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RO-3-5120

5120 Bit Static Read Only Memory

FEATURES
® 512x10 Organization PIN CONFIGURATION
m  Single +5 Volt Supply 24 LEAD DUAL IN LINE
m TTL/DTL Compatible
m Static Operation—no clocks required
m 500ns Maximum Access Time
@ 150mW Typical Power
m Three-State Outputs—under control of ‘Output Top View
Inhibit’ signal -
m  Totally Automated Custom Programming GND (@1 24 IN.C.
A8 2 23 Dout 1
B Zener Protected Inputs ard 3 22 Fout 2
B Glass Passivation Protection A6 4 21 Bouts
A5 5 20 [JOut 4
A4 6 19 Douts
DESCRIPTION A3 7 18 [Out 6
N.C. 8 17 QOut 7
The General Instrument RO-3-5120 is a 5120 bit static Read- Vee d 9 16 DOut 8
Only-Memory. It is organized as 512 ten bit words and requires 9 A2 10 15 OJOut 9
bits of addressing. An ‘Output Inhibit' function is provided to At Qg 14 Oout 10
" simplify the connection of several ROMs to a common bus. The A0Q 2 '3 P1Output Inhibit
RO-3-5120 is constructed on a single monolithic chip utilizing
low-voltage N-channel lon Implant technology.
A separate publication, “R0O-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
AOD > 20
7 S 02
Al - 7
¢ > 03
A2 H>— 7
7 > 04
A3 >— MEMORY :
N |NPUT ADDRESS OUTPUT 7 05
A7 BUFFERS A oecooe A Mﬁ;ﬁ'ox 7] BUFFERS S 06
_ g
A6 D i
> 08
A7 D 7
> 09
A8 > 7
7 3010
7
N\
OUTPUT
INHIBIT
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ELECTRIC CHARACTERISTICS

Maximum Ratings*
Vce and input voltages (with respect to GND)
Storage Temperature . . . . . . . . . . /. ...
Operating Temperature (Ta)

—0.3V to +8.0V
. —65°C to +150°C
. 0°Cto+70°C

Standard Conditions (unless otherwise noted)

NERAL
INSI RUMINT

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
Vec=+5 Volts £5%
Temperature (Ta)=0°C to +70°C
Output Loading: One TTL Load, C. rora. =50pF
Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Output Inhibit Inputs
Logic “1” Viu 22 — — \%
Logic “0” Vie - — 0.65 Vv
Leakage IL1 — — 10 uA
Data Outputs
Logic “1” Von 2.2 — — Vv lon = 100pA
Logic “0” Vou — — 0.45 Vv lo.=1.6mA
Leakage Lo — — 10 nA
Power Supply Current lee — 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 — — 230 ns
Capacitance Co — 8 10 pF f=1MHz
**Typical values are at +25°C and nominal voltages
TIMING DIAGRAMS
te T
- -V ouTPUT “Vin
s X ><t o
tace | ' 'r
DATA ) t "20 ourRATA __ ouTPuUTS _ _ ouTPUTS 20
OUTPUTS a5 HIGH IMPEDANCE IMP%BAPT\'CE .45
ACCESS TIME (ADDRESS TO OUTPUT— INHIBIT RESPONSE TIME
OUTPUT INHIBIT AT LOGIC ‘0’) (ADDRESS INPUTS STABLE)




16B RO-3-9316B
-3-83 RO-3-9316C

16384 Bit Static Read Only Memories

FEATURES

m 2048 x 8 Organization—ideal for microprocessor
memory systems

PIN CONFIGURATICN
24 LEAD DUAL IN LINE

m Single +5 Volt Supply
®m TTL Compatible—all inputs and outputs RO-3-8316A/8316B
m Static Operation—no clocks required Top View
® 850ns Maximum Access Time: RO-3-8316A/9316A 4
m 450ns Maximum Access Time: RO-3-8316B/9316B ﬁ;E’Q‘ - g"{fo(*s‘”
m 350ns Maximum Access Time: RO-3-9316C aod 3 22 Boz
m Three-Stage Outputs—under the control of three atod a4 21 Po3
mask-programmable Chip Select inputs to simplify A0 5 20 [J04
memory expansion Alg 6 19 Dos
m Totally Automated Custom Programming A2 7 18 1106
B Zener Protected Inputs :ig g :Z SE;
B Glass Passivation Protection asd 10 15 st
AeC] 11 14 Ocs2
GNDO 12 13 pcs3
DESCRIPTION
The General instrument RO-3-8316A/8316B and RO-3-9316A/
9316B/9316C are 16,384 static Read Only Memories organized as RO-3-9316A/9316B/9316C
2048 eight bit words and are ideally suited for microprocessor Top View
memory applications. Fabricated in GI's advanced GIANT II N- T By s
channel lon-Implant process to enable operation fromasingle +5 QZE.; 23 gAEC( :
Volt power supply, the RO-3-8316A/8316B and RO-3-9316A/ asd 3 2 b a9
9136B/9316C offer the best combination of high performance, A4l 4 21 D cs3
large bit storage, and simple interfacing. A3} 5 20 [ Cst
The RO-3-8316A/8316B are direct replacements in pin o= I =
connection and operation for the Intel 8316A and 2316A. aod 8 17 B os
‘The RO-3-9316A/9316B/9316C pin configuration is identical to 013 9 16 EW
that of the Intel 2716 16K EPROM. gzc :? B ggz
A separate publication, “R0-3-8316/9316 Custom Coding GNDO 12 13 704
Information,” available from Gl Sales Offices, describes the
punched card and truth table format for custom programming.
vV,
BLOCK DIAGRAM ch Gﬁ;o
AO ol
Al 02
A2 03
A3 ADDRESS MEMORY 04
A4 INPUT ADDRESS MATRIX OUTPUT 05
s BUFFERS DECODE 2048 X 8 BUFFERS oo
A6 o7
A7 08
A8
A9
AIO
cs| CHIP CHIP
cs2 e SELECT
cs3 BUFFERS DECODE




RO-3-8316A ®m RO-3-8316B o
RO-3-9316A m R0O-3-9316B m RO-3-9316C INSIRUMINT

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 (Tp). . . . . . . . . . . .. 0°C to +70°C these devices at these conditions is not
implied—operating ranges are specified
below.

Standard Conditions (unless otherwise noted)
Vec=+5 Volts £5%

Operating Temperature (Ta) = 0°C to +70°C
Output Loading: One TTL load, C, ToTaL = 100pF.

RO-3-8316A/9316A, RO-3-8316B/9316B, and RO-3-9316C

Characteristic Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Chip Select
Inputs
Logic “1” Viu 20 — — \Y
Logic “0” Vi — — 0.8 \Y
Leakage Iy — — 10 uA
Data Outputs
Logic “1” Von 2.4 — — Vv Ion =100uA
Logic “0” VoL — — 0.4 " To. =1.6mA
Leakage Lo — — 10 KA
Power Supply Current
RO-3-8316A/9316A lec — 50 85 mA Outputs open
RO-3-8316B/9316B lce — 65 95 mA Outputs open
RO-3-9316C lec — — 105 mA Outputs open
RO-3-8316A/9316A
AC CHARACTERISTICS
Address, Chip Select Inputs
Cycle Time te 800 — — ns
Capacitance Ci — 5 8 pF f=1MHz
Data Outputs
Access Time tace — 600 850 ns
Chip Select Response Time Tg: — 200 300 ns
Capacitance Co — 8 10 pF f=1MHz
RO-3-8316B/9316B
AC CHARACTERISTICS
Address, Chip Select Inputs
Cycle Time te 400 — — ns
Capacitance Ci — 5 8 pF f=1MHz
Data Outputs
Access Time tace — 350 450 ns
Chip Select Response Time tr — 100 200 ns
Capacitance Co — 8 10 pF f=1MHz
RO-3-9316C
AC CHARACTERISTICS
Address, Chip Select Inputs
Cycle Time tc 300 — — ns
Capacitance Ci — 5 8 pF f=1MHz
Data Outputs
Access Time tacc — 250 350 ns
Chip Select Response Time tg — 100 200 ns
Capacitance Co — 8 10 pF f=1MHz

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



e RO-3-8316A m RO-3-8316B
INSTRUMENT RO-3-9316A m RO-3-9316B m RO-3-9316C

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 | cs1 SELECTED
o} o] o] 16K0
0 o] 1 16K 1
0 1 o 16K 2
0 1 1 16K3
1 0 0 16K4
1 o} 1 16K5
1 1 0 16K6
1 1 1 16K7
ADDRESS BUS
(AO-AIO)
CHIP SELECT-BUS*
€S3-CS))
000 00l olo oll 100 101 110 [N
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 16K 16K2 I6K3 16K4 16K5 16K6 I6K7
QUTPUT BUS
(0, -0g)
* UTILIZED AS ADDRESSES A -A;3
TIMING DIAGRAMS
te |
ADDRESS 8 VI
INPUTS
{ VIL
tacc {
DATA 22|
OUTPUTS 6

ACCESS TIME (ADDRESS TO OUTPUT—CHIP SELECTED)

CHIP NOT SELECTED NOT ViH
SELECT g ECTED (AS PROGRAMMED) SELECTED
INPUTS -

tg tg

1
ouTpuTS ~ 22!

HIGH 6
IMPEDANCE

CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE)

DATA OUTPUTS OUTPUTS
OUTPUTS "HiGH IMPEDANCE VALID
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RO-3-8316A ® RO-3-83168 [JNETII
RO-3-9316A m RO-3-9316B ® RO-3-9316C

TYPICAL CHARACTERISTIC CURVES
X v5 V, o +15V
Vee = +5V :
1000 cq 550 <<
800 450
'5 — G —
o 600 : o 350 t
s —1 1 \ o —t1 | )
I ) ! L = i | 1
| X | ! X :
400 —1 + i 250 — + ;
| ! 1 | ! !
L | I i ! I
| T | \ T |
| ! | | ! !
200 — L + 150 ——+ L +
| 1 1 | 1 i
! ! : ! H :
0 20 40 60 80 0 20 40 60 80
TEMPERATURE (°C) TEMPERATURE (°C)
RO-3-8316A/9316A RO-3-8316B/9316B
Fig.1 ACCESS TIME VS. TEMPERATURE
Tp - +25°C Ta: +25°C
700 Vee = +5V 450 Vee = +5V
650 400
a / @ /
£ £
o 600 o 350
Q ] Q I
W= 1 | = s |
! 1
550 — + 300 +
! | ! |
i | i |
500— L 250 —1 e
! A | H
17 19 21 23 25 17 19 2.1 23 25
Vou (VOLTS) Vou (VOLTS)
RO-3-8316A/9316A RO-3-8316B/9316B
Fig.2 ACCESS TIME VS. OUTPUT VOLTAGE
Vo =45V Ve = +5V
70 cC <
80
60
2 \ 2 70 \
E 50 I~ E S~
S | \\ 8 ! —
- i - 60 E
40 L L
1 1
+ 50 +
] 1
30 - ;
1 |
1 1
0 20 40 60 80 0 20 40 60 80
TEMPERATURE (°C) TEMPERATURE (°C)
RO-3-8316A/9316A RO-3-8316B/9316B
Fig.3 POWER SUPPLY CURRENT VS. TEMPERATURE
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uwnwv RO-3-8316A ® RO-3-8316B
INSTRUMENT RO-3-9316A m RO-3-9316B ® RO-3-9316C

TYPICAL CHARACTERISTIC CURVES

T, =+25°C T, = +25°C
70
80
60
—_ —_ 70
g <
E 50 —TT € L
- T l ! | |
3 ' ! H 8 : : ;
il I | | ~ 80 | | |
40 | ' | | : |
! ! T ! ! ,
| | ! | !
+ + 50 t 4
| 1 1 | | :
1
30 I[ ; : T : T
I l | | l l
I 1 1 1 ] 1
4.6 4.8 5.0 5.2 5.4 4.6 4.8 5.0 5.2 5.4
Vee (VOLTS) Voo (VOLTS)
RO-3-8316A/9316A RO-3-8316B/9316B

Fig.4 POWER SUPPLY CURRENT VS. SUPPLY VOLTAGE

TA'= +2‘5°C
24 Vee=+5V j——
8 //
I 4
E 2 //
2 y.
]
6
I
0 I
1
o I 2 3 4

VoL (VOLTS)
RO-3-8316A/8316B, RO-3-9316A/9316B
Fig.5 OUTPUT SINK CURRENT VS. OUTPUT VOLTAGE

T T
T, = +25°C
2.4 Vec=+5V ]
1.8
E 12
X
o
L]
0.6
0 :
]
1
0 I 2 3 4
VOH (VOLTS)

RO-3-8316A/8316B, RO-3-9316A/9316B
Fig.6 OUTPUT SOURCE CURRENT VS. OUTPUT VOLTAGE
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RO-3-9332A
RO-3-9332B

32768 Bit Static Read Only Memory

FEATURES
B 4096 x 8 Organization—ideal for microprocessor PIN CONFIGURATION
memory systems 24 LEAD DUAL IN LINE
B Single +5 Volt Supply
B TTL Compatible—all inputs and outputs
®  Static Operation—no clocks required
B 850ns Maximum Access Time: RO-3-9332A
B 450ns Maximum Access Time: RO-3-9332B Top View
®  Three-State Outputs—under the control of two arcer 7 26 Pvee (+5v)
mask-programmable Chip Select inputs to simplify A6 2 23 D A8
memory expansion AsC 3 22 A9
®m  Totally Automated Custom Programming AdQQ 4 21 p cs2
A3d s 20 O cs1
®  Zener Protected Inputs a2d s 19 B a0
B Glass Passivation Protection ard 7 18 F A1
A0(] 8 17 108
01d 9 16 3 07
DESCRIPTION 02 10 15 [106
The General Instrument RO-3-9332A/9332B are 32,768 bit static 039 :‘2 :; ggj
Read Only Memories organized as 4096 eight bit words and are GNog
ideally suited for microprocessor memory applications. Fabri-
cated in GI's advance GIANT I N-channel lon-Implant process to
enable operation from a single +5 Volt power supply, the RO-3-
9332A/9332B offer the best combination of high performance,
large bit storage, and simple interfacing of any MOS Read-Only
Memories available today.
BLOCK DIAGRAM
Vee GND
AO > Ol
Al : > 02
A2 > 03
A3 > 04
ADDRESS ADDRESS MEMORY ouTPUT 5
A4 INPUT DECODE MATRIX BUFFERS > 05
A5 BUFFERS 4096 X 8 > 06
A6 > 07
A7 > 08
A8
A9
AIO
All
csi CHIP CHIP
Ccs2 SELECT SELECT
INPUT DECODE
BUFFERS
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RO-3-9332A ® RO-3-9332B
ELECTRICAL CHARACTERISTICS

Maximum Ratings”

Vec and input voltages (with respect to 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 (T,). . . . . o .. 0°Cto +70°C these devices at these conditions is not
implied—operating franges are specified
below.

Standard Conditions (unless otherwise noted)

Vee = +5 Volts £10%
Operating Temperature (Ta) = 0°C to +70°C
Output Loading: Two TTL Loads, C. totaL = 100pF

RO-3-9332A/9332B
Characteristic i Sym Min Typ** Max Units Conditions
DC CHARACTERISTICS
Address, Chip Select
Inputs
Logic “1" Vin 20 — — \Y
Logic “0" Vi — — 0.8 v
Leakage I —_ — 10 MA
Data Outputs
Logic “1" Vown 2.4 — — \Y Ton = 200uA
Logic “0" Voo — — 0.4 \ Io. = 3.2mA
Leakage lo — — 10 A
Power Supply Current
RO-3-9332A lee — - 60 mA Outputs open
RO-3-9332B lec — - 125 mA Outputs open
RO-3-9332C lce — - 140 mA Outputs open
RO-3-9332A
AC CHARACTERISTICS
Address, Chip Select Inputs
Cycle Time te 800 — — ns
Capacitance C, — 5 8 pF f=1MHz
Data Outputs
Access Time tace — 600 850 ns
Chip Select Response Time Tg — 200 300 ns
Capacitance Co — 8 10 pF f=1MHz
RO-3-9332B
AC CHARACTERISTICS
Address, Chip Select Inputs
Cycle Time te 450 — — ns
Capacitance C, — 5 8 pF f=1MHz
Data Outputs
Access Time tacc — 350 450 ns
Chip Select Response Time tr — 100 200 ns
Capacitance Co - 8 10 pF f=1MHz

**Typical values are at +25°C and nominal voltages.
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RO-3-9332A m RO-3-9332B GENERA

L
INSIRUMENT

TIMING DIAGRAMS

1c I
ADDRESS ><‘ My
INPUTS
g v
tacc {
DATA 2.2
OUTPUTS
.6
ACCESS TIME (ADDRESS TO OUTPUT—CHIP SELECTED).
CE"? NOT SELECTED NOT Vin
SELECT  se_ECTED (AS PROGRAMMED) SELECTED
INPUTS -
tr tg
DATA OUTPUTS OUTPUTS ouTPuTS ~ 2.2
OUTPUTS "H|GH IMPEDANCE VALID

HIGH | 6
IMPEDANCE )
CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE)




RO-3-9364B

PRELIMINARY INFORMATION

65536 Bit Static Read Only Memory

FEATURES
m 8192 x 8 Organization—ideal for microprocessor PIN CONFIGURATION
memory systems 24 LEAD DUAL IN LINE
m Single +5 Volt Supply
B TTL Compatible—all inputs and outputs
m Edge-activated
B 450ns Maximum Access Time
B Three-State Outputs Top View
m Totally Automated Custom Programming arcler O 24 Bvee (+5v)
B Zener Protected Inputs As ] 2 23 PO A8
m Glass Passivation Protection A5 3 22 D A9
Ad] 4 21 JA12
A3l s 20 st
A2d 6 19 7 A10
Al E; 7 18 [J A11
A0 8 17 108
01 9 16 Q07
DESCRIPTION 02d 10 1s B o6
The General Instrument RO-3-9364B is a 65,536 bit static Read 3g 14 D05
Only Memory organized as 8192 eight bit words and is ideally anoQ 12 '3 o4
suited for microprocessor memory applications. Fabricated in
Gl's advanced GIANT II N-channel lon-Implant process to
enable operation from a single +5 Volt power supply, the RO-3-
9364B offers the best combination of high performance, large bit
storage, and simple interfacing.
BLOCK DIAGRAM
CS1 Vee GND
) T T
AO > Ol
Al > 02
A2 > 03
A3 > 04
Aa 5| ADDRESS oy ouTPUT 505
As DECODE 4096 X 8 BUFFE S 06
~
A6 INPUT > 07
A7 BUFFER —> 08
A8 REGISTER
A9
A0
All
A12
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ELECTRICAL CHARACTERISTICS

Maximum Ratings* ,

Vce and input voltages (with respectto GND) ...................... —0.5V +7.0V
Storage Temperature —65°C to +150°C
Operating Temperature (Ta)...oouenn i 0°C to +70°C

Standard Conditions (unless otherwise noted)
Vee=-+5 Volts £10%

Operating Temperature (Ta)=0°C to +70°C
Output Loading: two TTL Loads, C. rora=100pF

*Exceeding these ratings could cause per-
manent 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, Chip Enable
Inputs
Logic “1” Vin 2.0 — — \
Logic “0” Vi — — 0.8 \"
Leakage Iu — — 10 uA
Data Outputs
Logic “1” Von 2.4 - — \ Ion=200uA
Logic “0” Voo — — 0.4 \ Io.=3.2mA
Leakage Lo — — 10 UA
Power Supply Current
Icc (Active) — — — 50 mA Output Loading=1MQ and 100pF
CE at Minimum Cycle Time
Icc (Standby) — — — 10 mA CE=Logic “1”
AC CHARACTERISTICS
Cycle Time tc 400 — — ns
CE Pulse Width tce 300 — — ns
CE Precharge Time te 100 — — ns .
CE Access Time tac — — 300 ns #_IIELO Et)pausz aDr:éVT(?OW;O
Output Turn Off Time torr — — 75 ns P
Address Set Up Time tas 0 — — ns
Address Hold Time tan 75 — — ns
CAPACITANCE
Input Capacitance Ci - — 7 pF f=1MHz
Output Capacitance Co — — 10 pF f=1MHz
**Typical values are at +25°C and nominal voltages.
TIMING DIAGRAM - te |
CHIP ENABLE —\ v
lt— tp
t Vi
tce
tas —— tan
/ Vi
ADDRESS VALID
Vie
f—————— tac —'J l&——— torr
]L Vou
DATA OUTPUT OPEN VALID OPEN
\L VOL
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INSTRUMENT

Keyboard Encoders
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AY-5-2376

Keyboard Encoder
FEATURES

m One integrated circuit required for complete keyboard PIN CONFIGURATION
assembly 40 LEAD DUAL IN LINE
® QOutputs directly compatible with TTL/DTL or MOS logic
arrays Top View
. . . 7
® External control provided for output polarity selection VecCl® 1 40 DFrequency Control A
m External control provided for selection of odd or even parity Frequency Control BL] 2 39 [IX0
a Two key roll-over operation Frequency Control C ] 3 38 [AX1
m N-key lockout snimnputq 4 37 X2
® Programmable coding with a single mask change Control Input[] 5 36 [1x3 _
a Self-contained oscillator circuit Parity Invert Input [} 6 35 x4  Keyboard Matrix
= Externally controlled delay network provided to eliminate the Parity Output Q) 7 34 Oxs  Outputs
effect of contact bounce Data Output B8] 8 33 [xe
m Static charge protection on all input and output terminals ga‘a 8““’“‘ 575 ° a2 gy
. . ! L. ta Output B6 ] 10 31 0
m Entire circuit protected by a layer of glass passivation a
p y Y g P Data Output B5 ] 11 30 @Y1
Data Output B4 ] 12 29 [Av2
Data Output B3 ] 13 28 (Y3
DESCRIPTION Data Output B2 [] 14 27 QY4
Data Output B1 [ 15 26 OYs | Matri
. . IX
The General Instrument AY-5-2376 is a 2376 Bit Read Only Strobe Output (] 16 25 Y6 Inpyuts
Memory with all the logic necessary to encode single pole single Va g 17 24 Dy7
throw keyboard closures into a usable 9-bit code. Data and Vee O 18 23 pIve
strobe outputs are directly compatible with TTL/DTL or MOS Strobe Control Input 4 19 22 pve
logic arrays without the use of any special interface components. Data & Strobe Invert Input (f 20 21 pvio
The AY-5-2376 is fabricated with MTNS technology and contains
2942 P-channel enhancement mode transistors on a single
monolithic chip.
BLOCK DIAGRAM
YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 Vi Y9 Y10
31 30| 29| 28| 27| 26| 25| 24| 23| 22| 21
r——- >—»—<y->r<>4><><>—4-0 ——————— = 2
(289 _._'%_Q —&fo———“-—}
” 50 KHz A | 2 A
VGI OSCILLATO! IC B A2
vee— 13y ¢ N [
| |
FREQUENCY
| 11 BIT COMPARATOR | CONTROL
| cLOCK |
CONTROL | A
| | Yo Y10
| I 11STAGE RING COUNTER |
| TIITITTITIY I
SHIET INPUT "? :33 S
CONTROL INPUT. 5# . ¢37 X2
| 2376 BIT ROM S;IANGGE 535 ac
(9 81T X 88 KEYS x 3 MODE) COUNTER LJs Xq
STROBE | 4
CONTROL INPUT 1o | & s
DELAY AQJ Xg
\ 4
‘Rl ¢ _l__ | ‘7‘32 X7 /'
|
w o | 1ﬁ LLLLLLLL] I
ND STROBE _ 20 | 88 SPST KEYBOARD SWITCHES
DAUIANAVERY INPUT “—¢—‘——% TTL/DTL/MOS | X8 L
COMPATIBLE I > \\
PARITY INVERT OUTPUT DRIVERS X7 TYPICAL SWITCH
—_———— —A-V—E.-Eﬂi'J EXAMPLE
9 1011|1213} 14| 15

7 86 BS B4 B3 B2 B1

- — j
STROBE OUTPUT

PARITY OUTPUT

DATA OUTPUTS

* R1 (680KOHMS), C1 (.004uF)
R VIDE APPROX. | 5mS DELAY

6100’( C2 (30pF}
PROVIDE 50 KHz CLOCK FREQUENCY
++ EXTERNAL CLOCK INPUT (OPTION)
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OPERATION

The AY-5-2376 contains (see Block Diagram) a 2376-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 iscompleted 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

2

o

2=

AY-5-2376 INsil

U

2

A

input from the 11-stage ring counter. When this occurs, the
comparator generates a signal to the clock control and 9, the
Strobe Output (via the delay network). The clock control stops
the clocks to the ring counters and the Data Outputs (B1-B9)
stabilize with the selected 9-bit code, indicated by a ‘valid’ signal
on the Strobe Output. The Data Outputs remain stable until the
key is released.

As an added feature two inputs are provided for external polarity
control 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).

TIMING DIAGRAM

SWITCH
CLOSURE

Y

88 CLOCK
CYCLES

SWITCH

BOUNCE

re@————— MINIMUM SWITCH CLOSURE ————

STROBE "__SWITCH
DELAY BOUNCE‘»I

SWITCH
RELEASE

Y

- STROBE WIDTH

Y KEYBOARD Vee
MATRIX OUTPUT v/

sTroBE Vce
OUTPUT

0 I

|

[ 1

__>l .Sus

DATA VALID

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88 X 1/f) + STROBE DELAY + STROBE WIDTH

/ J

MAXIMUM DETERMINED BY
EXPECTED EXTERNAL RC
DETERMINED
BY FREQUENCY
OF OPERATION
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ol ROGIRE AY-5-2376
ELECTRICAL CHARACTERISTICS

Maximum Ratings

Vor and Vee (with respectto Vec) . . . . . . . —20V to +0.3V *Exceeding these ratings could cause permanent damage.
Logic input voltages (with respectto Vce) . . . —020V to +0-§3\C/ Functional operation of this device at these conditions is not
S oA . OSSTE implled—oporaing angesar sciebetow
Standard Conditions (unless otherwise noted)
Vee =+5 Volts = 0.5 Volts, (Vce = Substrate Voltage)
Vee =—12 Volts + 1.0 Volts, Vor = GND. Operating Femperature (Ta) = 0°C to +70°C
Characteristics Sym | Min Typ** Max Units Conditions
Clock Frequency f 10 50 100 KHz See Block diagram
footnote** for typical
R - C values
Data Input
(Shift, Control, Parity
invert, data & strobeinvert).
Logic “0” Level Vio Vee - +0.8 \
Logic “1” Level Viq Vee—1.6 — Vect0.3 \Y
Shift & Control Input
Current lins,c 15 36 60 uA Vi=+5V
8 16 30 A Vi= 0V
Data, Parity Invert Input
Current liND,P - .01 1 HA Vi=-5V to +5V
X Output (X,-X;)
Logic “1” Output Current Ix1 — 0 — nA Vour = Vcc
80 150 400 uA Vour = Vee —1.3V
140 300 800 nA Vour = Ve —2.0V
250 700 1500 nA Vour = Vec =5V
500 1500 3000 nA Vour = Vec — 10V
Logic “0” Output Current Ixo 15 30 80 MA Vour = Vcc
13 27 65 HA Vour = Vce —1.3V
12 25 60 MA Vour = Vec —2.0V
5 10 40 LA Vour = Vec —5V
il 1 20 [.LA Vour = Vee =10V
Y Input (Yq-Y40)
Trip Level Vy Vee —5 Vee —3 Vec—2 Vv Y Input Going
Positive
Hysteresis AVy 5 9 14 \" Note 1
Note 2
Selected Y Input Current lys 30 60 160 nA Vin=Vcc
26 54 130 nA Vin=Vcc —1.3V
24 50 120 MA Vin = V¢ —2.0V
10 20 80 nA Vin = Vcc =5V
— 2 20 MA Vin = Vce —10V
UnselectedY InputCurrent lyu 15 30 80 uA Vin=Vcc
13 27 65 uA Vin=Vce —1.3V
12 25 60 uA Vin = Vcc —2.0V
‘ 5 10 40 HA Vin=Vcc —10V
Input Capacitance Civ - 3 10 pF at Ov
Switch Characteristics
Minimum Switch Closure — — — — — See Timing Diagram
Contact Closure
Resistance Zce — — 300 0
Zco 1X107 — — O
Strobe Delay
Trip Level (Pin 19) Vsp Vec—4 Vec—3 Vec—2 \
Hysteresis Vsp 5 .9 1.4 Vv See Note 1
QuiescentVoltage (Pin 19) -3 -5 -8 Vv With 680K to Vss
Data Output (B;-Bg)
Logic “0” — — — 0.4 \" lo=1.6ma
Logic “1” — Vo1 — — \% lou—100ua
Power
lce —_ —_ 5 10 mA Vce=+5V
lca —_ —_ 5 10 . mA Voo =—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

NEEEEE AL
12.0 90 R 100K Ohms
T 1T 1T Ta 1250
100 }— R 680K Ohms |
Ta  +25°C 80 Nominal Voltages
8.0 — Nominal Voltages 4 o
60 % \
— a0 A 3 60
2 4 3
s 20 A N
< 1o / E 40
8 oo 3
800 ) "
oo OMW‘*L—
600 o
20
400
4
200 0
0 o
0 .001 002 .003 005 .01 .015 .022 033 0 20 40 60 80 100
CAPACITANCE (uF) CAPACITANCE (pF)
STROBE DELAY C1 OSCILLATOR FREQUENCY VS. C2
160
T T
Ip = 100pA / //
140 NOMINAL SUPPLY VOLTAGE
Vee = 8V
120 / z cc
2 150 Vgg = —12V T
@ & c
2 S Vg, -
I w0 NG u \ Gl = GND
4 <]
= ©
2 /e : N
2 80 S +— )>_ 140 ~
2 /) ~
% 1 / I~
— \
40 130
20

30 25 20 15 10 5 0 10 20 30 40 50 60 70

VGs VOLTS TEMPERATURE YC

TYPICAL OUTPUT ON RESISTANCE TYPICAL POWER CONSUMPTION

(Rpon) VS. GATE BIAS VOLTAGE (Vgs) (mW) VS. TEMP (°C)
VGG
VGG
ouT Y To
KEYBOARD ® > INTERNAL

1O
IN >——e ™ INPUT T—-] . T GATING

Vee Vee T Vee / COUNTER
/S \

/ \ INPUT
STATIC CHARGE STATIC CHARGE
PROTECTION DEVICE

PROTECTION DEVICE
OUTPUT DRIVER “Y” INPUT STAGE FROM KEYBOARD

TO KEYBOARD
COUNTER > '
INPUT T |
/ —\
STATIC CHARGE
PROTECTION DEVICE

Vee
“X” OUTPUT STAGE TO KEYBOARD
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STANDARD CODE ASSIGNMENT CHART

T H

HHEH

T

lllustrated using a Logic “O” on the Data and Strobe Invert Input (Pin 20) and the Parity Invert Input (Pin 6).
NOTE 1: This code is an 8 bit ASCII code (B1-B8). Output B9 is included as an odd parity bit operating on outputs B1-B7.

*EXAMPLE
B1 B2 B3 B4 B5 B6 B7 B8 PARITY
- BIT
c 7
| : ! Xo v
l 1 . . . 5 . . - 9 -
| N = NORMAL MODE
‘_ 1_; ______ 4 - B — 88— NORMAL S = SHIFT MODE
Yo i’_ ———————— - - >= SHIFT 2 - 83'::3‘?513/82%1“ (SEE DATA B1 — BS8)
————— —4 — — — — — = CONTROL h

LOGIC “1" = +5V
(CODE REPRESENTATIVE OF KEY DEPRESSION AT LOGIC "0 =GND

LOCATION Xg — Yg AND PROPER MODE SELECTION)

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
0 0 0 0 0 0
STROBE INVERT TRUTH TABLE
DATA AND STROBE STROBE MODE SELECTION
INVERT INPUT INTERNAL OUTPUT S T-nN
(PIN 20) STROBE (PIN 16) S -5
1 1 ) S c=cC
0 0 0 s c=CcC
1 0 1
0 1 1
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AY-5-3600

Keyboard Encoder

FEATURES
® One integrated circuit required for complete keyboard assembly E(I)T_SA%T)FL}EI}’IQ‘I\_TI\&%N
® N key rollover or lock out operation
® Quad mode operation
B | ock out/rollover selection under external control (option)
® Self-contained or slave oscillator circuit
® 10 output data bits available Top View
® Qutputs directly compatible with TTL/DTL or MOS logic arrays optioncle1 =~ 4 p Xo
® Qutput data buffer register included Option O 2 39 31X,
® QOutput enable provided (option) See next page Optfon gs 38 AX,
8 External data complement control provided (option) Option 7] 4 37 DX,
® Pulse or level data ready output signal provided (option) Option [ 5 36 ;Ix,,
= “Any Key Down” output provided (option) Data Output B3 3 3i 3:5
s Externally controlled delay network provided to eliminate the ga':a 8“;"“: Z:E . 23 o
effect of contact bounce DZ‘: oztp:t ssd o 32 ;1x7
® Programmable coding with a single mask change Data Outzut 85d 10 3 :]D:lay Node Input
® Static charge protection on all input and output terminals Data Output B4 O 11 30 Avee
® Entire circuit protected by a layer of glass passivation Data Output B3 [ 12 29 [ shift Input
Data Output B2 (] 13 28 [ Control Input
DESCRIPTION Data Output B1 (§ 14 27 AV
The General Instrument AY-5-3600 is a Keyboard Encoder Data R VdDDC 15 2 gY‘-‘
containing a 3600 bit Read Only Memory and all the logic ataReady O 16 25 Yy
necessary to encode single pole single throw keyboard closures Yog 17 24 Jy,
into a usable 10 bit code. Data, Any Key Down and Data Ready z‘ g s 23 1Y,
outputs are directly compatible with TTL/DTL or MOS logic Y“: 19 22 PIYs
arrays without the need for any special interface components. «g 20 21 Y,
The AY-5-3600 is fabricated with MTNS technology and contains
5000 P channel enhancement mode transistors on a single
monolithic chip.
BLOCK DIAGRAM
Yo Y Yo Y3 Y4 Ys Yg Y7 Yg Yo
17/ 18] 1920\
r————— sy 1 EXTERNAL CLOCK
| FoTTT T === INPUT  (OPTION)
Voo 27 ! I ci¥*
Voo >34 10 BIT COMPARATOR  |—— O:CSAIL:{‘ZPZR }_1} ConTRoL_ "
Vee >-304 RI%
{ TITTTTITTTT |
! ik EEifEen cSTRen e o o
| ] |
| M }
| o »-)‘ E:EEE: ’———{ Jlaaine v 3l STROBE DELAY
: s Voo x **ji { ca%¥* Yo " [¥2 VsL’Q ¥s Y6 Y7 Yo Y
b RZ <
¥ LI P
smFT—>—2—9+—1—- MOOE :: szs X1 *¥Hbgo
CONTROL ->—28 DECODER | | 43: :Z p-o
I H 1 3600 BIT ROM 9 STAGE f:s ,(: pee
< (10 BIT X 90 KEYS X 4 MODE) coﬁ',:‘-PER 135 X5
} :r ¢34 X6
! 33 X7
|vi,D ﬁj'sz x8
I T
] OUTPUT DATA BUFFER #‘ 33¥P5$y DowN .?E%%'Zs.{o
| | SWITCHES
| 4—€—LOCKOUT/ROLLOVER (OPTION)
oM ONTROL ——— COMPATABLE. 4—<— CHIP ENABLE (OPTION)
(OPTION) OUTPUT DRIVERS M
T | NOTE: REFER TO FIG.| FOR OPTION PIN SELECTION.
| I GV W W S U S U U N S _j *RI (100K A), CI (45pF)
5] 6| 7] 8] ofio] ]2} Ii?‘ PROVIDES APPROX. JOKHI CLOCK FREQ.
#3#C2 (300nS DELAY/ CPF) R2 SUPPLIED INTERNALLY.

BIO B9 B8 B7 B6B5 B4 B3 B2 81

%* %% DIODES NECESSARY FOR COMPLETE nKEY
ROLLOVER OPERATION.
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INSIRUMENT

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 options are
selected from the following:

External Clock

—requires one package pin to input an external clock source.

Internal Oscillator

—requires three package pins interconnected with an external
RC network to develop the clock required.

Lockout/Rollover (LO/RO)

—requires one package pin to externally select N-Key Lockout or
N-Key Rollover. LO = +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 pin 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 functions selected above:

PIN 1 PIN 2 PIN 3 PIN 4 PIN5
External Clock LO/RO CcC CE AKO
External Clock LO/RO CcC CE BIO
External Clock LO/RO cC 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
CC AKO
CcC BIO
CE AKO
CE BIO
AKO BIO
ELECTRICAL CHARACTERISTICS
Maximum Ratings*
Vop and Vge (with respecttoVec) . . . . . . . . . . —20V to +0.3V *Exceeding these ratings could cause
Logic input voltages (with respecttoVee) . . . . . . —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)

Vce =+5 Volts 0.5 Volts

Vas = =12 Volts £1.0 Volts, Voo = GND

(Vcc = Substrate Voltage)

Operating Temperature (Ta)=0°C to +70°C
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AY-5-3600 XSRS
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 - — us
Clock Input Vio Vaa . 15 \Y)
VH Vcc —-1.4 — Vcc +03 V
Data Input
(Shift, Control,
Complement Control,
Lockout/Rollover,
Chip Enable
& External Clock)
Logic “0” Level Vio Vaa — +0.75 Y
Logic “1” Level Vi Vee —1.1 — Vec+0.3 Vv
Shift & Control Input
Current Insc 75 95 120 uA Vy =45V
X Output (Xo-Xg)
Logic “1” Output Current Ix1 40 170 400 HA Vour = Vcc (See Note 2)
600 1300 2500 pA Vour = Vee—1.3V
900 1600 3500 kA Vour = Vcc—2.0V
1500 3800 6000 A Vour = Vec—5V
3000 6000 10000 HA Vour = Vcc—10V
Logic “0” Output Current 1x0 8 15 50 wA Vour =Vcc
6 11 35 nA Vour = Vec—1.3V
5 10 30 uA Vour = Vec—2.0V
2 5 15 uA Vour = Vcc—5V
— 0.5 5 HA Vour = Vce—10V
Y input (Y,-Yg)
Trip Level Vy Vec—5 Vec—3 Vee—2 Vv Y Input Going Positive (See Note 2)
Hysteresis AVy 0.5 0.9 1.4 \Y (See Note 1)
Selected Y Input Current lys 18 36 100 pA Vin = Vee
14 28 90 uA Vin = V1.3V
13 25 80 UA Vin = Vec—2.0V
6 12 60 LA Vin = V5V
— 1 30 LA Vin=Vcc—10V
Unselected Y Input Current Iyu 9 18 50 wA Vin =Vec
7 14 45 uA Vin=Vcc—1.3V
6 13 40 uA Vin=Vcc—2.0V
3 6 30 uA Vin = V5V
— 0.5 15 uA Vin=Vec—10V
Input Capacitance Cix —_ 3 10 pF at OV (All Inputs)
X-Y Precharge
Characteristics P 1500 3500 5000 - uA V =Vcc
200 600 1500 A V =Vcc—5 (See Note 2)
Switch Characteristics
Minimum Switch Closure - —_ — — — See Timing Diagram
Contact Closure
Resistance Zcc - — 300 QO
Zco 1X107 — — Q
Strobe Delay
Trip Level (Pin 31) Vsp Vee—4 Vcee—3 V2 \
Hysteresis Vsp 0.5 0.9 1.4 \' (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” —_ - —_ .55 \" IoL =.26mA
- — — 0.8 " Io. = 1.6mA
Logic “1” — Vec —1.3 — — Vv Ion =.95mA
Power
lcc —_ _ 8 13 mA Vce =15V
lea —_ -_ 8 13 mA VGG= 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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e e AY-5-3600
OPERATION

The AY-5-3600 contains (see Block Diagram) a 3600 bit ROM, 9-
stage and 10-stage ring counters, a 10 bit comparator, timing
circuitry, a 90 bit memory to store the location of encoded keys
for n key rollover operation, an externally controllable delay
network for eliminating the effect of contact bounce, an output
data buffer, and TTL/DTL/MOS compatible output drivers.

The ROM portion of the chip is a 360 by 10 bit memory arranged
into four 90-word by 10-bit groups. The appropriate levels on the
Shift and Control Inputs selects one of the four 90-word groups;
the 90-individual word locations are addressed by the two ring
counters. Thus, the ROM address is formed by combining the
Shift and Control Inputs with the two ring counters.

The external outputs of the 9-stage ring counter and the external
inputs to the 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
scanning the key switches for key closures.

When a key is depressed, a single path is completed between one
output of the 9-stage ring counter (X0 thru X8) and one input of
the 10-bit comparator (Y,-Yg). After a number of clock cycles, a
condition will occur where a level on the selected path to the
comparator matches a level on the corresponding comparator
input from the 10-stage ring counter.

N KEY ROLLOVER

— When a match occurs, and the key has not been encoded, the
switch bounce delay network is enabled. If the key is still de-

pressed at the end of the selected delay time, the code for the
depressed key is transferred to the output data buffer, the data
ready signal appears, a one s stored in the encoded key memory
and the scan sequence is resumed. If a match occurs at another
key location, the sequence is repeated thus encoding the next
key. If the match occurs for an already encoded key, the match is
not recognized. The code of the last key encoded remains in the
output data buffer.

N KEY LOCKOUT

— When a match occurs, the delay network is enabled. If the key
is still depressed at the end of the selected delay time, the code
for the depressed key is transferred to the output data buffer, the
data ready signal appears and the remaining keys are locked out
by halting the scan sequence. The scan sequence is resumed
upon key release. The output data buffer stores the code of the
last key encoded.

SPECIAL PATTERNS

— Since the selected coding of each key and all the options are
defined during the manufacture of the chip, the coding and
options can be changed to fit any particular application of the
keyboard. Up to 360 codes of up to 10 bits can be programmed
into the AY-5-3600 ROM covering most popular codes such as
ASCII, EBCDIC, Selectric, etc., as well as many specialized
codes. The ASCII code in conjunction with internal oscillator, 10
data outputs and any key down output, is available as a standard
pattern (See Figure 2).

TIMING DIAGRAM

|
| |
| |

SWITCH SWITCH
CLOSURE RELEASE
e MINIMUM SWITCH CLOSURE
90 CLOCK CYCLES
— SWITCH STROBE
™ BOUNCE DELAY
KEY
CLOSURE ' gf’é’cRK | !
| ‘1 CYCLES ™ |
| ) |
ST 2 e it W IR
—d
| [ |PULSE n KEY
! P ! ROLLOVER
oofEs | X
| | O I | |
| | T B | |
' | L | RESETS AT FIRST Xo Yo
A"YD(',‘&‘{,_J T AFTER FIRST Xi Y|
OUTPUT — ——————— R

RESUME SCAN FOR —=
n KEY ROLLOVER |

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (90 x1) + STROBE DELAY + STROBE WIDTH

MAXIMUM
EXPECTED

Fig.1

RESUME SCAN FOR
n KEY LOCKOUT

f

DETERMINED BY

EXTERNAL C
DETERMINED MINIMUM. TIME
BY FREQUENCY REQUIRED BY
OF OPERATION EXTERNAL
(EXTERNAL RC) CIRCUITRY
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AY-5-3600

SYMBOL| MODE SYMBOL MODE
N S C SC N S C SC
e X1Y0,X0Y8 SOH X0 Y9 X5 Y0, X0 Y9
A X0 Y2 x1y2 STX X1Y9 X4 Y0, X1 Y9
B X5 Y3 X2Y2 ETX X4 Y4 X4 Y4 X4 Y4 X4 Y4, X6 YO
c x2v3 x3v2 [ X4 Y1
0 X2 Y2 x4 y2 ENQ X3 Y1
3 X2 Y1 X5 Y2 ACK X2 Y8 X7Y1, X2 Y8
f x3y2 X6 Y2 BEL X3 Y8 X6 Y1, X3 Y8
G X4 Y2 X7v2 8s X34
H X0 Y5 X0 Y5, X5 Y2 X0 Y5 X0 Y5 HT X0 Y4 X0 Y4 X0 Y4, X8 Y9 X8 Y8
! X1 Y1 X0 v4 LF X7 Y6 X7 Y6 X7 Y6
J X6 Y2 X6 Y6 V1 x3v7 x3v?7 x3v7 x3v?
X X7v2 x3v6 FF X7 Y8 X7v8 X7 v8
L X2 Y6 X2Y6. X8 Y2 X2v6 X2 Y6 CR X3vs x3Y5 X3 Y5, X1 Y6 X1 Y6
- X7Y3 x3Y5 S0 X0 Y7 X0 Y7, X1 Y8 X0 Y7, X1 Y8
N X6 Y3 x4 Y5 si x1v? x1y7 x1Y? X1 Y7
0 X8 Y1 DLE X0 Y1
P X6 Y6 X0 Y2, X0Y3 och X5 Y1
0 X0 Y1 X1v3 0c2 X6 Y7
R X3y X2 Y3 0c3 X2 Y1
S X1Y2 x4 v3 oca X3 Y0
T X4 Y1 X5 Y3 NAK X2 Y0
U X0 Y1 X6 Y3 SYN X5 v4
v X4 Y3 X7Y3 ETB X1 Y0
w x1v1 X6 Y5 CAN X3 Y4 X3 Y4 .
X X1Y3 X8 Y2 [ X8 Y0 :
Y X5 Y1 X5 Y6 SuB X0 YO
2 X0 Y3 X5 Y5 ESC X7 Y0
) X0 Y2 X0 Y2 FS X1 Y4
b X5Y3 X5 Y3 G X1Y6
¢ X2 Y3 X2Y3 RS X1 Y4 X1 Y4 X1 Y&
] X2 v2 X2 Y2 us X2Y7 X2 Y1 x2 Y1 x2v7
e X2 Y1 X2 Y1 P X3 Y3, X4 Y9 X4 Y9, X3 Y3 X4 Y9, X3Y3 X4Y9 Xx3Y3
' x3v2 x3v2 ' X5 Y9 X5 Y9, X0 Y9 X5 Y9 X5 Y9
] x4 Y2 xay2 - x3vg X3 Y8, X7 Y5, X1 Y9 X3 Y9 X3 Y9, X7 Y5
" X5 Y2 X5 Y2 * X6 Y8 X6 Y9, X2 Y0 X6 Y8 X6 Y9
) X7 Y1 X7 Y1 $ X2 Y5 X2 Y5, X3 Y0 X2 Y5 X2Y5
| X6 Y2 X6 Y2 % X1Y5 X1Y5, X4 YO X1 Y5 X1 Y5
k X7Y2.X2 Y8 X7Y2 & X6 Y8 X6 YO, X6 Y8, X2 Y8 X6 Y8 X6 Y8
[ X8 Y2 X8 Y2 . X7 Y5 X3Y8 X7 Y5 X7v4
m X7Y3,X1 Y6 X7Y3 ( X7Y9 X7 Y4, X3 Y4, X8 YO X7 Y9 X7v9
n X6 Y3, X1 Y8 X6 Y3 ) X4 Y8 X4 Y8, X6 Y7. X8 Y9 X4 Y8 X4 Y8
o X8 Y1 X8 Y1 . X5 Y8 X5 Y8, X7 YO, X5 Y4 X5 Y8 X5 Y8
0 X6 Y6, X0 Y8 X6 Y6 . X0 Y6 X0 Y6, X5 Y6, X7 Y7 X0 Y6 X0 Y6, X7 Y7
q X0 Y1 X0 Y1 . X8 Y3 X8 Y3 X8 Y3 X8 Y3
' X3 Y1 X3 Y1 — X2 Y4 X2 Y4, X8 Y7 X2 Y4 X8 Y7
N x1v2 X1Y2 . X8 Y4 X8 va X8 Y4 X8 va
1 X4 Y1 X4 Y1 / XT'Y4 X7 v4
u X6 Y1 X6 Y1 0 X6 Y7, X8 Y8 x8 Y8 X6 Y7.x8 Y8 X8 Y8
v X4 Y3 x4Y3 1 X0°Y0, X0 Y8 X0 YO
w X1yl X1l 2 X1 Y0, X1 Y9 X1 Y0
x x1v3 X1v3 3 X2 Y6 X2 Y0
v X5 Y1 X5 Y1 4 X3 Y0 x3vo
: X0 Y3 X0 Y3 5 X4 Y0 X4 Y0
C X8 Y6, X2 Y9 X4 Y6. X8 Y6 6 X5 Y0, X2 Y8 X5 Y0
\ X1 Y1 7 X6 Y0, X3 Y8 X0 YO
] X8 Y6 X1Y6 X8 Y6 X8 Y1 8 X7 Y0 X7 Y0
A X1Y8 X2 Y4 9 X8 Y0, X8 Y9 X8 Y0
- X4 Y7,X8Y7 X417, X8 Y7 x4 Y7 X5 Y4 X8 Y5 X5 Y4 X8 Y5
{ X3Y6 X3 Y6 X3Y6 X8 Y5, X5 Y6 X8 Y5, X5 Y6
{ X4 Y5 X4 Y5 X4 Y5 X6 Y5 X7 Y8, X6 Y5, X0 YO X6 Y5
~ X6 Y4 . X6 Y4, X7 Y7 X7 Y7.X6 Y4, X4 Y7 X6 Y4
DEL X2 Y§ X2 Y9 > X5 Y5 X5 Y5, X5 Y0, X0 Y7 X5 Y§
NuLL X5Y7 X5 Y7 X5Y7,X0 Y8 X5 Y7, X0 Y8 ? X4 Y6 X4 Y6, X7 Y4 X4 Y6
Note 1. Bits 1 to 6 and bit 8 of the AY-5-3600 correspond to bits 1 to 7 of ASC II.

Note 2. Codes 0000011 and 0011111 are not present in the stendard AY-5-3600 pattern.

Fig.2 STANDARD AY-5-3600 CODE ASSIGNMENTS ASCIl CODE

OPTIONS PROVIDED WITH STANDARD ENCODER

Device Marking: AY-5-3600

Internal Oscillator on Pin Nos. 1, 2, 3

Any Key Output on Pin No. 4

Any Key Output True (Logic 1) During Key Depression
Output Data Bit B10 on Pin No. 5

N-Key Rollover Only
True Outputs Only
Pulse Data Ready Signal

Internal Resistor to Vpo on Shift/Control Pin
Plastic Package
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INSTROMRR AY-5-3600
Voo Fig.3 Ves
o
KE;BSARD o
INTER
INPUT MIERNAL TO KEYBOARD
ot T COUNTER
ATIC INPUT
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AY-5-3600-PRO

Keyboard Encoder and PROM/EPROM Application

The AY-5-3600-PRO is pre-programmed during manufacture to
provide specific yet simple binary coded outputs thus allowing
the purchase of off-the-shelf devices (distributors, etc.). To
enhance the device flexibility, the binary outputs have been
organized to provide direct interface with a PROM/EPROM.

AY-5-3600-PRO
KEY KEYBOARD
MATRIX ENCODER PROM/EPROM >
ROM

The PROM (Programmable Read Only Memory) permits the
programming of the required output code in the factory or the
field within minutes, thus making it extremely suitable for small
quantity, fast turnaround keyboard requirements. The EPROM
(Erasable Programmable Read Only Memory) is ideally suited for
prototyping, where patterns are quite variable, allowing the
EPROM to be erased and reprogrammed repeatedly. Similar
advantages are realized in the field where pattern changes are
necessary in order to respond to redefined requirements or to
subtle system peculiarities not previously encountered.

Technical Description

The AY-5-3600-PRO is a binary coded MOS-LSI device
programmed to furnish 360 unique 9-bit codes (90 keys x 4
modes x 9 bits). Option selections include such popular
functions as Internal Oscillator, Lockout/Rollover and an Any
Key Down output. For further, more explicit device
characteristics refer to the preceding pages. The internal
oscillator is a self contained (on-chip) circuit option which
eliminates the need for any external clock source. For applica-
tions necessitating an external clock source the internal
oscillator input pins may be utilized to function in the slave mode
of operation. Lockout or Rollover is selectable via an input pin,
thus allowing the versatility required on various keyboard
applications. The Any Key Down output performs the function of
a gating signal by acknowledging both a key depression and
release, making it a convenient signal for use in a repeat
application.

For ease of translation, each key is assigned an X-Y coordinate
and, in turn, each X-Y coordinate has been identified with a

specific yet simple binary coded output. Two formats are
described: the first for application with a 64 key 4 mode keyboard
and the second for a 90 key 4 mode keyboard.

The 64 key 4 mode application as illustrated in Fig. 8 utilized
keyboard encoder addresses X0 YO thru X6 Y3. A unique
combination of one input (Y) and one output (X) is assigned to
each key, for a total coverage of 64 keys. Binary coded outputs
B2-B9 have been arranged to provide the necessary 8-bit address
inputs to the PROM/EPROM, with B2 and B3 representing the
variable mode identification and B4-B9 each specific key
closure.

When a key is depressed a path is completed between one X line
and one Y line thus addressing that specific X-Y ROM coordinate
in the AY-5-3600-PRO. The 8-bit binary code for that X-Y location
(ref. Truth Table page 14-15) is transferred into a one character 8-
bit output latch (B2-B9) thus providing the appropriate 8-bit
address to the 256 x 8 PROM/EPROM.

Expansion to a 90 key 4 mode operation (see Fig. 9) is identical to
the 64 key 4 mode except: the 90 key 4 mode version utilizes the
full complement of addresses X0 YO thru X8 Y9 (30 keys). The 8-
bit binary code (B2-B9) previously produced to address the
256 x 8 PROM/EPROM is now expanded to a 9-bit binary code
(B1-B9) for addressing to a 512 x 8 PROM/EPROM. With expan-
sion toa 90 key 4 mode application outputs B1-B3nowserveasthe
variable mode identification.

The interface to a PROM/EPROM enables the custom
programming of the required output data in the PROM/EPROM
to directly coincide to the specific address inputs from the AY-5-
3600-PRO. Any PROM whether it be bipolar, ultraviolet erasable
or electrically alterable, may be employed to provide a wide
variety of “off-the-shelf” keyboards. Once the keyboard
assembly has gone beyond the prototyping stage, and assuming
the quantity/cost permit, the PROM/EPROM data can be
converted to the standard AY-5-3600 data format (ref. AY-5-3600
Custom Coding Information sheet) and produced in production
quantities. This eliminates the PROM/EPROM expense while
assuring the absence of undefined coding changes.

Summary of Important Features

® Ability to deliver complete keyboard assemblies within days
without sacrificing the features offered in the AY-5-3600
Keyboard Encoder

B Ability to buy off-the-shelf devices (distributor, etc.)

®  Ability to verify the specific pattern format using a PROM/
EPROM prior to a ‘custom’ encoder commitment
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OPTIONS

B Device Marking: AY-5-3600-PRO

B Internal Oscillator on Pin Nos. 1,2, 3

B Lockout/Rollover on Pin No. 4
Internal Resistor to Vpp on Lockout/Rollover Pin

B True Outputs Only

AY-5-3600-PRO ENECHVEN

Any Key Output on Pin No. 5.
Any Key Output True (Logic 1) During Key Depression
Pulse Data Ready Signal
Plastic Package
Internal Resistor to Vpp on Shift/Control Pin

XY | NORMAL SHIFT CONTROL | SHFT/CTR XY [ NORMAL SHIFT CONTROL | SHFT/CTR
0 000000000 001000000 | 010000000 011000000 45 000101101 001101101 [ 010101101 011101101
1 000000001 001000001 | 010000001 011000001 46 000101110 001101110 | 010101110 011101110
2 000000010 001000010 | 010000010 011000010 47 000101111 001101111 { 010101111 011101111
3 000000011 001000011 | 010000011 011000011 48 000110000 001110000 | 010110000 011110000
4 000000100 001000100 | 010000100 011000100 49 000110001 001110001 | 010110001 011110001
5 000000101 001000101 | 010000101 011000101 50 000110010 001110010 [ 010110010 011110010
6 000000110 001000110 | 010000110 011000110 51 000110011 001110011 { 010110011 011110011
7 000000111 001000111 | 010000111 011000111 52 000110100 001110100 | 010110100 011110100
8 000001000 001001000 | 010001000 011001000 53 000110101 001110101 | 010110101 011110101
9 000001001 001001001 | 010001001 011001001 54 000110110 001110110 | 010110110 011110110

10 000001010 001001010 | 010001010 011001010 55 000110111 001110111 | 010110111 011110111

1 000001011 001001011 | 010001011 011001011 56 000111000 001111000 | 010111000 011111000

12 000001100 001001100 | 010001100 011001100 57 000111001 001111001 [ 010111001 011111001

13 000001101 001001101 | 010001101 011001101 58 000111010 001111010 | 010111010 011111010

14 000001110 001001110 { 010001110 011001110 59 000111011 001111011 | 010111011 011111011

15 000001111 001001111 | 010001111 011001111 60 000111100 001111100 | 010111100 011111100

16 000010000 001010000 | 010010000 011010000 61 000111101 001111101 | 010111101 011111101

17 000010001 001010001 | 010010001 011010001 62 000111110 001111110 | 010111110 011111110

18 000010010 001010010 | 010010010 011010010 63 000111111 001111111 | 010111111 o11111111

19 000010011 001010011 | 010010011 011010011 64 100000000 101000000 | 110000000 111000000

20 000010100 001010100 [ 010010100 011010100 65 100000001 101000001 | 110000001 111000001

21 000010101 001010101 ( 010010101 011010101 66 100000010 101000010 | 110000010 111000010

22 000010110 001010110 | 010010110 011010110 67 100000011 101000011 | 110000011 111000011

23 000010111 001010111 | 010010111 011010111 68 100000100 101000100 | 110000100 111000100

24 000011000 001011000 | 010011000 011011000 69 100000101 101000101 | 110000101 111000101

25 000011001 001011001 { 010011001 011011001 70 100000110 101000110 | 110000110 111000110

26 000011010 001011010 [ 010011010 011011010 1Al 100000111 101000111 | 110000111 111000111

27 000011011 001011011 [ 010011011 011011011 72 100001000 101001000 | 110001000 111001000

28 000011100 001011100 { 010011100 011011100 73 100001001 101001001 | 110001001 111001001

29 000011101 001011101 | 010011101 011011101 74 100001010 101001010 | 110001010 111001010

30 000011110 001011110 | 010011110 011011110 75 100001011 101001011 | 110001011 111001011

31 000011111 001011111 [ 010011111 011011111 76 100001100 101001100 | 110001100 111001100

32 000100000 001100000 { 010100000 011100000 77 100001101 101001101 | 110001101 111001101

33 000100001 001100001 | 010100001 011100001 78 100001110 101001110 | 110001110 111001110

34 000100010 001100010 | 010100010 011100010 79 100001111 101001111 { 110001111 111001111

35 000100011 001100011 { 010100011 011100011 80 100010000 101010000 | 110010000 111010000

36 000100100 001100100 | 010100100 011100100 81 100010001 101010001 | 110010001 111010001

37 000100101 001100101 | 010100101 011100101 82 100010010 101010010 | 110010010 111010010

38 000100110 001100110 | 010100110 011100110 83 100010011 101010011 | 110010011 111010011

39 000100111 001100111} 010100111 011100111 84 100010100 101010100 | 110010100 111010100

40 000101000 001101000 | 010101000 011101000 85 100010101 101010101 | 110010101 111010101

41 000101001 001101001 | 010101001 011101001 86 100010110 101010110 | 110010110 111010110

42 000101010 001101010 | 010101010 011101010 87 100010111 101010111 | 110010111 111010111

43 000101011 001101011 ] 010101011 011101011 88 100011000 101011000 | 110011000 111011000

44 000101100 001101100 | 010101100 011101100 89 100011001 101011001 | 110011001 111011001
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AY-3-4592

Capacitive Keyboard Encoder

FEATURES
PIN CONFIGURATION
m 128 key keyboard encoder: 112 fully decoded keys, 16 discrete 40 LEAD DUAL IN LINE
function keys
B 112 keys with 4 modes, 10 bit output Top View
®m Key validation logic protects against bounce aND o1 7 40F Ve (+5V)
m N-key roll over or 2-key roll over p12- 39 1 AKD
m [nternal ROM allows any keys to control SHIFT CTRL, D2 O3 38 1] MATIN
SHIFT LOCK and ALPHA LOCK D3 4 37 ] POR
B ALPHA LOCK and SHIFT LOCK indicator lines bata D4 05 36 ] Clock
® Any key down (AKD) strobe outputs | D5 6 351 KPD
B Single +5 Volt power supply D6 (7 340 sL
® Programmable coding of standard and special function keys 07 4 2 23 H ALl
B Zener diode protection on all I/O pins gz - 10 2 ?} ig
B Low power consumption, less than 2 milliwatts per key D10 E iy 3005 x5
m Usable with capacitive, magnetic, inductive. Hall effect or KBINH [ 12 2017 X14
mechanical keyboard switches Lo/RO O 13 287 X15
® Inputs and outputs TTL and CMOS compatible Keyboard {~ YA O 14 275 x13 m{:’iga"’
B |nternal Oscillator Matrix { —YC [] 15 261 X12 | Outputs
Inputs | —vyg [ 16 257 X1
- 2 0
opors [T HE
DESCRIPTION Matrix ,5
Outputs | —X2 [ 19 227 x8
The G.I. AY-3-4592 is a unique dual pulse scanning encoder and —-X3 20 210 x4
keyboard controller for 112 keys in four modes and 16
programmable discrete function keys. ROM programming
permits any keys to control the shift control and lock functions. The AY-3-4592 is fabricated with N-channel MOS technology on
The AY-3-4592 can be used with capacitive, inductive (magnetic) a single chip containing a 4592 bit ROM, a 128 bit shift register
or switch closure type switches since it works on pulse detection. and an internal oscillator.
BLOCK DIAGRAM
D6 D10 D9 D8 D7 D5 D4 D3 D2 D1 X15 X1413 12 1110 9 8 7 6 5 4 3 2 1 X0
71 T T
| |
" I
ALPHA DATA OQUTPUT X DECODER AND Y l . i
ALl O— | LOCK LATCH AND DRIVERS DRIVERS DRIVERS Ys
| ] v
Sl=
} POR E g /[‘ :
| . COUNTER BUS |
SLIO ;EJ 45:%3”
CLOCK BUS
B |
T S| | |
I ERROR. FLAG/DISC DRIVERS I
| ] |
| POR l
a0 SRABCISAR |
LO/RO.O— IL SR
AKD O~ '
| CLOCK CLOCK I
I J 8 CLOCK
| | I 0 "Re
SRour
: POR MATIN SMIN SHIF'}2I2EBGI‘-II’STER :
B B e il
POR MATIN O KPD O GND
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PIN FUNCTIONS

AY-3-4592

Pin No. Name Symbol Function

1 Ground GND Ground Pin

2-10 Data Out D1-D9 Data Outputs, D1 through D9

11 Data Out D10 Data Output D10. See “AY-3-4592 options” for complete description

12 Key Inhibit KBINH Logic “1” on KBINH will inhibit the processing of Key closures and prevent new
output codes. See “AY-3-4592 options” for other custom options

13 Lockout/rollover LO/RO High for 2 Key Rollover operation, low for N Key Rollover operation. This input
is a high impedance Schmitt trigger with thresholds of approximately % (low)
and % (high) of Vcc. This allows easy interfacing with very slow RC circuits
for such functions as “repeat delay”. LO/RO is internally “anded” with
AKD/STB; if either is low, N Key rollover is automatically selected.

14-16 Y-Address YA, YB, YC | Y Address lines select one of eight Y inputs through external multiplexer.
Scan sequence is Y7 to YO

17-27, 30-32 X Outputs X0-X13, X5-X7 | X output drivers for Matrix scanning. Scan sequence is X15 to X0. Each driver
generates 8 pairs of pulses each scanning cycle.

28, 29 X15, 14 X15, X14 X15 is programmed as a “discrete output” key in the standard part. Optionally
it may be programmed as a error flag or as a Matrix drive line. See “AY-3-4592
options”. Unlike X0-X13, neither X14 nor X15 have associated ROM output
codes. These lines are used to enable separate discrete keys to be debounced
using an addressable latch as illustrated in figure 2.

33 Alpha Lock ALI ALI will indicate if “op code” XX101 is selected. (See operation codes). In

Indicator the standard device there is no other function. If alpha lock is selected as an
option, op code XX101 will result in bit 6 being replaced by bit 9 when a key
is depressed.

34 Shift Lock SLI SLI will indicate if “op code” XX011 is selected. (See “operation codes”). In

Indicator the standard device this op code will also select the shift lock function.

35 Key Pressed KPD KPD is used to shift the threshold of the external sense amplifier in order to
provide hysteresis to improve noise immunity. In addition KPD may be
inverted to provide the data input to the 8 bit latches for decoding X14 and X15.
When a key closure is detected KPD is generated causing the 8 bit latch output
to go high. See figure 2.

36 CLOCK CLK Resistor/capacitor tie point for the internal oscillator. Nominal frequencies
and scan times are shown below:

C = 150pt C = 220pf C = 500pt
R Freq Scan time Freq Scan time Freq Scan time
5K 1.3 MHz 1.5 msec 1.2 MHz 1.7 msec .71 MHz 2.8 msec
10K .8 MHz 2.3 msec .8 MHz 2.7 msec .45 MHz 4.3 msec
25K .4 MHz 4.8 msec .3 MHz 6.0 msec .20 MHz 10.0 msec

37 Reset POR Reset clears all internal registers and flip flops. Suggested circuit for poweron
reset is illustrated in Figure 1.

38 Matrix Input MATIN Input from external multiplexer. Senses signal from X-Y scan of depressed
key.

39 Any Key Down AKD AKD is low when no key is depressed. When a key is depresed AKD goes high.

Strobe If while one key is held, a second key is depressed AKD will go low for 2
clock cycles.

40 Power Vee Power supply input; +5 Volts
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GENERAL
INSTRUMENT

AY-3-4592

OPERATION

Keys are connected in a 16 x 8 matrix. Scanning of the matrix is
performed by the encoder in conjunction with an external,
multiplexer. The encoder provides a 3bitbinary address (YA, YB,
YC) used to scan each of eight possible sense lines (Y-lines). The
drive lines (X-lines) are each pulsed low by theencoder. Ifakey is
closed, the pulse is coupled from the drive to the sense lines,
amplified and sent to the encoder. When used to encode reactive
switches, a detection circuit is necessary between the output of
the multiplexer and the MATIN input to the encoder. In this
manner, each matrix cross-point is interrogated in turn. Each
matrix cross-point is given a unique binary code that is
determined by the internal scan counters. This code is used to
address a ROM which generates the output codes (such as ASCI|I
or other customer defined codes). The output of the ROM is
entered into an output holding register when the key is deter-
mined to be a valid key closure. Only the cross-points on X0
through X13 can have output codes: X14 and X15 can be used for
scanning discrete keys.

An internal oscillator controls the matrix scanning rate. The
minimum scanning time is 1.7 msec, at a 1.2MHz clock. This
allows a burst typing speed equivalent to over 250 words/min.
When a key is depressed, a matrix address from an X driverand Y
input line representing that key is loaded into a 7 bit latch. On the
second keyboard scan, the matrix address and the stored address
are compared. If the two addresses match, the ROM 10 bit word at
that address is loaded into the data holding register. This datare-
mains valid until the next key is depressed. The internal error flag
is set, if this option was utilized, whenever there is amismatch be-
tween 7 bit addresses.

Two negative pulses must be detected during the MATIN timing
window for the depression to be recognized.

Keyboard Selection

The AY-3-4592 keyboard encoder can be used with a wide variety
of available keyboards. An external multiplexing circuit and one
external sense amplifier can be tailored to the user’s specific
requirements. As shown in Figure 1, the sense amplifier detects
changes in voltage caused by variations in the switch impedance
as a key is depressed and released. Given the key switch
impedances for depressed and released states, the values of Rx
and Rh can be chosen to guarantee switch closure detection and
noise margins. Rx is chosen to match the capacitor or reactor
time constants. For example, given a variable capacitance
keyboard switch with C1 =100pf, and C2 = 10pf for depressed and
released positions respectively, with a 1.5MHz oscillator and Rx =
10 Kohm, a depressed key would make a 4.7 volt pulse while a
raised key would produce a 2.6 volt pulse. The potentiometer
would then be set for best noise immunity with minimum pulse
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width, 90ns for all keys. The hysteresis resistor, Rh, is chosen at
roughly ten times the value of Rx to provide increased noise im-
munity for detected key depressions.

Operation Codes

Depending on the internal programming of the AY-3-4592, keys
may have one of three different functions. Keys on matrix lines X0
through X13 have in addition to the output code bits a function
flag bit (FFB). If the FFB is programmed as a zero, the key
produces a data output when depressed.

When FFB is a one, the key is a “function” key for which bits 1-5
determine the function. These bits are referred to as the “op code”
and are used to provide special functions such as shift, shiftlock,
alpha lock etc. Bits 6-10 are not used.

Op codes may be programmed to provide data outputs as well as
change the mode of operation. Data when outputted is not
latched as are normal coded outputs.

Bits 1-3 indicate what operation the key will perform; per table 1.
Bit 4 programmed as one indicates a “down-coded” key, for
which the 10 data bits programmed in the shift mode level of ROM
are outputted when the key is depressed.

Bit 5 programmed as one indicates an “up-coded” key for which
the 10 data bits programmed in the control mode level of ROM are
outputted when the key is released.

Neither bit 4 nor 5 will have any effect on the operational control
of bits 10-3.

Table 1
Op-Code Function
5 4 3 2 1
X X 0 0 0 Function key (with up/down codes)*
X X 0 o0 1 Right Shift Key
X X 0 1 0 LeftShift Key
X X 0 1 1 Shift Lock Key or Discrete Key

(output SLI)
Control Key

Alpha Lock Key or Discrete Key
(output ALI)

Error Reset Key or discrete key
(output X15)

Discrete Key (output D10)

>
x X
-
o o
- o

X X 1 1 1

*1f the op-code is 00000 the key has no internal function but KPD
will go low when it is processed.



AY-3-4592 INSIROMERT
OPTIONS

Pin or Function Option

X15 X15 may be programmed as

1) an X-output to provide a second set of 8 discrete lines

2) a “discrete output” which indicates when a function key with op code XX110 is depressed

3) an Error Flag Indicator (EFI). See “Error Flag”

In the AY-3-4592 STD X15 is a discrete output

Error Flag When this option is selected, the AY-3-4592 has the capability of detecting multiple key depressions during
the same scan cycle. When selected, the error flag may be programmed to generate KBINH and or appear at
the X15 output. The error flag may be reset by three methods. If the “automatic reset” is selected/the flag will
be reset when the error causing Key is released.

Op-code XX110 may be programmed on a function key to reset the error flag.

If pin 12 is programmed for KBINH error flag will be reset by pulsing pin 12 high. The reset will occur on the
negative edge of the KBINH signal; the pulse must be at least 16 clock cycles.

In the AY-3-4592 STD, error flag causes KBINH and is automatically reset.

Alpha Lock When programmed for Alpha lock, the function key with op-code XX101 will cause the bit 6 output to be
replaced by bit 9. Bit 9 is not altered. Alpha lock is normally used to force printing of upper case characters
irrespective of the shift function. Op Code XX101 will also cause an output on ALI (pin 33).

When Alpha lock is not programmed, op code XX101 will simply result in an output on ALI (pin 33).

Op code XX101 may be programmed for momentary action, or latched push-on, push-off alternating action.
ALI may be programmed for normally low or high output.

Op code XX101 is momentary action. ALl is normally low.

The AY-3-4592 STD is not programmed for Alpha lock, although there will be an output on ALI.

Shift Lock When programmed for shift lock, the function key with op-code XX011 will cause normal electronic shift
action. Op code XX011 will also cause an output on SLI (pin 34).

If shift lock is not programmed, op code XX011 will simply cause an output on SLI. SLI may be programmed
for normally low or high output.

The AY-3-4592 STD is programmed for shift lock operation with SLI normally low.

KBINH KBINH, Keyboard Inhibit, may be programmed to be caused by Pin 12 high, by the error flag, or both. In
addition, function keys with up or down codes may be programmed, as a group, to be inhibited by KBINH.
This is the “KCI Out” option.

When pin 12 is programmed to cause KBINH, a “high” input on pin 12 will inhibit processing of common keys.
If a key is depressed while the KBINH signal is present, output and output strobe will be generated when
KBINH is released.

The AY-3-4592 STD has KBINH actuated by pin 12 high, and by the error flag. The “KCI In” option is used,
that is, the function key operation is independent of KBINH.

D10 D10, pin 11, may be programmed as the output for the memory bit 10 or as a “discrete” output. As a discrete
output pin 10 is switched from its normal state (programmable as high or low) by the function key with op-
code XX111.

The AY-3-4592 STD is programmed for D10 as a discrete key, normally low.

Key Type Keys may be either normally open or normally closed. The AY-3-4592 STD is designed for normally
open keys.




INSTROMERT AY-3-4592
ELECTRICAL CHARACTERISTICS

Maximum Ratings*

VGGt et -0.3 Volts to +7.0 Volts

Maximum voltage with respectto Voe..vovovennnt +0.3 Volts . )

Storage Temperature ....................... 65°C to +150°C Exceeding these ranges could cause
Operating Temperature .............ooueeenenen... 0 to 70°C permanent damage. Functional operation of

this device at these conditions is not
implied—operating ranges are specified

. below.

Standard Conditions (unless otherwise noted)
Vee = 5.0V 5%
Ta=0°to70°C

Characteristic Symbol | Min. Typ.** | Max. Unit Condition
Data Output “1” Voltage Von 35 - - \ lon= 50uA, 25pF
Data Output “0” Voltage Voo - - 0.5 Vv loL = 1.6mA
All Inputs “1” Voltage Vi 2.2 - - \Y except POR, 2KRO
All Inputs “0” Voltage Vi - - 0.8 \ except POR, 2KRO
All Inputs Leakage hn - - 10 uA Vin = 5V
X Output “1” Voltage Xon 35 - - \ lon = 50uA, 100pF
X Output “0” Voltage XoL - - 0.5 \Y lo. = 1.6mA
AKd Output Voltage Va - - 0.6 \ lo = 3.2mA
MATIN Input Voltage Vy - - 0.4 \Y
POR, 2KRO high threshold Vgy - 13 - \ Schmitt trigger
POR, 2KRO low threshold VgL - 3.7 - \' Schmitt trigger
Power Supply Current lec - 35 60 mA Vcc =5.3V
Clock Frequency ¢ 200 ~ 1200 kHz
Matrix Delay t - - 250 ns
Input pulse width t, 90 - - ns
X Output pulse width t, 1.7 - - us
X Output fall time txe - - 150 ns Von = 4.3V, VoL = 0.4V
X Output rise time txri - - 150 ns Von = 2.4V, VoL = 0.4V
X Output rise time txra - - 500 ns Von = 3.5V, VoL = 0.4V
X Output rise time txrs - - 1500 ns Von = 4.3V, Vo = 0.4V
KPD-X Output set time Tyx 500 - - ns
X Output-KPD hold time te 100 - - ns
Data out to AKD time toa 1.7 - - us

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

- VT VTV

KEY PROCESSED UP 1, }— 4. t,
KPD | l I
l KEY PROCESSED DOWN

OTHER KEY STILL DOWN

& X X
T i r 1

|

KPD

VOL
tx——> tyx

VOH

Xy
VOL

le— tx
txp ~——f  |e—o txmz
MATIN
/- -\ — —— — — — — — Vy
—ﬁ ty t,

Discrete Function Key

Y2 Y1 YO

. OUTPUT FROM ENCODER FOR

KPD X1a—Y, KEY DEPRESSED

|+<—— LATCH OUTPUT IF X,,—Y, RELEASED

f————LATCH OUTPUT IF X,,—Y, DEPRESSED
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8€-¢

xxy

000
ool
002
003
004
005
006
007
010
011
oi2
013
014
015
o1le
017
020
021
022
023
024
025
026
027
030
03
032
033
034
035
036
037
040
04l
042
043
O4é4
045
0406
047
050
051
052
053
054
055
056
057
060
06l
062
063
064
065
066
067
070
071
072
073

(-]

CQUOOITCCCTOOUDITVCCOUCODOCOCODTSODOCCOOOOCIDOO0O0O0OVOOARQCOOOOO OO = = & 1o 0w o o

cec=e=NORMAL #===~=
HEX BINARY

ool 0000000001
002 0002000010
003 0000000011
004 0002000100
005 0000000101
006 0000000110
007 0000000111
0CE ovlloo11to
1€4 0111100109
0co 00311091101
0co 0011001101
188 0110091000
18E 2110091110
18¢C 0110001100
19€ 0110011110
185 0110000101
17F 0101111111
0c8 0011001011
occ 0011001100
180 0110001101
194 0110011610
198 0110011011
187 0110000111
19¢C 0110011100
17€ 0101111110
170 0101111101
0CA 0011001010
188 011¢Hn1011
199 0110011001
198 9110011000
189 0110001001
19D V110011101
17¢ 0101111100
0cs 011001000
ocY 0011001001
186 0116060110
197 wil0oto0t11
191 0110010001
0cs 0011001001
00F wo11011111
178 oto1111011
oc? 0011000111
oce 0011001000
184 0110001010
195 01100103101
194 0110010100
192 0116010010
003 0011010011
174 0101111010
0ce 0011000110
0c? 0011000111
196 0110010110
190 0110010000
194 0110010100
193 0110016011
192 0110010010
179 0101111001
oCF 0011601111
oceé 0011000110
178 0101111000

Right Shift
Left Shift
Shift Lock
Control

ALl

D10

ironizd
(9]

ZN® 0O
[=4
=

%8

IxceN® 8g€o®:::< m~uE}UW<O S, NONO XA WA
-t x

m-
F4
[~}

monsg—xo~aw
x

m
-

CODE CHART / AY-3-4592-STD

wecasas GHIFT secnes

HEX

IFF
IFF
IFF
3FF
IFF
IFF
IFF
ODE
1€4
18F
000
148
1AE
1AC
18€
1AS
17F
008
onc¢
140
18A
188
1A7
18C
17€
170
0DA
148
189
188
149
180
17¢
009
009
1a6
187
181
oc3
0OF
178
oD5
008
1aa
185
184
182
0c3
17A
007
on7
186
180
1A4
183
142
179
0Dé
0pé
178

BINARY

1N
111t
[REREERERBY
11111111l
1111111111
1111118111
1111111111
0011011110
0111100100
olloitlila
0011011101
0110101000
0110101110
0110101100
0110114110
n110100101
010111111
0011011011
0011011100
0110101101
ol1101110t0
0ilortloll
0110100111
n110111100
n101111110
0101111101
0011011010
0110101011
0110111001
0110111000
0110101001
0110111101
0101111100
0011011001
0011011001
0110100110
0110110111
0110110091
0011000011
0011012111
0101111011
0011010101
0011011000
0110101010
0110110101
0110110100
01i0110010
0011000011
9101111010
0011010111
0011010111
0110120110
0110110000
2110100100
vllo110011l
oliel00o0lo0
0101311091
0011010110
0011010110
olotiilovo

OF
o

o=

omx *'“'é N>»>®»
r

nnpo
age
xXI

% AZTI <“~h~m D<EOTMAR

*m
[o]
3

r4

Q

W= PpP—=r—Q~~— MAZTXCC
X

m
-

cnee CONTROL®%ce-
HEX BINARY

IFF 1t
3FF 1l
3FF 1111111111
3IFF il
3fFF 1111111111
3FF 1111111111
3FF 11111
OCE 0011001110
1€4 0111100100
0co 0011001101
[ Iy} 0011001101
1E8 0111101000
1€E 0111101110
1eC 0111101100
1FE 0111111110
1ES 0111100101
17F oro1111111
ocs 0011001011
occC 0011001100
1E0 oi11110110!1
1FA 0111111010
1F8 0111111011
1E7 0111100111
1FC 0111111100
17€ 01011111310
17D 0101111101
0CA 0011001010
1£8 0111101011
1fg 0111111001
1F8 0111111000
1E9 0111101001
1F0 o1111t1101
17¢ 0101111100
0c8 0011001000
0C9 Q011001001
1€£6 0111100110
1F7 0111110111
1Fl 0111110001
0C9 0011001001
Q0F 0011011111
178 0101111011
ocz 0011000111
[MY] 2011001000
1EA 0111101010
1FS 0111110101
1F4 0111110100
1F2 0111110010
0D3 0011010011
174 0101111010
0Cé6 0011000110
ocr 0011000111
1F6 03111110110
1fFo 0111110000
1Fa 0111310100
1F3 0111110011
iF2 0111110010
179 01011tl001
ocF 0011001111
0Ce 0011000110
178 0101111000

i
ESC

ETB
DC1
DC3
SOH
suB
NUL

DC2
ENQ
EOT

ETX
SOH
STX

DC4
ACK
BEL
SYN
STX
ETX

EM
BS
SO
SP
EOT
NAK
ENQ
CR

ENQ

S

FF
CR
ACK

BEL

«=SHIFT/CONTROL >
HEX BINARY

IFF 1t
3FF 1111111141
IFF 1111111111
IFr 1111111111
IFF 1111111111
3FF 1111118188
IFF 1111111111
00E 0011011110
1€4 0111100100
1FF 011111111
000 0011011101
1E8 01311101000
1E€ 0111101110
1€C 0111101100
1Fg 0111111110
1€5 0111100101
17F o0lo1111111
008 0011011011
00¢ 0011011100
1€p ot11101101
1Fa 0111111010
1fe oli1111011
1€7 0111100111
1fFc 0111111100
17€ 0161111110
170 0101111101
00A 0011011010
1€8 0111101011
1Fe 0111111001
1F8 0111111000
1E9 01111010012
1FD 01111111018
17C 0lp01111100
009 0011011001
009 0011011001
1€6 0111100110
1F? 0111110111
1F1 0111110001
0oC3 0011000011
00F 0011011111
178 olo1111011
00s 0011010101
0ds 0011011000
1€A 0111101010
1Fs 0111110101
ifFa 0111110100
1F2 0111110010
0C3 0011000011
174 0101111010
0D7 0011010111
00?7 0011010111
iFe 0111110110
1Fo 0111110000
1E4 0111100300
1F3 oli1110011
1€2 0111100010
179 0101111001
006 0011010110
006 0011010110
178 0101111000

ES
NUL

"

DC1
DC3
SOH
suB
NUL

DC2
ENQ
EOT
ETB
ETX
SOH
STX

DC4
ACK
BEL
SYN
STX

ACK

BEL

>
=
@
FS
[
©
N
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CODE CHART / AY-3-4592-STD
XXY F eaceeNORMAL ~~==- ecenes SHIFT ~e=e-- «e=aeCONTROL ~a=- «=SHIFT/CONTROL-~
] HEX BINARY HEX BINARY HEX BINARY nEx BINARY

074 0 18F 0110001111 P 1af 0110101111 P 1€F 0111101111 DLE 1EF 0111101111 DLE
075 0 0c4 0011000100 0ocs 0011000Y0L oca 0011000100 ols 0011000108 :
076 0 193 0110010011 L 1A3 0110100011 1F3 0111110011 FF 1€3 01311100011 FS
or7 0 ool 0011010001 . oct 0911000001 > 001 9011010001 . oC1 0011000001 >
080 0 002 0011010010 — 140 0110100000 - 002 0011010010 — 140 0110100000 —
{13} 0 191 0110010001 n 1Al n11010000i — 1F1 0111110001 §I 1€1 0111100001 RS
082 0 18F 0110001111 P 18F vllolillll @ 1eF 0111101111  DLE 1FF 0111111111 NUL
083 0 14 0110100100 [ 1A2 0110109010 ) 1€4 0111100100 ESC 1€2 0111100010 GS
084 0 op8 0011011000 gD 0011011101 008 0011011000 - 00D 0011011101
085 0 oc4 0011000100 ; oD% 0011010100 + ocu4 0011000100 ; oDa 0011010100 +
086 0 oDo 0011010000 / 0co 0011003000 7 0D0 0011010000 / oCo 0011000000 ?
0sr 0 177 0101110111 BS 177 01011i0111  BS 177 0101110111 BS 177 olot110111 BS
090 0 0c2 0011000010 = 904 0011010100 + 0c2 0011000010 = oD4 0011010100 +
091 0 0cs 0011000161 : 0oD5 0011010101 * oCS 0011000101 00s 0011010101 *
092 0 176 0101110110 HT 176 0101110110 HT 176 0101110110 HT 176 0101110110 HT
093 0 143 011100011 N\ 083 0010090011 ! 1€3 0111100011 FS 1€3 0111100011 FS
094 0 175 0101110101 LF 175 0101110101 LF 175 0101110101 LF 17s 0lo1110101 LF
095 0 1A4 0110100100 [ 08y 0010000100 | 1€4 0111100100 ESC 1E4 0111100100 ESC
096 0 1F2 0111110010 CR 1F2 0111110010 CR 1F2 0111110010 CR 1fF2 0111110010 CR
097 0 1a2 UlIV100010 ) 082 0010000010 } 1€2 0111100010 GS 1E2 0111100010 GS
100 0 080 0116000000 DEL 080 0010000090 DEL 080 0010000000 DEL 080 0010000000 DEL
101 0 174 0101110100 vT 174 0101110190 vT 174 0101110100 VT 174 0101110100 VT
102 0 op2 0011010010  _ 1A0 0liolv0000 _ 1€0 0111100000 US 1E0 0111100000 US
103 0 173 0101119011 FS 173 0101110011  FS 173 0101110011 FS 173 0101110011 FS
104 0 1F5 0111110101 LF \FS 6111110101 LF 1FS 0111110101 LF ifs 0111110101 LF
105 0 18F 0119111111 @ 143 0110100011 N\ 1FF 0111111111 NUL 1FF 0111111111 NUL
106 0 1al1 0110100001~ 081 0010009001 A 1€1 V111100001 RS 1€1 0111100001 RS
107 0 1A0 0110100000 __ 0ce2 0011000010 = 140 0110100000 __ oc2 0011000010 =
110 0 172 010i110010 CR 172 0101110010 CR 172 010111001v CR 172 0101110010 CR
111 0 IF6 0111110110 HT 1F6 01131110110 HT 1F6 0111110110 HT 1F6 0111110110 HT
112 0 002 001010010 - oce 0011000010 = 002 011010010 - oC2 0011000010 =
113 0 171 0101110001 SO 171 0101110001 SO 171 101110001 SO 171 0101110001 SO
114 0 190 0110010000 o 140 0110100030 - 1F0 0111110000 SI 1E0 0111100000 US
115 0 1a4 0110106100 [ 1A2 0110i00010 ] 1a4 0110100100 | 1A2 0110100010 ]
116 0 \F7 O0l1liito11i BS 1F7 0111119111 BS 1F7 0111110911 BS 1F7 0111110111 BS
117 0 160 0101100000 US 160 0101190000 US 160 0101100000 US 160 0101100000 US
120 0 170 0101110000  SI 170 0101310090  SI 170 0101110000 SI 170 0101110000 SI
121 0 0ce 0011001000 7 0Cs® a711001000 7 DC8 0011001000 7 0cs8 0011001000 7
122 0 1F4 vlililo100 VT 1F4 011111vivy VT 1F4 0111110100 VT 1F4 0111110300 VT
123 0 16F 0101191111 DLE 16F 71011ul1ll  DLE 16F 0101101111 DLE 16F 0101101111 DLE
124 0 oce V0llo01011 4 0cs 0011001011 4 ) 0011001011 4 ocs 0011001013 4
125 0 003 0011010011, 003 0011019011, 008 0011010011 003 0011010011 .
126 0 0CE 2011001110 | 0CE g01tuntillo 1 0CE 0011001110 | oCE 0011001110 !
127 0 oCF oulloorlir @ oCF ao0ticollly g 0CF ool100111! ¢ oCF 0011001111 O
130 0 16€ 0101101110 DCt 16€ 0101101110 DC1 16E 0101101110 DC1 16€ olp11011i0 DC1
131 0 0ceo 0oltpoorlo 9 0Cé 0oliouovlly 9 ncé 0011000110 9 oCé 0011000110 9
132 0 oc? 2011000111 8 oc7 nN011009111 8 0c? 0011000111 8 oc7 0011000111 8
133 0 0CA 2011001010 5 9CA n)livololy 5§ OCA 00119001010 5 0Ca 0011001010 5
134 0 0Cc9 0011021001 6 0cs QUli0Vig0l 6 0c9o 0011001001 6 0Co 0011001001 6
135 0 0Cco 21711001101 2 0coh 0ullunlivl 2 ocoD 0011001101 2 0¢Co 0011001101 2
136 0 a2¢C 9011001100 3 occ no11J011dv 3 occe 0011001100 3 0cc 0011001100 3
137 0 001 0011010001 001 0Vitnlu00l 0p1 n011010001 001 0011010001
OPTIONS ARE: Error Flag — Programmed

X15 — Discrete output, normally low

ganI:::'-lilag Ee;(:’:e?'g: ;Tera’ls’i‘n?ec::oi::c;:slian% i:;\ctlon keys not inhibited by KBINH NOTE: Bit9 — Programmed to allow alpha lock implementation using externa_l logic )

Shift Lock — Operational. SLI normally low B!le - Prqgrammegl low for mong mode” keys, for which the output is the same in all modes.

Alpha Lock — Inhibited. ALI normally low, set by OP code XX101 Bits 1-7 — "Inverted” ASCII data bits

D10 — Discrete output, normally low

Key Type — Normally open
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AY-3-4592

Ui

8 PLACES 10K
_[—— ny 2 AAY: O +5V
50pF 0.1 uF 220 pF
| 1
1 §10°ﬂ L"l 1]
= — 4| |36 —
17 RC 2
Xo D1 f—>
18 3
Xi D2 >
19 4
X2 Ds f—>
20 5
X3 D4 f—>
21 6
Xa Ds f——>
30 7
Xs Ds f—>
32 8
X6 D7 f—>
31 9
X7 Ds }b—>
22 10
X8 Ds f—>
23 Xo D1o .1..-}
24
s X1 AY-3-4592 08
X11 ———9 Xis
2 39
1% ———> STB/AKD
34
27 { x ——> SLI
8
il P 33_) ALl
29
X15 a7 100K
POR +V
13| 14| 15| 12| 1| 5| 2] 4 0.1uF
1 2 3 4 5 6 7 0
ALy, Loro |23
CD4051 B 105 Y8 KBINH 12
MUX c b _1ely. GND L1
KPD MATIN
35 38 =
X DRIVER
TYPICAL
SWITCH
LOCATION
N
7
Y SENSE LINE
Fig. 1 SAMPLE KEYBOARD DESIGN ROM CODED KEYS
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AY-3-4592 QMUY

8 MUX SENSE LINES
/7 AN
2
8 X14
29
Xis
13| 14] 151 12| 1 AY-3-4592
3 —
0 1 2 3 4 5 6 7 38| e
1 14
\ 4 Ya
10 15
CD4051 MUX > Yo
9 16
—e- Yo
351 KPD
1 <
x
14 13 |2 I
E A2 A Ao D KPD
<o 13
<
6
6'—7 2 9334
€<——3 8-BIT +V
%9‘4 LATCH
10 —|1s
<—5 C
11 16
€<—6 Vee
<=7
dll
1] s |2 |
E A2 A, Ay D
4
4 <——o 18
5
<—21 NOTE: X;s OPTIONAL, MAY ALSO BE
6 USED FOR ERROR CONTROL.
€<—>2
8 LATCHED 7 9334
€—3
DISCRETE< . 8-BIT +v
FUNCTION :
1 —11s
<«s c
1 16
€—s6 Ve |
12
&7
N\
o]
Fig. 2 SAMPLE KEYBOARD DESIGN DISCRETE FUNCTION KEYS
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RO-3-2513

Character Generator

FEATURES

® 64 x 8 x 5 Organization—ideal for systems requiring a row
scan 5 x 7 dot matrix character generator

m Single +5 Volt Supply

® TTL Compatible — all inputs and outputs

m Static Operation — no clocks required

m 450ns Maximum Access Time

& 175mW Maximum Power

m Three-State Outputs — under the control of an ‘Output
Inhibit’ input to simplify memory expansion

® Standard ASCII (RO-3-2513/CGR-001) or Totally Automated
Custom Programming Available

® Zener Protected Inputs

®m Glass Passivation Protection

DESCRIPTION

The General Instrument RO-3-2513 is a 2560 bit static Read-Only
Memory organized as 512 five bit words and is ideally suited for
use as a Character Generator. Fabricated in General Instrument’s
advanced GIANT II N-channel lon-Implant process to enable
operation from a single +5 Volt power supply, the RO-3-2513 can
store, for high speed raster scan CRT displays, a fuil 64 charac-
ters in a standard 5 x 7 dot matrix format.

The RO-3-2513 is available pre-programmed with ASCIl encoded
5 x 7 characters (General Instrument’s part no. RO-3-2513/CGR-
001) a direct replacement in pin connection, operation, and char-
acter font for the Signetics 2513/CM2140. The RO-3-2513 is also
available preprogrammed with lower case ASCII encoded 5 x 7
characters (General Instrument’s part no. RO-3-2513/CGR-005),
a direct replacement for the Signetics 2513/CM3021.

PIN CONFIGURATION
24 LEAD DUAL IN LINE

Top View
Nne.er 24 B Ve (+6V)
NC.O 2 23 ON.C.
N.Cc.O 3 22 A9
01g 4 21 [JA8
02] 5 20 QA7
03] 6 19 A6
040} 7 18 [1A5
050 8 17 O A4
N.Cc.O 9 16 [1A3
GNDO 10 15 JA2
OUTINHO 11 14 [JA1
N.C.( 12 13 ON.C.

A separate publication, “R0O-3-2513 Custom Coding Informa-
tion,” available from General Instrument’'s Sales Offices, des-
cribes the punched card and truth table format for custom
programming of the RO-3-2513 memory.

BLOCK DIAGRAM

Vee

GND

(Al
ROW
ADDRESS A2
A3 >0l
A4 > 02
ADDRESS ADDRESS MEMORY OUTPUT ¢
A5 INPUT DECODE MATRIX BUFFERS > 03
BUFFERS 512 X 5 S o4
CHARACTER_JA® >
ADDRESS | a7 > 05
A8
a9
A
OUTPUT
INHIBIT




ELECTRICAL CHARACTERISTICS

Maximum Ratings*

RO-3-2513

Vee and input voltages (with respect to 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 (unless otherwise noted)

Vee = +5 Volts +5%
Operating Temperature (T4) = 0°C to +70°C
Output Loading: One TTL load, Cv. toraL = 50pF.

GENERAL |
INSTRUMENT

Characteristic Sym Min Typ™* Max Units Conditions
DC CHARACTERISTICS

Address, Output Inhibit Inputs

Logic “1” Vi 2.2 — — Vv

Logic “0” Vi — — 0.65 Vv

Leakage It — — 10 A

Data Outputs

Logic “1” Vou 2.2 — — \Y lon = 100uA
Logic “0” VoL — - 0.45 v loL = 1.6mA
Leakage lLo — — 10 pA

Power Supply Current

lce — — 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 ><‘ VI
INPUTS v
* I
tace ]
DATA 2.0
OUTPUTS - 85

A. ACCESS TIME (ADDRESS TO OUTPUT-OUTPUT INHIBIT AT LOGIC ‘0°)

oUTPUT
INHIBIT
DATA _ _ OUTPUTS OUTPUTS ouTPUTS 2.0
OUTPUTS "4iGH IMPEDANCE VALID HIGH . oo
IMPEDANCE -

B. INHIBIT RESPONSE TIME (ADDRESS INPUTS STABLE)
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RO-3-2513
RO-3-2513-001 STANDARD PATTERN CHARACTER FORMAT (Upper Case ASCII)

The RO-3-2513/CGR-001 is a pre-programmed version of the RO-3-2513 series with ASClI encoding and the character fontshown
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 5 x 7 dot matrix font is shown
below:

CHARACTER ROW
ADDRESS ADDRESS OUTPUTS
Az Ay (A, 0s 04 O3 O O
RO-3-2513/CGR-001 oTolo oToToToTo
Address Bit A9 | AB | A7 | A6 | A5 A4 K Y Y Yo
ASCII Bit 6 5 4 3 2 1 il D EEEILEC
[oRE] 1 1J010|0 |0
ASCII upper case “S” 100 of1Y1J1]o
Character 0 1 0 0 1 1 1|01 ojolojof1
111]0 110|100 [1
1111 of1J1J1]0
R0O-3-2513/CGR-00I
CHARACTER o| O 0 0 0 | | ! '
ADDRESS Ag 0 0 I I 0 0 | |
A, 0 | 0 | 0 | 0 |
As As A,
o Z "2 ¥ 2

R R I e Y R R
i [
il el o
e O I R ) Pl e K

+H

i

I
i
.

11T

T
171

el s e i) e e e
o a4 bl il e
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RO-3-2513 PRV
RO-3-2513-005 STANDARD PATTERN CHARACTER FORMAT (Lower Case ASCII)

The RO-3-2513/CGR-005 is a pre-programmed version of the RO-3-2513 series with ASCll encoding and the character fontshown
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 5 x 7 dot matrix font is shown
below:

CHARACTER ROW
ADDRESS ADDRESS OUTPUTS
A3 |A2 | A1 05|04 |03| 0201
RO-3-2513/CGR-005 ololo
. olo{o|o]o0
Address Bit A9 A8 A7 A6 A5 A4
001 olojojo]o
ASCII Bit 6 5 4 3 2 1 0|10 olojofofo
0 1 1
ASCII lower case ‘s’ ‘AL
Character 1 1 0 0 1 1 1]o10 140101010
1101 o[+ X1X1)]o
11110 o|lojo|olf
111 1 X1 X1X1)o0
R0-3-2513/CGR-005
CHARACTER Ag| 0 0 0 0 ! ! ! '
ADDRESS Ag 0 0 | | 0 0 I I
7 0 | 0 | 0 | 0 |

T
Sl Bl 3
S B L' el £

|
444

17
i
11

===
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Loyl RO-3-2513

TYPICAL CHARACTERISTIC CURVES
VCC'= +5V Ta : +25°C
350 350 Vee = +5V
/
-
300 > 300
— 1 _
2 T g
. 250 o] ; ., 250
& i t < !
i | 1 i
200 }—+ : " 200 -
! | J | [
1 L ! ’ 1
| | 1 | 1
I I | | 1
150 T T -+ 150 T T
| | I | |
J 1 ! 1 1
0 20 40 60 80 1.5 1.7 1.9 2.1 2.3
TEMPERATURE (°C) Von (VOLTS)
ACCESS TIME vs. TEMPERATURE ACCESS TIME vs. OUTPUT VOLTAGE
1’Af=+?:5°cr Ta ='+2'5°c‘
24 Vee=+5V o 24 Vee = +5V 7]
I8 /// 8
2 4
I ~
E 2 / T 02
g 4 E \
6 / 6
I
0 ! o '
} l
o] | 2 3 4 0 ] 2 3 4
VoL (VOLTS) Voy (VOLTS)
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PACKAGE OUTLINES (All dimensions in inches)
24 LEAD DUAL IN LINE
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