=1 MHz 
rnA RA-3-4256, RA-3-4256A 
rnA RA-3-4256, RA-3-4256A 
rnA RA-3-4256, RA-3-4256A 
rnA RA-3-4256B 

ns 

ns 

ns See Timing Diagrams 

ns 

ns 

ns 

p.A Vpo=O.4V 
V Vec=O 
V -5V in Power Down Mode only 

p.A Vss~5V, VeC=O 

WRITE CYCLE 



RA-3-42S6 • RA-3-42S6A •. RA-3-42S6B [!] 
TYPICAL CHARACTERISTIC CURVES 

r-
TA ~ +215-C 

Vcc ··'''' _l-24 

18 

;; 
E 
- I 2 

, A 
V, 
1 , 

V 
V 

/ 
,I 

V 

VOL (VOLTS) 

TYPICAL OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 

80 

H 4 

~\ICC+IDDCRA-5-42e16 +RA-3-4256A) 

ICCI R'.,3-4~"·1 
a r-t-+--h 

60 

! 
L'\.Ipo (RA-3-4251+RA-3-4256A ONLY) 

a I--

25 50 75 '00 

·c 

TYPICAL POWER SUPPLY CURRENT 
VS. TEMPERATURE 

TA ~25·C 
24 

\ 
"CC·+·" - r-

1\ 
\ 

'8 

4 

~ 12 ~ 

.'\ 
"- Ii' , 

"OH (VOL.TS) 

TYPICAL OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 

-
-~ 

TA = 25·C 

'-- """4.75'11 
'liDO" 4.5\1 

700 r- I TTL. LOAD +C 

60 a V-
I---" 

50 a V 
l< 

40 V '-; SLOPE"'" 25nsllOOpF 
a 

'00 , 
SPECIFIED 

CAPACITIVE 
LOADING 

500 1000 

c (pF) 

T Ace (Typical) VS. CAPACITIVE LOADING 

(RA-3-4256 + RA-3-4256A) 

r-~~r-r-r-~r·· r---
40 

;; '0 

~ 

J 20 

...... 
!'-.. 

r- :::::::: -10 

-, -3 -4 -5 

Vss (VOLTS) 

TYPICAL 100 VS. Vss 
(for memory hold during power down) 

Vcc ·4.7'" 1 (RA-3-4256) 

:- "00. 4 .5 " 
I TTL LOAD + IOOpF 

60 a 
1 

rSPEC LIMIT 
50 a 

I 
a 1 "",I:::: 

~ l- ts: TYPtCAL. 

40 

a _1..1 
1 

30 

l' 1 
25 50 

·c 

T ACC VS. TEMPERATURE 
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1151 1 RA-3-4200 

4096 Bit Static Random Access Memory 

FEATURES 

• 4096xl Organization 
• Static Memory-no refresh required 
• TTL Compatible Inputs (except CS) 
• TTL Compatible Output 
• Wire-Or'able Output-under control of a 'Chip Select' input 
• High Speed: 215ns access time, 400ns cycle time 
• Low Power: typically 450mW operating, 35mW standby 
• Pin and Voltage Compatible with Popular 22 pin 4K 

Dynamic RAMs 

DESCRIPTION 

The General Instrument RA-3-4200 is a 4096 bit static Random 
Access Memory ideally suited for memory system applications 
where there is an advantage in utilizing a static memory without 
sacrificing the high speeds that current dynamic memories offer. 
The RA-3-4200 is fabricated in Gl's advanced GIANT" N-chan
nellon Implant process and features a fully static memory cell to 
eliminate the need for any refresh or charge-pump circuitry and 
TTL compatibility except for a +12Volt Chip Select which dynam
ically accesses the memory. 

The RA-3-4200 is a direct replacement in pin connection and 
oDeration for the EM&M/SEMI 4200. 

BLOCK DIAGRAM 

AO 

R/W ---I--_r-;~;--] 
DI--T--~~~ 

A.-; ____ ~-------------------J 

PIN CONFIGURATION 
22 LEAD DUAL IN LINE 

Vsx (-5V) 

A9 

Al0 

All 

N.C. 

Da18 In 

i5iiii'15iiI 
AO 

Al 

A2 

VRF(+5V) 

GND 

/4Jl 

A7 

All 

Voo (+12V) 

ChlpSeI 

N.C. 

A5 

A4 

A3 

RIw 

~------------VDD(+'2V) 

~------------GND 

~------------VSX(-5V) 

,..-------- VR. (+5VJ 

All --'------j----------------------------' 



OPERATION 

The 4096 static bits of memory are organized in an array of 64 
rows by 64 columns. The memory cells are loaded or Interrogated 
by simultaneously decoding the X address Ao through As for the 
rows (see Block Diagram) and the Y address Ae through A" for 
the columns. Each column contains a presense amplifier, the 
outputs of which are "OR-ed" and connected to the output TTL 
buffer. Each bit or memory cell is a standard flip flop consisting of 
R1, R2, 020 and 040 with two access devices 01 0 and 030 (See 
Figure 1). The load resistors R1 and R2 are 60 megohms typical 
and connectto the Voo supply. 010 and 030 are used to connect 
the cell to the sense lines whenever the X access line is high. In 
the read mode the cell pulls one of the sense lines low from its 
normally high state. The selected presense circuit detects the 
differential voltage on the sense lines and amplifies it. In the write 
mode one sense line is forced low by the presense circuit and the 
selected cell assumes the state of the sense lines. 

voo 

X ACCESS 

CS 

SENSE LINE A SENSE LINE B 

12V 

7406 
7407 
7416 
7417 
7426 

RA-3-4200 [!] 
Chip Select 
The Chip Select controls the operation of the memory. When the 
Chip Select input is high the Input address buffers, decoders, 
sensing circuits and output stages are held in the "off" state and 
power is supplied only to the memory elements. When the Chip 
Select input is pulled low, the memory is enabled. The Chip 
Select negative going edge clocks the TTL logic level addresses, 
RIW, and data input into "0" type flip flops, and enables the 
output stage. 

Data Output 
While Chip Select is high, the output is high impedance to allow 
"wire-or" connections. When Chip Select goes low, the output 
data will be presented within the specified access time, and will 
remain until Chip Select goes high again. The output data signal 
is specified to drive any TTL series with good noise immunity at a 
fan-out of 1. Output data is inverted with respect to the input data. 

1 
I 
I 
1 
I I 

ics6 
~ 

OUTPUT 
UNDER 

TEST 

10 -
1 gOPF 

1 

sv 

'Capacitive loading to simulate effect of 
seven additional outputs plus one TTL input. 

1.3K 

IN3064 
DIODES 

Flg.1 MEMORY CELL Flg,2 TYPICAL CHIP SELECT DRIVER Flg.3 OUTPUT TEST LOAD 

Battery Operation/Power Failure Data Retention 
The memory cells (because they are cross coupled high 
impedance static cells) will retain data down to Voo = 4V. 

Input Circuits ...,. RIW Select, Oats In and Addre .. Input 
The input signal is latched by Chip Select and can change after 
the specified hold time. The inputs can be driven from standard 
TTL open collector outputs with pUll-up resistors. The input does 
not put any DC loading on the TTL driver. 

ReadlWrlte Mode Select 

To WRITE, the RIW Input should be high prior to Chip Select. To 

READ, the RIW Input should be low prior to Chip Select. When 
Chip Select goes low, FlIW is latched into a register. 

Oats In 
During a WRITE cycle the Data In (either high or low) should be 
stable prior to Chip Select. When Chip Select goes low, RIW is 
latched into a register. 

Addre .. 

Addresses should be stable prior to Chip Select. When Chip 
Select goes low all addresses are latched into an Address 
Register. 
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[!] RA-3-4200 

ABSOLUTE MAXIMUM RATINGS (See Note 1) (Referenced to GND) 

Rallng Sym Value 

Voo .5to+15 

Supply Voltages VR' +.5 to +7 

Vsx +.5to-7 

Input & Output Voltages 

(Except Chip Select) V" Vo Vsx to +15 
Chip Select Input Voltage Vcs Vsx to+15 
Power Dissipation Po 1.6 (Note 2) 

Operating Ambient Temperature Range TAMR o to +70 
Storage Temperature Range - -65 to +150 

RECOMMENDED OPERATING CONDITIONS TAM. = O·C to 70·C 

Parameter Sym Min 

Supply Voltage Voo 11.4 
Output Reference Voltage VR' 4.75 
Substrate Voltage Vsx -4.5 
InputHighLevel VIH 3 
Input Low Level VII. 0 
Chip Select High Level VCH Vno-3 
Chip Select Low Level Vn 0 

Unll 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

W 

·C 

·C 

. Nom 

12.0 
5.0 
-5 

-
-

VI») 

-

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields, however. it is 
advised that normal precautions be taken to avoid application of 
any volt~ge higher than maximum rated voltages to this high 
Impedance circuit. 
NOTE 1: Permanent device damage "'.Y occur if ABSO.LUTE 
MAXIMUM RATINGS are exceeded. Functional operation 
should ber •• tricted to RECOMMENDED OPERATING CONDI
TIONS. Exposure to higher than recommended or maximum 
~oltages for extended periods of time, could "affect device 
reliability. 
NOTE 2: At 25°C ambient Derate 13.5m w/oe. 

Max Unit 

12.6 Vdc 
5.25 Vdc 
-5.5 Vdc 
5.25 Vdc 
0.8 Vdc 

Vlm+3 Vdc 
0.5 Vdc 

DC ELECTRICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range Unless Otherwise Noted) 

Characteristics Sym Min Typ Max Unit Condition. 

Input Current liN 0 ±10 ±100 p.A V,,=0.5Vor5.0V 
Chip Select Input Current Ics - ±10 ±loo P.A ,"CS-0.5Vor12V 
Output"Low"Voltage VOl. - 0.3 0.5 Vdc 1,,-2.0mAFlg.5 
Output "High" Voltage VOH 2.7 3.5 VR' Vdc I" - 500 p.A Fig. 5 
Output Current (Unselected) IDO - - 50 p.A V",.-2.7V, Vc,+12V 
Supply Current (Selected and 

Averaged over one cycle) IDn - 36 50 mA V",,+12V 
CSW-215nsec VRf-+5V 

TC-4QOnsec Vsx --5V 

For Other Conditions, See Fig.3 T AMR-+25·C 

Supply Current (Unselected) T AMR - +25· C IDOl' - 2 5 mA V",,-+12V 
Supply Current (Unselected) TAMR-+70·C IDI)U - 4.5 15 mA VR,-+5V 

Substrate Current Isx - 2.2 -3 mA Vsx=-5V 
Reference Supply Current IR' - 50 100 uA Vcs=+12V 
Standby Current at Reduced Voltages 

T AMR=+25·C I DOS - 0.8 2 mA Vcs=4Vto15V 
V1)I)=4V 

Standby Current at Reduced Voltages Vsx =-5V±10% 
TAMR = +70· C IDos - 1.8 6 mA VRF=OV 

AC ELECTRICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range Unless Otherwise Noted) 

Characterl.llcs Sym Min Typ Max Unit Fig -
Chip Select Read Pulse Width TCSR 215ns - lms - 1 
Chip Select Write Pulse Width Tcsw 215ns - lms - 2 
Chip Select Rise and Fall Time TeR , TCF - 10 50 ns 1&2 
SetUpTime Tp 0 - ns 1&2 
AccessTime T, - - 215 ns 1 
Cycle Time, TCR TCF= 10ns(ReadorWrite Tc 400 - - ns 1&2 
Data Hold Time TH 100 - - ns 1&2 
Output Recovery Time TDR 10 15 ns 1 
Read RecoveryTime TeaR 150 - - ns 1 
Write RecoveryTime TCWR 150 - - ns 2 

CAPACITANCE (Over Full Temperature Range and Worst Case Voltage Conditions) 

Characteristics Sym Min Typ Max Unit Condillon. 

Input CapaCitance (Except Chip Select) C'N - 6 - pF V'N=24V 
Input CapaCitance Chip Select Ccs - 2Q pF Vcs-12VorOV 

Ouptut CapaCitance Co - 8' - pF Vo-2V 
Vcs=12V 
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RA-3-4200 I!l 
TIMING DIAGRAMS 

READ CYCLE WRITE CYCLE 

TYPICAL CHARACTERISTIC CURVE 

OPERATING 'DD AS A FUNCTION OF CYCLE TIME 

'.2 

'.0 
Te,.' ~ Te,~ ~ 215 N~ 

1\ CONDITIONS: 

8 

\ Te,., Te~w 1100 NS ~~~~ ~~~ECT 112~ 

1\ 1\ TCSR = Tc~w = 1000 NS VSlC = -5V 
VRF = 25°C 

1\ ~ TEMP=250 Cj .1 
VRF = 5V 

• [\. '\. 
ALTERNATE DATA'-
ALTERNATE READ/WRITE 

• "- '" 
"" " ......... "" ........... ...... r---. "" 2 

l"- t=:: 1-"" t-

o 
.2 .3 .4 .5.6 .8 5 6 8 '0 

CYCLE TIME (uSEe) 

OPERATING IDD AS A FUNCTION OF CYCLE TIME 

III 
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11iI' RA-3-4402 

4096 Bit Static Random Access Memory 

FEATURES 

• 4096X1 Organization 
• Static Memory-no refresh required 
• TTL Compatible Inputs (except CS) 
• Differential Output-two complementary Data Output signals 

are provided. 
• Wire-Or'able Outputs-under control of a 'Chip Select' input. 
• High Speed: 200ns access time, 350ns cycle time. 
• Low Power: typically 400mW 

DESCRIPTION 

The General Instrument RA-3-4402 is a 4,096 bit static Random 
Access Memory ideally suited for memory system applications 
where there is an advantage In utilizing a static memory without 
sacrificing the high speeds that current dynamic memories offer. 
The RA-3-4402 is fabricated in Gl's advanced GIANT II N-chan
nellon Implant process and features a fully static memory cell to 
eliminate the need for any refresh or charge-pump circuitry and 
TTL compatibility except for a+12VoltChip Select which dynam
ically accesses the memory. 
The RA-3-4402 is a direct replacement in pin connection and 
operation for the EM&M/SEMI 4402. 

BLOCK DIAGRAM 

AO 

R/W ----+--~_::;;;;_I 
DATA ------r---~~=~ 

A6~----1-------------------~ 

PIN CONFIGURTION 
22 LEAD DUAL IN LINE 

NC 

E------------+l2V 

E------------GND 

E--------------5V 

DO 

DO 

All -'------+----------------------------" 
cs------~------------------------------------~ 

GND 

A8 

A7 

A8 

VDD (+12V) 

ChlpSeI 

Data Out 

AS 

A4 

A3 

iiiW 



OPERATION 

The 4096 static bits of memory are organized in an array of 64 
rows by 64 columns. The memory cells are loaded or interrogated 
by simultaneously decoding the X address AO through A5 for the 
rows (see Block Diagram) and the Y address As through A 11 lor 
the columns. Each column contains a presense amplilier. the 
outputs of which are "OR-ed" and connected to the output stage. 
Each bit or memory cell is a standard Ilip Ilop consisting 01 R1, R2 
020, and 040 with two access devices 01D and 030 (See Figure 
1). The load resistors R1 and R2 are 60 megohms. typical and 
connect to the VOD supply. 010 and 030 are used to connectthe 
cell to the sense lines whenever the X access line is high. In the 
read mode the cell will pull one 01 the sense lines low from its 
normally high state. The selected presense circuit will detect the 
differential voltage on the sense lines and amplily it. In the write 
mode one sense line is forced low by the presense circuit and the 
selected cell assumes the state of the sense lines. 

VDD 

X ACCESS 

SENSE LINE A SENSE LINE B 

Fig.1 MEMORY CELL 

Chip Select 
The chip select controls the operation 01 the memory. When the 
chip select is low the input address buffers, decoders, sensing 
circuits and output stages are held in the "of I" state and power is 
supplied only to the memory elements. When the Chip Select 
goes high the memory is enabled. The Chip Select pulse clocks 
the TTL logic level addresses, AIW, and data input into "0" type 
flip flops and enables the output stage. 

RA-3·4402 I!!l 

Dala Output 
Oneof the two outputs will source current (DO for data originally 
input at VIH , DO for data originally input as VIL). With the output 
load as shown in Figure 2, the voltage at the output sourcing 
current (VOH ) will approach a value between 0.35V and 2V (typ
ically W) above ground. The voltage at the other output (VOl.) will 
be below 100 mV. A differential amplifier is used to detect the 
polarity olthe signal. A differential output of 25mV (VOUT) or more 
is considered a valid output. 

55~V ouT-..: .............. p--+DO 

~~~ t ~ 50 PF 50 PF I _ ~~o.n 

Flg.2 OUTPUT LOAD 

Battery Operation/Power Failure Data Retention 
The memory cells (because they are cross coupled high imped
ance static cells) will retain data down to VOD = 4V. At VDD = 4V, 
the typical power dissipated is 1!'w/bit. 

Input Circuits - R/w Select, Data In and Address Input 
The input signal is latched by Chip Select and can change aiter 
Chip Select is high. The inputs can be driven from standard TTL 
open collector outputs with pull-up resistors. The input does not 
put any DC loading on the TTL driver. 

Read/Wrile Mode Selecl 
To WRITE, the RIW Input should be HIGH prior to Chip Select. 
To READ, the R/W Input should be LOW prior to Chip Select. 
When Chip Select is high, R/W is latched into a register. 

Data In 
During a WRITE cycle the Data In (either HIGH or LOW) should 
be stable prior to Chip Select. When Chip Select is high, Data In is 
latched into a register. 

Address I 
Addresses should be stable prior to Chip Select. When Chi~ 
Select is HIGH all addresses are latched into an Address 
Register. 
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[!] RA-3-4402 

ABSOLUTE MAXIMUM RATINGS (See Note 1) (Referenced to GND) 

Rating Sym Value 

Supply Voltages Voo -0.5 to+15 

Vsx +0.5 to+7 

Input& Output Voltages (except Chip Select) V" Vo Vsx to+15 

Chip Select Input Voltage Ves Vsx to+15 
Power Dissipation Po 1.6 (Note2) 

Operating Ambient Temperature Range TAMB Oto+70 

Storage Temperature Range TSTo -65to+150 

RECOMMENDED OPERATING CONDITIONS TA = O'C to +70°C 

Parameter Sym 

Supply Voltages Voo 
Vsx 

Logic Levels: 
I nput High Voltage (except Chip Select) VIH 
I nput Low Voltage (except Ch ip Select VIL 
Chip Select High Voltage VeH 
Chip Select Low Voltage Vet. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

W 

'c 
'c 

Min 

11.4 
-4.5 

3 
0 

Von 
0 

This device contains circuitry to protect the Inputs against 
damage due to high staticYoltagesorelectric fields: however, it is 
advised that normal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages to this high 
impedance circuit. 
Note 1: Permanent device damage may occur If ABSOLUTE 
MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to RECOMMEND OPERATtNG CONDI
TIONS. Exposure to higher than recommended or maximum 
voltages for extended periods of time could affect device 
reliability. 
Note 2: At +2SoC ambient. Derate 13.5m W/oC. 

Nom Max Unit 

12 12.6 V 
-5 -5.5 V 

- 5.25 V 
0.7 V 

VDo+1V Voo+2V V 
- 1 V 

DC ELECTRICAL CHARACTERISTICS (Full Operating voltage & temperature range unless otherwise noted) 

Characteristics Sym Min Typ Max Unit 

Input Current (except Chip Select) I VIH = 5.0V (Ves = VeH) hH - 5 25 p.A 

I VIL - 0.5V (Ves - VeH) hL - 5 -25 p.A 
Unselected Input Current (Ves - VeL) V - 2.4V hv 5 25 p.A 

Chip Select High Input Current, DC (Ves - 12V) icH - 30 40 mA 
Chip Select High Input Current, (Pulse Peak) 

Ves = 12V TCR = 25ns Icr - 70 ~ rnA 
Chip Select Low Input Current (Ves - 1V) ICL - 2 3 rna 
Supply Current, (T AMB - 25°C, Vnn, Vsx Unselected Inov 25°C - 1 5 rnA 
= nominal; all VI = max VIL: DO, DO (Chip Select = 0 V) loou 70°C 3 15 rnA 
terminated as shown in Figure 2) Isxu -" 3 mA 

Selected 
Ino 17.5 22.5 rnA 

Chip Select = 12V, 
-

Isx -2 3 rnA 
50% duty cycle 

Standby Current at Reduced Voltages 25°C loos - .5 1.8 rnA i 
Von 4V, Vsx 3V, Ves OV 70° I DDS 1.5 5.3 rnA 

r----substrate Current at Reduced Voltage 25'C Ves- 0 ! 
VSX=-3 Isxs - -1 -1.5 mA I 

Output Low Voltage Terminated per Figure 2 res .. ' - 1 p'sec VOL - e 1 V i 
Output High Voltage Terminated per Figure 2tl:aw' -1p.sec VOH .35 1 2 V I 
Output Disabled Current VeL - OV, VOH - 2V 100 +10 - 10 p.A 

AC ELECTRICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range Unless Otherwise Noted) 

Characlerlstlcs Sym Min Typ Max Unit 

Chip Select Read Pulse Width TCSR 200 - 00 n. 
Chip Select Read Recovery Time TeRR 125 - 00 ns 
Chip Select Write Pulse Width Tcsw 200 - 00 ns 
ChipSelect Write Recovery Time TCWR 125 - 00 n. --
Chip Select Rise Time TeR - 10 50 ns 

-Chip Select Fall Time TeF - 10 50 n. 
SetUpTime TF 10 - - ns 
Hold Time (Address and Data) TH 50 - - ns 
Access Time (T eR = 10ns) T. - - 200 ns 
Cycle Time (Read or Write, TCR= 10ns, TeF-10n. Te 350 - - ns 
Data Recovery TOR 10 15 ns 

CAPACITANCE (Over Full Temperature Range and Worst Case Voltage Conditions) 

Characlerlstlcs Sym Min Typ Max u.dII· 
Input Capacitance (except Chip Select) 

VI=2.4V,Ves=12V CI - 6 - pF 

Chip Select I nput Capacitance Ceo - 50 - pF -
Output Capacitance (Vo - 2.0V. V cs - 0) Co - 5 - pF 
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RA-3-4402 [3 

TIMING DIAGRAMS 

OUT OUTPUt~OAO 
AS$lfOWNft(FfGtJR£f 

POLARITY VOO 18 POSITIVE 

FOIl OATA ORIGINAllV INPUT AS 

TYPICAL CHARACTERISTIC CURVES 

2.0 r-:===:-r---,-,--,---, 

1.75 ~+,I-+-i-+-+---1 

1.50 

1.25 

0.50 f-+---"f-+:. 

0.25 f-+-iIallW'-i-+-+--1 

VDD VDD 

100 VS. Voo AT VARIABLE Vsx 100 VS. Voo AT VARIABLE TEMPERATURE 

III 
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ELECTRICALLV ALTERABLE • 
READ ONLY MEMORIES 
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I-I ER2050 ER2051 

512 Bit Electrically Alterable Read Only Memories 

FEATURES 
• 32x16 Organization 
.5-Bit Addressing 
• "TTL Compatible 
• Chip Select 
• Word Alterable 
• 10 Year Unpowered Data Storage 
• 10"s Access Time (ER2050) 
• 3"s Access Time (ER2051) 
• Write/Erase Time lOOms/word (ER2050), 

SOms/word (ER2051) 
• +5, -28V Supplies 
• No Voltage Switching Required 
NOTE: Use ER2051 for all new designs. 

DESCRIPTION 
The ER2050 and ER2051 are fully decoded 32 x 16 electrically 
erasable and reprogram mabie ROMs. Write, erase, and read 
voltages are switched internally viaa 2-bit code applied to Cl and 
C2. 
Data Is stored by applying negative writing pulses that selectively 
tunnel charge into the oxide-nitride interface althe 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. 

Two TTL compatible control pins switch voltages internally for 
write, read and erase control. 

OPERATION 
Data is stored in a two transistor memory cell. After the cell is 
preconditioned by an erase signal (which lowers the threshold of 
both transistors), data is written into one of the transistors 
lowering its threshold. 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 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 FUNCTIONII 

5-Bit Word Address 
Data input and output pins 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

0' 
02 
03 
04 
05 
06 

VOl (GNO) 
07 
08 
09 

0'0 
011 

0'2 
0'3 

BLOCK DIAGRAM 

C1 C2 

00 ",-",,---, 

01 

02 

03 , , , , 
014 

015 
016~7L. __ ...J 

cs 

AO A1 A2 A3 A4 

DO 
cs 
C2 
C, 

VOG (-28V) 
A4 
A. 
A2 

A' 
AO 
Clock 

Vss (+5V) 

0'5 
D14 

CLOCK 

Ao-Ao 
00-015 

CS 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. 
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C1,C2 

ClK 

Vss 
VGI 

VGG 

Mode Control Inputs 
Cl C2 
1 1 Hold Mode: output data from previous read operation stored at output pins. (For the ER2050 only. This code 

is "read mode" for the ER2051). 
o Erase Mode: stored data is erased at addressed location. 

o Read Mode: addressed data read after clock pulse. Output data retained at output pins until next read operation. 
o 0 Write Mode: input data written at addressed location. Clock not required. 
NOTE: Care must be exercised to ensure that CS is held at logic' "0" during power up or power down to protect all 

addresses from spurious write or erase inputs. 
Clock Input. Pulse to logic "1" for read operation. The clock may be repetitive or may simply be pulsed when data is to be 
read. When the clock is repetitive the ER2050should be maintained in the standby mode when data is not being read, as 
every clock pulse will constitute a read operation. When the clock is not repetitive data will remain valid for 20 to 60 
seconds: the outputs will then become open circuit until another clock pulse is received. The clock should not be 
repetitive for the ER2051. 
Substrate supply. Normally at +5 volts. 
Ground Input. 
Power Supply Input. Normally at -28 volts. 



ER2050 • ER2051 [!i] 
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' (unless otherwise noted) 

V.SS = +5Vc5% 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

VGG = -28Vc5% 
VGI = GND 
Operating Temperature (TA)'= O°C to +70C 
Output Load = 100pF, 1 TTL load ER2050 ER2051 

Characteristic Symbol Min Typ" Max Min Typ" Max 

DC CHARACTERISTICS 

Input Logic "1" V1H Vss -1.5 - Vss +0.3 Vss -1.5 - Vss +0.3 
Input Logic "0" V1L -10.0 - +0.8 -10.0 -
Output Logic "1" VOH Vss -1.5 - - Vss -1.5 -
Output Logic "0" (IOL = 1.5mA VOL - - +0.8 - -
Power Supply Current 
Read IGG - -7.0 -8.5 - -
Write IGG - -6.0 -7.5 - -
Erase IGG - -4.0 -5.5 - -
AC CHARACTERISTICS 

Access Time tace - 6.0 10.0 - -
Clock Width tpw .75 - 20.0 2.0 -
Write Time tw 100 - 200 50 -
Erase Time t. 100 - 200 50 -
Address-Clock Time tcc 100 - - 100 -
Write/Erase-Address Time tee 1 - - 1 -
Address-Write/Erase Time taw 50 - - 50 -
Clock Period te 10.0 - - 3.5 -
Data Setup Time tde 50 - - 50 -
Data Hold Time tdh 50 - - 50 -
Number of read accessesl 
word between refresh NRA 10" - - 10" -

Number of times word may 
be rewritten Nw - - 10' - -

"Typical values are at +25°C and nominal voltages. 

TIMING DIAGRAM 
ERASE WRITE 

'0' 
HOLD' READ HOLD' READ ERASE WRITE 

." .. 

cs I, I I 
-----.J ~te~I ..... ---I 

1-0- .. ____ '.-+1 I I I 

~ I r------------~ I: r--
e, tw%a : ! 

I I 
I I 

e2 

" , 
Icc-----...j~lc~ 

CLOCK ___ ...-__ -"" ___ .-_'P_._-:fl---"~ , h ... ____ --. ____ _ 
i I I 1 

~""""-i --=-----+--i X ,! q-----;--
~ I4-- l a..... tce-...J taw~ I I I 

, , I, I I ~h=n--+-I ___ _ 

~ : ~, DATAVACOD i I(Wfi I 

~ ~ II I !IICC~ 10+-- IlIcc---+i 1+--, I,: 
I I ''"_ ~ I I ,,,_ ~ 

I I I I 
'Hold mode for 2050 onlv. When used with the 2051 Ihls mode (Gl &C2 = ,'sl is used as a Read Mode. With no clocksunderlhis condition no Read 
will occur. 

+0.8 
-

+0.8 

-13.8 
-10.3 
-10.3 

3.0 
20.0 
200 
200 
-
-
-
-
-
-
-
10' 

Units 

Volts 
Volts 
Volts 
Volts 

mA 
mA 
mA 

",sec 
",sec 
msec 
msec 
nsec 
",sec 
nsec 
",sec 
nsec 
nsec 

-
-
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IIiII ER110S 

1024 Bit Electrically Alterable Read Only Memory 

FEATURES 

• 256 x 4 Organization 
• 5-Bit Binary Column Address 
• One of 8 Line Row Address 
• Electrically Erasable by Row 
• Electrically Reprogrammable 
• 10 mS/4-Blt Word Write Time 
• 2 I'S Access Time 
• Minimum Data Retention: 200x10' 

'Read AccesseslWord between Refresh 
• Chip Select Input 
• Unpowered Nonvolatile Data Storage--10 Years 

DESCRIPTION 

The ER1105 is a 256-word by 4-bit, electrically erasable and 
reprogrammable ROM that takes advantage of the unique pro
perties of P-channel MNOS technology. Data is written into the 
device by tunneling a charge into the oxide-nitride interface at 
the gate insulator of MNOS memory transistors. This is accom
plished by applying a -24 V , 10 ms row input pulse. The resulting 
charge trapped in the gate insulator causes a change in the 
threshold voltage of the memory transistors that is sensed 
during subsequent readout. Data is erased by applying a +30V, 
100ms pulse to the row Inputs. There are 8 blocks of 32 words-4 
bits, each block being separately alterable .• 

BLOCK DIAGRAM 
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ROW ADDRESS 
INPUT 

1018 
Selected 

'"CtiiP 
Select 

Column Address 
Binary Input 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

v •• (+I2V) 

Data 1/01 
Data 1/0 2 

C! 
~C 

Veo (-I2V) 
RI 

R2 

R3 
R4 

AD 
AI 

Write 

TOp View 

Dati 
InlOut 
4 Bits 

Parallel 

Data 1/04 
Ol'a 1/0 3 
Wrile 
Clock 2 (<t>,) 
Clock I (<t>,) 
R5 
R6 
R7 

R8 
A4 
A3 

A2 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Supply voltage (Voo) relative to Vss . .......... +0.3 to -30V 
Input voltage (except row input) reiative to Vss . . . . . +0.3V to -30V 
Row input voltage relative to Vss . . . . . . . . . . . . +35V to -35V 
Operating ambient temperature ........... -25°C to +70°C 
Storage temperature. . . . . . . . . . . . . . . . -65° C to +150° C 
Soldering temperature of leads (10 seconds) . . . +300° C 
Thermal resistance chip to ambient . 80° ClWatt 
Power dissipation . . . . . . . . . . . . . . . 500 mW 

Standard Conditions (unless otherwise noted) 

NOTE: This data sheet assumes negative logic. 

Vss = +12V±5% 
Voo = -12V±5% 
Operating Temperature (TA) = -25°C to +70°C 

Characteristic Symbol 

DC CHARACTERISTICS 
Input leakage current (all 

Inputs except row inputs) lIN 

Row input leakage current I. 

Input load current (all Inputs 
except row inputs) 18 

Voo power supply current 100 

.p,/.p, input high voltage VIH.p 

.pl/.p, input low voltage VIL.p 
Read Cycle 
Column address and chip select 

input high voltage VlHl 

Column address and chip select 
input low voltage V1Ll 

Row input high voltage VrH2 
Row input low voltage V1L2 

Data output high voltage VOHI 

Data output low voltage VOLI 

Erase Cycle 
Row input high erase voltage VIHE 

Write Cycle 
Col. add., CS, and write 

input hi9!l,yoltage 
Col. add., CS, and write 

VIH] 

input low voltage V1L3 

Row input high write voltage V1H4 

Row input low write voltage VILA 
Data in high voltage Vm5 
Data in low voltage V1U 

Min. 

-

-

-
-

Vss-1.5 
Voo 

Vss-1.5 

Voo 
Vss-1.5 

Vss-13.0 
Vss-1.0 

Voo 

Vss+28 

Vss-1.5 

Voo 
Vss-1.5 
Vss-26 
Vss-1.5 

Voo 

"Typical values are at +250 C and nominal voltages. 

Typ" 

-

-

-

-9 

-
-

-

-
-
-
-
-
-

-
-
-
-
-
-

ER1105 

"Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specifed 
below. 

Max Units Conditions 

-1 ,..A at V'N=-15V, all other pins 
grounded, TA=+25°C 

-1 I'A at V1N=±30V, all other pins 
grounded,TA=+25°C 

-20 ,..A at V1N=-27V, all other pins 
grounded, TA=+25°C 

-12 rnA at VOl) relative to 
Vss=-24V,T A=+25° C 

Vss+0.3 V 
Vss-22 V 

Vss+0.3 V 

Vss-9.0 V 
Vss+0.3 V 

Vss-10.0 V 
Vss-0.5 V RLOAo=6.8K returned to VOl) 

- V RLOAo=6.8K returned to VOl) 

Vss+32 V 

Vss+0.3 V 

Vss-9.0 V 
VsS+0.3 V 
Vss-22 V 
Vss+0.3 V 
Vss-22 V • 
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ER1105 

ELECTRICAL CHARACTERISTICS 

Characteristic Symbol Min Typ" Max Unlta Conditions 

AC CHARACTERISTICS 
Read Cycle 
Access time tA - - 2.0 ",8 RLOAo=6.8K to VDD CLOAo=20pf. 
Cycle time Ie 3.5 - - ",'s 
</>. pulse width t</>. 0.5 - - p's Rise and fall times ";;100 ns 
</>, pulse width tq" 0.5 - - ",s Rise and fall times ";;100 ns 
Column address change to row 

input rise delay tD' 0.7 - - ",s 
</>. fall to row input rise delay tDl 0.0 - - ",8 
Row input rise to </>, rise delay tDl 0.3 - - ",s 
</>, rise to data output delay to. - 0·4 ",I RLOAo=6.8K to VDD, CLOAD=20pf. 
Row input fall to </>. rise delay tDs 0.0 - - ",s 
q" fall to </>. rise delay to. 0.0 - - ",s 
Row input fall to col\!!!!n 

address and/or CS change 
delay tD7 0.0 - - ",s· 

</>1, chip select, and column 
address overlap loLl 0.2 - j.IS 

</>, and row input overlap IoL2 0.2 - - ",s 
Row input pulse rise time tRR 0.5 - - ",s 
Number of read accesses/word 

subsequent to data being 
200 x 10' written NR - -

Erase Cycle 
Row input erase pulse width tE 100 - - ms 

Write Cycle 
</>. pulse width t</>. 0.5 - - j.IS 
Row input write pulse width tw 5 10 15 ma 
</>. fall to row input write 

pu Ise rise delay tD' 0.0 - - ",s 
Column address change to row 

input write pulse rise delay tD' 0.7 - - ",8 

Data input change to row input 
write pulse rise delay tDIO 0.0 - - ",s· 

Row input write pulse fall to 
</>. rise delay tDlI 0.0 - - ",s 

</>. and write input overlap tou 0.2 - - ",s· 
Number of times word may 

1 x10' be rewritten Nw - -
Capacitance 
Row input capacitance CR 32 37 42 pf 

! 
Column address capacitance Cc - 5 7 pf 
Write input capacitance Cw - 3 7 pf V'N=VSS Volts 
</>. capacitance C</>. - 3 7 pf f=1 MHz 
q" capacitance C</>' - 2 7 pf All other pins grounded (V&,) 
Data In/Out capacitance CD - 4 7 pf 
(:;hip Select capacitance Cs - 5 7 pf 

"Typical values are at +250 C and nominal voltages. 
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TIMING DIAGRAMS 

! _____ Write"''' _____ ~--__ Writ2 .. 0 .. _____ , i-Erl.-I 
VIH3~ 

I I \\\\'\\\j..~ 
VIL3 I I ....,.......,'f-...., ..... ---.,IIL-.----t------./I---=Ijt.L<IJI.1.I.I.Li.:t.j 
VIH3 +---yt----+- :\\'~\tt~m'(\,F"--,I'-""":l ... ~mmmmm~.~-....,~-_d.Jm"'rrrrn1 

~.~~~. I I 
VILa I I 
VIH"~ 

I I 
VIl .• I I 

fo 

ER1105 

"Do~re" 
Condition 

~ 
Indeterminate 

Condition 

VIHE~: -I! ~111 i 

:: ~~ H £L--_---IIr;I./..I=lJiJ~&r-----I~ 
r Er• --I I Write"'" .,- Write "0" -----, 

Note: ~ and.a at VIH for Entire Er .. and Write Cycles" 

Flg.1 ERASE AND WRITE CYCLE 

c;;;;s;;e;; V1HI77177171T----------------T<i==".,.,"" ............ -

V'L' ~'O' --=I 
Column Address VI HI II-T"':.:;L.:...'.J4 -----+---=.:.... 
IA. ... A.) 

;0 
1---- 'D6 

YIL2 'DO ---

V,"" 
/0, 

V'C; 
DatalnlOut 

VOH1 

IDitaOutpud 

VOLI 

Flg.2 READ CYCLE 

• 
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ER1105 

APPLICATION EXAMPLE: 
Figure 4 illustrates a 1024-word by 4-bit memory implementation employing four 1105 EAROM's in a wire-OR'd 
configuration. Each row input is driven by individual external row driver circuits, shown in figure 5. Erase voltage 
and write voltage, required as inputs to the row driver circuits, are generated by the circuits shown and need be 
implemented only once per system (as indicated in figure 4) unless selective erasure by row is desi'red . 

.-----------~-----------i~----------t_------~I~ . 
.---------+-~--------_r-.--------~~~----I~ . 
.-------~+-~------~_r-.------_+~~t_~I~. 

W""§~ •• ;. 
Voo 
Vss 

Flg.41024 WORD X 4 BIT MEMORY 

+42V '5V +12V 

"'nputs 
Driven 
By TTL 

10K 

1.5K .. -E .... Vol1J 
Output 

.. -
ERASE CIRCUIT Volts 

"v GNo 
GNo 

Input 

Row ,. 
Drive 

3K 
Write 
Voln 

Write 
Output 

Wrill! 
Vo", 

Voltages Input 
"n = #of 1105$ Driven Shown 

Assume 

WRITE CIRCUIT 
VSS=+l2V 

ROW DRIVER CIRCUIT 

-13V 

Fig,S SUGGESTED ROW, ERASE AND WRITE CIRCUITS 

Row 
(R I -+ RBI 



,., ER1400 

1400 Bit Electrically Alterable Read Only Memory 

FEATURES 

• 100 Word x 14 bit organization 
• Word alterable 
• 10 years unpowered data storage 
• Write/Erase time lOOms/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 01 14 bits 
each. Data and address are communicated in serial lorm via a 
one-pin bidirectional bus. 

Addressing is by two consecutive one-ol-ten codes. 

Mode selection is by a 3 bit code applied to Cl, C2 and C3. 

Data is stored by internal negative writing pulses that selectively 
tunnel charge into the oxide-nitride interface 01 the gate insulator 
01 the 1400 MNOS memory transistors. When the writing voltage 
is removed the charge trapped at the interlace is manilested as a 
negative shift in the threshold voltage 01 the selected memory 
transistors. 

BLOCK DIAGRAM 

14 BITS DATA REGISTER 

T 
E 
N MEMORY 
S ARRAY 

A 
D 100x14 
D 
R 
E 
S 
S 

PIN CONFIGURATION 
Standard package 
a LEAD To-99 

Bottom View 

1. Data I/O 

2. viM 
3. vss 
4. VGG 

READ 

WRITE 

ERASE 

Special order package 
a LEAD To-a 

Bottom View 

5. Clock 

6. C1 

7. C2 

8. C3 

C, 

0.. 

C3 
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ER1400 

PIN FUNCTIONS 

Pin No. Name 

1 Data 

2 VM 

3 V" 
4 Voo 
5 Clock 

6,7,8 Cl,C2, C3 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 
All inputs and outputs 

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 -35 volt supply. 
14KHz timing reference. Re~ired for all operations. May be left at logic 
zero when device is in stand y. 
Mode control pins. Their operation is as follows: 

Cl C2 C3 Function - - - ---
0 0 0 Standby - contents of Address and Data Register 

remains unchanged. Output buffer is left floating. 
0 1 1 Accept Address - Data presented at the I/O pin is shifted 

into the Address Register with each clock pulse. 
1 0 0 Read - The address word is read from memory into the 

data register. 
1 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 1 0 Erase - The word stored at the addressed location is 
erased to all zeros. 

1 1 1 Accept Data - The data register accepts serial data 
presented at the I/O pin. The Address Register 
remains unchanged. 

1 1 0 Write - The word contained in the Data Register is 
written into the location designated by the Address 
Register. 

0 0 1 Not Used 

(except VOG ) with respectto Vss ................. -20Vto +0.3V ·Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

VGG with respectto Vss ................•................ -40V 
Storage temperature (No Data Retention) ..... -65°C to +150°C 
Storage temperature (with Data Retention) 

Operati n9 .................................. -25 ° to +75 ° C 
Unpowered .............................. -65°Cto+80°C 

Standard Conditions (unless otherwise noted) 
Vss = GND 
Voo= -35V ± B% 
Operating Temperature (TA) = O·C to+70·C 

Characteristics Symbol 

DC CHARACTERISTICS 
Input logic "1" VIL 
Input logic "a" VIH 
Output logic "I" VOL 
(1 meg, 100 pf load) 
Output logic "0" VOH 
Power 

AC CHARACTERISTICS 
Clock Frequency fq, 
Write time tw 
Erase te 
Rise, fall time tr, If 
Propagation delay tpw 
Un powered non-volatile data storage Ts 
Number of erase/write cycles Nw 
Number of read accesses between writes NRA 

··Typical values are at +25· C and nominal voltages. 
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Min 

Vss-15.0 
Vss-l.0 

-

Vss-l.0 
-

11.2 
16.0 
16.0 
-
-
10 
-
10' 

Typ·· Max Units 

- Vss-8 Volts 
- Vss +0.3 Volts 
- Vss-12.0 Volts 

- Vss +0.3 Volts 
- 300 mW 

14.0 16.8 KHz 
20.0 24.0 ms 
20.0 24.0 ms 
- 1.0 fJs 
- 20.0 fJs 
- - Years 
- 10' -
- - -



ER1400 8 
TIMING DIAGRAMS 

¢ LIULJLf1S1,)LJLflSl.J ~ 
C1 // 0 

1 

C2, 
,',' I~ 

C3, 
,~, I~ 

A I ;;: I 0 
1 

I" 20 CLOCK PERIODS -I 
Fig.1 ACCEPT ADDRESS' 

¢ ~,ILn.JL.JLr~ 
C1 ~----,t,1 0 

I ! I 1 
C2 I I I ,~, a 

I I I 
I I I 1 

C3 I I I ,'II 0 I I I 
I I I-+- OK TO CHANGE MODE 1 

¢ LIU"LJlSUl,.)"LSlSULJ I I - ,-- 1 CLOCK CYCLE REQUIRED 
I I 

C1, I Fig.2 READ 
,j' 

C2 I~{ 

C3, ,j' I 
I 

;;: DATA i~ I 
(OUT) II II ____ 1pw 1pw ____ 

I' I' 
I. 14 CLOCK PERIODS .rI 
I I 

Fig.3 SHIFT DATA OUT' 
¢ ~,ILn.JL.JLr~ 

C1 ;jf a 
1 

C2, 

'I' I~ 
C3 ,~, a 

I- t. --1 1 

¢ LIULJUl..Jl",ILn.JL.JLr ~ Fig.4 ERASE 

C1, ,',, I~ 
C2, 

,'I' I~ 
C3, ,j' I~ 

DATA ). I I -- ~25JJsmax. 25J-ls max. ---1 I--

14 CLOCK PERIODS 

Fig.S ACCEPT DATA' 
¢ LJlSUUl.Jl,lUU"lSlI ~ 
C1, 

Ii' I~ 
·Output data changes on the positive-going 

C2, I~ clock edge. Data and address i,nputs are ,j' 
shifted on the negative-going cloCk edge. C3 ,'I' 0 

I" tw -I 1 

Fig.6 WRITE 
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ISII ER2401 ER2401A 

4096 Bit Electrically Alterable Read Only Memories 

FEATURES 

• 1024 x 4 Organization 
• 10-Bit Binary Addressing 
• 2 Chip Select Inputs 
• Electrically Reprogrammable 
• 2 jJS Access Time (ER2401A), 2.4 jJs (ER2401) 
• 20 ms/4-bit Word Write Time 
• 100 ms Simultaneous Erasure of All Data 
• Minimum Data Retention-2 x 1011 Read Accesses/Word 

Between Refresh 
• Three-State Outputs (Strobed on ER2401) 
• Unpowered, Nonvolatile Data Storage-10 Years at +70°C 
• Control, Address and Data Inputs TTL Compatible 
NOTE: Use ER2401A for all new designs. 

DESCRIPTION 

The ER2401 and ER2401A are fully decoded, 1024 x 4-bit 
electrically erasable and reprogrammable 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 at the gate insulator 
of the 4096 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 
¢10~---

VDDO-----

vssO~----

vEEO~---__ 

~~ 
~ '" NO 
;> E 

:'l 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

Clock 11(~1) 
Vss (+5V) 

*ST 

v" 
04 

03 

02 

01 

Vi 
VR 
AD 

A1 

* NC on ER2401A. 

Voo 

v. 
eS1 

eS2 

A9 

AB 

A7 

AS 

A5 

A4 

A3 

A2 

Stored data may be accessed a minimumof2x 10" times without 
refresh and is non-volatile in the unpowered state in excess often 
years. Data is erased by applying a Vss-2BV pulse to the erase 
substrate of the device. Data can be erased and rewritten up to a 
maximum of 1()6 times. All outputs are at logic high when the 
device is in the erased state. 

A9 

x 
c 

~~ =~ ~~ <3" 
~ '" ~ '" ~ '" NO N 0 NO 

2 ~ ;> E ;> E 

" :'l :'l 

wo------------,--~--_,~----._+_--_, 

VRo---------t 

CS1 CS2 ·81 O2 

*'Only on ER2401. 
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ER2401 • ER2401A 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All inputs or outputs relative to Vss . . . . +0.3V to -30V 
Operating ambient temperature . . . . . . . . .. 0· C to +70· C 
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 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

RECOMMENDED OPERATING CONDITIONS, TA = O·C to +70·C 

Erase Mode Write Mode Reed Mode 
Symbol Parameter 

Min Typ Max Min Typ Max Min Typ Max 

Von Supply Voltage 4.75 Vss Vss+O.3 Vss-29 Vss-28 Vss-27 Vss-20 Vss-19 Vss-18 
Vss Substrate supply 

,voltage 4.75 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 
VM Memory voltage - Vss - Vss-29 Vss-28 Vss-27 Vss-10.5 Vss-10 Vss-9.5 
VR Reference voltage - Vss - Vss Vss Vss Vss-20 Vss-19 Vss-18 
VEEH Erase substrate input 

high Vss-0.4 Vss Vss+O.3 Vss-O.4 Vss Vss+0.3 Vss-O.4 Vss Vss+0.3 
VEE1 Erase substrate input 

low Vss-29 Vss-28 Vss-27 Not Applicable Not Applicable 
VWH Write control input high Vss-1.5 Vss VsS+0.3 Vss-1.5 Vss VSS+0.3 Vss-1.5 Vss VSS+0.3 
VWL Write control input low Vss-29 - Vss-4.4 Vss-29 - Vss-4.4 Not Applicable 
vq'H <1>, input high voltage - Vss - Vss-0.8 Vss Vss+0.3 Vss-O.B Vss VSS+O.3 
V<I>L <1>, input low voltage Not Applicable Vss-29 Vss-28 Vss-27 Vss-25 Vss-19 Vss-18 

*VSTH Strobe input high 
voltage - Vss - Not Applicable Vss-1.5 Vss Vss+O.3 

*VSTL Strobe input low voltage Not Applicable Vss-29 V .. -28 Vss-27 Vss-25 Vss-19 Vss-18 
VIH Address and CS input 

high Don't Care Vss-1.5 Vss V .. +0.3 Vss-1.5 Vss VsS+0.3 
V'L Address and CS input 

low Don't Care Voo - Vss-4.4 Voo - Vss-4.4 
VOH Data input high voltage Don't Care V .. -1.5 Vss Vss+0.3 Not Applicable 
VOL Data input low voltage Don't Care Von - Vss-4.4 Not Applicable 

'Strobe only on ER2401. 

STATIC ELECTRICAL CHARACTERISTICS, T A = O· C to +70· C ,(NO EXTERNAL LOADS EXCEPT AS NOTED) 

Symbol Parameter Conditions Min Typ Max 
All Pins at Vss Unl ... Noted 

"N Input leakage current (except pins 1, 2, 
4,5,6,7,8,and24)atVss-15V <l>1=Voo=Vss-20 _ - - -2.0 

1<1>, <I>,leakagecurrentatV .. -29V 'Voo=Vss-29, ST=W=Vss-25 - - -200 
10 Output leakage current at Vss-15V Chip deselected - - -10.0 
I EEl. Erase substrate leakage cu rrent at 

Vss-28V ·W=ST=V .. ,-25 - - -200 
IDDl Von supply current - read mode at 

Vss-19V Outputs open (See Figure6) - 8.5 12 
IDD2 Voo supply current - write mode at 

Vss-28V Outputs open (See Figure 5) - 18 25 
10H Data output high current- TTL load One Series 7400 TTL load with -2.0 - -

Rs=2KO, Vcc=Vss 
10L Data output low current-TTL load (See TTL Notes) +3.2 - -
VOH Data Output high voltage - MOS Vss-1.5 - -
VOL Data Output low voltage - MOS CL=1oopF - - Vss-10 
Ts Unpowered nonvolatile data storage Typical write cOnditions 10 - -

'Strobe only on ER2401 

CAPACITANCE AT VIN = Vss, ALL OTHER PINS GROUNDED (Vss), f=1 MHz 

Symbol Parameter Min Typ Max 

C, Address and chip select input capacitance - 5 7 
Cw Write control input capacitance - 10 20 

'CST Strobe input capacitance - 10 15 
C<I>, <1>, Input Capacitance - 40 50 
CEE Erase substrate capacitance - 800 700 
Co Data inpuVoutput capacitance - 6 10 

'Strobe only on ER2401. 

Units 

V 

V 
V 
V 

V 

V 
V 
V 
V 
V 

V 
V 

V 

V 
V 
V 

Unit 

/loA 
/loA 
/loA 

p.A 

mA 

mA 
mA 

mA II 
V 
V 

Years 

Unit 

pf 
pf 
pf 
pf 
pf 
pf 
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ER2401 • ER2401A 

ERASE CYCLE CHARACTERISTICS, T A = 0° C to +70° C 

Symbol Parameter Min Typ Max Units 

tE VEE erase pulse width 100 - 1000 ms 
t"t, VEE rise time, VEE fall time 0.01 - 1.0 ms 
to Write-erase overlap 10 - - ,",8 

Write Control VWH I '1 i (w, 
I VWL 

r-'o~ 'r :U:'O~'f Erase VeeH I 'e 

Substrate 

I (Vee' VeEL 

Addres. (Ao ... Ag' 
VIH Vuflll illflfll //iAN:Tf~R;1I7l /I/IflI~fll///! II and/or VIL Chip Selec' (CS, CS2' 

Vr/>H I 
</>, 

V</>L I 
Data Input 

VOH 

~OJJ'-cZZ7Z7EoJ1·i,cEe7ZllllZlJI[lJ.-C.111Zlb (0, "'04' VOL 

WRITE CYCLE CHARACTERISTICS, TA = O°C to +70°C (ST=Voo for ER2401) (SEE NOTE 3) 

Symbol Parameter Min Typ Max Units 

N</>w Numberof <1>, write pulses at 100 ,",S ±10%, 5,",s min. dead time between 
pulses) 100 200 300 Pulses 

tD1 "Write control rise to pulsed <1>, rise delay 500 ns 
to. Address change and chip select fall to pulsed <1>1 rise delay 500 ns 
too Pulsed <1>1 fall to address and chip select change delay 0.0 ,",s 
tDIO Data input change to pulsed <1>, rise delay 0.0 ,",S 

tDII Pulsed <1>, fall to data input change delay 0.0 ,",s 
Nw Number oftimes word may be rewritten 106 

Write Control VWH 
(W, 

VWL 

Erase VeeH 
Substrate 
(Vee) VeeL 

Address (AO ... Ag' VIH 
and/or 

VIL Chip Select (CS, C~, 

Pulsed </>, V</>H 

(</>,, V</>L 

Data Input VOH 

(0, ->04' VOL 

NOTES: 1. Due to the dynamic nature of the circuit a""" NOT"time in excess of 40 ,",sec. may result in a floated output condition. 

12-14 

Consequently data must be resampled with a 40 ,",sec. 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 rnA ±10% may be forced into the erase 
substrate junction (Pin 4, VEE), for a period notto 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 +250 C and nominal voltages. 



ER2401 • ER2401A 

READ CYCLE CHARACTERISTICS FOR NON-STROBED OPERATION, T A = D· C to +70· C (ST = V DO for ER2401) 

Symbol 

TA 
TA 
l.p, 
till 

tm 
t03 
I,,, 
NOA 

Chip Select 

(CS, CS21 

Parameler 
(See Figures 1 Ihrough 4) 

Access time (ER2401A) 
Access time (Slrobe = Voo for ER2401) 
Pulse width (rise and fall times <;;50 ns) (See Note 1) 
Address and chip select change tO.p, rise delay 
.p, Fall to address and chip select change delay 
.p, Fall to dala oulput valid delay (See Notes 1 and 2) 
.p, Rise 10 floated output delay 
Number of read accesses/word between refresh 

Selected 

Min Typ Max Units 

2.0 I'S 
2.4 p's 

850 2000 ns 
400 ns 
0.0 !>s 

750 ns 
300 ns 

2 x 10" 

Amu~5 V'H~.~---------------------'~---------------------'.~------------------
(AO .... Agi V I LLJ"f-----------------------"1'--------:------~~-----.J"f_----~-----------
.p, vcpH--+-.....::"'--~L .... 

Data Output 

(0, .... 0 4 1 

VCPL 

---------'£?=J 
- - - _~o~~ - - - -4--------- Valid 

READ CYCLE CHARACTERISTICS FOR STROBED OPERATION (ER2401 only) TA = O·C to +70·C 

Symbol 

t.p, 
till 
tm ' 
tST 

tJ)~ 

tllF 

No, 

Chip Select 

(CS, CS21 

Address 

(AO .... Agl 

Strobe 

(STI 

Strobed 
Data Output 
(0, .... 0 41 

Parameler 
(See Figure 1 through 4) 

.p, Pulse width (rise and fall times.;;sO ns) (See Nole 1) 
Address and chip select change tO.p, rise delay 
.p. Fall to strobe rise delay 
Strobe pulse widlh (rise and fall <;;50 ns) 
Strobe rise to strobed data output valid delay (see notes 1 and 2) 
Strobe rise to strobed floated output on deselecl delay 
Number of read accesses/word between refresh 

V'H 
V'L 

Selected 

Min Typ Max Unlls 

850 2000 ns 
400 ns 
0.75 p's 
500 ns 

500 ns 
300 ns 

2 x 10" 

V'H~.~-----------------------------------------------------------------
V,LLJ~~--~.-----~-----------------------------------------------------

V CPH--+-""'::"'----L 

VCPL 

_________ E~ct __ "--'OF:L _________ _ 
____ ~o~n.:.. _____ )I Valid )(. ___ F=-a~~ ___ _ 

II 
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ER2401 • ER2401A 

TYPICAL OPERATING CHARACTERISTICS, T A = +250 C and +700 C, R s = 2K Ohms, Vs~. = OV 

'" ·20 -. ",·20 -. ~ " '~ ~ 
0 70°C NORMAL 0 \ NORMAL 
> ·19 

~ " 
OPERATING > ·19 

250C---I (4-70oC 
OPERATING 

I RANGE I RANGE 

<a: 2SoC ~ -L- <a: ~ --.L o ·18 0·18 
Z 

'" '\ 
f'MIN 

z \ \ 
\IN 

« « 
0:·17 ~ >0: .17 

> 1\ " SPEC ~ "-0 0 SPEC 

>0.16 
LIMIT 0 LIMIT 

> ·16 
100 200 300 400 600 700 800 

tOl - TIME IN NANOSECONDS t4>l - TIME IN NANOSECONDS 

Flg.1 TYPICAL </>1 DELAY IN NANOSECONDS Flg.2 TYPICAL </> 1 WIDTH IN NANOSECONDS 
VS. POWER SUPPLY VOLTAGE VS. POWER SUPPLY VOLTAGES 

·20 ·20 , '\ .- (I) 

\ .-'" ~ \ ~ 
....... NORMAL 0 NORMAL 

g ·19 OPERATING > ·19 OPERATING 

I 25°C -\ ........ 
~ 70°C 

RANGE I 2SoC ~ ~ 70°C RANGE 

-.:L & --L t".18 '-1 
~ ·18 

z \ ~ ~ « \. i'..: ~ r"-MAX 
« "- ~MAX 0:"17 >a:. .17 
> "- SPEC 

..., " SPEC 
0 LIMIT 

g.16 
LIMIT 0 

> ·16 
> 300 400 500 600 700 800 900 1.0 1.2 1.4 1.6 1.8 2.0 2.2 

t03 - TIME IN NANOSECONDS tA - TIME IN MICROSECONDS 

Flg.3 TYPICAL DATA SETUP TIME IN NANOSECONDS Flg.4 TYPICAL ACCESS TIME IN MICROSECONDS 
VS. POWER SUPPLY VOLTAGES VS. POWER SUPPLY VOLTAGES 

'" 70°C 25°C DoC ;o"c 25°C DoC I 
f- I I '" ,- -~. 
...I. -30 ~ -20 0 'I V V --r > 

J 
0 

/ I I 1 MAX 
> MAX NORMAL 
I 

SPEC_-t D~PERATING ~-29 

/ / / 
SPEC ---, 0-19 

/ / / a: LIMIT « LIMIT RANGE 
3: =- NORMAL w -.L o -28 OPERATING 00: -18 

0 1/ L'-J 

,/ J > RANGE 0 
> 

-27 J ~ -17 
-16 -18 -20 -22 -24 -26 -7 -8 -9 -10 -11 -12 

'002 - WRITE CURRENT IN ma '001 - READ CURRENT IN rna 

Flg.S TYPICAL WRITE CURRENT IN MILLIAMPS Flg.6 TYPICAL READ CURRENT IN MILLIAMPS 
VS. POWER SUPPLY VOLTAGES VS. POWER SUPPLY VOLTAGE 

(For deselected, 1002 = 'I. Graph 1002) (Chip ae!ected or deselected) 
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PIN FUNCTIONS 

Chip Select (CS1, CS2) 
Both must be in the high state to enable the data outputterminals 
or 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. 

Strobe (ST) ER2401 only 
A strobe input is provided for delayed data clockout. In 
applications where this feature is not desired, the strobe terminal 
should be maintained at VDD throughout the entire read cyle. 
The ST input is high-level and not TTL-compatible. 

Phase One (~1) 
During the write operation, multiple 100"s pulses must be applied 
to the !!\1 terminal to fully shift the memory transistor threshold 
voltge to its most negative state. This is required for voltage 
bootstrapping in the row-selection circuitry. The ¢1 input is high 
level and not TTL-compatible. 

NOTE: All control, address and data inputs are TTL-compatible 
with pull-up resistors. 

A 4096 x 4 EAROM SUBSYSTEM ORGANIZATION 

OTHER CONTROL 
AND POWER 
INPUTS 

CS1 

CS2 

01 

02 

03 

04 

·Vee { 

r--

..--
ER24011 .....-- ER24011 
ER2401A 

£ 
ER2401A 

1 

ER2401 • ER2401A 

ER2401/ER2401A OPERATION 

ONe on ER2401A. 

P 
Er24011 

f£ 
ER2401 

ER2401 A ER2401 A 

·VeE MUST BE ISOLATED FOR INDIVIDUAL ERASE. MAY BE CONNECTED FOR BULK ERASE. 

TTL INTERFACE 

Vss = +5 Rs.= 1K,n!± 5% Vce = Vss 
Cs = 1000 pF±20% 

r------, 
I I I 
I I I 

I I 
I ER2401/ ~-;e..JVVIr-41"-"'-' I I ER2401A I 

I 7400 I 
II -, SERIES I 

TTL I L___ _ ___ ~ 

Voo = Vss -19 GND 

MOS INTERFACE 

Voo = Vss -19V 

r---
:--1 
I 
I 

:--1 
I L __ _ 

Vss Vss 

I 
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la' ER3400 ER3401 

4096 Bit High Speed Electrically Alterable Read Only Memories 

FEATURES 

• 1024 x 4 Organization, Fully Decoded 
• Single Word or Block Electrically Erasable 
• TTL Compatible with Resistor Pull-ups 
• Three State Output 

ER3400: 650ns Access Time 
ER3401: 950ns Access Time 
1.8 us Cycle Time 
10 ms Word or Block Erase Time 
1 ms Write Time 
22 Pin DIP 
P-Channel Metal Gate MNOS Technology 
O· C to 70· C Operation 
+5, -12, -30V Power Supplies 
105 Erase-Write Cycles per Word 
2 x 10" Read Cycles per Word 
10 Year Unpowered Nonvolatile Data Storage - 10 Years 

DESCRIPTION 
The ER3400 and ER3401 are word alterable ROMs intended for 
use as read-mostly memories. Each operates with one clock, 
CHIP ENABLE (CE), which also serves for chip selection. All 
other pins of each device can be paralleled with other EAROMs. 
Anyone of four possible operating modes can be selected by 
setting the proper binary code on the CO-Cl control lines and 
pulsing the device with CEo The four modes are Read, Write, 
Word Erase and Block Erase. The ER3400/3401 will sense the 
control lines and change modes only when pulsed by CEo When 
In the Read mode, data is read during each ~ pulse. Writing or 
erasing of a word continues for as long as the device Is In the 
Write or Erase mode. Each write or erase word cycle must be 
ended by a dummy read operation. 
A WRITE ENABLE (WE) input pulse indicates to the 
ER3400/3401 that the data on the 00-03 data input/output lines 
is valid input data. This data is then stored internally for use 
during the write operation. 

PIN FUNCTIONS 

10-Bit Word Address 
Data input and output pins 

PIN CONFIGURATION 
22 LEAD DUAL IN LINE 

Voo(-30V) 

Voo(-12V) 

A6 

A7 

AS 

AS 

co 
C, 

Vo1(GND) 

DO 

02 

BLOCK DIAGRAM 

DO 
D1 

D' 
D3 

Vss(+5V) 

A5 

A4 

A3 

A2 

A, 
AO 

BE 
WE 
DO 

0' 

No particular order of power supply sequencing on or off is 
required for the ER3400. Circuits are provided to force the device 
into the read mode during power turn on. Erasing and writing are 
inhibited if Voo or VGG are not at proper operating levels. 

For the ER3401, VGG must be turned on after Vce is stable and 
removed before Vee is turned off. 

AO-A9 

00-03 
CE 

CO,C, 

Chip Enable. Chip selected when CE is pulsed to logic "0". 
Mode Control Inputs 

CO Cl 
o Block Erase Mode: erase operation performed on all words. 
1 1 Word Erase Mode: stored data Is erased at addressed location. 
o 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. 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

All inputs and outputs (with respectto Vss) •.•••.••...•. -40V to +0.3V 
Storage temperature (with data retention) •.••.••..... -40° C to +70° C 
Storage temperature (without data retention) •••.••.• -65° C to +150° C 
Solderi ng tem perature of leads (1 0 seconds) ••..........•..•. +300° C 

Standard Conditions (unless otherwise noted) 

Vss = +5V ±5% 
Voo = -12V ±5% 
V GG = -30V ±5% 
VGI = GND 
Operaling Temperalure (T A) = O°C 10 =70°C 

Characteristic Symbol 

DC CHARACTERISTICS 

Input Logic "1" VIH 
Input Logic "0" VIL 
Output Logic "1" VOH 
Output Logic "0" VOL 
Control Input Leakage ILC 
Data Input Leakage ILO 
Power Supply Current 
Voo Supply Current: Chip selected 100 

Chip de-selected 100 
V GG Supply Current IGG 
V ss Supply Current: Chip selected Iss 

Chip de-selected Iss 

AC CHARACTERISTICS 

Input capacitance - control inputs CI 
Input capacitance - data inputs Co 
Read Mode Characteristics 
Address and control to CE 101 
Address and control hold time 102 
CE 10 Data 1/0 Off 103 
CE high 104 
Access lime: ER3400 IA 

ER3401 tA 
CE pulse width: ER3400 ICE 

ER3401 ICE 
Read cycle lime ICY 
CE rise. fall time Ir• tf 
WritelErase Mode Characteristics 
Address and conlrol to CE 1011 
Address and control hold time t012 
CE fall to WE fall delay 1013 
~ rise to CE rise delay 1014 
Data stable to WE t015 
WE rise to End of Data Stable t D16 

CE pulse width: ER3400 ICE 
ER3401 tCE 

WE pulse width tWE 
Write time tw 
Erase time tE 

Min 

Vss-l.5 
-10 

Vss-l.5 
-
-
-

-
-
-
-
-

-
-
0 

250 
50 
900 

-
-

650 
950 

1650+lr+l, 
0 

0 
250 
0 

-50 
0 
50 

650 
950 
400 

1 
10 

"Typical values are at +25°C and nominal voltages. 

Typ" 

-
-
-
-
-
-

-
-
-
-
-

6 
8 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

ER3400 • ER3401 

'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 

Vss+0.3 Volts 
0.8 Volts 
- Volts 10H = -2mA 
0.4 Volts 10L = 2mA 
-2.0 iJA VIN = Vss -15 Volts 

-10.0 }JA VIN = Vss -15 Volts 

-25.0 mA Voo = Vss -17 Volts 
-7.0 mA Voo = Vss -17 Volts 
-3.0 mA VGG = Vss -35 Volts 
-29.0 mA Voo = Vss -17V. VGG = Vss -35V 
-11.5 mA Voo = Vss -17V. VGG = Vss -35V 

8 pf 
10 pf 

- ns 
- ns 

200 ns 
- ns 
650 ns J RL = 2K 10 Vss. CL = 100pf 
950 ns 

100000 ns 
100000 ns 

- -
100 ns 

- ns 

- ns 
- ns t WE rise may overlap CE rise - ns 
- ns by a maximum of 50ns. 

- ns 

100000 ns 
100000 ns 
- ns 
2 ms 
20 ms 

I 
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I!I ER3400 • ER3401 

TIMING DIAGRAMS 

~----------------------ICY----------------------~ 

Siable Can Change 

~-----------ICE--------~~ 

~----------IA----------~ 
VOH------_____ _ 

Open 

00-03 VOL - - - - - - - - - - - - -

Flg.1: READ MODE TIMING 

Siable 

Open 

~ ________ Ca_nC_ha_nge ____ ~.;r--~x~---

~-----------ICE------------~ 

r----79 
V,H ---------.L 

1015=i1t---------.lt=-'''. 
Can Change-A ______ SI_a_bl_e _____ K- r c,an Change 

Flg.2: WRITE AND ERASE MODE TIMING 



ER3400 • ER3401 Ii] 
TYPICAL CHARACTERISTIC CURVES 

Access 
Time 
(ns) 

100 
(mA) 

Normal -1 l..--Operating 
I Range 

900~------~------'-----~,-r-------' 

: ' 800~------+T------~----~_r------~ 

1 : 
700 i'.... 1 

~~ 
600 ~------++-=---+_-----+~------~ I, : .............. ~3401: 
500 I " --- ---19 

rT'-- -..!.R3400 i 
40~1·':.-5--------1:'=6c'--------!17:-=="""'~.J--:l':-8------~ 

Voo-Vss (Volts) 

Flg.3: TYPICAL ACCESS TIME VB. 

POWER SUPPLY VOLTAGE@2SoC 

r- Normal 
Operating~ 

_8r-------rT-----R-a,ng~e----~ l-r------~ 
1 _~ 1 

_7~------rTl---M-a-x-spe~r_LI-·m-it--~I~------~ 

: :~ 
-6~----_+~----~--~~~~~~ 

I .---' I 70'~ 1 __ j..V-
-5~----_±~~--~~~~+-----~ 

~u.----- : 
-4~ ! 

: : 

Cycle 
Time 
(ns) 

100 
(mA) 

r-- Normal 
Operating --1 

Range 
1800 

't'Max Spec limit 1 
I 1 

1600 
1 I , 

1 1400 , 1 
1 1 

1200 
i-- I 70'C 

1000 
1 25'C 
1 1 

BOO 
-15 -16 -17 -18 -19 

Voo·Vss (Volts) 

Flg.4:: TYPICAL CYCLE TIME ". 
POWER SUPPLY VOLTAGE 

VOO-VSS=-17V 

-25r-------~------,_-------r------_, 

-20 ~------+_------+_------_+----,::: ..... -::_; 

/ .............. ....-
-15~------+-------1_~~~_r~~~_1 

~t:::-<c-
-10

1 
"......~ 

-5~ 

-~1':-5 ------_-1L.6-'--------'17-------'-..:'18~------...,,19 OL-----~~------~------~------~ o 200 400 600 800 

voo-vss (Volts) Operating Frequency (KHz) 

Flg.S: 100 VB. VDD-VSS POWER SUPPLY VOLTAGE 

IN READ MODE AND NOT SELECTED 

Flg.6: IDDvs. OPERATING FREQUENCY 

IN READ MODE AND SELECTED 

IGG 
(mA) 

~ Normal Operating ----..J 
I Range I 

-4.0 r-----,ri----,-----,-----,----i--.-----, 
I 
1 

-3.5 ~--"""""H----t-----+-----+---,-+-----; 

1 Max sp~c Limit : 
-3.01-----+;.-1 ---+-----EB----+---I-I---=001 

: ~-;:-C 
1 _-- I 

-25 __ -:-- ' 

r:::~~~~====:i:::::t::~I:t:27~0'~Cq -2.0 I- 1 I 
1 1 

-1·~3':.-2------:'33L..L-----!34:------3::':5:------3::':6----'-:-3:'::7------:!38· 

Flg.7: IGG VI. VGG-VSS POWER SUPPLY VOLTAGE 
IN READ MODE AND NOT SELECTED 
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ISII ER2800 ER280S 

8192 Bit Electrically Alterable Read Only Memories 

FEATURES 

• 2048 x 4 Organization 
• 11-Bit Binary Addressing 
• Chip Select Input 
• Electrically Reprogrammable 
• 2.6}Js Access Time (ER2800) 
• 1.65}Js Access Time (ER2805) 
• 20 mS/4-bit Word Write Time 
• 100 ms Simultaneous Erasure of All Data 
• Minimum Data Retention-2 x 10" Read Accesses/Word 

Between Refresh 
• Three-State Outputs 
• Unpowered. Nonvolatile Data Storage-10 Years at +70·C 
• Control. Address and Data Inputs TTL Compatible. 

DESCRIPTION 

The ER2800 and ER2805 are fully decoded 2048 x 4-bit 
electrically erasable and reprogrammable 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 at 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. 

B,LOCK DIAGRAM A. 
,b,O~---.... 

VooO~---"" 

v55.0~---"" 

VEEO~---.... 

. ~ 
=i 
<5:E 

H 
~ 
:E 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

Clock 1(~1) 
Vss (+5V) 

ST 
VEE 

0' 
03 

02 

01 

Vi 
VA 
AO 

AI 

Voo 
v. 
CS 
Al0 
A. 

A8 

A7 

A6 

AS 

A' 
A3 

A2 

Stored data may be accessed a minimum of 2 x 10" times without 
refresh and is non-volatile in the unpowered state in excess of ten 
years. Data is erased by applying a Vss-28V pulse to the erase 
substrate of the device. Data can be erased and rewritten up to a 
maximum of 10" times. All outputs are at logiC high when the 
device is in the erased state. 

AB A9 

.!! .~ . 
=1; 

.;: 
=; ='i 

<5:E <5:E <5::; 

~f !a if Nij . :E :E :E 

wo----------,-i---,-+--,-+--, 
VRcr------~ 

cs 

5T 



ER2800 • ER2805 I!!] 
ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

All inputs or outputs relative to V" . 
Operating ambient temperature 
Storage temperature 
Soldering temperature of leads (10 seconds) . 

. +0.3V to -30V 
. O°C to +70°C 

-65°C to +150°C 
. +300°C 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

RECOMMENDED OPERATING CONDITIONS, TA = DOC to +7DoC 

Erase Mode Write Mode Read Mode 
Symbol Parameter 

Min Typ Max Min Typ Max Min Typ Max 

Von Supply Voltage 4.75 VS~ Vss +0.3 Vss-29 Vss-28 Vss-27 V,,-20 Vss-19 Vss-18 
Vs .... Substrate supply 

voltage 4.75 5.0 5.25 4.75 5.0 5.25 4.75 5.0 5.25 
V.\! Memory voltage Vss Vss-29 Vss-28 Vss-27 Vss-10.5 Vss-1C Vss-9.5 
V. Reference voltage Vss Vss Vss Vss Vss-20 Vss-19 Vss-1B 
VHH Erase substrate input 

high V,,-OA V'Ss Vss+0.3 Vss-OA Vss Vss+0.3 Vss-OA V'Ss Vss+0.3 
VIII Erase substrate input 

low Vss-29 Vss-28 Vss-27 Not Applicable Not Applicable 
VWII Write control input high Vss-1.5 Vss Vss+0.3 Vss-1.5 V.~S Vss+0.3 Vss-1.5 Vss Vss+0.3 
V., Write control input low Vss-29 Vss-4.4 Vss-29 Vss-4A Not Applicable 
V</1" </1, input high voltage V"S Vss-0.8 Vss Vss+0.3 Vss-0.8 Vss Vss+0.3 
V</1L </1, input low voltage Not Applicable Vss-29 Vss-28 Vss-27 Vss-25 Vss-19 Vss-18 
V .... JII Strobe input high 

voltage Vss Not Applicable Vss-1.5 Vss Vss+0.3 
V'dl Strobe input low voltage Not Applicable Vss-29 Vss-28 Vss-27 Vss-25 Vss-19 Vss-18 
Vl!f Address and CS input 

high Don't Care Vss-1.5 Vss Vss+0.3 Vss-1.5 Vss Vss+0.3 
V" Address and CS input 

low Don't Care VOl) Vss-4.4 VJ)n Vss-4A 
VD11 Data input high voltage Don't Care Vss-1.5 Vss Vss+0.3 Not Applicable 
Vnl Data input low voltage Don't Care VDI) Vss-4A Not Applicable 

STATIC ELECTRICAL CHARACTERISTICS, TA = DOC to +7DoC (NO EXTERNAL LOADS EXCEPT AS NOTED) 

Symbol Parameter Conditions Min Typ Max 
All Pins at Vss Unless Noted 

1[:-. Input leakage current (except pins 1,2, 
4,5,6,7,8, and 24) atVss-15V </11=V!lD=Vss-20 _ - - -2.0 

1</11 </1, leakage current at Vss-29V V!lD=Vss-29, ST=W=Vss-25 - - -200 
10 Output leakage current atVss-15V Chip deselected - - -10.0 
II·n Erase substrate leakage current at 

Vss-28V W=ST=Vss-25 - - -200 
In ])1 Voo supply current - } ER2800 

Outputs open (See Figure 6) 
- 8.5 12 

read mode at V ss -19V ER2805 - 11 13 
In l)2 Voo supply current - } ER2800 Outputs open (See Figure 5) - 18 25 

Vss = -28V ER2805 - 24 27 
1011 Data output high voltage - TTL load One Series 7400 TTL load with Vss,-1.5 - -

Rs = 1 K fI, Vcc=Vss 
lo! Data output low voltage - TTL load (See TTL Notes) - - Vss-6.6 
VI)/! Data Output high voltage- MOS Vss-l.5 - -
VOl Data Output low voltage - MOS CL=100pF - - Vss -7 
Ts Unpowered nonvolatile data storage Typical write conditions 10 - -

CAPACITANCE AT V,N = Vss, ALL OTHER PINS GROUNDED (Vss), 1=1 MHz 

Symbol Parameter Min Typ Max 

C, Address and chip select input capacitance - 5 7 
Cw Write control input capacitance - 10 20 
Cs'[ Strobe input capacitance - 10 15 
C</1, </1, Input Capacitance - 40 50 
CLI, Erase substrate capacitance - 600 700 
CD Data inpuVoutput capacitance - 6 10 

Units 

V 

V 
V 
V 

V 

V 
V 
V 
V 
V 

V 
V 

V 

V 
V 
V 

Unit 

p.A 
p.A 
p.A 

p.A 
mA 
mA 
mA 
mA 
V 

V 
V 
V 

Years 

Unit 

pf 
pf 
pf 
pf 
pI 
pI 

12-23 

I 



m ER2800. ER2805 

ERASE CYCLE CHARACTERISTICS, T A = O· C to +70· C 

Symbol Parameter Min Typ Max Units 

IE V.E erasepulsewidlh 100 - 1000 ms 
1,,1; VEE rise lime, VEE fall lime 0.01 - 1.0 ms 
t, Wrile-erase overlap 10 - . - IlS 

Write Control VWH I i IW) I ~ VWL 

~Io~ I, JFj Erase VEEH I IE 

Substrate 
VEEL I 

_ If 

IVEE) 

Address IAo->A,0) 
VIH ViZI m !Ilflfl7//17~N:TJ~RV//Tfl// /Ifl/1flflflll and/or VIL Chip Select ICS) 

V<I>H I 
<1>, 

V<I>L I 
Data Input 

VOH 

?zzuL7JZZ7-L/ZI7Eo~~·~t:~<llllZZZZ7J£!l1ZZ7.JZZ1; 10, .... 0 4 ) VOL 

WRITE CYCLE CHARACTERISTICS, TA=O·C to +70·C (ST=VOD) (SEE NOTE 3) 

Symbol Parameter Min Typ Max Units 

N<I>w Numberof <1>, wrile pulsesal 100 IlS ±10%,5 IlS min. dead lime belween 
pulses) 100 200 300 Pulses 

tm Wrile conlrol rise 10 pulsed <1>, rise delay 500 ns 
tJ>K Address change and chip selecllall 10 pulsed <1>, rise delay 500 ns 
It>" Pulsed <1>, fall 10 addres$ and chip selecl change delay 0.0 IlS 
tl>lO Dala inpul changelo pulsed <1>, rise delay 0.0 IlS 
tl)ll Pulsed <1>, fall 10 dala inpul change delay 0.0 IlS 
Nw Number of limes word may be rewritten 10· 

Write Control VWH 
IW) 

VWL 

Erase VEEH 
Substrate 
IVEE) VEEL 

Address (AQ->A'0) 
VIH 

and/or 
Chip Select ICS) V1L 

Pulsed <1>, Vt/>H 

11/>,) VI/lL 

Data Input VOH 
(0,-+ 0 4) VOL 

NOTES: 1. Due 10 Ihe dynamic nalure of Ihe circuit a"<I>,NOT"lime in excess of 40 Ilsec. may result In a floaled oulput condition. 
Consequently dala musl be resampled wilh a 40 Ilsec. time period following the fall of <1>, 10 ensure ils validity. 
2. Several seconds may be required following a programming operalion for the circuit to become operable in the read mode. If 
data is 10 be verified immediately following programming, a forward current of +1 mA ±10% may be forced into the erase 
subslrale 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. 



ER2800 • ER280S 

READ CYCLE CHARACTERISTICS FOR NON-STROBED OPERATION, T A= 0° C to +70° C (ST = V"" ) 

Parameter ER2800 ER2805 
Symbol (See Figures 1 through 4) Min Typ Max Min Typ Max Units 

TA Access time (strobe-Voo) - 2.0 2.6 - - 1.65 IlS 
t¢l Pulse width (rise and fall times ';;50ns) (See Note 1) 950 - 2000 700 - 2000 ns 
tOl Address and chip select change to 911 rise delay 600 - - 400 - - ns 
t02 cP 1 Fall to address and chip select change delay 0.0 - - 0.0 - - IlS 
t03 <p 1 Fall to data output valid delay (See Notes 1 and 2) - - 950 - - 550 ns 
t04 <p 1 Rise to floated output delay - - 300 - - 300 ns 
NRA Number of read accesses/word between refresh 2 x 10" - - 2 x 10" - - -

Chip Select V ,H 
ICS) 

V IlJ 
Selected 

Address V 'Hn 
I I 

(AO-->A1O) 
V'L 

){ X 
</>, 

V f--to~ I--t02-~to'--l !--'02---+-'Ol---j 

</>H ~ ~ 1J-'</>'-

V</>L .....I 1-1-
Data Output °H - -------~'''~ '~t-~~ ,~ f---
10, ->04 ) °l -

____ ~o~~ ___ __ ... Valid , ~o~~ • Valid . _ ~o~n~ 

READ CYCLE CHARACTERISTICS FOR STROBED OPERATION, T,=O°C to +70°C 

Parameter ER2800 ER2805 
Symbol (See Figures 1 through 4) Min Typ Max Min Typ Max Units 

t¢l 91 1 Pulse width (rise and fall times.;; 50ns) (See Note 1) 950 2000 700 2000 ns 
tOl Address and chip select change to <1>, rise delay 600 400 ns 
t03 <I> 1 Fall to strobe rise delay 0.75 0.75 IlS 
tST Strobe pulse width (rise and fall .;;50 ns) 500 500 ns 
tos Strobe rise to strobed data output valid delay 

(See Notes 1 and 2) 500 500 ns 
tOF Strobe rise to strobed floated output on deselect delay 300 300 ns 
NRA Number of read accesses/word between refresh 2 x 10" 2 x 10" 

II Chip Select V,H 
(CS) V,L 

Address V,H 

Selected 

(AO-->A'0) V'l 

</>, 
V</>H 

V</>L 

Strobe VSTH 
1ST) VSTL 
Strobed DH 
Data Output 
10, ->04) °L -

_________ E~5:l ___ 'DF:L _________ _ 

____ ~o~n~ _____ ){ Valid ~ ___ F~a~n.:... ___ _ 
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[!] ER2800 • ER2805 

ER2800 TYPICAL OPERATING CHARACTERISTICS, TA = +25°C and +70°C. Rs = 2K Ohms. Vss = OV 

rn ·20 rn ·20 -.--~ "\ '~ -. ~ 
0 70°C NORMAL 0 NORMAL 
> ,'9 

~ "\ 
OPERATING > ·'9 

2SoC--I r-- 7OoC 
OPERATING 

I RANGE I 

\ RANGE 

9: 2SoC 

'" h~ 9: \ -L o ,'8 0·'8 
Z ~ '\ L 

r\MIN 

Z \ \ ~IN « « 
a:"7 t\. >a: .17 

> "- "- ~ 0 
SPEC 0 

, SPEC 

.J' ·16 
LIMIT 0 LIMIT > ,'6 

100 200 300 400 600 700 800 
'01 - TIME IN NANOSECONDS '</>1 - TIME IN NANOSECONDS 

Fig. 1 TYPICAL 4>1 DELAY IN NANOSECONDS Fig. 2 TYPICAL 4>1 WIDTH IN NANOSECONDS 
VB. POWER SUPPLY VOLTAGE (ER2800) VI. POWER SUPPLY VOLTAGES (ER2800) 

·20 ·20 -r , '\ .- rn 

1\ rn !:i i\ !:i "- NORMAL 0 NORMAL 
g ·19 OPERATING > ,'9 OPERATING 

1 2SoC ~ ......... 
~ 70°C 

RANGE I 2SoC r\ ~ 7o"C RANGE 

-L 9: .-L t· '8 = ~ ·18 
Z \~ ~ ~ « i'.. " '""'-« I'-- MAX 'MAX «-17 ::= ·17 
> '" SPEC "' ..... 

SPEC 
0 LIMIT 

g.'6 
LIMIT 0 

> ·'6 
> 300 400 500 600 700 800 900 1.0 • 1.2 1.4 1.6 1.8 2.0 2.2 

'03 - TIME IN NANOSECONDS 'A - TIME IN MICROSECONDS 

Fig. 3 TYPICAL DATA SETUP TIME IN NANOSECONDS Fig. 4 TYPICAL ACCESS TIME IN MICROSECONDS 
VI. POWER SUPPLY VOLTAGES (ER2800) VI. POWER SUPPLY IN VOLTAGES (ER2800) 

rn 70°C 2SoC OoC 
;o"C 2SoC OoC 

!:i -30 I II rn ,. -,. 
0 !:i -20 

/ / MAX 

-T > .1 J 0 

J I .J MAX > NORMAL 
~ -29 I 

SPEC_-E t:J~ERATING 

/ / / 
SPEC ,- 0-19 

/ / / a: LIMIT « LIMIT RANGE 
;: -=- NORMAL w 

~ o -28 OPERATING oa: -18 0 I L'-J 

" J 
> RANGE 0 

~ 
> 

-27 -17 
-16 -18 -20 -22 -24 -26 -7 -8 -9 -10 -11 -12 

1002 - WRITE CURRENT IN ma 1001 - READ CURRENT IN ma 

Fig. 5 TYPICAL WRITE CURRENT IN MILLIAMPS Fig. 6 TYPICAL READ CURRENT IN MILLIAMPS 
VB. POWER SUPPLY VOLTAGES (ER2800) VI. POWER SUPPLY VOLTAGE (ER2600) 

(Deselected IDD2 = V. Graph 1';;.>2) (Chip .. Iected Dr cIneIecIed) 
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PIN FUNCTIONS 

Chip Select (CS) 
Must be in the high state to enable the data output terminals or 
write data into the device. 

Data tnput/Output (01-04) 
Dl 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. 

Strobe (ST) 
A strobe input is provided for delayed data clockout. In 
applications where this feature is not desired, the strobe terminal 
should be maintained at VDD throughout the entire read cyle. 
The ST input is high-level and not TTL-compatible. 

Phase One (1&1) 
During the write operation, multiple 100"s pulses must be applied 
to the ¢1 terminal to fully shift the memory transistor threshold 
voltge to its most negative state. This is required for voltage 
bootstrapping in the row-selection circuitry. The \Ill 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 Rs = 1KfI ± 5% Vce = Vss 

Cs = 1000 pF± 20% ,--- 1------, 
I 
I 
I 
I 
I 
I 

-1 

L __ _ 

Voo = Vss -19V 

I I 
I I 
I I 

I 
I 

7400 I 
SERIES I 

TTL I ____ .J 

GND 

ER2800 • ER2805 [!] 
ER2800/ER2805 OPERATION 

.,,<E-----,--------' 

MOS INTERFACE 

Voo = Vss -19 

,---
:--1 
I 
I 

:-1 
I L __ _ 

Vss 
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iii RO-6-1024/4 
RO-7-1024/4 

RO-6-1 024/8 
RO-7-1024/8 

1024 Bit Static Read Only Memories 

FEATURES 

• Static operation. No clock required. 
• Access time typically 1l'sec. 
• Three-State output for wired AND capability. 
• Chip enable control. 
• Input. Output directly interface with DTUTTL. 
• Choice of Operating Temperature Ranges

RO-7: O'C to +70 'C 
RO-6: -55'C to +125'C 

DESCRIPTION 

The RO-6-1024/4. RO-7-1024/4. RO-6-1 024/8 and RO-7-1024/8 
are 1024 bit static Read Only Memories belonging to a standard 
family of DTUTTL compatible circuits which are constructed 
using low threshold silicon nitride passivated p:.channel 
.enhancement mode field effect transistors. 

The RO-6-1024/4 is packaged in a 16 lead ceremic Dual In 
Une.The RO-7-1024/4 is the plastic version of this device. The 
memory organization is 256x4 bit words. 

The RO-6-1024/8 is packaged in a 24 lead ceramic Dual In 
Une.The RO-7-1024/8 is the plastic version of this device. The 
memory organization is 128x8 bit words. 

BLOCK DIAGRAMS 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

13-2 

eE 
OUT OUT OUT OUT 
81 82 83 84 

Ro-sn-1024/4 

VGG 
AI 

VGI 
A2 

Vee 

A3 

A4 

A5 

A6 

A7 

PIN CONFIGURATIONS 
16 LEAD DUAL IN LINE 
RQ-6/7 -1024/4 

Input A3 

InputA2 

Input A1 

Output 81 

Output 82 

Vee 

24 LEAD DUAL IN LINE 
RO-617-1024l8 

Input A3 
Input A2 

InpUIA1 
Output Bl 
Output B2 
Output B3 
Output B4 
Output B5 
Output B6 
Output 87 

Output B8 

Vee 

v., 
Input A4 

Input A5 

Input A6 

Input A7 

Chip Enable 

Input AS 

VOl 

N.C. 
N.C. 

Input A4 
Input AS 
Input A6 
Input A7 

vo. 
N.C. 

Chip Enable 

N.C. 

N.C. 

eE 
OUT OUT OUT OUT OUT OUT OUT OUT 
81 82 83 84 85 B6 B7 88 

Ro-sn-1024/8 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

VOl & Vaa (with respect to Vee) ...... -20V to +0.3V 
Clock & logic inputs (with respect io Vee) . -20V to +0.3V 
Storage Temperature. . . -55°C to +150°C 
Operating Temperature . -55·C to +125·C (RO-6-102414/8) 

OOC to +70·C (RO-7-1024/4/8) 

Standard Conditions (unless otherwise noted) 

Vee = +5V ± 0.5V 
Vaa = -12V ± 1V 
VOI=GND 
(Substrate at Vee) 
Operating Temperature (TA'l =-55·Cto +125·C (RO-6-1024/4/8) 

= O·C to +70·C (RO-7-1024/4/8) 

Characteristics Min. Typ.·" 

Data Inputs 
Logic "0" level -
Logic "I" level Vee-l.5 
Noise Immunity 0.4 
Input Leakage -
Input capacitance -

Data Outputs 
Logic "0" level -
Logic "I" level Vee-l.0 

Access Time 
Address -
Chip enable -

""Typical values are at +25· C and nominal voltages 
"""Testing Conditions 

-
-
-
-
5 

-
-

-
-

Max 

+0.8 
-
-
1.0 
-

+0.4 
-

1.0""" 
1.0""" 

RO-6-1024/4 .• RQ+1024/8 
RO-7-1024/4 .• RO-7-1024/8 

"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 
V 
"A Measured at VIN = Vaa at 25·C 
pF Measured at VIN = Vee 

V 10L= 1.6 mA 
V 10H = 100"A 

ps Measured at 25° C 
pS Measured at 25° C 

TIMING DIAGRAM TYPICAL CHARACTERISTIC CURVE 

r-ACCESS TIME-, 

~ +0.8 I 
INPUTS I 
CHIPEY 

VCC·l.5 I 
I I 

I 

nSEC 

1600 

1300 

1000 

TEST POINT 
~ 

~ I 
I 

,.".",. ~ TYPICAL ACCE SSTIME 

OUTPUTS 
100 

400 
·55 

V 
",-

.-""" 
·25 o +25 +50 +75 +100 +1250 C 

ACCESS TIME VS. TEMPERATURE 
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, 811 RO-S-1302 

2048 Bit Static Read Only Memory 

FEATURES 

• Static Operation. No clock required. 
• Access time typically 1.2 usec. 
• Three-state output for wired AND capability. 
• Chip enable control. 
• Input, Output directly interface with DTUTTI. 

DESCRIPTION 

The RD-5-1302 is a 2048 bit fully static Read Only Memory 
belonging to a standard family of DTUTTL compatible circuits 
which are constructed using low threshold Silicon nitride 
passivated P-channel enhancement mode field effect 
tranSistors. The RO-5-1302 is packaged in a 24 lead Dual In Line. 
The memory organization Is 256x8 bit words. 

BLOCK DIAGRAM 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

Top View 

AH ., ~ 

A1 e 2 

AOe 3 

Data Out 1 ( 4 

Data Ou12 C 5 

Data Qut 3 C 6 

Data Out 4 [ 7 

Data Out 5 C 8 
Data Out6 ( 9 
Data Out 7 C 10 
Data Out 8 C 11 

Vee [ 12 

CE 
OUT OUT OUT OUT OUT OUT OUT OUT 
1234567 B 

13-4 

A1----iI-~ 

A2 ----il-~ DEC1 

A3-1"~_--' 

A4--~-.l 

A5 --+--t~ 

A6--+--t~ 

A7--+--t~ 

AS ----ii--~ 

DEC 2 
MEMORY MATRIX 

24 ~ Voo 

23 ~ Vee 
22 :J Vee 

21 :J A3 

20 :J A4 

19 :J A5 

18 :J A8 

17 :J A7 

16 :::I VGG 

15 :J N.C. 

14 :JCEorCE 
13 :J N.C. 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

VOl & Vaa (with respect to Vee) ........ . 
Clock & logic inputs (with respect to Vcc) . 
Storage Temperature. . . . . . . . . . . . . 
Operating Temperature. . . . . . . . . . . . 

Standard Conditions (unless otherwise noted) 

Vee = +5V ± 0.5V 
Vaa = -12V ± 1V 
VOI=GND 
(Substrate at Vee) 
Operating Te~perature (T A) = 0" C to +70· C 

-20V to +0.3V 
-20V to +0.3V 

-55· to +150·C 
0" to +70·C 

RO-S-1302 Ii] 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Characteristics Min Typ" Max Units Conditions 

Oats Inputs 
Logic "0" level -
Logic "1" level Vee-l.5 
Noise immunity 0.4 
Input leakage -
I nput capacitance -
Data Outputs 
Logic "0" level -
Logic "1" level Vee-l.0 

AccessTlma ) 

Address -
Chip enable -

"Typical values are at +25·C and nominal voltages 
"'Testing Conditions 

TIMING DIAGRAM 

r-ACCESS TIME--1 

:;~~+0.8 : 

CHIPEY, I 

OUTPUTS 
Bl ....... BB 

VCC·l.5 
I I 

I 
I 
I 

-
-
-
-
5 

-
-

1.2 
0.8 

+0.8 V 
- V 
- V 
1.0 p.A Measured at VIN = Vaa at 25·C 
- pF Measured at VIN = Vee 

+0.4 V 10L= 1.6 mA 
- V lOR = 100 p.A 

1.5'" p's Measured at 25·C 
1.5*** p's Measured at 25·C 

TYPICAL CHARACTERISTIC CURVE 

nSEC 

2100 

1800 

TEST POINT 

----
-" kv:':::-ACCESS TI 

V ~ 

----

1500 

o +25 +50 +75 +100 +125Oc 

1200 

900 
·55 ·25 

ME 

ACCESS TIME VS. TEMPERATURE 
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En RO-6-2048/4 
RO-7-2048/4 

RO-6-2048/8 
RO-7-2048/8 

2048 Bit Static Read Only Memories 

FEATURES 

• Static Operation. No clock required. 
• Access time typically 1.2 usee. 
• Three-state output for wired AND capability. 
• Chip enable control. 
• Input, Output directly interface with DTLlTLL. 
• Choice of Operating Temperature Ranges

RO-7: O·C to +70·C 
RO-6: -55· to +125·C 

DESCRIPTION 

The RO-6-2048/4, RO-7-2048/4, RO-6-2048/8 and RO-7-2048/8 
are 2048 bit fully static Read Only Memories belonging to a 
standard family of DTUTTL compatible circuits which are 
constructed using low threshold silicon nitride passivated P
channel enhancement mode field effect ransistors. The RO-6-
2048/4 is packaged in a 24 lead ceramic Dual In Line. The RO-7-
2048/4 is the plastic version of this device. The memory 
organization is 512x4 bit words. 
The RQ-6-2048/8 is packaged in a 24 lead ceramic Dual In Line. 
The RO-7-2048/8 is the plastic version ofthis device. The memory 
organization is 256x8 bit words. 

BLOCK DIAGRAM 

C. 
OUT OUT OUT OUT 
Bl B2 B3 B4 

A' VGG A' 

A2 Vm A2 

A3 VCC A3 

A4 
A4 

A5 
A5 

A6 
A6 

A7 
A7 

AS 
AS 

A9 

RO-6/7-2048/4 

PIN CONFIGURATIONS 
24 LEAD DUAL IN LINE 
RO-617-2048/4 

A3 

A2 
AI 

N.C. 

Bl 
N.C .. 

B2 
N.C. 

B3 
N.C. 

B4 

Vee 

24 LEAD DUAL IN LINE 
RO-617-2048/8 

A3 

A2 

Al 

Bl 
B2 
B3 

B4 
B5 

B6 

B7 

B8 

vee 

Val 
N.C. 

N.C. 

A4 

A5 

A6 

A7 

A8 

V •• 
N.C. 

Chip Enable 
A9 

val 
N.C. 

N.C. 

A4 

AS 
A6 

A7 

A8 

Voa 
N.C. 

Chip Enabl. 
N.C. 

OUT OUT OUT OUT OUT OUT OUT OUT 
C. B' B2 B3 B' B5 B6 B7 BB 

RO-6/7-2048/S 

VGG 

VGI 

VCC 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

VOl & VG<; (with respect to Vcd. . . . . . . -20V to +0.3V 
Clock & logic inputs (with respect to Vee). -WV to +0.3V 
Storage Temperature. . - 55°C to +150°C 

RO-6-204S/4 • RO-6-204S/S r;'I 
RO-7-204S/4 • RO-7-204S/S L::.I 

Operating Temperature. . . . . . . . . . ~55°C to +125°C (RO-~2048/4/8) 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. . . . . . . . .. O°C to +70°C (RO-7-204B14/8) 

Standard Conditions (unless otherwise noted) 

Vee = +5V ± 0.5V 
VG<; = -12V ± 1V 
Vm = GND 
(Substrate at V,·d 
Operating Temperature (TA') = -55°C to +125'o C (RO-6-2048/4/8) 

O°C to +70°C (RO-7-2046/4/i1,) 

Characteristics Min Typ" 

Data Inputs 
Logic "0" level -
Logic "1" level Vcc-1.5 
Noise immunity 0.4 
Input leakage -
Input capacitance -
Data Outputs 
Logic "0" level -
Logic "1" level Vcc-1.0 

Access Time 
Address -
Chip enable -
"Typical values are at +25°C and nominal voltages 

'''Testing Conditions 

TIMING DIAGRAM 

r-ACCESS TlME-, 

~ +0.8 I 
INPUTS I 
CHIPE:fi I 

OUTPUTS 

Vee ·1.5 
I I 

I 
I 
I 

-
-
-
-
5 

-
-

1.2 
0.8 

Max Units Conditions 

+0.8 V 
- V 
- V 
1.0 I'A Measured at V ,N = V(;O at 25°C 
- pF Measured at V,N = V'T 

+0.4 V 101. = 1.6 mA 
- V IOH = 100 I'A 

1.5*"''* I's Measured at 25°C 
1.5**· I'S Measured at 25°C 

TYPICAL CHARACTERISTIC CURVE 

nSEC 

2100 

1800 

1500 

1200 

900 -'" V 

TEST POINT 

-'" 

-'" ~;::: ACCESS T 

"'" 
IME 

·55 ·25 o +25 +50 +75 +100 +1250 C 

ACCESS TIME VS. TEMPERATURE 
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'SII RO-3-2S60 

2560 Bit Static Read Only Memory 

FEATURES 

• 512x5 Organization-ideal for many general 
purpose applications. 

• 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. 
• Totally Automated Custom Programming. 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-2560 is a 2560bit static Resd-Only 
Memory organized as 512 five bit words and Is Ideally suited for 
many general purpose 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 R0-3-2560 can 
store a full 512 words of 5 bits each. 

The RO-3-2560 is one of a family of 512 word Resd-Only 
Memories offered by General Instrument; two others are the RO-
3-4096, with a 512x8 memory organization, and the RO-3-5120, 
with a 512x10 memory organization. 

BLOCK DIAGRAM 

AO 
AI 
A2 
A3 ADDRESS 
A4 INPUT ADDRESS 

BUFFERS DECODE 
AS 
A6 
A7 

AS 

13-8 

PIN CONFIGURATION 
18 LEAD DUAL IN LINE 

A4 

AS 

A6 

A7 

AS 

AfJ 

A separate publication, "RO-3-2560 Custom Coding 
Information," available from GI Sales Offices, describes the 
punched card and truth table format for custom programming of 
the RO-3-2560 memory. 

01 

02 

MEMORY OUTPUT 03 
MATRIX BUFFERS 512 J5 

04 

05 

OUTPUT 
INHIBIT 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Vee and input voltages (with respect to GND) . . . . . . -0.3V to +8.0V 
Storage Temperature ................ -65°Cto+150°C 
Operating Temperature (TA). . . . . . . . . . . . ... O°C to +70°C 

Standard Conditions (unless otherwise noted) 

Vee = +5 Volts ±5% 
Operating Temperature (TA) = O°C to +70°C 
Output Loading: One TTL load, CL TOTAL = 50pF 

Characteristic Sym 

DC CHARACTERISTICS 
Address, Output Inhibit Inputs 
Logic "1" VIH 
Logic "0" VII. 
Leakage III 
Data Outputs 
Logic "1" Vo" 
Logic "0" VOL 
Leakage ILO 
Power 
Icc -
AC CHARACTERISTICS 
Inputs 
Cycle Time Ie 
Capacitance C, 

Data Outputs 
Access Time hcc 
Inhibit Response Time to 
Capacitance Co 

"Typical values are at +25°C and nominal voltages. 

TIMING DIAGRAMS 

ACCESS TIME (ADDRESS TO OUTPUT
OUTPUT INHIBIT AT LOGIC '0') 

Min Typ·· 

2.2 -
- -
- -
2.2 -
- -
- -

- 25 

400 -
- 5 

75 250 
- 150 
- 8 

RO-3-2S60 Ii] 

Max 

-
0.65 
10 

-
0.45 
10 

33 

-
8 

450 
200 
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 

/loA 

V 10 " = 100p.A 
V 10L= 1.6mA 

/loA 

mA Outputs Open 

ns 
pF f=lMHz 

ns 
ns 
pF f= 1MHz 

OATA OUTPUTS 
OUTPUTS "HiGH" iMPEDANCE 

INHIBIT RESPONSE TIME 
(ADDRESS INPUTS STABLE) 

".45 
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'1iII RO-3-4096 

4096 Bit Static Read Only Memory 

FEATURES 

• 512x8 Organization 
• Single +5 Volt Supply 
• TTUDTL Compatible 
• Static Operation-no clocks required 
• 500ns. Maximum Access Time 
• 150 mW Typical Power 
• Tri-State Outputs-under conrol of 'Output Inhibit' signal 
• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-4096 is a 4096 bit static Read
Only-Memory. It is organized as 512 eight 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-3-4096 is constructed on a single monolithic chip utilizing 
low-voltage N-channel Ion Implant technology. 

A separate publication, "RO-3-4096 Custom Coding 
Information," available from GI Sales Offices, describes the 
punched card and truth table data format for custom 

programming of the RO-3-4096 memory. 

BLOCK DIAGRAM 

VCC 

AO· 

AI 

A2 

A3 

INPUT ADDRESS 
A4 

BUFFERS DECODE 
A5 

AS' 

A7 

AS 

PIN CONFIGURATION 
22 LEAD DUAL IN LINE 

GND 

MEMORY 
MATRIX 
512x8 

GND 

A8 

A7 

As 
A5 

A4 

A3 

Vee 

A2 

Al 

AO 

OUTPUT 
BUFFERS 

OUTPUT 
INHIBIT 

Out 1 

Out 2 

Out 3 

Out 4 

Out 5 

Out 6 

Out 7 

Out 8 

N.C. 

N.C. 

Output Inhibit 

01 

02 

03 

04 

05 

06 

07 

08 



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 

Standard Conditions (unless otherwise noted) 
Vee = +5 Volts ± 5% 
Operating Temperature (TA ) = O·C to+70·C 
Output Loading: One TTL load, CL total = 50 pF. 

Characteristic Sym 

DC CHARACTERISTICS 
Address, Output Inhibit Inputs 
Logic "1" VIH 
Logic "0" VIL 
Leakage III 
Data Outputs 
Logic "1" Va" 
Logic "0" VOL 
Leakage ILa 
Power 
Ice -
AC CHARACTERISTICS 
Inputs 
Cycle Time Ie 
Capacitance CL 

Data Outputs 
Access Time lAce 

Inhibit Response Time tR 
Capacitance Co 

"TYPIcal values are at +25·C and nomInal voltages. 

TIMING DIAGRAMS 

Min 

2.2 
-
-

2.2 
-
-

-

500 
-
-
-
-

.~~ -,J=="=>t=-:.: 
~ toee >t 

DATA 
OUTPUTS 

ACCESS TIME (ADDRESS TO OUTPUT
OUTPUT: INHIBIT AT LOGIC "0") 

'2.0 

",45 

Typ" 

-
-
-

-
-
-

30 

-
5 

350 
-
8 

RO-3-4096 e:J 

'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. 

Max Units Conditions 

- V 
0.65 V 
10 /LA 

- V lo.=100p,A 
0.45 V IOL=1.6mA 
10 /LA 

45 rnA 

- ns 
8 pF f= IMHz 

500 ns 
200 ns 
10 pF f=IMHz 

OUTPUT 
INHIBIT 

,r------.. ·VIH 

INHIBIT RESPONSE TIME 
(ADDRESS INPUTS STABLE) 

'''VIL 

···2.0 

",45 
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1&11 RO-3-S120 

5120 Bit Static Read Only Memory 

FEATURES 

• 512x10 Organization 
• Single +5 Volt Supply 
• TTUDTL Compatible 
• Static Operation-no clocks required 
• 500ns Maximum Access Time 
• 150mW Typical Power 
• Three-State Outputs-under control of 'Output 

Inhibit' signal 
• 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-channellon 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 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

INPUT 
BUFFERS 

Vee 

ADDRESS 
DECODE 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

GND 
AS 

A7 

A6 

A5 

A4 

A3 

N.C. 

Vee 
A2 

A1 

AO 

GND 

MEMORY 
OUTPUT MATRIX 

512"10 BUFFERS 

OUTPUT 
INHIBIT 

N.C. 
Qut 1 
Out 2 
Out 3 
Out 4 

Out 5 
Out 6 
Out 7 
Out 8 

Out9 

Out 10 

Output Inhibit 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 



ELECTRIC CHARACTERISTICS 

Maximum Ratlngs* 
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 

Standard Conditions (unless otherwise noted) 
Vee = +5 Volts ±5% 
Temperature (TA) = O°C to+70°C 
Output Loading: One TTL Load, CL TOTAL = 50pF. 

Characteristic Sym Min 

DC CHARACTERISTICS 

Address, Output Inhibit Inputs 
Logic "1" VIH 2.2 
Logic "0" VIL -
Leakage III -
Data Outputs 
Logic "1" VOH 2.2 
Logic "0" VOL -
Leakage h.o -
Power Supply Current 
Ice - -

AC CHARACTERISTICS 

Inputs 
Cycle Time te 500 
Capacitance CI -
Data Outputs 
Access Time tAce -
Inhibit Response Time tR -
Capacitance Co -
**Typical values are at +25°C and nominal voltages 

TIMING DIAGRAMS 

ACCESS TIME (ADDRESS TO OUTPUT
OUTPUT INHIBIT AT LOGIC '0') 

Typ** 

-
-
-

-
-
-
30 

-
5 

350 
-
8 

RO-3-5120 [i] 

Max 

-
0.65 
10 

-
0.45 
10 

45 

-
8 

500 
200 
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 

p.A 

V 10M = 100p.A 
V 10L= 1.6mA 

p.A 

mA Outputs open 

ns 
pF f=lMHz 

ns 
ns 
pF f=lMHz 

DATA OUTPUTS 
OUTPUTS "HiGH" IMPEDANCE: 

INHIBIT RESPONSE TIME 
(ADDRESS INPUTS STABLE) 

·-.45 
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1&11 RO-5-8192 

8192 Bit Read Only Memory 

FEATURES 

• 2048x4 Organization 
• 1.2ps Typical Access Time 
• TTUDTL Compatibility-Inputs and clocks TTUDTL 

compatible without external interfacing components. 
• Programmable Chip Select-Simplifies design of large 

memory systems. 
• Totally Automated Mask Generation-"RO-5-8192/Custom 

Coding Information", describing punched card and truth 
table data speCification, is available from GI Sales Offices. 

• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-5-8192 is an 8192-bit dynamic Read 
Only Memory. It is organized as 2048fourbit words and requires 
11 bits of addressing. Additional features such as programmable 
chip select are provided for greater system flexibility. The RO-5-
8192 is constructed on a single monolithic chip utilizing MTNS 
P-channel enhancement mode transistors. The RO-5-8192 is 
available pre-programmed as a 4 bit random number generator. 

BLOCK DIAGRAM 

AD 
AI 

A2 
A3 

A4 
A5 

CSI 
CS2 

CS3 
CS4 

13-14 

ROW 
RECODER 

A6 A7 A8 

2 3 4 
DATA OUTPUTS 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

vee 
{61 
{62 

AO 

Al 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

A9 AIO 

N.C. 
Chip Select 1 

Chip Select 2 

Chip Select 3 

Chip Select 4 

Output 1 
Output 2 

Output 3 

Output 4 

vo. 
AtO 

A9 

(61 

(62 

Vee 
VGG 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings" 

Vaa, clock and input voltages (with respect to Vee) . . . . . -20V to +0.3V 
Storage Temperature ................. -65°C to +lS0°C 
Operating Temperature (TA) ................ O°C to HO°C 

Standard Conditions (unless otherwise noted) 

Vee = +5 Volts ±5% 
Vaa = -12 Volts ±5% 
Operating Temperature (TA) = O°C to +70°C 
Output Loading: RL = 6.BK to VaG, CL TOTAL = 100pf. 

Characteristic Sym Min 

DC CHARACTERISTICS 
Clock Inputs 
Logic "1" Vq,H Vee-l.5 
Logic "0" Vq,L -
Leakage ILq, -
Address, Chip Select Inputs 
Logic "1" VlH Vee-l.S 
Logic "0" V'L -
Leakage ILl -
Quadrant Enable Inputs2 
Logic "1" VOH Vee-l.S 
Logic "0" VOL -
Data Outputs 
Logic "1" VOH Vee-l.S 

Typ"" 

-
-
-

-
-
-

-
-

-

Max 

-
+{J.B 
1.0 

-
+O.B 
1.0 

-
+O.B 

-
Logic "0" VOL - - Vee-4.5 
Power 
100 - - 275 400 

AC CHARACTERISTICS 
Clock Inputs 
Cycle Time tq,c 2 - 100 
q,1 Pulse Width tq,lPW BOO - -
q" Pulse Separation tq,lPS 1200 - -
"" Lead Time tq,2ld 400 - -
"" Lag Time tq,219 400 - -
Rise and Fall Times tR,tr· - - 50 
Capacitance Cq, - B 10 
Inputs 
Set UpTime tos 200 - -
Hold Time tOH 200 - -
Capacitance C, - 5 7.5 

Data Outputs 
Propagation Delay tpo - 0.6 1 
Access Time lAce - 1.2 1.6 
Capacitance Co - 3 5 

""Typical values are at +25°C and nominal "voltages. 

NOTE: 
Access Time is defined as tos (min.) + tq,z<, (min.) + tpo (max.) 

RO-5-8192 I!!J 

"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 

p.A V'N = Vee-9V, 
TA=+25°C 

V 
V 

p.A V'N = Vee-9V, 
TA=+25°C 

V 
V 

V ONE TTL LOAD 
V ONE TTL LOAD 

mW 

p's 
ns tq,lpw-tq,2Id ;;'400ns 
ns 
nS 
nS 
nS 
pF lMHz, TA= +25°C 

nS 
nS 
pF lMHz, TA=+25°C 

p.S 
p.S (See Note) 
pF lMHz, TA = +25°C 
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[!] RO-S-8192 

LOGIC DEFINITION 

Logic "1" = +5V DC or the more positive voltage 
Logic "0" = OV DC or the more negative voltage 

CHIP SELECT 

The RO-5-8192 is provided with four programmable bits of chip 
select. Constructing large memory systems with more than one 
8K ROM simply requires wire-working the ROM outputs and 
assigning different chip select codes to each ROM chip (when a 
chip is not selected, its outputs are at a logic "O"-the output 
device is off). In addition, cascading ROMs with the same chip 
select code provides additional bits per word. 
The four chip select bits are permanently programmed Into the 
ROM at the same time as the custom data pattern. 31 different 
chip select codes are possible-16 unique codes and 15 
additional with "don't care" variations (In the following x = 0 or 1): 

CS1 CS2 CS3 CS4 

X X X X 16 codes 
DC X X X 8 codes 
DC DC X X 4 codes 
DC DC DC X 2 codes 
DC DC DC DC 1 code 

TIMING DIAGRAM 

CUSTOM BIT PATTERNS 

General Instrument makes use of proven co~putertechniques to 
provide fast and accurate generation of custom bit patterns. All 
necessary material, including the data pattern mask, test data and 
check lists (for customer verification), ae computer-generated 
and cross-checked. For the full details on data specification, 
request the booklet "RO-5-81921Custom Coding Information" 
from any GI Sales Office. 

INTERFACE CIRCUIT - TTLlDTL 

E_T_", ----,J'- ' ... ~r 
c&c~~---------------1\ 

r;;=T_.,. -f-t
" '9 =J 

CtJCK 000 1 \ 
c:'~D:~:CT - -- - nn - y,;-vtD' 'DKt,cE-'--~------------ ----

QUADRANT ENABLE V A, A ~ 
'NPUTS " I ------~.. T'"==I 

------.- ------------------ -v-X 
DATA Ott 

OUTPUTS VOL __ 

TYPICAL CHARACTERISTIC CURVES 

500 

i Vee -VGG' 17.85 V 
E 

400 
z 
0 
;: 
It 300 
iii .. 
is .. 200 .. 
;, 
0 .. 

! -r---
I h--
I Ij I I 
I I 
I I 

: I , 
I I I I I 

100 o 20 40 60 80 

TEMPERATURE ('C) 

POWER DISSIPATION VI. TEMPERATURE' 

13-18 

iii 
~ .. 
:E 
;: .. .. .. 
u 
~ 

(;TOTAL STD 
IOOpF I TTL/DfL 

II 
1.5 Vee-vGG ·16.15V 

1.4 
~ 

....., 
1.3 

~ I 

~ I I 

/ I 
1.2 

I I I 

o 20 40 60 80 

TEMPERATURE ('C) 

ACCESS TIME VI. TEMPERATURE' 



RO-3-8316A 
RO-3-8316B 

RO-3-9316A 
RO-3-9316B 

16384 Bit Static Read Only Memories 

FEATURES 

• 2048x8 Organization-ideal for microprocessor 
memory systems. 

• Single +5 Volt Supply 
• TTL Compatible-all inputs and outputs. 
• Static Operation-no clocks required. 
• 450ns Maximum Access Time: R0-3-8316B19316B 
• 850ns Maximum Access Time: R0-3-8316A19316A 
• 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 R0-3-8316A18316B and RO-3-
9316A19316B are 16,384 static Read Only Memories organized as 
2048 eight bit words and are ideally suited for microprocessor 
memory applications. Fabricated in Gl's advanced GIANT II N
channel lon-Implant procass to enable operation from a single +5 
Volt power supply, the R0-3-8316A18318B and RO-3-
9316A19316B offer the best combination of high performance, 
large bit storage, and simple interfacing of any MOS Read-Only 
Memories available today. 
The R0-3-8316A18316B are direct replacements in pin 
connection and operation for the Intel 8316A and 2316A. 
The R0-3-9316A19316B pin configuration is identical to that of 
the Intel 2708 8K EPROM. 
A separate publication, "RO-3-831619316 Custom Coding 
Information," available from GI Sales Offices, describes the 
punched card and truth table format for custom programming. 

BLOCK DIAGRAM 

AO 

Al 
A2 
A3 

A4 
A5 
A6 

A7 

A8 

A9 

AID 

CSI 

CS2 

CS3 

ADDRESS 
INPUT 

BUFFERS 

CHIP 
SELECT 
INPUT 

BUFFERS 

Vee 

ADDRESS 
DECODE 

CHIP 
SELECT 
DECODE 

PIN CONFIGURATION 

24 LEAD DUAL iN LINE 

RO-3-8316A18316B 

A7 Vcc(+5V) 
A8 01 
A9 02 

Al0 
AO 
Al 
A2 

A3 07 

08 

CS2 
CS3 

RO-3-9316A19316B 

A7 Vee (+5V) 

AS AS 

AS AS 

M CS3 

AS CSl 

A2 Al0 

Al CS2 
AD 
01 

02 
03 

GND 04 

GND 

01 

02 
03 • MEMORY 04 

MATRIX OUTPUT 05 BUFFERS 204B X 8 06 
07 

08 
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RO-3-8316A • RO-3-8316B 
RO-3-9316A • RO-3-9316B 

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 HO°C 

Standard Conditions (unless otherwise noted) 

Vee ~ +5 Volts ±5% 
Operating Temperature (TA) ~ O°C to +70°C 
Output Loading: One TTL load, CI. TOTAI..~ 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-3-8316A/9318A and RO-3-8318B/9316B 

Characteristic Sym Min Typ" Max Units Conditions 

DC CHARACTERISTICS 

Address, Chip Select, 
Latch Inputs 
Logic "1" V,II 2.0 - - V 
Logic "0" VII. - - 0.8 V 
Leakage 11.1 - - 10 p.A 
Data Outputs 
Logic "1" VOH 2.4 - - V lOll ~ 100p.A 
Logic "0" VOl. - - 0.4 V 101 ~ 1.6mA 
Leakage h.o - - 10 p.A 
Power Supply Current 
Icc - - 50 85 mA Outputs open 

(RO-3-8316A/9316A) 
- - 65 95 mA Outputs open 

(RO-3-8316B/9316B) 

RO-3-8316A/9316A 

AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time tc 800 - - ns 
Capacitance C, - 5 8 pF f~IMHz 

Data Outputs 
Access Time hct" - 600 850 ns 
Chip Select Response Time t. - 200 300 ns 
Capacitance Co - 8 10 pF f=IMHz 

RO-3-8316B/9316B 

AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time t" 400 - - ns 
Capacitance C, - 5 8 pF f~IMHz 

Data Outputs-
Access Time tAn - 350 450 ns 
Chip Select Response Time t. - 100 200 ns 
Capacitance Co - 8 10 pF f=IMHz 

"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 

TYPICAL SYSTEM APPLICATION 

CHIP SELECT TABLE 

DEVICE 

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. CS 3 CS 2 CS 1 SELECTED 
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TIMING DIAGRAMS 
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RO-3-8316 

161<1 

1 

[!!] 

OUTPUT BUS 
(0 , -Oa l 

13-19 

I 



RO-3-8318A •. R0-3-83188 
RO-3-9318A • RO-3-93188 

TYPICAL CHARACTERISTIC CURVES 

1000 

800 

-;;; 
.s 

-,.-" 
600 

J 
I 

400 
I 

I 

I 

200 
I 

I , 
o 

700 

650 

-;;; 
.s 
... ~ 

600 

550 
I 

I 

500 I 

I 

1.7 

70 

60 

:---. 
50 

40 

30 

o 

13-20 

Ve -+5V Ve -+5V 

----,..-
I 
I 

I 

I 
I 

I 

I 
I 

20 40 60 

TEMPERATURE (Oe) 

RO·3-8318A19316A 

-;;; 
I 
I 

.s 
I 

I 

s ..... 
: 
I 
I 

I 
I 

I 
I 

80 

550 

450 

350 

250 

150 

-I--I---1--1- I 

I 
I 

I 

I 
I 

I 

'------+- . o 

I 

I 

I 
I 

I 

I 
I 

20 40 60 

TEMPERATURE (Oe) 

RO·3-8316B/9316B 
Flg.1 ACCESS TIME VS. TEMPERATURE 

TA -+25°e TA - +25°e 
Vee - +5V -

~ 
450 Vee - +5V 

/ 400 

I 
I 

I 

: , 
I 

I 
I 

, 
I 

/ -;;; / 
/ 

,.......: 
,..-r-"" I 

I 

I 
I 

I 

I 
I 

1.9 2.1 2.3 

VOH (VOLTS) 

RO·3-8316A19316A 

.s 
" 350 

... :1 

300 
I 

I 

250 I 

I 

2.5 1.7 

Flg.2 ACCESS TIME VS. OUTPUT VOLTAGE 

/ 
...... /: -..... I 

I 

, 
I 

I 

I 
I 

1.9 2.1 2.3 

VOH (VOLTS) 

RO·3·8316B/9316B 

80 

- j 
/ 

2.5 

Vee -+5V Vee -+5V 

-I --I--l"-
I 
I 

I 
I 

I 
I 

I 

20 40 60 

TEMPERATURE (Oe) 

RO·3-8316A19316A 

80 

" .... " 

80 

70 :---. 
60 

50 

o 

t-
I r-I--l"-
I 
I 

I 
I 

I 
I 

I 

20 40 60 

TEMPERATURE (Oe) 

RO·3-8318B/9316B 

Fig.3 POWER SUPPLY CURRENT VS. TEMPERATURE 

80 



RO-3-8316A • RO-3-8316B 
RO-3-9316A • RO-3-9316B 

TYPICAL CHARACTERISTIC CURVES 
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1 iii , RO~16C RO-3-9316C 

16384 Bit Static Read Only Memories 

FEATURES 

• 2048x8 Organization-ideal for microprocessor 
memory systems. 

• Single +5 Volt Supply 
• TTL Compatible-all inputs and outputs. 
• Static Operation-no clocks required. 
• 350ns Maximum Access Time 
• 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-3-8316C/9316C are 16,384 static 
Read Only Memories organized as 2048 eight bit words and are 
ideally suited for microprocesser memory applications. 
Fabricated in GI's advanced GIANT n N-channel lon-Implant 
process to enable operation from a single +5 Volt power supply, 
the RO-3-8316C/9316C offer the best combination of high 
performance, large bit storage, and simple interfacing of any 
MOS Read-Only Memories available today. 
The RO-3-8316C is a direct replacement in pin connection and 
operation for the Intel 8316A and 2316A. 
The RO-3-9316C pin configuration is identical to that of the Intel 
2708 8K 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. 

13-22 

BLOCK DIAGRAM 

AD 

AI 

A2 

A3 

A4 
A5 
A6 
A7 

A8 

A9 
AID 

CSI 

CS2 

CS3 

ADDRESS 
INPUT 

BUFFERS 

CHIP 
SELECT 
INPUT 

BUFFERS 

Vee 

ADDRESS 
DECODE 

CHIP 
SELECT 
DECODE 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 

24 LEAD DUAL IN LINE 

RO-3-8316C 

Top View 

A7 Vcc(+5VI 
A8 01 
A9 02 

Al0 03 
AO 04 
1.1 05 
1.2 08 
A3 

1.4 
AS CS.l 
A8 

GND 

24 LEAD DUAL IN LINE 

RO-3-9316C 

A7 Vee (+5V) 
AS 

AS 
A4 
A3 CSl 

Al0 

Al CS2 

1.0 08 
01 07 
02 08 

03 

GND 

01 

02 
03 

MEMORY 04 
MATRIX OUTPUT 05 BUFFERS 2048 X 8 06 

07 
08 



ISII RO-3-16384 

16384 Bit Static Read Only Memory 

FEATURES 

• 4096'4 Organization 
• Single +5 Volt Supply 
• TTL/DTL Compatible 
• Static Operation-no clocks required 
• Address/Chip Select Latch Input-may be used to gate in new 

Address or Chip Select Inputs 
• 1 I'S Maximum Access Time 
• 250 mW Typical Power 
• Three-State Outputs-under control of 3 programmable 

Chip Select Inputs. 
• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-16384 is a 16,384 bit static Read
Only-Memory. It is organized as 4096 four bit words and requires 
12 bits of addressing. Three programmable Chip Select inputs 
are provided to simplify the connection of several ROMs to a 
common bus. The RO-3-16384 is constructed on a single 
monolithic chip utilizing low-voltage N-channel Ion Implant 
technology. 

A separate publication, "RO-3-16384 Custom Coding 
Information," available from GI Sales Offices, describes the 
punched card and truth table data format for custom 
programming of the R0-3-16384 memory. 
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I!I RO-3-16384 

ELECTRICAL CHARACTERISTICS 

Maximum Ralings* 

Vee and input voltages (with respect to GND) . . . . . -0.3V to +8.0V 
Storage Temperature ..............• -65·C to +150·C 
Operating Temperature (T A)' . . . . . . . . . .. , O· C to HO·C 

*Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Standard Condilions: (unless otherwise noted) 

Vee = +5 volts ± 5% 
Operating Temperature (TA ) = O·C to HO·C 
Output Loading: One TTL load, CL total = 50 pF. 

Characteristic Sym 

DC CHARACTERISTICS 
Address, Chip Select, Latch Inputs 
Logic "1" V,H 
Logic "0" V,L 
Leakage ILl 
Data Outputs 
Logic"l" VOH 
Logic "0" VOL 
Leakage ILO 
Power Supply Current 
lee -

AC CHARACTERISTICS 

Address, Chip Select Inputs 
Cycle Time Ie 
Set-upTime tAs 

Hold Time tAH 
Capacitance C, 

Latch Input 
Pulse Width tpw 

Data Outputs 
Access Time tAlT 

Chip Select Response Time IR 
Capacilance Co 

"Typical values are al +25· C and nominal voltages. 

TIMING DIAGRAMS 
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-
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~tQCC -------1 

OATA --- -- - --------""'X.----VOH 
OUTPUTS ~ ______ VOL 

I--tR----1 
CHIP SELECT X------, -----VIH 

INPUTS __________ / Vll 

WITH LATCH INPUT HELD AT +5V 
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Typ" Max Units Conditions 

- - V 
- 0.65 V 
- 10 p.A 

- - V 10H = 100p.A 
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- 10 p.A 
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TYPICAL CHARACTERISTIC CURVES 
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IIiII RO-3.;.20480 

20480 Bit Static Read Only Memory 

FEATURES 

• 2048 x10 Organization-ideal for microprocessor 
memory systems. 

• Single +5 Volt Supply. 
• TTUDTL Compatible 
• Static Operation-no clocks. 
• 500ns Maximum Access Time 
• 250mW Typical Power 
• Three-State Outputs-under control of Output Inhibit. 

DESCRIPTION 

The General Instrument RO-3-204BO is a 20,480 bit static Read 
Only Memory ideally suited for microprocessor memory 
applications. Fabricated in Gl's advanced GIANT]I N-channel 
lon-Implant process to enable operation from a single +5 Volt 
power supply, the RO-3-204BO offers high performance, large bit 
storage, and simple interfacing. 
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IIiII RO-3-9332A 

32768 Bit Static Read Only Memory 

FEATURES 

• 4096x8 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 
• 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 is a 32,768 bit static Read 
Only Memory organized as 4096 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-
9332A offers the best combination of high performance, large bit 
storage, and simple interfacing. 
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11iI' AY-5-2376 

Keyboard Encoder 
FEATURES 

• One integrated circuit required for complete keyboard 
assembly. 

• Outputs directly compatible with TTL/DTL 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-keylockout. 
• 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 ail 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 ail 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 TTL/DTL or MOS 
logic arrays without the use of any special interface components. 

The A Y -5-2376 is fabricated with MTNS technology and contains 
2942 P-channel enhancement mode transistors on a single 
monolithic chip. 

BLOCK DIAGRAM 
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OPERATION 

The AY-5-2376 contains (see Block Diagram), a 2376-bit ROM, 8-
stage and ll-stage ring counters, an ll-bit 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 olthe three 88-word groups; 
the 88-individual 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 ll-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; the 
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 l1-bit 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 
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CLOSURE 

AY-5-2376Ii] 

input from the 11-stage ring counter. When this occurs, the 
comparator generates a signal to the clock control and to the 
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Invert Input (pin 20) provides for polarity control of Data Outputs 
B1 thru B8 (pins 8 thru 15) and the Strobe Output (pin 16). 

SPECIAL PATTERNS 

Since the selected coding of each key is defined during the 
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[!] AY-5.2376 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings 

VOl and Voo (with respect to Vee) ....... -20V.to +O.3V 
Logic input voltages (with respect to Vee) ... -20V to +O.3V 
Storage Temperature. . . . . . . . . . . -65·C to +150·C 
Operating Temperature Range ........ O·C to+70·C 

Standard Conditions (unless otherwise noted) 

"Exceeding these ratings could cause permanent damage. 
Functional operation 01 this device at these conditions is not 
implied-operating ranges are specilied below. 

Vee = +5 Volts ± 0.5 Volts, I (Vee = Substrate Voltage) 
Voo = -12 Volts ± 1.0 Volts, VOl = GND. Operating Temperature (TA ) = O·C to +70·C 

CharacteristicS Sym Min Typ"" Max Units Conditions 

Clock Frequency I 10 50 100 KHz See Block diagram 
lootnote"" lor typical 
R -C values 

Data Input 
(Shift, Control, Parity 
invert, data&strobe invert). 

Logic "0" Level VIO Voo - +0.8 V 
Logic "1" Level V" Vee-l.5 - VeC+0.3 V 

-
Shift & Control Input 

Current IINS,C 15 36 60 pA VF+5V 
8 16 30 pA VFOV 

Data, Parity Invert Input 
Current hND,P - .01 1 pA V,~5Vto+5V 

X Output (Xo-X,) 
Logic "1" Output Current lx, - 0 - pA Vour= Vee 

80 150 400 pA' VouT=Vee-1.3V 
140 300 800 pA VOUT = Vee -2.0V 
250 700 1500 pA VOUT = Vee -5V 
500 1500 3000 pA VOUT=Vee-10V 

Logic "0" Output Current Ixo 15 30 80 pA VOUT= Vee 
13 27 65 pA VOUT = Vee -1.3V 
12 25 60 pA VoUT =Vcc -2.0V 
5 10 40 pA VOUT = Vee -5V 
- 1 20 pA VOUT = Vee -10V 

V Input (Vo-V,o) 
Trip Level Vy Vee -5 Vee -3 Vec-2 V V Input Going 

Positive 
Hysteresis t.Vy .5 .9 1.4 V Note 1 

Note 2 
Selected Y I nput Current Iy, 30 60 160 pA V'N = Vee 

26 54 130 pA V'N=Vee -1.3V 
24 50 120 pA V'N=Vee-2.0V 
10 20 80 pA V'N =Vee -5V 
- 2 20 pA V'N = Vee -10V 

UnselectedY Input Current Iyu 15 30 80 pA VIN = Vee 
13 27 65 pA V'N=Vee -1.3V 
12 25 60 pA V'N=Vee -2.0V 
5 10 40 pA V'N= Vee -10V 

Input Capacitance C'N - 3 10 pF atOV 
Switch Characteristics 

Minimum Switch Closure - - - - - See Timing Diagram 
Contact Closure 
Resistance Zee - - 300 n 

Zeo 1X10' - - n 
Strobe Delay 

Trip Level (Pin 19) V'D Vee-4 Vee-3 Vee-2 V 
Hysteresis V'D .5 .9 1.4 V See Note 1 
QuiescentVoltage (Pin 19) -3 -5 -8 V With 680Kn to Vss 

Data Output (B,-B.) 
Logic "0" - - - 0.4 V 10L= 1.6ma 
Logic "1" - Vee-1 - - V Im,100pa 

Power 
lee - - 5 10 rnA Vee = +5V 
100 - - 5 10 rnA Voo=-12V 

""TYPical values at +25·C and nom mal voltages. 

NOTE 1. Hysteresis Is deli ned as the amount 01 return required to unlatch an input. 
2. Guaranteed number 01 X & Y loads which may be applied to an X output = eleven. 
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TYPICAL CHARACTERISTIC CURVES 

14.0 

I I I I I 12.0 
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AY-5-23761!!1 
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[!] AY-S-2376. 

STANDARD CODE ASSIGNMENT CHART 

Illustrated using a Logic "0" on the Data and Strobe Invert Input (Pin 20) and the Parity Invert Input (Pin S). 

NOTE1: 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 

Y9 

Bl B2 B3 B4 B5 B6 B7 B8 PARITY 
BIT 

~ ~ ~ I Xo It 
, I I 1··· 5 • • • 9 
.... .y -I - - - - - - ___ - ... -. .. NORMAL 

...... - - - - - - - -.- - .. SHIFT 
... - - - - - -. - - - - ----.. CONTROL 

(CODE REPRESENTATIVE OF KEY DEPRESSION AT 
LOCATION Xo - Y9 AND PROPER MODE SELECTION) 

TRUTH TABLES 

N = NORMAL MODE 
S = SHIFT MODE 
C = CONTROL MODE 
• = OUTPUT LOGIC "1:: (SEE DATA Bl - 88) 
LOGIC "1" = +5V 
LOGIC "0" = GND 

DATA (B1-BS) INVERT TRUTH TABLE PARITY 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 lS) 

o 
o 
1 
1 

PARITY 
INVERT INPUT 

(PINS) 

1 
0 
1 
0 

CODE 
ASSIGNMENT 

CHART 

1 
1 
0 
0 

MODE SELECTION 

SeN 
.§. c S 
S C C 
sec 

PARITY 
OUTPUT 
(PIN 7) 

0 
1 
1 
0 



11511 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 out/rollover selection under external control (option). 
• Self-contained or slave oscillator circuit. 
• 10 output data bits available. 
• Outputs directly compatible with TTL/DTL 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 TTLlDTL or MOS logic 
arrays without the need for any speCial interface components. 
The AY-5-3600 is fabricated withMTNS technology and contains 
5000 P channel enhancement mode transistors on a single 
monolithic Chip. 

BLOCK DIAGRAM 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

\ 

Option 

See next page ~~~:~~ 
Option 

Option 

Data Output 89 

Data Output B8 

Data Output B7 

Data Output B6 

Data Output 85 

Data Output 84 

Data Output 83 

Data Output 82 

Data Output 81 

Voo 
Data Ready 

Yo 
Y, 
Y, 
Y, 

--- - ~=---=---= ~-=---= =-~- --- _f~~G~N~,i,~IK 
: I CI* 

c~ftr~~~+--+------~ 

~~~E=====:t!'~3.1 FREQUENCY ~ ~CONTROL 

". 

t-"""'-LOCKOUTJROLLOVER (OPTION) 

I<---------------------+-~CHIP ENABLE IOPTION) 

Top View 

Xo 
X, 

X, 

X, 

X, 

X, 

X. 
X, 
X, 
Delay Node Input 

Vee 
Shift Input 

Control Input 

VGG 

Y, 
Y, 

Y, 

Y, 

Y, 

Y, 

'-,-,--r;ro-ro-r-rr' NOTE: REFER TO FIG. I FOR OPTION PIN SELECTION. 

81089888786858483 BZ 81 

*=Ao\l~~~~~p~~~5IJ~HZ CLOCI( FREQ. 

**e2 (300IlS DELAYI CPfI R2 SUPPLIED INTERNALLY. 
**_DLODES Na:ESSARY FOR COMPLETE nKEY 

ROLLOVER OPERATION. 

II 
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I!I AV-S-HOO 

CUSTOM CODING INFORMATION 

The custom coding information for General Instrument's AV-S-
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 tosupply punched cards, then the Truth Table 
should be completed (See Note 1). However, there would be a 

PIN OPTIONS 

Pins 6-40 of the A Y -5-3600 are permanently assigned. The func
tions assigned to pins 1-5 depend on which functional options 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 = +SV, 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 in to control the data bits (Bl-Bl0) and, 
if required, the Data Ready and Any Key Output. 
Any Key Output (AKO) 
-requires one package pin to indicate a key depression. 
Output Data Bit 10 (Bl0) 
-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 chart lists the pin assignments according to the functions selected above: 

PINl 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 Ratings' 

Voo and Voo (with respect to Vee) . . . . . . . . . . -20V to +0.3V 
logic input voltages (with respect to Vee) . . . . . . -20V to +O.3V 
Storage Temperature . . . . . . . . . . . . . . -6S·C to +lS0·C 
Operating Temperature Range. . . . . . . . . . . . O·C to +70·C 

Standard Conditions (unless otherwise noted) 

Vee = +S Volts ±O.S Volts 
Voo = -12 Volts ±1.0 Volts, Voo = GND 
(Vee = Substrate Voltage) 
Operating Temperature (TA)= O·C to +70·C 

PIN4 PIN5 

CE AKO 
CE BIO 

AKO BIO 
AKO BIO 
AKO BIO 

lO/RO CC 
lO/RO CE 
lO/RO AKO 
lO/RO BIO 

CC CE 
CC AKO 
CC BIO 
CE AKO 
CE BID 

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. 



AY-5-3600 I!!I 
ELECTRICAL CHARACTERISTICS 

Characteristics Sym Min Typ"" Max Units Conditions 

Clock Frequency f 10 50 100 KHz See Block diagram footnote" 
for typical R-C values 

External Clock Width 7 - - /LS 

Data & Clock Input 
(Shift, Control, 

Complement Control, 
Lockout/Roliover, 

Chip Enable 
& External Clock) 

Logic "a" Level VIO Voo - +0.8 V 
Logic "1" Level VII Vce-l.5 - VeC+0.3 V 
Shift & Control Input 

Current INSC 75 95 120 pA VI =+5V 

X Output (Xo-X.) 
Logic "1" Output Current IXI 40 170 400 pA VOUT = Vee (See Note 2) 

600 1300 2500 /LA Votrr = Vee-l.3V 
900 1600 3500 /LA VOUT = Vee-2.0V 
1500 3800 6000 /LA V OUT = Vee-5V 
3000 6000 10000 /LA VOUT= Vee-l0V 

Logic "a" Output Current 1.0 8 15 50 /LA VOUT= Vee 
6 11 35 /LA VouT=Vee-l.3V 
5 10 30 /LA VOUT = Vee-2.0V 
2 5 15 /LA VOUT = Vee-5V 
- 0.5 5 /LA VOlrr = Vee-l0V 

Y Input (Yo-Y.) 
Trip Level Vy Vee-5 Vee-3 Ve,,2 V Y Input Going Positive (See Note 2) 
Hysteresis AVy 0.5 0.9 1.4 V (See Note 1) 
Selected Y Input Current Iy, 18 36 100 /LA V1N ;::: Vee 

14 28 90 /LA VIN = Vee-l.3V 
13 25 80 vA VIN = Vee-2.0V 
6 12 60 /LA VIN=Ve~5V 
- 1 30 /LA VIN = Vee-l0V 

Unselected Y Input Current Iyu 9 18 50 /LA V1N ;::;: Vee 
7 14 45 /LA VIN=Vee-l.3V 
6 13 40 /LA VIN = Vee-2.0V 
3 6 30 /LA VIN = Vee-5V 
- 0.5 15 /LA VIN = Vee-l0V 

Input Capacitance CIN - 3 10 pF at OV (All Inputs) 

X-Y Precharge 
Characteristics <l>P 1500 3500 5000- /LA V=Vee 

200 600 1500 /LA V = Vee-5 (See Note 2) 

Switch Characteristics 
Minimum Switch Closure - - - - - See Timing Diagram 
Contact Closure 

Resistance Zee - - 300 n 
Zeo 1 X la' - - n 

Strobe Delay 
Trip Level (Pin 31) V'D Ve,,4 Vee-3 Vee-2 V 
Hysteresis V'D 0.5 0.9 1.4 V (See Note 1) 
Quiescent Voltage (Pin 31) -3 -5 -9 V With Internal Switched Resistor 

Data Output (81-810). 
Any Key Down Output. 
Data Ready 

Logic "a" - - - 0.4 V 10L= 1.6m A 
Logic "1" - Vee-l - - V 10H= 1.0mA 

- Vee-2 - - V 10H= 2.2m A 

Power I 
Icc - - 8 12 mA Vec=+5V 
lOG - - 8 12 mA Voo=-12V 

"Typical values are at +25°C and nominal voltages. 

NOTE 
I. Hysteresis 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. 
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m AY-5-3600 

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 
networkJor eliminating the effect of contact bounce, an output 
data buffer, and TTUDTUMOS compatible output drivers. 

The ROM portion of the chip is a 360 by 10 bit memory arranged 
into four9Q-word by 10-bit groups. The appropriate levels on the 
Shift and Control Inputs selects one of the four 90-word groups; 
the 90-individual 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 1Q-bit comparator are wired tothe keyboard to form 
an X-V matrix with the 90-keyboard switches as the crosspoints. 
In the standby condition, when no key is depressed, the two ring 
countlilrsare 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-bit comparator (Yo-Y.). 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 1Q-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 still 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 still 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 I 1 F90 CLOCK CYCLES 

14-10 

KEY 
CLOSURE 

DATA READY 
STROBE 

'-- SWITCH STRQBE --l 
,- BOUNCE DELAY I 
h n n r : FOUR ! I LJ LJ Y --I CLOCK ~ I 

I CYCLES, I 

f---------------tf-----------------;-~~:~f ~_L ====i ~~~:~} n KEY 

I , I I : ROLLOVER 
DATA I------!:-------i-,,' I I , 

OUTPUT : ~+-+-__ ~: 

ANY KEY I I : [RESETS AT FIRST Xo Yo] 

ou~~~~_L------' L AFTER FIRST XI Y I 
I I 
I I RESUME SCAN FDR----1 
I I n KEY ROLLOVER I RESUME SCAN FOR 

n KEY LOCKOUT 

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (90xtl + STROBE DELAY + STROBE WIDTH 

MAXfMUM 1 DETERJNED BY 1 
EXPECTED EXTERNAL C 

DETERMINED MINIMUM TIME 
BY FREQUENCY REQUIRED BY 
OF OPERATION EXTERNAL 
(EXTERNAL RC) CIRCUITRY 

Flg.1 



AY-S-3600 

Flg.2 CONFIGURATION & CODE OF STANDARD ENCODER 

OPTIONS PROVIDED WITH STANDARD ENCODER 
• Device Marking: AY-5-3600 • N-Key Roliover 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 Voo on Shift/Control Pin. 
• Output Data Bit B10 on Pin No.5. • Plastic Package. 

EXAMPLE 

Xo 
81 82 83 84 85 86 8Z 88 89 810 

N S C SC I 
I I I I 10 
I I I I 

i--i--:- -:- .. - - - - - .. -. _____ - - ______ 
I I 1 

Yg 
'--:--1-.. - - - - - --. ___ --__ 

I I 

'- -i- .. - - - - - - - - - - - - __ 
I 

i-... - - - - - - -- ---- __ 
(CODE REPRESENTATIVE OF KEY DEPRESSION AT 

LOCATION Xo - Yg AND PROPER MODE SELECTION) 

NORMAL 

SHIFT 

SOH CONTROL 

SOH SHIFT CONTROL 

N • NORMAL MODE MODE SELECTION 

.S • SHIFT MODE S C N 
C • CONTROL MODE S C S 

SC • SHIFT CONTROL S C C 
•• OUTPUT LOGIC "I" (SEE DATA 81-810) 

LOGIC "I" • vee] TRUE OUTPUTS 
S C SC 

LOGIC "0· = VOD 

II 
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[i] AY-S-3600 

"y" 
K~~~~~RD >-...... -+--..... ..., 

STATIC/ 
CHARGE 

PROTm\g~ Vee COUNTER 
INPUT 

TO 
INTERNAL 

GATING 

"Y" INPUT STAGE FROM KEYBOARD 

Flg.3 
VGG 

r- ¢IP 

+-~~---'-----i> TO KEYBOARD 

T 
"STATIC 

'-~r-....J ~~~~~gTION 
DEVICE 

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 external B.SKO resis
tor to VGG • 

TYPICAL CHARACTERISTIC CURVES 
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'a' A Y -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/EPROM. 

KEY 
MATRIX 

AY-5-36OQ·PRO 
KEYBOARD 
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 tt 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 ba erased and reprogrammed repeatedly. Similar 
advantages are realized in the field where pattern changes are 
necessary in order to respond to redefined requirements Of 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 ari 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 which 
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 versatility 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 
describad: 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. 8inary coded outputs 
82-89 have been arranged to provide the necessary 8-bit 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 AV-5-36QO-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 8-bit 
address to the 256x8 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 
256x8 PROM/EPROM is now expanded to a 9-bit binary code 
(81-89) for addressing to a 512x8 PROM/EPROM. With 
expansion to a 90 key 4 mode application outputs 81-83 now 
serve 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 ba employed to provide a wide 
variety of "off-the-shelf" keyboards. Once the keyboard 
assembly has gone beyond the prototyping stage, and assuming 
the quantity/cost permit, the PROM/EPROM data can be 
converted to the standard AV-5-3600 data format (ref. AV-5-3600 
Custom Coding Information sheet) and produced in production 
quantities. This elimmates 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. 
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AY-5-3600-PRO 8 
OPTIONS 

• Device Marking: AV-5-3600-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 Voo on Lockout/Rollover Pin • Plastic Package 
• True Outputs Only • Internal Resistor to Voo 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 000110001 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 110000000 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 001010111 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 001011011 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 01 0011110 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 111001111 
35 000100011 001100011 010100011 011100011 80 100010000 101010000 110010000 111010000 
36 000100100 001100100 010100100 011100100 81 100010001 101010001 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 

III 
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RO-5-2240S 

Character Generator 

FEATURES 

• FULL TTL/DTL COMPATIBILITY 
No external interfacing components required. 

• 1 pS TYP. ACCESS TIME/STATIC OPERATION 
The output data remains valid as long as the input 
data/Internal counter rem'ain unchanged. 

• COLUMN OUTPUT 
2240 bits of storage organized as 64 5x7 dot matrix 
characters with column by column output. 

• INTERNAL COUNTER 
Provides sequential column selection from a single counter 
clock input. 

• COUNT CONTROL 
Allows the selection of either one or two column 
intercharacter spacing. 

• COUNTER OUTPUT 
Provides an "update" signal for external character address 
registers. 

• BLANKING AND OUTPUT ENABLE 
Provide full output control without affecting any other ROM 
function. 

• ZENER PROTECTED INPUTS 
• GLASS PASSIVATION PROTECTION 

DESCRIPTION 

The General Instrument RO-5-224OS is a 2240 bit Read Only 
Memory organized as a 320 words X 7 bits character generator 
(64 characters, each having 5 columns of 7 bits). Column by 
column character data is provided for vertical scan display ap
plications. An internal counter and a full complement of control 
signals allow for the greatest system design flexibility. The 

BLOCK DIAGRAM 

PIN CONFIGURATION 
24 LEAD DUAL IN-LINE 

Top View 

A1C .1 
'-' 24 :JVcc 

A2C 2 23 pVGG 

A3C 3 22 ? Blanking Input 

A4C 4 21 P Output Enable 

A5C 5 20 P N.C. 
A6C 6 19 POut 1 

Counter Clock [ 7 18 pOut2 
Counter Reset c: 6 17pOut3 

N.C.C 9 16 pOut4 
Count Control C 10 15 POut 5 

Counter Ouput C 11 14 pOute 
VDDC 12 13 P Qut 7 

RO-5-224OS is constructed on a single monolithic chip utilizing 
P-channel enhancement mode transistors. 

The memory is available with custom character coding or pre
programmed with ASCII encoded characters having the fonts 
shown on Page 2 of this data sheet. 

COUNT COUNTER 
CONTROL RESET 

COUNTER COUNTER 

14-16 
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A2 
A3 
A4 
AS 

A6 

CHARACTER 
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DECODE 

BLANKING 
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OUT 4 
OUTS 
OUT 6 

OUT 7 



OPERATING DESCRIPTION 
Character selection is achieved by presenting a six-bit binary 
word at the Character Address inputs. Column selection is 
achieved by clocking an internal counter from the Counter Clock 
input. Column information appears sequentially at the seven 
Data Outputs, beginning with the left-most column. 
Two additional column positions, aside from the five required for 
character presentation, are available for spacing between adja
cent characters. The Count Control input is used to determine 
whether one or both positions will be used. Between characters, 
the Data Outputs are high (+5V), the "no-dot" condition. The 
Counter Reset input is available to reset the counter into the last 
(sixth or seventh) state. 

The Counter Output is provided to synchronize other system 
components to the ROM internal counter. An output appears 
corresponding to the last (sixth orseventh) counter state and can 
be conveniently used to clock an external input data register. 

The Blanking Input allows all Data Outputs to be driven high 
(+5V) without affecting any other ROM function. Data Outputs 
can also be open-circuited for wire-ORed operation by use of the 
Output Enable input. 

Memory operation is static; refresh clocks are not required to 
maintain output information. The Counter Clock input is used 
only to select columns and need not be pulsed continuously. 

TIMING DIAGRAMS 

Timing diagram (1) shows the time relationships between char
acter address, data output, counter clock and counter output 
during typical operation of an RO-S-2240S character generator. 
An output sequence from theiRO-S-2240S-001 iis shown to help 
clarify operation. This sequence can be seen from the top rows 
(OUT,) of the characters "I" and "N". 

r-- "1"-----, r-- "N"----, 

OUT, 1 0 0 0 1 1 1 0 1 1 1 0 
1 1 0 1 1 1 1 0 1 1 1 0 
1 1 0 1 1 1 1 0 0 1 1 0 
1 1 0 1 1 1 1 0 1 0 1 0 
1 1 0 1 1 1 1 0 1 1 0 0 
1 1 0 1 1 1 1 0 1 1 1 0 

OUT, 1 0 0 0 1 1 1 0 1 1 1 0 

L-- COUNT OF 7 -----1 

All timing relationships shown in diagram (1) apply to any other 
output or combination of characters as well. 

Relevant input conditions assumed but not shown in timing 
diagram (1) are as follows: 

Count Control, +5V 
Counter Reset, +5V 
Blanking Input, +5V 
Output Enable, +SV 
Had the Count Control input been at -12V, the counter sequence 
would have been six positions instead of seven and the Counter 
Output would have been high during the sixth position. 

New character addresses are shown coinciding with the rising 
edge of the Counter Output waveform in diagram (1). This condi
tion was selected to demonstrate use of the Counter Output to 
advance an external input register to a new character address. 
Character addresses can be changed at any other time as well. 
Timing diagram (2) depicts output response to a character ad
dress change when, for example, the counter is stationary in one 
of the five character column positions. 

Timing diagrams (3) through (6) show timing relationships for 
the Counter Reset, Blanking Input, and Output Enable. The 
"open" condition in (6) implies that both the pull-up and pull
down devices in each data output push-pull buffer are turned off. 

RO-5-2240S I!iI 
OPERATING NOTES 

CHARACTER 
ADDRESS 

The following table summarizes the 
RO-2240S input control states and 
corresponding drive levels: 

Count Control 
+6 .......................... -12 
+7 .......................... +5V 

Counter Reset 
Operate . . . . . . • . . . . . . . . . . . . . .. +5V 
Reset ..•.••..•••...•.•..•.... OV 

Blanking Input 
Unblank . . • . ••• . . •. • . •• . • . • . •• +5V 
Blank' ........................ OV 

Output Enable 
Enable •. ·· .. ··· ... ·•·•··•·•·• +5V 
Disable" ..................... OV 

, All data outputs high (+SV) 
"All data outputs open-circuited 

,.[WAOOREIlS ____ ·'" ____ NEWADtlRESS_"i\I"_ 

DATA +I"ll' ~==~R~;:;;:;~#~===l;;;d== OUTPut 0 10"" 

INTERNAL COUNTER STATE 
I-COLUMN SELECTED} 

NEW 

CHARACTER A::r~.S.S 
ADDRESS -~ 

Flg.l 

DATA +5 90'11.--,1==='\-1--

OUTPUT 1!,o~ .. .."..t------'!c::= fF" 

COUNTER 
RESET 

Flg.2 COU~TER +5 ~"+--+-F= 
RESET 0 10"11. ~ 

+5 tCItO 

DATA 90""-t--
OUTPUT 0 .!'!ro .. r=±=I----

+s tCflCO~ 

c~~~~~; ~:~ 0-==-= 
- I- 'crll --I r- 'crd 

+5 90%+~1 'C:~ __ ~~~ 
o '0% V / 

Flg.3 

.NO 

COUNTER +59;o""~+----~=+--
CLOCK 0 IO ... -t==----t=_ 

OUTPUT 
ENABLE 

DATA 
OUTPUT 

Flg.4 ~
t.o!-- ---tfiO 

BLANKING +5 90"4 ---- -

INPUT 0 10"- -------- __ 

"90~-. -DATA 
OUTPUT 0 I "f.-_. --- - : 

Flg.S 
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I!!I RO-5-2240S 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Vaa and VDD with respect to Vee . . . . . . . -20V to +O.3V 
Inputs with respectto Vee. . . . . . .. . . -20V to +0.3V 
Storage Temperature .......... -6SoC to +lS0°C 
Operating Temperature ........... O°C to +70°C 

Standard Conditions. (unless otherwise noted) 

Vee = +5 Volts ±o.25 Volts (Vee is the substrate voltage) 
Voo = -12 Volts ±O.6 Volts 
Voo=GND 
Operating Temperature (TA) = O·C to +70·C 
One TTL load (CL total = 15 pF) 

Characteristic Sym 

DC CHARACTERISTICS 
Inputs (Note 1) 

Logic 1 Level VlH 
Logic 0 Level VIL 
Leakage III 

Count Control 
+6 Operation VIce 
+ 7 Operation Vice 
Leakage I Lee 

Outputs (Noie 2) 
Logic 1 Level VOH 
Logic 0 Level VOL 

Power 
Supply Current 100 
Supply Current Iss 

AC CHARACTERISTICS 

Counter Clock 
Frequency felk 

Pulse Width tclk(O) 

Pulse Delay telkll) 

Rise and Fall Times tr(clk),tr(clk) 

Counter Reset 
Pulse Width t" 
Pulse Delay 10", 

Capacitance (Note 1) Cin 

Outputs 
Address to Output Delay tAO 
Clock to Output Delay teo 
Clock to Counter Output Delay !ceo 
Blanking/Unblanking Delay tBO 
Output Enable/Disable Delay tOEO 

Counter Reset Delay !cRO 
Reset to Counter Output Delay tCRCO 

Output Rise and Fall Time tr, tr 

Min 

Vee-l.S 
-
-

-12.6 
+4.75 

-

2.8 
-

-
-

DC 
2.0 
2.0 
-
1.0 
0.4 
-

-
-
-
-
-
-
-
-

"Typical values are at +2SoC and nominal voltages. 

NOTES: 

Typ" 

-
-
-

-12.0 
+5.0 
-
-
-

20 
20 

-
-
-
-

-
-
-

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
-

'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 

- Volts 
+0.8 Volts 
10 !'A Vi' = Vee-6V, T A = 25°C 

-11.4 Volts Returned to Vaa for + 6 operation. 
+5.25 Volts Returned to Vee for + 7 operation 

10 !'A Vi, = Vee - 6V, TA = 25°C 

- Volts 10H = 100 MA 
0.4 Volts 10L= 1.6mA 

40 rnA Outputs unconnected, 
40 rnA f,,,= 200 KHz 

200 KHz 
- !,s 
- p.S trldk,+ tc1k(O, + tr(clk) 

100 ns +101,(0) ;;'S!'sec 

- !,s 
- !'s Note (3) 
10 pF 1 MHz, TA = +25°C 

1.5 !'s 
1.5 !,s 
1.5 !,s 
1.5 !,s 
1.5 !,s 
1.5 !'s 
1.5 !,S 
0.3 !,s 

1. These parameters apply to the character address, counter clock, counter reset, blanking, and output enable inputs. 
2. These parameters apply to both the data outputs and counter output. 
3. The counter clock must not make a negative transition within the period 10 .. , before or after a positive 

counter reset transition. The counter reset negative edge may occur any time. 
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CODING AND CHARACTER FONTS 

The RO-5-2240S-001 is a pre-programmed member of the 
RO-5-2240S series with ASCII encoding and the character fonts 
shown on the right. A logic "1" represents an input or output 
voltage equal to Vss (+5V) and a logic "0" represents a voltage 
equal to VDn (OV). 

An example demonstrating the correspondence of device out
puts and sequence to the 5X7 dot matrix fonts is shown below: 

2 3 4 
output 

5 sequence 

OUT, ~ 0 0 0 0 0 

I OUT, ~ 1 1 0 
OUT3 ~ 1 1 1 0 1 
OUT, ~ . 1 1 0 1 
OUTs ~ 1 0 1 
OUT6 ~ 0 1 1 1 
OUT, • 0 0 0 0 0 

RO-5-2240S-001 As 
As 

A4 A3 Az AI I~L 
ROW 

0 0 0 0 0 

0 0 0 I I 

0 0 I 0 2 

0 0 I I 3 

0 1 0 0 4 

0 I 0 1 5 

0 1 1 0 6 

0 I 1 1 7 

1 0 0 0 8 

I 0 0 1 9 

1 0 1 0 10 

1 0 1 I II 

1 1 0 0 12 

1 1 0 1 13 

I I I 0 14 

I 1 1 I 15 

I 
0 

2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

RO-5-2240S [!] 

The RO-5-2240S-002 is pre-programmed with a character font 
identical to the font for the RO-5-2240S-001 below with the 
exception of the characters '0', '?', '@', and 'M'. 

The RO-5-2240S-002 font for these characters is shown below: 

IIII 
I 0 0 

1 0 I 

3 4 5 

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I 11 
I II I 
I I] I 
I I I 
I I] I 
I] I I 
I I I 
[I I I 
I I I 
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lal RO-3-2S13 

Character Generator 

FEATURES 

• 64X8X5 Organization - ideal for systems requiring a row 
scan 5X7 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-5tate 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 I nstrument 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 Gl's advanced 
GIANT n 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 characters in a 
standard 5x7 dot matrix format. 

The R0-3-2513Is available pre-programmed with ASCII encoded 
5x7 characters (GI part no. RO-3-2513/CGR-001) a direct re
placement in pin connection, operation, and character font for 
the Signetics 2513/CM2140. The RO-3-2513 is also available pre
programmed with lower case ASCII encoded 5x7 characters (GI 
part no. R0-3-2513/CGR-005), a direct replacement for the 
Signetics 2513/CM3021. 

BLOCK DIAGRAM 

PIN CONFIGURATION 

24 LEAD DUAL IN LINE 

Top View 

N.C. 
N.C. 
N.C. 

01 

02 

03 

04 

OS 
N.C. 

GND 
OUT INH 

N.C. 

Vcc(+SV) 

N.C. 
A9 

AS 

A7 
A6 

AS 

A4 
A3 
A2 

A1 

N.C. 

A separate publication, "RO-3-2513 Custom Coding Informa
tion," available from GI Sales Offices, describes the punched 
card and truth table format for custom programming of the 
RO-3-2513 memory. 

Vee GND 

14-20 
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AI 

ROW 
ADDRESS A2 

A3 lA4 

A5 

CHARACTER A 6 
ADDRESS A1 

AB 

A9 

ADDRESS 
INPUT 

BUFFERS 

ADDRESS 
DECODE 

MEMORY 
MATRIX 
512 X 5 

OUTPUT 
BUFFERS 

OUTPUT 
INHIBIT 

01 
02 
03 
04 
05 



RO-3-2513 I!!I 
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.(TA ) = O°C to +70°C 
Output Loading: One TTL load, CL TOTAL = 50pF. 

Characteristic Sym 

DC CHARACTERISTICS 

Address, Output Inhibit Inputs 
Logic "1" V," 
Logic "0" V'L 
Leakage Ie, 
Data OUtputl 
Logic "1" Von 
Logic "0" VOL 
Leakage ILO 

Power Supply Current 
Icc -

AC CHARACTERISTICS 
Inputs 
Cycle Time Ie 
CapaCitance C, 

Data OUtPUtl 
Access Time t."cc 
Inhibit Response Time t. 
CapaCitance Co 

"TYPlcal values are at +25°C and nominal Yoltages. 

TIMING DIAGRAMS 

Min Typ" Max Units 

2.2 - - V 
- - 0.65 V 
- - 10 pA 

2.2 - - V 
- - 0.45 V 
- - 10 pA 

- 25 33 mA 

400 - - ns 
- 5 8 pF 

75 250 450 ns 

- 150 200 ns 
- 8 10 pF 

'?~~ ==i1-~:... .... _-_-_-_~~~_tC_-_-_-_-_-~){--i1<. ____ "":~: 
t
acc:--->t---1' '" 2.0 

DATA 
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 

10" = 100pA 
10L= 1.6mA 

Outputs open 

f= 1MHz 

f= 1MHz 
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Ii] RO-3-2513 

RO-3-2513-001 STANDARD PATTERN CHARACTER FORMAT (Upper Ca .. ASCII) 

The RO-3-25131CGR-001 is a pre-programmed version olthe 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 Vee (+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 5x7 dot matrix font is shown 
below: 

RO-3-2513/CGR-001 
Address Bit 

ASCII Bit 

ASCII upper case "S" 
Character 

RO-3-2513/CGR-OOI 
CHARACTER Ag 0 
ADDRESS AS 0 

A6 A5 A4A7 0 

0 0 0 I 
0 0 I I 
0 I 0 I 
0 I I I 

CHARACTER 
ADDRESS 

A9 AS 

6 5 

0 1 

0 
0 

I 

I 
I 
I 
I 

I 0 0 II 
I 0 I I I 
I I 0 I I 
I I I I I 

14.-22 

A7 A6 

4 3 

0 0 

0 
I 

0 

I 
I 
I 
I 
I 
I 
I 
I 

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 
I 
I 

ROW 
ADDRESS 

A3 A2 AI 

000 

001 

010 

o 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

I 
0 

I 

I 
Ii 
I 
I 
I 
I 
I 
I 

OUTPUTS 

0 0 0 0 0 

0 1 1 1 0 

1 0 0 0 1 

1 0 0 0 0 

0 1 1 1 0 

0 0 0 0 1 

1 0 0 0 1 

0 1 1 1 0 

I I 
I I 

0 I 

Ii 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 R0-3-25131CGR-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 Vee (+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 5x7 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 

AS A5 A/7 

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 
:1 I 
[I a 
II I 
II i 

A6 A5 A4 

3 2 1 

0 1 1 

0 0 
I I 

0 I 

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

.. 

~ 
. .. 

~ 

ROW 
ADDRESS 

A3 A2 At 

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 , .. 

; 

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 
fa I I 
[I I I 
m iii I .. 

. -
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TYPICAL CHARACTERISTIC CURVES 

350 

300 
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200 
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24 
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Vee = +5V 

,,/ 

,,/ 

...... V I 

I , 
I 

I 
I 

, 
20 40 60 
TEMPERATURE ("C) 

1 
j... 

I 
I , 
, , 
, 
, 
, , 
, 

80 

ACCESS TIME V8. TEMPERATURE 

TA = +25°C 
c-- Vee =+5V ,...-~ ,.. 

/' 

/ 

V 

II 

I: , 
o 2 3 4 

VOL (VOLTS) 

OUTPUT SINK CURRENT V8. OUTPUT VOLTAGE 

.. 
" 

350 

300 

:250 
u 

.. c 

200 

150 

I 

I , 
, 

1.5 

TA .:;: +25°C 
Vee = +5V r- -;-

V 
1/ 

1/ 
,.-V, -r-- , , 

, 
, , 
, 

1.7 1.9 2.1 2.3 
VOH (VOLTS) 

ACCESS TIME VI. OUTPUT VOLTAGE 

T. = + 25"C" 
24 , Vee =+5V -

f\ 
~ 

18 

\ 
\ 

"\ 
I"-

6 

o "1"- t--.. 
I 

o 2 4 

VOH (VOLTS) 

OUTPUT SOURCE CURRENT VI. OUTPUT VOLTAGE 



ISII RO-S-S184 

Character Generator 

FEATURES 

• Designed to drive Needle Printers. 
• Internal counter provides sequential column scanning. 
• Forward/Reverse Control for left to right and right to left 

printing capability. 
• Carry Output available for synchronization. 

PIN CONFIGURATION 
24 LEAD DUAL IN LINE 

• Three-State output configuration. TOp View 
• Two mask programmable Output Enable pins to allow 

memory expansion. 
• ASC II coded standard part, RO-5-5184-3000. 
• Mask programmable counter length to allow flexibility in 

character organization. 

DESCRIPTION 

The RO-5-5184 is a 5184 bit Static Read Only Memory organized 
as 84 permanent siorage locations of 81 bits each (9 x 9 character 
matrix). Six address lines are used forthe selection of 64 different 
characters. An internal ring counter is provided for column 
scanning; column information appears sequentially on the 9 
output lines. A Counter Reset Input is available to initialize the 
sequential scanning. A Carry Output is provided to synchronize 
external circuitry to the internal column counter. The For
ward/Reverse Control allows scanning from left to right or from 
right to left. 

Carry Output 

B,Output 

8 2 Output 

83 0Utput 
8 4 0utput 

BsOutput 

86 Output 

8 7 Output 
8aOutput 

BgOutput 

VGI 

A,lnput 
A21nput 

A3 1nput 

A4 1npUt 

As Input 

As Input 

VG. 

Counter Clock 

Counter Reset 

Forward/Reverse Control 
Output Enable 2 

Output Enable 1 

The 9 output lines have tri-state configuration. Two mask pro
grammable Output Enable pins are provided for expansion up to 
a 5184 x 4 bit system without external logic. 

Low threshold P-channel enhancement mode metal gate tech
nology is used for inpuVoutput direct TTL compatibility. All 
inputs are zener protected. 

BLOCK DIAGRAM 
INPUTS 

AI A2 A3A4A5 A6 

MEMORY 
MATRIX 

COUNTER COUNTER CARRY 
CLOCK RESET OUTPUT 

123456789 

I(XI) 

II(VIII) 

II I (Vii) 

IV(VI) 

V 
COLUMN 
SELECTION VI(IV) 

VII (III) 

VIII(II) 

IX(I) 

FORWARD/REVERSE CONTROL 

OUTPUT 
ENABLE 1 

OUTPUT 
ENABLE 2 

Bl 

B2 
B3 

B4 

OUTPUT B5 
STAGES B6 

B7 

B8 

B9 

14-25 
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RO·5·5184 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Voltage on any pin with respect to Vee ..... -20V to +0.3V 
Temperature Range ............ -SsoC to +12SoC 
Ope·rating Temperature ............ O°C to+70°C 

Standard Conditions (unless otherwise noted) 

Vee = +SV ±O.SV 
VOI=GND 
VGG = -12V ±1V 

Characteristics apply over temperature range unless otherwise stated. 

Characteristic Min Typ" 

Counter.Clock Input 
Repetition Rate D.C. 350 
Pulse Width, q,w 1.2 -
Pulse Separation, t/>S 1.2 -
Rise & Fall Times, tr, tf - -
LogiC '0' Level, V,L - -
Logic '1' Level, V,H Vee-l.S -
I nput Leakage, hN - -
I nput Capacitance, C,N - 10 

Address Inputs 
Logic '0' Level, V,L - -
Lolic '1' Level, VIM Vee-l.5 -
I nput Leakage, hN - -
I nput Capacitance, C,N - 10 

Reset Input 
Counter Clock to Reset 
Pulse delay, IeRD. 1.0 -
Reset pulse width 3.0 -

Data Outputs 
Logic '0' Level, VOL - -
Logic '1' Level, VOH Vee-l.0 -
Clock to Output delay time, teo - 2.5 
Clock to Carry Output 

delay time lee - 1.S 
Address to Output 

delay time, tAO - 2.S 
Reset to Output 

delay time, tRES - 2.5 
Forward/Reverse to Output 

delay time, tFRO - 2.5 
Output Enable 

delay time, tOBO - 1.S 

Power Consumption, PD - 2S0 

"Typical values are at +2So C and nominal voltages. 

14-26 

'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. 

Max Units Conditions 

200 KHz 
- p.s At a logic '1' level 
- p.s At a logic '0' level 
1.0 p.s 

+0.8 Volts 

- Volts 
10 p.A Measured at V,N = Vee-l0Vat 2SoC 
.- pF V,N = Vee, f= lMHz 

+0.8 Volts 

- Volts 
10 p.A Measured at V,N = Vee-l0V at 25°C 

- pF V,N = Vee, f= lMHz 

- 1'5 Fig.l 

- I'S Fig.2 

0.4 Volts 10L= 1.6mA 
- Volts 10H = 100 p.A 
3.S I'S 

2.5 I'S Figs. 3,4,S,6, 7, & 8 

3.5 I'S 1 TTL, 10pF load 

S.O I'S TA=2SoC 

3.S I'S 

2.S us 

- mW TA =2SoC 



TIMING DIAGRAMS 

COUNTER CLOCK r--\ 

\ 
~ 

t;;; 
COUNTER RESET 

COLUMN FORWARD II I I 

,.--"\ 

'--I-t 
\ 

I 

r-

II 

LOGIC 1 
LOGIC 0 

LOGIC 1 
LOGIC 0 

RO-S-S184 

REVERSE IX IX VIII IX IX IX VIII 

Flg.1 CLOCK TO RESET DELAY TIME 

COUNTER CLOCK ,=\ ,=\ A LOGIC 1 = = = to:: LOGICO 

--II==~k"------- LOGIC 1 
COUNTER RESET =r.. .r LOGIC 0 

t rp 

Flg.2 'RESET PULSE WIDTH 

NEW 
ADDRESS 

NEW 
ADDRESS 

CHARACTER ~F=====\'~i== LOGIC 1 
ADDRESS OGIC 0 
(AI toA6) L 

=N======:ru= LOGIC 1 
DATA OUTPUTS LOGIC 0 

(Bl to B9) 

tao tao 

Flg.3 ADDRESS TO OUTPUT DELAY TIME 

FORWARDI 

REVERSE; *LOGIC lIFORWARD) CONTROL LOGIC O(REVERSE) 

DATA 
OUTPUTS LOGIC 1 
IBI to B9) LOGIC 0 

tfro t fro 

Flg.5 FORWARD/REVERSE TO OUTPUT DELAY TIME 

COUNTER RESET 

DATA OUTPUTS 

COLUMN 

LOGIC 1 

LOGIC 0 

LOGIC 1 
LOGIC 0 

I (FORWARD) 

IX (REVERSE) 

Flg.7 RESET TO OUTPUT DELAY TIME 

COUNTER CLOCK 

DATA OUTPUTS 
(Bl to B9) 

--F=\:--f='\-- LOGIC 1 
LOGIC 0 

LOGIC 1 
=M==#I=== LOGIC 0 

Flg.4 CLOCK TO OUTPUT DELAY TIME 

ENABLE DISABLE ENABLE 
CONDITION CONDITION CONDITION 

OUTPUT ENABLE 
(actual level depends ==:::::\J::===~F==== LOGIC 1 
upon coding) 

DATA OUTPUTS 
(Bl to B9) 

3rd state 

LOGIC 0 

LOGIC 1 

LOGIC 0 

Flg.6 OUTPUT ENABLE TO OUTPUT DELAY TIME 

COUNTER CLOC 
LOGIC 1 

LOGIC 0 

LOGIC 1 CARRY OUTPUT LOGIC 0 

tcc 
VOl IX I FORWARD 

COLUMN 

" I IX REVERSE 

Flg.8 CLOCK TO CARRY DELAY TIME 

14-27 
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I!I RO-5-5184 

OPERATION 

CHARACTER SELECTION 

Six address inputs are provided for selection of the 64 different 
characters. The address inputs are binary weighted (AI is the 
LSB). 

COLUMN SELECTION 

Column selection depends upon Forward/Reverse Control 
which permits the scanning of characters either from the first (I) 

to the last (IX) or from the last (IX) to the first (I) column as shown 
in fig.9. By changing line by line the logic value of For
ward/Reverse control printing alternatively left to right or right to 
left is possible (see fig.10). 
This feature allows faster printing by eliminating the fly back 
dead time between lines. The logic level of Forward/Reverse 
Control has to be constant "1" for left to right scanning and 
constant "0" for right to left scanning. 

Flg.9 COLUMN SELECTION 

I FORWARD REVERSE 

Count Column Count. Charact. Carry Count Column Count. Charact. 
Reset State Column 

0 1 I 
0 2 II 
0 3 III 
0 4 IV 
0 5 V 
0 6 VI 
0 7 VII 
0 8 VIII 
0 9 IX 
0 1 I 
0 2 II 
- - -
- - -
- - -
0 8 VIII 
0 9 IX 
1 1 I 
1 1 I 
1 1 I 

CHARACTER MATRIX 

1st line 

2nd line 

3rd line 

4th line 

nth line 

14-28 

Outp. Reset State 

0 0 1 
0 0 2 
0 0 3 
0 0 4 
0 0 5 
0 0 6 
0 0 7 
0 0 8 
1 0 9 
0 0 1 
0 0 2 
- - -
- - -
- - -
0 0 8 
1 0 9 
0 1 1 
0 1 1 
0 1 1 

I II III IV V VI VII VIII. IX 

Bl 

B, 

B, 

B. 

B, 

B. 

B, 

B, 

B, 

-+ 

forward/reverse logic value is changed line by line 

Flg.10 FORWARDIREVERSE PRI.NTING 

Column 

IX 
VIII 
VII 
VI 
V 
IV 
III 
II 
I 
IX 
VIII 
-
-
-
II 
I 
IX 
IX 
IX 

Carry 
Outp. 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
-
-
-
0 
1 
0 
0 
0 



OUTPUT ENABLE DECODER 

Two Output Enable lines are provided for chip selection, when a 
chip is not selected the outputs are disabled (high impedance). 

Output Enable signals are internally decoded by a mask pro
grammable decoder to minimize logic for memory expansion. 

The output enable code assigned to different RO-5-5184 is per-

RO-5-5184 iii 
manently programmed into the ROM at the same time as the 
custom data pattern. 

A system of 4 x 5184 = 20736 bit character generator needing no 
external enable logic is easily obtained wiring the outputs of four 
different RO-5-5184 together as shown on fig.1'. 

OUTPUT ENABLE CODING 

RO-5-5184 Output Output DEVICE SELECTION 
Enable 1 Enable 2 A B C 0 

A 0 0 selected - - -
B 1 0 

C 0 1 

0 1 1 

COLUMN COUNTER 

This counter operates on the positive going edges of the Counter 
Clock. 

Each counter cell is implemented with a cross coupled flip-flop 
so that the counter position is fully static. 

Carry Output is active (logic '1') when the counter is in the last 

OUTPUT STAGES 

Nine TTL compatible Outputs (B, to B.) are provided to show the 
memory content. 

The Tri-state configuration of output stages allows bus structure 
for memory expansion under- the control of Output Enable 
signals. 

III 
RO-5-5184 RO-5-5184 

'-- A '-- 8 '--

11111' 

-
-
-

selected - -
- selected -
- - selected 

position, to indicate that a character has been fully scanned. 
When active (logic '1') the Counter Reset Input resets the counter 
in the first position to initialise the scanning. 

The counting length is mask programmable, it Is possible to 
program any length between five and nine. 

OUTPUTENA8 LE 1 
LE 2 OUTPUTENA8 

A2 AI 

A4 
A3 

AS 
A5 

RO-5-5184 RQ-5-5184 

C '-- D 

Flg,'11 

Bl 

83 8 
82 
4 
6 
8 

85 8 
87 
B9 
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[!] RO-5-5184. 

RO-5-5184-050 STANDARD PATTERN CHARACTER FORMAT 

AI 0 I 0 I 0 I 0 I 
INPUT 

A2 0 0 I I 0 0 I I 

ADDRESS A 3 0 0 0 0 I I I I 

COUNTER 
STATE 

A6 A5 A4 --r::=- 123456789 123456789 123456789 123456789 123456789 123456789 123456789123456789 

14-30 

OUTPUT 

'" T 1111111111111111 
'" I 1111111111111111 
'" i 1I11111111111i111 
'" I 1111111111111111 
'" i 1111 liB 11111111 
'" 1111111111111111 
'" 1111111111111111 
'" Bllllllllililil 

SHADED +5 0 SQUARE OUTPUT ENABLE I 0 +5 0 +5 

BLANK 0 +5 SQUARE OUTPUT ENABLE 2 0 0 +5 +5 

DESIRED 
OUTPUT X DEVICE SELECTED X 
VOLTAGE 



RO-S-S184 Ii) 
RO-S-S184-3000 STANDARD PATTERN CHARACTER FORMAT 

A1 0 1 0 1 0 1 0 1 
INPUT 

A2 0 0 1 1 0 0 1 1 

ADDRESS A 3 0 0 0 0 1 1 1 1 

COUNTER 
STATE 

A6 A5 A4 -.=..- 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 

'" T 11111111111111111 
'" I 1111111111111111 
'" ~ 1111111111111111 
'" 1111111111111111 
'" 11111111111111111 
'" 1111111111111111 
'" 1111111111111111 
'" 1111111111111111 

SHADED +5 0 SQUARE OUTPUT EN·ABLE 1 ·0 +5 0 +5 

BLANK 0 +5 SQUARE OUTPUT ENABLE 2 0 0 +5 +5 

DESIRED 
OUTPUT X DEVICE SELECTED X 
VOLTAGE 
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Six selectable games for one AY-3-8S00 48-2 
BALL & or two players with vertical 

PADDLE I paddle motion. Tennis, Soccer, 
Squash, Practice, Rifle Game AY-3-8S00-1 48-2 
I & Rifle Game R 
Six selectable games for 

AY-3-8SS0 48-14 one or two players, with 
BALL & horizontal and vertical paddle 

PADDLEIA motion. Tennis, Soccer, Squash, 
Practice, Rifle Game I & A Y -3-8SS0-1 48-14 
Rifle Game R. 

AY-3-8S1S-1 48-23 II 
AY-3-8600 48-24 

AY-3-8600-1 48-24 

AY-3-861S-1 48-33 

GIMINI TV GAMES 



I iii I AY-3-8S00 A Y -3-8500-1 

Ball & Paddle I 
FEATURES 
• Full COLOR operation (see page 4B-13) 
• 6 Selectable Games - Tennis, soccer, squash, 

practice and two rifle shooting games . 
• 625 Line (AY-3-8500) and 525 Lina (AY-3-650D-1) varslons. 
• Automatic Scoring 
• Score display on T.V. Screen, 0 to 15. 
• Selectable Bat Size 
• Selectable Angles 
• Selectable Ball Speed 
• Automatic or Manual Ball Service 
• Realism Sounds 
• Shooting Forwards in Soccer Game 
• Visually defined area for all Ball Games. 

DESCRIPTION 

The AY-3-6500 and AY-3-65OD-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 ara required to complete tha 
system. A system diagram Is shown balow. 

SYSTEM DIAGRAM 

PIN CONFIGURATION 
28 LEAD DUAL IN LINE 

'NC 
VS. (Ground) 

Sound Output 

vee 
Ball Angles 
Ball Output 
BIIiSpesd 

Manual Serve 
Right Player Output 

Lett Player Output 
Right Bat Input 

Left Bat Input 
Bat Slzo 

'NC 

NC' 
Hit Input 
Shot Input 

Reset Input 
SCore and Field Output 
Practice 

Squaah 
Soccer 
Tennis 
Rifle Game 2 
Rifle Game 1 
Clock Input 
Sync Output 
NC' 

*00 not use as tie point. 

2MHz OSC. 

~c~~-----1~----~--------------------------------------~--~~r----------' 
10K 

1+---+-1---, .01 75pF 

~t-t:::t=~~ 

'AV-3-8500 only. 

ALTERNATE Ir -::- - ~R:A;l 
2MHz OSC. 1 2.00 1 

MHz 

I~ 2201101 

1 1 
1 30Pi I 

330H 

220H 

'---------W\~4-"""o/'v_-.... TO MODULATOR (Flg.S) 

IIHII l.J III!-------jlll U-
fo-

II~-jll 
SYNC SPACE --l 

SlOt? 
SlOt! 

~r~(40~ ___ -1 

4B-2 
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------------ -------------
t ILl 
I 
~ 

Ii! 

• • • • • • • • •• • ... 1f 
• • -... -

t 

I 
~ 

------------ ----~--------
A9~.1--------__________________ --------------

Tennis 
With the tennis game 'the picture on the television screen would 
be similar to Figure 1 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 depend 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 wi II serve arbitrarily to one side at one ofthe angles. Ifthe 
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 the ball. When a 'hit' is 
detected by the iogic, 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. 

4B-4 

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, refiecting 
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 had 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 
bounca 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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-------------------------ILl Ii! t 

1 
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-------------------------
Squash 

This game Is illustrated in Flg.3. There are two 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 turn. Each player 
is enabled alternately to ensure that the proper sequence of play 
is followed. 

-------------------------

Practice 

This game Is similar to squash except that there is only one 
player. See Fig. 4. 

411-6 
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PACKAGE OUTLINES 

PACKAGE OUTLINES (All dimensions in inches) 
8 LEAD DUAL IN LINE 

a --T 
.025R .ill. 

.245 

INDEX • ~ 
POINT 

PLASTIC 

14 LEAD DUAL IN LINE 

PLASTIC 

[D 
POINT 

.04S 

'r 
INozr-t;~=l 

r .085 REF .025 

tSASE PLANE . I --L 
.160 SEATING PLANE I I ~. 
MIN . .--- " --, .CIO t .ooa, 

0: JL 0-- .300 
.Ot1!.o03 

CERAMIC 

CERAMIC 



PACKAGE OUTLINES (All dimensions in Inches) 
16 LEAD DUAL IN LINE 

:~TYP, 

PLASTIC 

18 LEAD DUAL IN LINE 

PLASTIC 

22 LEAD DUAL IN LINE 

.oIORTYP \ 

PACKAGE OUTLINES m 

J:g:n INDEXL: J POINT .3!50 

.830 -:7E--

... ,:. ~02O~N. 
i't T-TJ. I ~rN' 

0--15· .&!Q JL .150 MIN . 
. 030 .110 .020 .055 

.090 .5i'5 .040 

CERAMIC 

CERAMIC 

J::::::::]] 
"'''F =-j POINT 

1.105 
T."065 

__ I~ t 

'~TYP f/-It'l 
"""AN' .L .1"." t:1 ~I ~ 

I ~ p' ,OIO±,o02 

~ 0"-15°--/ 

.... -jL~ .. - ... '" .Off 

PLASTIC CERAMIC 
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Ii] ·PACKAGE OUTLINES 

PACKAGE OUTLINES (All dimensions In Inches) 
24 LEAD DUAL IN LINE 

PLASTIC CERAMIC 

28 LEAD DUAL IN LINE 

PLASTIC CERAMIC 

40 LEAD DUAL IN LINE 

PLASTIC CERAMIC 

A-4 



PACKAGE OUTLINES (All dimensions in inches) 

8 LEAD TO-78 

10 LEAD TO-100 

28 LEAD MINI-PAK 

8 LEAD TO-99 

m.n.O.500 
t 

TOP VIEW 

ORIENTATION ~ ?iDiIfID~ 

L ~"l 
"OTf) ~G1~~lMAX 

:J-. I 

~~~COAnNG 
12SMAX d ....... 1;-1 

,- \ SOLDER BUMPS .O:!.OO3 
(.OO7TVP.) 

PACKAGE OUTLINES I!I 

12 LEAD TO-73 

8 LEAD TO-8 

rt"02::~---I .040 1-"· ••• :8fb", I~j __ 
~u::::::Il.l72 MAX. 

,-,A U U U. f SItt:EG 

.OI9::gg~ n n n n .15215"'.215 
II PLACES' U U u u-L 

.-L=~tj~~~··036;8llP 

0.370 
335 

~ I 0.305 I 

.o36::8ibO 

!lI..1L.. I 0.185 
.~- 0.165 
T-

0.040 ~q 

~:: -..-A'm 110m min. 0.500 
0.021_____ --~ 
0.016 

BACK VIEW 

r1.4= 
~ 

O6OTYP.~ I--

A-5 
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[!] SALES OFFICES 

NORTH AMERICA 
UNITED STATES 
GENERAL INSTRUMENT CORPORATION 
MICROELECTRONICS 
HEADQUARTERS - 600 West John Street 
Hicksville, New York 11802 
Tel: 516-733-3107, TWX: 510-221-1866 

NORTHEAST - Riverside Office Park, Suite 103, 
Riverside Road, Weston, Massachusetts 02193 
Tel: 617-899-8800, TWX: 710-324-0767 

SOUTHEAST - 271 Shilling Circle, 
Hunt Valley, Maryland 21030 
Tel: 301-628-2120, TWX: 710-862-9064 

EAST CENTRAL - 200 Witmer Road, Box 346, 
Horsham, Pennsylvania 19044 
Tel: (215) 674-4800, Telex: 831407 

CENTRAL - 3101 West Pratt Boulevard, 
Chicago, Illinois 60645 
Tel: 312-338-9200, TWX: 910-221-1416 

SOUTHWEST - 2355 West Williams Field Road, 
Chandler, Arizona 85224 
Tel: 602-963-7373, TWX: 910-950-1963 

WESTERN - 1100 Quail Street, Suite 114, 
Newport Beach, California 92660 
Tel: 714-833-9400, TWX: 910-595-1730 

SOUTH AMERICA 
BRAZIL: 
GENERAL INSTRUMENT leC Ldta 
Av. Faria Lima 1794, Sao Paulo CEP 01452 
Tel: 2105508 

A-6 

EUROPE 
EUROPEAN SALES HEADQUARTERS: 
GENERAL INSTRUMENT MICROELECTRONICS LTD. 
57/61 Mortimer Street, London W1N 7TD 
Tel: 01-636-2023/4/5, Telex: 23272 

CENTRAL EUROPEAN SALES OFFICE: 
GENERAL INSTRUMENT DEUTSCHLAND GmbH 
(MaS Produktgruppe) 
Nordendstrasse 1 A, 8000 Munchen 40 
Tel: (089)28.40.31, Telex: 528054 

SOUTHERN EUROPEAN SALES OFFICE 
Via Lorenzetti 6, 20100 Milano 
Tel: 02/4084101, Telex: 39423 

ASIA 
HONG KONG: 
GENERAL INSTRUMENT HONG KONG LTD. 
Room 704 Star House, 3 Salisbury Road, Kowloon 
Tel: 3-675528, Telex: 84606 

JAPAN: 
GENERAL INSTRUMENT INTERNATIONAL CORP. 
HEAD OFFICE - 17 Shiba-Fukide-cho, 
Minato-ku, Tokyo 105 
Tel: (03) 437-0281, Telex: 26579 
OSAKA OFFICE - 299 Yamaguchi-cho, 
Higashi Yodogawa-ku, Osaka 
Tel: (06) 323-1877 

TAIWAN: 
GENERAL INSTRUMENT 
MICROELECTRONICS TAIWAN 
B2-11 Kaohsiung Export Processing Zone, Koahsiung 
Tel: (07) 830402. Telex: 785-81901 



UNITED STATES 

ARIZONA 
Electronic Development & Sales 
4414 N. 19th Avenue-Suite H 
Phoenix, AZ 85015 
Tel: (602) 277-7407 

CALIFORNIA 
Va rig on Assoc. 
137 Eucalyptus Drive 
EI Segundo, CA 90245 
Tel: (213) 322-1120 
TWX: 910-348-7141 

COLORADO 
Eggeman Assoc. 
3585 Owens Street 
Wheat Ridge, CO 80033 
Tel: (303) 423-3707 

CONNECTICUT 
Gerald Rosen Co, 
Colonial Square 
2420 Main Street 
Stratford, CT 06497 
Tel: (203) 375-5456 

FLORIDA 
Hutto, Hawkins & Peregoy 
139 Candace Drive 
Maitland, FL 32751 
Tel: (305) 831-2474 
TWX: 810-853-0256 
Hutto, Hawkins & Peregoy 
2159 S.E. 9th Street 
Pompano Beach, FL 33062 
Tel: (305) 943-9593 
TWX: 510-956-9402 

ILLINOIS 
Metcom Assoc. 
2 Talcott Road 
Park Ridge,IL 60068 
Tel: (312) 696-1490 
TWX: 910-253-5941 

INDIANA 
V.S. & Assoc. 
1000 N. Madison Avenue 
Greenwood, IN 46142 
Tel: (317) 888-2260 
TWX: 810-260-2231 
V.S. & Assoc. 
2122A Miami Street 
South Bend, IN 46613 
Tel: (219) 291-6258 
TWX: 810-299-2535 

IOWA 
PMA 
1801 IE Tower 
Cedar Rapids, IA 52401 
Tel: (319) 362-9177 

KANSAS 
PMA 
9602 Outlook Drive 
Overland Park. KS 66206 
Tel: (913) 381-0004 
TWX: 910-749-6473 

SALES REPRESENTATIVES I!!l 

PMA 
2205 S. Seneca 
Wichita, KS 67202 
Tel: (316) 264-2662 
TWX: 910-741-6851 

MARYLAND 
Component Sales 
Hilton Plaza Inn - Suite 206 
126 Reisterstown Road 
Baltimore, MD 21208 
Tel: (301) 484-3647 
TWX: 710-862-0852 

MASSACHUSETTS 
Gerald Rosen Co. 
271 Worcester Road 
Framingham, MA 01701 
Tel: (617) 879-5505 
TWX: 710-380-0466 

MICHIGAN 
V.S. & Assoc. 
29551 Greenfield Road 
Suite 219 
Southfield, MI 48076 
Tel: (313) 559-3680 
TWX: 810-299-2535 

MINNESOTA 
Quantum Sales 
7710 Computer Avenue 
Minneapolis, MN 55435 
Tel: (612) 831-8583 
TWX: 910-576-2988 

MISSOURI 
PMA 
140 Weldon Parkway 
Maryland Heights, MO 63043 
Tel: (314) 569-1220 

NEW JERSEY 
R.T. Reid Assoc. 
705 Cedar Lane 
Teaneck, NJ 07666 
Tel: (201) 692-0200 
TWX: 710-990-5086 

NORTH CAROLINA 
Component Sales 
P.O. Box 18821 
Raleigh. NC 27609 
Tel: (919) 782-8433 
TWX: 510-928-0513 

OHIO 
Bear Marketing 
3623 Brecksville Road 
Richfield, OH 44286 
Tel: (216) 659-3131 
TWX: 810-427-9100 

OREGON 
Jas. J. Backer Co. 
2035 SW. 58th Street - Rm. 207 
Portland, OR 97221 
Tel: (503) 297-3776 

PENNSYLVANIA 
Foster-McClinton 
2867 Washington Road 
Bridgeville, PA 15017 
Tel: (412) 941-4800 
Telex: 866477 

Foster-McClinton 
2131 W. 8th Street 
Erie, PA 16505 
Tel: (814) 455-9111 
Telex: 914462 
Knowles Assoc. 
1 Fairway Plaza, Suite 30 
Huntingdon Valley, PA 19006 
Tel: (215) 947-5641 
TWX: 510-665-5303 

TEXAS 
Oeler & Menelaides 
6065 Hillcraft 
Houston, TX 77035 
Tel: (713) 772-0730 
TWX: 910-867-4745 
Oeler & Menelaides 
558 S. Central Expressway 
Richardson, TX 75080 
Tel: (214) 234-6334 
TWX: 910-867-4745 

WASHINGTON 
Jas. J. Backer Co. 
221 West Galer Street 
Seattle, WA 98119 
Tel: (206) 285-1300 
TWX: 910-444-1646 

WEST VIRGINIA 
Foster-McClinton 
17 Pembrooke Lane 
Huntington, W. VA 25705 
Tel: (304) 763-5161 

CANADA 

ONTARIO 
Pipe-Thompson, Ltd. 
83 Cumberland Drive 
Mississauga, Ontario 
Tel: (416) 274-1269 
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[!] DISTRIBUTORS 

UNITED STATES 

ARIZONA 
MIRCO 
2005 W. Peoria Ave. 
Phoenix, AZ 85029 
Tel: (602) 997-6194 

CALIFORNIA 
SEMI COMP 
4029 Westerly Place 
Newport Beach, CA. 92660 
Tel: (714) 833-3070 
INTERMARK 
4040 Sorrento Valley Rd. 
San Diego, CA 92121 
Tel: (714) 279-5200 
INTERMARK 
1802 E. Carnegie Ave. 
Santa Ana, CA. 92705 
Tel: (714) 540-1322 
DIPLOMAT 
1118 Elko Dr. 
Sunnyvale, CA. 94086 
Tel: (408) 734-1900 
INTERMARK 
1020 Stewart Dr. 
Sunnyvale, CA. 94086 
Tel: (408) 738-1111 
SEMICONDUCTOR CONCEPTS 
20201 Oxnard SI. 
Woodland Hills, CA 91364 
Tel: (213) 884-4560 

COLORADO 
CENTURY 
8155 W. 48th Ave. 
Wheatridge, CO. 80033 
Tel: (303) 424-1985 

CONNECTICUT 
ARROW 
295 Treadwell SI. 
Hamden, CT. 06514 
Tel: (203) 248-3801 

FLORIDA 
DIPLOMAT 
1771 N. Hercules Ave. 
Clearwater, FLA. 33515 
Tel: (813) 443-4514 
ARROW 
1001 NW. 62nd SI. 
FI. Lauderdale, FLA. 33300 
Tel: (305) 776-7790 

ILLINOIS 
HALL-MARK/CHICAGO 
180 Crossen Ave. 
Elk Grove Village, ILL. 60007 
Tel: (312) 437-8800 
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INDIANA 
FT. WAYNE ELECTRONICS 
3606 E. Maumee Ave. 
FI. Wayne, IN. 46803 
Tel: (219) 423-3422 

KANSAS 
HALL-MARK/KANSAS CITY 
11870 W. 91st SI. 
Shawnee Mission, KS 66214 
Tel: (913) 888-4747 

MARYLAND 
ARROW 
4801 Benson Ave. 
Baltimore, MD. 21227 
Tel: (301) 247-5200 
PIONEER 
1037 Taft SI. 
Rockville, MD. 20850 
Tel: (301) 424-3300 

MASSACHUSETTS 
DIPLOMAT 
559 East Street 
Chicopee Falls, MA. 01020 
Tel: (413) 592-9441 
DIPLOMAT 
Kuniholm Dr. 
Holliston, MASS 01746 
Tel: (617) 429-4120 
CRAMER 
85 Wells Ave. 
Newton, MASS. 02159 
Tel: (617) 964-4003 
GREENE/SHAW 
70 Bridge SI. 
Newton, MASS. 02158 
Tel: (617) 969-8900 
ARROW 
960 Commerce Way 
Woburn, MASS 01830 
Tel: (617) 933-8130 

MICHIGAN 
DIPLOMAT 
32708 W. Eight Mile Rd. 
Farmington, MI. 48024 
Tel: (313) 477-3200 

MINNESOTA 
ARROW 
9700 Newton Ave. So. 
Bloomington, MN. 55431 
Tel: (612) 888-5522 
HALL-MARK/MINNESOTA 
9201 Penn Ave. So. 
Minneapolis, MN. 55421 
Tel: (612) 884-9056 

MISSOURI 
HALL-MARK/ST. LOUIS 
13789 Rider Trail 
Earth City, MO. 63045 
Tel: (314) 291-5350 
DIPLOMAT 
2725 Mercantile Dr. 
S!. Louis, MO. 63144 
Tel: (314) 645-8550 

NEW JERSEY 
ARROW 
Pleasant Valley Rd. 
Moorestown, N.J. 08057 
Tel: (609) 235-1900 
ARROW 
285 Midland Ave. 
Saddlebrook, N.J. 07662 
Tel: (201) 797-5800 
DIPLOMAT 
490 S. Riverview Dr. 
Totowa, N.J. 07511 
Tel: (201) 785-1830 

NEW MEXICO 
CENTURY 
121 Elizabeth N.E. 
Albuquerque, NM 87108 
Tel: (505) 292-2700 

NEW YORK 
SUMMIT 
916 Main SI. 
Buffalo, N.Y. 14202 
Tel: (716) 884-3450 
ZEUS 
500 Executive Blvd. 
Elmsford, N.Y. 10523 
Tel: (914) 592-4120 
ARROW 
900 Broad Hollow Rd. 
Farmingdale, N.Y. 11735 
Tel: (516) 694-6800 
ARROW 
Old Route 9 
Fishkill, N.Y. 12524 
Tel: (914) 896-7530 
SEMICONDUCTOR CONCEPTS 
145 Oser Ave. 
Hauppauge, N.Y. 11787 
Tel: (516) 273-1234 
DIPLOMAT 
303 Crossway Park Dr. 
Woodbury, N.Y. 11797 
Tel: (516) 921-9373 



UNITED STATES 

NORTH CAROLINA 
PIONEER 
2906 Baltic Ave. 
Greensboro, N.C. 27406 
Tel: (919) 273-4441 

OHIO 
ARROW 
23500 Mercantile Rd. 
Cleveland, OH. 44122 
Tel: (216) 464-2000 
ARROW 
3100 Plainfield Rd. 
Dayton, OH. 45404 
Tel: (513) 253-9176 

OREGON 
UNITED RADIO 
123 N.E. 7th Ave. 
Portland, OR. 97214 
Tel: (503) 233-7151 

PENNSYLVANIA 
PIONEER 
203 Witmer Rd. 
Horsham, PA. 19044 
Tel: (215) 674-5710 
HALL-MARK/PHILADELPHIA 
458 Pike Rd. 
Huntingdon Valley, PA. 19006 
Tel: (215) 355-7300 

TEXAS 
HALL-MARK/DALLAS 
9333 Forest Lane 
Dallas, TX 75231 
(214) 231-6111 
HALL-MARK/HOUSTON 
8000 Westglen 
Houston, TX 77063 
(713) 781-6100 

UTAH 
CENTURY ELECTRONIC 
2150 So. 300 West 
Salt Lake City, UT. 84115 
Tel: (801) 487-8551 
DIPLOMAT 
2280 So. Main SI. 
Salt Lake City, UT. 84115 
Tel: (801) 486-7227 

WISCONSIN 
ARROW 
2925 South 160th SI. 
New Berlin, WI. 53151 
Tel: (414) 782-2801 
HALL-MARK/MILWAUKEE 
237 South Curtis 
West Allis, WI. 53214 
Tel: (414) 476-1270 

DISTRIBUTORS 8 
CANADA 

BRITISH COLUMBIA 
RAE Industrial Electronics Ltd. 
1629 Main Street 
Vancouver, B.C. 
Tel: (604) 687-2621 
TWX: (610) 929-3065 

MANITOBA 
Cam Guard Supply & Service Ltd. 
1777 Ellice Avenue 
Winnipeg, Manitoba 
Tel: (204) 786-8481 
Telex: 07-57622 

ONTARIO 
Downsvlew 
Cesco Electronics Ltd. 
24 Martin Ross Avenue 
Downsview, Ontario 
Tel: (416) 661-0220 
Telex: 02-29697 
Ottawa 
Cesco Electronics Ltd. 
1300 Carling Avenue 
Ottawa, Ontario 
Tel: (613) 729-5118 
Telex: 053-3584 
Rexdale 
Future Electronics Corp. 
44 Fasken Drive, Unit 24 
Rexdale, Ontario 
Tel: (416) 667-7820 
Willowdale 
Electro Sonic Inc. 
1100 Gordon Baker Road 
Willowdale, Ontario 
Tel: (416) 494-1666 
Telex: 06-22030 

QUEBEC 
Montreal 
Cesco Electronics Ltd. 
4050 Jean Talon Street West 
Montreal, Quebec 
Tel: (514) 735-5511 
Telex: 05-25590 
Future Electronics Corp. 
5647 Ferrier Street 
Montreal, Quebec 
Tel: (610) 421-3251 
Telex: 05-827789 
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8 AGENCIES AND DISTRIBUTORS 

EUROPE 

AUSTRIA 
Elbatex GmbH 
Breitenfurter Str. 381 
A-1235 Wien 
Tel: 0222/869158 
Telex: 013128 

BELGIUM 
C.P. Clare International N.V. 
102 Gen. Gratry 
Bruxelles 4 
Tel: 02-736.01.97 
Telex: 24157 

DENMARK 
A/S Nordisk-Elektronik 
Transformervej 17 
DK-2730 Herlev 
Tel: 84.30.00 
Telex: 19219 

FINLAND 
Jorma Sarkkinen Ky. 
Keikintori, P.O. Box 19, 
SF-02100 Tapiola 
Tel: 46.10.88 
Telex: 122028 

FRANCE 
P.E.P. 
4 Rue Barthelemy 
92120 Montrouge, 
Tel: 735.33.20 
Telex: 204534 

GERMANY 
Frankfurt/Main 
Berger Elektronik GmbH 
Am Tiergarten 14 
Tel: 0611/490311 
Telex: 04-12649 
Hellbronn 
Elbatex GmbH 
Caecilienstr. 24 
Tel: 07131/89001, 
Telex: 728362 
Lehrte 
Altron 
A.E. Thronicke KG 
3160 Lehrte 
Postfach 1280 
Tel: 05132/53024 
Telex: 922383 
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Munchen 
Electronic 2000 
Vertriebs-GmbH 
Neumarkter Str. 75 
8000 Munchen 80, 
Tel: 0 89/43 40 61 
Telex: 02-2561 

GREECE 
Elfon Ltd. 
Konstantinoupoleos 18-20 
Nea Smyrni, Athens 
Tel: (021) 9348912, 
Telex: 214150 

HOLLAND 
Curijn Hasselaar 
V Utenhoveweg 100 
P.O. Box 37, Geldermaisen 
Tel: (0) 3455-3150 
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 Domenichino, 12 
20100 Milamo 
Tel: 4985051-2-3-4-5 
Telex: 39423 
Genova 
Adelsy S.p.A. 
P.zza della Vittoria, 15/25 
16121 Genova 
Tel: 010/589674 
Roma 
Adelsy S.p.A. 
P.le Flaminio, 19 
00196 Roma 
Tel: 06/3606580/3605769 
Torino 
Adelsy S.p.A. 
C.so MatteoUi, 32/A 
10121 Torino 
Tel: 011/53914 

Udine 
Adelsy S.p.A. 
Via Marangoni, 45/48 
33100 Udine 
Tel: 0432/26996 
Calderara dl Reno 
I.C.C. S.r.1. 
Localita Lippo 
Via Crocetta, 38 
40012 Calderara Di Reno 
Tel: 051/726186 

NORWAY 
J.M. Feiring A/S 
Box 101, Bryn, Oslo 6 
Tel: (02) 19.62.00 
Telex: 16435 

SWEDEN 
Algers Elektronik AB 
Box 7052 
S-172-07 Sundbyberg 
Tel: 08-985475, 
Telex: 10526 

SWITZERLAND 
Ellyptic AG 
Postfach 174, 8036 Zurich 
Tel: 33.05.89. 
Telex: 56835 

TURKEY 
EFG Inc. 
Buyukdere cad. Hayat 
Ap.28/1 
Mecidiyekoy, Istanbul 
Tel: 66 73 61, 
Telex: 22562 

UNITED KINGDOM 
Keighley 
Semicomps Northern Ltd. 
Ingrow Lane 
Keighley, W. Yorks 
Tel: Keighley 65191, 
Telex: 517343 
Kelso 
Semicomps Northern Ltd. 
East Bowmont Street 
Kelso, Roxburghshire 
Tel: Kelso 2366, 
Telex: 72692 



EUROPE 

Kenilworth 
Semicomps Ltd. 
3 Warwick House, Sta. Rd. 
Kenilworth, Warwickshire 
Tel: 0926-59411, 
Telex: 31212 

Manchester 
GDS (Sales) Ltd. 
24 Broughton St. 
Cheeton Hili, Manchester 
Tel: 061 831 7471 
Telex: 668304 

Portsmouth 
SDS Components Ltd. 
Hilsea Industrial Estate 
Portsmouth, 
Hants P03 5JW 
Tel: 0705 65311, 
Telex: 86119 

SI. Albans 
Semicomps Ltd. 
Wellington Road 
London Colney 
St. Albans, Herts 
Tel: Bowmans Green 24522 
Telex: 21108 

Slough 
GDS (Sales) Ltd. 
380 Bath Road 
Slough SL1 6JE 
Tel: 06286-63611, Telex: 847571 

West Drayton 
Semiconductor Specialists Ltd. 
Premier House, Fairfield Road 
Yiewsley, West Drayton 
Middlesex. 
Tel: West Drayton 46415 
Telex: 21958 

YUGOSLAVIA 
Eliyptic AG 
Postfach 174, 8036 Zurich 
Tel: 33.05.89, Telex: 56835 

AGENCIES AND DISTRIBUTORS [!] 

MIDDLE EAST 

IRAN 
A. Ardehali 
138 Vozara Avenue, Tehran 
Tel: 621583 

ISRAEL 
Alexander Schneider Ltd. 
44 Petach Tikva Road 
Tel-Aviv 
Tel: 320.89-346.07 
Telex: 33613 

ASIA 

HONG KONG 
Astec International Ltd. 
Oriental Centre - 14th Floor 
67-71 Chatham Road, Kowioon 
Tel: 3-694751, Telex: 780-74899 

INDIA 
SDM and Associates 
A-3/9 Janakpuri 
New Delhi - 100058 
Tel: 393349 or 391225 

KOREA 
Dongyoung Trading Company 
CPO Box 7636, Seoul 
Tel: 794-4812, Telex: 27305 

PHILIPPINES 
Astec Philippines 
Makati Stock Exchange Bldg. 
2nd Floor, Room 233 
Ayala Ave., Makati Rizal3117 
Tel: 89-99-91, Telex: 07563553 

SINGAPORE 
Astec Singapore Pte Ltd. 
1704, Golden Mile Towers 
Beech Road, Singapore 7 
Tel: 2-920-826, 
Telex: 08723489 

TAIWAN 
Astec Taiwan 
Room 803, 8th Floor 
282 Lin Shinn Road, Taipei 
Tel: 522-4800, Telex: 08523300 

AUSTRALIA 

New South Wales 
G.E.S. (Pty) Ltd. 
99 Alexander Street 
Crows Nest, N.S.W 
Tel: 439-2488, Telex: 25486 
Victoria 
Rand D Electronics (Pty) Ltd. 
23 Burwood Road 
Burwood, Victoria 
Tel: 288-8232, Telex: 33288 

SOUTH AFRICA 

Bramley 
Metlionics (Pty.) Ltd. 
P.O. Box 39690 
Bramley 2018 
Tel: 40-7746, Telex: 8-4852 
Dunswart 
Pace Electronic 
Components (Pty) Ltd. 
P.O. Box 6054 
Dunswrt 1508 
Tel: 52-7025, Telex: 8-7823 
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