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GENERAL INSTRUMENT
MICROELECTRONICS

A TOTAL
TECHNOLOGICAL SERVICE

Glenrothes, Scotland—Mask Aligners.

3 e .
Hicksville, New York:

.
—Test area.

Hicksville, New York—Microelectronics World Headquarters.



General Instrument Microelectronics is one
of the world’s leading manufacturers of MOS
(metal oxide semiconductor) LSI (large
scale integration) products. A pioneerin
MOS/LSIin 1966, General Instrument is now
aworldwide supplier of volume
microelectronic products.

Gl hasfacilities in every major market,
providing customers with the full spectrum
of services: new product development...
applications engineering support...circuit
manufacturing.

Strategically Located Plants

General Instrument operates four
production facilities in the United States,
Europe and the Far East. The plants at
Glenrothes, Scotland; Chandler, Arizona and

Chandler, Arizona—Wafer Coating.

Hicksville, New York have full capability for
design, mask making, diffusion, assembly,
test and quality assurance. The factory in
Kaohsiung, Taiwan is specifically set up for
high volume assembly, test, quality
assurance and Far East applications
assistance.

In addition to providing nearby sources of
supply on three continents, each plant has a
backup facility designated as an in-house
second source to insure uninterrupted
delivery. Common processes and equipment
are employed and major product styles are
always produced in at least two separate
locations. To maintain uniform standards
from plant to plant, the quality assurance
group at each facility reportsto a
worldwide quality assurance director.

Kaohsiung, Taiwan—Assembly operation.




Because General instrument has a
comprehensive exposure to the world MOS
market, it has been able to structure its
facilities to conform to evolving customer
needs. Production capabilities are
concentrated in product areas of greatest
volume. Furthermore, cost effectiveness is
enhanced because import duties are saved
on locally manufactured products.

Broad Product Lines

General Instrument Microelectronics offers
the widest range of standard LSl circuits in
the industry. The company’s off-the-shelf
microcircuit portfolio consists of over 200
different MOS/LSI devices for a diversity of
markets: consumer, calculator, tele -
communications, and data management.

'y e .-

Chandler, Arizona—Electron Beam Evaporation.

As aleading supplier of consumer
microelectronics, General Instrument
manufactures MOS/LSI circuits for clocks,
clockradios, TV tuners, remote control,
appliance timers, radio and high fidelity
systems. Gl is aleading supplier of LSl for
video games; the AY-3-8500 was the first
single chip LSI product to provide six
different games with on-screen scoring and
realistic sound.

General Instrument is the largest
independent manufacturer of microcircuits
for hand held and printing calculators. The
product selection ranges from the basic
functions to advanced scientific and
printing calculator LSI.

Glenrothes, Scotland—Assembly operation.
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As an outgrowth of General Instrument
Corporation’s long experience in
telecommunications, Gl Microelectronics
has introduced a series of standard
telephone circuits for use in the conversion
of telephone apparatus from
electromechanical to all-electronic
operation. These circuits are being sold to
the independent producers of telephone
equipment around the world.

This catalog not only contains an extensive
range of products but offers the widest
choice of circuits within each specific family.
Note, for example, the microprocessor and
memory product line. In addition to
supplying ROMs and RAMs, General
Instrument Microelectronics has introduced
amajor new product style. It's the EAROM,

or electrically alterable ROM, which
combines the reprogrammability of the RAM
with the non-volatility of the ROM. Further,
Gl's 4K Static RAM is particularly suited for
use with microprocessors for data terminals
and telecommunications.

The CP1600 Microprocessor, which General
Instrument developed jointly with Honeywell,
isthe world’s most powerful 16 bit
microprocessor. For the first time,the logic
byte size, or computing power, of
mini-computer hardware is made available
inasingle chip of silicon.

Continuing Cost Effectiveness

General Instrument helps you to compete.
Our high volume orientation, coupled with
aggressive cost reduction, has made




possible products previously beyond the
reach of the everyday consumer. The Gi
Mini-Pak, introduced for calculator and
consumer products, provides a further
saving in labor and material for the Gl
Microelectronics customer.

Advanced Design Centers
MOS design and development centers are
maintained at Glenrothes, Scotland;

Hicksville, New York and Chandler, Arizona.

Research and development for new
processes and products are conducted at
each of these locations.

Custom Design Services

In addition to its extensive catalog of
standard products, General Instrument
Microelectronics provides custom design
services to satisfy specific customer

1 Microphoto of CP1600 Microprocessor chip.

requirements. In some cases, the custom
application is best served by software or
firmware programming of a standard
microprocessor. In other cases, a custom
chip layout is more cost effective.

These services may be arranged through any
of the Microelectronics sales offices.

Applications Assistance Around the Globe
To provide the special applications
assistance that customers may require,
General Instrument Microelectronics
maintains fully staffed Applications Centers
at strategic locations around the world. ..

U.S.A.—Hicksville, New York / Chandler,
Arizona

EUROPE—Glenrothes, Scotland / London,
England / Munich, Germany

Complete Microcomputer hardware and software package.



ASIA—Kaohsiung, Taiwan / Tokyo, Japan /
Hong Kong

SOUTH AMERICA— Sao Paulo, Brazil

Arrangements can be made forimmediate
assistance from these centers by contacting
any of the sales offices listed in this catalog.

Corporate Support
General Instrument Microelectronicsis
backed by the full resources of the General
Instrument Corporation, which has for over
50 years been among the leadersin the
application of modern electronics to
entertainment, industrial, military,

data and communications
systems. The skills,

production techniquées and technological
know-how of the entire General Instrument
organization are utilized by Gl
Microelectronics to further improve its
products and customer services.

Among the other electronic components
manufactured by General Instrument are
discrete semiconductors, relays, display
devices and TV components. Gl also
produces CATV equipment, off-track and
on-track wagering systems and equipment
for defense applications.

Hicksville, New York—Pattern generator.

Hicksville, New York—
Computer-aided design system.
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PART PART PART

NUMBER SECTION PAGE NUMBER SECTION PAGE NUMBER SECTION PAGE
AY-1-0212 .... 5....... 91 AY-6-1013 .... 8....... 145 1/01600 ..... 10....... 202 1
AY-1-0212A .. 5....... 91 AY-6-4016 .... 8....... 154 LP1000 . . . 0. . 216
AY-1-1006 .... 5....... 96 C-583 ....... 2., 21 LP1010 ...... 10....... 216
AY-1-1007B .. 5....... 98 C-585 ....... 2. ... 22 LP1030 ...... 10....... 216
AY-1-1313 ... 5....... 100 C-589 ....... 2....... 23 LP6000 ... ... 10....... 216
AY-1-2006 .... 5....... 96 C-593 ....... 2....... 24 LP8000 ...... 10....... 216
AY-1-5050 .... 5....... 108 C-594 ....... o . 25
AY-1-5051 . 5. . 108 Coos S P MC1600 .. .. .. 10....... 203
AY-1-6721/5 .. 5....... 108 C-596 ... ... o 7 MEM1056 .... 9....... 162
AY-1-6721/6 .. 5....... 108 c-508 ... o 28 MEM1056BCD. 9....... 162
AY-3-0214 .... 5....... 94 C-599 ....... 2. ..., 29 PIC1640 ..... 10....... 210
AY-3-0215 .... 5....... 94 C-683 ....... 2 .. ... 21 PIC1650 ..... 10....... 213
AY-3-0216 .... 5....... 9 Cc-683D ...... 2. ..., 21
AY-3-1014A .. 8....... 149 C-685 ....... 2. ..., 22 PM1600 ... 10 204
AY-3-1015 .... 8....... 149 C-685D ...... 2. ..., 22 RA-3-4200 ....11....... 228
AY-3-8500 .... 4....... 84 C-689D ...... 2., 23 RA-3-4256 ... . 11....... 224
AY-3-8500-1 .. 4....... 84 C-717 ....... 2....... 31 RA-3-4256A .. . 11..... .. 224
AY-3-9400 .... 7....... 131 C-T17X ...... 2. ..., 31 RA-3-4256B . .11....... 224
AY-3-9410 .... 7....... 131 C-718 ....... 2. ..., 32 RA-3-4402 ....11....... 232
AY-5-1013 .... 8....... 145 C-719 ....... 2. . ... . 33 2(053-2216% . ::g ....... gg:
AY-5-1013A .. 8....... 145 1600 ......10.. . ... -3- 18
AY-5-1016 .... 8....... 154 Co1600 19 200 RO-3-4096 ...13....... 266
AY-5-1200A . 3. . ... 36 CF-583 ...... 2. 21 RO-3-5120 ...13....... 268
AY-5-1202A .. 3. . ... .. 36 CF-585 ...... 2....... 22 RO-3-8316A ..13....... 273
AY-5-1203A .. 3....... 36 CF-589 ...... 2. 23 RO-3-8316B ..13....... 273
AY-5-1204A .. 3....... 36 CF-593 ...... 2. 24 RO-3-9316A ..13....... 273
AY-5-1224A .. 3. ... . 38 CF-594 ...... 2. 25 RO-3-9316B ..13....... 273
AY-5-1230 .. .. 6. ... . 112 CF-595 ...... 2. 26 RO-3-16384 ..13....... 278
AY-5-1315 ... 5....... 102 | CF5% ... 2.0 27 | RO-3-20480 ..13....... 281
AY-5-1317A .. 5....... 104 8§:§3§ """ g """" gg RO-5-1302 ...13....... 260
AY-5-2376 ....14....... 284 CF-683 . o T 21 RO-5-2240S . .14....... 295
AY-5-3500 .... 9....... 163 CE-685 . 5 22 RO-5-5184 ...14....... 303
AY-5-3507 .... 9....... 168 oK3000 s 1 RO-5-8192 ...13....... 270
AY-5-3510 .... 9....... 168 | CK3000 ...... 3....... RO-61004/4 13 258
AY-5-3600 ....14....... 289 CK3100 .. .... 3....... M

RO-6-1024/8 .13....... 258
AY-5-4007 .... 9....... 172 CK3200 .. .... 3....... 46

RO-6-2048/4 .13....... 262
AY-5-4007A .. 9....... 172 CK3300 ...... 3., 52 O ey 1o s
AY-5-4007D .. 9....... 172 CK3400 . ..... 3....... 46 | A8
AY-5-4057 .... 9....... 178 10, . 192 RO-7-1024/4 A13....... 258
AY-5-5053 .... 9....... 181 gmgggA """ 10 192 RO-7-1024/8 .13....... 258
AY-5-5054 .... 9....... 186 | ol RO-7-2048/4 .13....... 262
AY-5-8100 .... 4....... 72 CT7000 ...... 6....... 116 RO-7-2048/8 .13....... 262
AY-5-8101 .... 4....... 72 ER1105 ...... 12....... 238 RM1600 . .. ... 10....... 205
AY-5-8300 .... 4....... 76 ER1400 ...... 12....... 243 RM1601 .. .... 10....... 206
AY-5-8302 .... 4....... 76 ER2050 ...... 12....... 246 1600 ; 207
AY-5-8310 .... 4....... 76 ER2401 ...... 12....... 24g | S1600 ....... 0.......
AY-5-8410 .... 4....... 82 ER2800 ...... 12....... 254 SAA1024 .. ... 4....... 66
AY-5-8411 ... 4....... 82 ER3400 ...... 12....... 255 SAA1025 ..... 4....... 68
AY-5-8420 .... 4....... 83
avaoioo 7 120 GIMINI ...... 10....... 198 SAL16(.)0 ..... 10....... 209
AY-5-9200 .... 7....... 124 GP1600 ...... 10....... 201 SL Series | contact any GI Sales
AY-5-9300 .... 7....... 130 SS Series | Office for details.
AY-5-9500 .... 7....... 134
AY-5-9800 .... 7....... 137




FUNCTIONAL INDEX

CALCULATORS Section 2
) ) v £
Description Function Flucasscent | 9V LED ?,‘,’,,‘;33 15V Fluorescent | 15V LED | PAGE
4 functions and percent key. CF-683 C-683 C-683D CF-583 C-583 21
8 DIGIT
rcent key, one-key or
BasiC | 4 functions, percent key 4 CF685 | C685 | C-685D CF-585 c-585 | 22
multi-key memory.
8 DIGIT 4 functions, percent key, x2,/X, 1/x, +/-, one-key or multi-key memory, :
ALGEBRA | choice of 20 to 29 keys. C-689D CF-589 c-s89 | 23
) 4 functions and percent key. CF-593 C-593 24
QB'Z'scfg 4 functions, percent key, one-key memory. CF-594 C-594 25
4 functions, percent key, multi-key memory. CF-595 C-595 26
Basic 4 functions; scientific notation, 'sin, cos, tan, arc sin, arc cos, arc tan, memory,
square root, pi, natural logs, 1/x, e*, memory exchange, degrees and radians, CF-596 C-596 27
exponent* range *99, choice of 19 to 35 keys.
98 DIGIT
'SCIENTIFIC - [ All the above plus: 0 to 10™ degree trig range, logie, 10%, y*, extended digit CF-598 c-508 28
accuracy of transcendentals, choice of 21 to 38 keys.
All the above plus: two levels of parenthesis, x2, %, +/-, choice of 24 to 41 keys. CF-599 C-599 29
The C-500/C-600 series are pin-for-pin compatible chips designed to fit in the same basic PC board. All have automatic constant in 4 functions,
floating decimal,, on-board oscillator, single power supply, and drive LED segments or fluorescent displays directly. All are in a 28 lead DIP.
MEMORY PART PAGE
DESCRIPTION FUNCTION FUNCTION NUMBER |PACKAGE FEATURES NO.
Basic 4 functions and percent, Grang‘ ;J_loa;‘or and c-n7 31
automatic constant in multiply Memori C-717X
and divide, repeat add/subtract, ones Interfaces with the Shinshu
12 DIGIT decimal select mode, memory-in- | Accumulator, ftem 4oDIP Seiki Model 310 impact printer.
PRINTING use indicator, rounding ophc;‘ns. counter, and four- .
?eoalrt\;?gg(#)/date key, and other key independent C-718 32
memory.
PRINTER- -
Adds dispiay capability to the C-717X For both LED R
DISPLAY o, - J— *C- "
INTSRFACE and C-718 printing calculator circuits. c-719 28DiP and fluorescent displays. 33
*For future release.
CLOCKS 7 CLOCK RADIOS Section 3
PART FLASHING ZERO 50/60 Hz PAGI
DESCRIPTION | FUNCTION NUMBER DISPLAY TYPE SECONDS | BLANKING |OPERATION PACKAGE FEATURES NO.
. 7-SEGMENT Direct fluorescent
AY-5-1200A| | ,ORESCENT v v 24DIP | Gigpiay drive. 36
. 7-SEGMENT Direct fluorescent
AY-5-1202A| ¢ ORESCENT v v v 24DIP | gisplay drive. 36
12/24hour | ay.s. v See AY-5-8320
4DIGIT clock 5-1203A BCD OUTPUTS v 24DIP TV circuit, 36
5 7-SEGMENT Direct fluorescent
AY-5-1204A FLUORESGENT v v 24DIP display drive. 36
8. BCDOR Zeroblanking in
AY-5-1224A 7-SEGMENT LED Vv v 16 DIP 12 hour mode only. 38
Snooze alarm,
CK3000 7-SEGMENT PLASMA v (4 v 40DIP | individual digit 41
12 hour clock, drive.
24 hour alarm | Snooze alarm,
CK3100 7-SEGMENT LED v v v 40 DIP ;g\\jlividual digit a
) | drive.
4DIGIT Snooze alarm,
WITHALARM | 12/24hour | CK3200 | 7-SEGMENT PLASMA v v v 28DIP | guplexed digits. | 46
S T
arm Snooze alarm,
CK3400 7-SEGMENT LED v v v 28DIP | giolexed digits. | 46
Snooze alarm,
dluple:(ied digits,
12/24 hour sleeptimer, time-
clock radio | CK3300 7-SEGMENT LED v v v 28DIP | Switch, battery 52
standby
capability.
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RADIO / TELEVISION / TV GAMES

FUNCTIONAL INDEX [=]

Section 4

DESCRIPTION FUNCTION NOMRER | SUOMER, | PACKAGE FEATURES FASE
5. _ 4, digit display; MW 2999 kHz, SW 29.995
RADIO RECEIVER | Gounts 8 displays MW, SW, AV-58100 | GNO- 17| a0 | Mz VHF 299.95MHz 0to 99 FMchannel 72
c OUN$ER JoISPLAY | and VHF frequencies indication (Europ d), 7-segment
AY-5-8101 GND, —12 outputs.
Displays channels 0—15
on TV screen. AY-5-8300 Display is positioned at top-right corner.
TV CHANNEL - +18,GND 14DIP Capable of color numerals/black 76
DISPLAY Displays channels 1-16 on AY-5-8302 background. Automatic display recall.
TV screen
Displays channels 0—15 or Display is positioned at top-right corner.
00—99 or time on TV screen. | AY-5-8310 Capable of color numerals/black back-
TV CHANNEL/TIME ground and either separate (AY-5-8310) or
DISPLAY +18,GND 24DIP simultaneous (AY-5-8320) time and channel 76
. display (see AY-5-1203A clock circuit), with
Displays channels 1-16 AY-5-8320 flashing seconds and colon. Automatic dis-
and/or time on TV screen play recall.
) 9V 30 ultrasonic control channels, 34-44 kHz.
Transmitter SAA 1024 BATTERY | 16DIP Utilizes a 4.4 MHz TV crystal for accuracy. €6
SEE DATA Power on/off output, 16 TV channel selection
Receiver SAA 1025 SHEET 16 DIP (& 5 spares), brightness, saturation and 68
TV REMOTE volume analog outputs.
CONTROL
N -
Transmitter AY-5-8410 GND, -15 23 channels, either local control 82
“AY-5-8411 9V BATTERY N at receiver or remote control.
Receiver *AY-5-8420 GND, -15 - 63 channels with error-detection. 83
Add-on for TV sets. 6 games: 3two-person and 3 one-person games.
i AY-3-8500 i i i
TV GAMES tennis, squash, hockey -9 vV | o4pip Automatic scoring (displayed on TV screen), 84
(soccer), pelota, rifle shooting AY-3-8500-1 BATTERY sounds, visually playing
182 area, 525 and 625 line standards.
ELECTRONIC ORGANS / FREQUENCY DIVIDERS Section 5
PART MAXIMUM POWER PAGE
DESCRIPTION FUNCTION NUMBER FREQUENCY SUPPLIES PACKAGE FEATURES NO.
FR%?)?JE%F‘CY Generates a complete octave | AY-1-0212 1.5 MHz +12. GND 16 DIP 250 kHz minimum 91
GENERATOR of musical frequencies AY-1-0212A 2.5 MHz ' frequency
AY-3-0214 12 outputs, 50% duty cycle
TOP OCTAVE
GENERATOR Generates top octave scale AY-3-0215 45MHz H10to +16, GND| 16 DIP 13 outputs, 50% duty cycle 94
AY-3-0216 13 outputs, 30% duty cycle
PRIORITY . L
Establishes priority level of e _ _ Stackable for expanded
h’g.a;ggﬁ 13 latch inputs/outputs AY-1-1313 20 kHz GND, —12, —27 40 DIP latching/priority function. 100
. Resets for coupling chords
RHYTHM Generates 6 rhythms. drives
N AY-5-1315 10 kHz GND, —15 18 DIP to rhythm. 32 beat pattern. 102
GENERATOR 8 instruments Mask programmable.
CHORD Produces major, minor, 7th B _ Mixed outputs, sustain, top
GENERATOR | chords, walking bass AY-5-1317A | 50 kHz GND, —15 40DIP | oy priority 104
4 stage AY-1-5051 1 MHz GND, —13, —27 10TO Arranged 2+1+1 108
5 stage AY-1-6721/5 1 MHz GND, —13, —27 10TO Arranged 3+2 108
AY-1-6721/6 1 MHz GND, —13, —27 1270 Arranged 3+2+1 108
Fgﬁ?ggggY 6 stage AY-1-1006 50 kHz GND, —12, —27 14 DIP Arranged 3+2+1 96
I
AY-1-2006 50 kHz GND, —12, —27 14 DIP Arranged 2+2+1+1 96
AY-1-5050 1 MHz GND, —13, —27 14 DIP Arranged 3+2+1+1 108
7 stage Arra
1- — - nged 3+2+1+1,
AY-1-1007B 50kHz GND, —12, —27 14 DIP power-on reset 98
APPLIANCE TIMERS
PART POWER
DESCRIPTION FUNCTION NUMBER SUPPLIES | PACKAGE FEATURES
50 Hz input (60 Hz option on request), BCD or
24 hour programmable, 7-se > A ’
o . " _ -segment direct fluorescent display drive
CLOCK TIMER | repeatable on/off time switch AY-5-1230 | GND, —17 28 DIP outputs, zero blanking, 24 hour display (12 112
with 24 hour clock
. hour option on request).
Keyboard programmable . N . " -~
COUNT-DOWN | count-down timer with 99 *CT7000 | GND, —15 | 4oDIp | SOMzinput,drives 4 digit display, end-of- 116
TIMER min/99 sec capability. put.

*For future release
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[E] FUNCTIONAL INDEX

TELECOMMUNICATIONS Section 7
DES PART POWER PAGE
DESCRIPTION FUNCTION NUMBER SUPPLIES PACKAGE FEATURES NO.
PUSHBUTTON
Converts push button - .
TELEPHONE h : B Programmable timing, one-call memory, optional re-
DIALLER input to rotary dial AY-5-9100 |SEEDATASHEET| 18DIP dial and access pause capability. 120

CIRCUIT pulses

REPERTORY Stores ten telephone B Complements AY-5-9100 to enable storage of up to
DIALLER numbers AY-5-9200 |SEEDATASHEET| 16DIP ten 22-digit telephone numbers. Stackable. 124

COINBOX Controls the operation

B Up to 3 coin denominations recognized. 16
CIRCUIT of a standard pay AY-5-9300 |SEEDATASHEET| 24DIP selectable coin value ratios. 130

telephone
DUAL TONE AY-3-9400 +5,GND 14pip | Withalow cost ic resonator, g 12 131
FREA&JLE'I\;C thenerates'MF/tone pairs.
U Y telephone frequencies .
GENERATOR AY-3-9410 +5,GND 16DIP Same as AY-3-9400 but generates 16 tone pairs for 131

data transmission.

Generates 2-phase
C-MOS CLOCK A e Generates 2-phase clocks for AY-5-9100 &
GENERATOR g!)ovtlzgrs sf[l%rglz single AY-5-9500 |SEEDATASHEET| 14DIP AY-5-9200. 134
MULTI- Detects and converts . .
FREQUENCY | MF/Tone telephone *AY-5-9800 |SEE DATA SHEET| 28 DIP or Many programmable features provide wide 137
RECEIVER frequencies. 40 DIP applications.

DATA COMMUNICATIONS . Section 8

PART REPLACES BAUD | MAX. TEMP. POWER PAGE
DESCRIPTION | FUNCTION | nyMBER | (PIN-FOR-PIN) | RANGE | FREG. | RANGE |suppLIES | PACKAGE | FEATURES |'\o
N 1,1.5,0r2
AY-3-1015 0to 30 kb| 480 kHz [ 0to70 +6,GND [ 40DIP | o Bt | 149
Complete 5-8 | TAY-6-1013 Ashfé 8;525‘;7 0to20kb | 320kHz |—55t0 +125
bit serial/ SMC COM2505 +5,GND, )
UAR/T® parallel, Av-5-1013 | SHIGCON 0to30kb | 480kHz | 0to70 40DIP | 1or2stopbits| 145
parallel/serial WD TRIA02A -2
interface AY-5-1013A | wDTR1602A |0to40kb |640kHz | Oto70
. 1,1.5,0r2
AY-3-1014A Oto30kb | 480 kHz | 01070 +5,GND | 40DIP | G S0 149
Multiplexes 16
RANDOM/ analog chan- AY-5-1016 0to70 +5 GND
SEQUENTIAL nels, current, . y
ACCESS | voltage, or - - 2MHz D 4o0IP 154
MULTIPLEXER | differential tAY-6-4016 ~55t0 +125
mode

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

®UAR/T is a regi of General nent Cor

COUNTERS / DIGITAL METERS Section 9

PART MAX. COUNT | DISPLAY POWER PAGE
DESCRIPTION FUNCTION NUMBER FREQUENCY |CURRENT| SUPPLIES PACKAGE FEATURES NO.
1DIGIT Counts & decodes one
COUNTER decade to BCD outputs. MEM1056BCD 1.0MHz - GND, —13, —27 240IP BCD outputs. 162
1DIGIT Counts & decodes one
COUNTER/ decade to 7-segment MEM 1056 1.0MHz 1.0mA |GND, —13, -27 24DIP 7-segment outputs 162
DISPLAY DRIVER | outputs.
40IGIT Gosodes four e v 500 kH 5,GND
lecodes four decades AY-5-4057 kHz - +5, , —12 16 DIP BCD outputs 178
COUNTER to BCD outputs.
- BCD outputs, true/
AY-5-4007 24DIP complement control 172
4DIGIT ctounts&(lép o:)gow?),
COUNTER/ stores & decodes four & _ Includes features of
DISPUAY DRIVER gg&a‘g:s to 7-segment AY-5-4007A 600 kHz 25mA/V | +5,GND, —12 40DIP AY-5-4007 & 4007D. 172
5. Serial count output, |
AY-5-4007D 24DIP three carry outputs 172
Range to 1999, 7-
AY-5-3507 6mA 180IP :
3% DIGIT DVM DVM logic incorporating 40 kH GND, —15 segment outputs 168
CIRCUIT dual ramp integration z ' Range to 1999, BCD
AY-5-3510 - 16 DIP outputs ' 168
3%DIGITDVM | DVMIogic incorporating | 3 ranges: 999, 1999,
si ; : -5-3500 200 kHz 6mA |GND, —7.5,—15| 28DIP |2999. Dual polarity, 163
CIRCUIT single ramp integration BCD & 7-seg. outputs
10BIT D/A Ladderless D/A Employs stochastic
CONVERTOR | converter AY-5-5053 |SEE DATA SHEET - +5,GND, —12 24DIP techni)t,mes. 181
’ With AY-5-5053, f
A/DCONVERTOR > For use inremote
performs A/D with AY-5-5054 |SEE DATA SHEET - +5,GND, —12 24DIP + Fvedt 186
CONTROL transmitter facility. sensing applications.

*For future release.
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FUNCTIONAL INDEX [=]

MICROPROCESSORS Section 10

INTERNAL CLOCKS/

PART INTER-| POWER PAG
DESCRIPTION REGISTER| FREQUENCY/ PACKAGE
NUMBER ADD MICROCYCLE FACE (SUPPLIES NO.
16 BIT—High performance, N-Channel, single-chip with 3rd
generation minicomputer architecture, 87 basic instructions, 8 CP1600 36us  [2/3.3MHz/ 600 ns. +12, +5
general purpose 16 bit registers, last-in/first-out stack of unlimited - TTL | GND, 3 40DIP | 192

depth, 65K memory address capability, dual level priority interrupt "
system, and Direct Memory Access capability. CP1600A| 24 us 2/5MHz/ 400 ns.

8 Blr‘lf’—PIC: A singl?—chip byte oriented micro-programmable
interface controller for low cost microprocessor/peripheral device .

interfacing. An internal ROM microprogram defines the overall PIC1640 400iP 210
functional characteristics and operational waveforms on each of the

gen(re'ral p;lrpose I/OF!iges. Both products emphasize control and Tus 1/4MHz/ 18 TTL | +5,GND
interface functions. PIC 1650 design/instruction set also supports |,
computing functions. Full software support and a Hardware Emulator PIC 1650 2801P | 213
are available.
LP 8000 40DIP | 216
8 BIT—ALPS: Advanced Logic Processing System. A kit of 5 P-
Channel arrays consisting of microprocessor, ROM, 1/0, memory LP 6000 TTLor 40DIP | 216
interface (to standard, RAM, ROM, PROM), and a clock/reset high | +5 GND
generator circuit. The microprocessor contains an 8 bit accumulator,| LP 1010 5.5us 1/720 kHz/694 ns. level T 2 40DIP | 216
48 internal registers, binary and decimal capability, and an input/ (open
output port allowing simple systems to be configured with as few as LP 1000 N 40DIP | 216
two chips. drain)
LP 1030 8DIP 216
General Instrument offers a “total product family” approach to microprocessor circuits including the circuits described here plus a “For future release

full complement of semiconductor circuits, PC card modules, prototype development hardware, extensive software support and
comprehensive documentation. For further information call the sales office nearest you.

RANDOM ACCESS MEMORIES ‘ Section 11
BITS/ MEMORY PART REPLACES | ACCESS TIME/ POWER PAGE
MODE | ORGANIZATION | NUMBER | (PIN-FOR-PIN) | CYCLE TIME SUPPLIES PACKAGE FEATURES | "N,

RA-3-4256 - 500ns/500 ns +5, GND 24 DIP Power down mode 224

S;%f" é 256 x 4 RA-3-4256A - 650ns/650ns +5, GND 24DIP | Power down mode 224

RA-3-42568 - 650ns/650ns +5, GND 22DIP 224

4096/ RA-3-4200 | SEMI 4200 | 215ns/400ns | +12, +5 GND, =5 22DIP | TTLoutput 228
4096 x 1

STATIC RA-3-4402 | SEMI 4402 200ns/350ns +12, GND, -5 22DIP | Differential outputs | 232

ELECTRICALLY ALTERABLE READ ONLY MEMORIES Section 12

MEMORY PART READ ERASE WRITE POWER
BITS ORGANIZATION | NUMBER | ACCESS TIME | TIME | MODE TIME SUPPLIES |PACKAGE|  FEATURES |“ng
512 32x16 ER 2050 4us 100ms| NHD | o i up| +5.-20 | 28D 246
1024 256 4 ER 1105 2us 100 ms %&ﬁ‘f eplomel ol +12,-12 | 24DIP 238
WORD 100ms/
1400 100 x 14 ER1400 34 ms 100ms| WORD |, S Woro| - 8 TO oy 243
ata storage
BLOCK 10ms/ +5,-5 @ 70°C
ER2401 2us 100ms (1024x4) | 4BITWORD | -14,-24 | 240IP 248
4096 1024 x4 '
| WORD 100us/ +5,-12,
ER3400 600ns ims | 4BT) |48IT WORD 7’30 22 DIP 255
. BLOCK 20ms/ +5,-5
8192 2048 x 4 ER2800 2us 100 ms | (2048 x 4) | 4 BIT WORD|  -14, 24 24 DIP 254

*For future release.
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[=] FUNCTIONAL INDEX

READ O OR ectio
MEMORY PART REPLACES | ACCESS | CLOCKS/ | POWER PAGE
DESCRIPTION| BITS | oRGANIZATION | NUMBER | (PIN-FOR-PIN) | TIME |VOLTAGE | suppLIEs |PACKAGE|  FEATURES |"yg
256 x4 RO-7-1024/4 - 1usityp) | stamic | *SGND. | yepp RO-6-1024/4avall.| 258
1024
128x8 RO-7-1024/8 - tusttyp) | STATIC | *5.GND. | o4pip | RO-61024/Bavall.) g5g
512x4 RO-7-2048/4 - tons | sTaTic | T2GHD | 2apip | RO-62048/8aall. 1 262
2048 RO-7-2048/8 - iy | sTaTic | TS.GND | 2apip | RO-6.2048/Bavall.| 262
256 x 8
RO-5:1302 | INTEL1302 | 2k | sTamic | *5.GND. | p4pip | Maskprogrammablel pq9
GENERAL " _
GENERAL |2s60|  512x5 RO-3-2560 450ns. | STATIC | +5,GND | 18DIP 264
4006 512x8 RO-3-4096 - 500ns. | STATIC | +5,GND | 22DIP 266
5120 512x10 RO-3-5120 EA 4000 500ns. | STATIC | +5,GND | 24DIP 268
8192 2048x4 RO-5-8192 | 58860 1«%‘? 2TTL | +5,-12 | 24DIP 270
4096 x 4 RO-3-16384 | AMI S899 1us | STATIC | +5,GND | 24DIP | Address/CSlatch | 278
RO-3-8316A
16384 RO-3-9316A | INTEL 2316, | 850ns.
2048x8 INTEL 4316,A STATIC | +5,GND | 24DIP 273
RO-3-8316B | INTEL 8316A | 450 ns
RO-3-9316B :
20480 2048x10 | *RO-3-20480 - 500ns. | STATIC | +5GND | 24DIP 281
Note: All Read Only Memories are mask-programmable. *For future release.

KEYBOARD ENCODERS / CHARACTER GENERATORS Section 14

MEMORY PART REPLACES | ACCESS |CLOCKS/| POWER PAGE
DESCRIPTION| BITS | oRGANIZATION | NUMBER |(PIN-FOR-PIN) | TIME |VOLTAGE | SUPPLIES |PACKAGE|  FEATURES NO.
10-100
2376| 88x3x9 AY-5:2376 | SMCKR2376 |KHz SCAN| WTTSOR | #8:GND: | sopip | Zeyiolorsr 88 | g4
KEYBOARD . RATE
ENCODER 10100 oeron )
3600| 90x4x10 AY-5-3800 | SMCKR3500 |kHz SCAN TSR +5.GND. | 4o0piP A Al 90| 289
1/TTL 5x 7 characters,
2240| 64x5x7 | RO-5-22408 | MK2302 |y, qyp)| FOR | *5GNP | 24D | columnoutput,on- | 295
SCANNING chip scanning
CHARACTER
GENERATOR {2560 64x8x5 RO-3-2513 SIG 2513 450ns. | STATIC | +5GND | 24DIP 50@70‘;?;3?0‘9’& 299
1/TTL +5.GND 9 x 9 characters, on-
5184 64x9x9 RO-5-5184 - Sus (typ.) FOR AT 24DIP | chipleft/right 303
SCANNING scanning

Note: All Keyboard Encoders and Character Generators are mask-programmable.

STATIC SHIFT REGISTERS (Contact any Gl Sales Office for details.)

.| ©0°te70°  |55°to +125°| OPERATING | INPUT/ | CLOCKS/ | POWER
BITS | ORGANIZATION PARTNO. | PARTNO. | FREQ.RANGE | OUTPUT | VOLTAGE | SUPPLIES | PACKAGES FEATURES
+5, GND, 6S/R's arranged
VARIABLE §$5-5-1032 | $5-6-1032 | DC-1 MHz TTL 1TTL ) 160IP §S/Rs arrang
32 Set control dual
185-5-8211 | §5-6-8211 | DC-2 MHz 16DIP §
DUAL 16 TTL 1/TTL + 5_,(1324D, input selector
1§5-5-8212 | §5-6-8212 | DC-2 MHz 8/14DIP,8TO
64 QUAD 16 tSL-5-4016 - DC-2 MHz TTL T | T8.GhO. 14DIP
DUAL 50 tSL-5-2050 SL-6-2050 DC-1 MHz +5, GND 8/14DIP,8TO
100 TTL 1/TTL > G0
QUAD 25 t§L-5-4025 |-SL-6-4025 | DC-1 MHz 14DIP
DUAL 64 1SL-5-2064 | SL-6-2064 | DC-1 MHz +5.GND, | 8/14DIP,8TO
128 TTL YTTL > G5
QUAD 32 tSL-5-4032 | SL-6-4032 | DC-1 MHz 14DIP
200 [ DUAL 100 tSL-5-C2100 - DC-2 MHz TTL vrie | T8N0 | 440 8TO
tSL-5-2128 - DC-1 MHz )
256 DUAL 128 TTL 1L | YSGND ) si4pip8TO
SL-5-C2128 - DC-2 MHz

tAvailable in Europe as part number SS-7-2016 (16 lead plastic DIP only) tAvailable in Europe as part number SS-7/SL-7 (14 lead plastic DIP only).
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PIN-FOR-PIN REPLACEMENT INDEX

AMI
DEVICE NO.

ELECTRONIC
ARRAYS
DEVICE NO.
EA4000 ........

EMM/SEMI
DEVICE NO.

FAIRCHILD
DEVICE NO.

3257 ...

INTEL
DEVICE NO.

MOSTEK
DEVICE NO.

MK2302

MK50240
MK50241
MK50242 ......
MK50242

Gl
REPLACEMENT
AY-5-1013/1013A
AY-3-1014A/1015
AY-1-1006
RO-5-8192
RO-3-16384

Gl
REPLACEMENT
RO-3-5120

Gl
REPLACEMENT

RA-3-4200
RA-3-4402

Gl
REPLACEMENT

RO-5-2240S

Gl

REPLACEMENT
RO-5-1302
RO-3-8316A/8316B
RO-3-8316A/8316B

Gl
REPLACEMENT

RO-5-2240S
AY-3-0215
AY-3-0216
AY-3-0214
AY-1-0212

NATIONAL
DEVICE NO.
MM5303 .......
MM5303 .......

MM5823 . ... ...
MM5824 .. ... ..

SIGNETICS
DEVICE NO.

SMC

DEVICE NO.
COM2505 . ... ..
COM2505 ... ...

KR2376
KR3600

WESTERN
DIGITAL
DEVICE NO.

TR1602 ........
TR1602 ........

TEXAS
INSTRUMENTS
DEVICE NO.

TMS0803 ......
TMS0851
TMS4000 .. ....
TMS5001
TMS6011
TMS6011

Gl
REPLACEMENT
AY-5-1013/1013A
AY-3-1014A/1015
AY-1-2006
AY-1-1006

Gl
REPLACEMENT
RO-3-2513
AY-5-1013/1013A
AY-3-1014A/1015

Gl
REPLACEMENT
AY-5-1013/1013A
AY-3-1014A/1015
AY-5-2376
AY-5-3600

Gl
REPLACEMENT

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

Gl
REPLACEMENT

RO-5-8192
AY-5-3600
AY-5-1013/1013A
AY-3-1014A/1015

15






GENERAL

INSTRUMENT

C/CF-583
C/CF-683
C-683D
C/CF-589
C/CF-585
C/CF-685
C-685D
C-689D
C/CF-593
C/CF-594
C/CF-595
C/CF-596
C/CF-598
C/CF-599
C-717
C-717X
C-718
C-719




- C/CF-580 SERIES
C/CF-590 SERIES
INSTRUMENT C/CF-680 SERIES

GENERAL INFORMATION

Display Calculator Circuits

FEATURES

m Printed circuit board compatibility of circuits.

a Direct segment drive for LED displays (C-XXX)
m Direct segment and digit drive for LED displays (C-XXXD)
m Direct fluorescent display drive (CF-XXX)

= Algebraic operation

® Automatic constant

® Floating point operation

® Constant or chain operation (no switch required)
® | eading zero suppression

® Automatic power-on clear

® |nternal clock (on-chip oscillator)

]

Internal keyboard debounce logic

DESCRIPTION

General Instrument’s broad line of display calculator circuits, the
C/CF-500 Series and the C/CF-600 Series, consists of pin-for-pin
compatible circuits designed to fit in the same basic PC board.
This provides a high degree of flexibility in calculator models
manufactured while minimizing the tooling required.

PIN CONFIGURATION
28 LEAD DUAL IN LINE
Top View
7
SEGMENTD Cj@1 28 [J SEGMENT C
SEGMENTE [ 2 27 [J SEGMENT B
SEGMENTF O 3 26 [0 SEGMENT A
SEGMENTG [ 4 25 [J DECIMAL POINT
SEE NOTE BELOW [ § 24 [ DIGIT 1 OVERFLOW
KP [ 6 23 0 DIGIT 2M.S.D.
ko Q7 221 DIGIT3
KN O 8 211 DIGIT 4
SEE NOTE BELOW (] 9 200 DIGITS
SEE NOTE BELOW [ 10 190 DIGIT6
SEE NOTE BELOW ] 1 18 ] DIGIT7
Vae g 12 17 1 DIGIT 8
OSCIN O 13 16 3 DIGIT9LS.D.
OSCILLATOR ENABLE (J 14 15 Vss
NOTE:
Ali Display Calculatcr clrcu»ts offered by General Instru-
ment have identical pin fi onall pi pt pins 5,
9, 10 and 11. These pins are utilized 'or the distinctive
functions of each calculator circuit modet as described on
the following pages of this section.

9V 9V LED
Description Function Fluorescent | 2V LED (Direct) 15V Fluorescent | 15V LED
4 functions and percent key. CF-683 C-683 C-683D CF-583 C-583
8 DIGIT
BASIC 4 functions, percent key, one-key or
multi-key memory. CF-685 C-685 C-685D CF-585 C-585

8 DIGIT 4 functions, percent key, x2,/x, 1/x, +/-, one-key or multi-key memory,

ALGEBRA | choice of 20 to 29 keys. C-689D CF-589 C-589

4 functions and percent key. CF-593 C-593

@ DIGIT 4 functions, t ki k C C-59.

BASIC nctions, percent key, one-key memory. F-594 -594
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 roqt.pi,natural logs, 1/x, €*, memory exchange, degrees and radians, CF-596 C-596
exponent range 99, choice of 19 to 35 keys.

9 DIGIT

SCIENTIFIC | Al the above plus: 0 to 10® degree trig range, logw, 10% y* extended digit
accuracy of transcendentals, choice of 21 to 38 keys.

All the above plus: two levels of parenthesis, x2, %, +/-, choice of 24 to 41 keys. CF-599 C-599

18
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C/CF-580 SERIES = C/CF-590 SERIES ® C/CF-680 SERIES E

I THE FOLLOWING APPLY AS NOTED:

A. AUTOMATIC CONSTANT (All circuits)

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. For subsequent operations itis only necessary toentera
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-
pressian 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
litand 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 resuits
and a zero is displayed.

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

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 digit from the right is blanked and the
calculator is conditioned to accept sign and numeral keys to
define the exponent value of 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.

I THE FOLLOWING APPLY AS NOTED TO CIRCUITS
WITH MEMORY:

A. MEMORY DESCRIPTION: One-Key memory as
provided in C/CF-585, 589, 594, 685, C-685D & C-689D.
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, =,
or C/CE shall reset the M condition and actupon 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
provided in all algebra and scientific circuits

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 and C-689D are provided with a
STORE key which transfers the contents of the display to
memory without changing the display.

C. MEMORY DESCRIPTION: Multi-key memory as
provided in C/CF-585, 595, 685 and C-685D.

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.

MT,MEMORY EQUALS/PLUS: completes the preceding oper-
ation, displays the result, and adds the result to the memory.
MZ,MEMORY EQUALS/MINUS:completes the preceding oper-
ation , displays the result and subtracts the result from the
memory.

In addition, the C/CF-585, C/CF-685 and C-685D 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.

3, 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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EC/CF-SSO SERIES ® C/CF-590 SERIES ®» C/CF-680 SERIES

ELECTRICAL CHARACTERISTICS

Maximum Ratings* Fluorescent Display | FluorescentDisplay | LED Display | LED Display | LED Display
CF-6XX Series CF-5XX Series [ C-5XX Serles | C-6XX Series | C-6XXD Series

Ve supply voltage range? . -15V to +0.3V —20Vto+0.3V —20V10+0.3V | —-15Vto+0.3V | -15V to +0.3V

Clock input voltage range! -15V to +0.3V —20Vto+0.3V —20Vto+0.3V | —15Vto+0.3V | -15V to +0.3V

Datainput voltage range’ -30V to +0.3V —32Vto+0.3V —20Vto+0.3V | —15Vto+0.3V | -15V to +0.3V

Applied outputvoltage range! -30V to +0.3V —32Vto+0.3V —20Vto+0.3V | —15Vto+0.3V | -15V to +0.3V

Maximum power dissipation at+25° c? 500mwW

Storage temperature range -20°Cto+70°C

Operating free-airtemperature range 0°Cto+40°C

Relative humidity range (no condensation) 0to95%

Al 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.

1 Measured with respect to Vss.
2 Derate at 10mW/°C.

Operating Conditions

CF-5XX Series
Range

C/CF-6XX Series
Min. Typ. Max.

C-5XX Series
Range

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

Vss, substrate supply

Vaa, gate supply: C/CF-5XXA
C/CF-5XXB
C/CF-5XXC
C-6XXA
C-6XXB
C-6XXD

ov
—15.0V+5%
-16.0Vt5%
-17.0V+5%

ov
—15.0Vt5%
—16.0Vt5%
—17.0V+5%

ov

-10.3V —7.5V
-9.5V -7.5V

—6.5V
-6.5V

ov

+6.5V +9.5V

Characteristics- at typical operating
conditionsovera 0°C to +40°C range.

CF-5XX/6XX Series
Min. Typ." Max.

C-6XX Series
Min. Typ. Max.

C-5XX Series
Min. Typ.” Max.

C-6XXD Series
Min. Typ. Max.

Keyboard input characteristics-
Inputsignal levels: Logic 0
Logic1
Keyboard resistance
Output bufter characteristics-3
Segment output on-resistance:at 0.5V Vour
at —1.5V Vour
Digit output on-resistance at—1.5V Vour
Digitand segment off-leakage: at Vour=—9V
at Vour=-27V (CF-590, CF-680 Series)
or Vour=-30V (CF-580 Series).
Anode and grid supply voltage through
200K resistor: CF-580 Series
CF-590, CF-680 Series
Power(all outputsoff)-
atVse=—16.0V, C/CF-580 Series
atVs=—16.0V, C/CF-590 Series
atVee=—7.5V, C-680 Series

-1.5vV
Veo

ov
—6.0v
1K

2000
2000

6000
3000
18uA

-30Vv
-27V

—24V
—24V
—  75mW 100mW
100mW 125mwW

-1.5V
Ve

ov
-6.0V
1K

-0.5V
5

ov
—4.0V
1K

2002 3000

3000
18uA

300Q
30002
18uA

2000

75mW 100mW]|
100mW 125mwW|

— —_ 15mW 30mw

ov
+4.5V

+1.0V

20mW  50mW

3 All output buffers are open-drain to Vss.

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

4At 4mA

. SAt +QV.

SAt 36mA.

FLUORESCENT DISPLAY INTERCONNECT

Gy f G7 e Gg d G

FLUORESCENT DISPLAY
Gy DPGy ¢ G

-2.75v

-2.75V
RETURN

bG o F

—]

SEG. G

R2

SEG. F

SEG. E

SEG.D

SEG. C

[]

SEG. B

SEG. A

O.P.

DIGIT

DIGIT2

DIGIT3

CF-XXX

DIGIT 4

RN
~
o

DIGIT S

DIGIT 6

DIGIT 7

DIGIT8

DIGITS

—24v

LED DISPLAY INTERCONNECT

DISPLAY

SEGMENT G

SEGMENT F

3

SEGMENT O

SEGMENT C

SEGMENT B

14312 11109 87 65 "

SEGMENT A

C-XXX

a4

DEC L PT
vYev¥y

15 16 17 18 19 20 21 22 23 24 25 26 27 28

DIGIT.I_OVF

Note: Digit drivers
not required for
C-8XXD Series.

DIGIT 2_MSD
DIGIT 3
DIGIT &
DIGIT 5
0IGIT 6
0IGIT 7.
oIGIT 8
DIGIT 9 LSD

OR EQUIV

TO REMAINING
LED DIGIT INPUTS
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i C-583 C-683

i CF-583 CF-gg3 C-083D

8 Digit / 5 Function Basic Calculator Circuit

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.
C-683D: direct LED segment and digit drive.

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

DESCRIPTION

The C/CF-583, C/CF-683 and C-683D 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.

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top View

SEGMENT D J
SEGMENT E [
SEGMENT F O
SEGMENT G

NC g

kP O

Ko O

KN O

NC O

DO NOT CONNECT
NC O

Vae O

EXTOSCIN O

OSC ENABLE (]

I R

A\

OooUooo0oooOoououog

SEGMENT C
SEGMENT B
SEGMENT A
DECIMAL POINT
DIGIT 1 OVERFLOW
DIGIT 2M.S.D.
DIGIT3

DIGIT 4

DIGIT 5

DIGIT®

DIGIT7

DIGIT 8
DIGIT9L.S.D.
Vss

DISPLAY

8 DIGIT DISPLAY

OPTIONAL 9 DIGIT DISPLAY

8 DIGIT
SYMBOL NUMBER

LI [ [ [ T [ T ]

DI D2 03 D4 D05 De D7 o8 [o)]

DISPLAY FONT

Z20—0»n om2z

h DODTUM

0o
My~
Wy o
L s
No
.Ujas
~J~
Mo
e
|

KEY MATRIX

Note: Diodes used only for CF-583 and CF-683.
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= C-585 C-685
CF-585 CF-685 ©C 089D

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

FEATURES

PIN CONFIGURATION

[ ] igit, 7 displ tputs.
8 digit, 7 segment display outputs 28 LEAD DUAL IN LINE

® Basic four arithmetic functions (+, —, x, +).
® Percent (add-on and discount).

® Floating negative sign. Top View
® Right-justified entry and result. SEGMENTD Cl@1 28| sEGMENTC
®° One-key or multi-key memory function (refer to the SEGMENTE ( 2 27 1 SEGMENT B
description at the beginning of this section.) SEGMENTF O 3 26 [1 SEGMENT A
® C-585 and C-685: direct LED segment drive. SEGMENT G O g gi P DECIMAL POINT
CF-585 and CF-685: direct fluorescent display drive. ':(g E s 2 g g:gg;?‘v:znow
C-685D: direct LED segment and digit drive. ) ko O 7 »h bers
® All other features listed on the first page of this section. knde 218 piGiIT4
NC O @ 203 DIGITS
DO NOT CONNECT [ 10 1901 DIGIT6
DESCRIPTION [NeX=Rll 180 DIGIT7
V, 12 17
The C/CF-585, C/CF-685 and C-685D circuits are basic five- extose S s whoeTe
function memory circuits which offer the user the highestdegree OSC ENABLE [ 14 15 3 vgs

of functional flexibility in implementing a memory calculator.
The circuits include all the features of the C/CF-583, C/CF-683
and C-683D circuits with the addition of the memory function.

DISPLAY KEY MATRIX

KEYS FOR MULTI-KEY MEMORY OPERATION
1

8 DIGIT DISPLAY

OPTIONAL 9 DIGIT DISPLAY
8 DIGIT
SYMBOL NUMBER Note: Diodes used only for CF-585 and CF-685.

LI I I [ [ [ ]

Ol D2 D3 D4 [529) Dé D7 o8 D9

DISPLAY FONT “En
N M
E
GEI
SRN
| R U
G O S

o I 2 3 4 5 6 7 8 9 N R E-

o 123456, 7TH5 -L.
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@ C-589 CF-589 C-689D

8 Digit / 9 Function Algebra Calculator Circuit

With One-Key or Multi-Key Memory

FEATURES
® 8 digit, 7 segment display outputs. PIN CONFIGURATION
@ Basic four arithmetic functions (+, —, x, +).
® Percent (add-on and discount). 28 LEAD DUAL IN LINE
a Convenience functions (x"’,\/;, 1/x, +/-)
® Floating negative sign. T°PUV‘°W
@ Right-justified entry and result. SEGMENT D (J @1 28 [1 SEGMENTC
= One-key or multi-key memory function (refer to the 222::’;:;;5 E ; ;75 g SEGMENT B
e I h : SEGMENT A
description at the beginning of this section.) SEGMENTG O 4 25 ) DEGIMAL POINT
® C-589: direct LED segment drive. ned s 24 11 DIGIT 1 OVERFLOW
CF-589: direct fluorescent display drive. kp O 6 230 DIGIT 2M.S.0.
C-689D: direct LED segment and digit drive. ko7 221 DIGIT3
m All other features listed on the first page of this section. KN 8 210 DIGIT4
KA Q9 200 DIGITS
DO NOT CONNECT O 10 190 DIGIT6
DESCRIPTION ne d 1 P o7
The C/CF-589 and C-689D circuits are basic eight-function Vaa g 12 ‘7B DIGIT8
memory circuits which offer the user the highest degree of o?gs?ui(;:: E :3 :: 0 S'G'”L'S'D-
functional flexibility in implementing a memory calculator. The s
circuits include all the features of the C/CF-585 and C-685
circuits with the addition of the functions x2,v/x,1/x and +/-.
The C/CF-589 and C-689D circuits may be operated with either
single or dual function keys with a keyboard configuration of
from 20 to 29 keys.
DISPLAY KEY MATRIX
SINGLE FUNCTION KEYS
8 DIGIT DISPLAY 8 DIGIT KEYS FOR MULTI-KEY MEMORY OPERATION
NUMBER
02 03 D4 D5 D6 o7 o8 [o}:]
OPTIONAL 9 DIGIT DISPLAY
8 DIGIT
SYMBOL NUMBER
DI D2 03 D4 D5 D6 D7 08 D9
DISPLAY FONT g
N
£ M
G € | F
s R Vom
I R U ©
6 o s D
0O I 2 3 45 6 7 8 9 N R E E
0 123456.7T89 -L.1F

Note: Diodes used only for CF-589.
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GENERAL

C-593 CF-593

INSTRUMENT

9 Digit / 5 Function Basic Calculator Circuit

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.

C-593: direct LED segment drive.

CF-593: direct fluorescent display drive.

® All 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. These 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 is locked.

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top View

SEGMENT D O
SEGMENTE [
SEGMENTF O
SEGMENT G [
LOW BATTERY INPUT OJ
KP O

Ko O

KN O

NC O

NC O

NC O

Vae O

EXT OSCIN O
0SC ENABLE

©CoNOn A0 ®

rasza

A\

P
=]

b
]

oOoooo0ooOoon

SEGMENT C
SEGMENT B
SEGMENT A
DECIMAL POINT
DIGIT 1 OVERI LOW
DIGIT 2M.S.D.
DIGIT3

DIGIT 4

DIGITS

DIGIT6

DIGIT7

DIGIT8
DIGIT9L.S.D.
Vss

DISPLAY

9 DIGIT DISPLAY

SIGN OR 8 DIGIT
SYMBOL NUMBER

FDTZJJDI [ [ [ [ ]

D D5 Dé D7 D8 D9

DISPLAY FONT

Zo—-0n omz
[~ -4-4pw sor
mior'n:um<o omz
[ gsor nam<0o wov

Qo
uw~
Wy w
s
No
.U‘]a:
J -~
Qe
Qo
I

KEY MATRIX

Note: Diodes used only for CF-593.
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C-594 CF-594

INSTRUMENT

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

FEATURES
- . IR . . PIN CONFIGURATION
= 8 digit, 7 segment display outputs with ninth digit for sign or
8 dig 9 play outputs wi gitior sig 28 LEAD DUAL IN LINE
symbol.
= Basic four arithmetic functions (+, —, x, +).
= Percent (add-on and discount). Top View
[} Flpathg ng_ganve sign. SEGMENTD Cle1 <~ 28 SEGMENTC
® Right-justified entry and result. SEGMENTE [ 2 27 ) SEGMENT B
= Results of addition or subtraction remain aligned to SEGMENTF O] 3 26 1 SEGMENT A
preceding number having most decimal places. SEGMENTG [J 4 25 [1 DECIMAL POINT
= One-key memory operation, with option for two additional LOW BATTERY INPUT O 5 24 1 DIGIT 1 OVERFLOW
memory function keys (refer to the description at the kP Q6 23 P DIGIT2MS.D.
P . . ko g7 221 DIGIT3
beginning of this section). kv d s 2
; . P DIGIT4
m C-594: direct LED segment drive. NCc O 9 200 pIGITS
CF-594: direct fluorescent display drive. NC O] 10 19 DIGITE
® All other features listed on the first page of this section. NC O 11 18 DIGIT7
Vae O 12 17 0 DIGIT 8
EXTOSCIN O 13 16 [0 DIGIT9L.S.D.
OSC ENABLE ] 14 150 Vgg
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 KEY MATRIX
9 DIGIT DISPLAY OPTIONAL MEMORY KEYS
Twrl
SIGN OR 8 DIGIT

SYMBOL NUMBER

L I T T [ T [ [T T ]

DI D2 D3 D4 D5 D6 o7 o8 D9

DISPLAY FONT

Note: Diodes used only for CF-594.

Zo—n omz
~-4-4r® sor

miorﬂxrrmo omz
M f=ornmam<o wov

Qo
EE)
Wy w
L
Nno
Eﬂm
-~
Mo
o
|
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@ C-595 CF-595

9 Digit / 5 Function Basic Calculator Circuit

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).

u 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.

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top View
A4
SEGMENT D CJ@1 28 [1 SEGMENT C
SEGMENTE [ 2 27 ) SEGMENT B
SEGMENTF (4 3 26 [J SEGMENT A
SEGMENT G [J 4 25 [J DECIMAL POINT
LOW BATTERY INPUT [] 5 24 [] DIGIT 1 OVERFLOW
KP O 6 23 [ DIGIT2M.SD.
ko OO 7 22 1 DIGIT3
KN O 8 21 0 DIGIT 4
MEMORY INDICATOR (] 9 20 0 DIGITS
NC O 10 193 DIGIT6
ACCUMULATE ENABLE [ 11 18 O DIGIT7
Vae O 12 17 O DIGIT8
OSCIN O 13 16 [1 DIGIT9L.S.D.
OSCILLATOR ENABLE [ 14 150 Vs

DISPLAY

9 DIGIT DISPLAY

SIGN OR 8 DIGIT
SYMBOL NUMBER

L1 [ [ T I [ T T ]

DI D2 D3 D4 D5 D6 D7 D8 D9

DISPLAY FONT

zo—n omz
[~ <4-4pmw sor
[T sor nam<o omz
M formam<o wow

Qo
LY
Uy o
L»
No
g‘lm
~J =~
Mo
0o
|

KEY MATRIX

Vss4z—> PIN 11

ACCUMULATE
ENABLE SWITCH

Note: Diodes used only for CF-595.
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NERAL

C-596 CF-596

INSTRUMENT

9 Digit / 15 Function Scientific Calculator Circuit

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.

m Basic four arithmetic functions (+, —, x, +).

m Transcendental functions (sin, cos, tan, sin™, cos:', tan™,
Inx and e%).

a Convenience functions (\/;, 1/x).

m A separate memory register (refer to the description at the
beginning of this section).

= Trigonometric functions are performed in degrees or radians
(switch selectable).

® 7 key to display the value of .

® 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.

m 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*,V/x, 1/x and m as well as the basic four functions and memory.

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top View
SEGMENTD Cj@1 =~ 281 SEGMENTC
SEGMENTE [ 2 27 [ SEGMENT B
SEGMENTF O 3 26 [1 SEGMENT A
SEGMENTG [ 4 25 [ DECIMAL POINT
LOW BATTERY INPUT [ 5 24 [ DIGIT 1 OVERFLOW
kP O 6 23 DIGIT2M.8..
Ko O 7 22 1 DIGIT3
kN O] 8 210 DIGIT 4
ka d 9 20 DIGITS
k8 d 10 19 0 DIGIT6
RAD/DEG O] 11 18 [ DIGIT7
Vao O 12 7 h oG
oscIN O 18 16 [ DIGIT9LSD.
OSCILLATOR ENABLE [ 14 15 Ve

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.

DISPLAY

NORMAL MODE
SIGN OR 8 DIGIT
SYMBOL

NUMBER

L 1 I T [ [ [ ]

DI D2 D3 D4 D5 Dée D7 08 09

SCIENTIFIC NOTATION
SIGN OR SIGN OF MAGNITUDE
SYMBOL 5 DIGIT EXPONENT OF

MANTISSA EXPOINENT

-

(N N N O I I A

DI D2 D3 D4 [o}3) D6 D7 D8 [o1°]

Mz

DISPLAY FONT

ZO—-0n omzZ
[ T ] oM
- Mmuc z2-
l] Mmoo T

.Djm
-~
Qg o
g o
I
[~ —-4>ro sor

KEY MATRIX
SINGLE FUNCTION KEYS

DEGREES
T
-
ravians N1

@
z
IS}
el
%)

CHANGE
lNOTAYION I
x|=

DEGREES

-
raoians 1

> Kp

Kn

Ko

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

Note: Diodes used only for CF-596.
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INSTRUMENT

C-598 CF-598

9 Digit / 18 Function Scientific Calculator Circuit

FEATURES

s 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.

PIN CONFIGURATION

28 LEAD DUAL IN LINE

. . . . . Top View
® Basic four arithmetic functiqns (+, - X, = ) . . . sEGMENTD o1 < 28 B SEGMENTC
® Transcendental functions (sin, cos, tan, sin™, cos™, tan™, In x, SEGMENTE O 2 27 SEGMENTB
e’, logi and 10%). SEGMENTF O 3 26 [1 SEGMENT A
® Convenience functions (v/x, 1/x, Y. SEGMENTG [ 4 25 [ DECIMAL POINT
® A separate memory register (refer to the description at the LOW BATTERY INPUT [ 5 24 1 DIGIT 1 OVERFLOW
beginning of this section). :g E 3 zz g g:g:li""s‘o'
L] Trigonometric functions are performed in degrees or radians kN d 8 21 piGiT 4
(switch selectable). kB O 9 20 0 DIGITS
® 7 key to display the value of 7. KA O 10 19 [ DIGIT 6
® | eft-justified entry and result. RAD/DEG O] 11 18 1 DIGIT7
® User option for single or dual function key operation. oscvfrf E g :; g g:g:: g s
= C-598: dlrgct LED segmentgnve. 4 OSCILLATOR ENABLE O 14 155 vee o
CF-598: direct fluorescent display drive.
® All other features described on the first page of this section.
DESCRIPTION
The C/CF-598 circuits are eighteen function circuits whose oper-
ations are identical to the C/CF-596 with the addition of three
functions: logw, 10" and Y*. Single or dual function key operation
is optional with keyboard configurations of from 21 to 38 keys.
DEGREES
DISPLAY KEY MATRIX Ves————= 1%,
RADIANS

NORMAL MODE'

SIGN OR
SYMBOL

8 DIGIT
NUMBER

LI 1T I T T T T T ]

DI D2 D3 D4 D5 D6 o7 o8 09

SCIENTIFIC NOTATION

SIGN OR

SIGN OF MAGNITUDE
SYMBOL Ol

EXPONENT
EXPONENT
f

5 DIGIT
MANTISSA

\

1 [ I I [ [ [ |

DI b2 D3 D4 D5 D6 D7 D08 D9

M

E

DISPLAY FONT r L M
G W | F

E N

S B R M

I A R U O

G T O s D

o 1+ 2 3 4 5 66 7 8 9 N T R E E
Oo/23456,1785-LE IF

SINGLE FUNCTION KEYS

g
z

*.

@
z

CHANI
INOTATION

DEGREES

.
RapiANs N !

Ve

€
x Sin~t

o-1 D-2 D-3 D-4 D-5
Note: Diodes used only for CF-598.

D-6

D-7 D-8 b-9
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GENES

C-599 CF-599

STRUMENT

9 Digit / 21 Function Scientific Calculator Circuit

FEATURES

PIN CONFIGURATION

® Number entry in floating point or scientific notation. 28 LEAD DUAL IN LINE

=m 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 Top View
notation, or for the display of the 8 significant digits of a SEGMENTD CJ@1 = 28| SEGMENTC
number that is in scientific notation. ZZ‘;::*;::‘FE E g :; 3 zigmimi

a Basic four arithmetic fu'nctlons (+, = x, ¥). SEGMENTG O 4 25 1 DECIMAL POINT

® Percent (add-on and discount) LOW BATTERY INPUT [ 5 24 1 DIGIT 1 OVERFLOW

= Transcendental functions (sin, cos, tan, sin™, cos™, tan™, In x, kP O 6 231 DIGIT 2M.5.0.
e’, logo and 10%). ko O 7 22 1] DIGIT 3

® Convenience functions (v/x, '/x, y*, x?, +/-). KN [ 8 210 DIGIT 4

m A separate memory function (refer to the description at the 8 E 190 212 g ';'lg';z
beginning of this section). RAD/%% du b o s

® Two levels of parentheses. Voo O 12 17h oG

8 Trigonometric functions are performed in degrees or radians 0SCIN [ 13 16 1 DIGIT 9L.SD.
(switch selectable). OSCILLATOR ENABLE [ 14 15 1 Vss

m key to display the value of .

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.

operations are identical to the C/CF-598 with the addition of two

DESCRIPTION levels of parentheses and three functions: x’, % and +/-. Single or
dual function key operation is optional with keyboard configura-
The C/CF-599 circuits are twenty-one function circuits whose tions of from 24 to 41 keys.
DISPLAY KEY MATRIX DEGREES
SINGLE FUNCTION KEYS Vs ——=y

RADIANS

NORMAL MODE

SIGN OR 8 DIGIT
SYMBOL NUMBER

LI T [ I [ T 1 1

DI D2 03 D4 D5 D6 07 o8 D9

L)

SCIENTIFIC NOTATION

SIGN OR SIGN OF MAGNITUDE
SYMBOL 5 DIGIT EXPONENT  OF
MANTISSA EXPONENT
N O I I I A
o D2 D3 D4 D5 D6 D7 D08 D9 DUAL FUNCTION KEYS Vsl
v e
DISPLAY FONT E (|3 M
G ! F
w E N Kn
s B R M
I A R U O
6 T O S D .
i N T R E E
LE IF

0 o

My w~

Wy o
I »

o

g o
|

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

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

GENERAL
msinumsm

GENERAL INFORMATION

Printer Calculator Circuits

FEATURES

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

STANDARD CHARACTER LAYOUT
SEIKO MODEL 310 PRINTER

® 5 functions (+,-,%x,%,%).
® Chain calculations.
® Rounding options (truncate, 5/4 round off, PRINT COLUMNS
1/0 round up). %6 15 11 18 12 11 10 9 8 7 6 5 4 3 1
®  Repeat add/subtract. olololololollollollollollolollo =[c|
m  Automatic underflow and reverse underflow.
m  Non-add (#)/date key. AR RE AR RN AR AR REAR AN RN ERE +(I]2
® Memory non-zero indicators. ollollol2li2ll2l2l2]l2il2l2]212 —lml s
®  Overflow indication. -
m  Automatic constant in multiply or divide. 313|333 13|(3(3{|3(13|(3[3(|3 X|IR |+
®  Right-justified entries and results. alalalalalalallallalallalalla =74 s
m Leading zero suppression.
m 2 key rollover operation. 5(1515||5||5((5(5||5||5[5]5[5||5 LIV ]® cuamacren
m Internal oscillator and power-on clear. slelelellelslslselslslelsle %lAl7 POSITIONS
dvavdravdrdvanais rava rd v S|M|s
DESCRIPTION 8(8|l8(8(8(8|8|8|8/(8|8[8|8 #| K| e
10
The C-700 Series is a growing family of circuits for the printing 919]19]19]19]19]9]19]9/99|9)9 OlE
calculator manufacturer which provide the capability for a broad- effeflofiollollofiofiollofielio]ele * M"
based, multi-feature business calculator product offering. The === === == ===l =1 T im]
C-700 Series currently includes three different calculator circuits =
(the C-717, C-717X and C-718) and a printer-display interface
circuit (C-719), each described on the following pages of this
section.
SYSTEM INTERCONNECT DIAGRAM
Voo
PRINT END
SEIKO
MODEL 310
TIMING PRINTER
ACC. SETM
KEYBOARD K1-K5 LED )
MATRIX LED I_ ______ ‘I
[ MAGNET DRIVERS l
MOTOR I
D1-DS(CT17/717X) C-717/C-T17X/C-718 CoLoR COLUMNS 1,2,4-16
D1-D6(C718) COLUMN & DISPLAY DATA
DISPLAY DATA 1,2,4,8*
S[‘,“.’g g l l DISPLAY LOAD*
DE/ Vss Voo
JUMPER 0 Vss
MATRIX Ss1-883 DISPLAY SYNC* c-719
—o Voo

VDD >m-

OSCILLATOR

12 DIGIT LED OR
FLUORESCENT DISPLAY

*DISPLAY SIGNALS ONLY ON C-717X AND C-718.
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C-717X

EI c-7117

12 Digit / 5 Function Printing Calculator Circuits
with Accumulating and Grand Total Memories

FEATURES

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).

Multistage keyboard buffer stores up to 12 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-717X additionally
provides signals for use with the C-719 printer-display interface
chip. This allows the addition of a 12-digit fluorescent or LED
display to the basic printer.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Top View
vss(GND) @1 ~ 40 A k2
ks O 2 39 [ k1
ke O 3 38 [ Column 6
ks O 4 37 3 Column 7/Display Data 1*
Vpp(-15V) O & 36 [1 Column 8/Display Data 4*
Columns 4 6 35 [J Column 9/Display Data 8*
Column4 O 7 34 [ Column 10/Display Data 2*
Column2 O 8 33 O Column 11
Columnt OJ 9 32 [ Oscillator/Clock Input
Timing O 10 31 E GT LED
PrintEnd O 11 30 3 Acc. LED
Motor O 12 29 [ Column 12
Color ] 13 28 [3 Column 13
Column 16 [J 14 27 P Column 14
D1 Q15 26 [J Column 15
D2 ] 16 25 [J Display Load (N.C. on C-717)
NC. O 17 24 [ Display Sync (N.C. on C-717)
D3 ] 18 23 O ss2
D4 ] 19 22 [ ss3
D5 [ 20 21 0 ss1

*NOTE: On the C-717X, pins 34-37 are multifunction pins
with both display data and column 7—10 data. On the
C-717, these pins are single-function containing only
column 7—10 data.

KEYBOARD SWITCH MATRIX

2
O
N
O
w

D4 D5

K1
K2 | 1
K3
K4
K5

o

RN
© | o N | |,
Il
I
*

DATE| = |C/CE

STATIC SWITCH MATRIX

D1 D2 D3 D4 D5

SSt1 DECIMAL SELECT- SEE CHART

ADD
PRINTER
882 orORE ON/OFF

PAPER ROUND
ADvance | TRUNGATE | “oer

SS3 MOODE MODE

DECIMAL SELECT CHART

The decimal select switch is a four-pole switch with en-
coded outputs during D1 thru D4 strobe periods. In the
chart below, a ‘1’ denotes a switch closure.

;’gg‘;’:gb ot | b2 | D3 | D4
+ 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 [ 1 0
4 1 0 1 1.0
5 01 1 0
6 1 1 1 0
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C-718 PRELIMINARY INFORMATION

12 Digit / 5 Function Printing Calculator Circuit
with Accumulator, ltem Counter and Independent Memory

FEATURES

® Switch-selectable automatic accumulation.

®  Three digit item counter. PIN CONFIGURATION
® Four-key independent memory.

® Arithmetic operation in add/subtract sequences, 40 LEAD DUAL IN LINE

algebraic in multiply/divide (business logic).

m  Decimal select modes: full floating; fixed point
(0-6, excluding 5); add mode (automatic decimal 2
in + and -, unit/price mode in x, price/unit mode Top View
in+.). vesGND) @1 40 P ke
® Non-coded decimal select switch input. k3 O 2 39 O ki
® Separate clear-all key. ke § 3 38 O Column 6
®  Full floating accuracy on intermediate results in Ks O 4 37 P Column 7/Display Data 1
chain operation. Voo (-15V)g 5 36 [1 Column s/ofsplay Data 4
) . Column 5 6 35 O Column 9/Display Data 8
m  Multistage keyboard buffer stores up to 6 keyed entries Column4 O 7 34 1 Column 10/Display Data 2
to allow uninterrupted operation during print. Column2 O 8 33 O Column 11
® Display capability (with the C-719 interface chip). Column1 O 9 32 [ Oscillator/Clock Input
m All other features listed on the General Information page. Timing § 10 31 P ss3
PrintEnd O 11 30 [0 LED1
Motor O 12 29 3 Column 12
Color O 13 28 [ Column 13
DESCRIPTION Column16 [ 14 27 O Column 14
D1 O 15 26 [ Column 15
The C-718 is a single MOS/LSI circuit containing all the logic s 2 | bonar o
functions required to implement a five-function general purpose b3 O 18 23 b ss2
business calculator with an accumulator, item counter and four- pa 19 22 [J LED2
key independent memory. The C-718 has been designed to D5 O 20 21 3 ss1
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 STATIC SWITCH MATRIX

D1|D2|D3|D4|D5|D6 D1| D2 |D3 | D4 | D5 | D6

Paper 5/ ROUND |PRINTER

00 —_ M + SS1 ACC | Advance 4 OFF | ON/OFF
SS2 4 5 6 M/A TEST

ss3 | +| F | O 1 2 3

K1
K2
K3
K4
K5

—t

CA|l+ | % M-
Mo

NOTE:
pate| + |cicEl N Positions $52-D1,02,03 and $83-D1 thru D6 are the decimal
select positions.

Al [N
© || N o,
I
|
*
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C-719 PRELIMINARY INFORMATION

Printer-Display Interface Circuit

FEATURES
B Adds display capablity to C-717X and C-718 printer chips.
m  Full 12 digit display capability. PIN CONFIGURATION
m  Drives LED or fluorescent displays. 28 LEAD DUAL IN LINE
DESCRIPTION Top View
Vss(GND) @1 =~ 2811 vpp (-15V)

The C-719 is a single MOS/LSI circuit designed to add a 12 digit Display Sync O 2 27 0 Display Load
display capability to General Instrument's C-717X and C-718 Display Data1 O 3 26 13 Digit 1
printer calculator circuits. Data from the printer calculator chips 3!22::5 g::f E g :i g giﬂ!:i
is transferred to the C-719 interface chip serially and re- Display Data 8 O & 23 b1 pigit 4
formulated to drive seven segment multiplexed common cathode SegmentDP [ 7 22 [1 Digit 5
displays. Segment A (] 8 21 [ Digit 6

- . ~ f SegmentB [ 9 20 [J Digit 7
The segment and digit outputs of the C-719 are open drf’up and Segment C g 10 10 b Digit 8
have a breakdown voltage of —30 Volts to enable the driving of Segment D O 11 18 b pigite
fluorescent displays with a minimum of interface components. Segment E (] 12 17 11 Digit 10
LED displays may also be driven by the C-719 with direct drive of Segment F [] 13 16 [1 Digit 11
the segments and the addition of digit-drive buffers. Segment G O] 14 15 [ Digit 12
In the display, leading zeroes are suppressed and entries and
results are right-justified.

SYSTEM DIAGRAM

FLUORESCENT DISPLAY

DIGITS SEGMENTS
1 2 3 4 5 6 7 8 9 10 11 12 G F E D C B A DP

—_?'

28 15
C-719
1 14
o . - N <~ «© I [—
Ol «<|l<|«| <
g ZlE|ElElE
< <
3 5| &|8|8|8
> > >=f>|>f>
3 313131313
o alajalaja
218 8|le|e|e|e|e
Qs >
e1e[8(812) coLumn 7 R
7
COLUMN 8 N
7
COLUMN 9 PHIL?FER
COLUMN 10 N
7
25 5 1 24 37 34 36 35
C-717X OR C-718 Note: Discrete pull-up
resistors for the display
are not shown.
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GENERAL
AY-5-1200A
AY-5-1202A
AY-5-1203A
AY-5-1204A
AY-5-1224A

CK3000
CK3100
CK3200

CK3300
CK3400




GENER,

AY-5-1200A  AY-5-1203A

» AY-5-1202A  AY-5-1204A

4 Digit Clock Circuits

FEAT!
EATURES PIN CONFIGURATION
® Hours and minutes display. 24 LEAD DUAL IN LINE
® 12/24 hour operation. AY-5-1200A/AY-5-1202A/AY-5-1204A
m 50/60Hz operation. Top View
u High yoltage direct Fluorescept drive Outputs. Vs @1 < 24 B Clock Input
® Flashing second; output (option). Voo 2 23 [J Multiplex Clock
s BCD output (option). mMx4d 3 22 11 Set Hours
B Leading Zero Blanking (option). Digit Outputs | M3 4 21 [J Set Minutes
® Power-On Reset to zero. Mx20 5 20 [ Strobe Output
. Mx1 g 6 19 P0A
(Coynth:ng does not start until time is set.) 0P Output 7 1808
m Options: 12/24 Hour Select (] 8 170c
Inhibit ] o 16 1D} Segment Outputs
Zero Flashing 50/60Hz Select ] 10 15 0E
7 Seg BCD Blank Sec fnvert Segments O 11 upr
Reset [] 12 1B3ROG6
AY-5-1200A Yes No Yes No
AY-5-1202A Yes No Yes Yes
24 LEAD DUAL IN LINE
AY-5-1203A No Yes No No AY-5-1203A Top View
A4
5 Vss J@1 24 E Clock Input
AY-5-1204A Yes No No Yes Voo [ 2 23 [J Multiplex Clock
Mx4 O 3 22 [J Set Hours
MX3 [ 4 21 [7 set Minutes
Digit Outputs ) yxa 5 20 [ strobe Output
mxi 6 19 020
DESCRIPTION NeO 7 18 Eﬂ BCD Outputs
12/24 Hour Select (] 8 17 722
The AY-5-1200A Series are P-Channel MOS integrated circuits, NCO 9 16 [0 2°
containing all the logic necessary to make a 4 digit, 12 or 24 hour 50/60Hz Select [ 10 15 1 NC
clock, operating from 50 or 60Hz. High voltage output stages Negn 1 pNe
capable of driving fluorescent displays are provided. Reset O 12 Bpne
BLOCK DIAGRAM
50/60Hz  SET SET 12/24 HOUR MULTIPLEX
SELECT HOURS MINU;I'ES RESET  SELECT CLOCK
Y
MX 1 - MX4
> DIGIT
o] DIGIT OUTPUTS
LoaGic « STROBE
—7 OUTPUT
CLOCK ~ DIVIDER HOURS/MINS bl I (
INPUT 7 50/60 Hz Logic [ " DECODE ? * X araeT
> SEGMENT
SEGMENT OUTPUTS
LOGIC [ RN
- DP/COLON
OUTPUT
J\ * A
Vss Vop INVERT
SEGMENTS
* Not included in the AY-5-1203A.
Four BCD outputs are provided in place
of the seven segment outputs.
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AY-5-1200A = AY-5-1202A = AY-5-1203A = AY-5-1204A E

PIN FUNCTIONS
Name Function
Segment Outputs In 7 segment mode the digits are multiplexed on to these pins. These
A—F outputs are atlogic ‘0’ to display (positive) and will drive Fluorescent

Decimat Point Output

Multiplex Outputs
MX1—MX4

Reset Input
Set Minutes Input

Set Hours Input

50/60Hz Select Input
12/24 Hours Select Input
Invert Segments input
Multiplex Oscillator

50/60Hz Input

Vss

Voo

Inhibit Input
Strobe Output

displays directly. InBCD 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 outputin MX1 time, 10's of hoursin 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.
Negative Supply.
When taken to logic ‘0’ all outputs are switched OFF.

This is a short pulse occurring during the middlie of each muitiplex period.

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Vss pin
(except Segment and Multiplex outputs). . . . . . . . . ... .. +0.3 to -35V
................ 0°C to +70°C

Operating Temperature Range. .

*Exceeding these ratings could cause perma-
nent damage. Functional operation of these
devices at these conditions is not implied

Storage TemperatureRange . . . . . . . . ... ... ... -65°C to +150°C —operating ranges are specified below.
Power Dissipation at +70°C Ambient—Total . . . . . . . . . . . .. 500mwW
PerOutput. . . . . . . . . . ..o 50mW
Standard Conditions (unless otherwise noted)
Vss =0V
Vpp =-17V £10%
Operating Temperature (Ta) = 0°C to +70°C
Characteristic Min. Typ** Max Units Conditions
Clock input frequency DC 50/60 — Hz
Clock input logic ‘0’ +0.5 - -2 Volts Note 1
Clock input logic ‘1’ -8 — Vbp Volts
Multiplex clock frequency DC — 50 KHz Note 2
Control inputs logic ‘0’ +0.3 - -1.5 Volts
Control inputs, current logic ‘0’ - 100 — pA Note 3
Control inputs logic ‘1’ -6 - —Vop Volts
Segment Outputs
ON current 2 — — mA Vour =—2V
OFF leakage - - 5 uA Vour = —25V
- - 10 pA Vour =—35V
Multiplex Outputs
ON current 5 — — mA Vour=-2V
OFF leakage — — 5 HA Vour =—25V
— — 10 pA Vour =—35V
Supply Current _ 85 14 mA

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

NOTES:

1. The clock input pin may be taken positive with respect to Vss provided that the current is limited to 100uA. 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 1770Kohm pull up resistor to Vpp.
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AY-5-1224A

INSTRUMENT

4 Digit Clock Circuit

FEATURES

12/24 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 isa P channel MOS integrated circuit containing
all the logic necessary to make a 4 digit, 12 or 24 hour clock
operating from a 50 or 60Hz input. It has multiplexed BCD or 7-
segment outputs and will drive LED, Fluorescent and Gas dis-
charge displays with the minimum of interfacing.

PIN CONFIGURATION
16 LEAD DUAL IN LINE

Top View

Seg A Out/2° Out/Set Hrs in [
vss [

Muitiplex Oscillator [}
50/60Hz Input [

Ves [

Strobe Output []

MX 4 Output (Tens Hours) ]
MX 3 Output (Units Hours) [

® ~ O o s w N
Qs

[] Seg B Out/21 Out/Set Minutes Input
[] Seg C Out/22 Out/Reset Input

[} Seg D Out/2* Out/Complement Input
[ Seg E Out/12 or 24 Hr Select

|1 Seg F Out/50 or 60Hz Select

[ Seg G Out/BCD or 7 Seg Select

[] MX1Output (Units Minutes)

[ MX2 Output (Tens Minutes)

BLOCK DIAGRAM

MULTIPLEX
Vss Vee OSCILLATOR
MX 1-MX4
7 OUTPUTS
cLocK 50/60 H DIVIDER HOURS/MINS DIGIT
INPUT z LOGIC o DECODE LOGIC
STROBE
OUTPUT
50/60 Hz SET SET RESET 12/24 HR
SELECT HRS MINS SELECT
BCD/7
INPUT/OUTPUT COMPLEMENT |  gEGMENT
DECODE LOGIC LOGIC
MULTIFUNCTION Pins ] h A \[ \<
SEG.AOUT/  SEG. B/ SEG. C/ SEG. D/ SEG. E/ SEG. F SEG. G/
2° ouT/ 2' ouT/ 22 0UT/  2°OUT/ 1224 HOUR 50/60 Hz  BCD-7 SEG.
SET HRS IN SET MINS IN  RESET COMPLEMENT SELECT  SELECT SELECT
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PIN FUNCTIONS

Pins 1 and 11 to 16 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 ‘O’ (positive to display). Inter-digit blanking for % 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.

Muitiplex 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 minute 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 output will be inverted.
12/24 Hour Select (Pin 13)

When left 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 60
Hz operation will resuit.

BCD/7 Segment Select (Pin 11)

When left open 7 segment outputs will be provided, when connected to strobe via a
diode BCD outputs will be provided.

50/60Hz 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.|f 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.
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respecttoVss. . . . . . . . . +0.3 to —20V *Exceeding these ratings could cause
Operating TemperatureRange . . . . . . . . .. .. 0° to +70°C permanet damage. Functional operation of
Storage TemperatureRange . . . . . . . .. .. —65°C to +150°C this device at these conditions is not
Power Dissipation at 70°C Ambient—Total . . . . . . . . . 500mwW implied—operating ranges are specified
PerOutput. . . . . . . . .. ... ... ... ... 50mw below.
Standard Conditions (unless otherwise noted)
Vss =0V
Ve =—12 to —18V
Operating Temperature (Ta) =0°C to +70°C
Characteristic Min Typ** Max Units Conditions
Clock input frequency DC 50/60 - Hz —
Clock input logic ‘0’ +0.5 - -2 Volts Note 1
Clock input logic ‘1’ -8 - Vbp Volts -
Multiplex Clock Frequency DC - 50 KHz Note 2
Interdigit Blanking — 150 - us :’i 6.67 KHz
ote 3
Control inputs logic ‘0’ +0.3 - -15 Volts —
Control inputs logic ‘1’ -6 - Voo Volts -
oy _ _ Vour = -2V
Outputs Logic ‘0 500 Ohms { lour = 4MA
Outputs Logic ‘1’ (Leakage) - — 10 uA Vour=—18V
Supply Current - — 10 mA Vo = -15V

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

NOTES:

1. The clock input pin may be taken position with respect to Vss provided that the current is limited to 100uA. 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 450uS and the OFF time is 150uS.

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

o
STROBE | I
1

-  NNNN K

° -7V
MULTIPLEX A70K _
%MF
°
mMx1 I I | L
s 1N4001 s 4 09
o He 4 DIGIT 0.3 LED DISPLA
20000F (COMMON CATHODE)
mMx2 I I 12vms == 3 AY-5-12248
1 s0/60Hz|
T2
1 f T e e T

SHNOH 138
NIW 13§
HNOH ¥Z / 21
ZH 09/0S

|ll—<
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CK3000 CK3100

INSTRUMENT

4 Digit Alarm Clock Circuit

FEATURES

® 12 Hour clock, 24 Hour alarm setting
® AM/PM indication
® 50 or 60 Hz operation
® Snooze (Sleep-over) alarm
u Direct display driving
CK3000- Plasma
CK3100- LED
® No display interface components
® Seconds flashing colons
m Alarm, set, and snooze indication
| Power interrupt indication
® Low current consumption
® Alarm output tone - direct drive with magnetic speakers
® Wake output for appliance switching' (CK3100)

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 digitcommon anodeL.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.

PIN CONFIGURATION
40 LEAD DUAL IN LINE
CK3000 Top View
A\
vwhe1 40 3 N/C (do not connect)
50/60 Hz Control [] 2 39 [3 Seg. Out. a, Digit 1
Alarm/Tone Cancel T 3 38 [J Seg. Out. b, Digit 1
Alarm Tone Output g 4 37 [J Seg. Out. g, Digit 1
Set Internal Frequency [ § 36 [ Seg. Out. ¢, Digit1
Set Time Enable O} 6 35 [O Seg. Out. d, Digit 1
Set Alarm Enable [ 7 34 [ Seg. Out. e, Digit 1
Increment Min. Enable (] 8 33 [0 Seg. Out. f, Digit1
Increment Hr. Enable (] 9 32 [ Seg. Out. a, Digit 2
50/61Hz Input C] 10 31 [ Seg. Out. b, Digit 2
Ve 11 30 [A Seg. Out. g, Digit 2
Seg. Current Control ] 12 29 [1 Seg. Out. ¢, Digit 2
V.5.0 Control ] 13 28 [J Seg. Out. d, Digit 2
AM/PM Ind Seg. Out. [} 14 27 [1 Seg. Out. e, Digit 2
Seg. Out. b, Digit4 [ 15 26 [J Seg. Out. 1, Digit 2
Seg. Out. ¢, Digit4 ] 16 25 [J Colon/Clock
Seg. Out. a, Digit3 (] 17 24 |7 Colon/Alarm
Seg. Out. f, Digit3 ] 18 23 [ Seg. Out. b, Digit3
Seg. Out. g, Digit 3 (] 19 22 [ Seg. Out. ¢, Digit3
Seg. Out. e, Digit3 [ 20 21 Seg. Out. d, Digit3

40 LEAD DUAL IN LINE

CK3100 Top View
wde1 ~ 40 [J Wake Output
3.33.Min.Out. O 2 39 [J Seg. Out. a, Digit 1
50/60 Hz Control .} 3 38 [ Seg. Out. b, Digit 1
Alarm/Tone Cancel [] 4 37 [J Seg. Out. g, Digit1
Alarm Tone Output [ 5 36 [1 Seg. Out. c, Digit 1
Set internal Frequency O] 6 35 [3 Seg.Out. d, Digit 1
Set Time Enable O] 7 34 [1 Seg. Out. e, Digit 1
Set Alarm Enable O} 8 33 [ Seg. Out. 1, Digit1
Increment Min. Enable ] 9 32 [J Seg. Out. a, Digit2

Increment Hr. Enable } 10 31 |3 Seg. Out. b, Digit 2

50/60 Hz Input [] 11 30 |3 Seg. Out. g, Digit 2

Ve 12 29 [ Seg. Out. ¢, Digit 2

Seg. Out. Blanking ] 13 28 (1 Seg. Out. d, Digit 2

AM/PM Ind Seg. Out. O 14 27 [ Seg. Out. e, Digit 2

Seg. Out. b, Digit4 O 15 26 {1 Seg.Out. f, Digit2
Seg. Out. ¢, Digit4 ] 16 25 [ Colon/Clock
Seg. Out. a, Digit3 [ 17 24 [ Colon/Alarm

Seg. Out. f, Digit3 ] 18 23 [J Seg. Out. b, Digit 3

Seg. Out. g, Digit3 19 22 1 Seg. Out. ¢, Digit3

Seg. Out. e, Digit 3 a 20 21 3 Seg. Out. d, Digit 3

BLOCK DlAGRAM 50/60 CONTROL 3 1/3 MIN OUT

CK3100 ONLY

T

SET
TIME

!

50160 NOISE INCR TIME INCR TIME TIME
DIVIDER
IMINATG CONT MINUTE CONTROL AM/PM
N ELI OR NTROL INUTES. HOURS BRIGHTNESS
] Y

o ; 3
H s T
SET o E B
ALARM U DISPLAY SELECT LOGIC T
N AND ALARM COMPARATOR 2 o
v e 8 P
HRS L ° v
o E €
§ g H
NG i snooze s H
MiN CONTROL
ALARM v
SET 1 OSCILLATOR TONE 'sos
FREQ GENERATOR (CK3100
ONLY)
WAKE OUT ALARM/TONE ALARMITONE
{CK3100 ONLY) ouTpuT CANCEL.
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- CK3000 = CK3100

FUNCTIONAL DESCRIPTION

The block diagram shows diagramatically the various logical
function blocks that make up the CK3000 and CK3100 inte-
grated circuits. The various units have the following functions.
Osclliator

The oscillator provides two basic functions in the integrated
circuit.

1. Provides a suitable frequency in the audio 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 line
frequency into a ‘D’ 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
inputline 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 thatan 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 a1
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.

50/60Hz Control
For 50 Hz operation - Connect to V» or leave open circuit
For 60 Hz operation - Connect to Vy

‘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 alarm tone to output on alarm tone
pin. This tone will remain present for one minute uniess 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 alogical 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 logic will be re-triggered for the next day.

Thealarm tone is anominal 1KHz square wave chopped by a1Hz
square wave.

Frequency Set

An external resistor to Ve and external capacitor to Vx are used to
control the frequency of the oscillator. These values should be
selected to ensure appropriate 4 KHz oscillation.
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v
P Fig1
R Typical Values for 4KHz:
0s¢ €= 3300pF | forVe=18V

c IN. :

L

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

Figure 4 gives a guide to component values for different Ve
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.

Toenter set mode either set time 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 puiled 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 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.

50/60Hz 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 device 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 tol) 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
important that 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-| load characteristic does
not interrupt the avalanche region of the output device charac-
teristic or off segment glow will be observed orin 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) To allow current to turn offand on
in display gradually. Which will result in almost a total absence
of R.F.l.

Segments Output Control (Blanking) - CK3100

Dueto the high current handling capabilities of the output stages
of this I.C., it is not possible to control the outputV.l. 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 shut the 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.



Stand Off Voitage (VSO) — CK3000

The voltage on this pin influences 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 Ve will ensure that 45 volts can be withstood
through a plasma tube off-segment. For ease of operation it is
suggested that V.S.0. is connected to Vs.

AM/PM Indicator

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

Cathode (Segment) Output Drivers (Pins 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 controlied
by pin 12 (See Figs.7 and 8).

Cathode (Segment) Drivers (Pins 15 thru 39) — CK3100

The output drivers of the 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.5).
Note: It is recommended that the package power dissipation be
kept below 500mW, therefore, with a possible 24 simultaneous

CK3000 = CK3100 E

outputs being on together then each segment should be oper-
ated with an average power level of 21 mW or on average current
of 15mA. 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 1Hz flash. 1 Hz flash.
Running Not set 1Hz flash. Off
Running Snooze . T R

period 1 Hz flash 1 Hz flash

*colons flash alternately.

3.33 Minute Output — CK3100

This pin produces 3 pulses in each ten-minute period or 18 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” atthe instance of alarm compare and stays
on until the 1.C. receives an alarm cancel signal. The wake output
has been incorporated for appliance control, or clock radio
applications. Output characteristics are shown in Figure6.

ALL RESISTORS 0.25W UNLESS STATED OTHERWISE.

o— ——{ ——n
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"LA ® 12
D8 IN414B l 1
I el 1 A
13 2 . AT1
ca R7 2
AV1 AV2 RS D5 03 25C17724 co4
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Fig.2 110 OR 230V LINE OPERATED CLOCK USING CK3000 DIRECT DRIVE PLASMA DISPLAY

CONTROL
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ELECTRICAL CHARACTERISTICS

Maximum Ratings™

Voltage on any pin withrespecttoVN . . . . . . . . . ... .. .. 0 to +25V
Voltage on Segment OutputPins. . . . . . . . . .. .. 0 to +45V (CK3000-2)
Storage TemperatureRange . . . . . . . . ... .. .. .. —65°C to +150°C
Power Dissipationat70°C. . . . . . . . . . . . .. ... . ..... 500mwW
Operating Temperature. . . . . . . . . . . . .. ... ... —25°C to +70°C

Standard Conditions (unless otherwise noted)

Vn =0V

Vp=+7 to +18V

Vso = +5 to +18V (CK3000)

Operating Temperature (Ta) = +25°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.

CK3000
Characteristic Min Typ** Max Units Conditions
Clock Input Frequency DC 50/60 2500 Hz Max. figure for test only.
Clock Input
Logic ‘0’ 0 - +1.0 Vv
Logic ‘1’ 0.7 Ve - Ve \'
Oscillator Frequency (Fosc) 35 4 8 kHz Set by external resistor
and capacitor - See Fig.3
Control Inputs
Logic ‘0’ 0 - +1.0 Vv
Logic ‘1’ 0.7 Ve - Ve \
Outputs
Alarm Tone
‘0’ Level 20 = - mA at Vour = 3V; V=15V
‘1’ Level - - 10 MA at Vour = 15V
Display Drive
OFF Level - - 500 nA Vour=Vp=Vso = 15V; Vour = 30V
ON Level 2 = - mA See Figs.7 & 8; Vour=5V
Current - - 25 mA Not including outputs
CK3100
Characteristic Min Typ** Max Units Conditions
Clock Input Frequency DC 50/60 2500 Hz Max figure for test only
Clock Input
Logic ‘0’ 0 - +1.0 \"
Logic ‘1’ 0.7 Ve - Ve Vv
Oscillator Frequency (Fosc) 25 4 6 KHz Set by external capacitor
and resistor - See Fig.3
Control Inputs
Logic ‘0’ 0 - +1.0 \
Logic ‘1’ 0.7 Ve - Ve Vv
Outputs
Alarm Tone
‘0’ Level 20 - - mA Vour =3V; Ve =15V
‘1" Level 0.7 Ve - - \" Interna! pull-up to Ve (approx. 5KQ)
Wake Output
‘0’ Level 20 - - mA Vour = 3V; Vp= 15V
‘1" Level - - 10 wA Vour = Ve
Display Drive
‘0’ Level 20 - - mA Vour =2.2V; Ve =15V
‘1’ Level - - 10 A Vour = Vp
3-1/3 Min. Output
0’ Level 5 - - mA Vour = 3V; Ve =15V
‘1’ Leve! 0.7Vp - - \ Internal pull-up (approx. 5KQ)
Current - - 5 mA

**Typical values are at +25°C and nominal voltages.
NOTES:

1. Pins 2,6,7,8 and 9 have an internal pull-up resistor to Ve, value approximately 200KQ). (CK3000:)

2. Pins 3,4,6,7,8,9 and 10 have an internal pull-up resistor to Ve, value approximately 200KQ. (CK3100) _
3. Under no circumstances must any pin be biased temporary or permanently negative with respect to Vx or device operation

will be affected.

4. No output pin during operation must exceed V» transiently or operation will be affected.
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TYPICAL CHARACTERISTIC CURVES
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CK3200 CK3400

INSTRUMENT

4 Digit Alarm Clock Circuit

FEATURES

m 12 and/or 24 hour clock, 24 hour alarm setting

a Leading zero suppression in 24 hour mode

m PM indication in 12 hour mode

w 50/or 60 Hz operation

® Snooze (sleep-over) alarm

m 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 large digit.common 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

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top View
O .
Vn Ce1 28 [ seg Out b, Digits 1 & 2
50/60 Hz Control [ 2 27 P Seg Out g, Digits 1 & 2
Set Internal Osc Freq qa 26 [ Seg Out ¢, Digits 1 & 2
Alarm Tone Out (1) ] 4 25 [J Seg Out d, Digits 1 & 2
Set Time Enable (2) [ 5 24 [ Seg Out e, Digits 1 &2
Set Alarm Enable (2) ] 6 23 [0 Seg Out f, Digits 1 & 2
Increment Min Enable (] 7 22 [1 Seg Out a, Digits 1 & 2
Increment Hr Enable (] 8 21 [ Alarm Set/Lower Colon
50/60 Hz Input (] 9 20 3 PM Flag/Upper Colon
Seg Out Control {J 10 19 [J Seg Out a, Digits 3 & 4
12 and/or 24 Hr Sel ] 11 18 [0 Seg Out b, Digits 3 & 4
Ve O 12 17 [J Seg Out ¢, Digits 3 & 4
Seg Outf, Digits 3 & 4 [] 13 16 {1 Seg Out d, Digits 3 & 4
Seg Outg, Digits 3& 4 [ 14 15 11 Seg Out e, Digits 3 & 4

NOTES:

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.

INCR TIME INCR TIME MINS
CONTROL MINUTES CONTROL
HouRS MiNs [N outeur
T DECODER

SET TIME ] ‘ oRIvERs

ME_ | — e
ALARM TONE
CANCEL CK3400 L
SET ALARM \L
INCR AND SELECT LOGIC AND ::> HOURS o
ALARM COMPARAT!(

LOGIC OR DECODER DRIVERS

INC MINS -l led g
Z\l {\l
> avem
INC HRS AND
FLAG DRIVER
I ALARM ALARM < AM/PM l
MINUTES HOURS r [y
i 1 1
1
1 Y P setaanm |
SETRREQ | (oo o NOISE DIVIDER ALARM sNoozE PG AN
ELIMINATOR GENERATOR CONTROL CONDITION
¥ DRIVER |
50/60 50/60 ALARM TONE CANCEL (CK3200) 12/24 VBRIGHT
INPUT CONTROL CONTROL
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.
Osclllator;

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-
nally 1 KHz)

2. Provides a strobe frequency for strobing the 50 or 60 Hz line
frequency into a ‘D’ type flip flop to statistically eliminate the
noise. (Nominally 250 Hz)

Debounce Logic

The logic here is used to eliminate contact noise closure on any
inputline 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 time switch is open and closed multiple
counting will result. This logic also directs increment signais 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 alarm/tone 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.

Vac Va LINE [V..\./
a
1
|

Fig.1 DUPLEX DISPLAY DRIVING

Segment a Digit 1 connected to segment a Digit 2

b b
c c
d d
e e
f f
g 9
Segment a Digit 3 connected to segment a Digit 4
b b
c c
d d
e e
f f
[*] 9

CK3200 = CK3400 E

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 2

Lower colon anode connected to anode digit 3

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 50/60 Hz count to IC will then
automatically deliver the correct segment data to display.

-d3:56 -

REARER

Digits PM 3 4 Colon2 1 Alarm Flag

Anode phasing 50/60 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 V, or leave open circuit

For 50 Hz operation Connect to Vn

12 And/Or 24 Hour Select

The IC has the ability to display the correct time in12 or 24 hour
mode under the control of the 12/24 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

0. g
o 7

53 Becomes 7 . E 3
23 semee [§:33

No leading zero is shown in 24 hour mode.

I2:26 0:26

For economy a single segment is empldyed 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 mA) 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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7.5V v
ANODE
€K3200 R Vvp 1 v
c— CERAMIC
ALARM/TONE I BUZZER
CANCEL o o
pd @
ALARM OUT —+— I
2v
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- Vp= 15 VOLTS

dence between the time and alarm store will cause the alarm tone
to be output on this pin. This tone will remain present for one
minute unless cancelled by momentarily connecting this pinto a
logical ‘0’ (less than one volt). This tone will re-occur five minutes
(and subsequent multiples of 5 minutes) after the original alarm
time for aduration 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 amomentary 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.
Thealarm tone isanominal 1KHz square wave choppedbya1Hz
square wave.
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Fig.3 ALARM TONE OUTPUT CHARACTERISTIC - CK3400

Frequency Set

An external resistor to V, and external capacitor to Vy 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 V, values.

10
A R =220k
el
©=2200PF
5
/’ R=470kQ
KHz 7 A
/ é
2
1
5 7 ) 11 13 15
voLTs
Fig.4

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
togical ‘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 remains 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.

Seg ts Output Control (Bright ) - CK3200

Alloutput stages consist of a three device cascode configuration
of which one device controls the output voltage current charac-
teristics (see Fig.5). 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 1) or the
constant current region (I independent of V).

Vp =I5V
Ips
6
N Brightness Volts
5 < (PIN 10)
\
. \ Lisv
Ima/ ) Fiov
oIV N //f/ waximom |
21N POWER DC.
2 A ~ v./ |
= 5V
| < i
oV
2V/DIV Vos
Fig.5 TYPICAL LED OUTPUT DRIVER
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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 aimost a total absence of R.F.I.

Segments Output Control (Blanking) - CK3400

Dueto the high current handling capabilities of the output stages
ofthis I.C., it is not possible to control the outputV.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 segments 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 the
display anode and prematurely shut the display down in each line
cycleto 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.5)

Cathode Segment Drivers - CK3400

The output drivers of the CK3400 have sufficient current han-
dling capabilities to drive even the most inefficient of todays
availableL.E.D.’s. The output characteristics of the segments are
shown in Fig.5.

NOTE:

Itis recommended that the package power dissipation is kept to
below 500mW, therefore, with a possible 16 simultaneous outputs
being on together, then each segment should be operated with
an average power level of 31mW or on average current of 25mA.
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 Colon A Colon B
Stopped/Setting | Don'tcare OFF OFF
Running Set 1HzFlash. | 1HzFlash.
Running Not set 1HzFlash. | 1HzFlash.
Running Snooze period 1HzFlash. 1HzFlash.
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin withrespecttoVn . . . . . . . . . . . .. —0.3 to +30 volts *Exceeding these ratings could cause perma-
Voltage on segmentoutputpins. . . . . . . . . ... .. ... —0.3V to +45V nent damage. Functional operation of these
Storage temperaturerange. . . . . . . . . . ... ... —65°C to +150°C devices at these conditions is not implied
Power dissipationat70°C. . . . . . .. ... ... ...... 500 milliwatts —operating ranges are specified below.
Operating temperature . . . . . . . . .. .. ... .. ... —25°C to +70°C

Standard Conditions (unless otherwise noted)

V=0V
V, =+10 to +18V
Operating Temperature (Ta) = +25°C

CK3200
Characteristic Min Typ** Max Units Conditions
Clock Input
Frequency DC 50/60 50,000 Hz Max figure for test only
Logic‘0’ 0 - 0.8 \
Logic‘1’ 0.7V, — vV, Y
Oscillator Frequency (Fosc) 3 4 6 kHz Set by external resistor and
capacitoratV,=15V
Control Inputs
Logic‘0’ 0 — 0.8 Vv
Logic‘1’ 0.7V, — Ve "
Outputs
Alarm Tone
Cancelled -0.3 — 0.3 Vv Typlsink=3maat>2.5V
Tone 3 — Vp Vv
Display Drive

OFF Level — — 2 pA V=15V, Vour=45 Volts

ON Level — — — - SeeFigs.4a-b-c
Current 04 — 3.0 mA Notincluding outputs

CK3400
Characteristic Min Typ** Max Units Conditions
Clock Input
Frequency DC 50/60 50,000 Hz Max figure for test only
Logic ‘0’ 0 —_ 0.8 Vv
Logic ‘1’ 0.7V, — Ve "
Oscillator Frequency (Fosc) 3 4 6 kHz Set by external resistor and
capacitor at V,15V
Control Inputs
Logic ‘0 0 - 0.8 v
Logic ‘1’ 0.7V, - Vp \
Outputs
Alarm Tone 40 HA Vour= 0.3 Volts,
Typ | sink =3ma at > 2.5V

Display Drive

OFF Level - - 10 HA V, =15V, Vour=V,

ON Level — — 20 mA See Figs. 4a-b-c, Vour = 3 Volts
Current 04 — 3.0 mA Not including outputs

**Typical values are at +25°C and nominal voltages.
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Fig.6 TYPICAL APPLICATION
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CK3300

ifgevm.
INSTRUMENT

Digital 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

B 12 or 24 hour display

® [ eading 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 propogation
suppressed)

5 minute pre-alarm applicance switching

Automatic tape recorder control (record your favorite
program automatically 0-120 minutes—starting from the
exact second)

PIN CONFIGURATION
28 LEAD DUAL IN LINE
Top View
wder ~  2shve
Colons [J 2 27 [J 50/60 Count Input
PM/Indicator/Sleep Indicator OJ 3 26 [J OSC 1 (Standby Timing)

1 Digits 3 & 4 [] 4 25 [ OSC 2 (Sleep Timing)
gDigits3&4 [ 5 24 I inc Hours (SIN)
eDigits3&4 0 6 23 E Inc Mins (S.C./SR.)
dDigits 3840 7 22 [1 ST Set Time
cDigits3&4 (1 8 21 [ S.A. Set Alarm
b Digits 3&4 4 9 20 [J Wake 1 Out (12/24 Hr Sel)
a Digits 3 & 4 (] 10 19 [J Wake 2 Out (50/60 Sel)
aDigits1&2 1 18 [0 Sleep Out
1 Digits 1 & 2 [ 12 17 3 b Digits 1 & 2
e Digits 182 ] 13 16 [1 g Digits 1 & 2
d Digits 1 &2 [J 14 15 3 ¢ Digits 1 & 2

DESCRIPTION

The CK3300 N-Channel MOS |.C. contains all the necessary
logic, contact noise elimination circuits, control switching, seg-
mentdrivers and timing circuits to implement simple-to-use, low
cost, multi-featured clock radios.

Due to the extreme difficulties in eliminating R.F.l. 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 littie or no
R.F.l. problems are met by the clock radio designer. The largest
R.F.l. 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 changos occur at the zero crossings of the line
cycle. This technique allows brightness control to be achieved
simply by resistively dividing down the line voltage with a poten-
tiometer, or a simple two level scheme using a transformer tap.
Segment driving of the two groups is directly from the I.C.
through 50 ohm switches which allow the high current peaks
required of LEDs, 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.

BLOCK DIAGRAM
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PIN FUNCTIONS

Vn - (Pin 1)

Is the most negative power supply to the chip (0 volts).
Segment Drivers (Pins 2-17)

These outputs are 50 Q switches which drive the segments of
common anode LED's directly. Their use and operation is as
follows:

Touse the CK3300 with LEDs, the LEDs must be of the 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 ¢ 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 ¢ 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 50/60Hz count to IC will then auto-
matically deliver the correct segment data to the display.

2 di56-
P RIGITS | KWLy

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, asleep cancel, an
alarm comparison taking place, or an end of snooze period. This
pinis also used as an input during circuit test to speed up testing.
Wake 2 Output/50-60 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 ‘1’ (last data on this input
when either Set Time or Set Alarm changes state is stored in an
internal latch).

Wake 1 Output/12 Or 24 Hour Select (Pin 20)

This output turns on at alarm compare time and stays on un-
interrupted until either:

a. An alarm cancel

b. 80 continuous minutes from alarm time

c. 80 continuous minutes from last snooze repeat

oo [E]

During the time that Set Time and Set Alarm are at a logic 'V’
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 latch, and defines 12 or 24 hour
operation.

Set Alarm (Pin 21)

This pin, held at zero while Set Time is at a logic ‘1", enables the
Increment Minutes and Increment Hours inputs to the alarm
counter, such that each change of state (1—0) of the increment
inputs will advance the appropriate counter by one unit.

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 alogic ‘0’ allows the Wake
outputs to become active when the time reaches the alarm time.
Returning either Set Time or Set Alarm to a logic ‘1’ will cancel the
alarm.

Increment Mins/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 inputis
de-bounced against switch noise). If both Set Time and Set
Alarm are at a logic ‘1’ or logic ‘0’ and the sieep timeris running, a
logic zero on this input will cancel sleep.

I1f both Set Time and Set Alarm are at a zero and the Wake outputs
are active (i.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 0. (This input is de-bounced against switch
noise). If both Set Alarm and Set Time 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 |.C. -

a. the internal timing for a series of one-shot gates

b. After division, the frequency to de-bounce other external pins
via D-type latches. This frequency is further divided down to
50/60Hz 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 input is the normal source of timing. This input drives both
the internal count and the alternate half line selection of the
segment outputs.

Forequal brightness in the display this input must havea1:1 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 (Pin 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 SC/ Wake Wake 50/ 12/
ST. SA. MIN HR SR SIN 1 2 60 24

1 1 _ ~ . N _ _ . .
1 0 * * - - - - - -
0 1 * * - - - - - -
0 0 _ _ . . * . R _

*Operable - Not Operable

Set time (S.T.) Pin 22

Set alarm (S.A.) Pin 21

Increment minutes (inc min) Pin 23

Increment hours (inc hrs) Pin 24

Sleep cancel (S.C.) Pin 23

Snooze repeat (S.R.) Pin 23

Sleep initiate (SIN) Pin 24

Wake 1 Pin 20

Wake 2 Pin 19

50/60Hz Select Pin 19

12/24Hr. Select Pin 20

Using Wake 1 Or 2—Input/Output Functions

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 12/24Hr. Select on the
Wake 1 pin.

50/60Hz 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:

_____ =

STORE 50/60 Hz |

1 Yo woeon:
SELECT)

: VN -t—'— )

2 >R LOAD
v, R3 >R LOAD
P

RLOAD (ALARM)

\ R3 OFF

! oN

Lo SET ALARM
?WAKE 2 FUNCTION

TIME SET ALARM

FROM ALARM Hson
_iswm:n Ve S 0
Iq A SETTIME I 1

1
]
'
|
?
Ve
|
4

) SET ALARM

—SETALARM
ALARM SET _4(? ,
, I
|

Fig.1 SUGGESTED USE OF WAKE OUTPUTS TO ENSURE
PROPER OPERATION OF INPUT/OUTPUT FUNCTION

With the Set switchin the center position the setinputs are pulled
up to a logic ‘1" by the IC, provided the Alarm switch is in the off
position. The load (R load) will pull the junction of the two diodes
and R2 to a logic ‘1".

The output pin Wake 2 will either be pulled up or down depending
on the connection of R3.

Changing of Set switch will pull down the appropriate input and
not affect other external circuit conditions.

Change of position of alarm ON-OFF switch will allow R2 to pull
down both Set inputs to zero before Wake 2 output is connected
to load. This ensures that the internal IC latch is disconnected
from wake line before data on wake line can influence stored data
in latch.

12/24 Hr. Select

For the “Wake 1 output 12-24 hour select”, changing the logic
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polarity willimmediately change the displayed time from 12 hour
mode to 24 hour mode or vice versa.

eg. 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 LEDs 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.=0

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 isincorrect if minutes are changed, thus stopping
clock and re-setting internal seconds counter to zero.

S.A.=0

Selects alarm time and, for each depression of Inc Hours, hours
are advanced one and, for each depression of Inc Mins, minutes
are advanced one.

NOTE:

No carries from minutes to hours occur during setting of time or
alarm

Radio Control Inputs

TheinputsS.T.,S.A., IncMin, Inc Hr, serve as radio control inputs
under the following conditions.

S.T. And 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 Not required Cancel
1 0 Not required Cancel
0 1 Not required Cancel
0 0 Requested Alarm maintained for 80 mins
S.T.,S.A.=1

I1fS.T.and S.A. are atalogic 1together 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 secs will
result in sleep output going to zero for the period of time set by
sleep potentiometer.

Atany 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.=1is
identical. (When the alarm sounds at the requested alarm time
theinput (S.C./S.R.) (Inc Mins) becomes the 5 min snooze repeat
input.)



At alarm, the effect of (S.C./S.R.) 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 mins—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./S.R.) and (SIN) on one button performs
the following three functions:

Initiate sleep  (SIN)

Cancelsleep (S.C.)

Snooze repeat (S.R.)

Delaying Alarm by 5 Minutes

If, when Wake 1 output is capactively coupled to (S.C./S.R.) 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 until 5 minutes later; this allows an electrical appliance
to be turned on 5 minutes prior to alarm sounding.

Use of Sleep Timer for Tape Recorder Control
If sleep input (SIN) in directly coupled to Wake 1 output, then a
tape recorder or any electrical equipment can be turned on at
alarm time using sleep output for a period of time set on sleep
potentiometer.
Radio Control Outputs
There are three radio control outputs:
a. Wake 1
b. Wake 2
c. Sleep output
Function
1. Wake 1—goes at zero; i.e. is on at alarm time for a period of 80
mins or until an alarm cancel.
2. Wake 2 goes to zero at alarm time, and stays at zero until a
snooze repeat is activated then it will stay off until next 5 minute
point then return to zero, for a period of 80 mins unless snooze
repeat is re-activated. Snooze repeat can be used indefinitely,
until either a continuous 80 mins occurs or alarm is cancelled.
Note: The 5 minute period is any 5 min interval from alarm time
and not 5 min from each snooze repeat.
3. Sleep output goes low after a sleep initiate for the period of
time set by sleep potentiometer. (Will be overidden by Wake if
sooner.)
Colon Utilization

COLON CONDITIONS

CK3300 E

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
‘)

Stand-By Operation

If a circuit is employed to change the IC power source to battery
during line failure, e.g. two diodes, then if the external timing
components of oscillator 1 are set to give 8KHz (nominally R =
120K Q = 2200pF), then the IC will maintain operation to an
accuracy of one partin120, i.e., 30 secs/hr, during the failure. On
return to main power the sleep indicator will flash at iHZ to notify
user that indicated time could be in error.

The standby condition is detected by the failure of oscillator 2 to
oscillate, therefore oscillator 2 is connected to the line-derived
power source, not the battery.

It is assumed OSC 2 input has gone to zero volts.

To remove flash 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 RC 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 1, which is set
to 8KHz is divided down to 50HZ (20.0'‘msecs) and is used as a
gating time for oscillator 2 (Sleep Timer Source).The number of
gated counts is loaded in the sleep timerj(capacity 160 counts)
and subsequently counted up at one per minute until 160is
reached.

The range of sleep time is controlled by varying OSC 2 resis-
tance. At 4:1 change in resistance will give variation of 160 to 40
gated pulses, this giving a sleep time of 0 to 120 minutes.
NOTE:
Minimum sleep time to ensure correct snooze operation should
be a minimum of 5 minutes.
Vp

R1, C1= 120K, 2200PF

R2 =0 — 450K
Frequency range = 8kHZ — 2kHZ
Gate time = 20ms
Zero sleep counts = (20 x 10™°) x (8 x 10°) = 160
Maximum sleep counts = (20 x 107) x (2 x 10°) = 40
Range = 120 counts
Hence 1 count=1min

RI

osc 2
FUNCTION BOTTOM TOP
Set time on off Cl
Set alarm off on j_: Fig.2
Stopped (Sync) off off -
Run (alarm not requested) 1Hz off Toinitiate the sleep timer both S.T. and S.A. must logically be the
Run (alarm requested) 1Kz 1Hz same, and INC HR/SIN must be momentarily at zero. (See later
Snooze period 1Hz 1Hz section).
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ELECTRICAL CHARACTERISTICS

Voltage any pinwithrespecttoV, . . . . . . .. . .. .. ... .. 0 to +20V *Exceeding these ratings could cause
Storage temperature. . . . . . . ... L. Lo —65°C to +150°C permanent damage. Functional operation of
Operating temperature . . . . . . . . . . .. ... ... .. —20°C to +70°C this device at these conditions is not
Lead temperature (soldering10sec). . . . . . . . . . . . ... ... +300°C implied—operating ranges are specified
below.
Characteristic Min Typ** Max Units Conditions

Power Supply Voltage 6 10 18 Volts Vu=0V

Supply Current — 2 - mA

50/60HZ Input

Frequency (must be

identical to anodes) 0 50/60 50,000 Hz V, =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 Vour = 1.5V

(off) — 10 —_ HA
Wake 1, 2, Sleep Out (on) - 30 - mA Vour = 1.5V
(off) — 10 — pA

Wake 1, 2 (As Inputs)

Logic ‘1’ level 0.6Vp — Vp Volts

Logic ‘0’ level 0.0 - 0.7 Volts

Oscillators 1 and 2

Hi level - 55 — Volts Free run

Lo level - 3.5 — Volts

Reset Level - — 0.7 Volts

Unless specified otherwise, characteristics are defined with V, = 10V at T, = +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 500mW.

5. The total current being returned to V. through all device pins must not exceed 1 amp.

TIMING DIAGRAM

a1

S I I I V1

s LI UV VU U Wy
S0 W R T Ty Ty U N 6 1
—— T

SET TIvE
STy ] occonTroLLED

TIME = ALABM | 5 MINS | 5MINS 80 MiNS

S ] sampLeD EVERY 20 M AT sakz OPERATION
16.6 MS AT 60z OPERATION (20MS DURING STANDBY)

Input and Output Characteristics

INPUTS

S.A.

S.T. Active pull up’'s to V, }

INC HR (SIN) Operate level logic ‘0’ § 22°K®

INC MIN (SC/SR)

50/60HZ count input, active pull down
For correct operation duty cycle of 50/60Hz must be 1:1 £ 20%
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OUTPUTS
Normally open circuit
Operate “on” (low impedance typically 500)

INPUTS
Wake 1 - as input ‘1’=12hr ‘0’ = 24hr
Wake 2 - as input ‘1" = 60Hz ‘0’ =50Hz

CLOCK INPUT NOISE ELIMINATION TIMING
50/60Hz - strobed every 4ms internally for less than 1 us

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 50/60Hz input pin is directed straight to
the main counters under control of the sleep pin. If Sleep pin at
‘0’—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 50/60 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

1st button depression  Low volume radio (set required volume)
2nd button depression  Radio off

3rd button depression  Radio on low volume

4th button depression  Radio off

etc....

IN RADIO ON POSITION

Radio comes on high volume (set wake volume required)
1st button depression  Low volume radio (mute facility)
2nd button depression  High volume

3rd button depression as 1

4th button depression  as 2

Radio Auto

In auto, alarm is requested at “set alarm” time. If sleep is desired

press button. Subsequent button pushes will have same effect as

in radio “off” position.

Select Wake to Alarm Tone or Radio

Assume radio selected

At alarm time radio will come on at wake volume setting.

1st button depression  Radio will switch to low volume

2nd button depression  Radio will switch off

3rd button depression  Radio back a low volume

If after first depression radio is left untouched, radio will return to

wake volume after five minutes.

If after 2nd depression radio is left untouched, radio will stay off

for five minutes then return to wake volume.

This wake volume, if left, will be maintained for 80 mins unless

radio is returned to radio ON or radio OFF switch position,

changing switch momentarily from auto to ON or OFF and back

to auto will reset alarm and re-request for same time next day.

The above, repeating snooze, can be maintained 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-

cxsso0 [5]

back around the audio amplifier or radio in such a manner that
the desired sound can be achieved and the feedback can be
stopped by open circuit one point in the network.

At alarm time buzzer will sound:
On 1st 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 S.A. 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 of Auto Tape

Fig.21 shows - the facility for automatically switching on an
appliance (e.g. tape recorder) at a specific time and keeping
appliance active for a period of time up to 120 mins. In this mode
the wake outputis 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.

Fig.6 — shows a typical clock-radio block diagram

Fig.7 — shows the chip/display circuit.

1

LC. POWER RADIO POWER
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AC LINE INTERFACE saﬂ%ﬁ%ﬁ
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Fig.6
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Interface 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
provi ling 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. Automatic brightness control Fig.13
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CK3300 E

Radio Switching Additional Facilities
Option 1 Push button operation (Fig.14) 1. Automatic tape recording (Fig.21)
Option 2 Rotary switch operation (Fig.15) 2. Appliance switching with delayed alarm (Fig.21)
Radio Powering 3. Wake to normal radio with 5§ minute alarm over-ride (Fig.21)
Option 1(Fig.16A, 16B) Direct audio amplifier control (no active 4. Wake to quiet radio with 5 minute alarm over-ride (Figs. 21
components) and/or 22) ) o )
Option 2 (Fig.17) Power supply switching using Transistor 5. Ratio muting during normal radio listening (Figs.21and /or 22)
Option 3 (Fig.18) Power supply switching using a relay j————— == -
Tone Generation RAD PoveRy
Option 1 (Fig.19) Saw tooth generation independ of radio l |
Option 2 (Fig.20) Sine wave generation independent of radio I LN PONER
Option 3 (Fig.15,16B) Sine wave using the existing radio audio I [ |
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RAL

SAA1024

INSTRUMENT

Ultrasonic Remote Control Transmitter

FEATURES

30 channels. 346.4Hz spacing in the range 34-44KHz.
9V battery operation.

4.433 MHz TV crystal master oscillator.

Touch or mechanical keyboard, 1 of 5 and 1 of 6 coding.
Low standby current drain (10 pA).

Equivalent to |.T.T. SAA1024.

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 10nA. As soon
asavalid inputcode 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.

PIN CONFIGURATION

16 LEAD DUAL IN LINE

Top View

Oscillator Input (J@1
Oscillator Output [ 2
InputA [ 3

InputB [ 4

inputc [ 5

Inputd [] 6

Inpute (] 7

InputF [] 8

O

[] Ultrasonic Output

:) Input L
[ tnputk
[] Input!
] InputH
J inputG

TRANSMITTER WITH TOUCHPLATE INPUT
-9V e TS l J_
2.7K 100pF == =
|
| I
ULTRASONIC 16 15 14 13 12 11 10 9
OUTPUT
SAA1024
el 2 3 4 5 6 7 8
T 11 [ ™ +—1
1M — 1 | KEY 3
“ 4.4336 MHz M
39pF 47pF
OV e- 1— P I P i )i
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[ Vgg (positive supply)

[] Vpp (negative supply)




SAA1024 E

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respecttoVsspin . . . . . . . . . .. +0.3 to —12 Volts *Exceeding these ratings could cause

Outputcurrent. . . . . . . . . ..o 10mA permanent damage. Functional operation of

Storage temperaturerange. . . . . . . . . ... ... ... —65°C to +150°C this device at these conditions is not

Ambient operating temperaturerange . . . . . . . . . . . .. —10°C to +70°C implied—operating ranges are specified
below.

Standard Conditions (unless otherwise noted)

Vss =0V
Vop = =7 to —10V
Operating Temperature (Ta) = -10°C to +70°C

Characteristic Min Typ** Max Units Conditions
Clock Frequency — 4.4336 — MHz See diagram for external components.
Output Frequencies — See Table —
Input logic ‘0’ - - -0.5 \
Input logic ‘1’ -3 — — v
Input leakage - - 200 nA at 70°C, Vin =-3V
Output On Resistance — 500 — Q to Vss, Vour=—1V
Output Off Resistance — 15 — KQ to Voo, Vour = Vopt+0.5V
Standby current drain — — 10 A
Operating current drain — 8.0 — mA

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

ULTRASONIC FREQUENCIES
Crystal = 4.4336MHz (code in negative logic)

Key Frequency a b c d e f g h i k 1
1 33,945 Hz 0 0 0 0 1 0 0 1 0 0 0
2 34,291 Hz 0 0 0 0 1 0 0 0 0 0 1
3 34,638 Hz 0 0 0 0 1 0 1 0 0 0 0
4 34,984 Hz 0 0 0 0 1 0 0 0 0 1 0
5 35,330 Hz 0 0 0 0 1 1 0 0 0 0 0
6 35,677 Hz 0 0 0 0 1 0 0 0 1 0 0
7 36,023 Hz 1 0 0 0 0 1 0 0 0 0 0
8 36,370 Hz 1 0 0 0 0 0 0 0 1 0 0
9 36,716 Hz 0 1 0 0 0 1 0 0 0 0 (]

10 37,062 Hz 0 1 0 0 0 0 0 0 1 0 0

" 37,409 Hz 0 0 1 0 0 1 0 0 0 0 0

12 37,755 Hz 0 0 1 0 0 0 0 0 1 0 0

13 38,101 Hz 0 0 0 1 0 1 0 0 0 0 0

14 38,448 Hz 0 0 0 1 0 0 0 0 1 0 0

15 38,794 Hz 1 0 0 0 0 0 1 0 0 0 0

16 39,141 Hz 1 0 0 0 0 0 0 0 0 1 0

17 39,487 Hz 0 1 0 0 0 0 1 0 0 0 0

18 39,833 Hz [4] 1 0 0 0 0 0 0 0 1 0

19 40,180 Hz 0 0 1 0 0 0 1 0 0 0 1]

20 40,526 Hz 0 0 1 0 0 0 0 0 0 1 0

21 40,872 Hz 0 0 0 1 0 0 1 0 0 0 0

22 41,219 Hz 0 0 0 1 0 0 0 0 0 1 0

23 41,565 Hz 1 0 0 0 0 0 0 1 0 0 0

24 41,911Hz 1 0 0 0 0 0 0 0 0 0 1

25 42,258 Hz 0 1 0 0 0 0 0 1 0 0 0

26 42,604 Hz 0 1 0 0 0 0 0 0 0 0 1

27 42,951 Hz 0 0 1 0 0 0 0 1 0 0 0

28 43,297 Hz 0 0 1 0 0 0 0 0 0 0 1

29 43,643 Hz 0 0 0 1 0 0 0 1 0 0 0

30 43,990 Hz 0 0 0 1 0 0 0 0 [4] 0 1
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GENERAL

SAA1025

INSTRUMENT

Ultrasonic Remote Control Receiver

FEATURES

® 30 Control Channels.

® 16 TV Channels.

® 3 Analog Channels.

® ON/OFF Channel.

& Normalize Control.

® Local Control.

8 Uses 4.4MHz TV Crystal.

m Equivalent to L.T.T. SAA1025.

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 analog 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 puise width modulated output with
31 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 isa
delay of approximately 0.7 seconds to prevent accidental

PIN CONFIGURATION
16 LEAD DUAL IN LINE

Top View
O
Vg (positive supply) (]@1 16 [ Vpp (negative supply)

Analog output3 [ 2 15 [ Clock input
Analog output2 [ 3 14 [J uitrasonic input
Anaolg output1 [] 4 13 [] NC.

Voo (memory) [] 5 12 [T Inpuv/Output A
On/Off output [] 6 11 [J Input/Output B
Input/OutputE [ 7 10 ] N.C.

Input/OutputD [] 8 9 [ Input/Output 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 18uSec. or longer than 36uSec. the receiver is reset.
Out of band and noisy signals are therefore rejected.

operation.
R3 ! f

TOUCH PLATE

% ; ENCODER

-0 -Vpp

ISOLATING
diode

—_—d e o —— ——— — e — | —

Fig.1 INPUT/OUTPUT CIRCUIT

O Vss

_.‘
—
\}/
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sanias [ 5]

PIN FUNCTIONS
Pin No. Name Function
1 Vss Positive supply.
16 Vop Negative supply 18V nominal.
5 Vo (memory) Negative supply to D/A store, allowing the analogvalues to be
retained with very low power consumption(Typ. 0.2mA at 10V).
15 Clock Input This pin is driven by a 4.4336MHz crystal oscillator. The input
signal should be a minimum of 4V peak to peak.
14 Ultrasonic Input The ultrasonic signal should be capacitively coupled and be at

least 500 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 23.1mS
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 18uSec or greater
than 36uSec 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 at the highest +0.39%.
2,3,4 Analog Outputs These outputs are in the form of a pulse, the mark to space ratio of
which can be changed in 31 steps from 0:31 to 31:0, 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
Jutput stage is an open drain MOS transistor which appears as a
1 KOhm (Max.) resistor connected to Vss when ON and an open
circuitwhen OFF. At power ON the outputs are normalized to the
following mark space ratios:

Qutput 1 16:15

Output2 18:13

Output3 10:21
When command 4 (Normalize) is received, Outputs 1 and 2 are
reset to their normalized values. Output 3 is unchanged.
When command 2 (Mute) is received Output 3 is turned OFF, a
further command re-enables the output. A delay of
approximately 0.7 seconds is built in to this control to prevent
false operation.

6 ON/OFF Output This output is toggled ON and OFF by reception of command 1,
the command must be present for 0.7 sec. At power ON the
outputis set to the OFF condition. When in the OFF condition the
Analog outputs are prevented from changing. Also, when OFF,
any one 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 6 to
Vss for 10 u seconds.

7,8,9,11,12| Input/OutputA,B,C,D, E These pins have the dual function of receiving input commands
from 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 R1 (Fig.1). If a touch contact is activated
current flows through R3 and R2 (Safety Isolating resistors) into
R1driving the input negative. When the input voltage exceeds 3
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
todrive TTL (Fig.2). When commands are received from both the
remote transmitter and the local keyboard the local command
takes precedence.

NOTE: Pin 6 — An option is available whereby this output can be turned “off” by the reception of a channel 1 command but not “on”.
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SAA1025

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Voltage on any pin with respecttoVsspin . . . . . . . . ... .. +0.3 to -20V
OutputCurrent. . . . . . . . . .. . . e 10mA
Storage TemperatureRange . . . . . . . . . .. ... ... -65°C to +150°C
Ambient Operating TemperatureRange . . . . . . . ... .. -20°C to +70°C

Standard Conditions (unless otherwise noted)

Vgs= OV Fc = 4.4336MHz
Vpp=-16.5 to -19.5V Operating Temperature (Ta) = -20°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.

Characteristic Min Typ** Max Units Conditions
Clock Input
Logic 0 +0.3 — -1 Volts
Logic ‘1’ —4 — -19.5 Volts
Capacitance — — 10 pF
Ultrasonic Input ) 0.5 — — Vp-p capacity coupled
Inputs A-E
Logic ‘0’ +0.3 — -1 Volts
Logic ‘1’ -3 - -19.5 Volts
Outputs A—E
Logic ‘0’ — — —-0.5 Volts RL=4.7Mto Vss
Logic ‘1’ —5.5 — —_ Volts lout= 1.6mA (Fig.1)
On/Off Output
Off leakage — — 10 uA Vout =-19.5 Volts
On resistance _ - - 1 KOhm Vout = -1V (resistance to Vss)
Analog Outputs
Off leakage — — 10 pA Vout = —19.5 Volts
On resistance — — 1 KOhm Vout = —1V (resistance to Vss)
Output frequency - 8.99 —_ KHz
Increment time per stop - 184.8 - mSec
Memory Supply Current - 0.2 - mA Vpp(mem) = —10V
Chip Supply Current - 20 — mA Vpp = -19V

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

TYPICAL CHARACTERISTIC CURVE

T
oL\

mA \
10

MIN

VOLTS

Fig.2 OUTPUT CHARACTERISTICS

0 -2 -4 -6 -8 -10
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FREQUENCY/CHANNEL ALLOCATIONS

F = Channel Select Clock frequency 4.4336 MHz Output in Negative logic Output Code

CH Frequency Hz Channel Function A B C D E

1 33,944.89 ON/OFF 1 0 0 0 0

2 34,291.21 Mute A3 1 0 0 0 1

3 34,637.65 A1lup 0 1 0 0 0

4 34,984.02 Normalize 0 1 0 0 1

5 35,330.40 A1 down 1 1 0 0 0

6 35,676.78 Z1 1 1 0 0 1

7 36,023.15 A2 up 0 0 1 0 0

8 36,369.53 z2 0 0 1 0 1

9 36,715.91 A2 down 1 0 1 0 0
10 37,062.28 23 1 0 1 0 1
11 37,408.66 A3 up 0 1 1 0 0
12 37,755.03 zZ4 0 1 1 0 1
13 38,101.41 A3 down 1 1 1 0 0
14 38,447.79 25 1 1 1 0 1
15 38,794.16 F1 0 0 0 1 0
16 39,140.54 F2 0 0 0 1 1
17 39,486.92 F3 1 0 0 1 0
18 39,833.29 F4 1 0 0 1 1
19 40.179.07 F5 0 1 0 1 0
20 40,526.05 Fé 0 1 0 1 1
21 40,872.42 F7 1 1 0 1 0
22 41,218.80 F8 1 1 0 1 1
23 41,565.18 F9 0 0 1 1 0
24 41,911.55 F10 0 0 1 1 1
25 42,257.93 F11 1 0 1 1 0
26 42,604.31 F12 1 0 1 1 1
27 42,950.68 F13 0 1 1 1 0
28 43,297.06 F14 0 1 1 1 1
29 43,643.43 F15 1 1 1 1 0
30 43,989.81 F16 1 1 1 1 1
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& AY-5-8100  AY-5-8101

INSTRUMENT

Radio Receiver Frequency Counter/Display Driver

FEATURES

® Three frequency ranges: MW 2999KHz, SW 29.995MHz, VHF
299.95MHz.

8 Mask programmable IF offset, Standard part is 460KHz on
MW and SW, 10.7MHz on VHF.

8 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 digit select 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-5-8100/8101 are four and a half digit frequency counters
for use in Radio Receivers. Three main frequency ranges are
provided, 2999KHz and 29.995MHz with 460KHz IF offset and
299.95MHz with 10.7MHz IF offset. For use in VHF FM receiversa
channel mode is available In this mode a channel number from 0
to 99 is displayed together with a “+” or “—" sign for tuning
indication. In thismode the IF is 10.7MHz and channel Ois 87MHz.

The outputs are multiplexed 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.

PIN CONFIGURATION

28 LEAD DUAL IN LINE

Top View
< (—12V): AY-5-8101
SW Select (] @1 28 [ Vpp (~17V): AY-5-8100
1.28MHz-clock input [ 2 27 0 ClI Counter Input
OE Output Enable (] 3 26 [J PR Prescaler Reset
NC ] 4 257 MW Select
NC ] 5 24 [1 CH Channel Select
B 6 230 D1 LSD
Ad7 22 D2
F Os 21 [ D3 ) Digit Select Outputs
Segment G do 20 ] D4
Outputs DP 1 10 19 (3 D5 / MSD
cgn 18 [J R Reset
D g 17 3 LQ Liquid Crystal Select
E 13 16 [J S.S.I. Segment Select Invert
Vss ] 14 15 O *Display Mode Input

1.28MHz
CLOCK
OSCILLATOR

SYSTEM DIAGRAM
VHF INPUT SW INPUT MW INPUT
cl
+10 +10 +38
T ? 7
PR
50Hz to
AY-5-1200A
CLOCK
CIRCUIT

AY-5-8100/8101

<—
&—— MODE
)&—— SELECT

RANEARRRRAA

5 DIGIT 7 SEG. DISPLAY
(FLUORESCENT)

Fig.1 FREQUENCY COUNTER CLOCK CONNECTION DIAGRAM—DIRECT FLUORESCENT DISPLAY DRIVE
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PIN FUNCTIONS

AY-5-8100 =  AY-5-8101 E

Function

Selects 29.995MHz counter range when at logic ‘0’. See Moae
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).

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 atlogic ‘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 digitis 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.

Pin No. Name
1 SW Select
2 1.28MHz Clock
3 Output Enable
4 —
5 —
6-13 Segment Outputs
14 Vss
15 +Display Mode Input
16 Segment Select Invert
17 Liquid Crystal Select
18 Reset
19-23 Digit Select Outputs D1-D5
24 Channel Select
25 MW Select
26 Prescaler Reset
27 Counter Input
28 Voo
NOTE:

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 I\RA::;;:‘rerxgt period g(r)nsgfsecon d
ratios of 8, 80 and 800. The appropriate IF offsetis loaded into the Master%lock frequenc 1 2gMHz
counter before measuring. The local oscillator must always be at a Yy '
a higher frequency than the receiver frequency.
Display Range N
Mode D5 Da D3 D2 D1 Discrimination Prescaler IF
Mw 2 9 9 9 KHz 1KHz + 8 460
SW 2 9 9 9 5 MHz 5KHz + 80 460
FM 2 9 9 9 5 MHz 50KHz +800 10.7
CH + 9 9 MHz 300KHz +800 10.7
NOTES:

1. Leading zeros are blanked.

2. In Channel Mode the + or — signs are lit if the receiver is more than 50KHz off tune.
3. The IF offset is mask programmed and can in principle be made to any value.

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

MODE SELECTION

Mw swW CH OE Mode
0 1 X 1 MW
1 0 X 1 SW
1 1 1 1 VHF
1 1 0 1 VHF/Channel
0 0 0 1 Counter mode
X X X 0 Clock

DISPLAY OUTPUT

The output isin 7 segment form multiplexed into five time slots at
arate 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).

73




E AY-5-8100 = AY-5-8101

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Vss pin

(except Segment and DigitOutputs). . . . . . . . . . ... .. +0.3V to —20V *Exceeding these ratings could cause perma-
Voltage on Segment and Digit Outputs with respect to Vss pin . . . +0.3V to ~35V nent damage. Functional operation of these
Ambient operating temperaturerange . . . . . . . . . . . ... 0°C to +70°C devices at these conditions is not implied
Storage temperaturerange. . . . . . . . . . .. . ... .. —65°C to +150°C —operating ranges are specified below.

Power dissipation. . . . . . . . . ... Lo 600mwW

Standard Conditions (unless otherwise noted)

Vss = +5V £0.5V

Vpp = —12V +1V (AY-5-8100) or -7V 1V (AY-5-8101)
Vi =—-28V 2V

Operating Temperature (Ta) = 0°C to +70°C

Fc = 1.28MHz +0.01%

Characteristic Sym Min Typ™* Max Units Conditions
Input logic ‘0’ level Vi - - +0.8 Volts
Input logic ‘1’ level Vin Vss —1 - - Volts
Input load current i - — 0.2 mA Vin=—Vpp Note1
(SW, 1.28MHz, OE, MW, CI, CH)
Input sink current I _ — 0.2 mA Vin=+Vss Note 2
(DM, SSI, LQ, R)
Input capacitance Cin - - 10 pF Vin= 0V f= 1MHz
Digit Select Outputs .
Logic ‘1’ On Current 2 - mA Vour= (Vss —2)V  Fig.1
Logic ‘0’ Off Current — — 10 HA Vour= (Vu+1)V  Fig.1
Segment Outputs
Logic ‘1’ On Current 5 — - mA Vour = (Vss —2)V  Fig.2
Logic ‘0’ Off Current - — 10 rA Vour= (Vi +1)V  Fig.2
PR Output
Logic ‘0’ VoL — - 0.4 Volts } Load = 2TTL gates (3.2mA), 3.3K
Logic ‘1’ Vou Vee —2.2 - Volts resistor to Vpp,+20pF
Clock input frequency fe 1.28 1.4 MHz Note 3
Clock pulse width 350 - — nSec logic ‘0’ or ‘1’
Count input frequency 10 — 600 KHz
Count input pulse width 600 - — nSec logic ‘0’ or ‘1’
Multiplex rate — 50 - Hz
Power consumption — 450 — mwW

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

NOTES:

1. These inputs have resistors of nominally 1770Kohm connected to Vss.

2. These inputs have resistors of nominally 1770Kohm connected to Vpp.

3. For correct frequency readings the clock input frequency must be 1.28 MHz + 0.01%.

-
ER

TIMING DIAGRAM

« ] 1
. [

. [
. [ ]

. [
—

—— COUNT PERIOD ——
8mSec
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AY-5-8100 = AY-5-8101 E
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Fig.2 FREQUENCY COUNTER/CLOCK CONNECTION DIAGRAM-DIRECT FLORESCENT DISPLAY DRIVE
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i AY-5-8300
INSTRUMENT AY'5'8302

AY-5-8310
AY-5-8320

TV Display Series

FEATURES

® Channel Display 0 to 15 or 1 to 16 or 00 to 99.

® 4 Digit Clock Display option.

® Color character on black background or color
character on color background.

® 14 or 24 DIL package.

OPTIONS
Part Number Channel Time 322;53'33;"/,
AY-5-8300 0-15 No Color/Black
AY-5-8302 1-16 No Color/Color
AY-5-8310 0-15 0or 00-99 Yes Color/Black
AY-5-8320 1-16 Yes* Color/Color

*The AY-5-8320 is capable of either simultaneous or separate
time and channel display.

DESCRIPTION

The AY-5-8300 series is a family of MOS circuits designed to
display channel and time information on the screen of a TV set.
The information is displayed as color characters on a black or
color background. Channel information is displayed either as a
single character 0 to 15 or 1to 16 or as 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 corner of the screen,
the display may be permanent or momentary.

INTERCONNECT DIAGRAM
FOR TV TIME DISPLAY

CLOCK ENABLE

nl

o
8h—
N

16 15 14 242 2

AY-5-1203A AY-5-8310/8320

78910 112

PIN CONFIGURATION
14 LEAD DUAL IN LINE

AY-5-8300

Vss (+18V) [

Color Output (]

Character Output []

Vertical Sync Input []
Horizontal Sync Input

2°Channel Input S

2" Channel Input [j

AY-5-8302

Vss (+18v) ]
Background Output []
Character Output []
Vertical Sync Input [
Horizontal Sync Input E
2° Channel Input []

2" Channel Input (]

Top View

D Display Enable

] 1.1MHz Clock Input
0 NC

[ Ves (GND)

[0 NC

[} 2° Channel Input
[ 22 Channel Input

|) Display Enable

(] 1.1MHz Clock Input
0 NC

[ Vag (GND)

] NC

[] 23 Channel Input
[] 22 Channel Input

24 LEAD DUAL IN LINE

AY-5-8310

Channel Display Enable
Color Output
Character Output

Mx 3 Input

Mx 2 Input

Mx 1 Input

Vertical Sync Input
Horizontal Sync Input
2° Clock Input

2° Channel Input

2' Clock Input

2' Channel Input

AY-5-8320

Channel Display Enable
Background Output
Characte Output

Mx 3 Input

Mx 2 Input

Mx 1 Input

Vertical Sync Input
Horizontal Sync Input
29 Clock Input

2° Channel Input

2* Clock Input

2" Channel Input

Top View

g
=
=
g
O

Il
o~ s ®

g
g
Qs
g
g
g

¢

24 [7 Mx4 Input

23 [J Strobe Input

22 [ Clock Display Enable
21 3 1.1MHz Clock Input

20 0 NC

19 D Channetl Display Mode
8 [0 Vag (GND)

17 [3 Vss (+18V)

16 [J 2° Channel Input

15 (1 2% Clock Input

14 [ 2? Channel Input

13 (1 2% Clock Input

Top View
der
Q-2 2
gs
04
gs
Os
gz
Os
go
g 1w
gn
g 12

24 [ Mx 4 Input

3 [J Strobe Input

22 13 Clock Display Enable
21 3 1.1MHz Clock Input
20 [ Seconds Colon Input
19 B NC

8 3 Vg (GND)
7 [ Vss (+18V)

16 [ 2% Channel input

5 {3 2° Clock Input

14 [3 22 Channel Input
13 [0 22 Clock Input
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PIN FUNCTION

AY-5-8300 = AY-5-8302 = AY-5-8310 = AY-5-8320 E

Function

Character Output (All types)
Vertical Sync Input (All types)

Horizontal Sync Input (All types)

1.1 MHz Clock Input (All types)

Channel inputs 2°—2° (All types)

Color Output (AY-5-8300/8310)
Background Output (AY-5-8302/8320)
Display Enable (AY-5-8300/8302)

Channel Display Enable (AY-5-8310/8320)

Clock Display Enable (AY-5-8310/8320)
Clock Inputs 2°—2° (AY-5-8310/8320)

Mx1—Mx4 (AY-5-8310/8320)

Strobe Input (AY-5-8310/8320)
Channel Display Mode (AY-5-8310)

Seconds Colon Input (AY-5-8320)

Defines the character outlines. At logic ‘1’ when displaying a
character.

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 puise to prevent ragged edges on character.

Code Display Display Display
2% 22 2" 2° | AY-5-8300| AY-5-8302, AY-5-8320 | AY-3-8310
0 000 0 1 o o*
0 00 1 1 2 101
0010 2 3 2
001 1 3 4 3 3
0 100 4 5 4 4
0 10 1 5 6 5 5
0110 6 7 6 6
00111 7 8 7 7
1 000 8 9 8 8
1 00 1 9 10 9 9
1010 10 11 10 —
101 1 1 12 1 —
1 100 12 13 12 —
110 1 13 14 13 —
1 110 14 15 14 —
1 111 15 16 15 —

*00-99 MODE.

Determines the character color. Goes to logic ‘1’ during a
character block.

Defines the background block. At logic ‘1’ when outputting
background.

When taken to logic '1’, the display is enabled. If an RC network is
connected to this pin, a momentary display can be obtained.

When taken to logic '1’, the channel dsplay is enabled. If an RC
network is connected to this pin, a momentary display can be
obtained.

When taken to logic '1’, the clock display is enabled.

Multiplexed 4 digit BCD clock data inputs such as available from
the AY-5-1203A clock circuit.

Multiplex inputs, at logic ‘1’ during multiplex time slot. For the
AY-5-8310, when operating in the 00-99 channel mode, Mx1 and
Mx2 time slots are used.

This input must go to alogic ‘1’ during the middle of each Mx time
slot to load the clock data into the chip.

When at logic '1’, the 0-15 channel mode is selected; logic '0’ for
00-99 channel mode.

This input controls the colon between the hours and minutes
display. When atlogic ‘0", the colon is blanked. If connected to the
DP output of the AY-5-1203A clock circuit, the colon will flash
once per second.
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E AY-5-8300 = AY-5-8302 = AY-5-8310 = AY-5-8320

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Vss pin . . . +0.3 to —20V
Ambient Operating temperaturerange . . . . . 0°C to +85°C
Storage temperaturerange. . . . . . . . . —65°C to +150°C

Standard Conditions (unless otherwise noted)

Vag = OV
Vgs = +16V to +19V

Operating Temperature (TA) = 0°C to +85°C
Clock Frequency = 1.1 MHz'+110%

*Exceeding these ratings could cause perma- l

nent damage. Functional operation of these

devices at these condtions is not implied

—operating ranges are specified below.

Characteristic Min Typ** Max Units Conditions
Vertical Sync Input (Note 1)
Logic ‘0’ 0 — 7 Voits
Logic ‘1’ Vss =5 — Vss +0.5 Volts
Rise & Fall Time — —_ 5 us 10% to 90%

Min slew rate 5V/usec

Horlzontal Sync Input
Logic ‘0’ 0 — 7 Volts
Logic ‘1’ Vss —1.6 — Vss +0.3 Volts
Rise & Fall Time — — 1 us 10% to 90%
1.1MHz Clock Input
Logic ‘0’ 0 — 7 Volts
Logic ‘1’ Vss =5 — Vss +0.3 Volts
Rise & Fall Time — 300 ns 10% to 90%
Pulse width 250 — ns at logic 0 and logic 1 levels
Channel Inputs (Note 1)
Logic ‘0’ 0 — 7 Volts
Logic ‘1’ Vss —5 — Vss +0.5 Volts
Clock inputs, Multiplex,
Strobe Inputs
Logic ‘0’ 0 — 7 Volts
Logic ‘1’ Vss —1.5 — Vss +0.3 Volts ‘
Input Resistance - 20 - Kohm To Vea !
Display Enable Inputs :
Switch point positive edge Vss —8 — Vss —5 Volts
Outputs
On resistance —_ —_ 1 Kohm Vour = Vss —2V 1
Off leakage — — 1 pA Vour =0V |
Turn ON time — — 200 us 10-80% load 25K & 20pF to ground
Power — — 400 mW Vss = +19V

**Typical values are at +25°C and nominal voltages.
NOTE:

1. These inputs are diode clamped to Vss. Maximum clamp current 50uA.

TIMING DIAGRAMS

VERTICAL
SYNC
®

HORIZONTAL
SYNC

B

ULl

Fig.1 INPUT WAVEFORMS
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AY-5-8300 = AY-5-8302 = AY-5-8310 = AY-5-8320

TIMING DIAGRAMS

HORIZONTAL 1

i
SYNC o I

f 1 2 3 44 45 46 47 48 49 50
1.1MHz CLOCK l | I I | I | I | I | I | I I I | |
° i)
CHARACTER 0 I
LINES 1-49
COLOR 0 I

1
CHARACTER [ I r L
1 LINES 50-54

COLOR 0 i l 1—— 50

, N N R N I N
CHARACTER 0 I
4 | uINes ss-s9

COLOR 0 I ' l

84

1
CHARACTER 0 i l I I [__I
1 | LINES 60-64

L
COLOR o I I L—

Fig.2a OUTPUT WAVEFORMS (AY-5-8300/8310)
COLOR CHARACTER ON A BLACK BACKGROUND

HORIZONTAL [ $
SYNC.

1 2 3 44 45 46 47 48 49 50

1.1 MHz CLOCK I I I I I I l | I ‘ I I |
%
CHARACTER <
LINES 1-48
BACKGROUND [}
CHARACTER [
LINES 49-53
BACKGROUND % l ] P
54
L 1 y
CHARACTER 9 6
LINES 54-58

l 69
BACKGROUND 9 I 7
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CHARACTER 5 l l l N

LINES 69-63 ]
BACKGROUND [

Fig.2b OUTPUT WAVEFORMS (AY-5-8302/8320)
COLOR CHARACTER ON A COLOR BACKGROUND
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- AY-5-8300 = AY-5-8302 = AY-5-8310 = AY-5-8320

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, 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 0.9usec 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. 8a and 8b.

In the AY-5-8300 and AY-5-8310, 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

0 0 Normal picture

1 0 Black (luminance channel full off)
1 1 Black

0 1 White

(b) Black/Yellow display

Character Color  Normal picture

Other color displays are generated-by suppressing one or two
chrominance channels.

In the AY-5-8302 and AY-5-8320, 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 9 are 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 occurring in the
middle of each time slot is used to read the data into the chip.
When the AY-5-1203A clock is used it can be directly connected
to the AY-5-8310 or AY-5-8320 with no external components. The
AY-5-8310 displays the time with hours and minutes (Fig.6); the
AY-5-8320 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 1and 2 in the same manner as the
clock formation.

1 0 Black (luminance full off)
1 1 Black (luminance full off and blue suppressed)
0 1 Yellow (luminance full on and blue suppressed)

Fig.3a CHARACTER SET
(AY-5-8300/8310)

Fig.4 CHANNEL DISPLAY

Fig.3b CHARACTER SET
(AY-5-8302/8320)

e |

1.7 24

Fig.5 CHARACTER SIZE
(25/26 INCH SCREEN)
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AY-5-8300 = AY-5-8302 = AY-5-8310 = AY-5-8320 @

1943 19:Y43

Fig.6 TIME DISPLAY (AY-5-8310) Fig.7 TIME AND CHANNEL DISPLAY
(AY-5-8320)

Fig.8a DISPLAY POSITION—CHANNEL (AY-5-8300/8302/8310) OR TIME (AY-5-8310)

Fig.8b DISPLAY POSITION—SIMULTANEOUS CHANNEL AND TIME (AY-5-8320)
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AY-5-8410 = AY-5-8411

iugnm.
INSTRUMENT

PRELIMINARY INFORMATION

Ultrasonic Remote Control Transmitter

FEATURES

23 channels of information

Direct drive for 40KHz transducer

Power consumption only during keying of information.
AY-5-8410 — local control at receiver

AY-5-8411 — remote control operates on 9V battery
Keyboard bounce protection built in.

No external oscillator is required.

= |ocal transmitter wire-OR’ed to receiver

DESCRIPTION

The AY-5-8410/8411 transmitter provides the electronics to
transmit 23 channels of information. The transmission is in pulse
code modulated form. The transmitter will drive a 40KHz
transducer either directly or via a step-up transformer. When any
key is depressed 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 8x3 matrix as shown below. Key bounce
protection is incorporated. A stable on-chip oscillator is also
provided.

If a local 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 receiver transducer
amplifier before being fed to the receiver chip.

ELECTRICAL CHARACTERISTICS
Standard Conditions (unless otherwise noted)
Vss = ov
Vpp = -9V Nominal (AY-5-8411)
-15V Nominal (AY-5-8410)
Operating Temperature (Ta)= -20°C to +70°C

Characteristic Min | Typ* | Max | Units | Conditions

Inputs
Clock
Output polarity
Key lines 1-8

Logic 0 03| — -1 Volts

Logic 1 -3 — | =15 | Volts
Outputs
Strobes S1,52,S3 — | 25 | — |Kohms]Output at

-7V

Ultrasonic output — | 100 | — }ohms
standby mode — 6 — HA

transmitting mode _ 2 — mA | Chip alone

*Typical values are at +25° C and nominal voltages.
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TRANSMITTER KEY MATRIX

Key
stiobe s2 s3 $1
Line
0 Ch 24 16 16
1 9 17 25
2 10 18 26
3 11 19 27
4 12 20 28
5 13 21 29
6 14 22 30
7 15 23 31

PIN FUNCTIONS

Key Lines S1, S2, S3
These key lines form part of the key matrix as shown above and
are strobe signals which each go low in sequence.

Key Inputs K1-K8
Those key lines form part of the key matrix as shown above and

they are connected to strobe lines S1, S2 or S3 when appropriate
keys are depressed.

Ultrasonic Outputs
The ultrasonic output is a tri 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.

When using the transmitter to encode a local keyboard, the
output polarity pin should be connected to Vobp. This inverts the
polarity of the ultrasonic output and enables the transmitter
output to be wire-OR’ed with an output from an ultrasonic
receiver transducer amplifier, before being fed to an ultrasonic
receiver.

Output Polarity

The polarity of the output is controlled by the output polarity pin.
With the pin linked to O volts the transmitter can be wire-OR’ed
with a receiver transducer amplifier.

With the pin linked to Vbo the transmitter output will drive a
transducer or step up transformer.

@R and @L

These are the oscillator input pins. The chip frequency is not
critical except in so far as is necessary to satisfy the requirements
of the ultrasonic transducers.

The chip may be driven from an external clock by connecting the
clock to both @R and @L linked together.

Ov or Vgg
Ov or positive supply

Voo
Negative supply nominally 9 volts.

Vou
This pin is concerned with automatic circuit start up and should
be connected to Vop by a 1M ohms resistor.



AY-5-8420

GENEMI
INSTRUMENT

PRELIMINARY INFORMATION

Ultrasonic Remote Control Receiver

FEATURES

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 information being received

DESCRIPTION

The AY-5-8420 provides the electronics to produce an ultrasonic
remote control receiver which with an appropriate transmitter
can accept up to63 channels of information. An on chip oscillator
is provided the frequency of which is nonjcritical (R66KHz.) 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.
Automatic internal power-on-clear is provided.

Error checking bits are transmitted with the code, these are
interrogated by the receiver and prevent it from accepting
incorrect data caused by attenuation, reflection or multiple path
propogation 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.

ELECTRICAL CHARACTERISTICS

Standard Conditions (unless otherwise noted)
Vgs = OV

Vpp = -15V nominal

Operating Temperature (Ta) = -20°C to +70°C

Characteristic Min | Typ*| Max | Units | Conditions
Inputs
Clock
Ultrasonic
5/6
Logic 0 +03| — -1 | Volts
Logic 1 -3 | — | -15 | Volts
Outputs
A-F
LED
STROBE
Logic 0 sink current | — 2 — | mA 2V drop
Chip supply current — — — mA
Oscillator frequency - 66 — | KHz

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

PIN FUNCTIONS

Ov
0 volt or positive supply.

Voo
Negative supply 15V nominal.

Clock inputs @R, @L
The clock frequency is determined by the value of resistor
connected between @R and @L.

@R and @L may be connected together and overdriven by an
external clock input.

Ultrasonic Input

The ultrasonic 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 ultrasonic
transducers.

A local keyboard input can be wire-OR’ed. The frequency is set
to approximately 66 KHz with a single resistor.

5/6 Control

This pin alters the function of the receiver to enable it to accept
data from either a 5 bit or 6 bit transmitter. With the pin not
connected the receiver functions in 5 bit mode. With the pin
connected to 0 v the receiver functions in 6 bit mode.

Outputs 1,2,4,8,16,32

The six outputs 1,2,4,8,16,32 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 vol 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 32
m.sec 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 toidrive:an analog functioni.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 60 p.sec after the data on outputs
1,2,4,8,16,32 has changed and is re-applied 60 u.sec later.
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AY-3-8500

AY-3-8500-1

TV Games

FEATURES

m 6 Selectable Games - Tennis, hockey/soccer, squash, pelota

and two rifle shooting games.

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 Hockey Game
Visually defined area for all Ball Games.

625 Line (AY;3-8500) and 525 Line (AY-3-8500-1) versions.

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Left Bat Input []

12

Top View
= =1
Vss (Ground){ 2 27 [ Hit Input
Sound Output] 3 26 [J shot Input
Veed 4 25 [3 Reset Input
Ball Angles[] 5 24 [ Score and Field Output
Ball Output[] 6 23 [ Pelota
Ball Speed [} 7 22 {1 squash
Manual Serve[] 8 21 [7] Hockey/Soccer
Right Player Output(] 9 20 [J Tennis
Left Player Output (] 10 19 [ Rifle Game 2
Right Bat Input [] 11 18 [1Rifle Game 1

Clock input

2

Bat Sizea 13 16 [ Sync Output
DESCRIPTION NCO 14 15 AINC
The AY-3-8500 and AY-3-8500-1 circuits have been designed to
provide a TV ‘games’ function which gives active entertainment
using a standard domestic television receiver. \
The circuit is intended to be battery powered and a minimum
number of external components are required to complete the
system. A block diagram is shown below.
SYSTEM BLOCK DIAGRAM
Vec - 10K
* +- 90uH
} GAME SELECT _J__
- 75pF 75pF
RIFLE T T
CIRCUIT
FIGU‘I ] T w‘l s
‘ i i1 1
28 15
1000 p 1K
Mo MO
AY-3-8500/8500-1
1 14 10K 10K
| 13
" Lor Jor
e M4 T
J T 111 )|
Ves T - - ” M
%
4072
*NORMALLY CLOSED

3300
510Q

SYNG SPACE —+| -

5100

VAV —= TO MODULATOR
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PIN FUNCTIONS

Left Bat Input

Right Bat Input

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.

Reset

This input is connected momentarily to Vgg(Logic ‘0’) to reset the
score counter and start a game.

Bat Size .

This input is left open circuit (Logic ‘1') to select small bats and
connected to Vgg (Logic ‘0") to select large bats. Fora 19” T.V.
Screen large bats are 1.9” and small bats are 0.95" high.

Ball Angles

This input is left open circuit (Logic ‘1’) to select two rebound
angles and connected to Vgg (Logic ‘0’) to select four rebound
angles. When two angles are selected they are £20°, when four
are selected they are£20° and £40°.

Ball Speed

When this input is left open-circuit, low speed is selected (1.3
seconds for ball to traverse the screen). When connected to Vgg
(Logic ‘0"), the high speed option is selected (0.65 seconds for ball
to traverse the screen).

Tennis, Hockey/Soccer, Squash, Pelota,

Rifle Game 1 and Rifle Game 2

These inputs are normally left open circuit (Logic ‘1') and are
connected to Vss (Logic ‘0") to select the desired game.

AY-3-8500 = AY-3-8500-1 E
Manual Serve

This input is connected to Vgss (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.

Shot Input

This input is connected to Vsgwhen the Rifle Trigger is pulled.
Hit Input

If this input is at Vgswhen the Rifle trigger is pulled a hit is
recorded.

Sound Output

The hit (32ms pulse/976Hz tone), boundary reflection (32ms
pulse/488Hz tone) and score (160ms pulse/1.95KHz tone) tones
are output on this pin.

Sync Output

The T.V. vertical and horizontal sync signals are output on this
pin.

Ball Output

The ball video signal is output on this pin thus allowing the
brightness of the ball to be adjusted relative to the rest of the
picture.

Score and Field Output

The video signals are output on this pin.

Left Player Output/Right Player Output

The left and right players are output on separate pins.

Note: The “Shot” and “Hit” inputs have on-chip pull-down resistors to Vgs. All other inputs (except the “Bat” inputs) have on-chip

puli-up resistors to Vgc.

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Voltage on any pin with respect to Vggpin . . . . . —0.3 to +12V
Storage TemperatureRange . . . . . . . . . —55°C to +150°C
Ambient Operating Temperature Range . . . . . 0°C to +50°C

Standard Conditions (unless otherwise noted)
Ve = *+7 to +9.5V (AY-3-8500)

Ve = +6 to +9.5V (AY-3-8500-A/AY-3-8500-1A)
Ve = +6 to +8.5V (AY-3-8500-B/AY-3-8500-1B)
Vce = +6 to +7.5V (AY-3-8500-C/AY-3-8500-1C)

Vgg= 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.

Operating Temperature (Ta) = 0°C to +50°C
F Clock = 2.01MHz £1%

at 25?3 :'::'3'::":9 Volis Min Typ** Max Units Conditions
Clock Input — —_ Maximum clock source impedance
Frequency — 2.01 _ MHz of 1K to V¢c or Vss.
Logic ‘0’ — 0.5 — Volts
Logic ‘1’ — Vce—1.0 — Volts
Pulse Width —Pos. — 200 — ns
Pulse Width — Neg. —-- — 300 — ns
Capacitance — 10 — pF ViN=0V, F = 1MHz
Leakage - —_ 100 — uA Vin=+9.5V
Control inputs Maximum contact resistance of 1K
Logic ‘0’ — 0.5 — Volts to Vss.
Logic ‘1’ - Vee—1.0 - Volts Inputs have 100KQ pull up to Vec
Input Impedance - 1.0 — M Ohms Pull up to Vcc
Rifle Input - 1.0 - M Ohms Pull down to Vsg
Outputs
Sync. Logic ‘0’ — 1.0 - Volt | out =0.5mA
Logic ‘1’ - Vee—2.0 - Volts | out = 50 uA

Ball. Logic ‘0’ - 1.0 — Volt | out=0.5mA

Logic ‘1! - Vec—2.0 —_ Volts | out =50pA
Sound
Logic ‘0’ — 1.0 — Volts I out =0.5mA
Logic ‘1’ — Vec—2.0 — Volts | out =50 pA
Power Supply Current - 24 - mA

**Typical values are at +25° C and nominal voltages.
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- AY-3-8500 = AY-3-8500-1

OPERATION

1) Tennis

With the tennis game the picture on the television screen would
be similar to Figure 2 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, 0 and the ball will
serve arbitrarily to one side at one of the angles. If the 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 ihe path of the ball. When a ‘hit’ is detected by the logic,
the section of the bat which made the hit is used to determine the
new angle of the ball.

To expand on this, all ‘bats’ or ‘players’ are divided logically into
four adjacent sections of equal length. When using the four angle
optionitis the quarter of bat which actually hits which defines the
new direction for the ball.

The direction does not depend upon the previous angle of
incidence. With the two angle option the top and bottom pairs of
the bats are summed together and only the two shallower angles
are used to program the new direction for the ball.

The ball will then traverse towards the other player, reflecting
from the top or bottom as necessary until the other player makes
their ‘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 from the center line towards the side
which had just missed. This sequence is repeated untila score of
15 is reached by one side, whereupon the game is stopped. The
ball will still bounce around but no further ‘hits’ or ‘scores’ can be
made. While the game is in progress, three audio tones are output
by the circuit to indicate top and bottom reflections, bat hits and
scores.

2) Hockey/Soccer

The ‘hockey’ type game is shown in Figure 3, and 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 3a), he can ‘shoot’ it back towards the
goal. If the ball is missed it will travel to the other half of the
playing area and the firstteam’s forward will have the opportunity
of intercepting the ball and redirecting it forward at a new angle
according to the ‘player’ section which is used, (Figure 3b). 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 ‘hockey’ 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.

3) Squash
This game is illustrated in Fig.4. 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 insure that the proper sequence of play
is followed.

4) Pelota
This game is similar to squash except that there is only one
player.

5) Rifle Shooting

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, if the rifle is on target the hit counter isincremented,
a hit noise is generated and the target is blanked for a while. After
15 shots the score appears but the game can still continue.

6) Rifle Game No. 2

In this game the ball traverses the screen from left to right under
control of the manual serve button. Otherwise the game'is as
above.

+V
P TRIGGER PULSE
. TO PIN 26
EDGE | L 4
MECHANICAL TRIGGER :
TRIGGER S.S.
—_—O—
HIT PULSE
TO PIN 27
n

Fig.1 RIFLE SHOOTING CIRCUITRY

PHOTO

+
CELL ;j_
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Fig.4 SQUASH
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87







GENERAL
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AY-1-0212 AY-1-0212A

GENERAL
INSTRUMENT

Master Frequency Generator/Top Octave Generator

FEATURES
®  Wide Input Frequency Range: PIN CONFIGURATION
1) AY-1-0212—250KHz to 1.5MHz 16 LEAD DUAL IN LINE
2) AY-1-0212A—250KHz to 2.5MHz
® Low Impedance Push-Pull Outputs
m  Full Musical Scale in One Chip
®  Zener Protected Input Top View
Ay
DESCRIPTION vssCJ@1 16 []+426
. Input fo O 2 15 []+402
The Master Frequency Generator/Top Octave Generator is a s 3 14 [)+as8
digital tone generator which produces, from a single input ) )
frequency, a full octave of twelve frequencies on twelve separate =379 4 13 [1+338
output terminals. 319 5 12 [+284
The M.F.G./T.O.G. consists of twelve divider circuits which divide +301[] 6 11 []+268
the input by an exact integer to produce a chromatic scale of +253 ] 7 10 [ Voo
twelve notes. When used in conjunction with an oscillator and - 8
L " X 239 [ 9 [ Vea
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 =~ 239
fo - 253
fo =~ 268

-|: —[ .- |——>fo—:-284

L——> fo = 30!

————> fo + 3I9

fo
IN

T+
I e |
b

———> fo + 338
—> fo = 358

{
— +— | a—

LF . n _[ LE a nilll |—>f0+379
fo + 402
fo = 426
fo = 451
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Standard Conditions (unless otherwise noted)

-30V to +0.3V
-55°C to +150°C
0°C to +70°C

*Exceeding these ratings could cause
permanent damage. Functional operation of
these devices at these conditions is not
implied—operating ranges are specified

below.
Vgs = GND
See Fig.1 for Vpp .and Vgg Operating Voltages
Characteristic Min Typ** Max Units Conditions

DC CHARACTERISTICS
Input Leakage - — 10 rA at27v
Input Positive Level +0.3 —_ -2.0 Volts
Input Negative Level -10.0 — Vop Volts
Output on Impedance to Vop - — 3500 Ohms
Output on Impedance to Vss — — 3500 Ohms See Note 1
lgg Supply Current — — 16 mA
Ipp Supply Current — — 20 mA
AC CHARACTERISTICS
AY-1-0212 Input Frequency fo .25 — 1.5 MHz See Fig.3
AY-1-0212A Input :

Frequency fo 25 — 25 MHz
Input Capacitance — 10 pF 1 MHz
Input Positive Level Width  tp .33 — — us AY-1-0212
Input Negative Level Width tn .33 — — us AY-1-0212
Input Positive Level Width  tp 2 - — us AY-1-0212A
Input Negative Level Width t, 2 - — us AY-1-0212A
Output Rise Time tr — — us no load
Output Fall Time te —_ — us no load

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

NOTE:

1. Output impedance measurements are made with 1.0V across

the device to be measured with 17K Ohm load to —6V.

-15
-14
~ STANDARD CONDITIONS
g (WITHIN THIS AREA) /
S -3 //
[=]
o
>
-2

-23 -24 -25

-26 -27

Vg (VOLTS)

Fig.1 OPERATING VOLTAGES

-28

-29

OUTPUTS

T
i
|
|
|
i
|

1>

Fig.2 TYPICAL INPUT BUFFER (IF REQUIRED)

92



AY-1-0212 = AY-1-0212A E

TYPICAL CHARACTERISTIC CURVE

3MHZ
2MHz »

N d
o
2 IMHZ ,/
3 7
& 7
w
5
Q.
3 //

100 KHZ

24 25 26 27

Vgg VOLTAGE

Fig.3 TYPICAL FREQUENCY VS. Vgg VOLTAGE OPERATION

TIMING DIAGRAMS

INPUT
1. TYPICAL

EVEN ) |
N oN 201 INPUT CYCLES | 201 INPUT CYCLES

= — = 10% fo+402
bl |

»

rvecar NPT LT L ML LT LI L, LIS
= g 10% 000

outPut 909 DIVISION ' 160 INPUT CYCLES | 159 INPUT CYCLES ’
L' : 0% o319
I n=l
et —~ [:'1 ouTPUT LTI | = I
2
n = THE DIVISION NUMBER
TYPICAL APPLICATION

—— — — — FREQ. NOTE
™ 1

8368.2 Hz FREQ. DIVIDERS Cq, ———

Cy . Co
7905.1 HZ Bg FREQ. DIVIDERS 87, —--B8o
74627 Hz A%y FREQ. DIVIDERS Aty ___ A%

Ag Ao

gl |8 6644.5H2 %> FREQ DIVIDERS |—> 6%, ___ 6%
4 * L > 6269.6Hz Gg > FREQ DIVIDERS }—>G7, —--Go
2Mc l
osc. l

5917.2 Hz  Ffy FREQ. DIVIDERS P F7y
5586.6 HZ Fg FREQ. DIVIDERS F7 ---Fo
5277.0 Hz Eg FREQ. DIVIDERS E7, ——-Ep

4975.1 Hz D7y FREQ. DIVIDERS 0%, 0%
4694.8Hz Dg FREQ. DIVIDERS D7, —--Do
44346Hz C% FREQ. DIVIDERS ¥ %

Tasi

= az6
{902}
(=379
{+358]
{338}

r——
l
|
l
|
i
|
i
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GENERA! AY'3'021 4
5] AY-3-0215
—— AY-3-0216

Master Frequency Generator/Top Octave Generator

FEATURES

® Wide input frequency range: 100 KHz to 4.5 MHz

m  Single power supply

m  Full musical scale on one chip

® Low impedance push-pull outputs

m Zener protected input.

®  AY-3-0214: 12 outputs — 50% Duty Cycle (Highestaccuracy)
®  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 produces, from a single input frequency, 12 or 13semitone
outputs fully spanning the equal tempered scale. When used in
conjunction with an oscillator and frequency dividers such as the
G.l. AY-1-1007B, a system maybe configured which generates all
the frequencies required by an electronic music synthesizer.

PIN CONFIGURATION
16 LEAD DUAL IN LINE
AY-3-0214
Top View
A
Voo (@1 16 [J 4525
Inputfo [J 2 15 [ 427
+4795 q 3 14 [J +3805
+403 [ 4 13 [ +359
<339 [] 5 12 [ +302
+320[] 6 1] =285
209 7 10 [ Vss
+264 ] 8 9] N
16 LEAD DUAL IN LINE
AY-3-0215/AY-3-0216
Top View
A
Vec Cj@1 16 []+478
inputfo ] 2 15 [ ] +239
vss [ 3 14 [J+253
+451] 4 13 []+268
<426 6 12 []+284
+402[] 6 11 [T +301
=379 7 10 [ +319
+3s8[] 8 9[7+338

BLOCK DIAGRAMS

fo — 427
fo + 254
fo + 269
fo = 285
[iI L——> fo <+ 302
fo = 320
fo fo
IN IN
fo + 339
[jl —> fo + 359
fo +~ 380.5
fo + 403
> fo + 4525
fo = 4795

AY-3-0214

3

fo + 478
fo + 239
fo <+ 253
fo = 268
fo = 284
fo <~ 301
fo = 319
fo =~ 338

—> fo -+~ 358

fo — 379
fo = 402
> fo + 426
> fo + 451

AY-3-0215/AY-3-0216
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

AY-3-0214 m AY-3-0215 m AY-3-0216 E

*Exceeding these ratings could cause
permanent damage. Functional operation of

Voltage on any pin with respectto Vgg ........... +20 to -0.3 these devices at these conditions is not
Storage Temperature -556°C to +150°C implied—operating ranges are specified
Operating Temperature (T4) ......coeevenennnn. 0°C to +50°C below.
Standard Conditions (uniess otherwise noted)
0°C £TA £ 50°C
Vss = 0.0V
Vee = +10V to +16V
Characteristic Min Typ** Max Units Conditions
Clock Input
Low 0.0 - 0.8 Vv
High Ve —3.0 Vee Vee \
Frequency 100 - 4500 KHz
Rise Time — — 30 ns 4.5 MHz
Fall Time — - 30 ns 4.5 MHz
Duty Cycle 40 50 60 %
Capacitance —_ — 10 pf
Outputs
High Vee =15 - Vee % 0.25 mA
Low 0.0 - 0.5 \ 0.7 mA
Fall Time — — 2.5 us 20K & 500 pf to 16V
Rise Time — - 2.5 us 20K & 500 pf to Vss when Vce= 16V
Duty Cycle — 50 — % AY-3-0214/5
— 30 — % AY-3-0216
Supply current - — 120 mA 16V, 4.5 MHz, 25°C
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAMS
202 202 202 202 202 201 202 201
__| Clocks Clocks Clocks Clocks __] Clocks Clocks Clocks Clocks
Fig.1 TYPICAL EVEN DIVISOR N =404 Fig.2 TYPICAL ODD DIVISOR N =403
227 226 226 226 | 240 240 240 239
] Clocks Clocks Clocks Clocks . Clocks Clocks Clocks Clocks
Fig.3 TYPICAL EVEN PLUS 0.5 DIVISOR N = 452.5 Fig.4 TYPICAL ODD PLUS 0.5 DIVISOR N = 479.5
TYPICAL APPLICATIONS El[ co 636920 H
clo 16740.78 Hz cio 16738.40
B89 15807.28 B89 15812.10
A ¥ 9 14919.86 A ¥ 9 14927.10
A9 14080.00 A9 14086.10
3 L3
ﬁ E E E E E G #9 13288.00 [?] |}"] ﬁ E E E G #9 13290.60
i ——> 69 12543.24 E + L——> 69 12540.60
© =
3 g
<« N ——> F#9 11844.46 < [———> F #9 |i835.70
a E E E F9In75.20 [5 @ E ﬁ H ﬁ Fo  1174.50
ES  10551.26 Mo E9  10555.30
D #9 9958.22 D #9 995(.40
DS 9397.04 D9 9390.70
C#9 8867.90 C#9 8870.20
AY-3-0214 AY-3-0215/AY-3-0216
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GENERAL

AY-1-1006

INSTRUMENT

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)
2-2-1-1 (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-1-1006) 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
I

RESISTOR NETWORK

EIP I
Gl O e v
L =

PIN CONFIGURATIONS

14 LEAD DUAL IN LINE
AY-1-1006

Top View

Vee (o1 ~ 14 [] Output 3+4
Trigger 3 (] 2 13 [J Output 3,+2
Input3 [ 3 12 {7 Output 2+2
Trigger2 [] 4 11 [] Output 1.+8
Input2 (] 5 10 [J Output 1.4
Input1 [ 6 . 9 [] Output 1,2

Voo [ 7 8 [ Vss

14 LEAD DUAL IN LINE
AY-1-2006

Top View

Vo (J@1 ~ 14 [Joutput 1,+-4
nput 1 [ 2 13 [JOutput 1+ 2
nput2 ] 3 12 [J Output 2,+2
Input4 [] 4 11 [ Output 4,+ 2

NC. [ 5 10 [J Output 3+4
Input3[] 6 9 [ Output 3.+-2

Voo ] 7 8 [ Vss

BLOCK DIAGRAMS

—

—O2 TRIGGER 3
—-1% OUTPUT 3,+2
-—-30UTPUT 3,+4

—C: TRIGGER 2

INPUT 2 0—
5

B

—(z OUTPUT 2,2
1

YYYYYY

—g OUTPUT 1, +-2
t—oO OUTPUT 1,4
10

—o11 OUTPUT 1, <8

INPUT 1 g——D—

|

AY-1-1006

—D__oouwur 1,+2
13

INPUT 1 o——D—A——D—D——ﬁOUTPUT 14
2

INPUT 2°_"‘D_“—(>—'—$°UTPUT 2,+2
3

INPUT AO——D————-D———ﬁOUTPUT 4,+2
4

INPUT 3 0—
6

—%OUTPUT 3,+4

—-—g OUTPUT 3,+2

AY-1-2006
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All Pin Volages with respectto Vgs ............. -30V to +0.3V
Storage Temperature .-55°C to +150°C

*Exceeding these ratings could cause
permanent damage. Functional operation of

Operating Temperature (Ta) ....covvvvvineinnn, 0°C to +70°C these devices at these conditions is not
implied—operating ranges are specified
Standard Conditions (unless otherwise noted) below.
-14 < Vpp <+0.3V Vgg = -2712V  Vgs= GND
Characteristic Min Typ** Max Units Conditions
DC CHARACTERISTICS
Input Leakage — — 1 uA Vin=—20V
Input Positive Level - — —-2.0 Volts
Input Negative Level -8.0 — — Volts
Output Positive Level - —_ —1.0 Vol}s Veo = =27V, Vpp = —12V
Output Negative Level -10.0 — — Volts Ve =—27V, Vpp =—12V
g6 Supply Current — — 10.0 mA Ve = —28V
D.C. Noise Immunity (Note 2) +1.0 — — Volts
AC CHARACTERISTICS )
Input Repetition Rate D.C. — 50 kHz
Input Capacitance — — 5 pF Vin =0V

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

NOTES:
1. Outputs may be momentarily grounded (individually)
without damage to the device.
2. D.C. noise immunity is definded as follows:
“1” state N.I. = Vour “1” — Vin “1” = [-10] —[-8] = 2V
“0” state N.I. = Vin “0” — Vour “0" = [-2] —[-1] =1V

3. Vop not used internally. Used for output negative supply only.
4. Outputs change on the negative transition of the respective
inputs.

TIMING DIAGRAMS

AR pEpEpEpEpNn NN
Bt AN D N s I s (N

BUFFER OUTPUT TEST LOAD

OUTPUT 1.+ 4 —I l l J L_ OUTPUT 1,+4 _L I I I ]
e I e
LML LU
OUTPUT 2,-2 —L—m——r_ OUTPUT 2,+2 —‘_I—LJ—
LTI LU
OUTPUT 3,+2 L’—U—‘— OUTPUT3 +2 —l__"—l__'—L
s I s N e N s
LT
OUTPUT 4,+2 —-]_J—L—
AY-1-1006 AY-1-2006
CIRCUIT TEST CONFIGURATIONS
Voo Vop Vea
_I 10K _!
Vout Vout
— 10K 20pf - oM 20pt

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-On-Reset

DESCRIPTION

The AY-1-1007B is a monolithic frequency divider circuit which
utilizes MOS 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.

PIN CONFIGURATION
14 LEAD DUAL IN LINE

Top View
Vss (j@1 ~ 14 [ Output #7
Vee [ 2 13 [Jinput #4
Voo [ 3 12 [J Output #6
Input #1 ] 4 11 [ Output #5
Output #1 ] 5 10 [Jinput #3
output #2[] 6 9 [ Output #4
Output #3 (] 7 8 [ input #2

TYPICAL APPLICATIONS
n
osc -)I l
f J/'/z J/'/a l'/s Jflis \Iflsz \I/'/M l'/uza
i RESISTOR NETWORK = %5 e Yo Ye a2 Vesa Ve
STAIRSTEP
QUTPUT
BLOCK DIAGRAM CIRCUIT TEST CONFIGURATION
out# out#2
5 6
——
! 14— ouTPUT 7
IN# ouT#3 L
4 7 Vge —(J2 B
Voo —{3 12— O0uTPUT 6
——— {4 HET—o0uTPUT 5
o
INF2 out*a OUTPUT | —{5 10
8 9 ouTPUT 2 —(J6 9[~}— ouTPUT 4
OUTPUT 3—{ 7 [}y S—
out*s
1
0
L— INPUT NUMBERS 1,2,3,4 [—IOV LI ]
# P REFER_TO TIMING DIAGRAM FOR
IN*3 out®s OUTPUT PHASE AND FREQUENCY
10 12
IN"a ouT*7
13 o——D——D—o 14

98




ELECTRICAL CHARACTERISTICS
Maximum Ratings*

All Pin Voltages with respectto Vss ............ -30V to +0.3V
Storage Temperature .............ccovvunens -55°C to +150°C
Operating Temperature (Ta) ......ccoevveenenns 0°C to +70°C

Standard Conditions (unless otherwise noted)
-14 <Vpp < +0.3V  Vgg =-27VEE 2V  Vgs = GND

wasers [5]

*Exceeding these ratings could cause permanentdamage.
Functional operation of this device at these conditions is
notimplied—operating ranges are specified below.

Characteristics Min Typ** Max Units Conditions
DC CHARACTERISTICS
Input Leakage — —_ 1 uA Vin =—-20V
Input Positivie Level - — -2.0 Volts
input Negative Level -9.0 — — Volts
Output Positive Level — —_ -1.0 Volts Ve =—27V, Vop = —12V,
Output Negative Level -11.0 — — Volts Veo = =27V, Vop = —12V,
lea Supply Current — _ 140 mA Vae =—25V,
D.C. Noise Immunity (Note-2) +1.0 —_ - Volts
AC CHARACTERISTICS
Input Repetition Rate D.C. — 50 kHz
Input Capacitance —_ — 5 pF Vin=0V

**Typical values are at +25° C and nominal voltages.
Notes:

1. Outputs may be momentarily grounded (individuaily) without

damage to the device.

2. D.C. noise immunity is defined as follows:
“1” state N.I. = Vour “1” — Vin “1” = [-10] —[-9] = 1V
“0” state N.I. = Vin “0" —Vour “0” = [-2] —[-1] =1V

3. Vpp not used internally. Used for output negative supply only.

4. Typical output impedance to Vss or Vpp is 1.2Kohms.

TYPICAL TIMING DIAGRAM

weor 1+ LU
L IO I s Y e B o
e B s I ey B
outuT 3 T [ 1

INPUT

OuUTPUT

INPUT

OUTPUT

OUTPUT

INPUT 4 I l I I
OUTPUT 7 l l
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AY-1-1313

TRUMENT

Priority Latching Network

FEATURES

® Low Power Consumption
®  Two or more units may be connected in tandem

PIN CONFIGURATION
40 LEAD DUAL IN LINE

DESCRIPTION Top View
Switch6 Cl@1 = 40 P switch 6
The AY-1-1313 Priority Latching Network is a LS| subsystem Switch 5 O 2 39 I Switch 8
designed for use in electronic organ keyboard and pedal latching Switch 4 § 3 38 P Switch 9
circuits. When any combination of one or more “switch” inputs is ::::z: 2 E ; :; g 2"‘::": :‘:
connected to logic “1” the output switch corresponding to the Switch1 0 6 s 0 s:uzh 12
highest priority, or lowest number, input will close, connecting Ground O 7 34 [3 Switch 13
the selected frequency to the output frequency bus. The output Voo O 8 33 O NC
switch will remain closed even if the input switch is released, and Frequency Out O 9 32 pNe
will remain closed until a new input switch closure occurs. Priority IN G 10 31 P Priority Out
Inhibit Out O 11 30 [J Inhibit In
NC. O 12 29 A Vgg
Ne. O 13 28 [ N.C.
NC. O 14 27 [ Frequency 13
Frequency 1 [J 15 26 [ Frequency 12
Frequency 2 (] 16 25 [J. Frequency 11
Frequency 3 (] 17 24 [ Frequency 10
Frequency 4 [] 18 23 [ Frequency 9
Frequency 5 (] 19 22 [ Frequency 8
Frequency 6 [ 20 21 [J Frequency 7
BLOCK DIAGRAM LOGIC DIAGRAM
PRIORITY INHIBIT
out N

SWITCH INPUTS

EERRREREEE!

PRIORITY SELECTOR
AND LATCH

ARRRREREERY

OUTPUT SWITCHES

LTTTTTTTTTTTT

FREQUENCY INPUTS

PRIORITY IN —— > PRIORITY OUT

INHIBIT IN —— > INHIBIT OUT

> FREQUENCY OUT

SWITCH
13

SWITCH
N

FREQUENCY
< 13

SWITCH
]

PRIORITY
IN

FREQUENCY
Ji’l—< N
H
FREQUENCY
t—< N-l
L_ FREQUENCY
tﬂ FREQUENCY
INHIBIT FREQUENCY
ouT out
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*

All Pin Voltages with respect to Vgg
Storage Temperature
Operating Temperature (T,)

............ -30V to +0.3V
-55°C to +150°C
-20°C to +70°C

Standard Conditions (unless otherwise noted)

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.

Voo = -12%1v
Vag = -27+1.5V
Vgs = GND
Characteristic Min Typ** Max Units Conditions
DC CHARACTERISTICS
Switch Inputs Impedance 15 - 80 KQ
Priority and Inhibit Inputs gf:j:;ed to
Impedance 1 — - MQ
Input Logic “0” — — -2 Volts
Input Logic “1” -9 - - Volts
Output Logic “0” - — -2 Volts } _
Output Logic “1” -9 - - Volts Ru= 47K to Voo
Freq y Output Switct
Impedance — “ON" . — 20 KQ
“OFF" 5 _ _ MQ
Iop Supply Current — — 8 ma
I Supply Current — — 1 ma
**Typical values are at +25° C and nominal voltages.
TYPICAL APPLICATION
—NmeoorDaQ-N0 soor02QgIRIRS
VDODODOOO NN nn D OO OODOOOOOnn “12v
‘l l l ‘L ‘L iIl ‘L ‘L A ‘L l l l l A ‘L l ‘L $ ‘l ‘L l l ‘J’ For multiple unit operation, the Priority
}‘7}‘?}}}}‘?‘?‘7}} }‘?}}}‘?}}}‘T}}} Output of the higher priority unit is
TR AE Y TR XL AT K] connected to the Priority Input of the
smomn® "1’1";0 Lol A lower, and the Inhibit Input of the
P.I.10 v 130 o Av-l 1130} higher priority unit is connected to the
L-|" 1313 1313 Inhibit Output of the lower. The Priority
pereag 8T i_ﬁ" cer 228358088 8NS and Inhibit Inputs must be grounded
storeerelecyr TRITIIRENRESE
FREQUENCY
OUTPUT
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AY-5-1315

ﬁ
i

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 of the organ, to start 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 of the internal tempo oscillator a - 32circuitis
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.

PIN CONFIGURATION
18LEAD DUAL INLINE

Top View
Vss (J@1 ~ 18 {J Voo

oscout[] 2 17 [ Pattern Selection 6
oscin[]3 16 [ Pattern Selection 5
out1[]4 15 ] Pattern Selection 4
out2]s 14 [ Pattern Selection 3
out3(} 6 13 [ Pattern Selection 2
outd4(]7 12 [7] Pattern Selection 1
outs[] 8 nfjouts
out6[] 9 10 ] Out7

A separate publication, “AY-5-1315 Custom Coding
Information”, available from Gl Sales Offices, describes the
punched card and truth table format for custom programming of
the AY-5-1315 memory.

BLOCK DIAGRAM

RK
R/CNETWORK | S N gﬁgpm
oscineut 7
1
Voo >
AT Couen
PATTERN ROM
vss Dl DECODER
PATTERN PATTERN RESET
SELECT SELECT
INPUTS CONTROL
ouTPUT N
| gurrens - OUTPUTS

TYPICAL APPLICATION
™ 100K 033
15V ), A
v WA 1
RHYTHM 18 "—I‘ Iz B ¢
swleTLcE:gs VDD Vss OSCOUT OSC IN
s Rl RIS A
ouT 1 f—e
ANY KEY
DOWN p— 2 rss 5
OUT 2 b
I 15
W Wi PV AYS - 1315 - XXX 6 TO DRUM
OUT 3 |~ > VOICING
. CIRCUITS
,./A_‘.. R/S3 7
QUT 3 p——t
TOUCH
=croro &~ 3as
SWITCH 8
OUTS e
L_-a12]|rs
outs OUT 7 OUT6

"

TO

1ol 91
N —
TEMPO  TO CHORD

LIGHT VOICING

CIRCUITS
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Voltage on any pin with respectto Vss ......... -20V to +0.3V
Storage Temperature ....................ouu. -65°C to +150°C
Operating Temperature (Ta) -...covevennnnnn. -25°C to +70°C

Standard Conditions (unless otherwise noted)
Vss ~ G Volts, Vpp = -12to -18 V

AY-5-1315 E

*Exceeding these ratings could cause permanentdamage.
Functional operation of this device at these conditions is
not implied—operating ranges are specified below.

Characteristic Min Typ** Max Units Conditions
Clock input
Freq. DC 100/1000 100K Hz with +32 circuit in
DC 3/300 100K Hz with no +32 circuit
Logic ‘O’ Von—4.0 — Voo \
Logic ‘1’ +0.3 - -1.0 Vv
Internal osc. freq. — 100/1000 — Hz Set by external resistor & capacitor
Rhythm select inputs
Logic ‘O’ Vbo—4 - Vin \
Rhythm select inputs
Logic ‘1’ +0.3 - -1.0 v
Rhythm select input
impedance 10 - — KOhm Pulled to Vi
Instrument & osc. output
Logic ‘0’ (Note 1) Von—86.0 — Vin—4.0 \Y with internal pull ups to Vip
(instrument outputs only) supply-
ing 0.1 mA
Instrument & osc. output
Logic ‘1’ — — -1.0 Vv Sinking 1.0 mA
Power - — 300 mw Vop = 15 volts

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

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 of 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 32 option is selected @1 is on for
the first 16 count and #2 is on between count 17 and 32, thus
producing two non overlaping clocks. If the divide by 32 circuitis

programmed out, the circuit 1 and 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 #2 clock drives
the 5 bit counter/decoder which sequentially turns on one of the
32 lines of the ROM.

On the ¢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 ROMis 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 for an entire 1/d2 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 ¢1
only and return to zero during ¢2.
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AY-5-1317A

Chord Generator

FEATURES

® ROOT, 3rd, 5th, 7th Chord Elements

® Additional output for special effects

® Sustain capability

® Top key priority

® Self-contained oscillator circuit

® Operated with single pole, single throw switch matrix

DESCRIPTION

The AY-5-1317A is a P-Channel MOS IC which accepts twelve
basic frequencies (one full octave) and outputs the notes
necessary to form Major, Minor and Seventh chords. This is the
only known standard chord generator IC that performs these
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 has a keyboard
priority system with the C Major chord having the highest priority.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Top View

vsde1 =~ a0 poce

Voo 4 2 39 Jcs

c1g 3 38 [ C4
osc 4 37 pcs
RES [ 5 36 [1C2
mSel O} 6 35 [ sUs

RO 7 34 1 MO

R20 8 33 07 Sel

R3O 9 32 [ 7th Output

R4 ] 10 31 [ Root
R5O 11 30 O AK

R6 OO0 12 29 [0 3rd Output

F3 28 [J 5th Output

F20 14 27 A B1

3015 26 [0 82

Fal] 16 25 Ees

F50 17 24 O F12

F6 ] 18 23 O FN

F7d 19 22 O F10

F8 [ 20 21 P F9

BLOCK DIAGRAM A
ROW
IKEYBOARD
DRIVERS [ MATRIX
" RESET  SUSTAIN
°° o COLUMN INPUT
KEYBOARD MINOR SELECT
SCAN OSC 'C?_':)EF:?L -KEYBOARD SCAN
Loaic 7TH SELECT
5 ‘ SELECTION
ANY KEY DOWN 12 FREQUENCY
OUTPUT SUTPUT CHORD MUX. INPUTS
ENABLE
SPECIAL 1
EFFECT -a— SELECTOR
OUTPUT:
SPECIAL 4 CHORD
EFFECTS ELEMENTS
MUX OUTPUTS N
3]
CONTROL
LINES
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PIN FUNCTIONS

AY-5-1317A

Pin No. Name (Symbol) Function
1 Ground (Vss) Ground
2 Power Supply (Vo) Negative Supply
3,36-40 | Colurhn Inputs (CI-C6) Column inputs from Keyboard Matrix
4 Oscillator Input (OSC) R/C network connection for keyboard scan oscillator
5 Reset (RES) A logic ‘1’ (ground) will reset the keyboard scanner, and the
memorized key .
6 Minor Select (m Sel) A Ground on this line changes the 3rd output from Major to
Minor
7-12 Row Outputs (R1-R6) Row outputs to Keyboard Matrix
13-24 Frequency Inputs (F1-F12) These are the input lines for the 12 frequencies (one full
- octave B thru C) used to generate the chords.

25-27 Control Inputs (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

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 of the selected
chord. Minor 3rd will be provided if a Minor chord is selected.

. - Major 3rd will be provided ifa 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
chordifa 7th chord is selected otherwise the output s 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
gohord | Root 3rd Minor | 3rd Major 4th 5th 6th 7th
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 (¥ | G (#2) | G#(+2) | A (+2) | B (+2) | CH(+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) | CH(+2 | D#(+2) | E (+2)
G G (+9) A# (+4) B (+4) Cc (%2 D (%2 E (+2) F#(+2)
G# G# (+4) B (+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) | Cc#(+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 (52
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AY-5-1317A

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vop withrespecttoVss . . . . . . . . .. .. ... —20V to +0.3V *Exceeding these ratings could cause perma-
Logic Input Voltages with respecttoVss ., . . . . . . —20V to +0.3V nent damage. Functional operation of this
Storage Temperature . . . . . . . . . ... .. —65°C to +150°C device at these conditions is not implied
Operating Temperature (Ta). . . . . . . . . . . .. 0°C to +70°C —operating ranges are specified below.

Standard Conditions (unless otherwise noted)

Vpp = —15V 3V
Vss = OV (substrate voltage)
Operating Temperature (Ta) =+25°C

Characteristic Sym Min Typ** Max Conditions
Input Logic Levels
Logic 0 Vle Vop - —-8.5
Logic 1 VIH -1.0V - +0.3V
Input Capacitance CIN - - 10 pf
Note Outputs
Logic 0 Rorr 160K - —
Logic 1 Ron _ — 5000
Row Drivers Output impedance — 7500 - Vpp = —16V
Control input 10KQ — 1000K O
Keyboard Row Input impedance 24K — 100KQ
Keyboard Scan Frequency —_ 25KHz — 500 pf,750K,Vpp = —15V

**Typical values are at +25° C and nominal voitages.

STANDARD INTERCONNECTION FOR A 3x12 KEY MATRIX

ANY " MO. SELECT
SUS. RESET ey ROOT  3RD 5TH TTH outputz 8! B2 B3
35| 5 30[ 31 29[ 281 321 34 27 2s| 25' 13
8
14
#
4] osc 15 i
1 LA
|——2vss 16 o#
vDD 17
7 G
s 18 . FROM
FREQUENCY
S AY-5-1317A LI DIVIDERS
120 ¢
10 21
11 D#
22 o
12 23
p——C#
24
[
36 37 38 39 40 3
c c# D o# E F F# G G# A AR 8
- T P N U T RS 4 - -1 L € .
[° °¢r° o4ro WIOO*:OM‘?OWTOWIMIO-TM LO-T MAJOR
[T O U (N U N O ) N i (N N S NG I (R iR
At

L)

bd

I3

i

s

g

1

b

3

b

b
o
b4
—o
be

4
o
b
b—o
b

SEVENTH

)

3

£

$

Iy

$

S

b

s

be

Lo

b
0
b
b0
3
—o
g

b

e
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AY-5-1317A E
STANDARD INTERCONNECTION FOR A SINGLE ROW KEYBOARD
WITH SEPARATE KEY FOR MINOR AND SEVENTH
35 5] 30| = zsl 2eJ 32( 34
. SUS. RES. ANY ROOT 3RD &TH 7TH MUX 13
osc. KEY ouT/2 — a”
75 2
1 LG#
[: vss (A
18 FROM
AY-5-1317A v % Erequency
2 0 F DIVIDERS
vDD €
EIRI
1 55— ©
=D
23
12 - ct
—2 ——c
36 37 38 39 40 3 6 33 MA SELECT
27]26'25
B1 B2 B3
J\i \d L i\ Q Q ¢
L Y Y Y W W ¥ MAYAYAYNANAY
c c#o o#e F g GHA A#B
MINOR 7TH
SELECT SELECT
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ﬁ AY-1-5050 AY-1-6721/5
INSTRUMEN AY'1 '5051 AY"1 "6721 /6

4-5-6-7 Stage Frequency Dividers

FEATURES
® DC to 1 MHz operating frequency range. PIN CONFIGURATIONS
m  Diode protection on all inputs. 14 LEAD DUAL IN LINE
® Low output impedance in both states. AY-1-5050
m  Choice of configurations:
1) AY-1-6050:  7-Stage Frequency Divider, 3+2+1+1 Top View
2) AY-1-5051:  4-Stage Frequecy Divicer, 2+1+1 A
3) AY-1-6721/5: 5-Stage Frequency Divider, 3+2 GND (@1 14 [ Vo
4) AY-1-6721/6. 6-Stage Frequency Divider, 3+2+1 nAa 2 18 [dins
outa: [ 3 12 [J outB:
DESCRIPTION OutAz [] 4 1 [] OoutB:
OoutA; [ 5 10 ;llnc
The AY-1-5050, AY-1-5051, AY-1-6721/5and the AY-1-6721/6 are nD[]6 9 [Joutc
constructed on monolithic silicon chips using MTOS (Metal- outb (] 7 8 :I Vea
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. 10 LEAD
AY-1-5051 Bottom View
BLOCK DIAGRAMS
INA OUT A, oUT A, ouT Az
A VAN A\
2 1 OutA 6 InC
- E E 2 Out A‘a 7 OutC
; : 3 InB 8 V
H 7] 4 OutB 9 vﬁﬁ
\V, \V, Hv Hv 5 GND 10 InA
INB QUT By OUTB2 INC OUTC IND OUTD
AY-1-5050
10 LEAD
INA ouT A ouT A, AY-1-6721/5
i f
INB OUTB INC ouTC
AY-1-5051 1 GND 6 InA
2 OutB; 7 OutA,
INA  OUTA; OUTA;  OUTA; 3 OutB, 8 OutA,
4 InB 9 OutA,
A oY A 5 Vaa 10 Vpp
) e K
12 LEAD
2] -2 AY-1-6721/6
\Y \Y
INB ouT B, 0uT By
AY-1-6721/5
INA OUT Ay OUT A, OUT Az
A £\ AN
2]
1 GND 7 OutC
n H 2 InA 8 Vpp
\V \V/ 3 OutA, 9 OutBz
4 OutA, 10 OutB
INB oUTB; OUTB, INC OUTC 5 OutA; 11 InB
AY-1-6721/6 8 InC 12 Voo
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AY-1-5050 = AY-1-5051 = AY-1-6721/5 = AY-1-6721/6 E

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

DrainVoltage . . . . . . . .. ... ... .......... —30V to +0.3V

GateVoltage. . . . . . . . . ... ... ... .. ... ... —30V to +0.3V *Exceeding these ratings could cause perma-
DatalnputVoltage . . . . . . . . . . ... ... ....... —30V to +0.3V nent damage. Functional operation of these
Storage Temperature . . . . . . . . ... ... ...... —55°C to +150°C devices ‘at these conditions is not implied
Operating Temperature (Ta). . . . . . . . . . . .. ... ... 0°C to +70°C —operating ranges are specified below.

Standard Conditions (unless otherwise noted)

Vpp = =13V +1V CL =10 pF
Voo =—27V 1V Operating Temperature (Ta) = +25°C
RL=1M Ohm
Characteristics Min. Typ** Max Units Conditions
Data Input
Logic “0” level — - -2 \
Logic “1” level -10 -— - \'
Data Input operating freq. DC - 1 MHz Sine or square wave
Data Input Pulse width
—“0" level 300 e — nS
—“1" level 300 - - nS
Input Leakage - — 5 pA Vin =—20V dc
Output Parameters
Logic “0” level — —_ -1 Vv
Logic “1” level -1 - - Vv
Drive Capability
— 0" level - -1 -1.5 \ Sinking current= 0.5 mA
—“1" level -1 —_ - \ RL =100 KQ
— 1" level -8 - — \' RL =10 KQ
Data output Rise and Fall time - 0.6 - uS
Current Drain
log - 3 - mA Vog=—-27V
lop - -
**Typical values are at +25°C *** Vpp is only used for the push-pull outputs therefore Ipp is equal to the sum of load currents.
and nominal voltages. This separate Vop enables tremulant to be introduced in the electronic organ application.
TIMING DIAGRAM
outan NOTE: The AY-1-5051 outputs change state on the
U—L——I——L—m negative going edge of the clock. All others operate as
o shown.
1 [ L [ L
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GENERAL

AY-5-1230

INSTRUMENT

Clock / Appliance Timer

FEATURES
® 4 Digit Clock. PIN CONFIGURATION
m Drives 7 segment Fluorescent Displays. 28 LEAD DUAL IN LINE
m  Programmable switch on and switch off times.
m Repeating or non-repeating operation.
m  Dimming control. T°"J‘ew
® Power on reset, remains reset until time is set. Vss(GND) @1 28 [ Inhibit Input
m  Foolproof switch on/off setting, if switch off time not Set ON Time/Set OFF Time-[3 2 27 P BCD/7 Segment
programmed output stays on for 10 minutes only. s;z’:az;:;z::g 2 gg g‘éz’:m' nput
@ Non multiplexed set inputs for low radiated noise. Set OFF Output [] 5 24 [] ON/OFF Input
m Indication of set alarm state. Clock Input O] 6 23 [ Multiplex Oscillator
Set Minutes Input [ 7 22 [ Switch Output
Set Hours Input ] 8 21 [ MX1 Output
Vi (Display Supply) O} 9 20 [ MX2 Output
Seg. G Output ] 10 19 [ MX3 Output
Seg. F Output (3 11 18 |3 MX,4 Output
Seg. E Output/Strobe Out [ 12 17 [ Colon Output
DESCRIPTION Seg. D Output/2° Out (] 13 16 [1 Seg. A Output/2® Out
Seg. C Output/2' Out (] 14 15 [7 Seg. B Output/2? Out
The AY-5-1230 Clock/Appliance Timer is a circuit designed to
provide a four digit clock display and automatic on/off switching
of a TV or other appliance at any desired time. '

BLOCK DIAGRAM

SET ON TIME/
SET OFF TIME SET ON SET OFF ON/OFF
INPUT OUTPUT OUTPUT REPEAT  CANCEL INPUT
ON/OFF SWITCH SWITCH .
MEMORY A SWITCH OUTPUT
|-< MULTIPLEX OSCILLATOR
SET
> > Mx1—Mx4
MINUTES > Time seT
SET LOGIC m
HOURS INHIBIT
HOURS/ | SEG.A-G/BCD &
DIVIDER MINUTES SEGMENT STROBE OUTPUTS
LOGIC DECODE LoGic > COLON OUTPUT
CLOCK Vss Voo BCD/7 SEGMENT h
INPUT SELECT
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PinNo.

Name

Function

e

10-13

13-16
17.

18-21

22.

23.

24,

25,

26.
27.
28.

Vss
Set ON time/Set OFF time Input

Repeat Input

Set ON Output
Set OFF Output

50Hz Clock Input

SetMinutes Input

SetHours Input

Vi (Display supply)
7 Segment Outputs

BCD Outputs
Colon Output

Mx1-Mx4 Outputs

Switch Output

Multiplex Oscillator

ON/OFF Input

Cancel Input

VDD .
BCD/7 Segment Select
Inhibit Input

Positive Supply

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
hours and Set minutes inputs operate th. 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 setagain 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. Hysterisis is provided so
thatthe input waveform is not critical.

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.

When this input is taken to logic ‘0’ the hours counter is
advanced twice per second.

The on chip pull up resistors provided for each high voltage
output are connected to this pin. When driving fluorescent
display this pinis 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 V..

In the BGD 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, Mx4 is 10s hours, Mx1 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 V..

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 antibounce
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. (11-18V)

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.

NOTE:

1. All inputs have a pull down resistor to Vgg
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.
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Voitage on any pin (except display pins)

*Exceeding these ratings could cause

withrespecttoVsspin. . . . . . . . . . . ... ... +0.3 to —20V
Voltage on display pins with respecttoVsspin. . . . . . . .. .. +0.3 to —35V permanent damage. Functional operation of -
Operating temperaturerange . . . . . . . . . . . .. ... .. 0°C to +70°C this device at these conditions
Storage temperaturerange. . . . . . . . . ... ... ... —55°C to +150°C implied—operating ranges are specified
below.
Standard Conditions (unless otherwise noted)
Vss = OV
Vpp =—11 to —19V
VL =-31t0—-33V
Operating Temperature (Ta) = 0°C to +70°C
Characteristics Min Typ** Max Units Conditions
Clock Input
Frequency - 50 - Hz
Logic ‘0’ +0.5 — . -2 Volts Note 1
Logic ‘1’ -8 — -19 Volts
Muittiplex Clock Frequency — 100 — KHz Note 2
Control Inputs
Logic ‘0’ +0.3 - -1.5 Volts
Logic ‘1’ —6 - -19 Volts
Pull Up Resistance - 200 - Kohm to Voo
Segment Output
Logic ‘0’ - — -2 Volts lout =2mA
Logic ‘1’ - - 10 MA Vour =—35V
Mx Outputs
Logic ‘0’ - - -2 Voits lout=5mA
Logic ‘1’ - - 10 uA Vour = —35V
Pull Up Resistance - 200 - Kohm to Vi
Switch Output
Logic ‘0’ — — -2 Volts lour = 30mA
Logic ‘1’ — - 10 MA Vour = =19V
Set ON, OFF Outputs:
Logic ‘0’ - - -2 Volts lour =2mA
Logic ‘1’ - - 10 pA Vour=-18V
Power - 350 — mw

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

NOTE:

1. The clock input may be taken positive provided that the current is limited to 100uA

2. This results in a multiplex rate of 5KHz.
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PRELIMINARY INFORMATION

Appliance Mini-Timer

FEATURES

m  Three modes of operation:

1) Microwave oven control with selectable cycles—up to
100 minutes.
2) Down count timer—up to 100 minutes.
3) Up count timer—up to 10 hours.
®  Four digit 7-segment display with direct drive or segments.
m  Four direct sink single LED’s as mode indicators:
1) COOK mode with 100% duty cycle.
2) SLOW COOK mode with selectable duty cycle at
10% increments.
3) DOWN COUNT mode.
4) UP COUNT mode.
m Positive feedback for a higher degree of safety.
Resonator as an alternative frequency source.
m  Low power dissipation.

DESCRIPTION

The Appliance Mini-Timer is a N-Channel integrated circuit
containing all the logic necessary for a multifunction timer. its
features are especially adapted for operating as a microwave
oven timer. As a general timer, it can receive its frequency source
from the 60 Hz AC line or acrystal/resonator source. Itis capable

of operating in up count or down count modes which are
interchangeable by pressing a stop key and then the key of the
mode desired. The remaining time is not lost and is constantly
being displayed. Count time can also be altered as the keyboard
is equipped with a reset key. When the count down sequence is
finished, a gentle buzz is generated indicating the end of the
cycle. The count down sequence can also be initiated by an AC
switch supplying a 60 Hz source to the Timer. Then by positive
feedback action, the 60 Hz is sustained even after this switch is
released.

This count down mode is especially adapted for the microwave
oven and the positive feedback action ensures a higher degree of
safety. The cooking duty cycle can be selected through the
keyboard. The range is from 10% to 90% in 10% increments. The
100% duty cycle is the default value when no selection is
indicated. When the 60 Hz source is discontinued through a stop
switch or the opening of the oven door, the count down stops but
the remaining time continues being displayed. The duty cycle
can now be examined or altered before re-initiation of the cycle
through the start switch. Furthermore, through the use of mask
programming techniques, the duration of a cycle can also be
selected. It is from 10 seconds to 60 seconds at 5 second
increments. The Appliance Mini-Timer is offered in a 40 pin
plastic DIP.

BLOCK DIAGRAM

LT SEGA-SEGG LED 1-LED 4

7 4
l&—— Voo
DUTY
CYCLE —9[ DISPLAY DRIVERS J
CONTROL /]\ k¢ Vss
BUZZER ¢
\I/ N| DATA 2 OSIN 1-
SAVSCR REGISTERS <A
SCI OUTPUT OSIN 2
COOKSCR & DRIVERS CONTROL L
ROM SELECT
ARITHMETIC
LoGIC [<— ACIN
KEYOUT 1—KEYOUT 4 KEYBOARD SCAN ARRAY
AND
KEY IN 1—KEY IN4 __2 DECODE CIRCUIT | ] lc—— EXTRC
r lc—— START
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KEYIN1TOKEY IN 4

START

BUZZER

KEYOUT1 TO KEYOUT4

OSC SELECT

ACIN

OSIN1 AND OSIN2
EXTRC

SAVSCR
COOKSCR

Name Function
Voo +4.5 to +14 volts supply
Vss Ground
LED1TO LED 4 Digit drivers
SEG A TO SEG G Segment drivers
LT Mode indicator LED driver

Keyboard sinking inputs forming the horizontal scan for the
keyboard.

Input for 60 Hz AC signal or ground to initiate start of a COOK or
SLOW COOK cycle

2 KHz signal output for 2 to 3 seconds at the end of a count down
cycle.

Keyboard sourcing outputs forming the vertical scan for the
keyboard.

Select oscillation source

‘1" : AC source

“0" : resonator source

AC source input for time base.

Resonator/crystal inputs connecting to resonator/crystal directly.
Connection for external resistor and capacitor.

Positive feedback output for driving SCR used to control switch relay.
Output for driving SCR used for sinking magnetron tube.

ELECTRICAL CHARACTERISTICS

Maximum Ratings* *Exceeding these ratings could cause

permanent damage. Functional operation of
Voltage on any pin with respecttoVss . . . . . . . .. . .. . .. 18V to —0.3V this device at these conditions is not
Storage temperature. . . . . . . . ... Lo —55°C to +150°C implied—operating ranges are specified
Operating temperature . . . . . . . . . . . ... ... ... —25°C to +70°C below.

Standard Conditions (unless otherwise noted)

Vss = 0 Volts
Vpp = +4.5 to +14 Volts

Characteristics Min Typ** Max Units Conditions
Input logic ‘1’ 2.4 — Vobp Volts
Input logic ‘0’ 0 — 8 Volts
Output logic ‘1’ 28 - Voo Volts
Output logic ‘0’ — — 4 Volts
Clock frequency (time base) — 60 — Hz AC operated

— 559.7 — KHz crystal/resonator
High frequency 375 500 625 KHz Resistance=100K ohms
capacitance=30 pfd

Buzzer frequency — High freq--256| — -

**Typical values are at +25° C nominal voltages.
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AY-5-9100

ﬁh
INSTRUMENT

Push Button Telephone Dialler Circuit

FEATURES .
’ PIN CONFIGURATION
= 20 Digit Storage 18 LEAD DUAL-IN-LINE
= Selectable dialling rate
= Selectable mark/space ratio
= Selectable Inter-Digital Pause
m Dynamic circuitry—less than 2 mw power consumption _
» Re-dial of last number Top View
- éccess P.aus': Facrlthty Dialler chib (AY. Re-dial Output (] @1 18 [] 1.D.P. Select
. ompanion Repertory Dialler ¢ 'p( -5-9200) Access Pause Output C 2 17 :] Inhibit Input
Reset [] 3 16 [J Strobe Output

DESCRIPTION Muting Output [ 4 15 [7] Mark/Space Select

. . . Keyboard Strobe [] 5 14 [ Line Output
The .AY-5-9100 Push Button Dcallev" provides all.of the logic cds 13 17 Dialling Rate Control
required to convert a push button input to a series of pulses
suitable for simulating a telephone dial. Pulse repetition rate, ce g7 20 ¢2
interdigital pause, and mark-space ratio are all programmable. ca[]s 1" ¢
Outputs are provided for line pulsing and muting. An “inhibit c4 q 9 10 [J Ves
input” is provided to allow storage of one number of up to 20
digits. An “Access pause” capability is provided to allow automa-
tic operation with a PBX or WATS line system. The low (<2 mw)
power consumption enables line-powered operation in a PBX or
similar system. The AY-5-9100 may be operated alone or in
conjunction with the AY-5-9200 repertory dialler.

BLOCK DIAGRAM
g1 P2 Vsg
OUTPUT LINE
LOGIC OUTPUT

I

SECONDARY 1.0.P.

Ci >
FROM c2 > — 4x§| B8IT SR.;IFT
EGISTE!
KEYBOARD ¢3 >—t—1 oé'c‘é’é‘e'a — (Rl - R4)
|| "anD
C4>T1 veRIFIER

T

DIVIDER |1 LOGIC

+—{ AccESs PAUSE REGISTER |

10.P
< SELECT

MARK/SPACE
] < SELECT

1 MARKER REGISTER
ANTI- Iﬁ l
KEYBOARD
>+ BoUNCE
STROBE ouNct

L |

RESET

CONTROL LOGIC

INHIBIT
INPUT

PRIMARY

DIVIDER

v v
MUTING STROBE REDIAL ACCESS
PAUSE

DIALLING RATE
CONTROL
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PIN FUNCTIONS
Pin.No. Name/Description Pin.No. Name/Description
1. Re-Dial Output Line Output

Alogic “0” at this output indicates that redial mode has
been selected.

A logic “0” on this output is a line pulse “mark” or
“break.”

2. Access Pause Output Mark/Space Select
Alogic “0" at this output indicates that an access pause The mark to space ratio is controlled by this input as
isrequired. follows: 5
3. Reset " Input Mark Space
A logic “0” on this input clears all shift reglsters and 3 70 30
resets all counters. Reset should be applied after power ¢2 50 50
onto clear the device. Logic 0 66 %/ 331
4, Muting Output Logic 1 60 k 40
The muting output goes to logic “0” whenever data is These ratios are exact and do not depend on clock
being entered or transmitted. It returns to logic “1” " frequency.

when the access pause output tums on and when
transmission is complete.

5. Keyboard Strobe
This is the common signal from all of the keys. A logic
“0” on this input indicates that either the inhibitinput or
C1-C4aretoberead.

6.-9. C1-C4
These are the keyboard data inputs. They are encoded
as follows to allow simple interface with a standard
push button (2-of-7) keyboard.

Strobe Output

This output goes to logic “0” to indicate that a digit is
" being out-pulsed.

Inhibit Input

The inhibit input is used to |nh|b|t 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 Ac-
cess Pause is being signalled.

Thisinput normally operates as a “toggle flip-flop”. Ifit

Digit Impulses c1 c2 Cc3 C4 is taken to a logic “1” any time other than when an
1 1 1 1 1 1 access pause is being signalled, the circuit will lock into
2 2 1 1 1 0 the redial mode and the redial output will go to logic
3 3 1 1 0 1 “0". The chip will remain in the re-dial mode until this
4 4 1 0 1 1 inputis taken to logic “1” again.
5 5 1 0 1 0 If the chip is cleared before inhibit is toggled, digits
6 6 1 0 0 ' 1 entered are accepted, but out-pulsing does not com-
7 7 0 1 1 1 mence until the inhibit is re-strobed. If a number is
' being outpulsed when the inhibit is strobed, dialling
8 8 0 1 1 0 céases until the inhibit is re-strobed. If the inhibit is
9 9 0 1 0 1 strobed when a dialling sequence is completed, the re-
0 10 1. 1 0 0 dial output goes to logic “0” and the number is stored.
Access Pause. — 0 0 1 1 Re-strobing the inhibit starts the dialling sequence.
10. Vss . When an access pause is signalled, this input no longer
"= 1 operates as a toggle, but rather as a gate, with a logic
“1” inhibiting further out-pulsing.
12. 92 This input controls the inter-digital-pause as follows:
13. Dialling Rate Control (See Note 1):
This input controls the line pulsing frequency as fol- Input 1.D.P.
lows: (See Note 1): 10 p.p.s. 20 p.p.s. 600 p.p.s.
Input Line Pulse Rate 2 400mSec 200 mSec 6.66 mSec
:1 600 p.p.s. Vss 800 mSec 400 mSec  13.33 mSec
2 20 p.p.s &1 1000 mSec 500 mSec  18.33 mSec
Vss 10 p.p.s A pre-digital pause equal in length to the inter-digital
pause precedes the first digit of any number.
NOTE: N .
1. Line Pulse Frequency and Inter-Digital Pause are specified with an 18 kHz clock frequency.
SwcH
TYPICAL APPLICATION = -y
) 100K's, v
=33 R a7k Voo
xeve | Theetn
STROBE REOIAL
e« 1] r ,
cr c '
c3 | | ; =
RESET
i OUTPUT TO MUTING
SWITCH
- c4 REDIAL ATK
NC
- 4321 Voo
4; 1; . KJ INHIBIT av-5-5100
d \If 10 11 12 13 1415 16 17 1
| D L
1MEG i
= = W/S SELECT Voo
= LIN TPUT TO LINE
nost ) Loz SWITCH
L RELAYS 12V, 2500 3 222
AS‘IERISI( KEY IS INHIBIT INPUT I croex | 47K
1GENERATOR je— Voo
e .
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' AY-5-9100

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Input Voltages (with respectto Vss) . . . . . . —20V to +0.3V *Exceeding these ratings could cause
Storagg temperature. . . . . . . .. ... —65°C to +150°C permanent damage. Functional operation of
Operating temperature . . . . . . . . ... —55°C to +80°C this device at these conditions is not
Standard Conditions (unless otherwise noted) g:,‘:,l\:ved_c’pemmg ranges are specified
Vs = 0V ’

Ta=-55°C to +80°C
Negative logic conventions are followed for this data sheet.

Characteristic Sym Min Typ**| Max Units Conditions
Clocks (seeFig.1)
Logic‘1’ Voo -13.5 - -16.5 \
Logic'0’ Véu +0.3 — -1.0 \ Match clocks within 0.5V
Frequency f 10 18 30 kHz See Note 2
Capacitance Co - 90 150 pF Each clock input,V¢=0V, f=1MHz
Rise Time tr A — 8 us
Fall Time t 1 —_ 4 us
Leakage e — — 30 uA V¢=-16.5,To=+80°C
Pulse Width torw 5 — 40 us
Pulse Separation toes 5 — 40 us
All Outputs (Note 3)
On Resistance (Logic ‘0") Ron — — 1 kQ Vou=—1volt
Off Leakage (Logic‘1’) lLo - — 10 pA VoL=—10V.TA=25°C
Line Output (See Fig.3)
Strobe-Line Delay tp — — 3 ms
Line-Strobe Delay to 33 — —_ ms MARK/SPACE =66 2/3—331/3

(toincreases for other
MARK/SPACE RATIOS)

Muting Output (See Fig.3, 4)

Line-Muting Delay tm 33 — —_ ms MARK/SPACE = 66 2/3—331/3
(tmincreases for other
MARK/SPACE RATIOS)

All Inputs (Except Reset)

Logic ‘1’ Vi —4.0 — -16.5 Vv

Logic ‘0’ Vin +0.3 — -1.0 \"

Leakage (1%} — — 1 pA Vi=-16.5,Ta=25°C

Rise and Fall Time tr b — — 10 us

Capacitance Ci - - 5 pF Vi=O0V, F=1MHz

Keyboard Strobe Input (See Fig.2)

Pulse Width tkew 10 - - ms Effective only when RESET input is
at Logic ‘1’

Reset Input (See Fig.2)

Logic ‘1’ Vi —4.0 — -16.5 \

Logic ‘0’ Vi +0.3 — -1.0 \'

Leakage It - —_ 1 pA Vin=-16.5, T, =25°C

Capacitance Ci — — 5 pF Vin=0V, f=1MHz

Fall Time trt 3 — 100 us

Delay Time to 3 - —_— ms After clocks reach full amplitude

Power — — 0.9 2 mw V¢ =16.5V

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

NOTES:
2.Line Pulse Rate depends.upon frequency of clock input. Standard clock frequency is 18kHz.
3. Outputs require external pull-down resistors (47k( typical).

ACCESS PAUSE OPERATION TYPICAL OUTPUT INTERFACE
-15v
———-0
18 17 16 15 14 13 12 I1 10 |
arK
AY-5-9100 !
1 234567839 _{ |
|
=1
FROM DIAL TONE |
DETECTOR OR TIMER ————
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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 input 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. If the 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 R1-
R4. If an access pause is decoded, it is written into the access
pause register.

Simultaneous with the data being written into R1-R4, the muting
output goes to logic “0”, to disconnect the transmission circuitry.
When all digits that have been keyed into the circuit have been
dialled out the muting output returns to logic “1”.

AY-5-9100

During dialling if an access pause is required, the muting output
will reconnect the transmission circuitry so that the caller can
listen for the dial tone and ensure himself that the system is
functioning correctly.

The digit store has a capacity of 20 digits. The numbers are read
non destructively allowing redial.

Four 21 bit registers hold the number in BCD format; the
number is stored in parallel. A fifth register holds a marker bit
(Signified as A) showing the first number entered. This fifth
register has a gated 22nd bit allowing the marker bit (A) to be
‘slipped’ backwards one bit with respect to the number. Gating
ensures that all numbers are sequentially entered, the first align-
ing itself with the marker A. When the first number is to be loaded
into the counter, A is decoded in its 21st position and the parallel
enable signal reads the first digit into the counter. Gating is
enabled to allow A to be shifted through the 22nd bit of the
marker store, so aligning itself with the next number to be dialled
out. When A is decoded at the 21st bit and no number is in the
stored digit register, A remains aligned in this state until ‘redial’ is
depressed and the marker store goes into its 22nd bit mode until
A aligns with the first digit.

Gating ensures that only 20 digits are entered into R1-4. One
empty state at least is required to indicate to the system that a
number is complete.

TIMING DIAGRAMS

Fig.1 Clock Waveforms
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AY-5-9200

Repertory Dialler

FEATURES

® Stores 10 x 22 digit telephone numbers, including
access pauses.
s Devices can be ‘stacked’ to give a store expandable in blocks
of 10 numbers.
m 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

PIN CONFIGURATION
16 LEAD DUAL IN LINE

Top View
VSSE o1 ™ 16 [ ] Cs }
1 2 15 [ Cai
3 E 3 18 :‘ s Data Inputs/Outputs
Retrieve Input [] 4 13[] Cx
Control Logic Enable Input (] 5 12 [] Common Key Output
Common Key Input (] 6 11 [J Power-On Reset Input
Store Input (] 7 10 ’:l Address Keyboard Disable Output
Chip Select Input (] 8 9 :I Digit Keyboard Disable Output

address and digit keyboards. Single keyboard operation would
normally be employed in a 10 number Repertory Dialling tele-
phone. Dual keyboard operation is usual for 10 to 100 number
Repertory Diallers.

The AY-5-9200 may also be used in MF tone dialling systems, the
output data rate being directly compatible.

Four phase logic is used to achieve minimum power consump-
tion, the circuits being manufactured using the MTNS P-channel
nitride MOS process.

BLOCK DIAGRAM

STORE DECODE
RETRIEVE CONTROL L__§ “AnD
ENABLE roste TIMING

DIGIT KEY DISABLE o—
ADDRESS KEY DISABLE o—

—oO Vss
_________ —o0l
_________ —o 03
STORAGE
REGISTERS
10 22-BIT SLOTS
_________ —o0 RESET
________ - —o0 CHIP SELECT

OUTPUT  INPUT

COMMON COMMON  DATA IN/OUT
KEY KEY
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AY-5-9200 -

Pin.No. Name Function
1 Vss This is the ground and substrate connection and is used as a
reference for all the electrical parameters.
2-3 Clocks ¢1, ¢3 These inputs form the two supply clocks, and alternate negative-

going pulses are required. These are described in the Electrical
Characteristics and fig. 1. Any deviation from the nominal 18KHz
will result in a proportional modification of the on-chip timings.

4 Retrieve Input The retrieve input must be taken to a logic ‘1’ for at least 10ms to
indicate when a retrieve operation is to be performed. Anti-
bounce logic is provided on this input.

5 Control Logic Enable Input This input must be taken to a logic “1” for the duration of any
store or retrieve operation. The control logic is reset when the
input returns to logic ‘O’. Anti-bounce is provided for this input.
6 Common Key Input This input is taken from the common contact on all keyboards. A
‘1’ to ‘0’ transition will indicate a key closure. Anti-bounce is
provided to ensure only a single depression is read.

7 Store Input Thisinput must be taken to alogic‘1’ for the duration of any store
operation. Anti-bounce logic is provided for both logic
transitions.

8 Chip Select Input When at logic ‘0’ all inputs and outputs (except for Common Key

input and output) are inhibited. It may be permanently wired to
logic ‘1’ if only one AY-5-9200 is used in the system.

9 Digit Keyboard Disable Output 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.

10 Address Keyboard Disable Output 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.

" Power-On-Reset Input An initial reset is required for clearing the chip when power is
initially applied. This input must be held at a logic ‘0’ initially,
going to a logic ‘1’ to activate the chips.

12 Common Key Output This output is fed directly to the Common Key input of the
associated AY-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 AY-5-9100. (See Function Description for further details.)
13-16 C; C, G C4 Data input/Outputs. These four lines are connected to the sys-
tem. Address and dialled digit information is input on these pins
and dialling information is fed out from these pins to the Push-
Button Dialler. The standard keyboard code accepted by the
AY-5-9200 is shown below. When outputting information, the
outputis normally at alogic ‘1’ and goes to a logic ‘0’ for adata bit.

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 Code

C, C, C, C,

1 1 1 1 1 1

2 2 1 1 1 0

3 3 1 1 0 1

4 4 1 0 1 1

5 5 1 0 1 0

6 6 1 0 0 1

7 7 0 1 1 1

8 8 0 1 1 0

9 9 0 1 0 1

0 10 1 1 0 0
Access Pause 0 0 1 1
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E AY-5-9200

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respecttoVss . . . . . —20V to +0.3V
Storage temperaturerange. . . . . . . . . —65°C to +150°C
Ambient operating temperaturerange . . . . —55°C to +80°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)
Vss=OV
V¢=-15+1.5V (see fig. 1 for waveform)
Clock frequency=18 KHz
Operating Temperature (Ta)=—55°C to +80°C
Negative logic conventions are followed for this data sheet.
Characteristic Min. Typ** Max. Units Conditions
Clock
Logic ‘O’ level +0.3 - -1 Volts Note 1
Logic ‘1’ level —-13.5 - —16.5 Volts
Frequency 10 18 30 KHz
Rise Time (Tr) 0.1 - 4 us
Fall Time (Tf) 0.1 - 8 us
Width (Tw) 5 - 40 us At logic ‘1’ min. level
Separation (Ts) 5 — 40 us At logic ‘0’ max. level
Capacitance - 70 pF Per phase V¢=0V, f=1MHz(Note 2)
Leakage — — 10 pA V¢=16.5V,Ta=25°C
Inputs
Logic ‘O’ level +0.3 - -1 Volts
Logic ‘1’ level -5 - -16.5 Volts
Capacitance - - 5 pF Vin=0V. f=1MHz
Leakage —_ — 1 pA Vin=—16.5V,Tp =25°C
Common Key Input
Pulse Width (Tc) 10 — - ms At logic 'O’ max. level see fig. 2
Reset Input
Pluse Width (Td) 3 - ms After clocks reach full amplitude
Fall Time (Te) —_ — 100 us Fig.2
Anti-bounce on all inputs except
Chip Select & Reset 4.2 — — ms
‘Outputs
All outputs including C, to C,4
when acting as outputs
Logic ‘O’ output current 0.6 - —_ mA Ve=—1V
Logic ‘1’ output leakage . - 10 A Ve=—10V
Digit Output Rate — 8.35 — Hz
Power — 2.25 — mWwW

**Typical values are at +25° C and nominal voltages.
NOTES:

1. Clock logic ‘O’ levels should be within 0.5V of each other.
2. The effective dynamic clock capacitance while operating is 260pF.
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AY-5-9200

TIMING DIAGRAMS
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E AY-5-9200

FUNCTION DESCRIPTION

The following description applies to a Push Button Repertory
Dialler using the AY-5-9100 and AY-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 tone 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; adynamic 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 input/output pins
which are also connected to the digitinput pins of the' AY-5-9100
as in Figs.4 and 5. While data is being transferred between the
AY-5-9200 and the AY-5-9100, 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. C.LE.

Logic Level ‘0 ‘0’  Common output is a direct rep-
lica of Common input and digits
are dialled directly by the
AY-5-9100

Logic Level 1’ ‘1’ 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.

Logic Level ‘0’ ‘1 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.
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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, or the ‘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 simui-
taneously with Address if required.

DEPRESS ADDRESS (one digit)

The address code, if valid, is latched and the memory location
associated with this address is cleared to prevent corrupting the
new number with old information. The Common Key output
remains disabled. The Address Keyboard is also disabled for the
remainder of the Store operation.

ENTER NUMBER DIGITS (and Access Pauses)

The number to be stored is then entered using the digit keyboard,
and is stored in the addressed location. The maximum allowable
number of digits or access pauses is 22. Chip select must be at
logic ‘1" during digit entry.

RELEASE STORE, CONTROL LOGIC

ENABLE AND CHIP SELECT

This is accomplished by re-setting the electrical or mechanical
bistable or releasing the Store button. The control logic is then
reset and disabled. .

2. RETRIEVE OPERATION

DEPRESS RETRIEVE

Fcrseparate 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 ‘O’ 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.
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AY-5-9300

PRODUCT SUMMARY

Telephone Coinbox Circuit

FEATURES

® Up to three coin denominations recognized.

® 16 coin value ratios selectable.

® 8 tariff rates selectable.

8 Tone outputs for switch-on, coin input, bulk collect, last pay
period, cut-off.

® Lamp outputs for last coin and last pay period.

DESCRIPTION

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 insertion 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 of four-phase dynamic logic provides very low
power dissipation (2 mW typical). The AY-5-9300 is offered in a
24 pin dual-in-line package.
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AY-3-9400 AY-3-9410

Dual Tone Multi-Frequency Generator

FEATURES

® No tuning required, inherent accuracy+0.25%

® Uses low cost ceramic resonator

= 12 tone pairs (16 tone pairs and choice of high group
pre-emphasis with AY-3-9410)

® Total harmonic distortion less than 5%

® Instant generation of tone outputs

& Low voltage drop

® | ow power consumption (less than 35mW)

® Good thermal and voltage stability

® Keyboard lock out inhibits output if more than one key
depressed

® N-channel ion implant construction

® High group pre-emphasis fixed at 3.52dB (6dB pre-emphasis
available with AY-3-9410)

® Pre-emphasis can be varied by simple component adjustment.

DESCRIPTION

The AY-3-9400/9410 MF Dialler generates all the tone pairs
required for multifrequency touch tone dialling. The tones are
generated from a single ceramic controlled master oscillator,
ensuring high accuracy ard stability of the output frequencies
and eliminating the need for any adjustments. The digitally
synthesised tones give precisely controlled characteristics.
The AY-3-9400/9410 is fabricated using the ion implant N-chan-
nel low voltage process, and employs novel logic techniques to
minimize power consumption and voltage drops. The circuit is
suitable for operation direct from telephone line power, or it can
be used with main power or battery supplies.

PIN CONFIGURATION

14 LEAD DUAL IN LINE
AY-3-9400

Top View
Veceo! ~ 14 [ Ground
Al 2 13 g Any Key Down output
B(]3 12 [] Oscillator output
Power on Reset [ 4 11 [] Oscillator input
cs 10 []E
p[ds 9[F
Tone output (] 7 s[1aG

16 LEAD DUAL-IN-LINE
AY-3-9410

Top View
Ground (@1 ~ 16 [ Any Key Down output
veed 2 15 [J Oscillator output
A3 14 [ Oscillator input
B[]+ 13 [7] 6/3dB pre-emphasis
Reset (] 12 E
cs naF
p(]7 I mye)
Tone output : 8 9 H

BLOCK DIAGRAM
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E AY-3-9400 = AY-3-9410

ELECTRICAL CHARACTERISTICS

Maximum Ratings™

Voltage on any pin with respect to ground pin . . . . +10Vto —0.3V *Exceeding these ratings could cause
Storage temperaturerange . . . . . . . . . . . —65°C to +150°C permanent damage. Functional operation of
Ambient operating temperaturerange. . . . . . . —55°C to +80°C these devices at these conditions is. r\ot
Standard Conditions (unless otherwise noted) 'b";g‘;,ed operating ranges are specified
Vce = +3.5 to +8V
Fclock = 559.7KHz
Operating Temperature (T,) -55°C to +80°C
Characteristic Min Typ™* Max Units Conditions

Input Logic ‘1 +3.3 — +8 Volts logic ‘1" activates tone

Input Logic ‘0’ —0.3 — +0.4 Volts

Input pull down resistance 20 - 100 Kohm resistor to ground

Input capacitance — - 10 pF

Tone output Low Group — 0.566 — Vrms Vce = 4V, Note 1, Note 3

Tone output High Group — 0.85 — Vrms } Vce =4V, Note 1, Note 3

High group pre-emphasis - 3.52 — dB

Output impedance - - 500 ohms Note 2, Note 3

Any Key Down output

On resistance — — 1 Kohm Vout=+1V
Off Leakage — — 10 nA Vout = +8V

Total Distortion — — —23 dB

Harmonic component - — —30 dB

Supply current — — 8 mA Vee =+3.5V

- - 10 mA Vce = +8V

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

NOTE:
1.The amplitudes of the output signals are directly related to the Vcc 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 outputor a

low impedance voltage output (See Figs.2a and 2b).
FREQUENCY OUTPUTS

All output frequencies are derived from a 559.7KHz master oscillator.
The output frequencies are as follows:

Nominal frequency Actual Frequency Error Key
Hz Hz %
697 695.28 —0.25 A
770 768.82 —0.15 B
Low Group 852 850.61 —0.16 C
941 940.68 —0.03 D
1209 1211.48 +0.21 E
1336 1332.62 —0.25 F
High Group 1477 1478.69 —0.25 G
1633 1631.78 —0.07 H
TYPICAL CHARACTERISTIC CURVES
5 02 > - .0l
4 OfF—t- ——F-+ § O —t—d-—F=
g 3
E“ 02 A E .01 \\
L / ' = \\
8 04 : w .02
z / | Ve=4 VOLTS S | TEMP=20°C
5 .06 t I 03
# / : .
.08 H * 04
1}
! !
-20 -I0 O 10 20 30 40 50 I 2 3 4 5 6 7 8
TEMP °C Vee VOLTS
FIG1. OSCILLATOR CHARACTERISTICS
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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 firstcycle will be of full amplitude assuming the power
supply is at the correct level. If power is applied at the same time
as a key is pressed, the power on reset circuit will operate,
preventing spurious outputs.

When two or more keys are pressed together, one or both tones
will be switched off. The tones will start from zero as soon as the
extra keys have been released. When all keys are released, the
tone outputs 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 ‘O’ as soon as a key depression is recognized.

NOTE:

AY-3-9400 = AY-2-9410 E

The tones are output on a single pin, as a mixture of pulse width
moulated, constant amplitude square waves. This output signal is
constructed irto 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
Vcc supply voltage.

A low pass filter buffer amplifier is used to remove switching
noise and interface the tones to the line. There is an option of
either the low impedance, constant voltage buffer (see fig.2a) or
the higher impedance, constant current output (see fig. 2b).

Pre-emphasis selection for the AY-3-9410: Connect pin 13 to Vce for 3dB high group pre-emphasis, or to ground for 6dB premphasis.

The circuit is otherwise identical in operation to the AY-3-9400.

PERIPHERAL CIRCUITS
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AY-5-9500

C-MOS Clock Generator

FEATURES

® Generates 2 phase clock from single power supply
® Operates with AY-5-9100 Push Button Dialler
and AY-5-9200 Repertory Dialler
8 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 Voit supply to minimise 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 Volit supply.

PIN CONFIGURATION
14 LEAD DUAL IN LINE

Top View
Vgs2 (J@1 ~ 14 [ Vo
36KHz Output [] 2 13 [J ¢t
Oscillator [] 3 12 [J ¢3
Osciltator [} 4 1 [J Ves2
Oscillator [ 5 10 [] Data Input
vss1 O 6 9 [J QOutput
Ves3 [ 7 8 [0 Output

BLOCK DIAGRAM
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E AY-5-9500

ELECTRICAL CHARACTERISTICS

Maximum Ratings™

Voltage on any pin with respectto Voo pin . . . . . . -15V to+0.3V
Storage temperaturerange. . . . . . . . . . .. —65°C to +150°C
Ambient operating temperaturerange . . . . . . . —55°C to +80°C

Standard Conditions (unless otherwise noted)

Vop = 0OV

Vss1=—4 to —15V

Vss2 = —4 to —15V

Vss3 = —4 to —15V

F Clock = 36KHz + 10%

Operating Temperature (Ta) =+20°C

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

Parameter Min Typ** Max Units Conditions
CLOCKOUTPUTS
Rise Time(Tr) — 90 200 nS At 360pF load
Fall Time (Tf) — 120 250 nS At360pF load
Width (Tw) 10 - —_ uS At36KH:
Separation (Ts) 10 - — uS At36KHz
Stability - - *5 % With supply and temperature
OUTPUT ‘ON’RESISTANCE
¢1,¢3 - 0.3 2 KOhm Vss2=—4V
Q,Q - 200 750 Ohm Vss3=—4V
SUPPLY CURRENT .
AtVss1 — 130 200 HA Vss1=—4V
AtVss2 —_ 100 200 pA Vss2=—15V, 10pF load
AtVss3 — 30 50 HA Vss3=—15V

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

TIMING DIAGRAM
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AY-5-9800

INSTRUMENT

Multi-Frequency Receiver

FEATURES

®  No tuning required; inherent discrimination, better

than % 0.1%.

Digitally defined bandwidths with no inherent

voltage or temperature drift.

Fast aquisition of tones (typ. 15mS).

Frequency correlation provides good S/N performance.
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.

Handshaking facility to interface directly with CP1600
microprocessor.

B  Three-State code outputs.

DESCRIPTION

The AY-5-9800 is fabricated in P channel MTNS process thus
minimizing cost and providing high reliability. The basic chip
diagram is shown below. Foranalog preprocessing six amplifiers
and two source followers are included on-chip, external
components being used to determine the filter characteristics.
The major functions are mask programmable 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 logicis
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 1MHz clock.
If the period value is within encoded limits, the result is stored.
Five cycles of incoming signal are stored and a decision is made
with this information as to whether the tone is valid. A
programmable logic array scans the five cycle store for both an
“Acquire” criteria and “Release” criteria. If the “Acquire” criteria
is exceeded (e.g. 4 out of 5), and the “Release” criteria is not
reached (e.g. less than 2 out of 5), the frequency is deemed to be
valid. If both high and low frequencies are detected, a time-out
timer is started. This timer is mask programmable and will
normally require 25mS$ of valid tone pair signal. Once this period
has elapsed the Common Output pulses high, again for a
preprogrammed period.

The Code Outputs and Common Output can be configured for a
wide variety of systems. The normal device is packaged in a 28
lead DIP and provides four Three-State Code outputs suitable for
microprocessor controlled systems and direct interfacing to the
AY-5-9100 for MF-Strowger converters, Alternatively a 40 lead
DIP device provides sixteen Three-State Outputs for direct MF
receiver replacement. A hand-shaking interface is provided using

PRELIMINARY INFORMATION

Input Clock—The recommended clock frequency is 1MHz which
will then give a frequency detect range of 620—3400Hz with a
discrimination of £1 uS. Alternatively, the device can be
reprogrammed to other clock frequencies above 10KHz as
available. The discrimination of 1633Hz using a 1MHz clock will
be better than +0.1%. Any deviation of the 1MHz 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 Vgg;and 0.1uF capacitor connected from the P.O.R. input
to Vpp 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 low.

Input Amplifiers—Input amplifiers are suitable for use in band-
pass and general buffer amplifiers. They have an open loop gain
of approximately 500 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 F1low limit, F1 high limit, etc. Once a positive going
edge is detected, the period counter is started and if the next
positive going edge occurs during a time slot decode, the circuit
deems the tone to be valid and a bistable indicating the tone
decoded is set. Special logic is incorporated to prevent the
counter from being continuously triggered in the presence of
noise.
Status Register—The Status Register is a five bit register which is
filled with 1's for an in-band signal but filled with 0'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 S/N ratio and
stimulation rate can be obtained for different systems.
Output Logic—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 Qutput.
PROGRAMMABLE OPTIONS These options can all be
provided by a single layer mask change.
B Programmable center frequencies
B Programmable accuracies
B Variable “Acquire” criteria (1 out of 5 to 5 out of 5)
Variable “Release” criteria (1 out of 5 to 5 out of 5)
m  Normally arranged for 2 of 8 detection, but can be
reprogrammed for single tone (1 of 8) detection.
m  Common output can be delayed by 1-32 mS after tones
are detected valid.

the Interrogate input thus allowing very simple microprocessor ® Common output pulse can be programmed from 1-31mS
interfacing. The outputs will directly drive low power TTL, CMOS m  Output code can be any 4 bit code in 28 lead DIP
or MOS and, being Three-State, can be bussed in large systems. or any 16 bit code in 40 lead DIP (e.g. 2 of 7, 1 of 12 etc.).
BLOCK DIAGRAM SYSTEM DIAGRAM
e i
| HIGH ’AS:S FILTER
'
o euT +
?Qj;’q_‘ Wwv o °:' |
Pitan o3 S 5 e H B H wien [——1
POR. °_J_ ,. LOW GROUP o SOMMON PREFILTER |
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AY-5-1013
Bl Avsioea AUSTEE GENERAL INFORMATION

UAR/T Universal Asynchronous Receiver/Transmitter

FEATURES
® DTL and TLL compatible—no interfacing circuits required— PIN CONFIGURATION
drives one TTL load. 40 LEAD DUAL IN LINE
® Fully Double Buffered—eliminates need for system
synchronization, facilitates high-speed operation.
@ Full Duplex Operation—can handle multiple baud rates Top View
(receiving-transmitting) simultaneously.
m Start Bit Verification—decreases error rate with center Vect+sv) @1~ a0 1 TCP
sampling. Vo (-12v) O 2 39 [ EPs
® Receiver center sampling of serial input; 46% distortion ‘;’;g E i 3‘7’ g :g;
immunity. RD8 O} & 36 [1TsB
m  High Speed Operation. RD7 O 6 35 A NP
® Three-State Outputs—bus structure capability. RD6 O] 7 34 [cs
s Low Power-minimum power requirements. RDS O 8 33 |3 DE8
= Input Protected—eliminates handling problems. RD4 O 9 %2 ) oP7
Rosg 10 31 1 DPs
RD2 O 11 30 O o8l
AY-5-1013/1013A " RD1 O 12 20 DBi
®  GIANT P-channel nitride process. pe O 13 28 1 pB3
® 0 to 30kbaud/0 to 40kbaud. FE O] 14 27 3 DB2
®  Pull up resistors to V¢ on all inputs. _ORLj 15 26 [ 081
) SWE O 16 25 [ S0
AY-6-1013 RCP (] 17 24 J EOC
- RDAV (] 18 23 O 0%
: g;ﬁg“ol‘k:ir;annel nitride process. pav o 19 2 b oMt
. si 20 21 O xR
m  Extended Operating Temperature Range:
-40°C to +85°C (plastic package)
-55°C to +125° C (ceramic package)
®  Pull-up resistors to V¢ on all inputs.
AY-3-1014A/1015 *Pin 2: AY-3-1014A/1015 — No Connection.
® Single Supply Operation:
+4.75V to +14V (AY-3-1014A)
+4.75V to +5.25V (AY-3-1015)
® CMOS compatible (AY-3-1014A).
= 1'% stop bit mode.
®  External reset of all registers.
® GIANTII N-channel lon Implant Process. BLOCK DIAGRAM
8 0 to 30kbaud.
®m  Pull-up resistors to V¢ on all inputs (AY-3-1015). §
E n:g gl‘;" x% TRANSMITTER
z g" @r DATA BITS
o 32 §§ 2
177 AARAANI
DESCRIPTION conTROL LT 11 THTTT
‘sTroge O~ |1~ —o OATA” STROBE
The Universal Asynchronous Receiver/Transmitter (UAR/T) is i L o s
an LS| subsystem which accepts binary characters from eithera 6xto | TRANSMITTER | oeno or
terminal device or a computer andreceives/transmits this xno | sy
character with appended control and error detecting bits. All oy RECEIVER e
characters contain a start bit, 5 to 8 data bits, one or two stop bits et 1 1 ]
(1% stop bit capability with the AY-3-1014A/1015), and either %P-{ o B
odd/even parity or no parity. In order to make the UAR/T | 1] TTTTTITT
universal, the baud, bits per word, parity mode, and the number I LLLLLEL
of stop bits are externally selectable. The device is constructed §§ EE 5'57' e——2
on a single monolithic chip. All inputs and outputs are directly g 32 °3 % geceiven
compatible with MTOS/MTNS logic, and also with ° £ gE 3d
TTL/DTL/CMOS logic without the need for interfacing i3
components. All strobed outputs are three-state logic.
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UAR/T GENERAL INFORMATION E
PIN FUNCTICNS

Pin No. Name (Symbol) Function
1 Vee Power Supply (Vec) +5V Supply
2 Vai Power Supply (Vaa) —12V Supply (Notconnected for AY-3- 1014A/1015)
3 Ground (Vai) Ground
4 Received DataEnable (RDE) A logic “O" on the receiver enable line places the received data
onto the outputlines.
5-12 Received Data Bits (RD8-RD1) These are the 8 data output lines. Received characters are right

justified: the LSB always appears on RD1. These lines have tri-
state outputs; i.e., they have the normal TTL ouput characteris-
tics when RDE is “O” and a high impedance state when RDE is
“1". Thus, the data output lines can be bus structure oriented.

13 Parity Error (PE) Thislines goes to alogic “1" if the received character parity does
not agree with the selected parity. Tri-state.

14 Framing Error (FE) This line goes to a logic “1" if the received character has no valid
stop bit. Tri-state.

15 Over-Run (OR) 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.

16 Status Word Enable (SWE) A logic “O" on this line places the status word bits (PE, FE, OR,
DAV, TBMT) onto the outputlines. Tri-state.

17 Receiver Clock (RCP) This line will contain a clock whose frequency is 16 times (16X)
the desired receiver baud.

18 Reset Data Available (RDAV) Alogic “O” will reset the DAV line. The DAV F/F is only thing that
isreset.

19 DataAvailable (DAV) 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.

20 Serial Input (SI) This line accepts the serial bit input stream. A Marking (logic “1")
to spacing (logic “O") transition is required for initiation of data
reception. Fig.11,12,33,34.

21 External Reset (XR) 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 “O”.
Clears input data buffer. Must be tied to logic “O” when not in
use.

22 Transmitter Buffer Empty (TBMT) 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 Fig.18,20,40,42.

23 Data Strobe (DS) A strobe on this line will enter the data bits into the data bits
holding register. Initial data transmission is initiated by the rising
edge of DS. Data must be stable during entire strobe.

24 End of Character (EOC) This line goes to alogic “1” each time a full character is transmit-
ted. It remains at this level until the start of transmission of the
nextcharacter. See Fig.17,19,39,41.

25 Serial Output (SO) 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.16.

26-33 Data BitInputs (DB1-DBE) There are up to 8 data bitinput lines available.

34 Control Strobe (CS) Alogic “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.

35 No Parity (NP) A logic “1" on this lead will eliminate the parity bit from the
transmitted and received character (no PE indication). The stop
bit(s) willimmediately follow the last data bit. If not used, this lead
must be tied to a logic “O".

36 Number of Stop Bits (TSB) This lead will select the number of stop bits, 1 or 2, to be
appended immediately after the parity bit. A logic “0” willinsert 1
stop bit and a logic “1” will insert 2 stop bits. For the AY-3-
1014A/1015, the combined selection of 2 stop bits and 5
bits/character will produce 1% stop bits.

37-38 Number of Bits/Character (NB2,NB1) These two leads will be internally decoded to select either 5,6, 7
or 8 databits/character.
NB2 NB1 Bits/Character
5

0 0
0 1 6
1 0 7
1 1 8
39 Odd/Even Parity Select (EPS) 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 “O” will insert
odd parity and a logic “1” will insert even parity.

40 Transmitter Clock (TCP) This line will contain a clock whose frequency is 16 times (16X)
the desired transmitter baud .
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- UAR/T GENERAL INFORMATION

TRANSMITTER OPERATION

l 1. TURN_POWER ON ]

2.PULSE_EXTERNAL RESET

3.SELECT BAUD - 16 X CLK

J
L TOMT < | J
EOC: |
S0:1 (STOP BIT)

[ sev_controL eiTs-puLse cs Initializing

Power is applied, external reset is enabled and clock pulse is
applied having a frequency of 16 times the desired baud. The
above conditions will set TBMT, EOC, and SOto logic“1” (lineis
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 DS and CS simul-
taneously if minimum puise width specifications are followed.
Once Data Strobe (DS) is pulsed the TBMT signal will change
from a logic “1” to a logic “O” 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 “1”. When
transmitter shift register is empty, data bits in the holding register
R T T T are immediately Ioaged intq the transmitter shift register for
—)l 2:50-0 (START BIT) J 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 “O”, and TBMT will also go to a logic “1”
indicating that the shifting operation is completed and that the
data bits holding register is ready to accept new data. it should be
remembered that one full character time is now available for
loading of the next character without loss in transmission speed
due to double buffering (separate data bits holding register and
transmitter shift register).

SET DATA BITS

M ITTER
SHIFT REGI?S"Eﬁ

(EOC=I)

ELAPSED ?
(1616 X CLK)

[ AN B RIGHT N n | Data transmission is initiated with transmission of a start bit, data
1 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 “1”
indicating that new character is ready for transmission. This new
character will be transmitted only if TBMT is a logic “O” as was
previously discussed.

TRANSMIT START BIT, DATA
BITS, SELECTED PARITY MODE,
AND STOP BIT(S)

ARE
THERE NEW
CONTROL BITS YES
?
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UAR/T GENERAL INFORMATION -

RECEIVER OPERATION

TURN POWER ON

PULSE EXTERNAL RESET
SELECT BAUD - 16 X CLK
SET CONTROL BITS

]

0av: 0 ]

sun=—

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 “O") which initiates start bit. The start bitis valid if,
after transition from logic “1” to logic “0”, the Sl line continues to
[ e e e s itiren be at logic “0”, when center saipled, 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
As transitions from a logic “1” to a logic “0” (marking to spacing)
Ay
16-16 X CLK

HAS
THE LINE
TRANSITIONED
FROM MARKING TO

SPACING

A START BIT
BEEN VERIFIED ?
8-16 X CLK

when the 16x clock is in a logic “1” state, the bit time, for center
sampling will begin when the clock line transitions from a logic
“1" to alogic “0" state. After verification of a genuine start bit, data
l SFT AND LoMD DATA BIT bit reception, parity bit reception and stop bit(s), reception
INTO RECEIVER SHIFT REGISTER pl’oceeds in an orderly manner.

While receiving parity and stop bit(s) the receiver will compare
transmitted parity and stop bit(s) with control data bits (parity
and number of stop bits) previously set and indicate an error by
changing the parity error flip flop and/or the framing error flip
flop to a logic “1”. It should be noted that if the No Parity Mode is
selected the PE (parity error) will be unconditionally set to a 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.
Ifthe DAV signal is at alogic “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 isat 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 accept the next character and has one full character time
to remove the received character.

H H
SELECTED NUMBER
OF DATA BITS BEEN

RECEIV!

SET PARITY ERROR SET PARITY ERROR
REGISTER TO | REGISTER TO O

HAS
A STOP BIT
BEEN RECEIVED

SET FRAMING ERROR
REGISTER TO O

SET OVER RUN
REGISTER TO Q

SHIFT REGISTER TO DATA

TRANSFER DATA BITS FROM
BITS HOLDING REGISTER

[ DAV: | ]
1

EXAMINE OUTPUTS
1. STROBE STATUS WORD ENABLE
2. STROBE DATA ENABLE

!RESET DATA AVAILABLE DAV:0 ]

Fig.2
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Generar AY-5-1013
AY-5-1013A SPECIFICATIONS
S AY-6-1013

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voo (withrespecttoVee . . . . . . . . . . o000 000 —20 to +0.3V *Exceeding these ratings could cause perma-

Clock and logic input voltages (with respecttoVec) . . . . . . . —20 to +0.3V nent damage. Functional operation of these

Storage Temperature . . . . . . . . .. ... ... ... —65°C to +150°C devices at these conditions is not implied
Lead Temperature (soldering, 10seconds) . . . . . . . . . . . .. "+330°C —operating ranges are specified below.

Standard Conditions (unless otherwise noted)

Voo = =12V 5%

Vee = +5V +5%

Temperature (Ta) =0°C to +70°C (AY-5-1013/1013A)
—40 C to! +85°C (AY-6-1013 Plastic Package)
—55C to +125°C (AY-6-1013 Ceramic Package)

Characteristic Min Typ** Max Units Conditions

DC CHARACTERISTICS
Input Logic Levels

Logic 0 0 — 0.8 volts (i =—1.6mA max.)
Logic 1 Vee -1.5 — Vee +0.3 volts Unit has internal pullup resistors
Input Capacitance
All Inputs — - 20 pF 0 volts bias, f= 1MHz
Leakage Currents
Three State Outputs — - 1.0 uA 0 volts
Data Output Levels
Logic 0 — - +0.4 volts lo = 1.6mA (sink)
Logic 1 Vee-1.0 — — volts loL = .3mA (source)
Output Capacitance — 10 15 pF
Short Ckt. Current — _ — — See Fig.25
Power Supply Current
log — 14 16 mA AY-5-1013/1013A - See Fig.25
25°C,all inputs +5V — 17 19 mA AY-6-1013 - See Fig.25
lee — 18 20 mA AY-5-1013/1013A - See Fig.26
- 21 23 mA AY-6-1013
AC CHARACTERISTICS Ta= 25°C, output load
capacitance 50pF max.
Clock Frequency DC — 480 kHz AY-5-1013
DC — 640 kHz AY-5-1013A
DC - 360 kHz AY-6-1013
Baud 0 — 30 k baud AY-5-1013
0] — 40 k baud AY-5-1013A
o — 225 k baud AY-6-1013
Puise Width
Clock Pulse 1.0 — — s AY-5-1013 - See Fig.9
750 —_ ns AY-5-1013A - See Fig.9
1.5 — — us AY-6-1013-See Fig.9
Control Strobe 300 — — ns AY-5-1013/1013A-See Fig.15
600 . — ns AY-6-1013
Data Strobe 190 - — ns AY-5-1013/1013A - See Fig.14
250 — — ns AY-6-1013
External Reset 500 — — ns AY-5-1013/1013A - See Fig.13
1.0 — — us AY-6-1016
Status Word Enable 500 — — ns AY-5-1013/1013A - See Fig.21
600 — — ns AY-6-1013 - See Fig.21
Reset Data Available 250 — — ns AY-5-1013/1013A - See Fig.22
350 — — ns AY-6-1013 - See Fig.22
Received Data Enable 500 —_ — ns AY-5-1013/1013A - See Fig.21
600 — — ns AY-6-1013 - See Fig.21
Set Up & Hold Time
Input Data Bits 0 — — ns See Fig.14
Input Control Bits 0 - - ns See Fig.15
Output Propagation Display
TPDO - — 500 ns AY-5-1013/1013A - See Fig.21 & 24
- — 650 ns AY-6-1013 - See Fig.21 & 24
TPD1 — — 500 ns AY-5-1013/1013A - See Fig.21 & 24
— — 650 ns AY-6-1013 - See Fig.21 & 24

**Typical values are at +25°C and nominal voltages.
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E AY-5-1013 « AY-5-1013A = AY-6-1013

TIMING DIAGRAMS

s l INOTE 3 [

TBMT [
= p=NoOTE 2

(H) -—— s St Bt oo Reetfuniioy Saftontionl slfvabutle Sty ===
SO START |DATA | | DATA 21DA’ DATA 41 DATA 51D STOP | STOP 2| START IDATA |

w) I___l_.__A___l_ AR RERUODF Rt it L |__J__...

NOTE | ~f—t-BIT TIME
Eoc |

NOTE: SEE FIGURES 7, 8,9 FOR DETAILS.
AT START OF DIAGRAM. SHOWN FOR 8
I: BIT TIME = 16 CLOCK CYCLES.
2: IF TRANSMITTER IS INACTIVE THE START
PULSE WILL APPEAR ON LINE WITHIN

| CLOCK CYCLE OF TIME DATA STROBE
OCCURS. SEE DETAIL

ANOTHER DATA STROBE CAN OCCUR ANY-
WHERE DURING TRANSMISSION OF
CHARACTER | AFTER TBMT GOES HIGH.

TRANSMITTER INACTIVE
' TRANSMIT BUFFER LOADED WHEN EOC HIGH

5 L.hlt_.i I

so START BIT

TBMT |=—2-6 cLock cchss——‘
)

LEVEL CODE AND PARITY AND TWO STOPS.

3: SINCE TRANSMITTER IS DOUBLE BUFFERED

TRANSMITTER INITIALLY ASSUMED INACTIVE DETAIL:

DATA }
STROBE I‘ il
I
cLock 1
"

et 116 B

S0 START

Fig.5 UAR/T TRANSMITTER TIMING

| TRANSMITTER ACTIVE
TRANSMIT BUFFER LOADED WHEN EOC LOW

Www
| |

1
'
'
'

bs

SO STOP BIT START BIT

TBMT f=—2-6 cLOCK CYCLES—’J

I

EOC

Fig.6 TRANSMITTER AT START BIT

Sy, TTTT T T T T AT T T T
S0 AR.,. 1213141516171 81FP |STOPIISTOP2!
RS NN T U D W Hpuy | [

Mo—norsl DS AND CS MAY OCCUR
f

SIMULTANEOUSLY WHEN
TRANSMITTER INACTIVE

DA

LEGAL LEGAL
cs ILLEGAL TO USE CS cs

NOTE: CONTROL STROBE MAY BE HARDWIRED TO "1" .
IN THAT CASE, DATA MUST BE STABLE DURING "ILLEGAL CS" TIME.

Fig.8 ALLOWABLE POINTS TO USE CONTROL STROBE

Fig.7 TRANSMITTER AT START BIT

—_
MAXIMUM * {us MIN, AY-5-1013
DUTY CYCLE * 750ns ‘MIN, AY-5-1013A

MINIMUM *x ** us MIN, AY=5-1013

DUTY CYCLE 750ns MIN, AY-5-1013A

0 %

5
DUTY CYCLE

7,

ANY PULSE WIDTH WHICH MEETS
ABOVE CRITERIA IS ALLOWABLE.

Fig.9 ALLOWABLE TCP, RCP
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AY-5-1013 s AY-5-1013A = AY-6-1013

TIMING DIAGRAMS
yw (DATAT DATA 8 PARITY STOP| STOP2 START DATAL
S
l'o“ __..J.___l___;___L___il‘!’_l___.}
DAT
STROBES I N N NS NN S A T T | |
PEARRRg; NOTE | —=
Fnel'i‘ﬂigg NOTE | —=
- - 3us
DATA —
AVAILABLE NoTE 2
OVER RUN NOTE | —-‘
NOTES

THIS IS THE TIME WHEN THE ERROR CON-
DITIONS ARE INDICATED, IF ERROR OCCURS.

DATA AVAILABLE IS SET ONLY WHEN THE
RECEIVED DATA, PE, FE, OR

TRANSFERRED O THE | nowmc REGISTERS.
(SEE RECEIVER BLOCK DIAGRAM),

ALL INFORMATION IS GOOD IN HOLDING
REGISTER UNTIL DATA AVAILABLE TRIES TO
SET FOR NEXT CHAKACTER.

Fig.10 UAR/T RECEIVER TIMING

TRUE RCVR CENTER SAMPLING

1 2 3 4 5 [ 7 8
RCP
[ SAMPLE
S S 8 CLOCKS " POINT
| | [ RCP
st~ p——————8% CLOCKS ——————|
1 ] 1 INTERNAL
, SAMPLE
st 1 fe———7%CL0ckS — =]
[ '
IF 1->0 TRANSITION OF | Ro! - RD8
—{ b= START BIT OCCURS HERE, | PE, FE, OR
THEN
SAMPLE POINT WILL BE HERE —=] DAV ON
|
INTERNAL SAMPLE PULSE — DAV OFF
Fig.11
DS
viL— % — —+
VT e p———
WHEN NOT IN USE, XR
MUST BE HELD AT GND. DATA
XR RESETS EVERY REGISTER N 190ns
EXCEPT CONTROL REGISTER AND >0 =i
RECEIVED DATA. SO, TBMT, EOC
ARE RESET TO 5V ALL OTHER
OUTPUTS RESET T OV. Fig.14 DS

Fig.13 XR PULSE

4. ABOVE SHOWN FOR 8 LEVEL CODE
PARITY AND TWO STOP. FOR NO PARITY,
STOP BITS FOLLOW DATA

. FOR ALL LEVEL CODE THE DATA IN T
HOLDING REGISTER IS R/GHT JUS"/FIED,
THAT 1S, LSB ALWAYS APPEARS |
RO (PIN 12).

DAV AND STOP BIT ONE
—_— T

FIRST STOP BIT

1
L ps | =
3pus—=f f=—
Fig.12 RECEIVER DURING 1st STOP BIT
VIH —_ —_
NP, TSB, NB2,1, EPS ‘]
>0 My >0

CONTROL BITS MUST BE STABLE
FOR LAST 300ns OF CS.

Fig.15a CS

VIH—
NP_ETC.

LEADING EDGE OF DATA IS NOT CRITICAL

CONTROL STROBE AND CONTROL BITS

MUST BE 300ns MINIMUM PULSE WIDTH SPECS

Fig15b CS Fig.15¢

AS LONG AS TRAILING EDGE AND

SEROUT— — 71— —
voL— — — -
o s [
ARE OBSERVED. TYP.
Cs Fig.16
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AY-5-1013 = AY-5-1013A =

AY-6-1013

TIMING DIAGRAMS

Tcp VIH — L= ps

ie——f —— viL 7Z I

VOH — "" TBMT |

E0C oL —|— N
A s

Fig.17 EOC TURN-ON

TBMT J
;‘—I,u.s TYP.

Fig.20 TBMT TURN-ON

Fig.18 TBMT TURN-OFF

TRI-STATE
OUTPUTS

RDI-RD8
PE, FE, OR,
DA, TBMT |

~=500ns
MAX. VOL

VoL — — |— —

™
TYP.

Fig.19 EOC TURN-OFF

250ns
MIN,
RDA \ /

viL—

|

DAV |
|
| voL— Y —
|

— e —|

Fig.22 RDAV
Fig.21 RDE, SWE 9
TYPICAL CHARACTERISTIC CURVES
3.5 T 2500 )
SHORT CIRCUIT
3.0 OUTPUT CURRENT ] WORST CASE //
\ | 2000 —
2.5 — A
] y
20 \\( NOMINAL . 1500 A
o <
- N - &N
1.5 X 2 1000 NOMINAL
\ - 7
1.0 \ /
5| WORST case 500
o 1 2 3 4 5 6 7 0 100 200 300 400 500
Vour Cour PF

Fig.23 SHORT CIRCUIT OUTPUT CURRENT

Fig.24 RE1, RDS, PE, FE, OR, TBMT, DAV

'8 iz voLt supeLy cunksmj
17 T T T
I~ WORST CASE
18
g s ™
E L I~
2 ~
L e <
s
13 NOMINAL <
N
12 -
L
0 10 20 30 40 50 60 70

CASE TEMPERATURE (°C)

Fig.25 -12 VOLT SUPPLY CURRENT

2
2 +5 VOLT SUPPLY CURRENT
21 [
\J/wonsr CASE
20
\
<
19
€ ~
(53 \~
Ho 8 = .
N~
17 =
NOMINAL ~
I8
0O 10 20 30 40 50 60 70

CASE TEMPERATURE (°C)

Fig.26 +5 VOLT SUPPLY CURRENT
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Maximum Ratings*

AY-3-1014A AY-3-1015
ELECTRICAL CHARACTERISTICS
... .=03to+16V

Vcc (with respecttoVg) . . . . . . . . .
Storage Temperature . . . . . . . . . . .
Operating Temperature. . . . . . . . . .

-65°C to +150°C
.. 0°Cto+70°C

PRELIMINARY SPECIFICATIONS

*Exceeding these ratings could cause perma-
nent damage. Functional operation of these
devices at these conditions is not implied

Lead Temperature (Soldering, 10sec) . . . . . . .. +330°C —operating ranges are specified below.
Standard Conditions (unless otherwise noted)
ch = +4.75 to +14V (AY-3-1014A)
Vcc = +4.75V to +5.25V (AY-3-1015)
Operating Temperature (Ta) = 0°C to +70°C
Characteristic Min Typ** Max Units Conditions
DC CHARACTERISTICS
Input Logic Levels
Logic 0 0 — 0.8 volts
Logic 1 20 — Veet+0.3 volts AY-3-1015 has internal
Input Capacitance pull-up resistors to Vg,
All inputs - - 20 pF 0 volts bias, f =1 MHz
Output Impedance
Tri-State Outputs 1.0 — — MQ
Data Output Levels
Logic 0 - - +0.4 volts loL = 1.6 MA (sink)
Logic 1 24 —_ -— volts lon = -0.3mA (source)
Output Capacitance — 10 15 pF
Short Ckt. Current — — — — See Fig.45.
Power Supply Current
lcc at Vce = +5V (AY-3-1014A) - 18 20 mA See Fig.47.
lcc at Vee = +14V (AY-3-1014A) - 28 30 mA See Fig.48.
lcc at Vee = +5V (AY-3-1015) - 30 40 mA
A.C. CHARACTERISTICS
Ta=25°C, Output load
capacitance 50 pF max.
Clock Frequency DC — 480 kHz
Baud Rate 0 — 30 k baud
Pulse Width .
Clock Pulse 3.0 — — us See Fig.31
Control Strobe 200 - ns See Fig.37
Data Strobe 200 — — ns See Fig.36
External Reset 500 - — ns See Fig.35
Status Word Enable 500 - ns See Fig.43
Reset Data Available 200 —_ — ns See Fig.44
Received Data Enable 500 — — ns See Fig.43
Set Up & Hold Time
Input Data Bits 20 — — ns See Fig36
Input Control Bits 20 — — ns See Fig.37
Output Propagation Delay
TPDO — — 500 ns See Fig.43 & 46
TPD1 — — 500 ns See Fig.43 & 46

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

149



E AY-3-1014A ® AY-3-1015

TIMING DIAGRAMS

55 I Iuonz 3 ]
TBMT ‘ [
NOTE 2
(H) ha iy e o e r— e —

_] T r [l - r———‘—-l -
so ) START [DATA | | DATA 2 DATA 3 l DATA QlDATA 5iDATA G'DATA 7|DIATA\ SIPARITV ISTOP | STOP 2§ START IDATA |
(L PR i Rt ag e —_———

NOTE 1=t &IT TIME
€oc |

NOTE: SEE FIGURES 28,29,30 FOR DETAILS.
TRANSMITTER INITIALLY ASSUMED INACTIVE DETAIL:
HOWN FOR

AT START OF DIAGRAM. SHi
LEVEL CODE AND PARITY AND TWO STOPS sr%gé

: BIT TIME = 16 CLOCK CYCLES.

fo—ed

2: IF TRANSMITTER IS INACTIVE THE START CLOCKM
PULSE WILL APPEAR ON LINE WITHIN
| CLOCK CYCLE OF TIME DATA STROBE
OCCURS. SEE DETAIL.

3: SINCE TRANSMITTER IS DOUBLE BUFFERED SO0 START

ANOTHER DATA STROBE CAN OCCUR ANY-
WHERE DURING TRANSMISSION OF
CHARACTER | AFTER TBMT GOES HIGH.

Fig.27 UAR/T-TRANSMITTER TIMING

TRANSMITTER INACTIVE
TRANSMIT BUFFER LOADED WHEN EOC HIGH

TRANSMITTER ACTIVE
TRANSMIT BUFFER LOADED WHEN EOC LOW

I~ =

I

1
I
|
|
so START BIT I so
”
|
|

| L

1

TBMT l TBMT
I

€0C | EOC
T

Fig.28 TRANSMITTER AT START BIT

s, [~ T~~~ T—T—~~F~r1r="
S0 ‘RT|I2|3I4I5ISI7IBIPSTOPIISTOPZI
R T T T SN S EY B 1

—U—NOTEI DS AND CS MAY OCCUR
"
1

SIMULTANEQUSLY WHEN

TRANSMITTER INACTIVE ‘-————
LEGAL LEGAL
cs ILLEGAL TO USE CS cs

NOTE: CONTROL STROBE MAY BE ! HARDWIREDTO "I"
IN THAT CASE, DATA MUST BE STABLE DURING “ILLEGAL CS" TIME.

DA

Fig.30 ALLOWABLE POINTS TO USE CONTROL STROBE

!
I
I
]
l START
|
|
I
|
I
T

Fig.29 TRANSMITTER AT START BIT
Uty CreLE * * susmiv

MINIMUM *%
DUTY CYCLE o ~ 3us MIN

50 %
DUTY CYCLE

ANY PULSE WIDTH WHICH MEETS
ABOVE CRITERIA IS ALLOWABLE.

Fig.31 ALLOWABLE TCP, RCP
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AY-3-1014A & AY-3-1015

TIMING DIAGRAMS

- START DATA | DATA 2 DATA 3 oaTas DATAS DATA 6 DATAT DATA 8 PARITY STOP| STOP2 START DATAI
Te—a- = -== —==
S1 iLse ! i | | ™ Mse T T
0" _-.__'___J.___.L___A.___J.___L..__A__.‘J...—__J
DATA
STROBES AN Y N N N A N B |
PARITY NOTE | —=
ERROR
FRAMING NOTE | —=
ERROR
-~ J= 1 cLOCK
DATA T —
AVAILABLE NOTE 2
OVER RUN NOTE |
NOTES

THIS IS THE TIME WHEN THE ERROR CON-
DITIONS ARE INDICATED, IF ERROR OCCURS.

2. DATA AVAILABLE IS SET ONLY WHEN THE
RECEIVED DATA, PE, FE, OR HAS
TRANSFERRED TO THE HOLDING REGISTERS
(SEE RECEIVER BLOCK DIAGRAM).

3. ALL INFORMATION IS GOOD IN HOLDING
REGISTER UNTIL DATA AVAILABLE TRIES TO
SET FOR NEXT CHARACTER.

4. ABOVE SHOWN FOR 8 LEVEL CODE
PARITY AND TWO STOP. FOR NO PARITY,
STOP BITS FOLLOW DATA.

5. FOR ALL LEVEL CODE THE DATA IN THE
HOLDING REGISTER IS R/IGHT JUSTIFIED;
THAT IS, LS8 ALWAYS APPEARS IN
RD 1 (PIN 12).

Fig.32 UAR/T RECEIVER TIMING

TRUE RCVR CENTER SAMPLING
| 2 3 4 5 6 7 8

(I SAMPLE
s1 L [‘ POINT
| 0 RCP
st |-————— 8 cLocks ____.[
INTERNAL
JE— ! SAMPLE
s1 -[._ 7 CLOCKS _—__..q
| !
RDI -RD8
IF 1> 0 TRANSITION OF
-1 |" START BIT OCCURS HERE, ! PE, FE, OR
THEN !
SAMPLE POINT WILL BE HERE —=| DAV ON
|
INTERNAL SAMPLE PULSEY DAV OFF

Fig.33

WHEN NOT IN USE, XR
MUST BE HELD AT GND.

XR RESETS EVERY REGISTER,
S0, TBMT, EOC ARE RESET TO
5V ALL OTHER OUTPUTS
RESET TO OV.

DATA

Fig.36 DS
Fig.35 XR PULSE

g
=120

20ns MIN.

DAV AND STOP BIT ONE

FIRST STOP BIT

Fig.34 RECEIVER DURING 1ST STOP BIT

VIH

NP, TSB, NB2, |, EPS
>0

CONTROL BITS MUST BE STABLE
FOR LAST 300ns OF CS.

Fig.37a CS

o/ LN
NP_ETC L 2?‘?"'!5‘—‘ * : | !

SEROUT — — +— e ———
voL— — — S
LEADING EDGE OF DATA IS NOT CRITICAL -—l L
TROL STROBE AND CONTROL BITS AS LONG AS TRAILING EDGE AND 500ns
CM?J'gT g'E' goms MINIMUM. PULSE WIDTH SPECS ARE OBSERVED. TP, |

* 20ns MIN,

Fig.37b Fig.37¢c Fig.38 SEROUT
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E AY-3-1014A ® AY-3-1015

TIMING DIAGRAMS

‘1500n5
TYP.

Fig.39 EOC TURN-ON

—={ 500ns l’
TYP.

Fig.41 EOC TURN-OFF

RDE, SWE X — — —— — #F —VIH

TRI-STATE
OUTPUTS

RDI-RD8
PE, FE, OR,
DA, TBMT

MAX. VOL

Fig.43 RDE, SWE

VIH — -

VIL

Fig.40 TBMT TURN-OFF

TYP.

Fig.42 TBMT TURN-ON

Fig.44 RDAV
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AY-3-1014A ® AY-3-1015 E

TYPICAL CHARACTERISTIC CURVES
3.5 - | 2500
SHORT CIRCUIT
3.0 — /-
OUTPUT CURRENT WORST CASE A
\ 2000 v —
2.5 . ~
N L P
NOMINAL A
1500
I 20 \/ g 7
(7]
- \ - /\
1.5 N o / NOMINAL
1000
N + /
1.0 N Y4
/
5| WORST CASE \ 500
. \Y
o |+ 2 3 4 5 & 7 0 100 200 300 400 500
Vour Cout PF
Fig.45 SHORT CIRCUIT OUTPUT CURRENT Fig.46 RD1-RD8, PE, FE, OR, TBMT, DAV
22 32
+5 VOLT SUPPLY CURRENT +14 VOLT SUPPLY CURRENT
21 | | 31 | |
~ /WORST CASE ~ /woasr CASE
20 S~ 30 \\
™~ N
< <<
g 19 \ ~ £ 29 .y <~
Q ~J I~ o ~ ™~
© 18 > o 28 -~
=] S - <
N~ N
17 />\ 27 f
NOMINAL ~L NOMINAL ~L
I6 ~ 26 ~N
* ¥
0O 10 20 30 40 50 60 70 O 10 20 30 40 50 60 70
CASE TEMPERATURE (°C) CASE TEMPERATURE (°C)
Fig.47 +5VOLT SUPPLY CURRENT Fig.48 +14 VOLT SUPPLY CURRENT
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GENERAL

=1 AY-5-1016

AY-6-4016

Random/Sequential Access Multiplexer

FEATURES

® Directly interfaces with TTL/DTL and MOS.

® Current or voltage modes of operation.

® Random or sequential access.

® Single ended or differential operation.

® Expandable in either the sequential or random access
modes.

Programmable length counter for sequential applications.
DC to 2MHz operation.

Extremely high off-resistance.

Choice of Operating Temperature Ranges:

AY-5-1016 — 0°C to +70°C

AY-6-4016 — —55°C to +125°C

® Zener network protection on all input leads.

DESCRIPTION

The AY-5-1016 and AY.-6-4016 are each a 16 Channel Random/
Sequential Access Multiplexer containing a programmable 4
stage binary counter, a 4 X 16 decode matrix, and 16 single-pole
double-throw switches.

‘the 5hunt 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.

154

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Top View
U .

Vec (+5V) @ 1 40 [ 2° input
2linput O 2 39 [J DC Load
22input O 3 38 [J Clock
23input [ 4 37 [3 Matrix Enable

Load Enable [ 5 36 O N.C.

Differential Mode Control T} 6 35 O N.C.

Vge (-12v) O 7 34 OON.C.
Channel 8 [} 8 33 [J Channel 0
Channel 9 (J 9 32 [J Channel 1
Channel 10 ] 10 31 [J Channel 2
Channel 11 [] 11 30 [3 Channel 3
Channel 12 [] 12 29 [1 Channel 4
Channel 13 [J 13 28 [ Channel 5
Channel 14 [J 14 27 [0 Channel 6
Channel 15 [} 15 26 [1 Channel 7

N.C. [ 16 25 [IN.C.
Series Bus2 (] 17 24 [ Series Bus 1
Matching Resistor 2 O] 18 23 [ Matching Resistor 1
Shunt Bus [ 19 22 [ Shunt Enable
V@ (GND) 0 20 21 [J Sync Output
BLOCK DIAGRAM
CHANNEL INPUTS
01 [0
= e v
B MULTIPLEXER U)o cwunt sus

1225 MarcHING RESISTOR NO.i
R

ue) MATCHING RESISTOR NO.2

) [ [} "
SYNC. OUTPUT

MATRIX _(37) S
61
ENABLE 4 X 16 DECODING
MATRIX

[T 11

DIFFERENTIAL _ (6)
MODE CONTROL — |

LOAD ENABLE ﬂc

crock 381 | |4 STAGE BINARY COUNTER
b.c. Loap-32]

|«o) l(z) I(s) lu)

20 2! 22 2

ADDRESS INPUTS




SG1

LOGIC DIAGRAM

( ) = Pin Numbers

S| BUS
SERIES BUS #1

SHUNT ENABLE
MATRIX ENABLE

us)

CHANNEL
[
(33)

CHA?NEL
(32)

fh dh

CHA;NEL
3n

CHANNEL
3

vl

CHANNEL
4

(29)
1

CHANNEL
5

(28)
1

CHANNEL

@7
1

MATCHING
CNANNEL RESISTOR-1

o b

(24)

37 4>

1

L]

ql;

0O 0 0 0 0 00 C
ENABLE »—Do—} - - - - - - -
oe. (39) 0 |_/
LOAD Lh
c & L/
cLock 28 _D
1
e 20440 5 2
30
c Q 2
o142 )
ZZ
o)
3
ADDRESS
NPUTS ) ——D'[
2
4 Y . -‘ L 4
@y
1] 1] 1] [11] 1] 11}
— g o U U U U U
(210, syne.
OUTPUT
vee L5
T T 1 T
Vg 71 L| Ll l_‘ Ll Ll
— A H : : i —lli;_'ll- o4
DIFFERSNTIAL  SERIES BUS  CHANNEL CHARNEL cHay e e \EL Ny = e
Il H. N L HANN L
QIFFERENTIAL s N y @ CHANNEL CHANNEL CHANNEL CHANNEL  MATCHING,
NOTES:

4. Shunt Enable = “0” connects shunt FETS into circuit.
5. Differential Mode Control = “1” connects channels 8-15 ganged to channels 0-7.
6. Sync Output = “0” when channel 15 is accessed.

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.

910v-9-AV = 9L0L-S-AVY

15



AY-5-1016 = AY-6-4016
ELECTRICAL CHARACTERISTICS'

Maximum Ratings

Var and Vg (withrespecttoVee) . . . . . . . . . . . . .. L. —20V to +0.3V
Clock and Logic Input Voltages (with respecttoVec) . . . . . . . —20V to +0.3V
Bus Voltages (Bus 1, Bus 2, and Shunt Bus with respect to Vcc) . —20V to .3V
Matching Resistor Nodes (with respecttoVee) . . . . . . . . . . . —20V to .3V
Storage Temperature . . . . . . . . . . .. ... ... .. —55°C to +150°C
Operating Temperature Range: . . . . . . . . . .. 0°C to +70°C (AY-5-1016)

—55°C to +125°C (AY-6-4016)
Standard Conditions (unless otherwise stated)

Vce = +5 Volts £0.5 Volts (Vcc = Substrate voltage)
Ve =—12 Volts £1 Volt

*Exceeding these ratings could cause
permanent damage. Functional
operation of these devices at these
conditions is not implied—operating
ranges are specified below.

Operating Temperature (T») =—0°C to +70°C (AY-5-1016)
—55°C to +125°C (AY-6-4016)

VG| = GND
Characteristic Min Typ** Max Units Conditions
Clock Inputs (See Fig.1)
Repetition Rate DC - 20 MHz
Clock Pulse Width (¢pw) 200 — — ns at 2MHz, (See NOTE 1)
Clock Pulse Width (¢pw) 1.0 — — us at 200Hz
Clock Pulse Delay (¢d) 200 — — ns See NOTE 1
Logic Levels
Logic “0” — — +0.8 v
Logic “1” Vee-1.5 — — Vv
Input Capacitance — 12 —_ pF
Input Impedance 1.0 —_ — MQ Vin=+5V to -5V
Rise & Fall Time (tr, tf) — — 1.0 us at 100KHz
Rise & Fall Time (tr, tf) — — 50 ns at 2MHz
Noise Immunity +0.4 — - "
Address Inputs (See Fig.1)
Clock Lead Time 300 — — ns
Logic Levels
Logic “0” — — +0.8 \
Logic “1” Vec—1.5 — — \"
Input Capacitance — 6 — pF
Input Impedance 1.0 — — MQ Vin=+5V to -5V
Noise Immunity +0.4 — — v
Load Enable Input (See Fig.1)
Clock Lead Time 300 — — ns
Logic Levels
Logic “0” - — +0.8 \
Logic “1” Vec—1.5 —_ - \
Input Capacitance — 7 — pF
Input Impedance 1.0 — — MQ Vv =+5V to -5V
Noise Immunity +0.4 — — \
DC Load Input (See Fig.2)
Pulse Width (90% points) 400 — — ns
Logic Levels
Logic “0” — — +0.8 Vv
Logic “1” Vee—1.5 - — v
Input Capacitance — 8 — pF
Input Impedance 1.0 — — MQ Vin=+5V to -5V
Noise Immunity +0.4 — — "
**Typical values are at +25° C and nominal voltages.
NOTE 1: ¢pw + ¢d = 500ns
TIMING DIAGRAMS - N — - Fig.1 Fig.2
CLOCK 50%:
10% ——|-
tn-——L‘ [-2] 90%
- ,._-_---l.__ 0.C. LOAD
ADDRESS ”TL_J/_ / \
INPUTS g 2 PULSE WIDTH
- aeRREgR S oo

| LOAD ENABLE
CLOCK LEAD TIME
LOAD
ENABLE

10% ——

NOTE: Address Inputs and the Load Enable Input must be present during the 0 to 1 transition of the Clock.
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AY-5-1016 = AY-6-4016 E

Charateristic Min Typ** Max Units Conditions
Shunt Enable
Logic Levels
Logic “0” — — +0.8 v
Logic “1" Vee—1.5 — — v
Input Capacitance — 6 — pF
Input Impedance 1.0 - - MQ Vin=+5V to -5V
Noise Immunity +0.4 - - \
Matrix Enable
Response Time (See Fig. 3)
Ton - 230 - ns ] at 25°C Output voltage
Torr —_ 120 — ns response with10 M(2, 10 pF load
Logic Levels
Logic “0” — - 0.8 v
Logic “1” Vee—1.5 — - Vv
Input Capacitance - 7 - pF
Input Impedance 1.0 — — MQ Vin= 45V to -V
Noise Immunity +0.4 — — \
Differential Mode Control
Response Time (See Fig. 4)
Ton — 200 — ns } at 25°C Output voltage
Torr — 600 — ns response with 10 M{2, 10 pF load
Logic Levels
Logic “0” — -— 0.8 Y
Logic “1” V1.5 — — Vv
Input Capacitance — 5 — pF
Input Impedance 1.0 —_ — MQ
Noise Immunity 0.4 — — Vv
Series Switches
Ron
(Current Mode) —_ 460 750 Ohms Iin=100 pA
Series Bus 1 = Series
Bus 2= OV (Vcc —5V)
Ta=25°C
Vee =45V
Vg =12V
Ron
(Voltage Mode) - 300 500 Ohms Vin=+5V, R =300 KQ
Ta=25°C
Vee=+5V
Ve =—12V
— 460 750 Ohms Vin= 0V, RL =300 KQ
Ta=25°C
Vee =45V
Ve =—-12V
R off — 5 — GQ Vin=Vcc—10V
Ta=25°C
Turn On Time - 300 - ns Output Voltage Waveform
with 10 MQ, 10 pF load
Ta=26°C

*wl

Typical values are at 25°C and nominal voltages.

TIMING DIAGRAMS

90% —
MATRIX
ENABLE
10%
7 Torr =
CHANNEL 50 %
OUTPUT ©
=—Ton —’l

Fig.3

90
DIFFERENTIAL
CONTROL

T
CHANNEL |
OUTPUT 50% % 7
=—Ton —

.

Fig.4
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E AY-5-1016 = AY-6-4016

Characteristic Min Typ** Max Units Conditions
Sync Output (See Fig.5)
C = 10pF
Logic “0" - - +0.4 v { lsixk = 1.6mA min. }fg;’;”‘
lor = 100 pA min.
Logic “1” Vee—1.0 — v
Rise Time (tr) — 110 — ns }
Fall Time (tf) — 40 - ns at25°C
Response Time
tpd - — 200 ns }
tpd + - 160 - ns at25°c
Input Leakage
Channels 0-15 (Per Channel) — 1.0 10 nA Vin = Ve =5V
at 25°C
Series Bus 1, 2 — 3.0 30 nA Veus = Ve =6V
at25°C
Shunt Bus —_ 3.0 30 nA Vsus = Vee =6V
at 25°C
Shunt Switches
Ron — 850 1300 Ohms Iv =100 A
Shunt Bus = OV
Vee =+5V
Ve =—12V
Ta=25°C
—_ 550 900 Ohms Iin =100 A
Shunt Bus = +5V
Vee = +5V
Ve =-12V
Ta=25°C
R off — 5 — GQ Vin = Vee —10V
Ta=25°C
Turn On Time _ 300 — ns Output Voltage Waveform
with 10 MQ, 10 pF load
Ta=25°C
Matching Resistors — 460 750 Ohms in =100 pA
Vpus = OV
Ron — 300 500 Ohms Iin=100 uA
Vpus = +5V
Channel Input Capacitance,
Channels 0-15 (Per Channel) — 4 — pF
Power Consumption — 200 — mwW } Series MODE Voo =—12V
- 290 — mwW Shunt MODE Vee =+5V
Current Drain
lee — 12 — mA .
loa - 12 - mA SeriesMODE | v =10y
lce — 17 — mA Shunt MODE Vee = +5V
lea —_ 17 —_ mA
Power Dissipation (Device) — — 600 mwW
Per Channel —_ — 100 mwW

**Typical values are at 25°C and nominal voltages.

TIMING DIAGRAMS

90%
CLOCK
~r =
SYNC. \ K
OUTPUT L

tpd-

FIG.5

tpd+

-
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AY-5-1016 = AY-6-4016 E

TYPICAL CHARCTERISTIC CURVES

1600 700 T
Vin =-5V,
1400 600 |
ViN = -5V, /r
1200 } 500 Vi =-z.5v;

Vin=-2.5V,
n 1000 / il / a 400

e Vm: ov

\

800 300
/ L A//
600 T 200
A
4
400 100
50 -25 O 25 50 75 100 (25 150 -50 -25 ©0 25 50 75 100 125 150
SHUNT MODE °C SERIES MODE °C
800 MAX. MATCH ¥
MATCHING RESISTOR¥®Fv\==5V % TYP. OF ALL
700 // MIN. MATCH® THREE CURVES
600
a / %]—vmha‘sv
500
///é}v"ﬁov
400 //
300
25 50 75 100 125
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GENERAL
MEM1056
MEM1056BCD
AY-5-3500
AY-5-3507
AY-5-3510
AY-5-4007
AY-5-4007A
AY-5-4007D
AY-5-4057
AY-5-5053
AY-5-5054




GENI

MEM1056 MEM1056BCD

INSTRUMENT

PRODUCT SUMMARY

One Digit Counter/Display Driver

PIN CONFIGURATION
FEATURES 24 LEAD DUAL IN LINE
MEM1056
8 Up/Down Presettable BCD Counter Top View
® BCD-to-Seven Segment Decoding o
® False Code Indication ) Ground @1 24 B Count Up/Down Command
= Direct Display Drive Capability Count Disable Command & 2 2 P Voo (-13V)
" LowP c ti Clock Input O 3 22 3 ygq (-27V)
ow A ower Consumption Preset Command [] 4 21 D Bar A Output
® No High Voltage Necessary D1input (2°) O & 20 [7 Bar B Output
D2input(2) O 6 19 3 Bar G Output
D4lnput () O 7 18 [ Bar D Output
MEM1056 o D8 tnput (29 ] 8 17 [ Bar C Output
® Count Zero Indication Count Zero Output (] 9 16 3 Bar F Output
®m |nternal Storage Registers Blanking Input ] 10 15 [ Bar E Output
u Decimal Point Indication Carry Propagate Output [] 11 14 11 Dot Output
= Blanking Provision Dot Input [ 12 13 1 Storage Entry Command
24 LEAD DUAL IN LINE
MEM1056BCD MEM1056BCD
® Synchronous and Asynchronous Up/Down Counting Top View
= Internal Storage Registers with BCD Outputs -
Ground (J@1 24 [ Dg Input
Carry Propagate Output O 2 23 3 Ds input
Storage Entry Command O 3 22 1 D, Input
Bar E Output [ 4 21 [0 DiInput
DESCRIPTION BarFOutput O 5 20 [ Preset Command
Bar COutput O 6 19 [ Vg (-27V)
T Bar D Output [ 7 18 [ Voo (-13V)
The MEM10§6 anq MEM1056BCD are MTOS .mono'hthnc inte- BarG Output O 8 17 B Clock input
grated circuits designed to operate in conjunction with a seven BarBOutput O 9 16 [J Count Disable Command
segment numeric indicator, such as the Tung-Sol Digivac S/G Bar A Output (J 10 15 [1 Count Up/Down Command
readout display tube. They contain a one decade up-down BCD SaOutput 4 11 14 B $; Output
counter, a storage register, a BCD-to-seven segment decoding S4Output [ 12 13 [ S, Output
matrix and display drivers.
BLOCK DIAGRAM - MEM1056
PRESET COMMAND
01 >—2%5] 2 (EIRN of—| —>1 —>a
>
preser 02 >—225 Uerpown 2! |52 2f—> - e
INPUTS 2 8c0 BCDTO 3l
pa>—22 5] COUNTER 22 S4 | DECIMAL oecmaL [ 7| outpur [ °
coNveRTER *[ 2 15 gven- m;g
s 2 2 ss S| seament | rransisTon [ >0
> —> 63| CONVERTER SWITCHES
STORAGE ) ¢
w“"é:x::,‘;g — REGISTER I oreonen 25— > —>F
< =
O CommianD ocoveR ! e
CLOCK INPUT > STORED BLANKING = l—) t—> Dot
[T
CARRY COUNT BLANKING DOT STORAGE
PROPAGATE  ZERO INPUT  INPUT ENTRY
OUTPUT COMMAND
BLOCK DIAGRAM - MEM1056BCD
PRESET COMMAND
2° 20
D1 >———> OF—  m— —>A
N f 11—
preser | 02 £ RN £ STORAGE 8CD TO i:)) ) i
INPUTS 04 >—22 5 counten |22 REGISTER oecivaL ] o ;g; n - outPuT —>¢
23 23 513 Seament || ranmeron [ °
08>—=——> 6> CONVERTER| .| 'sWiTCHES c
compomess— T, | Ly b i L .
COUNT UP/DOWN F?E:;I;g:N ] >
COMMAND DECODER
STORAGE st s2 sa s8

CLOCK INPUT S ITRY

PROPAGATE ~_EN
UT  COMMAND
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AY-5-3500

3% Digit DVM Circuit

FEATURES

® Single Ramp Integration. :;':Ei?)'l‘)':]'fl}’l:trr:g"

®  Three measurement ranges 999, 1999, 2999.

®  Dual Polarity.

®  Reading Rate up to 70 measurements per second. Top View

m  Overrange indication, 2 most significant digits flash. \vy

m  Separate overrange output available on 1999 \‘,/ss (GND) et 2RV 75V

se (-15V) O 2 27 P Clock input
and 2999 ranges. Underrange output T 3 26 [ Reset output

®  Underrange output. Overrange output [ 4 25 [0 Clamp output

®  Operating voltage 13V to 17V. X, Scale length select [ 5 24 [7 Viy comparator

®  Power consumption 30mW typical. Xz Scale length select § 6 23 B vy comparator

m 7 segment or BCD output. s Bcri”:"": E ; iﬁg :c“ ox inout

m Controllable display brightness. 278 seomentoutout 0 0 205 hos oy

® Load enable freezes display. 22/C Segment output ] 10 19 3 Load enable

® Hold input halts measurement. 23/D Segment output [ 11 18 [3 10° (LSD) Digit Select
E Segment output [ 12 17 10" Digit Select
F Segment output [] 13 16 102Digit Select

DESCRIPTION GS::ment outh [m R 7] 15 g Polari?y, 10°(M.S.D.) Digit Select

The AY-5-3500 is a single ramp, dual polarity digital voltmeter

chip having a selectable scale length of 999, 1999, 2999.

Itis manufactured using the MTNS low voltage p-channel nitride

technology. Low power dissipation achieved by the use of 4- See next page for details of Pin Functions.

phase logic with an “on chip” clock generator.

2°ALSO  2°ALSO  2'ALSO  2°ALSO
‘OSMSD. SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT SEGMENT
10°LSD 10" 102 POL1.23 G F E D c B A
- by e
11 [r
MULTIPLEX 4 FLASHING
INPUT 4 [ ‘4—1—l LoGIC I 7 SEGMENT AND B.CD.
I_' B.C.D. ROM ENABLE
HOLD }
ENABLE
INPUT =% MULTIPLEXER
LOAD
ENABLE
INPUT
STORE l._
z’bw. COUNTER STOP AND! +0 o .4 OVER RANGE 3)’52‘5
START LOGIC Loaic OUTPUT
INPUT UNDER-RANGE|
COMP. LOGIC
01 02 04 I
CLAMP i f f
OuTPUT CLOCK GENERATOR l
SHORT PULSE
RESET o | DETECTOR [ l I
OUTPUT
CLOCK Vg v, Voo UNDER- X1 x2
RANGE
ouTPUT
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AY-5-3500

PIN FUNCTIONS

OVERRANGE OUTPUT

This output goes to logic ‘1’ as soon as an overrange count has
been detected. It returns as logic ‘0’ at the end of the measure-
ment cycle.

It operates at 2000 on the 1999 range

It operates at 3000 on the 2999 range

MEASUREMENT CYCLE

The measurement cycle lasts 128 Multiplex clock periods. Data is
transferred to the display store from clocks 113 to 120. The
counters are reset from 121 to 128.

UNDERRANGE OUTPUT
The underrange output is a pulse from clock 105 to 112 if the
reading is less than 259.

SCALE LENGTH SELECT
X1 X2 Scale
0 1 999
1 0 1999
0 0 2999
OVERRANGING
Overrange
Range Count Display Output
999 0XXX XXX 0
1XXX 1XXX) First 0
2XXX XXX} Two Digits 0
3XXX 3XXX ) Flash 0
1999 0XXX XXX 0
1XXX 1XXX 0
2XXX 1XXX } First Two 1
3XXX 3XXX § Digits Flash 1
2999 OXXX XXX 0
1XXX 1XXX 0
2XXX 2XXX 0
3XXX 3XXX} First Two 1
DigitsFlash

164

CLAMP OUTPUT )

The clamp output goes to a logic ‘1’ after 3 Counter clock periods
following the input from the Vixn 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=2'

c=2’

D=2°

LOAD ENABLE

Logic ‘0’ = Normal Operation

Logic ‘1" = Freeze Display

HOLD ENABLE

Logic ‘0’ = Halts measurement cycle in reset state

Logic ‘1’= Normal Operation

RESET OUTPUT

Logic ‘1’ resets ramp generator

NEGATIVE SIGN OUTPUT

Displayed on segment G output on 999 and 1999 ranges. Inhib-
ited on 2999 range.

OPERATION

A linear stable ramp is generated and compared to zero volts and
the input voltage in two comparators. The time between the
changing of the comparator outputs is proportional to the
magnitude of the input voltage, and the sequence of switching
gives the polarity.



AY-5-3500 -

TIMING DIAGRAMS

MULTIPLEX

MULTIPLEX
1010°)

MULTIPLEX
OUTPUT
2010

MULTIPLEX
OUTPUT
3109

MULTIPLEX
OUTPUT
410%

Fig.1 MULTIPLEX INPUT AND OUTPUT

. 128 MULTIPLEX -l
CLOCK PERIODS

[ —o| ja—8

o
RESET
OUTPUT

1

RAMP 0
GENERATOR _ \—J

Vx
COMP.

7

CLAMP
OUTPUT

INPUT
COMP o
FOR -ve
POLARITY
DISPLAY

1

ol
NOTE: NOT TO SCALE 3 COUNTER CLOCK PERIODS

Fig.3 INPUT AND RESET OUTPUT TIMING
DIAGRAM SHOWING CLAMP OUTPUT

128 MULTIPLEX

"_CLOCKS_*_ 120 _.1

—eff

]
RESET
OUTPUT

1

RESET
ouTPUT

UNDERRANGE
OuTPUT

‘OVER-
RANGE
OUTPUT

' e— 128 MULTIPLEX -
CLOCK PERIODS'
8—| |a— — |—8

0
RESET
OUTPUT

B
RAMP 0 —\

GENERATOR

S~

Vx
COMP.

INPUT °
COMP.

FOR -ve
POLARITY 1

DISPLAY

weur  ©
FOR +ve
POLARITY
DISPLAY

NOTE: NOT TO SCALE

Fig.2 INPUT AND RESET OUTPUT

Biva

lo— 128 MULTIPLEX CLOCK PERIODS—.‘

—fsfe— oo

—oja}e— —o{8fa—

NOTE OVER-RANGE OUTPUT GOES TO A LOGIC ‘' AS SOON AS AN OVER-AANGE COUNT HAS BEEN DETECTED. IT

RETURNS TO A LOGIC ‘0" AT THE END OF THE MEASUREMENT CYCLE WHICH IS 128 MULTIPLEX CLOCK PERIODS

LONG.
UNDER-RANGE OUTPUT IS ONLY ACTIVATED IF THE COUNT 1S LESS THAN 259,
w

THAT THE SAME
T P TR TIAE AVATLABLE FORMEASUREMENT 15 THE FIRST 104MUL TIPLEXCLOCK PERIODS. THE
CONTENTS OF THE COUNTERS ARE THEN LOADED INTO THE STORE FOR THE NEXT 8 MX CLOCK PERIODS.

Fig.4 UNDER-RANGE AND OVER-RANGE OUTPUT

J)
10
)
HOLD o e
ENABLE
INPUT 1

Fig.5 RESET OUTPUT WITH RESPECT TO HOLD ENABLE INPUT
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E AY-5-3500

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respect to Vss pin . . . .—20V to+0.3V *Exceeding these ratngs could cause

Storage temperaturerange. . . . . . . . .. —65°C to +150°C permanent damage. Functional operation of

Ambient operating temperaturerange . . . . . . 0°C to +70°C this device at these conditions is not
implied—operating ranges are specified

Standard Conditions (unless otherwise noted) below.

Vss =0V

Vg =—15 2V

Vo1 = Vgo/2 (Note 8)
Temperature (Ta) = 0°C to +70°C

Characteristic Min Typ™* Max Units Conditions
Clock Input
Frequency - 200 - KHz
Pulse width 15 — — pns At logic ‘0’ and ‘1’ levels
Rise and Fall time — — 1 us
Logic ‘0’ level +0.3 — -1 Vv
Logic ‘1’ level -9 - -17 Vv
Multiplex Input
Frequency 0.5 1.5 10 KHz (See Note 1)
Pulse width 15 — - us Atlogic ‘0’ and ‘1’ levels (Note 2)
Logic ‘0’ level +0.3 - -1 v
Logic ‘1’ level —4 - =17 Vv
Control Inputs
Logic ‘0’ level +0.3 — -1 \
Logic ‘1" level -4 _ -17 Vv
Leakage (all inputs) - - 1 HA Vin=-10V at 25°C
Segment,Overrange,
Underrange Outputs
Logic ‘0’ — - 30 KO Vour =-0.3V (Note 3)
Logic ‘1’ — - 2 KQ Vour = Vi +1V (Note 4)
Digit Select Outputs
Logic ‘0’ — — 1 KQ Vour = =1V (Note 5)
Logic ‘1’ - — 15 KQ Vour = Ve +0.3V (Note 6)
Clamp and Reset Outputs
Logic ‘0’ - — 20 KQ Vour =—0.2V (Note 3)
Logic ‘1’ - — 5 KQ Vour = Vai + 1V (Note 7)
Supply Current - 2 - mA Vee=—15V excluding output

current

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

NOTE:

1. This gives a reading rate of typically 12 per second.

On the 2999 range, the maximum Multiplex clock frequency must be less than the Counter clock frequency divided by 64.
On the 1999 range, the maximum Multiplex clock frequency must be less than the Counter clock frequency divided by 42.
On the 999 range the maximum Multiplex clock frequency must 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 controlied by the input Mark-Space ratio.

3. Output device connected to Vss.

4. Output device connected to Vs segment energised.

5. Output device connected to Vss digit selected.

6. Output device connected to Va:.

7. Output device connected to Ve Reset condition.

8. Va is only applied to the output drivers, thus its absolute value is not critical.
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MULTIPLEX INPUT
Vss(+7.5V)
BCY70
K7 4K7
I 270
HIGH(-) N
15 14 [] TO LED SEGMENTS
— — TO LED DIGITS
Vi COMPARATOR — —
Low(s) [ BC108
AY-53500 |
_ — -1 Ve (OV)
| Vx COMPARATOR q
;J; t
8 §re I
28 °
Vag (-7.5v)
CLOCK INPUT
AY-5-3500 D.V.M. -FSD 999 COMMON CATHODE LED DISPLAY
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AY-5-3507 AY-5-3510

istﬂAL
INSTRUME

3'2 Digit DVM Circuit

FEATURES

m 3)% Decade Display (1999 max. reading)
8 Automatic Polarity Detection
u Overrange Indication

AY-5-3507
® Direct LED 7-Segment Drive
® Up to 10 readings per second

AY-3-3510

s BCD Outputs

m Up to 50 readings per second

m Chopper Output provided for oscillator synchronization or
underrange indication

DESCRIPTION

The AY-5-3507 and the AY-5-3510 are MOS LSl circuits
containing all the logic necessary for a 3% Decade Digital
Voltmeter utilizing Dual Ramp integration. Automatic polarity
detection is incorporated as is automatic overrange indication.
For the AY-5-3507, the outputs are multiplexed onto a 7-segment
bus allowing easy interface to LE and similar displays. For the
AY-5-3510 the outputs are multiplexed onto a BCD bus allowing
easy interface to a wide variety of displays.

PIN CONFIGURATION
18 LEAD DUAL IN LINE
AY-5-3507

Top View

F Segment [J@1 ~ 18 MX4

G Segment [] 2 17 [ mx3

E Segment [] 3 16 [1 mx2

Signal Switch [ 4 15[ Mx1

Comparator Input [ 5 14 [ Clock
Negative Ref. Switch [| 6 13 Vpp (-15V)
Positive Ref. Switch [] 7 12 D Segment
ASegment [} 8 11[J C Segment
BSegment [ 9 10 [} Voc (GND)

16 LEAD DUAL IN LINE
AY-5-3510

Top View

O
Vss (GND) (o1

Output C 2
OutputD [} 3
Chopper Output [} 4
Vpp (-20V) 5
Clock Input 5 6
mx1 7
Mx2 8

16 [] OutputB
15 [J OutputA
14 [] Positive Ref. Switch
13 |1 Negative Ref. Switch

12 Comparator Input

1117 signal Switch

10 [ Mx4
97 mx3

See next page for details of Pin Functions

BLOCK DIAGRAM

SIGNAL
SWITCH

CLOCK

CONTROL

COMP
INPUT O "L0GIC

Vss o—

Voo o—> MULTIPLEX

MULTIPLEX

POS NEG A B c D E F
REF REF

AY-5-3507

e

B c

AY-5-3510

SAME AS AY-5-3507 EXCEPT AS MARKED ABOVE.
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AY-5-3507 = AY-5-3510 E

PIN FUNCTIONS

Name Functions

COMPARATOR INPUT A logic ‘0’ level corresponds to a negative input signal.
A logic ‘1’ level corresponds to a positive input signal.

CLOCK INPUT This signal should be supplied from an external oscillator giving a square wave
signal.

REFERENCE SWITCH These outputs drive analog switches which connect the Reference Voltages to the

OUTPUTS 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.

SIGNAL SWITCH This output will be at logic ‘1’ during the time that the signal is connected to the
OUTPUT integrator.
DISPLAY MULTIPLES Each output will be at logic ‘1’ for 2 clock periods to display (see Fig. 4). The outputs
OUTPUTS selected will be as follows:—

MX10/1, £, Over-range  MX3 Decade 2 (10")

MX2 Decade 3 (10%) MX4 Decade 1 (10°)
AY-5-3507
SEGMENT OUTPUTS 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 B and C,—is
indicated by segment G, overrange by the flashing of segments A and D. 0, + and
underrange are not indicated.

AY-5-3510

CHOPPER OUTPUT This output is a square wave at 1/100 the clock input frequency. it can be used either
to phase lock the clock oscillator to the mains or to provide a 5% FSD under-range

AY-5-3510 signal.

DISPLAY OUTPUTS Theoutputs of the 3 decade counters are presented on the outputs A, B C, D inBCD
complement code. A=2°, B=2', C=2?, D=2’. At MX1 time, the most significant digit is
output on A with its complement on D, sign is output on B and over-rangeon C.

OPERATION

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
inputsignal). The appropriate reference switch is then energized
to cause the integrator output to ramp back to zero. When the
comparator output subsequently changes state the reference is

switched off and the number in the counter is transferred to the
store together with polarity information.

Should the input signal be so large that zero is not reached during
one counter cycle, an overange flip flop will be set and will remain
set until the next 1999 to 0000 transition of the counter. During
overrange the main display will be set to 0000 and the overrange
indicator will flash.

To minimize pin requirements, a time shared output is used. The
display store output (including *, 0/1 and overrange) is gated
sequentially, a decade at a time, onto a common 7 line
(AY-5-3507) or 4 line (AY-5-3510) output bus.

3% DECADE DIGITAL VOLTMETER

REF

| F1 compararor

SIGNAL
INPUT O »

INTEGRATOR —

— +

10kHz 0SC

DISPLAY
e—
DIGIT
DRIVERS
]
AY-5-3507
I Vss Voo
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AY-5-3507 = AY-5-3510

ELECTRICAL CHARACTERISTICS
Maximum Ratings™

Maximum voltage between any pinandVsspin . . . . +0.3to—20V
Operating temperaturerange . . . . . . . . . ... 0°C to +70°C
Storage temperaturerange. . . . . . . . . . .. —55°C to +150°C

Standard Conditions (uniess otherwise noted)

*Exceeding these ratings could cause
permanent damage. Functional operaton of
these devices at these conditions is not
implied—operating ranges are specified
below.

AY-5-3507 AY-5-3510
Vee GND -
Vss - GND
Vop -12 to —18V —18 to -20V
Operating Temperature (Ta) = 0°C to +70°C 0°C to +70°C
Characteristic Min Typ™ Max Units Conditions
AY-5-3507
DC CHARACTERISTICS
Clock & Comparator Inputs
Logic ‘0’ Level -6 - -18 Volts
Logic‘1’Level 0.3 - -1 Volts
Input Leakage — — 20 rA Vin=—15V,
Ta=+25°C
Display Multiplex Outputs (Note 1)
Logic ‘1’ on resistance - 1 2 KQ Vour =—-2V
Logic ‘0’ leakage current — —_ 20 A Vour=—15V
Switch Outputs (Note 1) Ta=+25°C
Logic ‘1’ on resistance - 1.2 25 KQ Vour =—-2V
Logic ‘0’ leakage current — —_ 20 pA Vour = —15V
Segment Outputs (Note 1) Ta=+25°C
Logic ‘1’ sink current Vpp = =12V - 3 6 mA Vour = -2V
Vpp =—15V - 45 9 mA Vour =—2V
Vpp =-18V - 6 12 mA Vour =—2V
Logic ‘0’ leakage current - - 20 HA Vour=-156V,
Ta=+25°C
Supply Current - 1.5 28 mA Vpp=—12V
- 4 8 mA Vpp =-18V
AC CHARACTERISTICS
Clock & Comparator Inputs
Input Capacitance - 5 — pF Vin=0V
Clock Frequency DC - 40 kHz Vpp=—18V
DC - 10 kHz Vpop=-12V
Display Multiplex Outputs
Propagation delay - - 4 us from Clock
positive edge
Segment Outputs
Propagation delay - - 10 s from Multiplex
output positive edge
AY-5-3510
Clock & Comparator Inputs
Logic ‘0’ Level -8 - -20 Volts
Logic'1’Level +0.3 - -1 Volts
Input Capacitance - - 5 pf Vin=0V
Input Leakage - — 20 A Vin=—20V
Clock Frequency DC - 200 KHz
Display Muitiplex Outputs (Note 1)
Logic‘1’sink current 2 - — mA Vour=—6V
Logic‘0’ leakage current - - 10 -y Vour=-20V
Display & Switch Outputs (Note 1)
Logic‘1’sink current 0.7 - - mA Vour=-4V
Logic ‘0’ leakage current — —_ 10 uA Vour=—20V
Supply Current - - 10.5 mA Vpp=-20V

** Typical values are at +25°C and nominal voltages.
NOTE:

1. All outputs are single-ended (“open-drain”). External pull-down resistors are required.
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AY-5-3507 = AY-5-3510

TIMING DIAGRAMS
sionaL ' SIGNAL 2 cLock
SWITCH ° CONNECTED PERIODS
1 wx1 | |
V REF
SwitcH o
IREFERENCE| !
o ICONNECTED | hx2 c___l l_—._l
G ;
-v MX3 |
[4
1
MPARATOR 1
%?JTPUT 0 l Mx4 ° I
2000 CLOCK Isie 10_CLOCK
CYCLES 2000 o PERIODS
Fig.1 Fig.2 MULTIPLEX WAVEFORMS
TRUTH TABLES
AY-5-3507 AY-5-3510
7 SEGMENT OUTPUT TRUTH TABLE (MX2-MX4) BCD OUTPUT TRUTH TABLE (MX2-MX4)
Segment Output
Digt| A B ¢ D E F G A B C D Digit Output
0 i1 1 1 1 1 0 A 1 1 1 1 0
1 o 1 1 0 0 0 0 0 1 1 1 1
2 11 0 1 1 0 1 ¢ B 1 0 1 1 2
3 1t 1 1 1 0 0 1 G [ 0 1 1 3
4 o 1 1 0 o0 1 1 1 1 0 1 4
5 10 1 1 0 1 1 0 1 0 1 5
6 10 1 1 1 1 1 E c 1 0 0 1 6
7 1 1 1 0 0 0 0 . 0 0 0 1 7
8 LI T T T R R D 1 1 1 0 8
9 T 11 10 11 0 1 1 0 9
MX1 OUTPUT TRUTH TABLE MX1 OUTPUT TRUTH TABLE
Segment Output
Display]| A B C D E F G A B [ D 01 Polarity Over-range
[] 0O 0 0 0 0 ©o0 O 1 X X 0 0
1 0O 1 1 0 0 0 O 0 X X 1 1
+ 0o 0 0 0 0 0 0 X 1 X X +
- 0O 0 0 0o 0 o0 1 X 0 X X -
B | 0 0 0 0 0 0 0 X X 1 X
OR 1 0 0 1 0 0 O Flashed X X 0 X OR
ANALOG CIRCUIT DIAGRAMS
+V, +ov
SS
+REF 0—— ct SIGNAL 470 +REF
_l SWITCH 68K 10
Rl / 560 | 3N153
INPUT O— - 0 100K
OuTPUT -
+ 2N
SIGNAL 6
— REF 0— = = | 748 >4—0
= = 3], comp
2 ouTPuT
v —Voo -
INTEGRATOR  COMPARATOR
-10v
Fig.1 BASIC ANALOG CIRCUIT-AY-5-3507

Fig.2 TYPICAL ANALOG CIRCUITRY-AY-5-3510

45V

+

OR - 1 LED DISPLAY +10V
v 9
b S
R(7 OFF) S 66Kk b 2N3906
560 560 560 9307 1
DECODER W +— S
22K 3300 oF €15k
4

L 2N3904 9
68K > 1.2K
NPN 2N3904 p: S
e 2N 6.8K p:
K f .}-}v =

+10v—] L

3 AY-5-3510 —1 Fig.4 CLOCK OSCILLATOR-AY-5-3510

6.8K] 6.8K] 6.8K] 8.2k

-10v
Fig.3 DISPLAY INTERFACE For AY-5-3510
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AY-5-4007
AY-5-4007A
AY-5-4007D

Four Digit Counter / Display Drivers

PIN CONFIGURATION
40 LEAD DUAL IN LINE
FEATURES AY-5-4007A
a Minimum interface required to drive most common types of Top View
LED, fluorescent, seven segment displays. <
- Ve (48!
w Large output current capability on seven segment outputs, o mpt 5’2' “B B o plement Gontrot
typically 25mA with 1V drop. Down/Up Command ] 3 38 [3 4th Decade Carry Output
a Fully synchronous up/down counting operation. Transfer Input [ 4 37 P NC.
= Look ahead carry for error free outputs when reversing Ne. O 5 3% O NC.
count direction. NC. O 6 35 [3 3rd Decade Carry Output
 Internal oscillator needing no external components for N E : - 3 ::::;“u:f"" Output
operating the digit select counter. ne. d e 32 1) 10°Digit Select Output
» Four digit select outputs with inversion control for display Vea (-12v) 10 31 [3 Digit Select Clock Input
driving flexibility. NC. O 1 30 [1 10' Digit Select Output
® Multiplexed BCD outputs and serial output from storage B Segment O 12 29 £1 10° Digit Select Output
. A . C Segment O] 13 28 [J 10° Digit Select Output
register is available. h
& TTL/DTL compatible on inputs and outputs. D Segment f 14 27 | 280D Output
) mp: p puts. G Segment [ 15 26 [1 22BCD Output
® Blanking action of Reset Input. € Segment ] 16 25 [ Shift Clock Input
® Counting rate up to 600 KHz. Ne. O 7 24 [J 2'BCD Output
NC. [ 18 23 {3 2°BCD Output
A Segment (] 19 22 11 Vg (GND)
DESCRIPTION F Segment [] 20 21 [ Common Source
The Four Digit Counter Display Driver is an LS| 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 osciallator for digit selection and 7 MTNS P-channel enhancement mode transistors.
segment decoder to count and display up to 9999. AY-5-4007, available in 40 Lead Dual In Line package, allows
Built-in control circuits provide flexibility of use with a minimum for all available functions.
of external components. The AY-5-4007 and AY-5-4007D incorporate the most commonly
The device is constructed on a single monolithic chip using used features in 24 Lead Dual In Line packages.
BLOCK DIAGRAM
SEGMENT
“‘o%ifki: Toureors ciaie
AY-5-4007A shown: WSo ko ABCODEFG :'%'c
® indicates functions I—*—*—T—T'T‘T'————f »T»T»-—T»T*———]lo&%ft%cm
available with the AY-5-4007D. | |
e ] | e s
| 8C0 OUTPUTS
| 2% (Ms8)
-0
} ﬂa 2° (Lse)
|
g"’":f,“-ﬁs.‘,' l sc%hl%:é: MULTIPLEXER I
| T 1 T '
| I R l
S5T0Y w | STORAGE REGISTER |
o gt ' T L

TR RE T T T T T T .

Voo Vec Vor
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AY-5-4007 m AY-5-4007A = AY-5-4007D

PIN CONFIGURATIONS
24 LEAD DUAL IN LINE 24 LEAD DUAL IN LINE
AY-5-4007 AY-5-4007D
Top View Top View
T A4
Ve (+8V) Qo1 24 O True/Complement Control Ve (#5V) o1 24 7 Reset Input
Countinput [ 2 237 Reset Input Count Input [ 2 23 0 4th Decade Carry Output
Down/Up Command ] 3 22 11 4th Decade Carry Output Down/Up Command O 3 22 [J 3rd Decade Carry Output
Transfer Input l; 4 21 [J 10° Digit Select Output Transfer Input [ 4 21 [ 2nd Decade Carry Output
Vge (-12v) O 5 20 [1 10'Digit Select Output Vgg 12v) O 5 20 ] Serial Output
B Segment [ 6 19 [ 10 Digit Select Output B Segment C] 6 18P 10°Digit Select Output
C Segment [ 7 18 [1 10°Digit Select Output CSegment [] 7 18 [0 10'Digit Select Output
D Segment [ 8 17 [0 2°BCD Output D Segment [] 8 17 [1 102Digit Select Output
G Segment ] 9 16 [ 2?BCD Output G Segment (] 9 16 [J 10°Digit Select Output
E Segment OJ 10 15 [3 2'BCD Output E Segment [] 10 15 [ Shift Clock Input
A Segment (] 11 14 [3 2°BCD Output A Segment 1 14 [1 V@ !(GND)
F Segment ] 12 13 [ Vg (GND) F Segment 5 12 13 1 Common Source
NOTE: For AY-5-4007D, True/Complement control
is internally connected to logic “0” level.

PIN FUNCTIONS

Name Function
COUNT INPUT Count Input operates the decade counters synchronously on the positive going edges
(logic ‘0’ to ‘1’ transitions).
RESET INPUT When this input goes to alogic ‘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 uSec.

DOWN/UP COMMAND The count direction depends upon the logic level on the DOWN/UP Command input.
Logic ‘0’ = Count UP. Logic ‘1" = Count DOWN.

2ND DECADE CARRY OUTPUT Normally the Carry Outputs are at a logic ‘0’ level; when activated a positive pulse is

SRD DECADE CARRY OUTPUT enerated on the output line, which is identical with the Count Input causing the car!

4TH DECADE CARRY OUTPUT 9 putfine, P 9 v
Placing the Transfer Input at a logic ‘1’ allows transfer of data from the decade counters

TRANSFER INPUT to the storage register.

SHIFT CLOCK INPUT 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 isinternally provided for the
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 to be limited to 20uSec. During serial shift operation the Transfer Input must be ata
logic ‘0",

SERIAL OUTPUT 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) These outputs provide sequentially an active logic level (logic ‘1’ if the

10" DIGIT SELECT OUTPUT True/Complement Control is at a logic '1; logic ‘0’ if the True/Comlement Control isata
102 DIGIT SELECT OUTPUT logic '0’), to specify which of the corresponding digits is selected and displayed, the
103 DIGIT SELECT OUTPUT (MSD) remaining 3 Outputs being 'not active’. All the Digit Select Outputs are forced to a ‘not
2° BCD OUTPUT(LSB) active’ logic level as long as the Reset Input is active.

2' BCD OUTPUT These outputs provide the Binary Coded Decimal representation of the digit being
22 BCD OUTPUT selected and displayed by the muiltiplexer. The truth table shows BCD Codification of
2% BCD OUTPUT(MSB) these outputs.

“A” TO “G” SEGMENT These outputs are programmed according to the truth table. Each output terminal is

actually connected to the drain of the corresponding output transistor.

COMMON SOURCE This is the common of the seven segment output transistors. When not externally

available the corresponding terminal is internally tied to Vai (0V) line. It may be
connected to any voltage between Vss and Vop according to requirements.
TRUE/COMPLEMENT CONTROL 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'.

DIGIT SELECT CLOCK INPUT An external signal applied o this terminal overrides the internal ocillator. When the
internal oscillator is used, this terminal must be left floating.
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E AY-5-4007 ®= AY-5-4007A = AY-5-4007D

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respecttoVee. . . . . . . . . —20 to +0.3V
Storage temperaturerange. . . . . . . . . .. . —65°C to +150°C
Ambient operating temperaturerange . . . . . . . . 0°C to +70°C

Standard Conditions (unless otherwise noted)

*Exceeding these ratings could cause
permanent damage. Functional operation of
thse devices at these conditions is not
implied—operating ranges are specified

Vee=+50205V Voo =—12V 1V OR 7.0V £0.5V below.
Ve =0V Operating Temperature (TA) 0°C to +70°C
Vee=-12V £1V Vge =—7V +0.5V
Characteristic Min Typ**| Max Min Typ™* Max Units Conditions
Inputs
Logic‘0’ Veo - +0.8 Veo - +0.8 Volts SeeFig. 4.
Logic*1’ Vee—1.5 - Vee+0.3f Vec—1.5 - Vcc+0.3 | Volts
Capacitance - - 10.0 - - 10.0 pF Vin=Vcc f=1MHz
Leakage - - 5.0 - - 5.0 pA Vin—Vcec=—10V at25°C
Repetition Rate D.C. - 600 D.C. - 350 KHz SquareWave
Pulse Width 0.7 - - 1.0 - - uSec Pulse either high or low
Tr&Tf - - 100 100 nSec
True/Complement/
Control Input
Input Current 10 40 100 10 - 50 HA Vin = Vce
10 25 50 10 - 25 pA Vin=Va SeeFig.5
Digit Select Clock
Input Current 10 60 150 5 25 75 HA Vin = Vce (Sink)
50 250 1600 50 150 1000 pA Vin= Vai (Source) See Fig. 3.
Internal Freq. 1.0 20 4.0 1.0 20 4.0 KHz
External Freq.—Data only}] D.C. - 100 D.C. - 50 KHz
Display D.C. - 15 D.C. - 7 KHz Display Duty Cycle 25%
Shift Clock
Frequency D.C. - 1 D.C. - 0.8 MHz
Pulse Width 0.4 - 1000 0.5 - 1000 uSec See functional description
Input Current 20 100 400 10 30 200 uA Vin = Vai (See Fig. 6)
Outputs—7 Segment
(See Note 2)
Leakage Current - - 10 - - 10 pA Vour—Vce =—10V at 25°C
Device on Current 15 25 45 12 20 35 mA Ves—Vour = +1.0V at 25°C,
Ves = Vee
Device on Current 12 18 27 7 1 17 mA Ves—Vour =—1.0V at 25°C,
VCS = VGI
Power Dissipation
(per segment at 25°C) - - 200 - - 200 mw See Note 1 & Fig.1
Other Outputs
Logic ‘0’ - 0.2 0.4 - 0.3 04 Volts loL = 1.6mA with 10pF load
Logic ‘1’ Vee —1.0{Vee —0.65) - Vee —1.0{Vec —0.65 - Volts loL = 50pA
Propagation Delay - - 1.0 - - 1 15 nSec Carry Output} See Fig. 2
15 - - 2.0 uSec Serial Output 9-
Tr, Tf
Rise, Fall Times - 0.15 0.3 - 0.3 0.6 uSec
Power
lec - 25 35 - 13 20 mA (Vee to Vea)
NOTES:

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

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 Typical 7-Segment Output Curves, Figs.10, 12, & 14 (=7V £0.5V)

TIMING DIAGRAMS
9999 0000 9999 0000 000! 0000 9999
CoUNT
INPUT
2BMNAND / \ /
CARRY M\ /\ /N 1\
ouTRUTS
uP "oowN " up DOWN
CARRY OPERATION

10° oigiT
seectootror 1 L[ 1L [ 1

10* oieIr 1 1 ]

10' oiGIT [ 1 [ 1
10° oeiT | 1 1
4 I 3 L [l } TR | 4 I
T3 102 10! 10 16° 1o 10" 10° | 1o® 102
b 102 10! 100 10® w0* o' 10° 10® 10
DIGIT

DIGIT SELECT OPERATION
(True/Complement Control is at logic ‘1’ level)
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OPERATION

Decade Counters

The four decade counters are synchronously operated on the
positive going edges of the Count Input; a single DOWN/UP
Command controls the direction of counting. The edge-trig-
gered structure of the master-slave flip-flops allows the count
direction to be changed between count pulses at either Count
Input level. A Reset Input resets decade counters to 0000.
Carry outputs are provided at the 2nd, 3rd and 4th decade; these
outputs are activated when an overflow (in counting up) or an
underflow (in counting down) condition exists in the corre-
sponding decade counter. The carry output pulse is the same as
the Count Input pulse causing the carry.

The look ahead design of the carry stages gives error free outputs
when reversing the count direction.

Storage Register

Data in the decade counters is transferred to the storage register
under control of the Transfer Input signal. The Transfer input
may be connected to 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 cantent 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 E

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° digit). Each of
the four Digit Select Outputs is sequentially activated when the
corresponding digit is selected and displayed.

The Digit Select counter is forced to MSD position and Digit
Select Outputs are forced to ‘not active’ logic levels as long as
Reset Input is active. This feature blanks the display when the
device is being reset. The True/Complement Control inverts the
Digit Select Outputs active logic level for flexibility of output
interface circuitry.

Internal delay logic ensures that both 7 segment outputs and
BCD outputs are valid before activation of the corresponding
Digit Select Output to avoid “ghost images”.

7 Segment Decoder Driver

The 7 segment decoder drivers consist of very low impedance
output transistors (typically 40 ohms) to minimize external inter-
face 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.

7SEGMENT OUTPUT TRANSISTOR BCDOUTPUT
DIGIT
A B o] D E F G MSB LSB
2’ 2 2! 2°
0 * * * * * * - 0 0 0 0
1 - * * - - - 0 0 0 1
2 * * - * * - * 0 0 1 0
3 . - . . - . 0 0 1 1
4 - * * - * * 0 1 0 0
5 * - * * * * 0 1 O 1
6 * - * * * * * 0 1 1 0
7 . . . - - - 0 1 1 1
8 * * * * * * 1 0 0 0
9 * * * * * * 1 0 0 1
LEGEND:
* output transistor ON A
— output transistor OFF
0 logic ‘0’ SEGMENT
1 logic '’ IDENTIFICATION F B
G
E Cc
D
7 SEGMENT AND BCD OUTPUTS TRUTH TABLE
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e

COMMON

A [

- SOURCE

S

v

Fig.1 7-SEGMENT OUTPUTS

()

1/P (EXT)

0SC.(INT)

Fig.3 DIGIT SELECT

Fig.4 TYPICAL INPUT

Vee

Fig.5 TRUE/COMPLEMENT

Ver

$——> OUTPUT (TYP)

Vee

Fig.2 ALL OTHER OUTPUTS

Vee
Vae Vae
Voo -—-{
Vee Vee

Fig.6 SHIFT CLOCK

*Choose resistors
to give required

4 DIGIT DISPLAY

I segment current,

|

G

CLOCK INPUT INPUT INPUT
CIRCUIT DIAGRAMS
ov -12v +5V ov -12v +5V
Va | DU Cs. Vaa| Vec] T Va | D/U| CS. Ve Vee | T
100 14 3 13 5 4 14 3 13 5 1 4
19 10
. 1
0. 10 6
2 COUNT 2 COUNT
10 AY-5-4007D INPUT 102 AY-5-4007D INPUT
17 17
10°
o 16 24— RESET 16 24| —eRESET
1 6 7 8 10 12 ] 1 6 7 8 0 12 9
A 8 c D E F G A B [9 D E F G

4 DIGIT DISPLAY

“cl
to give required
segment current.

k.

Fig.7 COMMON CATHODE LED DISPLAY

Fig.8 COMMON ANODE LED DISPLAY
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TYPICAL CHARACTERISTIC CURVES

Vgg = -7V Vgg = -12V
30 k)
Ves =V,
cs=Vee
20 -k o 20 \ ]
2 2 o~
2 .\vcs-vcc 2 ‘r\vcs =Vg
m - g
3 | 5
3 Ves =V 3
3 ~— cs *Val 3 !
10 10 %
1
|
1
|
]
|
|
[ o }
0 25 50 75 ° 25 50 75
TEMP °C TEMP °C
Fig.9 Fig.10

TYPICAL CURVES OF SEGMENT CURRENT VS. TEMPERATURE AT 1V ACROSS OUTPUT DEVICE

Vgg = ~7ViVes = Vee Ve = ~12ViVes = Vee
50 50
=
|
40
. 40
z
&
(4
o /
30 8 30
[ /
2
o
1 5 /
s 20 s 3 2
mA mA /
z
H
10 3 10 /
2
05 1.0 18 20 05 1.0 15 2.0
SEGMENT VOLTAGE
Vg volts Vg volts
Fig.11 Fig.12
VGG = —12V: Veg = Vg, Vag * =7V Ves = Vai
50 50
40 40
Is Is
mA mA

30
20 / ]
10 /

5 1o s 0 °
VS volts

0:5 1.0 1.5 .0
Vg volts

Fig.13 Fig.14

TYPICAL SEGMENT OUTPUT CURRENT Vs OUTPUT VOLTAGE AT +25°C
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Four Digit Counter

FEATURES
. X PIN CONFIGURATION
= Fully static operation.
& Maximum clock input 500kHz. 16 LEAD DUAL IN LINE
@& Reset input.
® Multiplexed outputs.
® Final Carry output and two intermediate carry outputs.
& TTL/DTL compatible inputs and outputs.
Top Vi
DESCRIPTION o~
Vec (+5V) (o1 16 [J Muiltiplex @
The AY-5-4057 is a fully static four digit counter capable of Reset (] 2 15 [J Multiplex P
accepting a count frequency of up to 500kHz. The four counters s12v) O 3 H
are connected in series, each having a 4-bit store associated with ! Vaa ( 14 1 Strobe
it. The counters change on the negative going clock transition, Final Carry (Decade 4) [} 4 13 [ Load Input
and the counter outputs are transferred to the 4-bit stores when Carry Output Decade 3 (] 5 12 [ Count Input
the load control is taken to Logic ‘0. Output8 [] 6 1 [J Vg, (GND)
The count held in the four stores is strobed out in sequence by a Output4 [] 7 10 [ Carry Output Decade 2
signal derived from the ‘Strobe Input’. The multiplexed BCD output2 [ 8 9 3 output1
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
Out-put’ (CO 4) and two intermediate carry outputs, CO2 and
CO3, from the second and third decades respectively.
A reset line is provided to reset all four decades to the zero state.
BLOCK DIAGRAM
RESET 1 T T 1
COUNT DECADE DECADE DECADE DECADE
1 2 3 4
I FINAL CARRY
INT CARRY 3
INT CARRY 2
LoAD STORE STORE STORE STORE
| I I O
STROBE -{ MULTIPLEXER J —_— Vg
: : : ! ! ! Vae
¥ T Ll L] T T
P Q A B c D
MULTIPLEX SEGMENT
OUTPUTS OUTPUTS
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PIN FUNCTIONS
Name Functions
COUNT INPUT A negative going (1to0) signal on this input causes the counter to be incremented by
one.
LOADINPUT A logic ‘0’ level on this input causes the conténts of the four counters to be

transferred to the store. To store any one count, the load input must go to logic ‘0’ a
minimum of 800 nSec after the count pulse that sets up the countto be stored. (ts1on
timing diagram) and stay at logic ‘0’ for aminimum of 1uSec.

RESET A logic ‘1’ level applied to this input will reset all four counters to the all ‘0’s state.
(Store is notreset). A delay of 2560 nSec must be allowed (ts2 of timing/diagram) after
the reset goes to logic ‘0’ before a count is started.

STROBE 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.
P&QOUTPUTS The two Multiplex outputs P and Q, identify which decade is being output.
P Q
1 0 Strobes decade 1
0 1 Strobes decade 2
1 1 Strobes decade 3
0 0 Strobes decade 4
*INTERMEDIATE This output is generated by the second decade of the counter.
CARRY (CO2)
*INTERMEDIATE This output is generated by the third decade of the counter.
CARRY (CO3)
*FINAL CARRY 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

MAN 3 MAN 3 MAN 3 MAN 3

BCD TO7SEGMENT]

DECODER/DRIVER j: 2 [ [
Vs Va1 Ve

P
b C 5 A
P _ 1)
P
AY-5-4057 5 SEE BELOW
a MAN 3
o % &8
>
g 38 E CARRY 2N 3569
sl 8lEls OUTPUTS OR EQUIVALENT
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- AY-5-4057

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

*Exceeding these ratings could cause

Max. voltage between Vcc and any pin. . . . . . . —20V to 0.3V permanent damage. Functional operation of
Operating Temperature Range. . . . . . . . .. 0°C to +70°C this device at these conditions is not
Storage TemperatureRange . . . . . . . . . —65°C to +150°C implied—operating ranges are specified
Standard Conditions (unless otherwise noted) below.
Vge = —12V 1V Operating Temperature (Ta) = 0°C to +70°C
Vce = +5.0 0.5V Output Loading + 1 TTL Load
Vor =0V CLTOTAL =10 pF
Characteristic Min Max Units Conditions
Count Input
Repetition Rate DC 500 kHz
Rise/Fall Times - 10 s
Logic‘0’ — +0.8 v
Logic‘t’ Vee—1.5 - v
Input Capacitance -— 5 pF Vin=Vee
Load Input
Pulse Width tsw 1.0 — us
Set-up Time ts1 800 - ns
Logic‘0’ - +0.8 \
Logic‘1’ Vec—1.5 — Vv
Input Capacitance - 10 pF Vin=Vcc
Strobe Input
Repetition Rate DC 10 kHz
Pulse Width 10 — us
Rise/Fall Times — 10 us
Logic‘0’ — +0.8 \
Logic‘1’ Vee—1.5 - \
Input Capacitance - 5.0 pF Vin=Vcc
Reset Input
Pulse width trw 1 — us
Set-up-Time ts2 250 — ns
Logic‘0’ — +0.4 \
Logic‘t’ Vee—1.5 -_ \"
Input Capacitance — 10 pF
Outputs
Logic‘0’ — +0.4 \" loo=1.6mA
Logic‘t’ Vee—1.0 —_— v fon=100uA
Propagation delay tpd — 2.0 us
Input Leakage — 5.0 uA Vin=Vcc—10V. at25°C
Power — 350 mwW
TIMING DIAGRAM

- LOGIC 1
COUNT
LOGIC O

l'__tpd

LOGIC 1
LOAD
LOGIC O
LOGIC1
RESET
LOGIC O
‘——tSZ
LOGIC1
OUTPUTS
: LOGIC O
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AY-5-5053

10 Bit D/A Convertor

FEATURES
PIN CONFIGURATION

® 10 Bit resolution. 24 LEAD DUAL IN LINE

® 8 Bit accuracy (linearity).

& Parallel or serial input.

a Simple external circuitry. Top View

= Binary or 2's complement coding. v

= Output inversion. Vec (+5V) G @1 24 P Vgg,(-12V)

8 TTL/CMOS compatible inputs. Code Select Input O] 2 23 [ invert input.

= Monotonic output. 2%Input Bit 1 O 3 22 1) Osgillator frequency control.

A ! . . . 2%Input Bit2 [ 4 21 [J Temperature compensation.

m 6.8mS settling time for 10 bits with 2nd order filter. 27Input Bit3 O 5 20 1 Negative reference.

m 1.23mS settling time for 8 bits with 2nd order filter. 2InputBit4 d 6 19 [ Positive reference.
2%Input Bit5 [ 7 18 IJ Analog output to filter.
2*Input Bit6 [] 8 17 [3 Oscillator output.
2%Input Bit7 (] 9 16 {3 Serial input.

DESCRIPTION 22Input Bit8 J 10 15 1 Strobe input.

1 i N

The AY-5-5053 is a 10 bit D/A convertor employing the stochastic 202 "::Z:n;:.:z lc:: :; :; g g:::'::::: o nput.

conversion technique, requiring no precision components other

than a voltage reference.

The input can be either serial or parallel with Binary or 2's See next page for details of Pin Functions.

complement coding.

BLOCK DIAGRAM
OSCILLATOR
OUTPUT
Oscil- OSCILLATOR
COUNTER lator FREQUENCY
CONTROL
INVERT  @——) IREERENER
+REF @
OUTPUT :: COMPARATOR p———————® CODE SELECT
—REF
rewsns e—7  _TTTTTTTTT]
H
—eee@
INPUT REGISTER/LATCH e ) gz:?ABLE INPUT
PARALLEL LOAD

ITTTTTTITT

BIT1 BIT 10
Mss8 Lsse
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*
Voltage on any pin with respect to Vcc pin . . —20 to + 0.3 Volts

Ambient operating temperaturerange . . . . . . 0°C to +70°C
Storage temperaturerange . . . . . . . . . —65°C to +150°C

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

Standard Conditions (unless otherwise noted) below.
Vee =+6V + 0.5V Clock Frequency = 800KHz
Vge =-12V £.0.5V Rr (temp comp) = 12K Q 5%
Positive reference = +4.5V R. (linearity) = 270  nom
Negative reference = OV Ro (osc. frequency) = 10K 2 nom
Characteristic Min Typ™* Max Units Conditions
Clock Frequency 100 800 1000 KHz
Voltage Stability - 5 — %/V
Temp. Stability - 0.2 — %/°C
Output Logic ‘0’ — —_ 0.4 Volt RL =6.8Kto Vas
| sink = 1.6mA
Output Logic ‘1’ Vec1 — - Volt RL=6.8Kto Vea
| source = 100pA
Inputs
Logic ‘0’ Level — — +0.8 Volts
Logic ‘1’ Level Vee—1.5 — — Volts
Leakage Current — — 10 HA Vin=Vcc -5V
Capacitance —_ — 10 pF
Shift Clock Frequency 10 — 1000 KHz
Resolution 10 - Bits
Differential Linearity — A LSB
Linearity 0.5 2 LSB After trimming at 0.5
FSD
Temperature Co-efficient — 60 — PPM/C® Excluding reference and
filter drift
Supply current - - 20 mA (140mW)
Reference Current — — 100 uA Max at 4FSD
**Typical values are at +25°C and nominal voltages.
) TABLE 1 INPUT CODING
BINARY 2's COMPLEMENT ANALOG OUTPUT
0000000000 1000000000 0
0000000001 1000000001 +LSB
0111111111 1111111111 YAV ref—LSB
1000000000 0000000000 YV ref
1000000001 0000000001 %V ref+LSB
ERRRRRRRRAI 0111111111 Vref—LSB
SETTLING TIME AND BANDWIDTH D/A CONVERTOR
NO.OFBITS 10 8 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 + 4 LSBmSec 45 6.8 7.7 1.23 0.8 0.32
Bandwidth Hz — 0.1% 1.35 14.8
— 0.4% 13 118
—1% 112 618
— 1dB 13.5 135 ‘65 537 400 1784
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PIN FUNCTIONS
Pin No. Name Function
1 Vee Positive power supply +5V
2 Code Select Input Logic ‘0’ gives Binary coding. Logic ‘1’ gives 2's complement
coding. (Seetable 1).
3-12 Bits 1-10 Input Parallel datainputs. Bit1is MSB.

13 ShiftInput 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.

14 Parallel Load Input Inthe 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.

15 Strobe Input Alogic ‘1’ on this input loads serial datainto the data register. The
data is latched when the input returns to logic ‘0’. This input
should be atlogic ‘0’ in parallel mode operation.

16 Serial Input Serial datainput Bit 1 first.

17 Oscillation Output TTL compatible oscillator output signal.

18 Analog Output Analog output to low pass filter. This output is a stochastic pulse
waveform having a mean amplitude equal to the required DC
output level.

19 Positive Reference +4.5V nominal reference of voltage.

20 Negative Reference 0V reference, connected to OV via a 500 ohm variable resistance
used to adjust the error at half scale to zero.

21 Temperature Compensation This pin is connected to Vge 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 Q resistor in parallel
with a DPGC49—39K () thermistor instead of the 12K Q resistor.

22 Oscillator Frequency Control This pin is connected to Ve via a 50 K () variable resistor used to
adjust the oscillator frequency to the required value.

23 Invert input Alogic ‘1’ on this inputinverts the output.

24 Vo Negative power supply —12V.

OPERATION MULTIPLIER OPERATION

Thebinary 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 outputis 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.

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 0to +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 &
100pF =L dre 14
REFERENCE
820 R
uA 723
'8
WF ==
500
100pF
2.2K
oV -
+4.5V REFERENCE SUPPLY
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+15v
v
45V
REFERENCE
LOAD .
50K 22K 224K 33K 13 P21 e BIT 10 LSB)
SET ZERO
275K
ANALOG —
ouTPUT Maof 226 33K — BINARY
0to +10V AY-5-5053 INPUT
100
47K L one
L
i
i BIT 1(MSB)
47K 500 —
LINEARITY o ok
ov
12K| | ffsok| SET FREQUENCY
-12v

10 BIT D/A CONVERTOR PARALLEL INPUT SECOND ORDER FILTER 0 to +10V OUTPUT

+5V
+4.5V
REFERENCE — ” LOAD
03y 121 o LsB
| -
_ BINARY
— INPUT
ANALOG 47K - .
outpur L AY-5-5053
0to +4.5V
Tou - MSB
500 -
LINEARITY o o
ov
12K | | /{50 | SET FREQUENCY
-12v

10 BIT D/A CONVERTOR FIRST ORDER FILTER

+1.

ERROR
LsB
+08 === LmiT
-~ - X ~ ~
-
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AY-5-5053 -

+15

oo \

+1.0 v
+05
ERROR

Ls8 +25°C —

o

+70°C

-1.0

-15

FULL
0 % SCALE % SCALE % SCALE SCALE

D/A CONVERTOR TYPICAL TEMPERATURE STABILITY

1MHz
CLOCK
L
+5
+5V
START I I | ' =
LOADJA|B|C|D ENABLE
74191 STROBE
A QA
B QB
PARALLEL D QC
DATA 74150 o QD

INPUT S—]

*—] ouT 560 SERIAL
OUTPUT
470pF
I

CLOCK LMUmuUnuUrurLnuUr UL

START—™_—

STROBE T I

SERIALOUTPUT  _ [ | T [

SERIAL DATA TRANSMITTER FOR AY-5-5053 D/A CONVERTOR
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iNmAl
INSTRUMENT

AY-5-5054

10 Bit. A/D Convertor Control

FEATURES
= 10 Bit Resolution PIN CONFIGURATION
) . 24 LEAD DUAL IN LINE
® 200mS settling time to + '/, LSB
= Integral serial data transmitter 8/10 Bits with parity
® Parallel outputs Top\\few
S Vec (+5V) O] @1 24 [ Vag (-12V)
[]
TTL/MOS compatible inputs and outputs Up/Down input 2 23 b Ground
Counter input (3 3 22 [ Bit1(MSB) output
Cascade Enable Input [ 4 21 [ Bit 2 output
Serial Output [ 5 20 {7 Bit 3 output
DESCRIPTION Load Input (] 6 19 [J Bit 4 output
. . . . . . Data Available Output Bit 5 output
The AY-5-5054 is designed to work in conjunction with the aa ‘?'a e Output O 7 18 [ Bit S outpu
N f . ransmit Input [ 8 17 [ Bit 6 output
AY-5-5053 to form a 10 Bit A/D convertor. It consists of a 10 bit Pulse Chain Output Bit 7 output
up/down counter, control logic and a serial data transmitter. ulse Ghain Outpu e 16 [ Bit7 outpu
' N Clock input 10 15 [7 Bit 8 output
Even/Odd Parity input [ 11 14 [ Bit 9 output
8/10 Bit Control input ] 12 13 [ Bit 10 (LSB) output
BLOCK DIAGRAM
PULSE CHAIN
OUTPUT
CLOCK
']
IT ® PULSE CHAIN GENERATOR
8/10BITS uLS! o ® LoAD
EVEN/ODD j—9 TRANSMIT
[ ———
PARITY :l PARITY GENERATOR _
[TTTTT1T111] —e cascaoe
SERIAL [ C— ICONTROL
oUTPUT ——{ DATA TRANSMITTER LOGIC
Lss © L —® DATA AVAILABLE
-
PARALLEL @
OUTPUT s
& ® UP/DOWN
= - -® COUNT
.-
mMss @

UP/DOWN COUNTER
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AY-5-5054

PIN FUNCTIONS
Pin No. Name Function
1 Vee Positive Power supply (+5V)
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‘0’s orall ‘1’s.

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-5-5054, enabling a series of convertors to be interro-
gated sequentially using only one line.

5 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 is complete.

7 Data Available Output This output goesto logic ‘1’ when valid data has been loaded into
the transmitter. It returns to logic ‘0’ when the transmission has
been completed.

8 TransmitInput 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 for the data transmitter 1MHz max.
1 Even/Odd Parity Input Logic‘1’ gives even parity.

12 8/10Bit Control Input Logic ‘1’ gives 8 bit data transmission.
13-22 Parallel Data Outputs Connect to Parallel inputs of AY-5-5053.
23 Ground

24 Veo Negative power supply (—12V).

A/D CONVERTOR RESPONSE TIME

1. SIMPLE TYPE — 1ST ORDER FILTER

NO. OF BITS 10 8 6
Filter time constant 4.5mSec 1.2mSec 0.3mSec
Clock frequency 10KHz 40KHz 160KHz
Settling time to '/,LSB 200mSec 50mSec 12.5mSec

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 0.66mSec 0.164mSec
Settling timeto '/:LSB 1.5mSec 3mSec
Max. clock frequency 450KHz 1MHz
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- AY-5-5054

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

. —20 to +0.3 Volts
0°C to +70°C

Voltage on any pin with respect to Vss pin . .
Ambient Operating Temperature range

Standard Conditions (unless otherwise noted)

Vec = +5 0.5V
Vag = -12 £0.5V
Operating Temperature (T,) = 0°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.

Characteristic Min Typ** Max Units Conditions
Clock and Clock Inputs
Logic‘0’level - — +0.8 Volts
Logic‘1’level Vee—1.5 — Vcc+0.3 Volts
Frequency DC — 1 MHz
Capacitance — — 10 pF
Leakage — — 10 pA Vin=Vcc—10V
Logic Inputs
Logic‘0’level - — +0.8 Volts
Logic‘1’level Vee—1.5 — Vcc+0.3 Volts
Capacitance — — 10 pF
Leakage — — 10 HA Vin=Vcc—10V
Output
Logic ‘0’ level — — +0.4 Volts lo,=1.6mA
Logic ‘1’ level Vee—1 — _ Volts lon=100pA
Power _ 240 _ mw

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

TIMING DIAGRAMS

COUNTER
INPUT
5§

55°

CLOM

TRANSMIT /

PULSE CHAIN
!
—! e
1
300nS
SERIAL
OUTPUT
— -
500nS
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SIMPLE 10 BIT A/D CONVERTOR

+5V
INPUT
2l )i Jl 1
[ ]
AY-5-5054
13 124
10KHz
CLOCK 12 |1J
i L]
27K
39K
741 47K 18] ] |J 24
\d —{ 3
+4.5V
== 0.pF 500? Jaisd
ove-
12k | | Usox
12V e
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GENERAL

INSTRUMENT

CP1600
CP1600A
GIMINI
CC1600
GP1600
1701600
MC1600
PM1600
RM1600
RM1601
S1600
SAL1600
PIC1640
PIC1650
LP8000
LP6000
LP1030
LP1010
LP1000




GENERAL

INSTRUMENT

CP1600 CP1600A

SERIES 1600

16-Bit Single-Chip Microprocessor
FEATURES

® 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
64k memory using single address

® TTL compatible/simple bus structure

® 600ns cycle time 3.3 MHz 2-phase clock—CP1600

® 400ns cycle time 5 MHz 2-phase clock—CP1600A

DESCRIPTION

The CP1600/1600A Microprocessor Units are compatible mem-
bers of the Series 1600 MicroProcessor Products family. Each is a
complete, 16-bit, single chip, high speed MOS-LSI Micro-
processor. The Series 1600 family is fabricated with General
Instrument’s N-Channel lon-Implant GIANT |l 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
Read/Write Memories are fully compatible with the
CP1600/1600A.

The CP1600/1600A Microprocessor Units are designed for high
speed data processing and real time applications. Using a 3.3
MHz 2-phase clock, the CP1600 completes a microcycle in 600
nanoseconds. The CP1600A, using a 5 MHz 2-phase clock, com-
pletes a microcycle in 400ns. Typical applications include pro-
grammable calculator systems, peripheral controllers, process
controllers, intelligent terminals and instruments, data acquisi-
tion and digital communications processors, numerical control

PIN CONFIGURATION
40 LEAD DUAL IN LINE
Top View
EBCI(Je 1 I 40 O PCIT*
MSYNC‘a 2 39 [ GND
Bc1d 3 38 0 o1
BC2[] 4 37 0 ¢2
BDRO 5 36 [ Vpp (+12V)
o150 6 35 E Vgs (-3V)
D1ag 7 34 [ Vg (+5V)
o138 33 E BDRDY
o2 9 32 [J STPST"
o1 d 10 31 [ BUSRQ"
prod 1 30 [ HALT
Ds O 12 29 [1 BUSAK*
o8 13 28 [1 INTR*
Do 14 27 [ INTRM*
o1 15 26 [ TCI
o7 16 25 [J EBCAO
o6 17 24 [) EBCA1
ps ] 18 23 |1 EBCA2
D419 22 [J EBCA3
*ACTIVE
b il 2 pee LOW LEVEL

systems and many general purpose mini-computer applications.
The Microprocessor can readily support a variety of peripheral
equipment such as TTY, CRT display, tape reader/punch, A/D &
D/A converter, keyboard, cassette tape, floppy disk, and
RS-232C data communication lines.

The CP1600/1600A utilizes third generation minicomputer archi-
tecture with eight general purpose registers to achieve a ver-
satile, 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 con-
cept, combined with a powerful instruction set and micro-
programmable Peripheral Interface devices, provides an efficient
solution to microcomputer and many minicomputer-based pro-
duct requirements.

CP1600 SYSTEM DIAGRAM Voo Ve Vg
. MSYNC +12V 45V -3V
(%)
g l
os 74150 o
wee —>{ 01 €8CI .8
>> B — 02 X e
EFEzEe INTR 8 &2
b= EBCAD 9 T
T\H‘ EBCA1 e ko
EBCA2 <o P
cP1600 eF
MPU EBCA3 X
s aus  fE18 @
| w €— | controL fe—8c2
BDIR
74145 BUSRQ DMA
D05  BUSAK CONTROL
€— | ROM | €— ] ¢
BIDIRECTIONAL
[ BUS DRIVERS | 8726
) ADDRESS €
> RAM REGISTER
ADDRESS &
CONTROL BUS 74175 ¢
t 16:81T BIDIRECTIONAL BUS
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PROCESSOR SIGNALS

DATA BUS
D0-D15
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.

EBCA 0-3

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 = CP1600A -

BUS CONTROL SIGNALS

BDIR, BC1, BC2

Outputs

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.

BDRDY

Input

Bus Data ReaDY: causes the microprocessor to “wait” and re-
synchronize to slow memory and peripheral devices.

INTR*, INTRM*

INTeRupt, INTeRupt Masked: request the microprocessor to
service an interrupt upon completion of current instruction.
TCI

Output

Terminate Current Interrupt: puilse outputted by the micro-
processor in response to the TCl instruction.

PCIT

input/output

Program Counter Inhibit/Trap: 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.

CP1600 INTERNAL BLOCK DIAGRAM

VDD
VCC
VBE
GND —_
o €« €«
02
MSYNC N
PROCESSOR |
CONTROL | gacao€
EBCA1 €— INSTRUCTION ARITHMETIC
le—{ REGISTER & LOGIC UNIT
EBCA2 €—— DECODE ROM (aLu)
EBCA3
EBCI l Il.l
STPST
STATE STATUS
- HPA‘;I TIMING SHIFTER
C ROM s|zlovfc
TCl
BDRDY
INTR l T ,l,
INTRM
BUSRQ MAIN DECODE WRITE PORT
BUS | BUSAK &conTRoL ) T0
CONTROL = EXITGE;#AL
BUS
v .l
<« A3 )
BC1 - <> [proRecTiONAL
BC2 BUS CONTROL R4 ] BUFFERS
BDIR €— r 3
(SP)  R6
(PC) _ R7
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- CP1600 = CP1600A

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Vpp, Vcc, GND and all other input/output voitages
withrespecttoVes . . . . . . . . . . .. —0.3V to +18.0V

Storage Temperature . . . . . . . .. ... -55°C to +150°C

Operating Temperature . . . . . . . .. .. .. 0°C to+70°C

Standard Conditions: (unless otherwise noted)

Vpp=+12V+5%, 70mA(typ)
Vee=+5V+5%, 12mA (typ)

Vap=—3V+10%, 0.2mA(typ)

*Exceeding these ratings could cause
permanent damage to these devices.
Functional operation at these conditions is
not implied—operating conditions are

specified below.

Operating Temperature (T»)=0°C to +70°C

Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Clock Inputs
High Viuc 10.4 — Vop \
Low ViLe 0 - 0.6 \
Logic Inputs
Low Vi 0 - 0.65 \'
High (All Lines except BDRDY) Vin 24 - Vee \
High (Bus Data Ready Line

See Note 1) Vins 3.0 - Ve v
Logic Outputs
High Vou 24 Vee Vv lon = 100uA
Low (Data Bus Lines DO-D15) VoL - - 0.5 Vv loL = 1.6mA
Low (Bus Control Lines,

BC1,BC2,BDIR) VoL - - 0.45 \Y loL=2.0mA
Low (All Others) VoL - - 0.45 " lo. = 1.6mA
AC CHARACTERISTICS
Clock Puise Inputs, ¢1 or ¢2
Pulse Width tg2, tg2| 120(CP1600) | — - ns

70(CP1600A) | — - ns
Skew (¢1, ¢2 delay) t12, t21 0 - - ns

. 0.3(CP1600) |

Clock Period tey 0.2(CP1600A) 20 us
Rise & Fall Times tr, tf - - 15 ns
Master SYNC:
Delay from ¢ tms - - 30 ns
DO-D15 Bus Signals.
Output delay from ¢1

(float to output) teo - — [120(CP1600) | s | 47TL Load & 25 pF
Output delay from ¢2 70(CP1600A)

(output to float) 1 - 50 - ns
Input setup time before ¢1 tel 0 - - ns
Input hold time after ¢1 i 10 - - ns
Bus Control Signals

BC1,BC2,BDIR
Output delay from ¢1 toe _ _ 1120(CP1600)

70(CP1600A)| M
BUSAK Output delay from ¢1 tgy - 150 - ns
TCI Output delay from ¢1 tto - 200 - ns
TCI Pulse Width trw - 300 - ns
EBCA output delay from BEXT

input toe - - 150 ns
EBCA wait time for EBCI input ta - - 400 ns \
CAPACITANCE TA =+25°C; Vpp = +12V; Vcc =+5V;

) Ves=-2V; to¢l1t¢2=120ns
#1, $2 Clock Input capacitance  |Cg1, Co2) — 20 30 pF
Input Capacitance
DO-D15 CIN - 6 12 pF
All Other — - 5 10 pF
Output Capacitance
DO-D15 in high impedance state Co - 8 15 pF

194

**Typical values are at +25°C and nominal voltages.
NOTE:

1. The Bus Data ReaDY(BDRDY) line is sampled during time period TS| after aBAR or ADAR bus control signal. BDRDY 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 usec duration.



CP1600 = CP1600A

BUS TIMING DIAGRAM

Irsitrsairssirsalrsiirseims3itsairsisairss irsaiiirsairss rsalrsi rs2irsaimsairsi 2!

o NN N NN NNNNS
NN NN NN NN,

RER TG 77 Y. 777 B i 777 1N 777 B 777 B LW 777

po-0i5 " Froa WX O FuoaT X X oA WX X :

«—> «> >

OUTPUT INPUT QUTPUT PC+1 TO
PROGRAM COUNTER  BEXT INSTRUCTION FETCH DISPLACEMENT
—.! tDE !-— .
EBCA UNDEFINED STABLE AS LONG AS ADDRESS IS STABLE
2 4

|
l oty — ,
EBCI =—DONT CARE W (=—DoN'T care =
I 2 3
VALID INPUT
THROUGHOUT TS|

LEGEND: \ D0-DI5 BUS
A\ CHANGING DIRECTION

TYPICAL INSTRUCTION SEQUENCE

1y CYCLE |

Py oy 0 T Ly T2y T8 g T8 00y 192 TS84 790 4y 81
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Tl JL LTSS L
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!
(] i | N
et b ot | [ [
! ranlahel hl" 21 ' ! ! !
I ]
oo | ! - b
.'I tDC r:— : : ——1 . !-— tus : :
1 1 | ! 1
-4- : --- ! I !
BCI, BC2, A MSYNC % ! i !
BDIR ! >< osv | L : ! { o t
' ; !
t —-—
¢ ={teop=— =ity - s el .
7 1 2-2v ¢ 1 1 ?
. ' i i Z ;( 0.8v A% 1
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CHANGING FROM  OUTPUT CHANGING FROM INSTRUCTION
FLOAT MODE T0 VALID  OUTPUT MODE TO OR DATA
OUTPUT  MODE FLOAT MODE OPERAND

BRANCH ON EXTERNAL CONDITION INSTRUCTION
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SIMPLIFIED STATE FLOW DIAGRAM

MSYNC* T

INPUT INITIALIZATION
STA!(?LI"\!BG) PC SEQUENCE

OUTPUT
CURRENT PC
(BAR'

1L

)

UN-
INTERRUPTABLE
INSTRUCTION

BORDY:=0 WAIT
(NACT) FETCH

BORDY:=1 SEQUENCE
BORDY =1 BORDY- 0
INPUT
INSTRUCTION
INTERNAL (078) EX
REFERENCE REFERENCE
INSTRUCTION INSTRUCTION

ADDRESS
SEQUENCE

EXECUTE

SEQUENCE

INTERRUPTABLE
INSTRUCTION

BUS REQUEST
SEQUENCE

INTERRUPT
SEQUENCE

CURRENT PC
(DW & DwS)

BUS CONTROL SIGNALS

BDIR BC1 BC2 Signal Decoded Function
0 0 0 NACT No ACTion, D0-D15 = high impedance
0 (] 1 IAB Interrupt Address to Bus, D0-D15 = Input
0 1 0 ADAR Address Data to Address Register, D0-D15 = high impedance
0 1 1 DTB Data to Bus, DO-D15 = Input
1 0 0 BAR Bus to Address Register
1 0 1 DWS Data Write Strobe
1 1 0 DW Data Write
1 1 1 INTAK INTerrupt AcKnowledge
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INSTRUCTION SET SUMMARY

CP1600 = CP1600A -

Operation Microcycles Comments
Mnemonics pe Dir. Indr. Imm. Stac
8 le,| apD ADD 0]|sf|s|n
[ g @ SUB SUBtract 10) 8| 8|11 )
2 ole S cmp CoMPare 10| 8|81 Result not saved
& 8lE | AND logical AND 10({8] 8|11
s 2 XOR eXclusive OR 10]8]|8]Mn
5
85 o] mvo MoVe In 10]8]8]|n
a | =1 mw MoVe In 108 (8]
ADDR ADD contents of Registers 6 Add one cycle .
2 5| SUBR SUBtract contents of Registers 6 if Register 6 or 7, except”.
§ @ CMPR CoMPare Registers by subtr. 6 Result not saved
22 ANDR logical AND Registers 6
o x| XORR eXclusive OR Registers 6
< MOVR MOVe Register 6
” CLRR ClLeaR Register g XORR with itself
c TSTR TeST Register
2 JR Jump to address in Register 7 PC—(RRR)
S . INCR INCrement Register 6
%] 2| DECR DECrement Register 6
Elo COMR COMplement Register 6 One’s Complement
51 & NEGR NEGate Register 6 Two’s Complement
o] o ADCR ADd Carry Bit to Register 6
2| 2| GswbD Get Status WorD 6
| o NOP No OPeration 6 Two Words )
§ SIN Software INterrupt 6 Pulse to PCIT pin
H RSWD Return Status WorD 6
< PULR PULI from stack to Register 1" PULR=MVI @ R6
- PSHR PuSH Register to stack 9* PSHR=MVO @ R6
SLL Shift Logical Left 6 ] -
P RLC Rotate Left thru Carry 6 one or two position
< SLLC Shift Logical Left thru Carry 6 |_shift capability. Add. .
@ | SLR Shift Logical Right 6 two cycles for 2-position
2 SAR Shift Arithmetic Right 6 shift
21 RRC Rotate Right thru Carry 6
& SARC Shift Arithmetic Right thru Carry g ) Hion=SWAP twice
SWAP SWAP 8-bit-bytes lJ 2-position= wi
HLT HalLT 4
7] SDBD Set Double Byte Data 4 _ Must precede external reference
° ,5 EIS Enable Interrupt System 4 to double byte data
£30 DIS Disable Interrupt System 4 )
Q g TCI Terminate Current Interrupt 4 rNot Interruptible
© 2 CLRC ClLeaR Carry to zero 4
- SETC SET Carry to one 4 J
@ J Jump 12
s JE Jump, Enable, interrupt 12
g% JD Jump, Disable interrupt 12
32 JSR Jump, Save Return 12 Return Address
9 JSRE Jump, Save Return & Enable 12 saved in R4, 5 or 6
- JSRD Jump, Save Return & Disable Interrupt 12
B unconditional Branch 7 Displacemgnt in PC+1
BC, BLGE Branch on Carry, C=1 7 PC~PCiDlsglacement "
7] BNC, BLLT Branch on No Carry, C=0 7 Add 2 cycles if test condition
§ BOV Branch on OVerflow, OV=1 7 is true.
B BNOV Branch on No OVerflow, OV=0 7
2 BPL Branch on PLus, S=0 7
2 BMI Branch on Minus, S=1 7
= BZE, BEQ Branch on ZEro or EQual 7 Z=1
4 BNZE,
§ BNEQ Branch if Not ZEro or Not EQual 7 Z=0
@ BLT Branch if Less Than 7 SYOV=1
] BGE Branch if Greater than or Equal 7 SVOV=0
_5 BLE Branch if Less than or Equal 7 ZV(SYOV)=1
- BGT Branch if Greater Than 7 ZV(SVOV)=0
5 BUSC Branch !f S!gn # Carry 7 C¥S=1
(] BESC Branch if Sign = Carry 7 C¥S=0 .
BEXT Branch if External condition is True 7 4 LSBsof Instrulctlon ;n;e decoded to select
1 of 16 external conditions.

1MICROCYCLE =2 CLOCK CYCLES
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@ GIMINI SERIES 1600

16-Bit Microcomputer System

FEATURES
GIMINI MICROCOMPUTER

® 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 65K memory space.
Unlimited DMA channels. Gy
Nested interrupt system with full priority resolution. ; A
Includes— MC1600 Microcomputer Module
RM1601 8K RAM Memory Module o A RAR RAR RAR RAR RA/
1/01600 TTY High Speed Reader Punch 000 R wemenens R 0
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.

Bids Talwnt wh eV e ks

GENERAL (NSTRUMENT CORPORATION

DESCRIPTION

To simplify microprocessor hardware and software develop-
ment, speed the product design cycle, and support product
prototyping, 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 configurability. The system provides direct BLOCK DIAGRAM

addressing to 65K words, unlimited DMA channels, and a multi-

line/multi-level nested interrupt system with full priority resolu-

tion and self-identifying addresses. All control and timing signals @!ﬂ_
as well as data and address buses are fully buffered and available Rutol G 00
for use in expanding memory or designing specialized 1/0 .
interfaces. AL -

The basic hardware includes a card cage, front panel, and four . L i "6 'REGUEST "
printed circuit boards: the MC1600 Microcomputer Module, the T T i R
RM1601 8Kx16 RAM Memory Module, the CC1600 Control Con- T el e I —
sole and Control Console Module, and the 1/01600 TTY-EIA/High PORPOSE LI ] e NSO | RORITY | MICRO-
Speed Reader Punch Interface Module. Up to 9 additional cards 'NOBULES MODULES .N{'g:“fé‘ce e | N [CRoouie
of any type can be added as required. With the addition ofa TTY Opoont TE——| Mo, Koo ] [ sverem

and a high speed reader/punch, the GIMINI becomes a test bed

for customer designed interfaces and related hardware as well as s b et - . .

a full program preparation facility. Its resident On-Line Debug

Program allows testing of hardware and software directly on the conTROL 6US
system in real time and also totally eliminates the annoying -

bootstrap procedure. The On-Line Software Package provides s < " 1
the necessary program preparation aids, such as the Assembler, l TEETveE. J [ g seeeD Ln.amzaeo l L sz I
Text Editor, the Relocating/Linking Loader and the Object Mod-

ule Linker.

For the small volume user or those that want to avoid tooling and
testing costs, all of the card level modules of the GIMINI are

available on an OEM basis for further system integration.
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CF1600
EX1600

" CA1600 PS1600
CA1601 WW1600
. CA1602

SERIES 1600

GIMINI Accessories

FEATURES

CF1600 CARD FILE

® 13-position

m P.C. backplane with wirewrap 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 POWER SUPPLY

® Provides all required voltages for the GIMINI Microcomputer
System.

® +5V at 12A; +12V at 3A; -12V at 3A capability.

® 1% line and load regulation.

® Remote sensing capability.

CA1600 TTY/EIA CABLE ASSEMBLY
m 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-EIA/Reader-
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 wirewrapping 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 contains 126 16-pin sockets for
prototyping special interface cards. Power and ground planes
are provided.

The PS1600 Power Supply provides all the power necessary to
run the GIMINI Microcomputer System. The user has 2A of +12V
and 2A of -12V available to him for extra memories and interfaces.

CARD FILE

CF1600 CARD FILE
SLOT CARD
1 MC1600 Microcomputer Module
2 CC1600 Control Console Module
3-12 Memory or I/0 Cards
13 1/01600 TTY-EIA/Reader-Punch

Interface Module

He also has 9A of +5V available to him if his system uses one
RM1601 8K RAM Memory Module. Special power supply
configurations are available upon request.

The CA1600 TTY/EIA Cable Assembly is a 6' cable that has a 10-
pin 3M connector to interface with the 1/01600 TTY-EIA/Reader-
Punch Interface Module on one 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-pin data connector for connection
to an EIA device.

The CA1601 Reader/Punch Cable Assembly is a 6' cable that has
a 34-pin 3M connector to interface with the 1/01600 TTY-
ElIA/Reader-Punch Interface Module on one end. The other end
is split into two sections: both are terminated in 25-pin data
connectors, one for connection to the reader and the other for
connection to the punch.

The CA1602 GP1600 Module Cable Assembly is a €' 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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CC1600

INSTRUMENT

SERIES 1600

Control Console and Control Console Module

FEATURES

® 16-bit Data/Address Display

® 16-bit 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 Utilities/Input-Output Drivers

® Standard 19" x 10'%2" rack mountable Control Panel

DESCRIPTION

The CC1600 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-bit Switch 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 CP1600. After this interrupt is acknowl-
edged, the CC1600 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

CONTROL CONSOLE

EIMINI MICROCOMPUTER

T N T TR N e S
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ENERAL INSTRUMENT CORPORATION &

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
CP1600 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% at 1.0A.

BLOCK DIAGRAM
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GP1600

GENERAL
INSTRUMENT

SERIES 1600

General Purpose Interface Module

FEATURES

® 116-bit Addressable Input Port

® 116-bit Addressable Output Port

® 2 Addressable Status Registers

m |nterfaces directly with MC1600 Module

m Space provided for sockets for I/O Control Logic
® Full Interrupt Capability.

DESCRIPTION

The GP1600 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 isaccomplished 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.

GENERAL PURPOSE INTERFACE MODULE

The module will accept dual-in-line package components
mounted in standard wire wrap sockets. Locations for 14, 16, 22,
24 pin sockets are available.

The GP1600 General Purpose I/O Module is a 9.75" x 9.25"
printed circuit card. Its operating temperature range is 0°C to
§5°C.
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1/01600

ﬁ

SERIES 1600

TTY-ElIA/Reader-Punch Interface Module

FEATURES

® Teletype Asynchronous Transmitter-Receiver and Control
(UAR/T)

® High Speed Reader/Punch Controller

® EIA (RS-232C) Interface

® Interfaces directly with MC1600 Microcomputer Module

® TTL Compatible to I/0 Peripherals

DESCRIPTION

The 1/01600 TTY-EIA/Reader-Punch Interface Module handles
full duplex communication between a Teletype, High Speed
Reader/Punch combination or any RS-232C compatible device
and the MC1600 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 /01600 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 /01600 module also provides the additional
capability of interfacing with any RS-232C compatible terminal.

TTY-EIA/READER-PUNCH INTERFACE MODULE

The I/0 Module is a 9.75" x 9.25" 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 0°C to 55°C. It
requires +5V15% at .5A, +12V+5% at .2A and -12V+5% at .2A.

BLOCK DIAGRAM
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MC1600

&

SERIES 1600

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 Initialization 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/0. 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 MC1600 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 Interruptand 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

MICROCOMPUTER MODULE

Counter on the Memory Stack, resolves interrupt priority and
vectors to the device's interrupt service address. The direct
memory access capability allows an alternate source to access
memory or I/O while temporarily suspending processor opera-
tion. At the completion of a DMA operation, normal program
execution continues in normal fashion.

The Microcomputer Module is a 9.75" x 9.25" P.C. board, which
mates with a dual 70 pin connector. Its operating temperature
range is 0°C to 55°C. It requires +5V+5% at .5A, +12V+5% at .1A
and -12V15% at 4 ma.

BLOCK DIAGRAM:
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PM1600 SERIES 1600

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

1 us max. access time

Buffered TTL inputs - 1 load

Open collector TTL output - 30 loads

Module decoding for 65K memory expansion

PROM MEMORY MODULE

DESCRIPTION

The PM1600 PROM Memory Module is a standard 4096x16
memory module for use in the GIMIN|I Microcomputer System.
Itis 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 for 4096-bit static read-
only memories. Each row of 8 rows will provide 512 16-bit words
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 PROMSs are buffered onto the
Data bus of the GIMINI System. For memories larger than 4Kx16,

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 CP1600 microprocessor waits until
stable data is available from the PROMs.

The PM1600 PROM Memory Module is a 9.75"x9.25" P.C. board,
which mates with a dual 70 pin connector. Its operating
temperature range is 0° to 55°C. A board fully loaded with all 16
PROMs will require +515% at .5A and -12+5% at .5A.

BLOCK DIAGRAM
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RM1600 SERIES 1600

STRUMENT

2Kx16 RAM Memory Module
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 85K memory expansion
750 ns Read/Write Cycle Time

Open Collector TTL Output—30 Loads
Buffered TTL Inputs—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.

2Kx16 MEMORY CARD TIMING DIAGRAMS
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RM1601

&

SERIES 1600

8Kx16 RAM Memory Module

FEATURES

® 8192 — 16-bit words per module.

® Static memory, no clocks required.

® Byte or Word Capability.

® Module decoding for 65K memory expansion.
® 400 ns Read Time.

® 500 ns Cycle Time.

= Open Collector TTL Outputs—30 Loads
= Buffered TTL Inputs—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 Random Access 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 temperature is 0°C to 55°C. It
requires +5V +5% at 0.5A typical, +12V +5% at 0.5A typical and
-12V +5% at 0.1A 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 65K (8 modules) memory space.

8KX16 RAM MEMORY MODULE

8Kx16 MEMORY CARD
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$1600 SERIES 1600

INSTRUMENT

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- SOFTWARE LINEUP
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

of these features along with the ability to use a minicomputeras a FAARE SoFTARE CIBRARY. o CROSS SOFTWARE
host processor results in the lowest cost,easiest to use, Cross
Software Package in the industry. Stemh sioaL

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, the On-Line Debug Program, the Relocating Loader, the
Memory Dump Program, and a number of other basic utility
routines. The firmware also supports the system 1/0 with gener-
alized routines for input/output 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 Text Editor 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.

5 MAINFRAME
TIME SHARING

S168MR
Binary Maih

P

won Routines

==

SIBALL
Relocatable
Linking Loater

S160MA
Decimai Math
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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 PDP11. The Cross Software package has
also been installed on many popular time-sharing computer
systems. .

S16XAL CROSS ASSEMBLER

Symbolic representation of all instructions

User defined six character symbols

Octal, decimal, hexadecimal and ASCI! literals
Expression evaluation

Extensive assembly directives

Absolute, Relocatable or Relocatable/Linkable assembly
Full program and sorted symbol listing
Extensive error detection

$16XRF CONCORDANCE GENERATOR
Assembly symbol cross reference map

S16LNK OBJECT MODULE LINKER

Resolves global/external symbol linkages
Relocates and merges object modules

Produces relocatable/absolute load module
Produces load module map

S16SIM SIMULATOR

Full Series 1600 Instruction set simulation

Full 65K word memory simulation

1/0 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

S16BPT BINARY PAPER TAPE GENERATOR
S16RTG ROM PATTERN TAPE GENERATOR

S16SXAL SUPER ASSEMBLER
High level procedure oriented instructions plus ail
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:
S16MTR MONITOR

Conversational system control

TTY communications

S$160DP 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

S16LDR RELOCATING LOADER

Full relocation capability

TTY or H.S. Paper Tape Reader input

S$16MDP 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

208

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 S16XSFT Cross 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

S$16RLL RELOCATING/LINKING LOADER

Global and external symbol resolution

Full relocation capability .

Loads and links multiple object modules

Memory map

$16DGS DIAGNOSTICS

Memory diagnostic

Instruction test

1/0 Controller exerciser

S$160ML OBJECT MODULE LINKER

Same features as S16LN

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 effficient. 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

S16CCR 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

$1610D INPUT/OUTPUT DRIVERS

TTY Input/Output

H.S. Paper Tape Reader/Punch Input/Output

Byte Table Pack—Byte Table Unpack

S16FPR FLOATING POINT ROUTINES

Floating Add/Subtract

Floating Multiply/Divide

1/0 Conversion

S16DMR DECIMAL MATH ROUTINES

Decimal Add/Subtract

Decimal Multiply/Divide

Decimal Square Root

Decimal Compare



ﬁ SAL1600

SERIES 1600

Super Assembly Language
FEATURES

m  High level operations: LET, GOTO, GO@,
CALL, IF, IF-THEN, IF-THEN-ELSE, DO, DO-FOR,
DO-WHILE.
B Array subscripting
® Literal representation in Binary, Octal, Decimal,
Hexadecimal and character notation.
®  Symbolic representation of all CP1600 instructions.
®  Directives for:
Controlling register utilization ofjhigh 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

B Absolute and Relocatable linkable object
module output

®  Program listing
B Extensive error diagnostics

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
BAIC.

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.

HIGH LEVEL STATEMENTS

GOTO

The GOTO statement is used to transfer program control
unconditionally to a specified destination.

Ex. GOTO SCAN

GOo@

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 (1)

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(lJ)

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 transferto a

corresponding destination. The conditional IF is used to test a
quantity for positive, negative, zero and non-zero and the
relational IF is usea 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 QUANT .EQ. LIMIT THEN
CALL SQRT(A)

END

EX.: IF A .EQ. 2 THEN

LET B=5

ELSE

LET B=6

END
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 DO ABC FOR I = INIT, MAX, INCR
IF (TBL (1) .EQ. QTY) GO TO GETOUT
CONT

EX.: XYZ DO XYZ WHILE QTY .GT. LIM

LET K = K .AND. MASK
LET QTY = K + INCR
CONT
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PIC1640

NT

SERIES 1600

Programmable Interface Controller

FEATURES

m User Microprogrammable

= Intelligent Controller for Peripheral Interfacing

m 32 8-Bit Registers

m 256x12-Bit ROM for Microprogram

® Arithmetic Logic Unit

m 2 Sets of 8 User Defined Peripheral Input/Output Lines
= Real Time Clock Counter

= Self contained Oscillator

s Simple Interfacing to Microprocessor

DESCRIPTION

The PIC1640 MOS/LSI circuit array is a byte oriented micro-
programmable interface controller designed to satisfy the re-
quirements for low cost peripheral device interfacing. The array
is part of the Series 1600 Microprocessor System and also has
applicability as an 1/0 controller in many other computer product
families. The array is a complete single chip controller with
internal ROM microprogram defining the overall functional char-
acteristics and operational waveforms on each of the general
purpose input/output lines. The array can be programmed to
scan keyboards, drive multiplexed displays, interface magnetic
tape cassettes, control printers, implement communication line
disciplines, and interface a host of other low to medium speed
peripheral devices. Because of its microprogrammable architec-
ture, the PIC1640 is a truly intelligent controller as opposed to a
simple interface adapter.

The PIC1640 is fabricated with N-Channel lon Implant technol-
ogy resulting in a high performance product with proven re-
liability and production history. Only a single 5 voit power supply
is required for operation, and an on-chip oscillator provides the
operating clock with only an external R/C network to establish
the frequency. Inputs and outputs are TTL compatible. The
PIC1640 is supplied in a 40 pin dual-in-line package.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

8 8
DO-7 £ K<£=>> RAO-7
BOUT ——> 8
K<Z=> RBO-7
DWRT % ——>| 80
ADRO-2 —7—> l6—— RTCC*
CS*¥—>  pic  je—— MCLR¥
CHIRQ* «—— 1640
CHORQ* €—— € osc
CRQCL¥* —> l&—— GND
INRQ¥* €&——
l&—— +5v
IRQCL* ——>

The Programmable Interface Controller family (P1C1640/1650
and all extensions) is supported by an extensive software and
hardware package. The software package includes Cross As-
sembler/Simulator programs designed to run at both the large
machine on time share and minicomputer system levels. The
hardware package inciudes a TTL prototype emulator board with
which the user can verify, in his actual system, the microprogram
in PROM before committing it to mask tooling. For added flex-
ibility, the board can also fit into the GIMINI developmental
system such that the PIC microprogram can be stored in RAM
and accessed as memory as part of the CP1600 microprocessor
address space. Thus, on-line changes in code can be
implemented without the inconvenience of reburning PROMSs.

BLOCK DIAGRAM

RTCC*

ADRO-2  CS*

REGISTER BOUT DO-7

FILE
[ wreaisten | L Faran 5
8 [arccrea Fy] [ MR e BUS BUFFER

@
g
8 5 8 8 =L 8
ARITHMETIC 8 o [€F>RBO7
LOGIC o
UNIT o
.
4 4 _ 2LEVEL
MC = ==~ INSTRUCTION 7l .
g
ISTATUS REG(F3) DEC«.ODE < [€7>RAO-7
8 g8 CONTROL Q
o
CHIRQ" MIC (F2) +1 o
CHORQ" s 2]
CRQCL* INTERFACE 12

STAT REG (F7)

A PROGRAM ROM

256x12

cLock
GENERATOR [ #1.92
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PIN FUNCTIONS

Signal/Function

DO0-7 (input/output/high impedance

Bidirectional Data Bus lines 0 to 7. Used by the PIC1640 to send
and receive data and control information to the Series 1600
microprocessor.

BOUT (input)

Data Bus direction control. Driven directly by the Series 1600
microprocessor to control the direction and state of the tri-state
buffers on DO-7.

DWRT* (input)

Data Write pulse. Read/write control to the internal registers of
the PIC 1640.

ADRO-2 (input)

Address Bus lines 0 to 2. Used to select one out of 8 internal 8-bit
registers for reading or writing data or control information.

CS* (input)

Chip Select. Used to select one PIC 1640 out of a number of
others connected to a common bus. Also used to provide syn-
chronization to bus operations.

CHIRQ" (output)

Channel Output Request. Used to request data channel input
mode service from the Series 1600 microprocessor.

CRQCL" (input)

Channel Request Clear. Input to the PIC 1640 to clear channel
service.

PIC1640

INRQ* (output)
Interrupt Request. Used by the PIC 1640 to request an interrupt
from the Series 1600 microprocessor.

IRQCL* (input)
Interrupt Request Clear. Input to the PIC 1640 to clear the request
for interrupt service.

OSC (input)

Oscillator. This input can be driven by an external oscillator if a
precise frequency of operation is required or an external R/C
network can be used to set the frequency of operation of the
internal clock generator. The maximum OSC frequency is 4MHz.

MCLR* (input)
Master Clear. Used to initialize the internal ROM microprogram
to address 377,.

RTCC” (input)

Real Time Clock Counter. Used by the microprogram to keep
track of elapsed time between events. The maximum RTCC*
frequency is IMHz.

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

User programmable I/0. These lines can be inputs and/or out-
puts and are under direct control of the microprogram for use as
control signals to the peripheral devices.

ARCHITECTURAL DESCRIPTION

The firmware architecture of the PIC1640 controller is basedon a
register file concept with very simple, low level, microcommands
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 fundamen-
tal timing and control signals for I/O devices. Theemphasis is on
control and interface functions as opposed to computing
functions.

Internally, the PIC1640 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 256 microcontrol
words each 12 bits in width.

The Register File is divided into two functional groups: opera-
tional registers and general registers. The operational registers
are addressed as FO to F7 (the first 8 of the total of 32 file
registers) and include among others the Real Time Clock Coun-
ter Register, the Status Register, the Micro Instruction Counter
(MIC), and I/0 Registers A and B (RA and RB). The general
registers are addressed as F8 to F31 and are used for data and
control information under command of the microinstructions.
The last 8 of the general registers (F24 to F31) are also addressa-
ble via the interface port to the Series 1600 bus structure provid-
ing a direct communications path between the controlier and the

host Series 1600 microprocessor. These 8 registers effectively
form a set of “mailbox” slots that are addressable as locations
within the address space of the host microprocessor as well as by
the controller microprogram. The allocation of these shared
memory locations to specific functions is done completely by
program convention. Typical examples might be as buffers for
multi-byte data strings, check sum characters, special error code
patterns, sync or control characters, and general bit flags for
control purposes.

The Logic Unit contains one temporary working register and
gating to perform Boolean functions between data held in the
working register and any file register. Emphasis is placed on
logical operations and bit manipulations as opposed to arithme-
tic functions.

The Control ROM contains the operational program for the rest
of the logic within the controller. Sequencing of microinstruc-
tions is controlled via the Instruction Counter (MIC) which auto-
matically increments to execute in-line programs. Program
control operations can be performed by Bit Test and Skip in-
structions, Jump instructions, or loading computed addresses
into the MIC accessed as one of the file registers. In addition, an
on-chip pushdown stack is employed with the return address
register (TIC) serving as the top element of the stack. This
permits easy to use subroutine nesting.
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REGISTER FILE ARRANGEMENT

File

Function

FO

F1

F2
F3

F4

F5
F6
F7

F8-F23
F24-F31

Nota physically implemented register. FO calls for the contents of the Instruction Modification
Register (low order 5 bits) to be used to select a file register.

Real Time Clock Counter Register. This register can be loaded by the microprogram but will
always read as 377s.
Micro Instruction Counter (MIC).

Status Word Register )
[1[1]1]1]rTcB] z | DCc | c |
RTCB: Cleared when Real Time Clock is loaded; set when Clock count reaches zero,

C: Stores the carry out on arithmetic operations, and acts as a bit link on rotate
operations.

DC: Stores the carry out of low order digit on arithmetic operations.
Z: Set if the result of the arithmetic operations is zero.
Instruction Modification Register (IMR). Low order 5 bits only are used. The IMR is useful 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”.

1/0 Register A (RA)
1/0 Register B (RB)

Interface Status Register (ISR). Bits in this file can request interrupt and channel service from
the host microprocessor when appropriate.

loJoJolofo[c [co] 1 |
I: Set under microcode control to request interrupt service (INRQ*) from the host

microprocessor. Cleared by MCLR* and IRQCL*.

CO: Set under microcode control to request channel output mode service (CHORQ*)
from the host microprocessor. Cleared by MCLR* and CRQCL.".

Cl: Set under microcode control to request channel input mode service (CHIRQ*) from
the host microprocessor. Cleared by MCLR* and CRQCL*.

General Registers for use by microprogram.

General Registers and “mailbox locations” for external communications with the host
CPU.These are selected by ADRO-2.

INSTRUCTION SET SUMMARY

(The instruction execution time is 1 usec, except if a conditional test is true or if the MIC register is changed as a resu!t of an

instruction. In these two cases, the instruction execution time is 2’ usec.)

LITERAL and CONTROL FILE OPERATIONS
(4) (8) (6) (1) (5)
OP CODE 8-BIT LITERAL | [ OPCODE |R] FILE #
W Specifies working register STATUS R field specifies result to be replaced in W or File No. File No. field
Load W Literal-W — specifies 1 of 32 file registers. . .
And W Literal “AND” W—W z And W "AND" File—R z
orw Literal “OR" W—W z OR W"OR" File—R z
Xor W Literal “EX OR” W—W z XOR W*"OR" File~R Z
Return & Load W Literal~W & TICI~MIC - Add W+ File—R ¢.pc.z
Jump & Store MIC—TICI& Literal—~MIC — Move W W—R -
Jump Literal~MIC — Increment F ';+ 1;"* ;_
. : Complement F ——|
NOTE: | and t mean push and pop the TIC stack, respectively. Move File F~R z ,
Subtract File F+W+1-R C,DC,
BIT OPERATIONS Decrement File Skip Zero  F-1—R; Skip if zero result —_
(4) (3) (5) Rotate Right File F.—Ra - 1; F.~C; C—R; c
Rotate Left File Fo—Rn + 1; F;—C; C—R, (o}
[ opcope | BIT# | FILE# Soaan Hanes Flie b ¢
Bit No. field specifies 1 of 8 bit positions Increment File Skip Zero  F + 1—R; Skip if zero result  —

: ‘e e ) e Clear File 0—R z
Bit No. field specifies 1 of 32 file registers. STATUS Decrement File F-1-R z
Bit Set 1—Bit No., File No. —

Bit Clear 0—Bit No., File No. —_

Bit Test Skip Set IfBit No., File No. test istrue, —

Bit Test Skip Clear then MIC + 2—MIC, else —
MIC + 1—-MIC

212



PIC1650

INSTRUMENT

SERIES 1600

Programmable Interface Controller

FEATURES

User Microprogrammable

Intelligent Controller for Stand-Alone Applications

32 8-Bit Registers

® 512x12-Bit ROM for Microprogram

® Arithmetic Logic Unit

m 2 Sets of 8 User Defined Peripheral Input/Output Lines
® Real Time Clock Counter

® Self contained Oscillator

@& Simple Interfacing to Microprocessor

DESCRIPTION

The PIC1650 MOS/LSI circuit array is a byte oriented micro-
programmable controller designed to satisfy the requirements
for a low-cost, stand-alone 8-bit micro-computer. The array is a
complete chip controller with an internal customer-defined ROM
microprogram specifying the overall functional characteristics
and operational waveforms on each of the general purpose
input/output lines. The array can be programmed to scan key-
boards, drive multiplexed displays, control vending machines,
control traffic lights, control printers and to control automatic
gasoline pumps. Since it contains ROM, RAM, |/O as well as the
central processing unit on one device, the PIC1650 is truly a
complete 8-bit micro-computer on one chip.

The PIC1650 is fabricated with N-Channel lon Implant technol-
ogy resulting in a high performance product with proven re-
liability and Production history. Only a single +5 volt power
supply is required for operation, and an on-chip oscillator
provides the operating clock with only an external R/C network
to establish the frequency. Inputs and outputs are TTL compati-
ble. The PIC1650 is supplied in a 28 dual-in-line package.

PIN CONFIGURATION

K<—> RAO-7
K<—> RBO-7
<> RCO-7

PIC
1650

0SC —>
RTCCY —

<— Vee
<—— GND

The Programmable Interface Controller family (P1C1640/1650
and all extensions) is supported by an extensive software and
hardware package. The software package includes Cross As-
sembler/Simulator programs designed to run at both the large
machine on time share and minicomputer system levels. The
hardware package includes a TTL prototype emulator board with
which the user can verify, in his actual system, the microprogram
in PROM before committing it to mask tooling. For added flex-
ibility, the board can also fit into the GIMINI developmental
system such that the PIC microprogram can be stored in RAM
and accessed as memory as part of the CP1600 microprocessor
address space. Thus, on-line changes in code can be imple-
mented without the inconvenience of reburning PROMs.

BLOCK DIAGRAM

RTCC*

W REGISTER

8 [(Arec rea (1)) L IMR (F4)

REGISTER
FILE
(F8 to F31)

]

8 5
ARITHMETIC

k—}—) RBO-7

LOGIC
UNIT

2 LEVEL

8

[STATUS REG (F3)f

MIC (F2)

INSTRUCTION 8
DECODE k2> RBO-7

&
CONTROL

&;9

T

Rexr CLOCK

41 PROGRAM ROM
512x12

8
I€>>RCO-7

Ll/O REG C (F7) L VO REG B (F6) | V/O REG A (F5)

GENERATOR 1. 92

EXT

!I}——-)D—Trwws<
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PIN FUNCTIONS

Signal Function

OSC (input)

RTCC’ (input)

RA0-7,RB0-7, RCO-7
(input/output)

Oscillator input. This signal can be driven by an external oscillator if a precise
frequency of operation is required or an external R/C network can be used to
set the frequency of operation of the internal tlock generator. The maximum
OSC frequency is 4 MHz.

Real Time Clock Counter. Used by the microprogram to keep track of elapsed
time between events. The maximum RTCC* frequency is 1 MHz.

User programmable input/output lines. These lines can be inputs and/or
outputs and are under direct control of the microprogram.

ARCHITECTURAL DESCRIPTION

The firmware architecture of the PIC 1650 controller is based on a
register file concept with very simple, low level, microcommands
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 fundamen-
tal timing and control signals for /0O 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 microcontrol
words each 12 bits in width.

The Register File is divided into two functional groups: opera-
tional registers and general registers. The operational registers
are addressed as FO to F7 (the first 8 of the total of 32 file
registers) and include among others the Real Time Clock Coun-
ter Register, the Status Register, the Micro Instruction Counter

REGISTER FILE ARRANGEMENT

(MIC), and I/O Registers A, B and C (RA, RB and RC). The
general registers are addressed as F8 to F31 and are used for data
and control information under command of the micro-
instructions.

The Logic Unit contains one temporary working register (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 microinstruc-
tions s controlled via the Micro Instruction Counter (MIC) which
automatically increments to execute in-line programs. Program
control operations can be performed by Bit Test and Skip in-
structions, Jump instructions, or loading computed addresses
into the MIC. In addition, an on-chip pushdown stack is employ-
ed with the return address register (TIC) serving as the top
element of the stack. This permits easy to use subroutine nesting.
Application of the +5V power supply initializes the ROM micro-
program to address 777g.

FILE FUNCTION
FO Not a physically implemented register. FO calls for the contents of the Instruction Modification
Register (low order 5 bits) to be used to select a file register.
F1 Real Time Clock Counter Register. This register can be loaded by the microprogram but will
always read as 377,.
F2 Micro Instruction Counter (MIC).
F3 Status Word Register.

[1]1]1]1]rrc8] z Joc ] c |

RTCB: Cleared when Real Time Clock is loaded; set when clock count reaches zero.

C: Stores the carry out on arithmetic operations, and acts as a bit link on rotate
operations.
DC: Stores the carry out of low order digit on arithmetic operation.
Z: Set if the result of the arithmetic operations is zero.
F4 Instruction Modification Register (IMR). Low order 5 bits only are used. The IMR is useful in

F5 1/0 Register A (RA)
F6 1/0 Register B (RB)
F7 1/0 Register C (RC)

generating effective file register addresses under program control. When accessed as a
directly addressed file, the upper 3 bits read as a logic “1”.
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INSTRUCTION SET SUMMARY

PIC1650

(The instruction execution time is 1 usec, except if a conditional test is true or if the MIC register is changed as a
result of an instruction. In the two cases, the instruction execution time is 2 usec.)

LITERAL and CONTROL
4) (8)
OP CODE 8-BITLITERAL |

W Specifies working register STATUS
Load W Literal—W —
And W Literal “AND” W—W z
orw Literal “OR” W—W z
Xor W Literal “EX OR” W—W z
Return & Load W Literal—-W & TICt—MIC —
Jump & Store MIC—TICI& Literal-MIC —
Jump Literal~MIC -

Note: | and t mean push and pop the TIC stack, respectively.

FILE OPERATIONS
(6) (4] (5)

OPCODE |[R] FLE# |

R field specifies result to be replaced in W or File No. File No. field
specifies 1 of 32 file registers.

And W “AND” File =R z
OR W “OR” File =R z
XOR W “OR” File =R z
Add W + File =R C,DC,z
Move W W —R -
Increment F F+1—R z
Complement F F——R z
Move File F—R z
Subtract File F+W+1—R C,DC,z
Decrement File Skip Zero  F-1—R; Skip if zero result -
Rotate Right File Fa—~Rn - 1; Fo—C; C—Ry C
Rotate Left File F.—R.+1; F,—C; C—=R, (o}
Swap Halves File Fo—s—Fs—7—R -
Increment File Skip Zero  F + 1—R; Skip if zero result —
Clear File 0—R z
Decrement File F-1-R z

BIT OPERATIONS
(4) (3) (5)
| opcope | BiIT# |  FE#

Bit No. field specifies 1 of 8 bit positions.
Bit No. field specifies 1 of 32 file registers.

STATUS
Bit Set 1-Bit No., File No. —
Bit Clear 0—Bit No., File No. —
Bit Test Skip Set 1fBit No., File No. test is true, —
Bit Test Skip Clear then MIC + 2—MIC, else -
MIC + 1—MIC
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LP6000 LP1010
Ewl LP8000 , 51030  LP1000

SERIES 8000

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 40lead 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 LSt 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 isa 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 1/0 port.

LOGIC PROCESSOR - LP (Part number LP8000)
The logic processor (LP) isthe heart of the Series 8000 system. It
performs all of the arithmetic and logical functions required and

also controls all activities occurring in the Series 8000 system. It
has 48x8 bit working registers and an 8 bitinput/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 controlied by the LP
for subroutine nesting. Two directly addressable 8 bit I/0 inter-
faces are included, so that a minimum system consisting of one
LP and one PM has 24 1/O leads. Extra PMs can be connected to
the main system bus, up to a maximum of 16K words. Each PM
and 1/0 interface can be addressed by the LP, the module
addresses being programmed at the same time as the customer’s
program.

MEMORY INTERFACE CHIP - MIC (Partnumber 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 cormpatible 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 Vgg or Vee.

INPUT/OUTPUT BUFFER - IOB (Part number LP 1010)
The input/output buffer consists of two addressable 8 bit 1/0
interfaces. The addresses are selected by hardwiring pins to Vgg
or Vee.

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 be eliminated by
using the clock generator (CG). 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 ¢, is provided to act as an
oscilloscope trigger and as a Data Valid signal for exteral
hardware.

COMPLETE MINIMUM SYSTEM

DAB 1-8
ADB 16
CONTROL BUS [
RESET 1
cLock | 1
LP1030 LP8000 LP6000
SYSTEM
CLOCK 48X8 Q
ALU A 1024X8
BIT ROM
v L B
z
-12v
Accum.
o
o imii
-12v 1]

T LRI LA

1024 Words Program Memory
48 8 Bit General Registers
24 User Input Output Pins

4 Deep Address Stack

MEMORY IMPLEMENTATION FOR DEVELOPMENT
SYSTEMS

LP1000

'LP1010
MEMORY INTERFACE INPUT OUTPUT BUFFER

MEMORY PAGE

2048X8 BIT WORDS
ROM, RAM, PROM, CORE, ETC.
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LP8000 = LP6000 = LP1030 = LP1010 = LP1000 E

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.

ADB 1-6

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’.

Processor Control Signals

Cio

Indicates direction of data flow on data bus.

CDA

Indicates if data bus is carrying data or address information.
cQz

Used to select the Q 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 5-8jare 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

Asingle 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 500 and 800KHz.
With an 800KHz clock the machine provides a 5uSec machine
cycle time.

RESET

This is a clock synchronized high level signal, normally provided
by the LP1030 Clock Generator.

POWER
Vee 45 Volt supply
Vi 0 Volt (GND) supply

Ve —12 Volt supply

PIN CONFIGURATIONS
40 LEAD DUAL IN LINE
LP8000 LOGIC PROCESSOR
Top View
vee o1 ~ whva
Power on Reset [] 2 39 3 Vgg
Clock O 3 38 [J CRA
Not Used [ 4 37 P caz
Not Used [ 5 36 [J CDA
DataBus 8 (] 6 35 [J ClOo
DataBus7 [ 7 34 [J Not Used
DataBus 6 [ 8 33 [ Not Used
Data Bus 5 (J 9 32 [ Not Used
Data Bus 4 [ 10 31 [3 Not Used
Data Bus 3 (] 11 30 [J Not Used
Data Bus 2 [J 12 29 [1 Not Used
DataBus 1 [ 13 28 [J Not Used
Peripheral Bus 8 (] 14 27 [3 Address Bus 6
Peripheral Bus 7 [ 15 26 [J Address Bus §
Peripheral Bus 6 [] 16 25 [J Address Bus 4
Peripheral Bus 5 [} 17 24 [ Address Bus 3
Peripheral Bux 4 [ 18 23 [ Address Bus 2
Peripheral Bus 3 (] 19 22 [ Address Bus 1
Peripheral Bus 2 [] 20 21 [J Peripheral Bus 1

40 LEAD DUAL IN LINE
LP6000 PROGRAM MEMORY

Top View
A

Veec Lj@ 1 40 [ Peripheral Bus A1
DataBus1 [ 2* 39 [ Peripheral Bus A2
DataBus2 O 3 38 [J Peripheral Bus A3
DataBus3 [ 4 37 [3 Peripheral Bus A4
DataBus4 [] 5 36 [ Peripheral Bus A5
DataBus5 O 6 35 1 Peripheral Bus A6
DataBus6 O] 7 34 [J Peripheral Bus A7
DataBus7 (] 8 33 [ Peripheral Bus A8
DataBus8 (] 9 32 [3 Peripheral Bus B1
NotUsed O 10 31 [0 Peripheral Bus B2
Power on Reset (] 11 30 [A Peripheral Bus B3
Address Bus1 O 12 29 [ Peripheral Bus B4
Address Bus2 (] 13 28 [ Peripheral Bus B5
Address Bus 3 (] 14 27 [3 Peripheral Bus B6
Address Bus 4 [J 15 26 [ Peripheral Bus B7
Address Bus5 (] 16 25 [J Peripheral Bus B8

Address Bus6 (] 17 24 D vg

Clock O] 18 23 [ Vaa

CDA O 19 22 1 CRA

cio 20 21 b caz

8 LEAD DUAL IN LINE
LP1030 CLOCK GENERATOR

Top View
A
Vee do! 8 [ Reset Output
Timing Input (J 2 7 [ s Output
Synchronizing Input [} 3 6 [] Clock Output
Reset Input [] 4 5[ Vag

40 LEAD DUAL IN LINE
LP1010 INPUT/OUTPUT BUFFER

Top View
N4 .

Voo CJj@1 40 [J Peripheral Bus A1
DataBus1 [ 2 39 [J Peripheral Bus A2
DataBus2 O 3 38 [J Peripheral Bus A3
DataBus3 [] 4 37 D Peripheral Bus A4
DataBus4 [ 5 36 [ Peripheral Bus AS
DataBus5 O 6 35 [ Peripheral Bus A6
DataBusé [ 7 34 [J Peripheral Bus A7
DataBus7 (0 8 33 [1 Peripheral Bus A8
DataBus8 ( 9 32 [ Peripheral Bus B1
Chip Select O} 10 31 [ Peripheral Bus B2

Power on Reset [] 11 30 {3 Peripheral Bus B3
Address Bus1 [ 12 29 [J Peripheral Bus B4
AddressBus2 O 13 28 [ Peripheral Bus BS
Address Bus3 [ 14 27 [3 Peripheral Bus B6
Address Bus 4 [ 15 26 [ Peripherai Bus B7
Address Bus5 [ 16 25 [ Peripheral Bus B8
Address Bus6 (] 17 24 J PAD4

Clock ] 18 23 O Vge

CDA OO0 19 22 1 PAD3

clo g 20 21 [J PAD2

A pair of adjacent addresses is selected by PAD 4, PAD 3 and PAD 2 in
the range 48 to 63, e.g. 011 selects peripheral addresses 54 and 55.

40 LEAD DUAL IN LINE
LP1000 MEMORY INTERFACE

Top View
Veec @1 e 40 O Var
DataBus1 [ 2 39 P Ves
DataBus2 O 3 38 [J Address Bit 11
DataBus3 [ 4 37 {1 Address Bit 10
DataBus4 [ 5 36 [1 Address Bit9
DataBus5 (] 6 35 [J Address Bit8
DataBusé [ 7 34 [J Address Bit 7
DataBus7.[] 8 33 [J Address Bit &
DataBusg (] 9 32 [1 Address Bit5
Power on Reset (] 10 31 [1 Address Bit4
Address Bus 1 ] 11 30 [ Address Bit3
Address Bus2 []"12 29 [1 Address Bit2
Address Bus 3 [] 13 28 [1 Address Bit 1
Address Bus4 O 14 27 [ Clock
Address Bus5 (] 15 26 O R/W.
Address Bus6 [ 16 25 3 Memory Enable
PAD4 (17 24 [ MIC Enable
PADS (] 18 23 [1 CRA
PADS6 (] 19 22 [J cQz
Clo O 20 21 [J CDA
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LP8000 = LP6000 = LP1030 = LP1010 =

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

LP1000

*Exceeding these ratings could cause
permanent damage. Functional operation of

All pins withrespecttoVee. . . . . . . . . . . —20V to +0.3V these devices at these conditions is not
Storage Temperature . . . . . . . . . .. -55°C to +150°C i i i ifi
Oper:?ting Te?nperature ............ 0°C to +75°C Lmegl‘;’e‘d—operatmg ranges are specified
Standard Conditions (unless otherwise noted)
Vee = +5V +0.25V
Vo = GND (substrate at Vcc)
Ve = =12V 21V
Characteristic Min Max Units Conditions
Clock Frequency 500 800 KHz —
Machine Cycle Time 5 8 us —
Clock and Reset Input
Logic ‘1’ Vee -1.5 - Volts —
Logic ‘0’ — —-9.5 Volts —
Data Bus
Input Conditions
Logic ‘1’ Vee—1.5 — Volts —
Logic ‘0’ — +0.8 Volts —
Output Conditions
Logic ‘1’ Vee—1.0 - Volts Capacitive load
Logic ‘0’ — +0.4 Volts only, maximum 275pF
Control & Address Bus
Logic ‘0’ Vee —1.5 -— Volts —
Logic ‘1’ — +0.8 Volts —
Address Bus
Logic ‘0’ Vee —1.0 —_ Volts Capacitive load
Logic ‘1’ — -7.0 Volts 200pF
Peripheral Bus
Logic ‘1’ Vee—1.5 - Volts —
Logic ‘0’ — +0.8 Volts —
Output ON Current 10B 2 — mA Vds =1 Volt
Other Devices 1 — mA Vds =1 Volit
Output OFF Current
All Devices — 1 uA Vin — Vgg at 25°C
Power Consumption LP 8000 —_ 1000 mwW —
All other chips — 500 mw —

TIMING DIAGRAMS

(b) INFORMATION FROM A.L.RS,
COMPONENT TO L.P.

PRECHARGE
1

|
|
|
|
I
I

LY —sa-
| DISCHARGES DATA BUS

]

I

I

|

!

!

1

I y DATA BUS
__________________ |— — —p- ATA Bus _ o DATABUS

I

|

|

I

!

|

! |
CLOCK | : :
I i
1 - | i I -r
L - = B
—12V NOMINAL | 1 1 T ! ! ©
SRR Ry % Y B | } | [ I I -
+5V NOMINAL | i | ! | | ] ! i
T T T t
i I
RESET SYSTEM SYNCHRONIZED - [ [ b
I | | I
[N £ Y- I SR IR SN AU R M,
-12V NOMINAL ! | 1’_ ! T r ! !
| | | | | | | |
T : T2 : T3 o1 Ta g Ts o T { T 1 Tg |
_______________________ [ U NN B S b
- ': T LR ': ALRs T
(a) INFORMATION FROM L.P. TO H ! | CONDITION- ; COMPONENT
A.L.R'S. COMPONENT ! AL READS —
I

| COMPONENT
CONDITION- |
ALLY —
J DISCHARGES |
| "DaTA BUS

218



LP8000 = LP6000 = LP1030 = LP1010 = LP1000

Mnemonics Operation Cycles Comments
LAR Load Accumulator from Register 1 ‘These instructions are used to manipulate the
SAR Store Accumulator in Register 1 contents of the accumulator with one of the
DEC Decrement Register by one * 1 48 internal registers. They have a four bit
INTERNAL ADR BCD Add Accumulator with Register * 2 argument.and direct addressing is assumed
REGISTER BAD Binary Add Accumulator with Register 1 for 0-11 but indirect for 12, 13, and 14. For
INSTRUCTION AND Logical AND Accumulator with Register 1 indirect addressing the register address is
EOR Exclusive OR Accumulator with Register 1 held in S,T. Argument 12 gives register point-
*The results of these operations are stored in ed to by S & T; 13 gives the same then S is
the respective register. The result of all other decremented. 14 also addresses via S & T and
operations is stored in the accumulator. then S is incremented.
Lss Load S with Short (3-bit) Literal 1
LST Load T with Short (3-bit) Literal 1
REGISTERS SAT | Store Accumulator in Register T 1 |Lower order bits (1-3) of accumulator are
S&T copied in register T.
SST Store Accumulator in Registers S & T 1 Bits 21-3) of accumulator copied in register S,
bits (4-6) copied in register T.
LAL Load Accumulator with 8-bit Literal 2
LAS Load Accumulator with 4-bit Literal 1
ALL Logical AND, Accumulator with 8-bit Literal 2
ORL Logical OR, Accumulator with 8-bit Literal 2
EXTERNAL EOL Exclusive OR, Accumulator with 8-bit Literal 2
REFERENCE ALA Add Accumulator with 8-bit Literal 2
CmP Compare Accumulator with 8-bit Literal 2
INSTRUCTIONS LIX Load Accumulator Indirect Module X 4 The lower six bits of the X and Y registers are -
Ly Load Accumulator Indirect Module Y 4 used to address 256-bit modules of data and
SIX Store Accumulator Indirect Module X 3 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.
SAX Store Accumulator in Register X 1 Used in normal register operation and also
SAY - Store Accumulator in Register Y 1 for setting up module addresses for program
LAX Load Accumulator from Register X 1 and data manipulation.
LAY Load Accumulator from Register Y 1
SZX Store Accumulator in Z Register Module X 3 Used to set Q Counter or Z register of re-
SIMULATOR SZY Store Accumulator in Z Register Module Y 3 | quired module.
& ADDRESS sQx Store Accumulator in Q Counter Module X 3 The Y register points to the active program
CONTROL sQy Store Accumulator in Q Counter Module Y 3 module, the X register points to an alternative
REGISTERS module or a data space.
SAV Store Accumulator in Register V 1 These four instructions allow direct access to
SAW Store Accumulator in Register W 1 the internal registers which are masked by
LAV Load Accumulator in Register V 1 the operand code used for indirect address-
LAW Load Accumulator in Register W 1 ing i.e. 12,13,
CLA Clear Accumulator to Zeros 1
LSA Shift Accumulator Left 1-bit 1 Carry Flag set unconditionally
RSA Shift Accumulator Right 1-bit 1 Carry Flag cleared unconditionally
SHIFT LSN | Shift Accumulator Left 4-bits 1
RSN Shift Accumulator Right 4-bits 1
LAM Load Accumulator from Module Direct 2
INPUT/OUTPUT SAM Store Accumulator in Module Direct 3
INSTRUCTIONS LIM Load Accumulator from Module Indirect 4 Theindirect I/O operations use the X register
SIM Store Accumulator in Module Indirect 3 for module addressing. The SAX instruction
is used to set up the system for the indirect
mode.
JMP Jump Unconditional 3
Nz Jump if all Zeros 3/2 3 if true, 2 if false
JUMP JNZ Jump if not all zeros 3/2
WITHIN2K JIP Jump if sign bit positive 3/2
PAGE JRS Jump if Register S not equal to 3/2 |Usedto sequence through a ‘page’ of internal
seven registers.
JCs Jump if carry bit set 3/2
JCN Jump if carry bit not set 3/2
SUBROUTINE GOS | Go to Subroutine 3 Program counter automatically stored in
INSTRUCTIONS RET Return from Subroutine 2 memory chip stack.
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E LP8000 = LP6000 = LP1030 = LP1010 = LP1000

INTERNAL BLOCK DIAGRAM OF LP8000 CHIP
BIDIRECTIONAL
8 BIT DATA BUS
INSTRUCTION PRECHARGE & 4BIT
REGISTER LTEMPORARY STOREJ lOUTPUT DRIVERS lOUTPUT LATCH
T T 1
Y
[ PERIPHERAL BUS
1 1-4 INPUT ONLY
CIO —] 5-8 BIDIRECTIONAL
CDA —MICROPROGRAM
©QZ — CONTROL ROM WORKING REGIS
CRA 48X8 BIT
REGISTER STORE
T
ARITHMETIC LOGIC REG
FLAGS UNIT WITH )
|— DECIMAL CORRECT - 0 _
1
1 , ' 2
Aogsgss e, s R
. REG
R INTERNAL CLOCKS s
5 L
6 J _J-‘
7 1
/ / 0
vec | Ves | RESET
Vai CLOCK
LP1000 MEMORY INTERFACE CHIP LP1010 INPUT/OUTPUT BUFFER
1 LP8000 SYSTEM BUS
DAB
8
A '3
0B
CHIP
[[controL pecoping ENABLE
Vee
Vai Q COUNTER | 8 LATCHES I 8 LATCHES I L QEE:(:ETSS
18IS [ [
Vee — | I
STACK [TTTTT] [T
CONTROL
16 INPUT OUTPUT PINS
ADDRESS
SELECT —_ A REGISTER (Open Drain Configuration
TTL Compatible with Pull
Down Resistors)
POR
CLOCK —
B REGISTER
cio
CDA
cQz CONTROL
DECODER
CRA Z REGISTER
CHIP ___l——
ENABLE
l 11 BIT MEMORY ADDRESS
R/W MEMORY
ENABLE
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LP8000 = LP6000 = LP1030 = LP1010 = LP1000 E

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 LP8000 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 8000 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
8 lead DIP (LP 1030). Small production runs, or systems needing
extensive RAM memory can remain with LP 1000 and LP 1010.

Prototype System

To simplify hardware and software development and help speed
the users product design cycle time, a complete hardware pro-
totype development system is available to support the Series
8000 family. The GIC 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 1V 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 DEVELOPMENT SYSTEM/MODULES

0oo o000
0 0oo ooo
000
0 Ooo [m]

O 00O O

0000 ©000O
0000 oooo
0000 o0O0O0O
0o0oo oooa

oo ooo

[ [ [

Mcs8o00 1/08000 RM8000
MICRO INPUT

OMPUTER OUTPUT

MODULE MODULE

[ [ 1

PM8000 GP800O EX8000
GENERAL
PROM PURPOSE EXTENDER
MEMORY /0 CARD
MODULE MODULE
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rave RA-3-4256
RA-3-4256A

——— RA-3-4256B

1024 Bit Static Random Access Memories

FEATURES
m 256 x 4 Organization PIN CONFIGURATIONS
= Single +5 Volt Supply 24 LEAD DUAL IN LINE
® True TTL Compatability RA-3-4256/RA-3-4256A
m Static Operation—no clocks required Top View
= 500ns Access Time: RA-3-4256 Vsubstrate C]@1 24 P'Data Out 1
® 650ns Access Time: RA-3-4256A, RA-3-4256B8 pata in10] 2 23 [ Data Out 4
s Separate Data Input and Output Lines [oim K] 22 [iData in 4
s Low Power 5] 4 21 [ Vg (+6V)
® Three State Outputs—under control of Chip Select signals A0 s 20 [ A4
s Power Down State: RA-3-4256, RA-3-4256A A1g 6 18 0 AS
® Zener Protected Inputs A20 7 18 [ A8
Asf] s 17 [ A7
=K 16 B Voo (+5V)
anod 10 15 OPFD
DESCRIPTION Data in 2] 1 14 ODatain 3
The General Instrument RA-3-4256, RA-3-4256A and ‘Data Out 2[] 12 13 M Data Out 3
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- 22 LEAD DUAL IN LINE
nals, peripherals, microcomputers, and a wide variety of portable RA-3-4256B Top View
equipment. u
The RA-3-4256 and RA-3-4256A can also utilize a back bias V Substrate (] @1 22 [ pata Out 2
substrate and split supply for applications where a low standby ‘Data Out 3[J 2 211 pata in 2
power drain is required. These devices may be switched to Datain3[] 3 20 [ GND
the power down state under system control with no danger of AT 4 19 JRwW
memory storage errors. A6 s 18 [J A3
The RA-3-4256B's 22-pin package, which has a 0.4” width, per- A5 6 17 0A2
mits tight packing density on printing circuit cards. Al 7 16 [ A1
RA-3-4256 | RA-3-4256A|RA-3-42568 NC.O s 15 [ A0
. . . . Ve (+5V) Qo 14 [1CS
Package ) 24-pin 24-pin 22-pin Data In 40 10 13 5 Data in 1
No. of Chip Select Inputs 2 2 1 Data Out4 g 11 12 | bata out 1
Power Down Capability Yes Yes No
Max Access Time 500ns 650ns 650ns
BLOCK DIAGRAM L ]
DATA IN 4 weut Lo fiexis r [ 1| now | 1|61 am bed meur |O4TANY
o oo ] M | | || || e P,
o d>—— || [T
——oVpy (RA-3-4256/4256A only)
A
v s | | s —
Azo—Do——J : —oVsup
~——OGND
Aa‘*—l >>— Y L
DATA IN 3 -ie DATA IN 2
g P Sl | 1] 0w | S e g P
oATS OUT3 BUFFERS [€—]  PLANE : PLANE BUFFERS[TX-0 o

Po*

H | ]
FOR_ [Vop SUPPLIES POWER TO MEMORY

RA-3;4256 PLANES.

-30 Vcc SUPPLIES POWER TO ALL OTHER

Ra-3-42564 |Vec UFFLIES

Ag Ag Ag Ay R/w

|(RA-3-4256/4256A only)
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POWER DOWN OPERATION

The RA-3-4256 and RA-3-4256A bring out, to separate pins, the
circuit Substrate, the memory plane supply (Vop) and the pe-
ripheral circuit's power supply (Vcc). 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 (PD pin 15) isolates the memory from the
address decoders, so that incorrect data cannot be written into
the memory when Vcc is not within its specified limits. Even if Vpbp
is maintained by a battery, if Vcc falls in a manner such that the
R/W circuitry considers itself to be in a write mode for a short
interval of time, then false data will be written into the memory. To
prevent this from happening, PD is driven low by asignal (Power
Down In) that senses Vcc 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 Vcc falls, to
preserve a memory with a battery backup on Vpp.

To prevent miswriting a data word, the fall of the PD signal must
not intersect the R/W pulse. Otherwise, the write operation may
not be complete at a given address when PD falls. The fall of PD

Vee
4,75V
| |~
PDA |
!—Vm
—=] ‘-—IOOns MIN
L— — Vi
t
R/W
VI
t

Fig.1a POWER DOWN TIMING

™ TRICKLE CHARGE | SILICON
(75V)

RA-3-4256 = RA-3-4256A = RA-3-4256B E

during the R/W 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 PD from falling during a write
operation.

Battery backup for Vpp 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, Vpp would draw a
maximum current of 500 mA. The 2N3612 would have a maximum
collector emmiter voltage drop of .25 v dc at 500 mA base current.
During normal operation, if Vcc varied from 4.75 to 5.25 volts, Vop
would vary from 4.5 to 5.00 volts, which is within the operating
specification. Inthe power down mode, Vop 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 for Vpp because of the
silicon 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 Vcc = 0 and is not
drawing any current), Iop 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 (Vss=
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 mA) to 125 mW (5v X 25 mA).

POWER DOWN IN
= TO PD
R/W (TO PIN I5)

> (TO PIN 9)

Fig.1b POWER DOWN GATING

2N3612
O +5v
Vee
16 21
RA-3-4256,A

Fig.2 BATTERY STANDBY SCHEMATIC
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[BIf RA-3-4256 = RA-3-4256A = RA-3-4256B

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vce.: Voo and input voltages (with respect to GND) ....-0.3V to +8.0V

Storage Temperature ..........covvveiieeneeennnes
Operating Temperature .........c.coeuvieineeneneanns

Standard Conditions (unless otherwise noted)

-65°C to +150°C

0°C to +70°C

*Exceeding these ratings could cause
permanent damage. Functional operation of
these devices at these conditions is not
implied—operating ranges are specified

below.

Vee=+5V 6% (Vcc is the peripheral circuitry supply for the RA-3-4256/4256A

and the power supply for RA-3-4256B.)

Vop = +5V £10% (Voo is the memory call supply for the RA-3-4256/4256A.)

Vsubstare = GND

Operating Temperature (Ta) = 0°C to +70°C
Output Loading: One TTL Load, Crrorar = 100pF

Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS )
Input load current (all inputs) hn - — 10 uA Vin=0V t05.26V
Output leakage current ILon - — 10 A Vour=4.0V
Output leakage current lo — — -10 HA Vour=0.4V
Input lowvoltage Vio — — 0.65 v
Input high voltage Viu 2.2 - — Vv
Output low voltage VoL — — 0.40 \ lot=1.6mA
Output high voltage Vou 24 — — Vv lon=100pA
Input capacitance (all inputs) Cin —_ 5 — pF f=1MHz
Output 'capacitance (all
outputs) Cour — 10 — pF f=1MHz
Total Power Supply Current lop & lcc — 60 100 mA RA-3-4256, RA-3-4256A
Power Supply Current lec — 30 50 mA RA-3-4256, RA-3-4256A
Power Supply Current Ipp -_ 30 50 mA RA-3-4256, RA-3-4256A
Power Supply Current lec — 60 100 mA RA-3-4256B
AC CHARACTERISTICS
Access Time RA-3-4256 Tacc — —_ 500 ns
Cycle Time RA-3-4256 Tevere 500 — — ns
Access Time RA-3-4256A Tace — — 650 ns See Timing Diagrams
Cycle Time RA-3-4256A Tevere 650 - —_ ns
Access Time RA-3-4256B Tacc — — 650 ns
Cycle Time RA-3-4256B Tevcre 650 — — ns
POWER DOWN DC CHARACTERISTICS (RA-3-4256 & RA-3-4256A ONLY):
Power Down Sink Current lep — - 100 kA Vep=0.4V
Memory hold voltage Vbp 3.76 — 7.0 v Vec=0
Substrate Power Supply Vss -5 —_ 0 Vv -5V inPower Down Mode only
Substrate Power Supply
Current Iss —_ 20 100 uA Vss=—5V,Vcc=0
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAMS
- l“"_'_:vm
s Y \
N . v L___'Vn.
ADDRESS - /r——_—j\r T ] 100ns M::VCLE
N __ A S _
tevee s v
o 100ns MAX *
cs \f 1,250ns tyy 200nS MIN.
Vi _ Vi
R/W
tace Vo
[T fota
DATA / 20
OUTPUTS /‘- (X1 =
___________________ 7 DATA ™
INPUTS \
L o= ZVIL

READ ACCESS

WRITE CYCLE
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RA-3-4256 = RA-3-4256A ® RA-3-4256B E

TYPICAL CHARACTERISTIC CURVES

T,® +25°C T 225°C (RA-3-4256 + RA-3-42564)
24— Ve +5v — 24 Voo s +8Y
1
a0
o ,/
. A _ 2 %
: / z £
-~ 1 -
. pd * \ s (Y
w 3 £ 20 ~
[ —
6 [ ——
i .
: i '
o 1 2 3 4 o 1 2 3 4 o =1 - -3 -4 -
Vou (voOLTS) Vou (VOLTS) Vss (VOLTS)
TYPICAL OUTPUT SINK CURRENT TYPICAL OUTPUT SOURCE CURRENT TYPICAL Ipp VS. Vss
VS. OUTPUT VOLTAGE VS. OUTPUT VOLTAGE (for memory hold during power down)
225°C . —
T ] [Tta [ [T enesss
Vpp* 4.5V | TTL LOAD +I100pF
80 700 }— ! TTL LOAD +C 600 i i
Toc +1pp (RA-3-4256 +RA-3-42864) 1 |/~ SPEC umMm
o sof To (RA-3-4256A s 500
“E ccl | e /
1 8 P —1
=~ a0 = 500 400
L Ipo (RA-3-4256 +RA-3-4256A ONLY) ( T rveicar
SLOPE =5 25ns/100pF
20 400 300
7 =
o 25 50 75 100 100 500 1000 0 25 50 ke
c SheaniEn C (pF) °c
LOADING
TYPICAL POWER SUPPLY CURRENT
T ical) VS. CAPACITIVE LOADING Tacc VS. TEMPERATURE
VS. TEMPERATURE acc (Typleal) Ace
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RA-3-4200

4096 Bit Static Random Access Memory

FEATURES
® 4096x1 Organization PIN CONFIGURATION
® Static Memory-no refresh required 22 LEAD DUAL IN LINE
® TTL Compatible Inputs (except CS)
8 TTL Compatible Output
® Wire-Or'able Output-under control of a ‘Chip Select’ input Top View
® High Speed: 215ns access time, 400ns cycle time A\
= Low Power: typically 450mW operating, 35mW standby Va8 @1 22 FIGND
® Pin and Voltage Compatible with Popular 22 pin 4K Q2 21 {148
Dynamic RAMs Aw0Qg 3 20 Qa7
ANl 4 19 [JA6
NC.(0 s 18 [JVpp (+12V)
DESCRIPTION Data In(] 6 17 [ Chip Sel
Data Out [ 7 16 [IN.C.
The General Instrument RA-3-4200 is a 4096 bit static Random Ao 8 15 [J A5
Access Memory ideally suited for memory system applications A e 14 (A4
where there is an advantage in utilizing a static memory without a20] 10 13DA3
sacrificing the high speeds that current dynamic memories offer. Vagesuig] 1 12 DRw
The RA-3-4200 is fabricated in GI's advanced GIANT Il N-chan-
nel lon 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
operation for the EM&M/SEMI 4200.
BLOCK DIAGRAM
Ao — X X € VDD(+12V)
! | Aooress ROW MEMORY
|| BUFFERS DECODER MATRIX A —L
Ag —L—) e VSX(-5V)

|———vn; (+5V)
RIW —————
::j MODE | ouTPUT
ol LOGIC L’[ PRE SENSE BUFFER 56

v
COLUMN
l DECODER

Y
ADDRESS
BUFFERS
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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 A, through A; for the
rows (see Block Diagram) and the Y address Ag 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
Ry, Ry, Q2D and Q4D with two access devices Q1D and Q3D (See
Figure 1). The load resistors Ry and R, are 60 megohms typical
and connect to the Vi, supply. Q1D and Q3D 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 circuitand the
selected cell assumes the state of the sense lines.

oo [E]
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 logiclevel addresses,
R/W, and data input into “D” 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 ata
fan-out of 1. Output data is inverted with respect to the input data.

Voo

R2 3

SR
1 60 MY

60 M

AA
vy

X ACCESS

v

Q1D Q3D

Q20 l I Q4D

SENSE LINE A

SENSE LINE B

Fig.1 MEMORY CELL

7406
7407
7416
7417
7426

Fig.2 TYPICAL CHIP SELECT DRIVER

1.3K
ouTPUT
UNDER
TEST
IN3064
DIODES

Cs =
4200
*Capacitive loading to simulate effect of

seven additional outputs plus one TTL input.

Fig.3OUTPUT 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 Vpp = 4V.

Input Circuits — R/W Select, Data In and Address 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 inputdoes
not put any DC loading on the TTL driver.

Read/Write Mode Select
To WRITE, the B/W Input should be high prior to Chip Select. To

READ, the R/W Input should be low prior to Chip Select. When
Chip Select goes low, 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 goes low, R/W is
latched into a register.

Address

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)

Rating Sym | Vaiue [ Uni | s devce conaine sty to proect the inouts againt
Vop -5to+15 Vdc advised that normal precautions be taken to avoid application of
Supply Voltages VRe +5t0+7 vdc iar;\“;,»e‘ﬂ::g:c:"g:iir than maximum rated voltages to this high
Vsx +5to—7 Vdc NOTE 1: Permanent device damage may occur if ABSOLUTE
Input & Output Voltages ol be restrictod 1o REGOVMENDED OPERATING GONDI
(Except Chip Select) Vi, Vo Vsx to +15 Vde TIONS. Exposure to higher than recommended or maximum
Chip Select Input Voltage Ves Vex to +15 Vdc ‘rlgl'it:gileity -for extended periods of time could affect device
Power Dissipation Po 1.6 (Note2) | W NOTE 2: At 25°C ambient Derate 13.5m W/°C.
Operating Ambient Temperature Range| Tawms 0to+70 °C
Storage Temperature Range —_ -65t0+150 | °C
RECOMMENDED OPERATING CONDITIONS Taus =0°C to 70°C
Parameter Sym Min Nom Max Unit
Supply Voltage Vop 1.4 12.0 12.6 Vdc
Output Reference Voltage Vre 4.75 5.0 5.25 Vde
Substrate Voltage Vsx —4.5 -5 -5.5 Vdc
Input High Level Viu 3 — 5.25 Vdc
Input Low Level Vi 0 — 0.8 Vdc
Chip SelectHigh Level Ven Vpp—3 Vo Vpp+3 Vdc
Chip SelectLow Level Ver 0 - 0.5 Vdc
DC ELECTRICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range Unless Otherwise Noted)
Characteristics Sym Min Typ Max Unit Conditions
Input Current [ 0 +10 +100 | wA Vin=0.5V or5.0V
Chip Select Input Current lcs — +10 +100 HA ves=0.5V or 12V
Output“Low” Voltage Vo. — 03 0.5 Vdc lo=2.0mAFig.5
Output“High” Voltage Vou 27 35 Vre Vdc lo=500 pAFig.5
Output Current (Unselected) Ino — — -50 pA VoL=2.7V,Vcs+12V
Supply Current (Selected and
Averaged over one cycle) Iop — 36 50 mA Vpp+12V
CSW=215nsec Vre=+5V
TC=400nsec Vsx=—5V
ForOther Conditions, See Fig.3 Tamp=+25°C
Supply Current (Unselected) Tame=+25°C | lbou — 2 5 mA Vop=+12V
Supply Current (Unselected) Tams=+70°C| Ioou — 4.5 15 mA Vrp=+5V
Substrate Current Isx - 2.2 -3 mA Vsx=—5V
Reference Supply Current Irp —_ 50 100 BA Ves=+12V
Standby Current at Reduced Voltages
Tams=+25°C| lobs - 08 2 mA Ves=4Vto 15V
Vop=4V
Standby Current at Reduced Voltages Vsx=-5V£10%
Tame=+70°C| lpps - 18 6 mA Vre=0V
AC ELECTRICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range Unless Otherwise Noted)
Characteristics Sym Min Typ Max Unit Fig
Chip Select Read Pulse Width Tesr 215ns — 1ms — 1
Chip Select Write Pulse Width Tesw 215ns — ims — 2
Chip SelectRise and Fal! Time Ter, Ter — 10 50 ns 1&2
SetUp Time Tp 0 — ns 182
Access Time Ta — — 215 ns 1
Cycle Time, Tcr Ter= 10ns (Read or Write) Tc 400 — — ns 1&2
DataHold Time Tu 100 — - ns 1&2
OutputRecovery Time Tor 10 15 — ns 1
Read Recovery Time Terr 150 — — ns 1
Write Recovery Time Tewr 150 —_ - ns 2
CAPACITANCE (Over Full Temperature Range and Worst Case Voltage Conditions)
Characteristics Sym Min Typ Max Unit Conditions
Input Capacitance (Except Chip Select) Cin — 6 - pF Vin=24V
Input Capacitance Chip Select Cocs - 20 — pF Ves=12VoroV
Ouptut Capacitance Co - 8 — pF Vo=2V
Ves=12V
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TIMING DIAGRAMS

DATA av
—_ 3v
w STABLE DON'T GARE AW DON'T CARE
BV By —em DATA STABLE
~ v fu ov v
OATA DON'T CARE iy !
Av-AT s STABLE tav o ks oy STABLE ov DON'T GARE
1 _.I R p—— —e] | TCR oy
. A0-AT1 N SonERe o DON'T CARE
0% /C— 10% 10% i kad

a— sV sV RN b — 0
cs TP~ fg— TH
Tc 1 ToSW
TCF f— TA - TOR _‘0% : 10% 10%
— 5V sV v
ol DATA cs
o INVALID 15V DATA VALID 1.5V TeR TCWR
. TCF —gei
1
READ CYCLE WRITE CYCLE

TYPICAL CHARACTERISTIC CURVE

OPERATING I AS A FUNCTION OF CYCLE TIME

Tesr = Tosw = 215 Nt
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\ Tesh = Tosw = 500 NS CHIP SELECT = 12V

L Vop = 12V
= Tesw = 1000 N: Vsx = -5V

Tcsa
\ VRf = 25°C
N\ \ TEMP = 25°C
Vre =6V
ALTERNATE DATA
ALTERNATE READ/WRITE
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>
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. AN
NN N
~
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2 .\\
N~ \‘:=~
ey
0
2 3 4 5 6 8 1 2 3 4 5 6 8 10

CYCLE TIME (uSEC)

OPERATING Ip, AS A FUNCTION OF CYCLE TIME
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RA-3-4402

4096 Bit Static Random Access Memory

FEATURES
. 40961 O izati PIN CONFIGURTION
rganization
m 'Static Memory-no refresh required 22 LEAD DUAL IN LINE
® TTL Compatible Inputs (except CS)
m Differential Output-two compiementary Data Output signals
are provided. Top View
m Wire-Or'able Outputs-under control of a ‘Chip Select’ input. A\
® High Speed: 200ns access time, 350ns cycle time. Vax(sVIG @1 22 PIGND
m Low Power: typically 400mwW Ao} 2 21 0As
A10] 3 20 A7
An] 4 19 A6
DESCRIPTION N‘C.E 5 18 FVoo (+12V)
. Data In(] 6 17 [JChip Sel
The General Instrument RA-3-4402 is a 4,096 bit static Random Data OutQy 7 16 [ Data Out
Access Memory ideally suited for memory system applications Ao 8 15 [1A5
where there is an advantage in utilizing a static memory without Alld o 14 A4
sacrificing the high speeds that current dynamic memories offer. A2(] 10 13 [JA3
The RA-3-4402 is fabricated in GI's advanced GIANT Il N-chan- NC[] 1 12 [JRwW
nel lon 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-3-4402 is a direct replacement in pin connection and
operation for the EM&M/SEMI 4402.
BLOCK DIAGRAM
Ao —>1 2V
|| ADDRESS ROW MEMORY 6ND
| | BUFFERS DECODER MATRIX | ———
Ag 13| <« -5V
Riw Mooe H PRE SENSE L:j TRAON%mg_EION [:: vo
DATA GATE b}
[ COLUMN '
DECODER

ADDRESS
BUFFERS

Ag —

i
Ay —
cs
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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 A0 through A5 for the
rows (see Block Diagram) and the Y address As through A11 for
the columns. Each column contains a presense amplifier, the
outputs of which.are “OR-ed” and connected to the output stage.
Each bit or memory cell is a standard flip flop consisting of R1, R2
Q2D, and Q4D with two access devices Q1D and Q3D (See Figure
1). The load resistors R1 and R2 are 60 megohms. typical and
connect to the Vpp supply. Q1D and Q3D are used to connect the
cell to the sense lines whenever the X access line is high. In the
read mode the cell will pull one of the sense lines low from its
normally high state. The selected presense circuit will detect the
differential voltage on the sense lines and amplify it. In the write
mode one sense line is forced low by the presense circuitand the
selected cell assumes the state of the sense lines.

Voo

2RI R2 :%
X ACCESS 1 60M 60M

v

SENSE LINE A SENSE LINE 8

Fig.1 MEMORY CELL

Chip Select

The chip select controls the operation of the memory. When the
chip select is low 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
goes high the memory is enabled. The Chip Select pulse clocks
the TTL logic level addresses, R/W, and data input into “D” type
flip flops and enables the output stage.

RA-3-4402 E

Data Output

One of the two outputs will source current (DO for data originally
input at Viu, DO for data originally input as V). With the output
load as shown in Figure 2, the voltage at the output sourcing
current (Vou) will approach a value between 0.35V and 2V (typ-
ically 1V) above ground. The voitage at the other output (Vo.) will
be below 100 mV. A differential amplifier is used to detect the
polarity of the signal. A differential output of 25mV (Vour) or more
is considered a valid output.

oo V out DO

50 PF 50 PF
470 I I_ 470
Ohm =

= Ohm

Fig.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 Vpp = 4V. At Vpp = 4V,
the typical power dissipated is 1uw/bit.

Input Circuits — R/W Select, Data In and Address Input

The input signal is latched by Chip Select and can change after
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/Write Mode Select

To WRITE, the R/W 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, Datalnis
latched into a register.

Address
Addresses should be stable prior to Chip Select. When Chip
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 GNE?)

Rating Sym Value Unit
This device coqtains circuitry to protect lpe inputs agaip;t
Supply Voltages S TR I e A e S e
Vsx +05t0+7 | Vdc any voltage higher than maximum rated voltages to this high
Input & Output Voltages (except Chip Select) [ V,,Vy, | Vsxto+15 Vdc impedance circuit.
Chip Select Input Voltage Ves Vsxto+15 | Vdc m;lbup;:"a?-?mé’sev':; damage may occur if ABSOLUTE
Power Dissipation Po 1.6 (Note2) w should be restricted to RECOMMEND OPERATING CONDI-
~ - TIONS. Exposure to higher than recommended or maximum
Operating Ambient Temperature Range Tams 0to+70 °C voltages for extended periods of time could affect device
Storage Temperature Range Tstic | —65to+150 | °C | refiability. _
Note 2: At +25°C ambient, Derate 13.5m W/°C.
RECOMMENDED OPERATING CONDITIONS T.=0°C to +70°C
Parameter Sym Min Nom Max Unit
Vop 11.4 12 12.6 \'
Supply Voltages Ve vy pr= r v
Logic Levels:
InputHigh Voltage (except Chip Select) Viu 3 — 5.25 Vv
Input Low Voltage (except Chip Select Vi 0 — 0.7 \'
Chip Select High Voltage Vcu Vbp Vopt1V Vopt+2V )
Chip Select Low Voltage Veu 0 — 1 \
DC ELECTRICAL CHARACTERISTICS (Full Operating voltage & temperature range unless otherwise noted)
Characteristics Sym Min Typ Max Unit
Input Current (except Chip Select) Viu = 5.0V (Ves = Ven) s — 5 25 1A
Vi =0.5V (Ves = Ven) [T — -5 —25 kA
Unselected Input Current (Ves = VL) V =2.4V hy — 5 25 pA
Chip Select High Input Current, DC (Vcs = 12V) Icu — 30 40 mA
Chip Select High Input Current, (Pulse Peak)
Ves=12V  Ter = 25ns lcp — 70 —_ mA
Chip Select Low Input Current (Vcs = 1V) lcL — 2 3 ma
Supply Current, (Tams = 25°C, Voo, Vsx | Unselected Ippu 25°C — 1 5 mA
= nominal; all VI = max Vi.: DO, DO (Chip Select=0V) Ippu 70°C — 3 15 mA
terminated as shown in Figure 2) Isxu — —2 -3 mA
Selected
Chip Select = 12V, L = LI, mA
50% duty cycle
Standby Current at Reduced Voltages 25°C lops — 5 1.8 mA
Vpp = 4V, Vsx = 3V, Vs = 0V 70° Ipps —_ 15 53 mA
Substrate Current at Reduced Voltage 25°C Vcs=0
VSX=-3 Isxs — -1 -1.5 mA
Output Low Voltage Terminated per|Figure 2 Tcsy = 1usec Vo. — [¢] 1 v
Output High Voltage Terminated per Figure 2 Tcsw = 1usec Vou .35 1 2 Vi
Output Disabled Current Ve = 0V, Vou = 2V Ipo +10 — -10 HA
AC ELECTRICAL CHARACTERISTICS (Full Operating Voltage and Temperature Range Unless Otherwise Noted)
Characteristics Sym Min Typ Max Unit
Chip Select Read Pulse Width Tesr 200 — o ns
Chip Select Read Recovery Time Tcrr 125 — oo ns
Chip Select Write Pulse Width Tesw 200 — o ns
Chip Select Write Recovery Time Tcwr 125 — o ns
Chip SelectRise Time Ter — 10 50 ns
Chip SelectFall Time Tcr — 10 50 ns
SetUp Time Te 10 — — ns
Hold Time (Address and Data) Tu 50 — - ns
AccessTime (Tcr = 10ns) Ta — — 200 ns
Cycle Time (Read or Write, Tck = 10ns, Tcr=10ns| Te 350 — — ns
DataRecovery Tor 10 15 — ns
CAPACITANCE (Over Full Temperature Range and Worst Case Voltage Conditions)
Characteristics Sym Min Typ Max Unit
Input Capacitance (except Chip Select)
Vi=24V,Ves=12V Ci — 6 — pF
Chip Select Input Capacitance Ccs — 50 — pF
Output Capacitance (Vo=2.0V.Vcs=0) Co — 5 - pF
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TIMING DIAGRAMS

oATA
- STABLE DONT CARE 3ov
v :
aw / OATA STABLE \ OONT CARE
3ov
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™

[ Ly — .I
| —
Aoa ooNT cane

TcR —f
R

ea e fo—m - _—
- o~
cs 0% — — o 1o
e
Tosw
POLARITY Voo 15 POSITIVE \ b rown

FOR DATA ORIGINALLY INPUT AS

30v.
DATA STABLE
cs v

outeut LoAD
N AS SHOWN IN FIGURE 2

TYPICAL CHARACTERISTIC CURVES

20 4
CONDITIONS l | CONDITIONS
s p—1 1
I ALL INPUTS LOW
150} ALL INPUTS LOW 3| CHIP SELECT = 0VOLTS :
“7| CHIP SELECT = 0 VOLTS SUBSTRATE VOLTAGE = -5 VOLTS

- TEMPERATURE = 25°C a STD OUTPUT TERMINATION
8 15| STD OUTPUT TERMINATION 8 | |
a Vgx = -5 o TA=70°C
2 10 hada @ 2 I /]
§ N 1 7
2 Vox = -2 /. 2 TA = 50°C /
S o H |
& Vsx = -3 g - 250
<] Taz2C | A
z | z 2N

050 ! r 1”7 -

[CVsx=7 L
025 + <
l l MTa =0°c
c o
0 2 4 6 8 10 12 14 o 4 6 8 10 12 14
Voo Voo
Ipp VS. Vpp AT VARIABLE Vgx Ipp VS. Vpp AT VARIABLE TEMPERATURE
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ﬁ ER1105

1024 Bit Electrically Alterable Read Only Memory

FEATURES

[} “256 x 4 Organization

[] 'S-Bit Binary Column Address
= One of 8 Line Row Address

m Electrically Erasable by Row

m Electrically Reprogrammable
= 10 ms/4-Bit Word Write Time

PIN CONFIGURATION
24 LEAD DUAL IN LINE

® 2 us Access Time Top View
# :Minimum Data Retention: 200x10° Vss (+12V) cl@1 24 ) pata 104
Read Accesses/Word between Refresh Datal/010 2 23 J Datal/O3
® Chip Select Input Datal/02 ] 3 22 [3 write )
» Unpowered Nonvolatile Data Storage—10 Years T4 21 B Clock 2(¢3)
Ne s 20 [1 Clock 1(¢1)
Voo (-12v) O 6 19 O RS
DESCRIPTION R 18 b e
R20 8 17 O R7
The ER1105 is a 256-word by 4-bit, electrically erasable and R3] 9 16 [J R8
reprogrammable ROM that takes advantage of the unique pro- R4 O] 10 150 A4
perties of P-channel MNOS technology. Data is written into the A Qgn 140 A3
device by tunneling a charge into the oxide-nitride interface at A Q12 1B A2
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 voitage 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 wordsx4
bits, each block being separately aiterable.
BLOCK DIAGRAM Write
ROW ADDRESS
INPUT
rre 256 MNOS Storage Cell Qutput
Selocted orage s 11 Driver O
O~
i I
o Output
256 MNOS Storage Celis —-ﬂ Driver O
Di
aa 1 1 Inl:)t:!
t— 4Bi
. . Para’l“m
256 MNOS Storage Cells L Quiput { oo
-
1 I —
1 Output
256 MNOS Storage Cells —=1 Driver O
L]
10f 32
Selected
— Co
T o Diccdecieuns
Column Address
Binary Input
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ELECTRICAL CHARACTERISTICS

ER1105 -

Maximum Ratings*
Supply voltage (Vpp) relativetoVss. . . . . . . . . .. +0.3 to -30V
Input voltage (except row input) relativeto Vss . . . . . +0.3V to -30V
Row input voltage relativetoVss . . . . . . . ... .. +35V to -35V *Exceeding these ratings could cause
Operating ambient temperature . . . . . . . . . . . -25°C to +70°C permanent damage. Functional operation of
Storage temperature. . . . . . . . . ... ... -65°C to +150°C this device at these conditions is not
Soldering temperature of leads (10seconds) . . . . . . . . . +300°C implied—operating ranges are specifed
Thermal resistance chiptoambient . . . . . . . . . .. 80° C/Watt below.
Powerdissipation . . . . . ... ............. 500 mW
Standard Conditions (unless otherwise noted)
NOTE: This data sheet assumes negative logic.
Vss = +12V+5%
Vpp = -12V+5%
Operating Temperature (Ta) = -25°C to +70°C
Characteristic Symbol Min. Typ** Max Units Conditions
DC CHARACTERISTICS
Input leakage current (all i
Inputs except row inputs) Iin —_ — -1 uA at Viy=-15V, all other pins
igrounded, Ta=+25°C
Row input leakage current Ir — —_ -1 MA at Vin=£30V, all other pins
grounded, Ta=+25°C
Input load current (all Inputs
except row inputs) Is — - -20 pA at Vin=-27V, all other pins
grounded, To=+25°C
Vpp power supply current Ipp — -9 -12 mA at Vop relative to
Vss=-24V,T,=+25°C
&1/ és input high voltage Ving Vss—1.5 — Vss+0.3 \"
&1/ ¢s input low voitage Vi Vop — Vss—22 \"
Read Cycle
Column address and chip select
input high voltage Vin Vss—1.5 — Vss+0.3 \'
Column address and chip select
input low voitage Vi Vbp — Vss—9.0 v
Row input high voltage Vinz Vss—1.5 —_ Vsst0.3 v
Row input low voltage Vi Vss—13.0 —_ Vss—10.0 \
Data output high voltage Voui Vss—1.0 — Vss—0.5 v RLoap=6.8K returned to Voo
Data output low voltage Vori Vbp — — Y] RLoap=6.8K returned to Voo
Erase Cycle ’
Row input high erase voltage Vine Vsst28 - Vsst32 v
Write Cycle
Col. add., CS, and write
input high voltage Vius Vss—1.6 — Vsst+0.3 Vv
Col. add., CS, and write
input low voltage Vi Vobp — Vss—9.0 \
Row input high write voltage Vine Vss—1.5 — Vsst0.3 Vv
Row input low write voltage ViLe Vss—26 — Vss—22 \
Data in high voltage Vins Vss—1.5 — Vss+0.3 \
Data in low voltage Vs Voo — Vss—22 \

**Typical values are at +25°C and nominal voltages.
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E ER1105

ELECTRICAL CHARACTERISTICS

Characteristic Symbol Min Typ** Max Units Conditions
AC CHARACTERISTICS
Read Cycle
Access time ta - — 20 us RLoap=6.8K to Vpp CLoap=20pf.
Cycle time tc 35 — — us
¢ pulse width to 0.5 — — us Rise and fall times <100 ns
@3 pulse width tos 0.5 — — 1S Rise and fall times <100 ns
Column address change to row
input rise delay to1 0.7 — — us
¢ fall to row input rise delay to2 0.0 — — us
Row input rise to ¢; rise delay tos 0.3 — — us
s rise to data output delay toa — 0.4 us RLoap=6.8K t0 Vpp, CLoap=20pf.
Row input fall to ¢ rise delay tos 0.0 — —_ us
@s fall to ¢ rise delay tos 0.0 —_ —_ us
Row input fall to column
address and/or CS change
delay to7 0.0 —_ —_ us
@1, chip select, and column
address overlap toL: 0.2 — — us
@¢; and row input overlap torz 0.2 — — pus
Row input pulse rise time trr 0.5 — — s
Number of read accesses/word
subsequent to data being
written Nr 200x 10° - —
Erase Cycle
Row input erase pulse width te 100 — — ms
Write Cycle
&1 pulse width té 0.5 - — us
Row input write pulse width tw 5 10 15 ms
¢ fall to row input write
pulse rise delay tos 0.0 — — us
Column address change to row
input write pulse rise delay toe 0.7 — — uS
Data input change to row input
write pulse rise delay toio 0.0 - - us
Row input write pulse fall to
@ rise delay ton 0.0 — -— uSs
¢ and write input overlap toLs 0.2 — — us
Number of times word may
be rewritten Nw — — 1x10°
Capacitance
Row input capacitance Cr 32 37 42 pf
Column address capacitance Cc — 5 7 pf
Write input capacitance Cw — 3 7 pf Vin=Vss Volts
& capacitance Co — 3 7 pf f=1 MHz
¢ capacitance Ces — 2 7 pf All other pins grounded (Vss)
Data In/Out capacitance Cop - 4 7 pf
Chip Select capacitance Cs — 5 7 pf

**Typical values are at +25° C and nominal voltages.
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TIMING DIAGRAMS
. | |
Ja——Erase | Write 1" ' Write 0" |
vi
Write " | & r——-J'OLs : \\
ViLa | - + V.
Vu-n—'——M——*— V /_)\_\
(CAO‘:U:“;‘A)“"S I [ N . i,
viis | | Vv - Vi i Condition.
Vit | 109 o9 ¥, | -
. I I\\ariaae ot 4 | D
| | D8 —= D8 — Indeterminate
Vi | | - on Condition
| -
Vive | I | o1 | |
N : |
Row Input Vi
(R R He | | | w i w "|
Vi | | | |
10 w©10
paatoue M8} 14 : : H v T
(Data input) l
ViLs | | ¥ |
‘o—-— Erase ——e| |- Write “1" -} Write “0" I

Note: Chip Select and ¢3 at ViH for Entire Erase and Write Cycles”

Fig.1 ERASE AND WRITE CYCLE

Chip Select VIHLW—_ \\ \\\\\\\\\\
D1
Vit i lou—.{ 7
Column Address V!H1 ) \
Vi = — e
N ViHg Iw__ / >
Vie I l Dl nn 0
| ViHz l : N
o I NI
viL2 | [ 06
ViHg | il niny] l
o I e/
ViLe |
—

Vi l D4
Data In/Out OH1
(Data Output) I
(T P S g

T
b3

Fig.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 desired.

Erase Circuit

33,380
K 4400
3K g Write

Volts.
SK: Voltages Input o
Shown
Assume
Vgg = +12v
WRITE CIRCUIT d s
-13v

*n = # of 11065 Driven

Erase 0,
110,
10,
Write - - - 10,
Row Drivers [ T I T
E f | E ] —]
3 11 b [ -
= E s g
« O — ] ] ]
> N ] N
A - - -
:;o————————— ER1105  }— ER1105 |} ER1105 - ER1105
o— ] ] —]
. CE—— —] - -
A0——— —] ] —]
L S — ] - -
[} S — 4 L] 4
s S — 4 -— 1
7.1~ S - - ]
vss 00— H— = —1
s ] [+ =
Fig.4 1024 WORD X 4 BIT MEMORY
BV +2v
=] Q
*Inputs
Driven
By TTL msoz;
3K
f
SN7416 3
LY
Erase
:Iolu log
nput
Row
. 1N902, [~ (R, A}
R
e T4 3 660pf
3 ik it
3K e60pf n 1N902 ""lv"l"; ~
. [ 3 -0 Yo x
Write O— Wy N Outeut

ROW DRIVER CIRCUIT

Fig.5 SUGGESTED ROW, ERASE AND WRITE CIRCUITS
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ER1400

1400 Bit Electrically Alterable Read Only Memory

FEATURES

& 100 Word x 14 bit organization

s 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.

PIN CONFIGURATION
8 LEAD TO-8

Bottom View

Addressing is by two consecutive one-of-ten codes. ; 3"‘8 o 5. Clock
VM 6. C1
Mode selection is by a 3 bit code applied to C1, C2 and C3. 3. Vgg 7. C2
Data is stored by internal negative writing pulses that selectively “Vaa 8.c3
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 H
— — DATA
o /4]
E ] BUFFER ;9
N MEMORY
s “ARRAY
A DATA FLOW
|:D> 100x14
READ
R MODE K—;
o WRITE DECODE ———c>
A ERASE LoGic  ———c,
D
R
E
s
S DECODE

UNITS ADDRESS

10 BITS

CLOCK CLOCK
GEN. P—
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PIN FUNCTIONS

Pin No. Name Function

1 Data 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.

2 Vu Used for testing purposes only. Should be left unconnected
for normal operation.

3 Vss Chip substrate. Normally connected to ground.

4 Vao DC supply. Normally connected to -35 volt supply.

5 Clock 14KHZ timing reference.

6,78 C1,C2, C3 Mode control pins. Their operation is as follows:

c1 c3 Function

0 0 Standby - contents of Address and Data
Register remains unchanged. Output buffer
is left floating.

0 1 Accept Address - Data presented at the I/0
pin is shifted into the Address Register with
each clock pulse.

1 0 Read - The address word is read from
memory into the data register.

1 1 Shift Data Out - The output driver is enabled
and the contents of the Data Register are
shifted out one bit with each clock pulse.

0 0 Erase - The word stored at the addressed
location is erased to all zeros.

1 1 Accept Data - The data register accepts serial
data presented at the I/O pin. The Address
Register remains unchanged.

1 0 Write - The word contained in the Data
Register is written into the location
designated by the Address Register.

0 1 Not Used

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs and outputs
(except Vg ) with respectto Vss
VG With rESPECHIO Viss v vevvvneneeeee e e e,

*Exceeding these ratings could cause
permanent damage. Functional operation of

Storage temperature (No DataRetention) ... .. -65°Cto+150°C this device at these conditions is not
Storage temperature (with Data Retention) implied—operating ranges are specified
OPErAtING . o't ee et -25°10+75°C below.
Unpowered ........c.ooviiiiiiniininnenne. -65°Cto +80°C

Standard Conditions (unless otherwise noted)

Vss = GND

Vge= -35V

Operating Temperature (Ta) = 0°C to +70°C
Characteristics Symbol Min Typ** Max Units
DC CHARACTERISTIC
Input logic *1” VIL Vss-15.0 — Vss-8 Volts
Input logic “0” VIH Vss-1.0 - Vss+0.3 Volts
Output logic “1” VOL — — Vss-12.0 Volts
(1 meg, 100 pf load)
Output logic “0” VOH Vss-1.0 — Vs +0.3 Volts
Power — — 300 mw
AC CHARACTERISTIC
Clock Frequency fo 11.2 14.0 16.8 KHz
Write time tw 16.0 20.0 240 ms
Erase te 16.0 20.0 24.0 ms
Rise, fall time tr, tf — — 10 pMs
Propagation delay tpw — — 20.0 Hs

**Typical values are at +25°C and nominal voltages.
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TIMING DIAGRAMS

aaipNpipinininlnlnlnln:
1
C1 ~/ 0
1

c2 0
— e
c3 0
— , It

A f 0
L a |

&-————20 CLOCK PERIODS —-{

Fla-1 ACCEPT ADDRESS dnipipipipipfpEpininlin:
1
C1 _l_l 0
1
c2 A 0
;
Cc3 v 0
1
aaipEpipipipbplpipiply Fio2 READ
“/ I~
c2 o
c3 J._..
DATA T - 7
©oun ! 7 T
> e tow tpw ——: Je—
! !
:1———————— 20 CLOCK PERIODS ————P:
Fla:3 SHIFT DATA OUT dpipipipipipFpipipEpin
1
[e3] s 0
1
Cc2 0
] S I
C3 -7/ 0
F———— 1000 +200 CLOCK PEnloos———l 1
P UL LU rlod ERASE
1
(03] _—l 0
. T
c2 ]
1 , [,
C3 = 0
- I
DATA " 7

\
— l‘— 25ps max. 25ps max. —D‘ -

[¢————————— 14 CLOCK PERIODS —————————

Flg-5 ACCEPT DATA SalipiplgligipPalinlnlnl
1

C1 0

— , Ing

0

o — l e
c3 A

/ 0
la————— 1000 £200 CLOCK PERIODS———»{ 1

Fig.6 WRITE
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ER2050

512 Bit Electrically Alterable Read Only Memory

FEATURES

® 32x16 Organization
® 5-Bit Addressing

PIN CONFIGURATION
28 LEAD DUAL IN LINE

® TTL Compatible Top View
m Chip Select picfer ~ 2shpo
m Word Alterable p2d 2 27pcs
® 10 Year Unpowered Data Storage 033 26 D c2
® 6 Microseconds Typical Access Time g;g : = gm
® Write/Erase Time 100ms/word osd 6 23h X‘jﬁ 20V
® +5, -28V Supplies Ve (GND) ] 7 2211 A3
= No Voltage Switching Required o7 8 210 A2
ps 9 200 A1
po 10 19 0 A0
DESCRIPTION pro] 1 18 [ Clock
D11 [ 12 17 [ Vs (+5V)
The ER2050 is a fully decoded 32 x 16 electrically erasable and g:; E 3 :g g E::’
reprogrammable ROM. Write, erase, and read voltages are
switched internally via a 2-bit code applied to C1 and C2.
Data is stored by applying negative writing pulses that selectively BLOCK DIAGRAM
tunnel charge into the oxide-nitride interface at the gate insulator
of the 512 MNOS memory transistors. When the writing voltage is & c2 cs
removed the charge trapped at the interface is manifested as a \I/ N
negative shift in the threshold voltage of the selected memory r CONTROL LOGIC
transistors. l
Two TTL compatible control pins switch voltages internally for 00 <> )L
write, read and erase control. 01 €5 WEmORY
CLOCK
e il [yl
' AND
ou < Surren fe— i
D15 €
D16 €

ADDRESS
DECODER

A0 A1 A2 A3 A4

PIN FUNCTIONS

at output pins until next read operation.

CLK Clock Input. Pulse to logic "1” for read operation.
Vss Substrate supply. Normally at +5 volts.

Viagi Ground Input

Vaa Power Supply Input. Normally at -28 volts.

Ao-A4 5-Bit Word Address
Do-D1s Data input and output pins
CSs Chip Select. Chip selected at logic 1. When chip select is at logic “0", outputs are open
circuit, read, write and erase are disabled. Power is reduced.
c1, C2 Mode Control Inputs
C1 c2

0 0 Write Mode: input data written at addressed location. Clock not required.

T 1 Hold Mode: output data from previous read operation stored at output pins.
0 1 Erase Mode: stored data is erased at addressed location.
1 0 Read Mode: addressed data read after clock pulse. Output data retained

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.
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

ER2050 E

All inputs and outputs (with respecttoVss) ........... -35V to +0.3V *Exceeding these ratings could cause
Storage temperature -...coiaiiiiiiiii -65°C to +150°C permanent damage. Functional operation of
Soldering temperature of leads (10 seconds)................. +300°C this device at these conditions is not
, implied—operating ranges are specitied
Standard Conditions' (unless otherwise noted) be,’;w' P 9 9 P
Viss = +5V5%
Vigg = -28V*5%
Vi = GND
Operating Temperature (Ta) = 0°C to +70C
Characteristic Symbol Min Typ** Max Units
DC CHARACTERISTICS
Input Logic "1” Vin Vss-1.5 - Vss +0.3 Volts
Input Logic "0" Vi -10.0 — +0.8 Volts
Output Logic "1" Vou Vgs-1.5 — — Volts
Output Logic 0" (lo. = 1.5mA) VoL — — +0.8 Volts
Power Supply Current
Read lga — -7.0 -85 mA
Write lga — -6.0 -7.5 mA
Erase lge — -4.0 -5.5 mA
AC CHARACTERISTICS
Access Time tace — 6.0 10.0 usec
Clock Width tow 750 — _ nsec
Write Time w 100 — — msec
Erase Time te 100 — — msec
Address-Clock Time tee 100 — — nsec
Write/Erase-Address Time tce 1 — — usec
Address-Write/Erase Time taw 50 — — nsec
Clock Period ¢ 10.0 — — usec
Number of read accesses!
word between refresh Nra 10M b - -
Number of times word may
be rewritten Nw — — 108 —
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAMS
TS o e e g o
Il—';i Tow ha— ] P 1
oL00K ﬁl_/ : ADDRESS X
1 [}
ADDRESS : o= i / *
cHipseLecT X !
CONTROL 1, 2

j- tacc ——’;

DATA OUT

Fig. 1 READ TIMING

1 t
WRITE OR ERASE —#a@————— READ OR HOLD —————#=}@— WRITE OR ERASE

Fig. 2 WRITE/ERASE TO READ/HOLD TIMING
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ER2401

a:gﬁw.
INSTRUMEN

4096 Bit Electrically Alterable Read On

FEATURES

® 1024 x 4 Organization

= 10-Bit Binary Addressing

m 2 Chip Select Inputs

m Electrically Reprogrammable

m 2jus Access Time

® 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

m Three-State Outputs

s Unpowered, Nonvolatile Data Storage—10 Years at +70°C

m Control, Address and Data Inputs TTL Compatible with
,Pull-Up Resistors

DESCRIPTION

The ER2401 is a fully decoded, 1024 x 4-bit electrically erasable
and reprogrammable ROM utilizing second-generation MNOS
epitaxial processing technology.

Datais 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
isremoved, the charge trapped at the interface is manifested as a
negative shift in the threshold voltage of the selected memory
transistors.

ly Memory

PIN CONFIGURATION
24 LEAD DUAL IN LINE

Top View

Clock1(én o1 =~  24Hvoo
Vss (+5V) O 2 23 0 Vm
st 3 22 [ ¢cst
Vee O 4 21 3 cs2
0405 20 [ A9

p3g 6 19 0 A8
p207 18 [0 A7
o108 17 [1 A8
wQgoe 16 [1 A5

va O 10 15 0 A4

A0 n 14 1 A3
a2 13 [ A2

Stored data may be accessed a minimum of 2 x10"times without
refresh and is non-volatile in the unpowered state in excess of ten
years. Data is erased by applying @ —28V pulse to the erase
substrate of the device. Data can be erased and rewritten up to a
maximum of 10° times.

BLOCK DIAGRAM
As A7 Ag Ag
¢ O——-—>
VopO——>
VssO —> Column Address
Decode Circuits
VeEO—— >
M O—i
AgO—s T > >
H
1
A1O—> i
2 I x x x X
53| | . SE || 53 -
A0—= £& | 8= 3= 3= 3=
el |z | |sEl|sE| |8t
AJO—={ 28 | | 2E SE SE R
28 | = s = =
]
A O—» !
I
A5 O—>] L t—>1 -
WO &
VRO- —_— | Sense FF _,rs-j;;—e-FF Sense FF Sense FF|
& & & &
Chip Output {1 Output Output Output
Select Driver [~ Oriver Driver Driver
Circuit [ l I (L
[¢] [¢]
cs; Cs, ST Dy D, O3 D4
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

All inputs or outputs relativetoVss . . . . . . . . . . . +0.3V fo -30V Exceeding these ratings could cause

Operating ambient temperature . . . . . . . .. .., 0°C to +70°C permanent damage. Functional operation of

Storage temperature . . . . . . . . . ... ... -65°C to +150°C this device at these conditions is not

Soldering temperature of leads (10seconds) . . . . . . . . . +300°C implied—operating ranges are specified
below.

RECOMMENDED OPERATING CONDITIONS, Ty = 0°C to +70°C

Erase Mode Write Mode Read Mode
Symbol Parameter Units
Min Typ Max Min Typ Max Min Typ Max
Voo Supply Voltage 475 Vss Vss+0.3 | 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 "
Ve Reference voltage — Vss — Vss Vss Vss Vss-20  Vss-19 Vss-18 \Y
Veeu Erase substrate input
high Vss-0.4 Vss Vsst0.3 | Vss-0.4 Vs Vsst0.3 | Vss-0.4 Vss Vsst0.3 \
VeeL Erase substrate input
low Vss-29  Vss-28  Vss-27 | Vss-0.4 Vs Vss+0.3 | Vss-0.4 Vss Vsst0.3 v
Vwn Write control input high| Vss-29 Vss Vss+0.3 | Vss-1.5 Vs Vsst+0.3 | Vss-1.5 Vss Vsst0.3 \"
Vwe Write control input low | Vss-29 - Vss-4.4 | Vss—29 — Vss-4.4 | Vss-1.5 Vss Vsst0.3 "
Vu ¢ input high voltage — Vss — Vss-0.8 Vss  Vsst0.3 | Vss-0.8 Vss Vss+0.3 \"
Voo ¢, input low voltage Not Applicable Vss-29  Vss-28  Vss-27 Vss-25  Vss-19  Vss-18 Vv
Vstu Strobe input high
voltage — Vss — Not Applicable Vss-1.5 Vss Vsst0.3 \"
Vst Strobe input low voltage Not Applicable Vss-29  Vss-28  Vss=27 | Vss=25  Vss=19  Vss-18 Vv
Vin Address and CS input
high Don't Care Vss-1.5 Vss Vsst+0.3 | Vss=1.5 Vss Vsst+0.3 Vv
Vi Address and CS input
low Don’t Care Vbp - Vss-4.4 Vop — Vss-4.4 \
Vo Data input high voitage Don't Care Vss-1.5 Vss Vsst+0.3 Not Applicable \"
VoL Data input low voltage Don’t Care Vpp - Vss-4.4 Not Applicable Vv
STATIC ELECTRICAL CHARACTERISTICS, Ta = 0°C to +70° C (NO EXTERNAL LOADS EXCEPT AS NOTED)
Conditions
Symbol Parameter All Pins at Vss Unless Noted Min Typ Max Unit
Iin Input leakage current (except pins 1,2,
4,5,6,7,8,and 24) at Vss-15V $1=Vpp=Vss-20 __ — - -2.0 A
1 ¢, leakage current at Vss-29V Vbp=Vss-29, ST=W=Vss-25 — — -200 pA
lo Output leakage current atVss-15V Chipdeselected — —_ -10.0 RA
lesL Erase substrate leakage current at
Vss-28V W=ST=Vss-25 — — -200 A
Ippy Vpp supply current - read mode at
Vss=19V Outputsopen (SeeFigure6) — 8.5 12 mA
Ibpy Voo supply current - write mode at
Vss-28V Outputsopen (See Figure 5) — 18 25 mA
lou Data output high current-TTL load OneSeries 7400 TTL load with -2.0 — — mA
Rs=2KQ., Vcc=Vss
loL Data outputjlow current-TTL load (See TTL Notes) +3.2 — - mA
Von Data Output high voltage - MOS Vss-1.5 — - \
Vo Data Output low voltage — MOS C.=100pF — - Vss—10 Vv
Ts Unpowered nonvolatile data storage Typical write conditions 10 — — Years
CAPACITANCE AT Vin=Vss, ALL OTHER PINS GROUNDED (Vss), =1 MHz
Symbol Parameter Min Typ Max Unit
Ci Address and chip select input capacitance — 5 7 pf
Cw Write control input capacitance — 10 20 pf
Csr Strobe input capacitance — 10 15 pf
Cor @, Input Capacitance — 40 50 pf
Cee Erase substrate capacitance — 600 700 pf
Co Data input/output capacitance —_ 6 10 pf
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ERASE CYCLE CHARACTERISTICS, T4 = 0°C to +70°C

Symbol Parameter Min Typ Max Units
te Vee erase pulse width 100 — 1000 ms
tute Vee rise time, Vee fall time 0.01 - 1.0 ms
t Write-erase overlap 10 — — us

Vil_rite Control VwH
(w) |
Ve N t

1 | o‘bj tE > “' o]
Erase VEEH T .\ .
Substrate .—->| — . —|/|— 1
Veg) Veer | =

|

NN IS

2

<
=3
2

DL'

o T 553 7T T T T 7777,

WRITE CYCLE CHARACTERISTICS, TA=0°C to +70°C (ST=Vbp) (SEENOTE3)

Symbol Parameter Min Typ Max Units
Now Number of ¢, write pulses at 100 us +£10%, 5 us min. dead time between
pulses) 100 200 300 Pulses
tor Write control rise to pulsed ¢, rise delay 500 — — ns
tos Address change and chip select fall to pulsed ¢, rise delay 500 - — ns
oy Pulsed ¢, fallto address and chip select change delay 0.0 — - us
toio Datainput change to pulsed ¢, rise delay 0.0 - — us
ton Pulsed ¢, fall to data input change delay 0.0 — - us
Nw Number of times word may be rewritten - b 106 —
Mir.ite Control Vi H | ' I |
(W) v | | | |
wL et T | 1
Erase VEEh D77 | N !
Substrate ] ; 1
Vee! VeeL |
< 'pg-» tpg—>| latpg—>] |
Address (A = Ag) Vin }
e (cs, Cs,) v W' - .
Chip Select N
ip Select (CS; CS, v _." le—tpg | __.,i lq,_th ___,| <_tDQJ
e A 11T 117 e i 111
" |p10 ->| D11 e 'D10I1>{ -] ‘o1 l<—-| 'D10|<— —»1 D11
Data Input VbH }
777 AV J
}4____ Write "0"——-—>|<—-—— Write 1" e Write “0" >

NOTES: 1. Due to the dynamic nature of the circuit a"¢, NOTtime in excess of 40 usec. may result in a floated output condition.

Consequently data must be resampled with a 40 usec. time period following the fall of ¢, to ensure its validity.

2.Several seconds may be required following a programming operation for the circuit to become operable in the read mode. If
data is to be verified immediately following programming, a forward current of +1 mA *£10% may be forced into the erase
substrate junction (Pin 4, Veg), 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.
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READ CYCLE CHARACTERISTICS FOR NON-STROBED OPERATION, TA=0°C to +70°C/(ST = Vop)

Symbol Parameter Min Typ Max Units
(See Figures 1 through 4)
Ta Access time (strobe=Vpp) — — 2.0 us
to Pulse width (rise and fall times <50/ns ) (See Note 1) 850 — 2000 ns
to Address and chip select change to ¢, rise delay 400 - — ns
toz ¢ Fallto address and chip select change delay 0.0 - _ wSs
tos ¢ Fallto data outputvalid delay (See Notes 1 and 2) — — 750 ns
tos ¢:1 Rise to floated output delay - — 300 nis
Nra Number of read accesses/word between refresh 2 x 10" — — —
Chip Select VI H
(CS1 CSZ) VlL—/ Selected
Address
(Ag=Ag)
Data Output —F-I:a:\g—
(D, =>Dy,) —_———
READ CYCLE CHARACTERISTICS FOR STROBED OPERATION, T,=0°C to +70°C
Symbol Parameter Min Typ Max Units
(SeeFigure 1through 4)
teé #1Pulse width (rise and fall times <50 ns) (See Note 1) 850 — 2000 ns
tor Address and chip selectchange to ¢, rise delay 400 - — nis
tos ¢: Fall to strobe rise delay 0.75 - -_ S
tst Strobe pulse width (rise and fall <50 ns) 500 - - nis
tos Strobe rise to strobed data output valid delay (see notes 1 and 2) - - 500 ns
tor Strobe rise to strobed floated output on deselect delay - —_ 300 ns
Nra Number of read accesses/word between refresh 2x10M1 — — —
Chip Select v H r
Selected
(cs, Cs,) o _/ \
Address 1H -
(AO —>Ag) ViL B-
t,

& Von na m—»{ t41

: Vo, n__/ __/

—»{ Ip3:
Strobe A\ t
STH t
(sT) / ST NS
VsTL— < -

Strobed DH _________________[35 < 'DF —
Data Output N . .
SR oy o __FPees X Vaia JZE __Fewns
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TYPICAL OPERATING CHARACTERISTICS, T4 = +25°C and +70°C, Rs = 2K Ohms, Vss = OV

N
o

©

\ \_.7o°c NORMAL
OPERATING
o } \ RANGE
257CH AN e
\ h-\
\ MIN

SPEC
400

~

LIMIT

Vpp Vg AND @ - VOLTS
©

o

200 300

91— TIME IN NANOSECONDS

Fig.1 TYPICAL ¢1 DELAY IN NANOSECONDS
VS. POWER SUPPLY VOLTAGE

©

YDD YR ANl? ¢1 - VOLTS.

N
=3

o

NORMAL
. ——— OPERATING
25/ c—l-\ (—70 c RAN:,E

L

7 MIN
N
N N SPEC
umIT
600 700 800

t¢1 — TIME IN NANOSECONDS

Fig.2 TYPICAL 1 WIDTH IN NANOSECONDS
VS. POWER SUPPLY VOLTAGES

-20
o \
5 \ N NORMAL
Q.19 \ OPERATING
| 25%c s L70°¢ RANGE
<
o 18
Z
17 N ™~ max
> \ SPEC
o LiMiT
a6
> 300 400 500 600 700 800 900

tpa — TIME IN NANOSECONDS

Fig.3 TYPICAL DATA SETUP TIME IN NANOSECONDS
VS. POWER SUPPLY VOLTAGES

-19
25°CH\

Vpp Vg AND @, — VOLTS
®

NORMAL
OPERATING
N

RANGE
< -
\\ q

AN

a7 MAX
N ~  spec
LMt
-16
1.0° 1.2 14 1.6 1.8 20 22

th— TIME IN MICROSECONDS

Fig.4 TYPICAL ACCESS TIME IN MICROSECONDS
VS. POWER SUPPLY VOLTAGES

® 70°C 25°C |0°c
5 _ /
3 -3 ,
g 1/
! MAX
P29 spEC] —F
T LIMIT
2 — | NORMAL
g 28 1#1 OPERATING
> / / RANGE
=27 1
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Fig.5 TYPICAL WRITE CURRENT IN ‘MILLIAMPS
VS. POWER SUPPLY VOLTAGES

— VOLTS

v
PDreaD

70°C 25°¢

T TV V-
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OPERATING

SPEC —
VAVA e e
-18 / 4
. £/
7 -8 -9 -10 -11 -12
Ipp; — READ CURRENT IN ma

Fig.6 TYPICAL READ CURRENT IN’ MILLIAMPS
VS. POWER SUPPLY VOLTAGE

252




ER2401 E

PIN FUNCTIONS

Chip Select (CS1, CS2) ER2401 OPERATION

Both must be in the high state to enable the data output terminals syout o1 02 03 D4 Svorr
or write data into the device. -SvoLT 23 VoLT
~14 VOLT 14 VOLT
Data Input/Output (D1—D4) vt ByoLr
D1 through D4 are bidirectional data terminals. Data are entered “svoLT
on these terminals during the write cycle and read out during the o< pedvind
read cycle. When deselected, these terminals are in a floating ne—— wanre Goek
condition. L [‘ BT

Write Control (W)
The write control terminal must be in the low state in order to

write data into the device. T S JavoLT
Strobe (ST) A2 BvouT
A strobe input is provided for delayed data clockout. In VS 25vour
applications where this feature is not desired, the strobe terminal SALAS
should be maintained at VDD throughout the entire read cyle. M EE——
The ST input is high-level and not TTL-compatible. " s
Phase One (1)

During the write operation, multiple 100us pulses must be applied re— 1. READ
to the @1 terminal to fully shift the memory transistor threshold 5 thase
voltge to its most negative state. This is required for voitage N

bootstrapping in the row-selection circuitry. The @1inputis high
level and not TTL-compatible.

NOTE: Allcontrol, address and data inputsare TTL-compatible
with pull-up resistors.

A 4096 x 4 EAROM SUBSYSTEM ORGANIZATION

OTHER CONTROL
AND POWER
INPUTS N N N N\

ER2401 ER2401 ER2401 ER2401

cs1

Ccs2 l

D1

D2
D3
D4

TTL INTERFACE MOS INTERFACE

2KQ<RS <3k Vo=V

SS VDD=VSS—19\/
5000 <R, <2KQ

————— i If""_ wos |
! : — :

E IER2401 !
L] |
—_———— L — PR, S |
Vss Vss
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ER2800

PRELIMINARY INFORMATION

8192 Bit Electrically Alterable Read Only Memory

FEATURES

® 2048 x 4 Organization

= 11-Bit Binary Addressing

8 Chip Select Input

s Electrically Reprogrammable

® 2 us Access Time

u 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

m Three-State Outputs

# Unpowered, Nonvolatile Data Storage—10 Years at +70°C

@ Control, Address and Data Inputs TTL Compatible with
Pull-Up Resistors

DESCRIPTION

The ER2800 is a fully decoded, 1024 x 4-bit electrically erasable
and reprogrammable ROM utilizing second-generation MNOS
epitaxial processing technology.

Datais 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.

PIN CONFIGURATION
24 LEAD DUAL IN LINE

Top View

Clock 1(¢1) @1 Y Voo
Vss (+V) O 2 23 0V
sTg3 22pcCs
Vee O 4 21 0 A10

D4 s 20 [] A9

03 6 19 0 A8
0207 18 [ A7
p1ds 17 3 A6
wdo 16 [ A5

va g 10 15 0 A4
AOQn 14 1 A3

A Qg 12 13 0 A2

Stored data may be accessed a minimum of 2 x10"'times without
refresh and is non-volatile in the unpowered state in excess of ten
years. Data is erased by applying a —28V pulse to the erase
substrate of the device. Data can be erased and rewritten up to a
maximum of 10° times.

BLOCK DIAGRAM
Ag Ay Ag Ag Ao
b O——
Voo O——
Vss O— > Column Address
y Decode Circuits
VeeQ———MmM8M
AgO—s - _.j
|
|
A1O— |
2 B E-1 x X x
3 | ¢ =5 =% =5 =5
A0— 22 | 3 3 3= 83 8=
35 H
ol 32| 81| gt 5 5
A3 2% | i ge £ g g g g
=g | 2 2 3 2
AsO—» 1
i
|
As O—> L _—
WO ‘
VRO »|Sense FF| Sense FF] {Sense FF Sense FF
& & & &
Chip Output Output Output Output
CS —»{ Select Driver Driver Driver Driver
Circuit T i 1 y
[¢] (@] O
ST Dy D, Dy D,
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ER3400 PRELIMINARY INFORMATION

4096 Bit High Speed Electrically Alterable Read Only Memory

FEATURES
1024 x40 PIN CONFIGURATION
L} X rganization
22 LEAD DUAL IN
® 10-Bit Addressing UAL UNEO vi
» TTL Compatible "V‘“
® Chip Select Vaa (-30V) @1 22 [ Vgg (+5)
® Word Alterable Vop (-12v) [ 2 210 A5
® 10 Year Unpowered Data Storage A6 (] 3 20 [] A4
® 600ns Typical Access Time A=K 197 A3
® Write Time — 100us/word a8 s 18 A2
Erase Time — 1ms/word A9 5 6 17 1 A1
8 +5, -12 volt supply for read cds 183 a0
® -30 volt supply for write/erase
. ] c2s 15[ CE
® No Voltage Switching Required
® 22 Pin Package Var § 9 14 ] we
03 10 13 3 oo
D2 n 120 o1
DESCRIPTION
The ER3400 is a fully decoded 1024 x 4 electrically erasable and BLOCK DIAGRAM
reprogrammable ROM. Write, erase, and read voltages are
switched internally via a 2-bit code applied to C1 and C2. c1 c2 cs
Data is stored by applying negative writing pulses that selectively \lf
tunnel charge into the oxide-nitride interface at the gate insulator CONTROL Logic
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 emoRY
transistors. b0y VO [ e fe—| ctock cLock
DATA 1024 x 4 BUFFER
+5 volt and -12 volt supplies are required for read operation. An D1 €—> CONTROL
. . . . D2 €& AND
additional -30 volt supply is required for write and erase. D3 € OUTPUT
BUFFER
Two TTL compatible control pins switch voltages internally for
write, read and erase control.
AD Al A2 A3 A4 A9
PIN FUNCTIONS
Ao-As 5-Bit Word Address
Do-D1s Data input and output pins
CsS Chip Select. Chip selected at logic 0. When chip select is at logic “1”, outputs are open
circuit, read, write and erase are disabled. Power is reduced.
c1, C2 Mode Control Inputs
C1 c2
1 1 Block Erase Mode: erase operation performed on all words.
0 1 Word Erase Mode: stored data is erased at addressed location.
1 0 Read Mode: addressed data read after clock pulse. Output data retained
at output pins until next read operation.
0 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.
Vss Substrate supply. Normally at +5 volts.
Vai Ground Input
Voo Power Supply Input. Normally at -12 volts.
Vaa Power Supply Input. Normally at -30 volts.
WE Write data strobe.

255






GENERAL
INSTRUMENT

RO-6-1024/4
RO-7-1024/4
RO-6-1024/8
RO-7-1024/8

RO-5-1302
RO-6-2048/4
RO-7-2048/4
RO-6-2048/8
RO-7-2048/8

RO-3-2560

RO-3-4096

RO-3-5120

RO-5-8192
RO-3-8316A
RO-3-8316B
RO-3-9316A
RO-3-9316B
RO-3-16384
RO-3-20480




— RO-6-1024/4 RO-6-1024/8
o RO-7-1024/4 RO-7-1024/8

1024 Bit Static Read Only Memories

FEATURES

Static operation. No clock required.

Access time typically 1 usec.

Three-State output for wired AND capability.
Chip enable control. .
Input, Output directly interface with DTL/TTL.
Choice of Operating Temperature Ranges—
RO-7: 0°Cto +70°C

RO-6: -55°C to +125°C

DESCRIPTION

The RO-6-1024/4, RO-7-1024/4, RO-6-1024/8 and RO-7-1024/8
are 1024 bit static Read Only Memories belonging to a standard
family of DTL/TTL 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 ceramic Dual In
Line.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
Line.The RO-7-1024/8 is the plastic version of this device. The
memory organization is 128x8 bit words.

PIN CONFIGURATIONS

16 LEAD DUAL IN LINE
RO-6/7-1024/4

24 LEAD DUAL IN LINE
RO-6/7-1024/8

Top View
A\
input A3 (J@1 16 iji
input A2 [] 2 15 Jinput A4
Input A1 3 14 jlnput AS
Output B1[] 4 13 [input A6
Output B2[] 5 12 Jinput A7
Output B3[] 6 1 Ovge
Output qu 7 10 [ Chip Enable
vac 8 9 [input A8
Top View
nputASCl@1 24 AV
Input A2 ] 2 23 EN.Q
Input A1 3 22 ON.C.
Output B1 ] 4 21 [0 Input A4
OutputB2[J 5 20 [ Input AS
Output B3 [ 6 19 1 Input A6
Output B4 L] 7 18 plnput A7
Output B5 O] 8 17 O Vae
OutputB6 [} 9 16 ON.C.
Output B7 (] 10 15 [ Chip Enable
Output B8 O 1 14 OIN.C.
Vee [ 12 13 [IN.C.

BLOCK DIAGRAMS

OUT OUT OUT OuUT

OUT OUT OUT OUT OUT OUT OUT ouT

RO-6/7-1024/4

CE B1 B2 B3 B4 CE B1 B2 B3 B4 B5 B6
Al vee a1l —Vee
a2 DEC1 OUTPUT STAGES ——Vai A2 DEC1 OUTPUT STAGES — VGl
— Vce — Vcc
A3
A3
A4
E MEMORY MATRIX A4
AS DEC 2
AS DEC2 MEMORY MATRIX
A8
A6 —
A7
A7
A8

RO-6/7-1024/8
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Vo & Vge (with respecttoVee). . . . . .
Clock & logic inputs (with respect to Vec)!
Storage Temperature. . . . . . . . . .
Operating Temperature

RO-6-1024/4 = RO-6-1024/8 = RO-7-1024/4 = RO-7-1024/8 E

—20V to +0.3V

. —20V to +0.3V

—55°Cto +150°C
—55°C to +125°C (RO-6-1024/4/8)
0°C to +70°C (RO-7-1024/4/8)

Standard Conditions (unless otherwise noted)

Vee=+5V £ 0.5V
Voo =—12V £ 1V
Ve = GND
(Substrate at Vcc)

Operating Temperature (T,) =-55°Cto +125°C (RO-6-1024/4/8)
= 0°C to +70°C (RO-7-1024/4/8)

*Exceeding these ratings could cause
permanent damage. Functional operation of
these devices at these conditions is not
implied—operating ranges are specified
below.

Characteristics

Min. Typ.**

Units | Conditions

Data Inputs
Logic “0” level
Logic “1” level
Noise Immunity
Input Leakage
Input capacitance
Data Outputs
Logic “0” level
Logic “1” level
Access Time
Address
Chip enable

Vec—1.5 —_ —

+0.4

- 100
1.0

Measured at Vin = Vg at 25°C
Measured at Vin = Vce

i <<<

lor=1.6 mA
lon = 100 pA

<<

us Measured at 25°C
us Measured at 25°C

**Typical values are at +25° C and nominal voltages

*** Testing Conditions

TIMING DIAGRAM

nSEC

TYPICAL CHARACTERISTIC CURVE

1600

CHIP ENABLE

Vce-1.5

OUTPUTS

ACCESS T|ME—-1
\ |
+08
INPUTS '
|
|
|
|

N\

1300

1000

TEST POINT

700

/TYP|CAL ACCESS TIME

400

-65

-25

0o +25  +50 +75 +100 +1250C

ACCESS TIME VS. TEMPERATURE
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»;EJ RO-5-1302

2048 Bit Static Read Only Memory

FEATURES
PIN CONFIGURATION
®  Static Operation. No clock required. 24 LEAD DUAL IN LINE
® Access time typically 1.2 usec.
® Three-state output for wired AND capability.
8 Chip enable control.
8 [nput, Output directly interface with DTL/TTI.
Top View
azcler 7 24P
DESCRIPTION INE=F] 23 P Vee
a0d 3 22 [ Vee
. . . Data Qut 1] 4 21 D A3
The RO-5-1302 is a 2048 bit fully static Read Only Memory pataout2 O 5 205 as
belonging to a standard family of DTL/TTL compatible circuits Data Out 3 O] 6 19 0 AS
which are constructed using low threshold silicon nitride Dataout4 [ 7 18 [1 A8
passivated P-channel enhancement mode field effect Data Out 5 [J 8 17 QA7
transistors. The RO-5-1302 is packaged in a 24 lead Dual In Line. g::: g::f E ?0 :: g ‘:‘Gg
The memory organization is 256x8 bit words. Data Out 8 O 11 1ahce or CE
Vee O 12 13 O N.C.
BLOCK DIAGRAM
OUT OUT OUT OUT OUT OUT OUT OoUuT
CE 1 2 3 4 5 6 1 8
\
Al - > VGG
A2 & DEC1 - OUTPUT STAGES vai
A3 - - —— Vec
A4 -
A5 - -
DEC 2
A6 - MEMORY MATRIX
A7 -
A8 -
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

RO-5-1302

Vaor & Voo (with respecttoVee). . . . . . . . o o —20V to +0.3V *Exceeding these ratings could cause
Clock & logic inputs (with respectto Vgg) . . . . . . —20V to +0.3V permanent damage. Functional operation of
Storage Temperature. . . . . . . . . . .. .. .. —-55°to +150°C this device at these conditions is not
Operating Temperature. . . . . . . . . ... ... 0° to +70°C implied—operating ranges are specified
below.
Standard Conditions (unless otherwise noted)
Vec =+5V £ 0.5V
Voo =—12V £ 1V
Vg = GND
(Substrate at Vcc)
Operating Temperature (T,) = 0°C to +70°C
Characteristics Min Typ** Max Units Conditions
Data Inputs
Logic “0” level — — +0.8 \
Logic “1” level Vee-1.5 — — v
Noise immunity 0.4 — — \
Input leakage - -— 1.0 pA Measured at Vin = Vge at 25°C
Input capacitance —_ 5 - pF Measured at Vin = Vcc
Data Outputs
Logic “0” level —_ — +0.4 \ lo.= 1.6 mA
Logic “1"” level Vee—1.0 — _ \ lon =100 pA
Access Time
Address — 1.2 1.5 s Measured at 25°C
Chip enable — 0.8 1.5*** us Measured at 25°C

**Typical values are at +25° C and nominal voltages

***Testing Conditions

TIMING DIAGRAM

‘-—' ACCESS TIME-—.‘

|
lNPUTs_\k
Al A8 08

CHIP ENABLE

Vee-18

QUTPUTS

|
!
I
|
!
!
|
|
+0.4
1
/ﬁc:_o'
|

TYPICAL CHARACTERISTIC CURVE

nSEC

2100

1800

TEST POINT

1500
4P|CAL ACCESS TIME

1200

900
-55 -25 0 +25 +50 +75 +100 +1250C

ACCESS TIME VS. TEMPERATURE
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ﬁ RO-6-2048/4 RO-6-2048/8
" RO-7-2048/4 RO-7-2048/8

2048 Bit Static Read Only Memories

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 DTL/TLL.
Choice of Operating Temperature Ranges—
RO-7: 0°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 DTL/TTL 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 RO-6-2048/8 is packaged in a 24 lead ceramic Dual In Line.
The RO-7-2048/8 s the plastic version of this device. The memory
organization is 256x8 bit words.

PIN CONFIGURATIONS

24 LEAD DUAL IN LINE

RO-6/7-2048/4

24 LEAD DUAL IN LI

RO-6/7-2048/8

Top View
AsCler  —  2a[vg
A2 2 23 A NC.
Al 3 22 ANC.
NC. [ 4 210 A4
15 20 (A5
NC.O 6 19 1 A6
B207 18 0 A7
NC.O 8 17 [ A8
B3( o 16 3 Vg
N.C. O 10 15 P N.C.
Bag] 14 [J Chip Enable
Vec O 12 130 Ag
NE
Top View
asder ~ 2ap vy
A2Q 2 23 NC.
A1 5 3 2 NC.
BI04 21 0 A4
B2 a 5 200 A5
B30 6 19 0 A6
B4 7 18 [0 A7
858 17 0 A8
69 16 1 Vg
87 10 15 1 N.C.
;LY = R 14 [1 Chip Enable
Voo O 12 1 hNe.

BLOCK DIAGRAM

OUT OUT OUT ouT

CE Bi B2 B3 B4
Al ——Vae Al
A2 DEC1 OUTPUT STAGES —vai A2
A3 — Vec A3

1

A4
A5

A5
A6 DEC 2 MEMORY MATRIX

A7
A8
A9

A6
A7
A8

RO-6/7-2048/4

ce

OUT OUT OUT OUT OUT OUT OUT OuT

B1 B2

B3 B4

B5 B6 B7 B8

DEC1

OUTPUT STAGES

I I N O ¢

DEC 2

MEMORY

MATRIX

VGG
Vel

r_— Vee

RO-6/7-2048/8
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RO-6-2048/4 = RO-6-2048/8 = RO-7-2048/4 = RO-7-2048/8 E

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vai & Vao (with respecttoVee). . . . . . . —20V to +0.3V
Clock & logic inputs (with respect to Vcc) . —20V to +0.3V
Storage Temperature. . . . . . . . . ..
Operating Temperature. . . . . . . . . .

Standard Conditions (unless otherwise noted)

Vee =45V £ 0.5V
Voo =—12V £ 1V
Var = GND
(Substrate at Vcc)

Operating Temperature (Ta) = -55°C to +125°C (RO-6-2048/4/8)
(RO-7-2048/4/8)

= 0°Cto +70°C

- 55°C to +150°C
—55°C to +125°C (RO-6-2048/4/8)
0°C to +70°C (RO-7-2048/4/8)

*Exceeding these ratings could cause
permanent damage. Functional operation of
these devices at these conditions is not
implied—operating ranges are specified
below.

Characteristics Min Typ** Max Units Conditions
Data Inputs
Logic “0" level — — +0.8 \)
Logic “1” level Vee—1.5 - — v’
Noise immunity 0.4 — - Vv
Input leakage — — 1.0 pA Measured at Vin = Vg at 25°C
Input capacitance — 5 — pF Measured at Vix = Vee
Data Outputs
Logic “0" level - — +0.4 Vv lo. = 1.6 mA
Logic “1” level Vee—1.0 — — \ low =100 pA
Access Time
Address - 1.2 1.5%** us Measured at 25°C
Chip enable — 0.8 1.5*** us Measured at 25°C

**Typical values are at +25°C and nominal voltages
***Testing Conditions

TIMING DIAGRAM

'-— ACCESS TIME ——'
|

+0.8 !
INPUTS T
CHIP ENABLE
Vg -1.5 |
I |
|
|
+0.4
OUTPUTS 1
Voo -1.0

TYPICAL CHARACTERISTIC CURVE

nSEC
2100

1800

1500

TEST POINT

1200

L~

TYPICAL ACCESS TIME

900

-55

-25

ACCESS TIME VS. TEMPERATURE

0 +25 +50 475 +100 +1250C
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RO-3-2560

INSTRUMENT

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 2560 bit static Read-Only
Memory organized as 512 five bit words and is ideally suited for
many general purpose 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-3-2560 can
store a full 512 words of 5 bits each.

The RO-3-2560 is one of a family of 512 word Read-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.

PIN CONFIGURATION
18 LEAD DUAL IN LINE

Top View

Vec+5V) ([ @1 ~ 18 [JA3
Ne 2 17 [JA4
os[] 3 16 [JAs

04[] 4 15 []A6

03[] 5 14 (a7

02[] 6 13[JAs
o7 12 [JA0

Out Inh[] 8 1 [JA1
GND[] @ 10 []A2

A separate publication, “RO-3-2560 Custom Coding
Information,” available from Gl Sales Offices, describes the
punched card and truth table format for custom programming of
the RO-3-2560 memory.

BLOCK DIAGRAM

a0
Al
a2
A3 ADORESS
-~ surrers | ‘Decooe
As

I
a7
I

GND
ot

> 02
MEMORY 03
R s e
512x5

> 04

> C5

/
OuUTPUT
INHIBIT
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os25m [F]

ELECTRICAL CHARACTERISTICS
Maximum Ratings*

Vce and input voltages (with respectto GND) . . . . . . —0.3V to +8.0V *Exceeding these ratings could cause
Storage Temperature . . . . . . . . . ... .. .. —65°C to +150°C permanent damage. Functional operation of
Operating Temperature (Ta). . . . . . . . . . . . ... 0°C to+70°C this device at these conditions is not
. implied— ti ified
Standard Conditions (unless otherwise noted) Lr:,‘;;f operating ranges are specitie
Vee = +5 Volts 5%
Operating Temperature (Ta) = 0°C to +70°C
Output Loading: One TTL load, Cv toraL = 50pF
Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Output Inhibit inputs
Logic “1” Vi 2.2 — — \'
Logic “0” Vio — — 0.65 \"
Leakage It — — 10 HA
Data Outputs
Logic " Vou 22 — - \ lou = 100pA
Logic “0” VoL —_— — 0.45 \" loL=1.6mA
Leakage lLo — — 10 pA
Power
lec — — 25 33 mA Outputs Open
AC CHARACTERISTICS
Inputs
Cycle Time tc 400 — — ns
Capacitance Ci -_ 5 8 pF f=1MHz
Data Outputs
Access Time tacc 75 250 450 ns
Inhibit Response Time tr — 150 200 ns
Capacitance Co - 8 10 pF f=1MHz
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAMS
te
B V) QUTPUT “Vin
ApORESS ><' >< V‘!’: it vy,
tace tr = ' |
~20 OUTPUTS s ouTPUTS 20
our?iTs )(t ourBiT e e, Ve DREETS
.45 A IMPEDANCE
ACCESS TIME (ADDRESS TO OUTPUT- INHIBIT RESPONSE TIME
OUTPUT INHIBIT AT LOGIC ‘0') (ADDRESS INPUTS STABLE)
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NERAL

RO-3-4096

INSTRUMENT

4096 Bit Static Read Only Memory

FEATURES
® 512x8 Organization PIN CONFIGURATION
® Single +5 Volt Supply 22 LEAD DUAL IN LINE
® TTL/DTL Compatible
m  Static Operation—no clocks required
| 500ns. Maximum Access Time Top View
® 150 mW Typical Power )
m  Tri-State Outputs—under conrol of ‘Output Inhibit’ signal GND (@1 22 [J0ut 1
m  Totally Automated Custom Programming As] 2 21 0out2
m  Zener Protected Inputs AT (] 3 20 Jout3
m  Glass Passivation Protection Ae(] 4 19 [Jout 4
As[s 18 [Jout s
DESCRIPTION A e 17 [Qoute
A3} 7 16 [JOut 7
The General Instrument RO-3-4096 is a 4096 bit static Read- Vee] 8 15 Flouts
Only-Memory. Itis organized as 512 eight bit words and requires a2l o 1 FING.
9 bits of addressing. An ‘Output Inhibit’ function is provided to ard 10 shNe
simplify the connection of several ROMs to a common bus. The aod) 1 2h om' * Inhibit
RO-3-4096 is constructed on a single monolithic chip utilizing Py '
low-voltage N-channel lon Implant technology.
A separate publication, ‘“RO-3-4096 Custom Coding
Information,” available from Gl Sales Offices, describes the
punched card and truth table data format for custom
programming of the RO-3-4096 memory.
BLOCK DIAGRAM
Vee GND
A0 > [N
INIDY 201
N
A2 - 202
hY
s> > 03
MEMORY S 04
Ad H- INPUT ADDRESS OUTPUT 7
> BUFFERS DECODE [ uv;;;;s;x ——# BUFFERS 305
A5 ) 4
A6 > 206
A
AT > 07
A
A8 )- 7%
A
OUTPUT
INHIBIT
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ELECTRICAL CHARACTERISTICS
Maximum Ratings*

——

Vce and input voltages (with respectto GND) . . . . —0.3V to +8.0V *Exceeding these ratings could cause perma-
Storage Temperature . . . . . . .. ... ... —65°C to +150°C nent damage to this device. Functional oper-
Operating Temperature (Ta). . . . . . . . . . . .. 0°C to +70°C ation at these conditions is not implied—
operating conditions are specified below.
Standard Conditions (uniess otherwise noted)
Vcc = +5 Volts + 5%
Operating Temperature (T4) = 0°C to +70°C
Output Loading: One TTL load, C. total = 50 pF.
Characteristic Sym Min Typ** Max " Units Conditions K
DC CHARACTERISTICS
Address, Output Inhibit Inputs
Logic “1” Vin 2.2 — —_— \
Logic “0” Vi, — — 0.65 \
Leakage 1] - -— 10 pA
Data Outputs
Logic “1” Vou 22 - —_ v low=100pA
Logic “0” Vou - — 0.45 \ lot=1.6mA
Leakage ILo - - 10 kA
Power
lec — —_ 30 45 mA
AC CHARACTERISTICS
Inputs
Cycie Time tc 500 — — ns
Capacitance C. - 5 8 pF f=IMHz
Data Outputs
Access Time tacc — 350 500 ns
Inhibit Response Time tr — — 200 ns
Capacitance Co -— 8 10 pF f=IMHz
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAMS
te
ADDRESS ><‘ i “Viy ouTPUT VW
INPUTS INHIBIT
g ‘. - VpL -V
tacc ~ R p=— tr
DATA >C 20 DATA _ _ OUTPUTS _q OUTPUTS ouTPUTS 2.0
OuTPUTS OUTPUTS “HiGH IMPEDANCE VALID HIGH
48 IMPEDANCE 45
ACCESS TIME (ADDRESS TO OUTPUT- INHIBIT RESPONSE TIME
OUTPUT .INHIBIT AT LOGIC “0”) (ADDRESS INPUTS STABLE)
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RO-3-5120

5120 Bit Static Read Only Memory

FEATURES
®m  512x10 Organization PIN CONFIGURATION
| Single +5 Volt Supply 24 LEAD DUAL IN LINE
m TTL/DTL Compatible
m Static Operation—no clocks required
® 500ns Maximum Access Time
| 150mW Typical Power
m Three-State Outputs—under control of ‘Output Top View
Inhibit’ signal -
®  Totally Automated Custom Programming GND Qe1 24 ANC.
m  Zener Protected Inputs A8 2 23 Pout 1
m Glass Passivation Protection ATQ 3 22 pout2
A6[] 4 21 JOut3
Asg 5 20 (JOut 4
A4l 6 19 Aout 5
DESCRIPTION A3 7 18 [10ut 6
NC. 8 17 A0ut 7
The General Instrument RO-3-5120 is a 5120 bit static Read- Vee O 9 16 Eoms
Only-Memory. It is organized as 512 ten bit words and requires 9 A20Q 10 15 [10ut 9
bits of addressing. An ‘Output Inhibit’ function is provided to Aagn 14 Bout 10
simplify the connection of several ROMs to a common bus. The AoQ 2 13 [I0utput Inhibit
RO-3-5120 is constructed on a single monolithic chip utilizing
low-voltage N-channel lon Implant technology.
A separate publication, “RO-3-5120 Custom Coding
Information,” available from Gl Sales Offices, describes the
punched card and truth table data format for custom
programming of the RO-3-5120 memory.
BLOCK DIAGRAM
vee GND
N
A0 D- ; o
AT 2> 02
{ S 03
A2 ) ¢
7 > 04
A3 ) 7
N INPUT ADDRESS MEMORY OUTPUT % 05
abe BUFFERS DECODE alive suFreErs | | § o
A5 D : ¢
> 07
A6 ) AN
08
A7 ) 7
S 09
A8 > I
> 010
/
OUTPUT
INHIBIT
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ELECTRIC CHARACTERISTICS
Maximum Ratings*

Vcc and input voltages (with respectto GND) . . . . . . —0.3V to +8.0V
Storage Temperature . . . . . . .. .. ... ... —65°C to +150°C
Operating Temperature (Ta). . . . . . . . . . .. ... 0°C to +70°C

Standard Conditions (unless otherwise noted)
Vce =15 Volts £5%

Temperature (TA) =0°C to +70°C

Output Loading: One TTL Load, Cv toraL = 50pF.

RO-3-5120 -

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

Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Output Inhibit Inputs
Logic “1” Vin 2.2 — — \"
Logic “0” Vio —_ — 0.65 \"
Leakage %3 - —_ 10 pA
Data Outputs
Logic “1” Vou 2.2 — — \' lon = 100pA
Logic “0” Vor - -— 0.45 \ lor=1.6mA
Leakage lLo — - 10 BA
Power Supply Current
lec — — 30 45 mA Outputs open
AC CHARACTERISTICS
Inputs
Cycle Time tc 500 — — ns
Capacitance Ci — 5 8 pF f=1MHz
Data Outputs
Access Time tacc —_ 350 500 ns
Inhibit Response Time tr — _ 200 ns
Capacitance Co — 8 10 pF f=1MHz
**Typical values are at +25° C and nominal voltages
TIMING DIAGRAMS
tC
ADDRESS i eV OUTPUT - Vin
INPUTS >< >< v;: INHIBIT .
tace ‘ R f— th pa—
DATA ~20 DATA _ _ OUTPUTS _ oUTPUTS ouTPUTS 20
OUTPUTS OUTPUTS "HiGH IMPEDANCE \[ VALID HIGH —  4g
45 IMPEDANCE

ACCESS TIME (ADDRESS TO OUTPUT—
OUTPUT INHIBIT AT LOGIC ‘0’)

INHIBIT RESPONSE TIME
(ADDRESS INPUTS STABLE)
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] o5 a0z

8192 Bit Read Only Memory

FEATURES

PIN CONFIGURATION

B 2048x4 Organization 24 LEAD DUAL IN LINE

1.2ps Typical Access Time

m TTL/DTL Compatibility—Inputs and clocks TTL/DTL
compatible without external interfacing components.

m  Programmable Chip Select—Simplifies design of large

memory systems.

= Totally Automated Mask Generation—“RO-5-8192/Custom Top View
Coding Information”, describing punched card and truth Ve @1 ~ ahne.
table data specification, is available from Gl Sales Offices. 2142 23 [IChip Select 1
m  Zener Protected Inputs 220 3 22 [IChip Select 2
m  Glass Passivation Protection A0l 4 21 I Chip Select 3
A1 Os 20 [IChip Select 4
A2 6 19 O Output 1
DESCRIPTION a3 7 18 [0utput 2
IYis k] 17 [3 Output 3
The General Instrument RO-5-8192 is an 8192-bit dynamic Read AsQ 9 16 [J Output 4
Only Memory. It is organized as 2048 four bit words and requires AsQ 10 15 OJVae
11 bits of addressing. Additional features such as programmable argm :; HA10
chip select are provided for greater system flexibility. The RO-5- Asg 12 P a9
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
A6 A7 A8 A9 AIO
COLUMN QUADRANT
DECODER C: SELECT
a0 U
Al MEMORY
A2 ROW MATRIX
A3 RECODER ? 2048 x 4
A4
AS l I
cs| < g
cs2 CHIP SENSE CLOCK
cs3 SELECT AMPLIFIERS DRIVER g2
cs4
HER DN
—< Vae
OUTPUT
BUFFERS
¥ v Vv Vv
I 2 3 4

DATA OUTPUTS
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

RO-5-8192

Vag, clock and input voltages (with respecttoVec) . . . . . —20V to +0.3V *Exceeding these ratings could cause
Storage Temperature . . . . . .. . ... ... ... —65°C to +150°C permanent damage. Functional operation of
Cperating Temperature (Ta). . . . . . . . . . . .. ... 0°C to +70°C this device at these conditions is not
implied—operating ranges are specified
Standard Conditions (unless otherwise noted) below.
Vce = +5 Volts £5%
Vee = —12 Volts 5%
Operating Temperature (Ta) = 0°C to +70°C
Output Loading: R. = 6.8K to Ves, C. TOTAL = 100pf.
Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Clock Inputs
Logic “1" Véu Vee—1.5 — — \'
Logic “0" Voo — — +0.8 v
Leakage 1L — — 1.0 pA Vin = Vcc—9V,
Ta=+25°C
Address, Chip Select Inputs
Logic “1” Vin Vee—1.5 — — \"
Logic “0” Vi — - +0.8 \"
Leakage Iu — — 1.0 pA Vin=Vcc9V,
Ta=+25°C
Quadrant Enable Inputs?
Logic “1” Vou Vec—1.5 - — \"
Logic “0" VoL — — +0.8 \"
Data Outputs
Logic “1” Vou Vce—1.5 — — v ONE TTL LOAD
Logic “0” Vou - - Vcc—4.5 v ONE TTL LOAD
Power
loe - — 275 400 mwW
AC CHARACTERISTICS
Clock Inputs
Cycle Time tepc 2 — 100 s
¢1 Pulse Width to1pw 800 — — ns tp1pw-tep21a=>400ns
¢ Pulse Separation tpips 1200 — — ns
¢2 Lead Time tp2id 400 — — nS
¢ Lag Time topaig 400 — — nS
Rise and Fall Times tr,te —_ -_ 50 nS
Capacitance Co — 8 10 pF 1MHz, Ta=+25°C
Inputs
Set Up Time tos 200 — — nS
Hold Time tou 200 — - nS
Capacitance Ci - 5 7.5 pF 1MHz, Ta =+25°C
Data Outputs
Propagation Delay tep - 0.6 1 uS
Access Time tace - 1.2 16 uS (See Note)
Capacitance Co — 3 5 pF 1MHz, TA=+25°C

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

NOTE:

Access Time is defined as tps (min.) + tgz; (Min.) + tep (Max.)
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- RO-5-8192

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 “0"—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=0or 1):

(025 Cs2 Cs3 Cs4

CUSTOM BIT PATTERNS

General Instrument makes use of proven computer techniques to
provide fast and accurate generation of custom bit patterns. All
necessary material, including the data pattern mask, test dataand
check lists (for customer verification), ae computer-generated
and cross-checked. For the full details on data specification,
request the booklet “RO-5-8192/Custom Coding Information”
from any Gl Sales Office.

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 INTERFACE CIRCUIT—TTL/DTL
tgc

Toipw T Toips

ek 30% X

t=—-tg2lg
r——~'n= 14—

2
e s0%

[t

ADDRESS,
CHIP SELECT,
QUADRANT ENABLE

INPUTS

4
4 quabrant | 0—| OUTPUT LINES
ENABLE LINES | o]
o o
o—
4 cuip | o—f
SELECT LINES | o
o—o1
° -12v
o0— o
o—{
11 ADDRESS LINES
o—o;
o—
o—
P Crora ST
100pF == TTL/OTL
Vee Vag

STD
__________________________ - 1]
DATA +5v -l2v
OUTPUTS v,
oL --

TYPICAL CHARACTERISTIC CURVES

500 T T
%‘ Vee -Vgg= 17.85V
~ 400
3
= —
= I~
= | R —
. 300 T T —
8 i -~
=) | |
|

& 200 |
H I !
a | |

100 L L

[} 20 40 ) 80

TEMPERATURE (°C)
POWER DISSIPATION vs. TEMPERATURE

1.5 & Vo = Vgg =16.15V
@
3
w L4 <t
|
§ !
> t
» 1 I
o3 T t
S T ]
b4 T |
1.2 ! 1 1
| | |
1 1 L
(o] 20 40 60 80

TEMPERATURE (°C)
ACCESS TIME vs. TEMPERATURE
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RO-3-8316A  RO-3-9316A
Slld RO-3-8316B  RO-3-9316B

16384 Bit Static Read Only Memories

FEATURES
B 2048x8 Organization—ideal for microprocessor PIN CONFIGURATION
memory systems. 24 LEAD DUAL IN LINE
® Single +5 Volt Supply RO-3-831 1
® TTL Compatible—all inputs and outputs. 6//83168
m Static Operation—no clocks required. Top View
® 450ns Maximum Access Time: RO-3-8316B/9316B arcder 24 Bvgeesy)
® 850ns Maximum Access Time: RO-3-8316A/9316A as] 2 23 o1
m Three-Stage Outputs—under the control of three A9d 3 22 (02
mask-programmable Chip Select inputs to simplify Al0[] 4 21 o3
memory expansion. 2?5 Z ?g gg‘;
® Totally Automated Custom Programming. a2 7 18 Fos
m Zener Protected Inputs. A3 8 17 Doz
m Glass Passivation Protection. Add 9 16 [Jo8
Asd 10 15 [Acs1
As ] 11 14 [Ics2
'DESCRIPTION anpd 12 13 Ecsa
The General Instrument RO-3-8316A/8316B and RO-3-
9316A/9316B are 16,384 static Read Only Memories organized as 24 LEAD DUAL INLINE
2048 eight bit words and are ideally suited for microprocessor RO-3-9316A/93168B
memory applications. Fabricated in GI's advanced GIANT IL N- Top View
channel lon-Implant process to enable operation from a single +5 arder 24 Bvee (+5v)
Volt power supply, the RO-3-8316A/8316B and RO-3- as 2 23 D As
9316A/9316B offer the best combination of high performance, Asd 3 22 A9
large bit storage, and simple interfacing of any MOS Read-Only A4l 4 21 pcs3
Memories available today. :23‘: Z fg gff;
The RO-3-8316A/8316B are direct replacements in pin ad 7 18 [ cs2
connection and operation for the Intel 8316A and 2316A. A 8 17 (108
The RO-3-9316A/9316B pin configuration is identical to that of org e :: ;‘g;
the Intel 2708 8K EPROM. g b
A separate publication, “RO-3-8316A/8316B and RO-3- GNDQ 12 13 [J04
9316A/9316B Custom Coding information,” available from Gl
Sales Offices, describes the punched card and truth table format
for custom programming.
v,
BLOCK DIAGRAM f° 5P
AO ol
Al 02
A2 03
A3 ADDRESS MEMORY 04
ADDRESS OUTPUT
e BUFFERS OECODE 2548 %8 BUFFERS o
A5 06
A6 o7
A7 08
A8
A9
AlO
cst cHip CHIP
cs2 SELECT SELECT
cs3 BUFFERS DECODE
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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 respectto GND) . . . . —0.3V to +8.0V
Storage Temperature . . . . . . . . . ... .. —65°C to +150°C
Operating Temperature (Ta). . . . . . . . . .. .. 0°Cto+70°C

Standard Conditions (unless otherwise noted)

Vee = +5 Volts 5%
Operating Temperature (Ta) = 0°C to +70°C
Output Loading: One TTL load, Cv. rorar = 30pF.

*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/9316A and RO-3-8316B/9316B

Characteristic Sym Min Typ** Max Units Conditions

DC CHARACTERISTICS

Address, Chip Select,

Latch inputs

Logic “1” Vi 2.2 —_ — \

Logic “0” Vie — - 0.65 v

Leakage Iut - — 10 uA

Data Outputs

Logic “1” Vou 2.2 — — \ lon = 100pA

Logic “0” VoL — — 0.45 v lor. = 1.6mA

Leakage o — — 10 kA

Power Supply Current

lee — — 50 85 mA Outputs open
(RO-3-8316A/9316A)

— — 90 110 mA Outputs open

(RO-3-8316B/9316B)

RO-3-8316A/9316A

AC CHARACTERISTICS

Address, Chip Select Inputs

Cycle Time tc 800 — — ns

Capacitance Ci — 5 8 pF f=IMHz

Data Outputs

Access Time tace - 600 850 ns

Chip Select Response Time tr — 200 300 ns

Capacitance Co - 8 10 pF f=IMHz
RO-3-8316B/93168B

AC CHARACTERISTICS

Address, Chip Select Inputs

Cycle Time te 400 — — ns

Capacitance Ci — 5 8 pF f=IMHz

Data Outputs

Access Time tace — 350 450 ns

Chip Select Response Time tr — 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

A complete system of 16K words of ROM (8 bits/word) is easily CHIP SELECT TABLE
obtained without any external address decoding by making use
of programmable chip select features and by wiring the outputs DEVICE
of eight different RO-3-8316's as shown in the figure below. cs3 |cs2 | cs SELECTED
(4] o (1] 16K0
o 4] 1 16K1
o 1 o 16K2
1} 1 1 16K3
1 4} 0 16K4
1 3} 1 16KS5
1 1 1] 16K6
1 1 1 16K7
ADDRESS BUS
(AO-AIO)

CHIP SELECT BUS¥* ° °

el L] | | | | |

000 [oe]] olo ot 100 tol o (A}

RO-3-8316 RO-3-8316 RO-3-8316 RO-3-8316 RO-3-8316 RO-3-8316 RO-3-8316 RO-3-8316
16KO 16K1 16K2 16K3 16K4 16K5 16K6 16K7

OUTPUT BUS
(0, - Og)

* UTILIZED AS ADDRESSES A ,-A3

TIMING DIAGRAMS

tC
ADDRESS i i -V
INPUTS
! -
tace {
DATA 2.0
OUTPUTS 4

ACCESS TIME (ADDRESS TO OUTPUT—CHIP SELECTED)

secher o T SELECTED NoT Vi
INPUTS SELECTED (AS PROGRAMMED) SELECTED Vg,
tp tq
OUTPUTS 2.0

4 OUTPUTS
VALID HIGH . 45
IMPEDANCE ™~

CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE)

DATA OUTPUTS
OUTPUTS "HiGH IMPEDANCE
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- RO-3-8316A = RO-3-8316B = RO-3-9316A = RO-3-9316B

Tace (ns)

Tacc (ns)

I (MA)

TYPICAL CHARACTERISTIC CURVES

T T T T
Ve = +5V Vee = +5V
1000 CcC 550 CcC
800 450
@ —
(=
600 — | T 350 e
—t1 1 : 8 -t ] |r
1 1 ._‘ 1 1
T ] i T 1
| ! H | ! H
400 |—1- + : 250 —t + .
! : ! | : I
) i
i ' H !
200 L 150 - +
! ! i H H
0 20 40 60 80 ) 20 40 60 80
TEMPERATURE (°C) TEMPERATURE (°C)
RO-3-8316A/9316A RO-3-8316B/9316B
Fig.1 ACCESS TIME VS. TEMPERATURE
T, = +25°C Ta - +25°C
700 Veg = +5V 450 Veg = +5V
650 400
/ @
<
600 g 350
el = ]
1
550 " 300 —1 |
! ] ! i
i H | !
500+—1 L 250 |— 1
i ! | |
1 A 1 e
1.5 1.7 ) 2.1 23 15 17 19 2.1 23
Vou (VOLTS) Vou (VOLTS)
RO-3-8316A/9316A RO-3-8316B/9316B
Fig.2 ACCESS TIME VS. OUTPUT VOLTAGE
Von = +5T Vee © +.:>V
70 e 130
60 110
~ < <
€ I~
50 [~ = %0 [~
T 3 o=
| 1
40 : 70 L
H H
1 |
1 1
30 T 50 |
! ;
o 20 40 60 80 o 20 40 60 80

TEMPERATURE (°C)
RO-3-8316A/9316A

TEMPERATURE (°C)
RO-3-8316B/9316B

Fig.3 POWER SUPPLY CURRENT VS. TEMPERATURE
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RO-3-8316A = RO-3-8316B = RO-3-9316A = RO-3-9316B

TYPICAL CHARACTERISTIC CURVES

7, = +25°C T, +25°C
70 130
60 110
< <
E 50 £ 9 T
Vo = ! : Vo | :
o + 4 Q 4 ! .
il 1 | = 1 1 |
40 . : 70 . . :
1 1 ' ¢ 1
| | N ! ! .
f ' | | 1 |
30 . : T 50 T T T
i | i i | i
1 1 1 1 1 1
4.6 4.8 50 5.2 5.4 4.6 48 50 52 54
Vge (VOLTS) Ve (VOLTS)
RO-3-8316A/9316A RO-3-8316B/9316B

Fig.4 POWER SUPPLY CURRENT VS. SUPPLY VOLTAGE

P
28T Ve =+5V -
18 ///
:é 4
E 2
", 4
o
-
14
i
0 T
i
1
(o} | 2 3 4

VoL (VOLTS)
RO-3-8316A/8316B, RO-3-9316A/9316B
Fig.5 OUTPUT SINK CURRENT VS. OUTPUT VOLTAGE

—
T, = +25°C
24 Vec = +5V
8
£ 2
z N\
o
-
6
0 1
T
1
1
[¢] I 2 3 q

Vo (VOLTS)
RO-3-8316A/8316B, RO-3-9316A/9316B
Fig.6 OUTPUT SOURCE CURRENT VS. OUTPUT VOLTAGE
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ﬁ

INSTRUMENT

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

PIN CONFIGURATION
24 LEAD DUAL IN LINE

® 1 us Maximum Access Time Top View
®m 250 mW Typical Power VecCl@r 24 hGND
®  Three-State Outputs—under control of 3 programmable ADDRESS/CS LATCH [] 2 23 Ocst
Chip Select Inputs. NC.O 3 22 [ICs2
®  Totally Automated Custom Programming AoC] 4 21 [OCs3
m  Zener Protected Inputs AlQ s 20 DA
m  Glass Passivation Protection A2Q 6 19 pouT 1
A3l 7 18 [1OUT 2
A4C] 8 17 JouT 3
DESCRIPTION A5(C] 9 16 JJOUT 4
A6 ] 10 15 ON.C.
The General Instrument RO-3-16384 is a 16,384 bit static Read- “E n :“ pAto
Only-Memory. Itis organized as 4096 four bit words and requires A8 12 3 pse
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 lon Implant
technology.
A separate publication, “R0O-3-16384 Custom Coding
Information,” available from Gl Sales Offices, describes the
punched card and truth table data format for custom
programming of the RO-3-16384 memory.
BLOCK DIAGRAM
Ve GND
ADDRESS'/CS LATCH >—————-] T
[
A0 OuT |
Al
A2
A3 ouT 2
MEMORY
e >t SRS 1>{ It >t SYIRUL
A5
INPUT ouT 3
A6 BUFFER
A7 REGISTER
A8 ouT 4
A9
AIO
All
csi
CHIP
cs2 —> SELECT
cs3 DECODE
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RO-3-16384 -

ELECTRICAL CHARACTERISTICS

Maximum Ratings*
*Exceeding these ratings could cause

Vcc and input voltages (with respectto GND) . . . . . —P‘SV to +8_?V permanent damage. Functional operation of
Storage Temperature . . . . . . . . . . ... .. —65°C to +150°C his devi he diti .
Operating Temperature (Ta). . . . . . . . . . . . .. 0°C to +70°C this . ovice at .t ese conditions 's. POt
implied—operating ranges are specified
. ow.
Standard Conditions: (unless otherwise noted) below
Vce = +5 volts + 5%
Operating Temperature (Ta) = 0°C to +70°C
Output Loading: One TTL load, Cv tota; = 50 pF.
Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Chip Select, Latch Inputs|
Logic “1"” Viu 2.2 - — Vv
Logic “0” Vi —_ - 0.65 \
Leakage It — — 10 uA
Data Outputs
Logic “1” Vou 2.2 — — v lon = 100pA
Logic “0” VoL _ — 0.45 \ loL = 1.6mA
Leakage o - — 10 pA
Power Supply Current
lec — — 50 65 mA Outputs open
AC CHARACTERISTICS
Address, Chip Select Inputs
Cycle Time te 1.0 — — us
Set-up Time tas 0 _ — ns
Hold Time tan 200 —_ — ns
Capacitance Ci —_ 5 8 pF f=1MHz
Latch Input
Pulse Width tew 200 —_ — ns
Data Outputs
Access Time tace — 0.7 1.0 s
Chip Select Response Time tr — 200 300 ns Latch at +5V
Capacitance Co — 8 10 pF f=1MHz

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

TIMING DIAGRAMS

ADDRESS/
- CHIP. SELECT
INPUTS

BTN
ADDRESS N W
INPUTS N Vic
______________ -~ ADDRESS/
DATA N Vo CHIP SELECT
OUTPUTS . S VoL LATCH

CHIP SELECT
INPUTS Vi o0FBlrs

—————— e e s

WITH LATCH INPUT HELD AT +5V WITH LATCH INPUT UTILIZED
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[E] rossw

Tacc NANOSECONDS

Tacc NANOSECONDS

I mA

TYPICAL CHARACTERISTIC CURVES

1000

800

600

400

n
o
o

900

800

700

oI.5

25 50 75
TEMPERATURE, °C

25 50 75

TEMPERATURE, °C

1.6

1.7

18 19 20 2.1 22
Von VOLTS
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RO-3-20480 PRELIMINARY INFORMATION

20480 Bit Static Read Only Memory

FEATURES
PIN CONFIGURATION
® 2048 x10 Organization—ideal for microprocessor 24 LEAD DUAL IN LINE
memory systems.
u Single +5 Volt Supply.
® TTL/DTL Compatible
s Static Operation—no clocks. Top View
® 500ns Maximum Access Time T 9 .
s 250mW Typical Power th;g'z 2 Dg?n '
m Three-State Outputs—under control of Output Inhibit. ard 3 22 fout 2
Al 4 21 Qout 3
A5 5 20 [Out 4
DESCRIPTION a4l 6 19 Dout 5
A3 7 18 [1Out 6
[!
The General Instrument RO-3-20480 is a 20,480 bit static Read e e =St
Only Memory ideally suited for microprocessor memory a2d 10 15 Fout 9
applications. Fabricated in GI's advanced GIANT II N-channel agQ n 14 Fout 10
lon-Implant process to enable operation from a single +5 Volt AoC] 12 13 [1Output Inhibit
power supply, the RO-3-20480 offers high performance, large bit
storage, and simple interfacing.
BLOCK DIAGRAM
V, OUTPUT
%C G'%D INHIBIT
AO > 0l
Al > 02
A2 > 03
A3 > 04
A INPUT ADDRESS MEMORY OUTPUT 3 05
BUFFER DECODE BUFFERS
AS 2048 x 10 > 06
A6 —> 07
A7 —> 08
A8 > 09
A9 —> |0
AlO
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GENERAL
AY-5-2376
AY-5-3600

RO-5-2240S

RO-3-2513
RO-5-5184




@ AY-5-2376

Keyboard Encoder
FEATURES

= One integrated circuit required for complete keyboard
assembly.

8 Outputs directly compatible with TTL/DTL or MOS logic
arrays.

= External control provided for output polarity selection.

s External control provided for selection of odd or even parity.

® Two key roll-over operation.

8 N-key lockout.

s Programmable coding with a single mask change.

m Self-contained oscillator circuit.

® Externally controlled delay network provided to eliminate the
effect of contact bounce.

u Static charge protection on all input and output terminals.

n Entire circuit protected by a layer of glass passivation.

DESCRIPTION

The General Instrument AY-5-2376 is a 2376 Bit Read Only
Memory with all the logic necessary to encode single pole single
throw keyboard closures into a usable 9-bit code. Data and
strobe outputs are directly compatible with TTL/DTL or MOS
logic arrays without the use of any special interface components.
The AY-5-2376 is fabricated with MTNS technology and contains
2942 P-channel enhancement mode transistors on a single
monolithic chip.

PIN CONFIGURATION
40 LEAD DUAL IN LINE
Top View
Vol@1 a0
Frequency Control B[] 2 39 X0
Frequency ControlC 3 38 X1
Shift Input [} 4 37 px2
Control Input [ 5 36 X3
Parity Invert Input ] 6 35 (x4
Parity Output [} 7 34 X5
Data Output 88 J 8 33 Ox6
Data OutputB7(] 9 32 Ox7
Data Output B6 (] 10 31 Avo
Data OutputB5] 11 30 AY1
Data Output B4 12 29 Av2
Data Output B3 O 13 28 [v3
Data Output B2 (] 14 27 [va
Data Output B1J 15 26 Y5
Strobe Output ] 16 25 Y6
Va O 17 24 D7
Vae ] 18 23 [vs
Strobe Control Input ] 19 22 Y8
Data & Strobe Invert input 0 20 21 [Av1w0

[IFrequency Control A

Keyboard Matrix
Outputs

Keyboard Matrix
Inputs

BLOCK DIAGRAM

YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10

STROBE ouwv

88 37 86 85 B4 83 B2 81
PARITY OUTPUT

DATA oumns

* B (s0KOHMS), 1 (004uE)
X. 1(5"!5 DELAY

%o@ 52 ocx rreauency
+ EXTERNAL CLOCK INPUT (OPTION)

m;onnnzszsuzﬂnn
F——— ¢+t ¢4 $——————— A,
Vi 8 $ 1}
66 —2> ¢ rels
50 KHz 12
Vo — 11 OSCILLATOR T
1
1 3
vee—3>—4 T 13
| ! FREQUENCY
| 118IT COMPARATOR 1 CONTROL
| cLock |
CONTROL |
! | vo Y10
| 11STAGE RING COUNTER |
! I
! TIITITITLT I— i .
. Kk—
SHIFT INPUT — ¢ ) X,
< " x:
2
conTROL INPUT__S 4 K— 8 2
x
| 26017 RO ¢ sTAGE e 2
(98T X 88 KEYS x 3 MODE) COUNTER = Xa
! K— +
STROBE Xs
CONTROL INPUT g | K Pl
K &= Xg
“R1 e P d
<— *
! {n
Vee Vee |
88.SPST KEYBOARD SWITCHES
DATA AND STROBE |
INVERT INPUT numm;s 3 ” L,\
COMPATIB!
PARITY INVERT OUTPUT DRIVERS [ [~ TYPICAL SWITCH
INPUT |
AY-5-2376 |
_—— _———_—— — EXAMPLE
7 8] 91 10[ 1] 12] 13| 1] 15|
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OPERATION

The AY-5-2376 contains (see Block Diagram), a2376-bit ROM, 8-
stage and 11-stage ring counters, an 11-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
Shiftand Control Inputs selects one of the 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 11-bit 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 akey is depressed, a single path is completed between one
output of the 8-stage ring counter (X0 thru X7) and one input of
the 11-bit comparator (Y0-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

AY-5-2376

input from the 11-stage ring counter. When this occurs, the
comparator generates a signal to the clock control and to the
Strobe Output (via the delay network). The clock control stops
the clocks to the ring counters and the Data Outputs (B1-B9)
stabilize with the selected 9-bit code, indicated by a ‘valid’ signal
on the Strobe Output. The Data Outputs remain stable until the
key is released.

As an added feature two inputs are provided for external polarity
control of the Data Outputs. Parity Invert (pin 6) provides polarity
control of the Parity Output (pin 7) while the Data and Strobe
Invert Input (pin 20) provides for polarity control of Data Outputs
B1 thru B8 (pins 8 thru 15) and the Strobe Output (pin 16).

SPECIAL PATTERNS

Since the selected coding of each key is defined during the
manufacture of the chip, the coding can be changed to fit any
particular application of the keyboard. Up to 264 codes of up to 8
bits (plus one parity bit) can be programmed into the AY-5-2376
ROM cbvering most popular codes such as ASCII, EBCDIC,
Selectric, etc., as well as many specialized codes. The ASCI|
code is available as a standard pattern.

TIMING DIAGRAM

SWITCH
CLOSURE

y

|a—————— MINIMUM SWITCH CLOSURE ————

SWITCH
RELEASE

)

88 CLOCK
A STROBE WIDTH
SWITCH STROBE SWITCH
4 BOUNCE - DELAY "'BOUNCE’I
Y KEYBOARD Vee
MATRIX OUTPUT v

sTROBE Vce

OUTPUT | I
Vai
_.l la—— 5uS

DATA VALID

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88 X 1/f) + STROBE DELAY + STROBE WIDTH

' V

MAXIMUM DETERMINED BY
EXPECTED EXTERNAL RC

DETERMINED

MINIMUM TIME

BY FREQUENCY REQUIRED BY
OF OPERATION EXTERNAL
(EXTERNAL RC) CIRCUITRY
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E AY-5-2376

ELECTRICAL CHARACTERISTICS

Maximum Ratings

Vo and Ve (With respecttoVee) . . . . . . . —20V to +0.3V
Logic input voltages (with respect to Vcc) . . . —20V to +0.3V
Storage Temperature . . . . . . . . . .. —65°C to +150°C
Operating TemperatureRange . . . . . . . . 0°C to +70°C

Standard Conditions (unless otherwise noted)

Vee = +5 Volts = 0.5 Volts,

Ve =—12 Volts = 1.0 Volts, Vo1 = GND.

(Vcc = Substrate Voltage)
Operating Temperature (Ta) =0°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.

Characteristics Sym Min Typ** Max Units Conditions
Clock Frequency f 10 50 100 KHz See Block diagram
footnote** for typical
R - C values
Data Input
(Shift, Control, Parity
invert,data&strobeinvert).
Logic “0" Level Vio Vee — +0.8 \
Logic “1” Level Vit Vee—1.5 — Vect0.3 Vv
Shift & Control Input
Current lins,c 15 36 60 pA Vi=+5V
8 16 30 pA Vi=0V
Data, Parity invert Input
Current linp,p — .01 1 pA Vi=-5V to +5V
X Output (X,-X;)
Logic “1” Output Current Ix1 — 0 — pA Vour = Vcc
80 150 400 pA Vour = Vcc—1.3V
140 300 800 uA Vour = Vcc—2.0V
250 700 1500 uA Vour = Vce —5V
500 1500 3000 BA Vour = Vce — 10V
Logic “0” Output Current Ixo 15 30 80 A Vour=Vcc
13 27 65 RA Vour =Vcc—1.3V
12 25 60 A Vour = Ve —2.0V
5 10 40 rA Vour = Vec —5V
— 1 20 nA Vour = Vec —10V
Y Input (Y-Y0)
Trip Level Vy Vee—5 Vee —3 Vee—2 \" Y Input Going
Positive
Hysteresis AVy 5 9 14 \ Note 1
Note 2
Selected Y Input Current lys 30 60 160 pA Vin=Vcc
26 54 130 pA Vin=Vcc—1.3V
24 50 120 rA Vin = Ve —2.0V
10 20 80 nA Vin = Vcc =5V
. — 2 20 rA Vin=Vcc =10V
UnselectedY InputCurrent lyu 15 30 80 uA Vin=Vcc
13 27 65 pA Vin = Ve —1.3V
12 25 60 pA Vin=Vcc —2.0V
5 10 40 nA Vin=Vcc —10V
Input Capacitance Cin — 3 10 pf at oV
Switch Characteristics
Minimum Switch Closure —_ - —_ -_ - See Timing Diagram
Contact Closure
Resistance Zcc = —_ 300 Q
Zco 1X107 — — V]
Strobe Delay
Trip Level (Pin 19) Vsp Vec—4 Vec—3 Vec—2 v
Hysteresis Vsp 5 9 14 v See Note 1
Quiescent Voltage (Pin 19) -3 -5 -8 Vv With 680KQ to Vss
Data Output (B,-B,)
Logic “0” —_ —_ - 0.4 v lo. = 1.6ma
Logic “1” - Vec—1 — - v lon—100a
Power
lee — -— 5 10 mA Vce=+5V
lea — -_ 5 10 mA Vee=—12V

**Typical values at +25°C and nominal voltages.

NOTE 1. Hysteresis is defined as the amount of return required to unlatch an input.

2. Guaranteed number of X & Y loads which may be applied to an X output= eleven.
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TYPICAL CHARACTERISTIC CURVES

10.0 |~ R = 680KIOhms
Tai= +25°C
0 p— Voltages 4

/

DELAY (mS)

/

0 001 .00z .003.006 .01 016 022 033
CAPACITANCE (1)

STROBE DELAY VS. C1

o [ 11T

<)
! U/
g w %._
€ // /)
60 ,4/
/__,/ /
40

20

i
30 26 20 15 10
Vgs VOLTS

TYPICAL OUTPUT ON RESISTANCE
(Rpon) VS. GATE BIAS VOLTAGE (Vgs)

100 '
%0 R =100K[Ohms

TA = +25°C
Nominal Voltages

\
\

FREQUENCY (KHz)

2o,

0 & 0 80 100
CAPACITANCE (pF)

OSCILLATOR FREQUENCY VS. C2

NOMINAL SUPPLY VOLTAGE

g w0 xgzlfrzv_
g \ Vai =GND
E 140 \\‘
INY
\\
N

6 20 30 40 50 60 70
TEMPERATURE °C

TYPICAL POWER CONSUMPTION
(mW) VS. TEMP (C°)

VGG

IN >_T-' T

Vee Vee 1 Vee

7 STATIC CHARGE
PROTECTION DEVICE

OUTPUT DRIVER

v T0
KEYBOARD INTERNAL

INPUT T GATING
T

C COUNTER
STATIC CHARGE INPUT

PROTECTION DEVICE

“Y” INPUT STAGE FROM KEYBOARD
Vee

TO KEYBOARD

COUNTER
INPUT 2 — T

STATIC CHARGE
PROTECTION DEVICE

Vee

“X” OUTPUT STAGE TO KEYBOARD
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AY-5-2376

STANDARD CODE ASSIGNMENT CHART

Illustrated using a Logic “O” on the Data and Strobe Invert Input (Pin 20) and the Parity Invert Input (Pin 6).

NORMAL MODE
SHIFT MODE
CONTROL MODE

OUTPUT LOGIC “1'. (SEE DATA B1 — B8)

(CODE REPRESENTITIVE OF KEY DEPRESSION AT
LOCATION Xg — Yg AND PROPER MODE SELECTION)

*EXAMPLE
B1 B2 B3 B4 B5 B6 B7 B8 PARITY

N s G BIT

1 ) 1 ! X0 ! v

L : ‘ 1 - . . 5 . . - 9 N =

;__: ______ -2 -8 — —8—>» NORMAL S =
Yg ‘_ ———————— W— — —» SHIFT 2 =
————— —& — — — — ——= CONTROL

LOGIC 1" = +5V
LOGIC “0" =GND

NOTE 1: This code is an 8 bit ASCII code (B1-B8). Outpyt B9 is included as an odd parity bit operating on outputs B1-B7.

TRUTH TABLES

DATA (B1-B8) INVERT TRUTH TABLE

PARITY INVERT TRUTH TABLE

DATA AND STROBE CODE DATA PARITY CODE PARITY
INVERT INPUT ASSIGNMENT OUTPUTS INVERT INPUT ASSIGNMENT OUTPUT
(PIN 20) CHART (B1-B8) (PIN 6) CHART (PIN7)
1 1 0 1 1 0
0 1 1 0 1 1
1 0 1 1 0 1
0 0 0 0 0 0
STROBE INVERT TRUTH TABLE
DATA AND STROBE STROBE MODE SELECTION
INVERT INPUT INTERNAL OUTPUT S TN
(PIN 20) STROBE (PIN 16) S E-8
1 1 0 S c=cC
0 0 0 S C=C
1 0 1
0 1 1
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AY-5-3600

Keyboard Encoder

FEATURES
® One integrated circuit required for complete keyboard assembly. %?&g’gﬂgﬂﬁtﬂg"
® N key rollover or lock out operation.
® Quad mode operation.
® | ock out/rollover selection under external control (option).
® Self-contained or slave oscillator circuit. !
® 10 output data bits available. Top View
® Outputs directly compatible with TTL/DTL or MOS logic arrays. opioncfer =~ 4w p Xo
® Qutput data buffer register included. Option[] 2 39 Px,
® Output enable provided (option). See next page { OptionC] 3 38 PX,
= External data complement control provided (option). Option ] 4 37 PX,
# Pulse or level data ready output signal provided (option). Option O 5 36 X,
® “Any Key Down"” output provided (option). Data Output ”E ‘;’ gi ;"6
= Externally controlled delay network provided to eliminate the Data Output 88 . i‘
effect of contact bounce. g’:‘ g”"’:: ;E . :: g x7
® Programmable coding with a single mask change. D:t: o::;m Bsd 10 nh D'm y Node Input
®:Static charge protection on all input and output terminals. Data Output B4 O 11 30 Pvee
® Entire circuit protected by a layer of glass passivation. Data Output B3 O 12 29 [ shift Input
Data Output B2 [] 13 28 [ Control Input
DESCRIPTION Data Output B1 (] 14 27 Pvge
The General Instrument AY-5-3600 is a Keyboard Encoder Voo O3 15 % Y
containing a 3600 bit Read Only Memory and all the logic Data Ready ] 16 25 [
necessary to encode single pole single throw keyboard closures YoQ 17 24 By,
into a usable 10 bit code. Data, Any Key Down and Data Ready Y.ge 2 1Y,
outputs are directly compatible with TTL/DTL or MOS logic :’ g1 2 7Y,
arrays without the need for any special interface components. a4 20 21 PY,
The AY-5-3600 is fabricated withMINS technology and contains
5000 P channel enhancement mode transistors on a single
monolithic chip.
BLOCK DIAGRAM
Yo ¥y Yo Yy Y g Vg Yp Vg Yy
_____ s e e —
r E———— )
Vu-)-EQ 1 3L f.'
:WH;: 10 BIT COMPARATOR “:?L{":!:;.I 42 I'_l] oo
loc -»—324 RI%
| |
I | AING SOUNTER h CONTROL
|
| - ’
|5 FTTRél T e
weambl [ H S re—
swer MoDE |- T
CconTROL >—28. DECODER |y 38 X
| L 1 3600 BIT ROM » stace :: 4::::5: :
< (10 8IT X 90 KEYS X 4 MODE) COUNTER 38 x5
M —
| Voo 32 T
I | e ee——s
| OUTPUT DATA BUFFER 445 SYeUF" OO o
| | ITCHES
| —€— LOCKOUT/ROLLOVER (0PTION)
|wno:') + ENABLE (OPTION)
- _} NOTE: REFER TO FIG.1 FOR OPTION PIN SELECTION.
_________________ '%%“M‘o:s ')uc CLOCK FREQ.
BI0 89 B8 87 B6BS B4B3 B2 BI '::?‘g(:‘:oﬁi :u?;;‘:rr:?ézgumﬁg!wu'
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E AY-5-3600

CUSTOM CODING INFORMATION

The custom coding information for General Instrument’s AY-5-
3600 Keyboard Encoder ROM should be transmitted to General
Instrument in the form of 80 column punched cards. Each ROM
pattern requires 92 cards (1 title card, 1 circuit option card and 90
ROM pattern cards). (See Note 1)

Ifit is not possible to supply punched cards, then the Truth Table
should be completed (See Note 1). However, there would be a

PIN OPTIONS

Pins 6-40 of the AY-5-3600 are permanently assigned. The func-
tions assigned to pins 1-5 depend on which functional opti are
lected from the following:

External Clock

—requires one package pin to input an external clock source.
Internal Oscillator

—requires three package pins interconnected with an external
RC network to develop the clock required.

Lockout/Rollover (LO/RO)

—requires one package pin to externally select N-Key Lockout or
N-Key Rollover. LO = +5V, RO = GND.

Complement Control (CC)

—requires one package pin to externally control the logic state of
the data bits (B1-B10) 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 (B1-B10) 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 (B10)

—requires one package pin when ten data bits are required to
encode each key.

Select the pin options desired:

External Clock + 4 of the following functions
OR

Internal Oscillator + 2 of the following functions

LO/RO, CC, CE, AKO, BIO

The following chart lists the pin assignments according to the f

PIN 1 PIN 2 PIN3 PIN4 PINS
External Clock LO/RO CcC CE AKO
External Clock LO/RO CcC CE BIO
External Clock LO/RO CcC AKO BIO
External Clock LO/RO CE AKO BIO
External Clock CcC CE AKO BIO
LO/RO CcC
LO/RO CE
LO/RO AKO
LO/RO BIO
Internal Oscillator CcC CE
CcC AKO
CC BIO
CE AKO
CE BIO
AKO BIO
ELECTRICAL CHARACTERISTICS
Maximum Ratings*
Vop and Vee (with respecttoVee) . . . . . . . . . . —20V to +0.3V *Exceeding these ratings could cause
Logic input voltages (with respecttoVec) . . . . . . —20V to +0.3V permanent damage. Functional operation of
Storage Temperature . . . . . . . .. .. ... —65°C to +150°C this device at these conditions is not
Operating Temperature Range. . . . . . . . . . .. 0°C to +70°C implied—operating ranges are specified

Standard Conditions (unless otherwise noted)

Vcc = +5 Volts 0.5 Volts

Vge = —12 Volts +1.0 Volts, Vop = GND

(Vce = Substrate Voltage)

Operating Temperature (Ta)=0°C to +70°C
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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 - - S
Data & Clock Input
(Shift, Control,
Compliment Control,
Lockout/Rollover,
Chip Enable
& External Clock)
Logic “0” Level Vio Vea — +0.8 \"
Logic “1” Level Vi Vee—1.5 - Vect0.3 \
Shift & Control Input
Current Insc 75 95 120 MA Vi=+5V
X Output (X,-Xg)
Logic “1” Output Current Ix1 40 170 400 uA Vour = Vcc (See Note 2)
600 1300 2500 pA Vour = Vec—1.3V
900 1600 3500 pA Vour = Vec—2.0V
1500 3800 6000 pA Vour = Vo5V
3000 6000 10000 pA Vour = Vec—10V
Logic “0” Output Current 1xo0 8 15 50 pA Vour = Vcc
6 1 35 uA Vour = Vec—1.3V
5 10 30 uA Vour = Vcc—2.0V
2 5 15 pA Vour = Vec—5V
— 0.5 5 kA Vour = Vec—10V
Y Input (Yo-Ys)
Trip Level Vy Vec—5 Vce—3 Vee—2 A" Y Input Going Positive (See Note 2)
Hysteresis AVy 0.5 09 14 \ (See Note 1)
Selected Y Input Current lys 18 36 100 A Vin=Vcc
14 28 90 uA Vin =Vcc—1.3V
13 25 80 vA Vin= Vcc‘_2.0V
6 12 60 rA Vin = V5V
— 1 30 pA Vin = Vcc—10V
Unselected Y Input Current Iyu 9 18 50 pA Vin=Vcc
7 14 45 uA Vin=Vcc—1.3V
6 13 40 pA Vin =Vcc—2.0V
3 6 30 HA Vin = Vec5V
— 0.5 15 pA Vin = V10V
Input Capacitance Cin — 3 10 pF at OV (All Inputs)
X-Y Precharge
Characteristics @P 1500 3500 5000 pA V= Vcc
200 600 1500 pA V =Vcc—5 (See Note 2)
Switch Characteristics
Minimum Switch Closure — — — _ —_— See Timing Diagram
Contact Closure
Resistance Zcc — —_ 300 Q
Zco 1X107 —_ — 0
Strobe Delay
Trip Level (Pin 31) Vsp Vee—4 Vee—3 Vec—2 \
Hysteresis Vsp 0.5 0.9 14 \" (See Note 1)
Quiescent Voltage (Pin 31) -3 -5 -9 Vv With Internal Switched Resistor
Data Output (B1-B10),
Any Key Down Output,
Data Ready
Logic “0” - - — 0.4 A lo.=1.6mA
Logic “1” — Vee—1 — — \ lou=1.0m A
_ Vee—2 — — \" lon =2.2m A
Power
lec — — 8 12 mA Vee =+5V
loe — - 8 12 mA Vo =—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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AY-5-3600

OPERATION

The AY-5-3600 contains (see Block Diagram), a 3600 bit ROM, 9- pressed at the end of the selected delay time, the code for the
stage and 10-stage ring counters, a 10 bit comparator, timing depressed key is transferred to the output data buffer, the data
circuitry, a 90 bit memory to store the location of encoded keys ready signal appears, a one is stored in the encoded key memory
for n key rollover operation, an externally controllable delay and the scan sequence is resumed. If a match occurs at another
network for eliminating the effect of contact bounce, an output key location, the sequence is repeated thus encoding the next
data buffer, and TTL/DTL/MOS compatible output drivers. key. If the match occurs for an already encoded key, the match is
The ROM portion of the chip is a 360 by 10 bit memory arranged not recognized. The code of the last key encoded remains in the

into four 90-word by 10-bit

groups. The appropriate levels on the output data buffer.

Shift and Control Inputs selects one of the four 90-word groups;

the 90-individual word locations are addressed by the two ring N KEY LOCKOUT .
counters. Thus, the ROM address is formed by combining the — When a match occurs, the delay network is enabled. If the key
Shift and Control Inputs with the two ring counters. is still depressed at the end of the selected delay time, the code

The external outputs of the 9-stage ring counter and the external
inputs to the 10-bit comparator are wired to the keyboard to form
an X-Y matrix with the 90-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, thereby

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.

scanning the key switches for key closures. SPECIAL PATTERNS
Whenakey is depresse.d, asingle path is completed between one — Since the selected coding of each key and all the options are
output of the 9-stage ring counter (X0 thru X8) and one input of defined during the manufacture of the chip, the coding and
the 10-bit comparator (Y,-Yg). After a number of clock cycles, a options can be changed to fit any particular application of the
condition will occur where a level on the selected path to the keyboard. Up to 360 codes of up to 10 bits can be programmed
comparator matches a level on the corresponding comparator into the AY-5-3600 ROM covering most popular codes such as
input from the 10-stage ring counter. ASCII, EBCDIC, Selectric, etc., as well as many specialized
N KEY ROLLOVER codes. The ASCII code in conjunction with internal oscillator, 10
— When a match occurs, and the key has not been encoded, the data outputs and any key down output, is available as a standard
switch bounce delay network is enabled. If the key is still de- pattern (See Figure 2) for special patterns and options.
TIMING DIAGRAM
SWITCH SWITCH
CLOSURE RELEASE
[®——- MINIMUM SWITCH CLOSURE
90 CLOCK CYCLES
| e SWITCH STROBE
™ BOUNCE DELAY
KEY l
CLOSURE . i g&;’& | !
! ™ cYces ™ |
| !
ek I I ¥ E R s
=
[l [ IPULSE n KEY
Il : : ; : : ROLLOVER
DATA 1 T 0 |
OUTPUT ! - L !
| i
| 1
| | R ! RESETS AT FIRST Xo Yo
ANY KEY T T AFTER FIRST Xi Y|
DOWN_I I I I |
OUTPUT T |

|
| | RESUME SCAN FOR—={
| | n KEY ROLLOVER | RESUME SCAN FOR
n KEY LOCKOUT

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (BOXJ") + STROBE DELAY + STROBE WIDTH

MAXIMUM DETERMINED BY
EXPECTED EXTERNAL C \
DETERMINED MINIMUM TIME
BY FREQUENCY REQUIRED BY
OF OPERATION EXTERNAL
(EXTERNAL RC) CIRCUITRY
Fig.1
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CONFIGURATION & CODE OF STANDARD ENCODER
P il i g
:: X fi i
" Rl
HH L.
) i i
# 5.2 1
i :
% 24
i
.. 5 1 A
1 1} o B E I
fhfli-gir i
L
HH : - H
jased T |
s HH o
L
EXAMPLE
Xo
Bl B2 B3 B4 B5 B6 B7 B8 B9 BIO
N s ¢ scf !
| | ] [ . o . . . . . « 10
! 1 1 |
ki
—:——:—-—1—- ————— --u 8 -——-——=a NORMAL
I I
*——n-——{—[ ——————— m 8 ————m | SHIFT
Yo ! |
- - - ——@ SOH CONTROL
*—l— —————————— —— ——@ SOH SHIFT CONTROL
(CODE REPRESENTITIVE OF KEY DEPRESSION AT
LOCATION Xo =Yg AND PROPER MODE SELECTION)
N = NORMAL ‘MODE MODE SELECTION
S = SHIFT MODE § € = N
C = CONTROL MODE s € = s
SC = SHIFT CONTROL § ¢ = ¢
8 = OUTPUT LOGIC "I " (SEE DATA BI-BI0) _
LOGIC "1" = Vcc TPUT s ¢ = sc
L0610 Yo" = VDD}TRUE OUTPUTS
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external resistor.

tor to Vge.

Flg.3 Vee
e
KEY-BC:ARD R
INPUT 1 INTERNAL TO KEYBOARD
T
COUNTER
STATIC INPUT
]
v, COUNTER PROTECTION
DEVICE cc ONTE DEVICE
v
“Y” INPUT STAGE FROM KEYBOARD cc
“X” OUTPUT STAGE TO KEYBOARD
OUTPUT
INPUT T STATIC
CHARGE
PROTECTION
v v DEVICE
cC (+{ cc
OUTPUT DRIVER

NOTE: Output driver capable of driving one TTL load with no

Capable of driving two TTL loads using an external 6.8K() resis-

TYPICAL CHARACTERISTIC CURVES

033 /
022
01 ]
T /
S
w005
2
E 003
Q TA = 25°C
5 NOMINAL VOLTGE
S 002 DELAY = 300nSEC/Cpf |
.001
0
0 2 4 6 8 10 12
Delay (mS)
Fig.4 STROBE DELAY vs. C,
160 —
Ip = 100pA /
140, /
120 / /
(2]
£ 100 /
z Q
e
g 8o AT
o o
© 60
—_—
40
20

30 25 20 15 10 5
Vs VOLTS

Fig.6 TYPICAL OUTPUT ON RESISTANCE
(Rpon) vs. GATE BIAS VOLTAGE (Vgs)

200

R = 100KQ l
Ta = 25°C

180 NOMINAL_SUPPLY — ]
\ V8L YASe

160

o]\

120

\
100 \—
80 \
60 \

o A

N

CAPACITANCE (pF)

20

20 40 60 80 100
FREQUENCY (KHZ)

Fig.5 OSCILLATOR FREQUENCY vs. C,

T T 1T 11

NOMINAL SUPPLY VOLTAGE

150 T
= Ve = +5V
(3 \ Vg = =12V
Vg1 = GND
SR
140
g \\
S I~
- ™~
130

(o] 10 20 30 40 50 60 70
TEMPERATURE °C

Fig.7 TYPICAL POWER CONSUMPTION (mW)
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ﬁ! RO-5-2240S

Character Generator

FEATURES
PIN CONFIGURATION

s FULL TTL/D_TL COMPATIBILITY ) 24 LEAD DUAL IN-LINE

No external interfacing components required.
® 1 s TYP. ACCESS TIME/STATIC OPERATION

The output data remains valid as long as the input

data/internal counter remain unchanged.
# COLUMN OUTPUT

2240 bits of storage organized as 64 5X7 dot matrix Top View

characters with column by column output. -
m INTERNAL COUNTER :;u 021 :; gxcc

. . . . GG

ProvncIes sequential column selection from a single counter aod 3 22 B3 slanking Input

clock input. Aal] 4 21 Eompm Enable
B COUNT CONTROL Asd 5 20 ANC.

Allows the selection of either one or two column A8l 6 19 P out1

intercharacter spacing. Counter Clock Q) 7 18 Pl out 2
® COUNTER OUTPUT Counter Reset ] 8 17 [ out 3

Proyides an “update” signal for external character address Count CO:;"Z' E ?o :: gx: ;

registers. Counter Ouput 11 14 [Jout6
® BLANKING AND OUTPUT ENABLE Voo [ 12 BHou7

Provide full output control without affecting any other ROM

function.
® ZENER PROTECTED INPUTS
® GLASS PASSIVATION PROTECTION
DESCRIPTION
The General Instrument RO-5-2240S is a 2240 bit Read Only . . . . -
Memory organized as a 320 words X 7 bits character generator 22;5;55:?2;:::::§:::eﬂ?£1eat;lrr:sgilsetgsonoltth|c chip utilizing
(64 characters, each having 5 columns of 7 bits). Column by '
column character data is provided for vertical scan display ap- The memory is available with custom character coding or pre-
plications. An internal counter and a full complement of control programmed with ASCII encoded characters having the fonts
signals allow for the greatest system design flexibility. The shown on Page 2 of this data sheet.

BLOCK DIAGRAM

COUNT COUNTER
CONTROL RESET

COUNTER e COUNTER
cLock > +6/57 COUNTER OUTPUT
COLUMN

SELECT ouTPUT

DECODER ENABLE
> OUT |
:; out 2
out 3

CHARACTER MEMORY

a3 ADDRESS D MATRIX N SR ouT 4
:; DECODE (2240 BITS) ours
. > 0UT 6
a > ouT 7

SR

A BLANKING
INPUT
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E  RO-5-22408

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Ve and Voo with respecttoVee . . . . . . . —20V to +0.3V *Exceeding these ratings could cause

Inputs with respecttoVec. . . . . . . . . . —20V to +0.3V permanent damage. Functional operation of

Storage Temperature . . . ... . .. .. —65°C to +150°C this device at these conditions is not

Operating Temperature . . . . . . . ... . 0°C to +70°C implied—operating ranges are specified
below.

Standard Conditions. (unless otherwise noted)

Vee = +5 Volts £0.25 Volts (Vcc is the substrate voltage)
Vee =—12 Volts £0.6 Volits

Voo = GND

Operating Temperature (Ta) =0°C to +70°C

One TTL load (C. total = 15 pF)

Characteristic Sym Min Typ** Max Units Conditions

DC CHARACTERISTICS
Inputs (Note 1)

Logic 1 Level Vi Vec—1.5 - - Volts

Logic 0 Level Vi - - +0.8 Volts

Leakage Iut - - 10 kA Vin=Vcc—6V, Ta=25°C
Count Control

+6 Operation Vice -12.6 -120 | -114 Volts Returned to Vgc for + 6 operation.

+ 7 Operation Vice +4.75 +5.0 | +5.25 Volts Returned to Vcc for + 7 operation

Leakage lrce - - 10 BA Vin=Vcc— 6V, Ta=25°C
Outputs (Note 2)

Logic 1 Level Vou 28 - - Volts lon = 100 A

Logic 0 Level Vo - - 0.4 Volts lo.=1.6 mA
Power

Supply Current lea — 20 40 mA Outputs unconnected,

Supply Current Iss — 20 | 40 mA fox = 200 KHz
AC CHARACTERISTICS
Counter Clock

Frequency fei DC - 200 KHz

Pulse Width tao) 2.0 - - us

Pulse Delay ey 20 - — us treei) + tewo) + teew)

Rise and Fall Times triem), trom) — - 100 ns +tax(0) =5usec
Counter Reset

Pulse Width to 1.0 - - us

Pulse Delay tera 0.4 — - us Note (3)
Capacitance (Note 1) Cin - - 10 pF 1MHz, Ta=+25°C
Outputs

Address to Output Delay tao - 1.0 15 us

Clock to Output Delay tco - 1.0 1.5 us

Clock to Counter Output Delay tcco - 1.0 1.5 s

Blanking/Unblanking Delay tso - 1.0 1.5 us

Output Enable/Disable Delay toro - 1.0 1.5 us

Counter Reset Delay tcro - 1.0 1.5 us

Reset to Counter Output Delay tcreo - 10 15 us

Output Rise and Fall Time t, t - - 0.3 us

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

NOTES:
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 t.., before or after a positive

counter reset transition. The counter reset negative edge may occur any time.
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OPERATING DESCRIPTION OPERATING NOTES
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 The following table summarizes the
input. Column information appears sequentially at the seven RO-2240S ‘input control states and
Data Outputs, beginning with the left-most column. corresponding drive levels:

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 c:t;nt Control 12
whether one or both positions will be used. Between characters, T +5V
the Data Outputs are high (+5V), the “no-dot” condition. The = Tioorresrssersmeroeseensonss
Counter Reset input is available to reset the counter into the last Counter Reset
(sixth or seventh) state. gpertate ...................... ;5‘)/
The Counter Output is provided to synchronize other system BSBL - ovrerei e
components to the ROM internal counter. An output appears Blanking Input
corresponding to the last (sixth or seventh) counter state and can Unbla:\k +5v
be conveniently used to clock an external input data register. Blank™........cooiiiiiinn, ov
The Blanking Input allows all Data Outputs to be driven high Output Enable ‘
(+5V) without affecting any other ROM function. Data Outputs El:\able LT +5V
can also be open-circuited for wire-ORed operation by use of the Disable™ .......cooovienieenes ov
Output Enable input. * All data outputs high (+5V)
Memory operation is static; refresh clocks are not required to **All data outputs open-circuited
maintain output information. The Counter Clock input is used
only to select columns and need not be pulsed continuously.
TIMING DIAGRAMS new e NEW ADORESS ~=——"N"——o
s | |
_ Timing diagram (1) shows the time relationships between char- . too=f |- ~ e
acter address, data output, counter clock and counter output ofblt ) TRE X Fi h w—
during typical operation of an RO-5-2240S character generator. LoncaL vawwe o oureur 1 '"‘o" o o ’”“" o e
An output sequence from theiRO-5-2240S-001iis shown to help INTERNAL GOUNTER STATE :
clarify operation. This sequence can be seen from the top rows (= COLUMN'SELECTED) ! il. i 2o T2 e
(OUT,) of the characters “I” and “N". et +2 s ‘Il:""‘" e et
“wyn N telk o —I b tethary
r | 1 r N u e o teco
ouT, 10 00 1 110 1 110 counten *3 0% teeo
1101111011110 WY o ond e k=
1101 11 1 00 1 10 Fig.1
11011 1 1 01 0 10
110111101100 ADRESs  aoDREss
t+ 10 1 1 1 1 0 1 1 1 0 cHaRacTER ta o tao |-
ouT, 1t 00 0 1t 11 0 1 1 1 0 e
1 ] 90% —f————N\
COUNT OF 7 outhld ) o .
> f-trp =
All timing relationships shown in diagram (1) apply to any other Fig.2 counTer T ° TORN ==
output or combination of characters as well. RESET ) 10%
Relevant input conditions assumed but not shown in timing oaa *® 20% feno
diagram (1) are as follows: OUTPUT 10w, ]

Count Control, +5V +5 g tenco
Counter Reset, +5V counTER o

Blanking Input, +5V

Output Enable, +5V | f=tera e Fig.3
Had the Count Control input been at —12V, the counter sequence COUNTER e "’:: 7
would have been six positions instead of seven and the Counter ° wo
Output would have been high during the sixth position. conter | OI%

cLocK 0%
New character addresses are shown coinciding with the rising o —
edge of the Counter Output waveform in diagram (1). This condi- Fig.4 s oo ={s0
tion was selected to demonstrate use of the Counter Output to BLANIING i: :
advance an external input register to a new character address. °
Character addresses can be changed at any other time as well. oara @
Timing diagram (2) depicts output response to a character ad- OUTRIT g dom— X
dress change when, for example, the counter is stationary in one t toeol=— Fig.5
of the five character column positions. outpur 2 STRAC /, =

ENABLE o

Timing diagrams (3) through (6) show timing relationships for ¢:
the Counter Reset, Blanking Input, and Output Enable. The osma Z é{{.{//
“open” condition in (6) implies that both the puli-up and pull- 77
down devices in each data output push-pull buffer are turned off. F'Q 6
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RO-5-2240S8

CODING AND CHARACTER FONTS

The RO-5-2240S-001 is a pre-programmed member of the
RO-5-22408S 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 Vop (0V).

An example demonstrating the correspondence of device out-
puts and sequence to the 5X7 dot matrix fonts is shown below:

output
12 3 45 sequence
ouTy— > 0 0 0 0 O
ouT,~———» 1 1 1 1 0
oUTg— > 1 1 1 0 1
ouTy—» 1 1 0 1 1
oUTg—» 1 0 1 1 1
OUTg—» 0 1 1 1 1
ouT;, > 0 0 0 0 O

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, ‘7", ‘@', and ‘M".

The RO-5-2240S-002 font for these characters is shown below:

O EH

oo E B B R
oo L EHED
o EEBE E
. B EEE
... 2 4D T
o L EBE I
BB E U
. EEBH
... EEBHE
e BB DK
o - B L T E
o B L E B
o EEEL B
oo 22RO
L BHE
o EBRE B
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RO-3-2513

Character Generator

FEATURES
o ) » PIN CONFIGURATION
B 64%8X5 Organization — ideal for systems requiring a row
scan 5X7 dot matrix character generator 24 LEAD DUAL IN LINE
8 Single +5 Volt Supply
8 TTL Compatible — all inputs and outputs
® Static Operation — no clocks required
® 450ns Maximum Access Time
8 175mW Maximum Power
® Three-State Outputs — under the control of an ‘Output )
Inhibit’ input to simplify memory expansion T°‘C"°‘”
s Standard ASCII (RO-3-2513/CGR-001) or Totally Automated NC.Oe1 24 OVcc(+5V)
Custom Programming Available NC.g 2 23 pONC.
® Zener Protected Inputs N';E i Z": gﬁ:
® Glass Passivation Protection o2d s 20 Pia7
03 6 19 A6
DESCRIPTION 04 7 18 F1As
050 8 17 OA4
The General Instrument RO-3-2513 is a 2560 bit static Read-Only Ne.d 9 16 A3
Memory organized as 512 five bit words and is ideally suited for GND (O 10 15 A2
use as a Character Generator. Fabricated in GI's advanced OUTINHIO] 1 14 BAt
GIANT II N-channel lon-Implant process to enable operation Ne.[ 12 13 ANC.
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 RO-3-2513 is available pre-programmed with ASCII encoded
5X7 characters (Gl part no. RO-3-2513/CGR-001) a direct re-
placement in pin connection, operation, and character font for
the Signetics 2513/CM2140.
A separate publication, “RO-3-2513 Custom Coding Informa-
tion,” available from Gl Sales Offices, describes the punched
card and truth table format for custom programming of the
RO-3-2513 memory.
BLOCK DIAGRAM
Vee GND
(Al
ROW
ADDRESS | A2
A3 > Ol
(A4 ADDRESS MEMORY > 02
A5 INPUT ADDRESS MATRIX R AR > 03
BUFFERS 512 X 5 > 04
CHARACTER |A6
ADDRESS (A7 > 05
A8
(A9
OUTPUT
INHIBIT
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E RO-3-2513

ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vce and input voltages (with respect to GND) . . —-0.3V to +8.0V
Storage Temperature . . . . . . . .. ... —65°C to +150°C
Operating Temperature (Ta). . . . . . . . . .. 0°C to +70°C

Standard Conditions (unless otherwise noted)

Vee = +5 Volts £5%
Operating Temperature (Ta) = 0°C to +70°C
Output Loading: One TTL load, Cy toraL = 50pF.

*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.

Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Output Inhibit Inputs
Logic “1” Vin 2.2 — — \
Logic “0" Vi — — 0.65 \
Leakage It — - 10 HA
Data Outputs
Logic “1” Vou 22 — — v los = 100pA
Logic “0” Vou — — 0.45 v lo. = 1.6mA
Leakage lo — — 10 HA
Power Supply Current
lec - - 25 33 mA Outputs open
AC CHARACTERISTICS
Inputs
Cycle Time tc 400 — — ns
Capacitance Ci —_ 5 8 pF f=1MHz
Data Outputs
Access Time tacc 75 250 450 ns
Inhibit Response Time tr — 150 200 ns
Capacitance Co — 8 10 pF f=1MHz
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAMS
te

ADDRESS i
INPUTS
.

Vi

tacc

DATA
OUTPUTS

~2.0
.45

ouTPUT
INHIBIT

DATA _ _ OUTPUTS
OUTPUTS “y4iGH IMPEDANCE

OUTPUTS
VALID

A. ACCESS TIME (ADDRESS TO OUTPUT-OUTPUT INHIBIT AT LOGIC ‘0')

HIGH
IMPEDANCE "+45
B. INHIBIT RESPONSE TIME (ADDRESS INPUTS STABLE)
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RO-3-2513
RO-3-2513-001 STANDARD PATTERN CHARACTER FORMAT

The RO-3-2513/CGR-001 is a pre-programmed version of the RO-3-2513 series with ASCII
encoding and the character font shown below. A logic “1” represents an input or output
voltage nominally equal to Vcc(+5V) and a logic “0” represents a voltage nominally equal to
GND (0V).

An example demonstrating the correspondence of device outputs and addressing
sequence to the 5x7 dot matrix font is shown below:

CHARACTER ROW
ADDRESS ADDRESS OUTPUTS
As]Az A, Os 04 O3 O O
RO-3-2513/CGR-001 oflofo olofofofo
ADDRESS BIT A9 | AB | AT | AB | AS | A4 oo 1000E
of110 1Jolo0|0O (1
ﬁgg:: ‘le'T 6 5 4 3 2 1 o1 1Jolo|o]o
CHARACTER o |1 v L TRAL LS
t{of1 o|ofojoft
1110 1jJo{ojo[1
INREEI of1y1Jy1}]0
R0O-3-2513/CGR-00I
CHARACTER fo| 0 0 0 0 ' ! ! :
ADDRESS Ag 0 0 | I 0 0 | I
A7l 0 l 0 | 0 | 0 |
As As A4

G Y I R e
) ) e P et T
N R K e L O N
i ] e i il
() O O e
R N B e e R T
gt o LR R o
RN PR 3 ] PR )
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RO-3-2513

TYPICAL CHARACTERISTIC CURVES

vcc'= +5V
350
300 -
V
- T
3 v T
c [}
o 250 - L
g 1 t
W= ] Il ;
| ]
200 . +
| | |
1 i 1
I | ]
1 ] 1
150 f——- T 1
1 l 1
1 1 1
o 20 40 60 80
TEMPERATURE (°C)
ACCESS TIME vs. TEMPERATURE
——
Ta = +25°C
24T Vee=+5V =
18 /J
//
<
E 2 //
3
-
‘ 1/
|
0 :
1
1
o 1 2 3 4

Vo (VOLTS)

OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE

-
Ta = +25°C .
350 Vee = +5V
4
300
@
£
° 250
o |
._‘ i
|1 i
200 T
1 |
H H
| :
150 — T
| 1
1 1
1.5 L7 L9 2.1 23
Vou (VOLTS)

ACCESS TIME vs. OUTPUT VOLTAGE

—
) Ta = +25°C
24 Vee =+5V
8
<
E 12
3 \\
-
6
) |
T
1
1
[o] I 2 3 4
Vou (VOLTS)

OUTPUT SOURCE CURRENT vs. OUTPUT VOLTAGE
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RO-5-5184

]

Character Generator

FEATURES

m Designed to drive Needle Printers.

@ Internal counter provides sequential column scanning.

® Forward/Reverse Control for left to right and right to left
printing capability.

m Carry Output available for synchronization.

® Three-State output configuration.

® Two mask programmable Output Enable pins to allow
memory expansion.

m ASC Il coded standard part, RO-5-5184-3000.

m 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 64 permanent storage locations of 81 bits each (9X 9 character
matrix). Six address lines are used for the 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.

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.

PIN CONFIGURATION
24 LEAD DUAL IN LINE

Top View
Vecet e 24 A, Input
Carry Output [ 2 23 A, Input

ByOutput ] 3 22 O AzInput
B,Output[] 4 21 [JA4Input
B,Output[ s 20 [JAginput
B,OutputJ 6 19 [JAginput
BsOutput] 7 18 Vga
Bg Output (] 8 17 [dCounter Clock
B; Output(] 9 16 [JCounter Reset
Bg Output[ 10 15 [IForward/Reverse Control
By Output ] 11 14 [JOutput Enable 2

Ve 12 13 [Ooutput Enable 1

Low threshold P-channel enhancement mode metal gate tech-
nology is used for input/output direct TTL compatibility. All
inputs are zener protected.

MEMORY
MATRIX

BL DIAGR.
ock AM INPUTS COUNTER COUNTER CARRY
A1 A2 A3A4A5 A6 CLOCK RESET OUTPUT
YYYYVY y v 4 ouTPUT
OUTPUT | ENABLE1
ENABLE
CHARACTER SELECT. COLUMN COUNTER OUTPUT
DECODER £nipiE 2
LR
110 64 FTTTTTTT
Pl 123456789
L] [ XS I2 R
1(X1) 81
neviny | 82
nmevey 83
(V) |

1 COLUMN >
j seLecTioN | VHIV) | IsTAGES

\

OUTPUT

Vi)
vilI(1)
1X(1)

YYYYYVYYVYY

FORWARD/REVERSE CONTROL
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' RO-5-5184
ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Voltage on any pin with respecttoVec . . . . . —20V to +0.3V
TemperatureRange . . . . . . . .. ... ~55°C to +125°C
Operating Temperature . . . . . . . ... .. 0°Cto+70°C

Standard Conditions (unless otherwise noted)

Vce = +5V 0.5V
Va1 = GND
Vge =—12V £1V

Characteristics apply over temperature range unless otherwise stated.

*Exceeding these ratings could cause perma-
nent damage to this device. Functional oper-
ation at these conditions is not implied
— operating conditions are spectified below.

Characteristic Min Typ** Max Units Conditions

Counter Clock Input
Repitition Rate D.C. 350 200 KHz
Pulse Width, ¢w 1.2 —_ — uSec At alogic ‘1’ level
Pulse Separation, ¢s 1.2 _— _ uSec At a logic ‘0’ level
Rise & Fall Times, tr, tf —_ —_ 1.0 uSec
Logic ‘0’ Level, Vi —_— —_ +0.8 Volts
Logic ‘1’ Level, Via Vec—1.5 — — Voits
Input Leakage, lin J— -— 10 uA Measured at Vin= Vcc—10V at 25°C
Input Capacitance, Cin —_ 10 —_— pF Vin = Vee, f= 1MHz
Address Inputs
Logic ‘0’ Level, Vi —_ —_ +0.8 Volts
Lotic ‘1’ Level, Vin Vec—1.5 — —_ Volts
Input Leakage, Iin —_ — 10 rA Measured at Vin= Vcc—10V at 25°C
Input Capacitance, Cin — 10 — pF Vin = Ve, f= 1MHz
Reset Input
Counter Clock to Reset
Pulse delay, tcrp. 1.0 —_ — uSec Fig.1
Reset pulse width 3.0 —_ —_— uSec Fig.2
Data Outputs
Logic ‘0’ Level, VoL _— — 04 Volts loL=1.6mA
Logic ‘1" Level, Vou Vee—1.0 — —_ Volts lon = 100 pA
Clock to Output delay time, tco — 25 35 uSec
Clock to Carry Output

delay time, tcc _— 1.5 25 uSec Figs.3,4,5,6,7, & 8
Address to Output '

delay time, tao _ 25 3.5 uSec 1 TTL, 10pF load
Reset to Output

delay time, tres —_— 25 5.0 uSec Ta=25°C
Forward/Reverse to Output

delay time, trro — 25 3.5 uSec
Output Enable

delay time, toro — 1.5 25 uSec
Power Consumption, Pp — 250 — mw Ta=25°C

**Typical values are at +25°C and nominal voltages.
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TIMING DIAGRAMS t t

COUNTER CLOCK \ . LOGIC 1

p = LOGICO
| S terd 4

COUNTER RESET crd crd

—‘T LOGIC1
\‘_____ LOGICO

| ! 1}
IX IX v ix X 1X Vit

COLUMN FORWARD _ | | 1] |
REVERSE

Fig.1 CLOCK TO RESET DELAY TIME

— F— —\ oeict
couwtercrock _/ \ _J \ T \ ool

LOGIC 1
COUNTER RESET LOGICO

'm

Fig.2 RESET PULSE WIDTH

NEW NEW
ADDRESS ADDRESS
CHARACTER l | LOGIC 1 LOGIC 1
DDRESS
(:1 e = —f LOGICO COUNTER CLOCK —f— \ \__ LOGIC 0
= \f— Locict DATA OUTPUTS ——h
DATA OUTPUTS LOGIC 1
(B11089)  — 1T Logtco (B1 to BY) = = LOGIC 0
. ¢ tco"r—‘?' tco‘F‘T'
a0 a0

Fig.3 ADDRESS TO OUTPUT DELAY TIME Fig.4 CLOCK TO OUTPUT DELAY TIME

ENABLE DISABLE ENABLE
CONDITION CONDITION CONDITION

FORWARD/ PUT"}J'IVE"%B'-E LoGIC 1

REVERSE —j ‘ LOGIC 1{FORWARD) 000 coding) \ 3

CONTROL —+ LOGIC 0 (REVERSE) — = LOGIC O

DATA | :
OUTPUTS N AfF——Loaic DATA OUTPUTS ____———://// // /—— LOGIC 1
(81t0B9) —37 = LOGIC 0 (B1 to B9) —— ' LOGIC O
5 +~t toeo+—+ opeN +'oeo
Yo %o
3rd state

Fig.5 FORWARD/REVERSE TO OUTPUT DELAY TIME Fig.6 OUTPUT ENABLE TO OUTPUT DELAY TIME

COUNTER RESET Logica LoGIC1
\
LOGIC O COUNTER CLOCK__/ \ \= Locic o
\ LOGIC 1
ATA OUTPUTS LOGIC 1
DATAO LOGICO CARRY OUTPUT \ __ Logico
test T tec4++ +—+tcc
" vill X 1 FORWARD
COLUMN | _{FORWARD) COLUMN 0 1 X~ REVERSE
IX (REVERSE)

Fig.7 RESET TO OUTPUT DELAY TIME Fig.8 CLOCK TO CARRY DELAY TIME
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- RO-5-5184

OPERATION
CHARACTER SELECTION

Six address inputs are provided for selection of the 64 different
characters. The address inputs are binary weighted (A is the
LSB).

COLUMN SELECTION

Column selection depends upon Forward/Reverse Control
which permits the scanning of characters either from the first (1)

to the last (IX) or from the last (1X) 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.

Fig.9 COLUMN SELECTION

FORWARD REVERSE
Count Column Count. Charact. Carry Count Column Count. Charact. Carry
Reset State Column Outp. Reset State Column Outp.
0 1 | 0 0 1 IX 0
0 2 1] 0 0 2 vill 0
0 3 {]] 0 0 3 vil 0
0 4 v 0 0 4 Vi 0
0 5 \Y 0 0 5 \Y 0
0 6 Vi 0 0 6 v 0
0 7 Vil 0 0 7 mn 0
0 8 Vil 0 0 8 1] 0
0 9 1X 1 0 9 | 1
0 1 | 0 0 1 1X 0
0 2 I 0 0 2 vin 0
0 8 Vil 0 0 8 1l 0
0 9 1X 1 0 9 | 1
1 1 | 0 1 1 IX 0
1 1 | 0 1 1 1X 0
1 1 | 0 1 1 IX 0

CHARACTER MATRIX

Lo e v veovE vibvie iIX

istline —»

2nd line
3rd line [—V

4th line L

nth line

forward/reverse logic value is changed line by line
Fig.10 FORWARD/REVERSE PRINTING
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OUTPUT ENABLE DECODER

Two Output Enable lines are provided for chip selection, when a manently programmed into the ROM at the same time as the
chip is not selected the outputs are disabled (high impedance). custom data pattern.

Output Enable signals are internally decoded by a mask pro- A system of 4 X 5184 = 20736 bit character generator needing no
grammable decoder to minimize logic for memory expansion. external enable logic is easily obtained wiring the outputs of four

The output enable code assigned to different RO-5-5184 is per- different RO-5-5184 together as shown on fig.11.

OUTPUT ENABLE CODING
Output Output DEVICE SELECTION
RO-5-5184
Enable 1 Enable 2 A B C D
A 0 0 selected — — —
B 1 0 — selected — —
(o} 0 1 - — selected —
D 1 1 — — — selected
COLUMN COUNTER
This counter operates on the positive going edges of the Counter position, to indicate that a character has been fully scanned.
Clock. When active (logic‘1’) the Counter Reset Input resets the counter
Each counter cell is implemented with a cross coupled flip-flop in the first position to initialise the scannipg.
so that the counter position is fully static. The counting length is mask programmable, it is possible to
Carry Output is active (logic ‘") when the counter is in the last program any length between five and nine.
OUTPUT STAGES

Nine TTL compatible Outputs (B to Bs) 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.
OUTPUT ENABLE 1
OUTPUT ENABLE 2
VA1
A2
<+ A3
<A4
] I I <he
I 11 11 I
—{ RO-5-5184 Y RO-5-5184 -1 RO-5-5184 -1 RO-5-5184
L] A - B L c L D
lﬂ 11 i Hl o B1
1d Py 1T 2l B2
by Py + B3
Eg'84
B7 o0
B
B9 8
Fig. 11
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RO-5-5184-050 STANDARD PATTERN CHARACTER FORMAT
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OUTPUT ENABLE 1

OUTPUT ENABLE 2
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SQUARE

DESIRED
OuUTPUT
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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 Schilling Circle,
Hunt Valley, Maryland 21030

Tel: 301-628-2120, TWX: 710-862-9064
CENTRAL—3101 West Pratt Boulevard,
Chicago, lllinois 60645

Tel: 312-338-9200, TWX: 910-221-1416
WESTERN—1100 Quail Street, Suite 114,
Newport Beach, California 92660

Tel: 714-833-9400, TWX: 910-595-1730

CANADA:

GENERAL INSTRUMENT OF CANADA LTD.

61 Industry Street, Toronto M6M 4L5
Tel: 416-763-4133, TWX: 610-491-1217

2359 43rd Avenue, Lachine, Quebec
Tel: 514-636-9454, Telex: 21721

SOUTH AMERICA

- BRAZIL:

GENERAL INSTRUMENT leC Ltda

Av. Faria Lima 1794, Sao Paulo CEP 01452
Tel: 2105508

SALES OFFICES [=]

EUROPE

EUROPEAN SALES HEADQUARTERS:
GENERAL INSTRUMENT
MICROELECTRONICS LTD.

57/61 Mortimer Street, London WIN 7TD
Tel: 01-636-2022, Telex: 23272
CENTRAL EUROPEAN SALES OFFICE:
GENERAL INSTRUMENT
DEUTSCHLAND GmbH

(MOS Produktgruppe)

Nordenstrasse 1A, 8000 Munchen 40
Tel: (089)28.40.31, Telex: 528054

ASIA

JAPAN:

GENERAL INSTRUMENT
INTERNATIONAL CORP.

Fukide Building

17 Fukide-cho, Minato-ku, Tokyo 105
Tel: (03) 437-0281-5, Telex: 26579

HONG KONG:

GENERAL INSTRUMENT CORPORATION
MICROELECTRONICS

Room 704 Star House

3 Salisbury Road, Kowloon, Hong Kong
Tel: 3-675528, Telex: 84606

MANUFACTURING FACILITIES
Hicksville, New York; Chandler, Arizona;
Glenrothes, Scotland; Kaohsiung, Taiwan
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[5] SALES REPRESENTATIVES

UNITED STATES

ALABAMA
20th Century Marketing

P.O. Box 6127—Hertz Sky Ctr.

Huntsville, AL 35806
Tel: (205) 772-9237
TWX: 810-726-2194

ARIZONA

Piper Goyne
P.O.Box 1648
Scottsdale, AZ 85252
Tel: (602) 946-4437
TWX: 910-950-0083

CALIFORNIA

Varigon Assoc.

931S. Douglas

El Segundo, CA 90245
Tel: (213) 679-0621
TWX: 910-325-6610

PM Sales

475 So. San Antonio Road
Los Altos, CA 94022
Tel: (415) 941-4444
TWX: 910-370-7463
Varigon Assoc.

2423 Camino Del Rio S.
Suite 207

San Diego, CA 92108
Tel: (714) 299-5413

COLORADO

Piper Goyne

8041 W.170

N. Frontage Rd.
Arvada, CO 80003
Tel: (303) 420-4646
TWX: 910-938-0755

CONNECTICUT
Gerald Rosen Co.
Colonial Square
2420 Main St.
Stratford, CT 06497
Tel: (203) 375-5456

FLORIDA

Hutto, Hawkins & Peregoy
139 Candace Dr.
Maitland, FL 32751

Tel: (305) 831-2474

TWX: 810-853-0256

Hutto, Hawkins & Peregoy
2159 S.E. 9th St.

Pompano Beach, FL 33061
Tel: (305) 943-9593

TWX: 510-956-9402

GEORGIA

20th Century Marketing
6176 Ridgeway
Douglasville, GA 30134
Tel: (404) 942-6483
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ILLINOIS

Metcom Assoc.

2 Talcott Rd.

Park Ridge, IL 60068
Tel: (312) 696-1490
TWX: 910-253-5941

INDIANA

V.S. & Assoc.

1000 N. Madison Ave.
Greenwood, IN 46142
Tel: (317) 888-2260
TWX: 810-260-2231

V.S. & Assoc.

2122A Miami St.
South Bend, IN 46613
Tel: (219) 291-6258
TWX: 810-299-2535

IOWA

J.R. Sales Engineering
3550 Cottage Grove SE
Cedar Rapids, IA 52403
Tel: (319) 393-2232

MARYLAND

Component Sales

Hilton Plaza Inn—Suite 206
1726 Reisterstown Rd.
Baltimore, MD 21298

Tel: (301) 484-3647

TWX: 710-862-0852

MASSACHUSETTS

Gerald Rosen

271 Worcester Rd.
Framingham, MA 01701
Tel: (617) 879-5505
TWX: 710-380-0466

MICHIGAN

V.S. & Assoc.

29551 Greenfield Rd.
Suite 219

Southfield, M1 48076
Tel: (313) 559-3680
TWX: 810-299-2535

MINNESOTA

Nortec Sales

4530 W. 77th St.
Minneapolis, MN 55435
Tel: (612) 835-7414
TWX: 910-576-2842

NEW JERSEY

R.T. Reid Assoc.
705 Cedar Lane
Teaneck, NJ 07666
Tel: (201) 692-0200
TWX: 710-990-5086

NEW MEXICO

Piper Goyne

11701 Menaul, N.E.
Albuquerque, NM 87111
Tel: (505) 294-1436

NEW YORK

Quality Components
2095 Kensington Ave.
Buffalo, NY 14226
Tel: (716) 839-4170

Quality Components
116 E. Fayette St.
Manlius, NY 13104
Tel: (315) 682-8885
TWX: 710-545-0663

Quality Components
45 Solmar Dr.
Rochester, NY 14624
Tel: (716) 889-1919

NORTH CAROLINA
Component Sales
P.O. Box 18821
Raleigh, NC 27609
Tel: (919) 782-8433

OHIO

Bear Marketing
3623 Brecksville Rd.
Richfield, OH 44286
Tel: (216) 659-3131
TWX: 810-427-9100

OREGON

Jas. J. Backer Co.

2035 S.W. 58th 5t.—Room 207
Portland, OR 97221

Tel: (503) 297-3776

Jas. J. Backer Co.

353 Reese Hill Rd. S.E.
Salem, OR 97302

Tel: (503) 362-0717

PENNSYLVANIA

ABC Electronic Sales

1 Fairway Plaza, Suite 310
Huntingdon Valley, PA 19006
Tel: (215) 947-6960

TWX: 510-665-5303

TEXAS

Oeler & Menelaides
P.O. Box 35428
Houston, TX 77035
Tel: (713) 772-0730
TWX:910-867-4745

Oeler & Menelaides

777 S. Central—Suite 2C
Richardson, TX 75080
Tel: (214) 234-6334

WASHINGTON

Jas. J. Backer Co.
221 West Galer St.
Seattle, WA 98119
Tel: (206) 285-1300
TWX: 910-444-1646



UNITED STATES
ARIZONA

Mirco

2104 W. Peoria Ave.
Phoenix, AZ 85029

Tel: (602) 944-2281
CALIFORNIA

Semi Comp

4029 Westerly Place
Newport Beach, CA 92660
Tel: (714) 833-3070
Intermark

4040 Sorrento Valley Rd.—Suite A
San Diego, CA 92111

Tel: (714) 279-5200

Semi Comp

8046 Engineer Rd.

San Diego, CA 92111

Tel: (714) 560-0373
Intermark

2920 W. Warner

Santa Ana, CA 92704

Tel: (714) 540-1322
Diplomat

1118 Elko Dr.

Sunnyvale, CA 94086

Tel: (408) 734-1900
Intermark

1020 Stewart Drive
Sunnyvale, CA 94086

Tel: (408) 738-1111

Semi Comp

1031 E. Duane Ave.
Sunnyvale, CA 94086
Tel: (408) 736-2330
Semiconductor Concepts
21201 Oxnard Street
Woodland Hills, CA 91364
Tel: (213) 884-4560

COLORADO

Intermark

2600 W. Second Ave.
Denver, CO 80219
Tel: (303) 936-8284

CONNECTICUT

Arrow

295 Treadwell St.
Hamden, CT 06514
Tel: (203) 248-3801
FLORIDA

Diplomat

1771 N. Hercules Ave.

Clearwater, FL 33515
Tel: (813) 443-4514

Cramer

4035 N. 29th Ave.
P.O. Box WW_
Hollywood, FL 33022
Tel: (305) 923-8181
Cramer

345 Graham Avenue
P.O. Box 20214
Orlando, FL 32814
Tel: (305) 894-1511
ILLINOIS

Diplomat

2451 Brickvale Dr.
Elk Grove, IL 60007
Tel: (312) 595-1000
Semi ductor Sp
195 Spangler Avenue
Eimhurst Industrial Park
Elmhurst, IL 60126
Tel: (312) 279-1000
Advent

7110 N. Lyndon St.
Rosemont, IL 60018
Tel: (312) 298-4210
INDIANA

Ft. Wayne Electronics
3606 E. Maumee Ave.
Ft. Wayne, IN 46803
Tel: (219) 423-3422
Semiconductor Specialists
P.O. Box 41645

Weir Cook Airport
Indianapolis, IN 46241
Tel: (317) 243-8271

IOWA

Deeco

2500 16th Avenue, S.W.
Cedar Rapids, IA 52404
Tel: (319) 365-7551

KANSAS

Hall-Mark

9006 Rosehill Road
Lenexa, KS 66215
Tel: (913) 888-4747
MARYLAND

Arrow

4801 Benson Ave.
Baltimore, MD 21227
Tel: (301) 247-5200
Cramer

16021 Industrial Road
Gaithersburg, MD 20760
Tel: (301) 948-0110
Pioneer

1037 Taft Street
Rockville, MD 20850
Tel: (301) 424-3300
MASSACHUSETTS
Arrow

15 A Street
Burlington, MA 01803
Tel: (617) 273-0100
Diplomat

559 East St.
Chicopee Falls, MA 01020
Tel: (413) 592-9441
Diplomat

Kuniholm Dr.
Holliston, MA 01746
Tel: (617) 429-4120
Greene/Shaw

70 Bridge Street
Newton, MA 02158
Tel: (617) 969-8900

MICHIGAN

Diplomat

32708 W. Eight Mile Rd.
Farmington, Ml 48024

Tel: (313) 477-3200
Semiconductor Specialists
33505 State St.
Farmington, M| 48024

Tel: (313) 478-2700

MINNESOTA

Arrow

9700 Newton Ave. South
Bloomington, MN 55431
Tel: (612) 888-5522
Diplomat

3816 Chandler Dr.
Minneapolis, MN 55421
Tel: (612) 788-8601
Hall-Mark

9201 Penn Ave. S.
Minneapolis, MN 55431
Tel: (612) 925-2944
Semiconductor Specialists
8030 Cedar Avenue South
Minneapolis, MN 55423
Tel: (612) 854-8841
MISSOURI
Semicondiictor Specialists
1020 Anglum Rd
Lakeview Square
Hazelwood, MO 63042
Tel: (314) 731-2400

Semiconductor Specialists
3805 North Oak Trafficway
Kansas City, MO 64116
Tel: (816) 452-3900
Diplomat

2725 Mercantile Dr.

St. Louis, MO 63144

Tel: (314) 645-8550

NEW JERSEY

Diplomat

Cardinal Dr.

Little Falls, NJ 07424

Tel: (201) 785-1830

Arrow

Pleasant Valley Rd.
Moorestown, NJ 08057
Tel: (609) 235-1900

Arrow

285 Midland Ave.
Saddlebrook, NJ 07662
Tel: (201) 797-5800

DISTRIBUTORS -

NEW MEXICO

Century

121 Elizabeth N.E.
Albuquerque, N.M. 87108
Tel: (505) 292-2700

NEW YORK

Summit

916 Main St.

Buffalo, NY 14202

Tel: (716) 884-3450

Zeus

175 Clear Brook Rd.
Elmsford, NY 10523

Tel: (914) 592-4120
Arrow

900 Broad Hollow Rd (Rte 110)
Farmingdale, NY 117

Tel: (516) 694-6800

Arrow

Old Route 9

Fishkill, NY 12524

Tel: (914) 896-7530
Milgray

191 Hanse Ave.
Freeport, NY 11520

Tel: (516) 546-6000
Semiconductor Concepts
195 Engineers Road
Hauppauge, NY 11787
Tel: (516) 273-1234
Wilshire

617 Main St.

Johnson City, NY 13790
Tel: (609) 797-1236
Diplomat

303 Crossyay Park Dr.
Woodbury, NY 11797
Tel: (516) 921-9373
NORTH CAROLINA
Cramer

938 Burke St.
Winston-Salem, NC 27102
Tel: (919) 725-8711
Pyttronic

4509 Creedmoor Rd.
Raleigh, NC 27612

Tel: (919) 782-6370

OHIO

Arrow

23500 Mercantile Rd.
Cleveland, OH 44122
Tel: (216) 464-2000
Arrow

3100 Plainfield Rd.
Dayton, OH 45432
Tel: (513) 253-9176
Diplomat

2452 Stanley Ave.
Dayton, OH 45404
Tel:{513) 228-1080
Semiconductor Specialists
4500 Wadsworth Rd
Dayton, OH 45411
Tel: (513) 278-9455
Repco

6835 Cochran Rd.
Solon, OH 44139
Tel: (216) 248-8900

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
Semiconductor Specialists
1000 R.1.D.C. Plaza—Suite 207
Pittsburgh, PA 15238

Tel: (412) 781-8120
Hall-Mark

P.O. Box 125

Trevose, PA 19047

Tel: (215) 355-7300

TEXAS

Component Specialties
2560 Electronic Lane
Dallas, TX 77036

Tel: (214) 357-4576

Q

iconductor S|

9990 Monroe Dnve—Su:te 112
Dallas, TX 75220

Tel: (214) 358-5211
Component Specialties

7315 Ashcroft

Houston, TX 77036

Tel: (713) 771-7237

Lenert

1420 Hutchins Avenue
Houston, TX 77001
Tel: (713) 225-1465

UTAH

Century

2150 South 300 West
Salt Lake City, UT 84115
Tel: (801) 487-8551
Diplomat

2280 South Main St.
Salt Lake City, UT 84115
Tel: (801) 486-7227

WASHINGTON

Intermark

6301 Sixth Ave. South
Seattle, WA 98108
Tel: (206) RO 7-3160

WISCONSIN

Taylor

1000 W. Donges Bay Rd.
Mequon, WI 53092

Tel: (414) 241-4321
Semiconductor Specialists
10855 West Potter Rd
Milwaukee, WI 53226

Tel: (414) 257-1330

Arrow

2925 South 160th St.
New Berlin, Wi 53151
Tel: (414) 782-2801

CANADA

British Columbia

RAE Industrial Electronics Ltd.
971 Richards Street
Vancouver, B.C.

Tel: (604) 687-2621

TWX: (610) 929-3065

Manitoba

Cam Gard Supply & Service Ltd.
1777 Ellice Avenue

Winnipeg, Manitoba

Tel: (204) 786-8481

Telex: 07-57622

Ontario

Cesco Electronics Ltd.
24 Martin Ross Avenue
Downsview, Ontario
Tel: (416) 661-0220
Telex: 02-29697

Cesco Electronics Ltd.
1300 Carling Avenue
Ottawa, Ontario

Tel: (613) 729-5118
Telex: 053-3584

Future Electronics Corp.
44 Fasken Drive, Unit 24
Rexdale, Ontario

Tel: (416) 677-7820
Electro Sonic Inc.

1100 Gordon Baker Road
Willowdale, Ontario

Tel: (416) 494-1666
Telex: 06-22030

Quebec

Cesco Electronics Lid.
4050 Jean Talon St. West
Montreal, Quebec

Tel: (514) 735-5511
Telex: 05-25590

Future Electronics Corp.
5647 Ferrier Street
Montreal, Quebec

Tel: (514) 735-5775
TWX: (610) 421-3251
Telex: 05-827789

Cesco Electronics Corp.
98 Oest. St Vallier
Quebec City, PQ

Tel: (418) 524-4641
Telex: 011-285
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[E] AGENCIES AND DISTRIBUTORS

EUROPE

AUSTRIA

Elbatex GmbH

Gatterholzgasse 20

A 1120 Wien

Tel: 0222/83 02 16, Telex: 13060

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: 84.20.00, Telex: 19219

FINLAND

Jorma Sarkkinen Ky.
Heikintori, 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: 24534

GERMANY

Frankfurt/Main

Berger Elektronik GmbH

Am Tiergarten 14

Tel: 0611/490311, Telex: 04-12649
Heilbronn

Elbatex GmbH

Caecilienstr. 24

Tel: 07131/89001, Telex: 728362
Lehrte

Altron

A.E. Thronicke KG

3160 Lehrte

Postfach 1280

Tel: 05132/53024, Telex: 922383
Munchen

Electronic 2000 Vertriebs-GbmH
Neumarkter Str. 75

8000 Munchen 80,

Tel: 089/43 40 61, Telex: 02-2561

GREECE

Elfon Ltd.

46 Asklipiou Str.

Athens

Tel: (021) 629-385, Telex: 214150

HOLLAND

Curijn Hasselaar

V Limburg Stirumstraat 31
P.O.Box 37, Geldermalsen

Tel: (0) 3455-3150, Telex: 40259

ITALY

Bologna

Adelsy Sas

Via Savigno 5

Tel: 470622

Milano

Adelsy

Via Jacopo Palma 1
Tel: 4044046-7-8
Roma

Adelsy

Piazzale Flaminio 19
Roma

Tel: 3606580/3605769
Augusto Cioccolanti
Via C. Pascucci 28
00124 Roma

Tel: 60.91.952

NORWAY

J.M. Feiring A/S
Box 101, Bryn, Oslo 6
Tel: (02) 68.63.60, Telex: 16435

SPAIN

Julio Gazcon Hontecillas Electronica
Caspe 26

Barcelona—10

Tel: 231834/2227457, Telex: 52764

SWEDEN

Ajgers Elektronik AB

Box 7052

S-172-07 Sundbyberg

Tel: 08-985475, Telex: 10526

SWITZERLAND

Elbatex AG

Albert Zwyssigstr. 28
CH 5430 Wettingen
Tel: 056/265641

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
Portsmouth

SDS Components Ltd.
Hilsea Industrial Estate
Portsmouth, Hants PO3 5JW
Tel: 0705 65311

St. Albans

Semicomps Ltd.

Wellington Road

London Colney

St. Albans, Herts

Tel: Bowmans Green 24522

West Drayton

Semiconductor Specialists Ltd.
Premier House, Fairfield Road
Yiewsley, West Drayton, Middlesex.
Tel: West Drayton 46415

MIDDLE EAST
IRAN

A. Ardehali
138 Vozara Ave., Tehran
Tel: 622896

ISRAEL

Alexander Schneider Ltd.

44 Petach Tikva Road

Tel-Aviv

Tel: 320.89-346.07, Telex: 033/613
Cable: DANYGAL, Tel-Aviv

ASIA

HONG KONG

Astec Components Ltd.

6 Hankow Road—2nd Floor
Keystone House, Kowloon
Tel: 3-687760 Kowloon
Telex: 780-74899 +

INDIA

SDM and Associates
Greater Kailash—1
New Delhi—110048
Tel: 611513

AUSTRALIA

New South Wales

G.E.S. (PTY) Ltd.

99 Alexander Street

Crows Nest, N.S.W.

Tel: 439-2488, Telex: 25486
Victoria

R and D Electronics (PTY) Ltd.
23 Burwood Road

Burwood, Victoria

Tel: 288-8232, Telex: 33288

SOUTH AFRICA

Metlionics (PTY) Ltd.
P.O.Box 39690

Bramley 2018

Tel: 40-7746, Telex: 43-4852



TERMS OF SALE

1. INVOICE TERMS

(a) All orders are subject to the final acceptance by Seller's credit
department.

(b) All shipments are F.O0.B., Seller’s plant, unless otherwise stated
hereon.

{c) The Seller reserves the right to make shipments in part or in
whole, and the Seller’s Invoices for such shi ts shall be ted

6. TOOLS

Payment of the Seller’s charges for tools, dies, jigs, fixtures, etc.
and/or equipment required for the production of this or other orders
does not convey ownership of such items to the Purchaser nor the right
to remove them from the Seller’s plant, as such charges do not represent
prices that would be charged for the sale of such items and oftentimes
the costs of modifications and/or additions to standard tools

and paid as rendered without regard to whether or not the balance of the
order is shipped.

2. PRICES

(a) Prices are based upon shipments being made F.0.B. Seller's
plants.

(b) Prices do not include any Municipal, State, or Federal sales, use,
excise or similar taxes. Consequently, in addition to the prices specified,
the amount of any present or future sales, use, excise, or any other tax
that may be imposed shall be paid by the Purchaser, or in lieu thereof
the Purchaser will provide the Seller with a tax exemption certificate
acceptable to the taxing authorities.

(c) The price of the merchandise covered by this order is based upon
the Seller’s interpretation of the Purchaser’s specifications.

(d) The Seller reserves the right to invoke a minimum billing charge
of $100.00.

(e) Seller reserves the right to invoke a minimum canceliation charge
of $50.00.

3. DELIVERY SCHEDULE

(a) Dates of shipment are approximate and are subject to the Seller's
ability to conform to same, but Seller shall not incur any liability, con-
sequential or otherwise, due to delay or failure to deliver for any reason.
All orders are accepted subject to delays occasioned by labor, strikes,
fires, war, or floods, accidents at factory, or any causes whatever beyond
the Seller’s control. Delivery schedules are predicated upon the Seller's
ability to acquire materials, tools, dies and equipment, where necessary.
In the event of any such delay beyond the Seller's control, the date of
delivery of this order shall be extended by a period approximately equal
to the time lost by reason of the delays.

(b) If the Seller does not receive a schedule from the Purchaser
promptly, the rate and schedule of shipments will be set by the Seller.

(c) Subject to change, based upon delay in prompt receipt of
approval of sample.

(d) Subject to change upon any modification of specifications previ-
ously agreed upon, or delay in submission of specification acceptable
to Seller.

(e) Seller reserves the right to overship or undership a quantity total-
ling 5% of the last scheduled release of any order for non-standard parts.

4. SHIPMENT

(a) Unless specified the Seller will select the mode of transportation
and the Seller will not be responsible for differences in cost between one
mode and another.

(b) The Seller is not responsible for damage or loss in transit and
any such claims are to be placed by the Purchaser with the carrier, where
shipment is made F.O.B. Seller’s plant.

5.INSPECTION AND ACCEPTANCE

(a) It is understood that the conditions of the Purchaser’s inspection
or test of the material covered by this order shall be mutually agreed
upon and the Seller reserves the right to inspect any material which the
Purchaser claims to be defective on the Purchaser’s premises and decide
whether or not it should be replaced. Any required repairs which the
Seller's inspection determines to be the Purchaser’s responsibility will
be made at the Purchaser's expense and at the Seller’s option on the
Purchaser’s premises.

(b) If the material covered by this order is proven defective and the
Seller was notified of such defects in writing within twenty days from the
date of shipment, the Seller will be responsible only for the costs of
repair or replacement of the Seller’s product, and in no event will Seller
be liable for any damage consequential or otherwise or for an amount in
excess of the price (at the time of adjustment) of the defective item(s).
The Seller will not be responsible for any charges resulting from the use
of defective material.

(c) No material may be returned for credit and no material may be
returned to the Seller for correction without the Seller’s prior written
approval, but if such unauthorized return shipments are made to the
Seller, the Seller reserves the right to refuse the shipment or to accept
it, and in the latter case, the shipment will be held as the Purchaser’s
property and without responsibility to the Seller.

(d) All claims, including claims for shortages must be made within
five (5) days after receipt of shipment, except as otherwise contained in
this Terms of Sale.

or equipment.

7. CANCELLATION

Cancellation of this order for any reason whatsoever will be accepted
only upon terms that will fully indemnify the Seller.

8. REMEDIES OF THE SELLER

(a) If, at the Purchaser’s request or for any other reason for which
the Purchaser is responsible, production or shipment of this order is held
or delayed, the Seller reserves the right to immediately invoice the Pur-
chaser for same in accordance with the provisions of Clause 7 above and
payment is to be made promptly in accordance with this Terms of Sale.
Should the Purchaser release the hold or remove the cause for delay and
the Seller agrees to reinstate the order, the schedule of delivery will be
set by the Seller in accordance with the requirements of the Seller’s then
existing factory schedule.

(b) If, in the Seller's jud 1t, the Purch 's fi ial condition
at any time does not justify continuance of production or shipment of the
material covered by this or any other of the Purchaser’s orders, the
Seller reserves the right to require full or partial payment in advance
and/or to withhold further shipments and stop production, in which case
the conditions of Cancellation Clause 7 above will apply.

(c) If payment of the Seller’s invoice(s) for shipments in part or in
whole is not made promptly and in compliance with this Terms of Sale
above, the Seller reserves the right to withhold further shipments and/or
stop production and, at the Seller’s option, to require full payment in
accordance wih Clause 7 of this Terms of Sale. If, as a result of the pur-
chaser’s failure to pay the Seller’s invoice(s) promptly, the Seller stops
production of this order and later agrees to reinstate it, the scheduled
rate of delivery will be set by the Seller in accordance with the require-
ments of the Seller’s then existing factory schedule.

(d) If at any time prior to the date of initial production and/or ship-
ment, of this order or at any subsequent time during the course of this
order, there shall be filed by or against the Purchaser in any Court,
pursuant to any statute either of the United States or of any State or
Municipality a petition of bankruptcy or insolvency, or for reorganization,
or for the appointment of a receiver or trustee of all or a portion of the
Purchaser’s property, or if the P makes an i for the
benefit of creditors, this order shall ipso facto be cancelled and termi-
nated and, in which event, neither the Purchaser nor any person claiming
through or under the Purchaser or by virtue of any statute or an order of
any Court shall be entitled to any rights of the Purchaser’s order and the
Seller reserves the right to impose all applicable conditions of this Terms
of Sale, including Cancellation Clause 7 above, as well as to retain as
partial liquidated damages any payments, security, deposits or monies
received by the Seller from the Purchaser or others in the Purchaser’s
behalf against this order. Should the receiver, trustee, the operating
committee, or other similar agency desire to reinstate this order or any
uncompleted portion thereof, the Seller reserves the right to either refuse
or accept such requests for reinstatement and, in the latter case, to
determine what appropriate credits, if any, are to be issued to offset
charges previously made as herein above in this clause provided for. If
the Seller elects to reinstate the order it is subject to this Terms of Sale
and the schedule and rate of delivery will be set by the Seller in accor-
dance with the requirements of the Seller’s then existing factory schedule.

(e) If the Seller accepts notes, trade acceptances or other paper as
part or entire payment for this order, all shall become due at the Seller’s
option, upon default in the payment of any one of them, and the Seller re-
serves the right to impose the conditions of Cancellation Clause 7 above.

9. The terms and conditions of this order acknowledgment supersede the
Purchaser’s order, and no variation of this agreement shall be valid un-
less same be in writing signed by a duly authorized officer of the Seller.

10. 1 Cor warrants its devices against defects
in material and workmanship for a period of ninety (90) days in the case
of entertainment type devices, or one (1) year in case of all other devices,
from the date of shipment provided they are used within their voltage and
current limits and under conditions specified by General Instrument
Corporation. Adjustments if any are subject to clauses 5(a), (b), and (c)
of the Seller's Standard Terms of Sale, and devices returned to facto

for adji must be shi d with all portation ch prepaid.
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