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RO-3-S120 

5120 Bit Static Read Only Memory 

FEATURES 

• 512x10 Organization 
• Single +5 Volt Supply 
• TTL/DTL Compatible 
• Static Operation-no clocks required 
• 500ns Maximum Access Time 
• 150mW Typical Power 
• Three-State Outputs-under control of 'Output 

Inhibit' signal 
• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-5120 is a 5120 bit static Read­
Only-Memory. It is organized as 512 ten bit words and requires 9 
bits of addressing. An 'Output Inhibit' function is provided to 
simplify the connection of several ROMs to a common bus. The 
RO-3-5120 is constructed on a single monolithic chip utilizing 
low-voltage N~channel Ion Implant technology. 

A separate publication, "RO-3-5120 Custom Coding 
Information," available from GI Sales Offices, describes the 
punched card and truth table data format for custom 
programming of the RO-3-5120 memory. 
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ELECTRIC CHARACTERISTICS 

Maximum Ratings' 
Vee and input voltages (with respect to GND) . . . . . . -0.3V to +8.0V 
Storage Temperature .......... " ..... -65°C to +150°C 
Operating Temperature (T A). . . . . . . . . . . . . . . 0° C to +70°C 

Standard Conditions (unless otherwise noted) 

vee = +5 Volts ±5% 
Temperature (TA)=O°C to +70°C 
Output Loading: One TTL Load, CL TOTAL=50pF 

Characteristic Sym 

DC CHARACTERISTICS 
Address, Output Inhibit Inputs 
Logic "1" VIH 
Logic "0" VIL 
Leakage III 

Data Outputs 
Logic "1" VOH 
Logic "0" VOL 
Leakage ILO 

Power Supply Current Icc 

AC CHARACTERISTICS 

Inputs 

Min 

2.2 
-
-

2.2 
-
-

-

Cycle Time Ie 500 
Capacitance CI -

Data Outputs 
Access Time tAee -
Inhibit Response Time tR -
Capacitance Co -

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

TIMING DIAGRAMS 

DATA 
OUTPUTS 

ACCESS TIME (ADDRESS TO OUTPUT­
OUTPUT. INHIBIT AT LOGIC '0') 

Typ" 

-
-
-

-
-
-

30 

-
5 
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-
8 
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-
0.65 
10 

-
0.45 
10 

45 

-
8 

500 
230 
10 

OUTPUT 
INHIBIT 

RO-3-S120 

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

Units Conditions 

V 
V 

,.,.A 

V IOH = 100,.,.A 
V IOL= 1.6mA 

,.,.A 

mA Outputs Open 

ns 
pF f = 1MHz 

ns 
ns 
pF f = 1MHz 

DATA OUTPUTS 2.0 

OUTPUTS HiGH iMPEDANCE 

INHIBIT RESPONSE TIME 
(ADDRESS INPUTS STABLE) 

.45 
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RO-3-8316A 
RO-3-83168 

RO-3-9316A 
RO-3-93168 
RO-3-9316C 

16384 Bit Static Read Only Memories 

FEATURES 

• 2048 x 8 Organization-ideal for microprocessor 
memory systems 

• Single +5 Volt Supply 
• TTL Compatible-all inputs and outputs 
• Static Operation-no clocks required 
• 850ns Maximum Access Time: RO-3-8316A/9316A 
• 450ns Maximum Access Time: RO-3-83168/93168 
• 350ns Maximum Access Time: RO-3-9316C 
• Three-Stage Outputs-under the control of three 

mask-programmable Chip Select inputs to simplify 
memory expansion 

• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-8316A/83168 and RO-3-9316AI 
93168/9316C are 16,384 static Read Only Memories organized as 
2048 eight bit words and are ideally suited for microprocessor 
memory applications. Fabricated in GI's advanced GIANT IT N­
channel lon-Implant process to enable operation from a single +5 
Volt power supply, the RO-3-8316A/83168 and RO-3-9316AI 
9136B/9316C offer the best combination of high performance, 
large bit storage, and simple interfacing. 

The RO-3-8316A/83168 are direct replacements in pin 
connection and operation for the Intel 8316A and 2316A. 

The RO-3-9316A/93168/9316C pin configuration is identical to 
that of the Intel 2716 16K EPROM. 

A separate publication, "RO-3-8316/9316 Custom Coding 
Information," available from GI Sales Offices, describes the 
punched card and truth table format for custom programming. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

RO-3-8316A • RO-3-83168 
RO-3-9316A • RO-3-93168 • RO-3-9316C 

Vcc and input voltages (with respect to GND) . . . . -0.3V to +8.0V 'Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Storage Temperature .............. -65°C to+150°C 
Operating Temperature (T A)' . . . . . . . . . . . . 0° C to +70° C 

Standard Conditions (unless otherwise noted) 

Vee =+5 Volts ±5% 
Operating Temperature (T A) = O°C to +70°C 
Output Loading: One TTL load, C L TOTAL = 100pF. 

RO-3-8316A/9316A, RO-3-83168/93168, and RO-3-9316C 

Characteristic Sym Min Typ" Max Units 

DC CHARACTERISTICS 

Address, Chip Select 
Inputs 
Logic "1" V'H 2.0 - - V 
Logic "0" V'L - - 0.8 V 
Leakage III - - 10 iJ.A 
Data Outputs 
Logic "1" VOH 2.4 - - V 
Logic "0" VOL - - 0.4 V 
Leakage ILO - - 10 iJ.A 
Power Supply Current 
RO-3-8316A/9316A Icc - 50 85 mA 
RO-3-83168/93168 Icc - 65 95 mA 
RO-3-9316C Icc - - 105 mA 

R 0-3-8316A/9316A 

AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time tc 800 - - ns 
Capacitance C, - 5 8 pF 
Data Outputs 
Access Time t ACC - 600 850 ns 
Chip Select Response Time TR' - 200 300 ns 
Capacitance Co - 8 10 pF 

RO-3-83168/93168 

AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time t~ 400 - - ns 
Capacitance C, - 5 8 pF 
Data Outputs 
Access Time tACC - 350 450 ns 
Chip Select Response Time tR - 100 200 ns 
Capacitance Co - 8 10 pF 

RO-3-9316C 

AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time tc 300 - - ns 
Capacitance C, - 5 8 pF 
Data Outputs 
Access Time t ACC - 250 350 ns 
Chip Select Response Time tR - 100 200 ns 
Capacitance Co - 8 10 pF 

I 

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

Conditions 

IOH =1OOtJA 
IOL =1.6mA 

Outputs open 
Outputs open 
Outputs open 

f=1MHz 

f=1MHz 

f=1MHz 

f=1MHz 

f=1 MHz 

f=1MHz 
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RO-3-8316A • RO-3-8316B 
RO-3-9316A • RO-3-9316B • RO-3-9316C 

TYPICAL SYSTEM APPLICATION 
A complete system of 16K words of ROM (8 bits/word) is easily 
obtained without any external address decoding by making use 
of programmable chip select features and by wiring the outputs 
of eight different RO-3-8316's as shown in the figure below. 
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RO-3-8316A. RO-3-83168 
RO-3-9316A • RO-3-93168 • RO-3-9316C 

TYPICAL CHARACTERISTIC CURVES 
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RO-3-831SA • RO-3-831S8 
RO-3-931SA • RO-3-931S8 • RO-3-931SC 

TYPICAL CHARACTERISTIC CURVES 
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Fig.4 POWER SUPPLY CURRENT VS. SUPPLY VOLTAGE 
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RO-3-9332A 
RO-3-9332B 

32768 Bit Static Read Only Memory 

FEATURES 

• 4096 x 8 Organization-ideal for microprocessor 
memory systems 

• Single +5 Volt Supply 
• TTL Compatible-all inputs and outputs 
• Static Operation-no clocks required 
• 850ns Maximum Access Time: RO-3-9332A 
• 450ns Maximum Access Time: RO-3-9332B 
• Three-State Outputs-under the control of two 

mask-programmable Chip Select inputs to simplify 
memory expansion 

• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 
The General Instrument RO-3-9332A/9332B are 32,768 bit static 
Read Only Memories organized as 4096 eight bit words and are 
ideally suited for microprocessor memory applications. Fabri­
cated in GI's advance GIANTIT N-channellon-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. 
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RO-3-9332A • RO-3-9332B 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Vcc and input voltages (with respect to GND) .. -0.3V to +8.0V 
Storage Temperature . .. ....... . -65° C to +150° C 
Operating Temperature (T A)' . . . . . . . .. . 0° C to +70° C 

Standard Conditions (unless otherwise noted) 

Vee = +5 Volts ±10% 
Operating Temperature (TA) = O°C to +70°C 
Output Loading: Two TTL Loads, CL TOTAL = 100pF 

Characteristic Sym 

DC CHARACTERISTICS 

Address, Chip Select 
Inputs 
Logic "1" VIH 
Logic "0" VIL 
Leakage III 
Data Outputs 
Logic "1" VOH 
Logic "0" VOL 
Leakage ILO 
Power Supply Current 
RO-3-9332A Icc 
RO-3-9332B Icc 
RO-3-9332C Icc 

AC CHARACTERISTICS 
Address, Chip Select Inputs 
Cycle Time tc 
Capacitance C 1 

Data Outputs 
Access Time t ACC 
Chip Select Response Time TR 
Capacitance Co 

AC CHARACTERISTICS 
Address. Chip Select Inputs 
Cycle Time tc 
Capacitance C 1 

Data Outputs 
Access Time tAcc 
Chip Select Response Time tR 
Capacitance Co 

RO-3-9332A/9332B 

Min Typ" 

2.0 -
- -
- -

2.4 -
- -

- -

- -
--
--

RO-3-9332A 

800 -
- 5 

- 600 
- 200 
- 8 

RO-3-9332B 

450 -

- 5 

- 350 
- 100 
- 8 

"Typical values are at +25° C and nominal voltages. 
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'Exceeding these ratings could cause 
permanent damage. Functional operation of 
these devices at these conditions is not 
implied-operating ranges are specified 
below. 

Max Units Conditions 

- V 
0.8 V 
10 J.lA 

- V IOH = 200JlA 
0.4 V IoL = 3.2mA 
10 J.lA 

60 mA Outputs open 
125 mA Outputs open 

140 mA Outputs open 

- ns 
8 pF f=1MHz 

850 ns 
300 ns 
10 pF f=1MHz 

- ns 
8 pF f=1MHz 

450 ns 
200 ns 
10 pF f=1MHz 



TIMING DIAGRAMS 

OUTPUTS 

RO-3-9332A • RO-3-9332B 

2.2 

.6 

ACCESS TIME (ADDRESS TO OUTPUT-CHIP SELECTED) 

CHIP NOT V1H 
SELECT SELECTED INPUTS .. V1L 

DATA OUTPUTS 2.2 
OUTPUTS HIGH IMPEDANCE .6 

CHIP SELECT RESPONSE TIME (ADDRESS INPUTS STABLE) 
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\ RO-3-9364B 

65536 Bit Static Read Only Memory 

FEATURES 

• 8192 X 8 Organization-ideal for microprocessor 
memory systems 

• Single +5 Volt Supply 
• TTL Compatible-all inputs and outputs 
• Edge-activated 
• 450ns Maximum Access Time 
• Three-State Outputs 
• Totally Automated Custom Programming 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

The General Instrument RO-3-9364B is a 65,536 bit static Read 
Only Memory organized as 8192 eight bit words and is ideally 
suited for microprocessor memory applications. Fabricated in 
GI'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. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
Vcc and input voltages (with respect to GND) ...................... -0.5V +7.0V 
Storage Temperature ........................................ -65°C to +150°C 
Operati ng Tem peratu re (T A) ...................................... 0° C to +70° C 

Standard Conditions (unless otherwise noted) 

Vcc=+5 Volts ±10% 
Operating Temperature (TA)=O°C to +70°C 
Output Loading: two TTL Loads, CL TOTAL=100pF 

Characteristic Sym 

DC CHARACTERISTICS 
Address, Chip Enable 
Inputs 

Logic "1" V'H 
Logic "0" V'L 
Leakage III 

Data Outputs 
Logic "1" VOH 
Logic "0" VOL 
Leakage ILo 
Power Supply Current 
Icc (Active) -

Icc (Standby) -

AC CHARACTERISTICS 
Cycle Time tc 
CE Pulse Width tCE 
CE Precharge Time tp 

CE Access Time tAc 
Output Turn Off Time tOFF 
Address Set Up Time tAs 
Address Hold Time tAH 

CAPACITANCE 

Input Capacitance C, 
Output Capacitance Co 

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

Min Typ ** Max 

2.0 - -
- - 0.8 
- - 10 

2.4 - -
- - 0.4 
- - 10 

- - 50 

- - 10 

400 - -

300 - -
100 - -
- - 300 
- - 75 
0 - -

75 - -

- - 7 
- - 10 

Units 

V 
V 

f.1A 

V 
V 

f.1A 

mA 

mA 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

pF 
pF 

RO-3-9364B 

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

Conditions 

IOH=200f.1A 
IOL=3.2mA 

Output Loading=1MO and 100pF 
CE at Minimum Cycle Time 
CE=Logic "1" 

All outputs Driving two 
TTL Loads and 100pF 

) 

f=1MHz 
f=1MHz 

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

CHIP ENABLE 

~---------IcE----------~ 

ADDRESS VALID 

DATA OUTPUT -------- OPEN ---------0( 
VOL 
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AY-5-2376 

Keyboard Encoder 
FEATURES 

• One integrated circuit required for complete keyboard 
assembly 

• Outputs directly compatible with TTLlDTL or MaS logic 
arrays 

• External control provided for output polarity selection 
• External control provided for selection of odd or even parity 
• Two key roll-over operation 
• N-key lockout 
• Programmable coding with a single mask change 
• Self-contained oscillator circuit 
• Externally controlled delay network provided to eliminate the 

effect of contact bounce 
• Static charge protection on all input and output terminals 
• Entire circuit protected by a layer of glass passivation 

DESCRIPTION 

The General Instrument AY-5-2376 is a 2376 Bit Read Only 
Memory with all the logic necessary to encode single pole single 
throw keyboard closures into a usable 9-bit code. Data and 
strobe outputs are directly compatible with TTL/DTL or MaS 
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. 
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YO V1 Y2 Y3 Y4 V5 Y6 Y7 Y8 , 

" 30 29 28 27 26 25 " 23 22 21 ,- - --~ 
G~ 

G' ~ 
cc~ 

I 
I ---1 11 81T COMPARATOR 

I ii I 
I 11 STAGE RING COUNTER 

I J,J,J, 
I 

3-18 

, 
T INPUT 

CONTRO L INPUT 
5 

I 
STROBE I 

F+'if? 
CONTRO 

cc Vee I -J, 
STROBe DATA AND 

INVE AT INPUT 

PARIT Y INVERT 
INPUT 

20 

, I J 
~---J " , 

STROBE OUTPUT 

PARITY OUTPUT-

2376 BIT ROM 

19 BIT X 88 KEYS ~ 3 MODE) 

TTL/DTl/MOS 
COMPATIBLE 

OUTPUT DRIVERS 

'1to " '1'5 " " 

88 67 66 65 84 63 82 61 , I 
I 

DATA OUTPUTS 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

vec 
Frequency Control B 

Frequency Control C 

Shift Input 

Control Input 

Parity Invert Input 

Parity Output 

Qata Output B8 

Data Output B7 

Data Output B6 

Data Output B5 

Data Output B4 

Data Output B3 

Data Output B2 

Data Output Bl 

Strobe Output 

VGI 

VGG 

Strobe Control Input 

Data & Strobe Invert Input 

Top View 

-------, 
C2 •• 

I:
OA

" j] 50 KHl 
OSCILLATOR 

~C.:~ R2 ~ 
-J, 

I FREQUENCY 

~ I CONTROL 

CLOCK I 
CONTROL I 

f- I YO 

I 

.1 I 
39 Xo 

I'<--
38 

X, 
~ 

37 X2 
~ , 
~ 

STAGE 36 X3 
RING 

COUNTER 35 X, 
~ 

34 X5 
~ 

~ 
33 

X, 

~ 
32 

X, 
~ 

I ~Yl 

Frequency Control A 

XO 
Xl 

X2 

Y2 
Y3 
Y4 

Y5 
Y6 
Y7 
Y8 

Y9 

Yl0 

no 

Keyboard Matrix 

Outputs 

Keyboard Matrix 

Inputs 

I 88 SPST KEYBOARD SWITCHES 

I x, 
V].. 

I r--r-- TYPICAL SWITCH I x, 
____ ~Y~-~7':J 

EXAMPLE 

. ~kb~DKEO~~W6il r~~U~ELAY 
•• ~6~%~,~2K~'tCOCK FREQUENCY 

••• EXTERNAL CLOCK INPUT (OPTION) 



OPERATION 

The AY-5-2376 contains (see Block Diagram) a 2376-bit ROM,S­
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 TTLlDTLlMOS 
compatible output drivers. 

The ROM portion of the chip is a 264 by 9 bit memory arranged 
into three SS-word by 9-bit groups. The appropriate levels on the 
Shift and Control Inputs selects one of the three SS-word groups; 
the SS-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 S-stage ring counter and the external 
inputs to the 11-bit comparator are wired to the keyboard to form 
an X-V matrix with the SS-keyboard switches as the crosspoints. 
In the standby condition, when no key is depressed, the two ring 
counters are clocked and sequentially address the ROM; the 
absence of a Strobe Output indicates that the Data Outputs are 
'not valid' at this time. 

When a key is depressed, a single path is completed between one 
output of the S-stage ring counter (XO thru X7) and one input of 
the 11-bit comparator (YO-Y10). After a number of clock cycles, a 
condition will occur where a level on the selected path to the 
comparator matches a level on the corresponding comparator 

TIMING DIAGRAM 

SWITCH 
CLOSURE 

AY-5-2376 

input from the 11-stage ring counter. When this occurs, the 
comparator generates a signal to the clock control and 9, the 
Strobe Output (via the delay network). The clock control stops 
the clocks to the ring counters and the Data Outputs (81-89) 
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 
81 thru 88 (pins 8 thru 15) and the Strobe Output (pin 16). 

SWITCH 
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~----MINIMUM SWITCH CLOSURE---~ 

Y KEYBOARD 
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STROBE 
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BOUNCE DELAY 
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~ DATA VALID 
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BY FREQUENCY REQUIRED BY 
OF OPERATION EXTERNAL 

IEXTERNAL RCl CIRCUITRY 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings 
VOl and VGG (with respect to Vee) ....... -20V.to +0.3V 
Logic input voltages (with respect to Vee) ... -20V to +0.3V 
Storage Temperature ........... -6SoC to +1S0°C 
Operating Temperature Range ........ O°C to +70°C 

Standard Conditions (unless otherwise noted) 
Vee = +S Volts ± O.S Volts, (Vee = Substrate Voltage) 

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

VGG = -12 Volts + 10 Volts VOl = GND. Operating remperature (TA) = O°C to +70°C - , 

Characteristics Sym Min Typ** Max Units Conditions 

Clock Frequency f 10 SO 100 KHz See Block diagram 
footnote** for typical 
R - C values 

Data Input 
(Shift, Control, Parity 
invert, data & strobe invert). 

Logic "0" Level VIC VGG - +0.8 V 
Logic "1" Level VI' Vec-1.S - Vee+0.3 V 

-
Shift & Control Input 

Current hNs,e 15 36 60 p,A VI=+5V 
8 16 30 p,A VI=OV 

Data, Parity Invert Input 
Current hND,P - .01 1 p,A V I=-5V to +5V 

X Output (XO·X7) 

Logic "1" Output Current IXI - 0 - p,A VOUT= Vee 
80 150 400 p,A VOUT = Vee -1.3V 
140 300 800 p,A VOUT = Vee -2.0V 
250 700 1500 p,A VouT=Vee-5V 
500 1500 3000 p,A VouT=Vee-10V 

Logic "0" Output Current Ixo 15 30 80 p,A VOUT= Vee 
13 27 65 p,A VOUT = Vee -1.3V 
12 25 60 p,A VOUT = Vee -2.0V 
5 10 40 jJ.A VOUT = Vee -5V 
- 1 20 p,A VouT=Vee -10V 

Y Input (Yo·Y,o) 
Trip Level Vy Vee -5 Vee-3 Vee-2 V Y Input Going 

Positive 
Hysteresis IJ.Vy .5 .9 1.4 V Note 1 

Note 2 
Selected Y Input Current Iys 30 60 160 p,A VIN= Vee 

26 54 130 p,A VIN = Vee -1.3V 
24 50 120 p,A VIN = Vee -2.0V 
10 20 80 p,A VIN =Vee -5V 
- 2 20 p,A VIN = Vee -10V 

UnselectedY InputCurrent Iyu 15 30 80 p,A VIN=Vee 
13 27 65 p,A VIN =Vee -1.3V 
12 25 60 p,A VIN = Vee -2.0V 
5 10 40 p,A VIN = Vee -10V 

input Capacitance CIN - 3 10 pF atOV 
Switch Characteristics 

Minimum Switch Closure - - - - - See Timing Diagram 
Contact Closure 
Resistance Zee - - 300 n 

Zeo 1X107 - - n 
Strobe Delay 

Trip Level (Pin 19) VSD Vee-4 Vec-3 Vee-2 V 
Hysteresis VSD .5 .9 1.4 V See Note 1 
QuiescentVoltage (Pin 19) -3 -5 -8 V With 680K to Vss 

Data Output (8,.89) 

Logic "0" - - - 0.4 V IOL= 1.6ma 
Logic "1" - Vee-1 - - V IOH-100p,a 

Power 
Icc - - 5 10 mA Vee= +5V 
IGG - - 5 10. mA VGG=-12V 

"Typical values at +250 C and nominal Voltages. 

NOTE 1. Hysteresis is defined as the amount of return required to unlatch an input. 
2. Guaranteed number of X & Y loads which may be applied to an X output = eleven. 
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TYPICAL CHARACTERISTIC CURVES 
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STANDARD CODE ASSIGNMENT CHART 

Illustrated using a Logic "0" 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 (81-88). Output 89 is included as an odd parity bit operating on outputs 81-B7. 

*EXAMPLE 

Yg 

N S C I 
I I I 

B1 B2 B3 B4 B5 B6 B7 B8 PARITY 
BIT 

Xo 't 
,II 1· 5- 9 
.... Y -I - - - - - - ...... - ... - -I.I--..... ~ NORMAL 

.... t- - - - - - - - -.- - .. SHIFT 
.... - - - - - --. - - - - .. CONTROL 

(CODE REPRESENTATIVE OF KEY DEPRESSION AT 
LOCATION Xo - Y 9 AND PROPER MODE SELECTION) 

TRUTH TABLES 

N = NORMAL MODE 
S = SHI FT MODE 
C = CONTROL MODE 
• = OUTPUT LOGIC "e (SEE DATA B1 - B8) 
LOGIC "1" = +5V 
LOGIC "0" = GND 

DATA (B1-B8) INVERT TRUTH TABLE PARITY INVERT TRUTH TABLE 
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DATA AND STROBE CODE 
INVERT INPUT ASSIGNMENT 

(PIN 20) CHART 

1 1 
0 1 
1 0 
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STROBE INVERT TRUTH TABLE 
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1 
o 
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DATA 
OUTPUTS 
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0 
1 
1 
0 

STR08E 
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o 
o 
1 
1 

PARITY 
INVERT INPUT 

(PIN6) 

1 
0 
1 
0 

CODE 
ASSIGNMENT 

CHART 

1 
1 
0 
0 , 

MODE SELECTION 

S C= N 
S C = S 
S c = c 
s c = c 

PARITY 
OUTPUT 

(PIN 7) 

0 
1 
1 
0 



AY-5-3600 

Keyboard Encoder 
FEATURES 

• One integrated circuit required for complete keyboard assembly 
• N key rollover or lock out operation 
• Quad mode operation 
• Lock ouVroliover selection under external control (option) 
• Self-contained or slave oscillator circuit 
• 10 output data bits available 
• Outputs directly compatible with TTLlDTL or MOS logic arrays 
• Output data buffer register included 
• Output enable provided (option) 
• External data complement control provided (option) 
• Pulse or level data ready output signal provided (option) 
• "Any Key Down" output provided (option) 
• Externally controlled delay network provided to eliminate the 

effect of contact bounce 
• Programmable coding with a single mask change 
• Static charge protection on all input and output terminals 
• Entire circuit protected by a layer of glass passivation 

DESCRIPTION 
The General Instrument AY-5-3600 is a Keyboard Encoder 
containing a 3600 bit Read Only Memory and all the logic 
necessary to encode single pole single throw keyboard closures 
into a usable 10 bit code. Data, Any Key Down and Data Ready 
outputs are directly compatible with TTLlDTL or MOS logic 
arrays without the need for any special interface components. 
The AY-5-3600 is fabricated with MTNS technology and contains 
5000 P channel enhancement mode transistors on a single 
monolithic chip. 

BLOCK DIAGRAM 
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CUSTOM CODING INFORMATION 

The custom coding information for General Instrument's AV-5-
3600 Keyboard Encoder ROM should be transmitted to General 
Instrument in the form of 80 column punched cards. Each ROM 
pattern requires 92 cards (1 title card, 1 circuit option card and 90 
ROM pattern cards). (See Note 1) 

If it is not possible to supply punched cards, then the Truth Table 
should be completed (See Note 1). However, there would be a 

PIN OPTIONS 

Pins 6-40 of the AY-5-3600 are permanently assigned. The func­
tions assigned to pins 1-5 depend on which functional options are 
selected from the following: 

btemal 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 (B 1-B 10) 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 
I nternal 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: 

PIN1 PIN2 PIN3 

External Clock LO/RO CC 
External Clock LO/RO CC 
External Clock LO/RO CC 
External Clock LO/RO CE 
External Clock CC CE 

Internal Oscillator 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 

Voo and VGG (with respect to Vee) . . . . . . . . . . -20V to +0.3V 
Logic input voltages (with respect to Vee) . . . . . . -20V to +0.3V 
Storage Temperature . . . . . . . . . . . . . . -65°C to +150°C 
Operating Temperature Range. . . . . . . . . . . . O°C to +70°C 

Standard Conditions (unless otherwise noted) 

Vee = +5 Volts ±0.5 Volts 
VGG = -12 Volts ±1.0 Volts, Voo = GND 
(Vee = Substrate Voltage) 
Operating Temperature (TA)= O°C to HO°C 
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PIN4 PINS 

CE AKO 
CE BIO 

AKO BIO 
AKO BIO 
AKO BIO 

LOIRO CC 
LOIRO CE 
LOIRO AKO 
LOIRO BIO 

CC CE 
CC ' AKO 
CC BIO 
CE AKO 
CE BIO 

AKO BIO 

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



ELECTRICAL CHARACTERISTICS 

Characteristics Sym Min 

Clock Frequency f 10 

External Clock Width 7 

Clock Input VIO VGG 
VI1 Vee -1.4 

Data Input 
(Shift, Control, 

Complement Control, 
Lockout/Rollover, 

Chip Enable 
& External Clock) 

Logic "a .. Level VIO VGG 
Logic "1" Level VI1 Vee-1.1 
Shift & Control Input 
Current INsc 75 

X Output (Xo-Xs) 
Logic "1" Output Current IXI 40 

600 
900 
1500 
3000 

Logic "a" Output Current ho 8 
6 
5 
2 
-

Y Input (Yo-Yg) 
Trip Level Vy Vee-5 
Hysteresis /1Vy 0.5 
Selected V Input Current Iys 18 

14 
13 
6 
-

Unselected V Input Current Iyu 9 
7 
6 
3 
-

Input Capacitance CIN -
X-V Precharge 

Characteristics q,P 1500 
200 

Switch Characteristics 
Minimum Switch Closure - -
Contact Closure 

Resistance Zee -
Zeo 1 X 107 

Strobe Delay 
Trip Level (Pin 31) VSD Vee-4 
Hysteresis VSD 0.5 
QuiescentVoltage (Pin 31) -3 

Data Output (B1-B10), 
Any Key Down Output, 
Data Ready 

Logic "a" - -
- -

Logic "1" - Vee -1.3 

Power 
Icc - -
IGG - -

**Typical values are at +250 C and nominal Voltages. 
NOTE 

Typ** Max 

50 100 

- -

- .15 
- Vee +0.3 

- +0.75 
- Vee+0.3 

95 120 

170 400 
1300 2500 
1600 3500 
3800 6000 
6000 10000 

15 50 
11 35 
10 30 
5 15 

0.5 5 

Vee-3 Vee-2 
0.9 1.4 
36 100 
28 90 
25 80 
12 60 
1 30 
18 50 
14 45 
13 40 
6 30 

0.5 15 

3 10 

3500 5000· 
600 1500 

- -

- 300 
- -

Vec-3 Vee-2 
0.9 1.4 
-5 -9 

- .55 
- 0.8 
- -

8 13 
8 13 

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. 

AY-S-3600 

Units Conditions 

kHz See Block diagram footnote' 
for typical R-C values 

/LS 

V 
V 

V 
V 

pA V1 =+5V 

/LA VOUT = Vee (See Note 2) 
/LA VOUT = Vec-1.3V 
/LA VOUT = Vec-2.0V 
/LA VOUT= Vec-5V 
/LA VOUT= Vec-10V 
/LA VOUT= Vee 
/LA VOUT= Vec-1.3V 
/LA VOUT = Vee-2.0V 
/LA VOUT = Vec-5V 
/LA VOUT= Vec-10V 

V V Input Going Positive (See Note 2) 
V (See Note 1) 

/LA VIN = Vee 
/LA VIN=Vee-1.3V 
pA V IN = Vee-2.0V 
/LA VIN =Vee-5V 
/LA VIN = Vec-10V 
/LA VIN = Vee 
/LA VIN = Vec-1.3V 
/LA VIN = Vec-2.0V 
/LA VIN=Vec-5V 
/LA VIN = Vec-10V 

pF at OV (All Inputs) 

/LA V=Vee 
/LA V = Vec-5 (See Note 2) 

- See Timing Diagram 

.n 

.n 

V 
V (See Note 1) 
V With Internal Switched Resistor 

V IoL= .25mA 
V IoL= 1.6mA 
V IOH = .95mA 

mA Vee=+5V 
mA VGG=-12V 
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OPERATION 

The AY-5-3600 contains (see Block Diagram) a 3600 bit ROM, 9-
stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys 
for n key rollover operation, an externally controllable delay 
networkJor eliminating the effect of contact bounce, an output 
data buffer, and TTLlDTLlMOS 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-V 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 9-5tage ring counter (XO thru X8) and one input of 
the 10-bit comparator (Yo-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-

TIMING DIAGRAM 

SWITCH 
CLOSURE 

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

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

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

SWITCH 
RELEASE 

MINIMUM SWITCH CLOSURE 

l ~ F90 CLOCK CYCLES 

I---- SWITCH STROBE --1 
BOUNCE DELAY I 

KEY ILrlJLJ 1 CLOSURE 1 FOUR I 
I --.( CLOCK 1 
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DATA READY 
STROBE 

DATA 
OUTPUT 

1 1 CYCLES :-- 1 -------t--------T1Jr--t-- ---: LEVEL} 
1 1 1 1 1 1 --: PULSE n KEY 
1 1 1 1 1 1 1 ROLLOVER 
1 11)..1....;.,1....;.,1 ___ -.:1 
1 1 1 1 1 1 1 
I I I I I I I 

1 1 1 1 1 1 1 

I I 1 1 I 1 1 J ~ ] 
ANY KEY I 1 1 1 1 1 1 LRESETS AT FIRST Xo Yo 

OU~~~~.-J_------' : : : : : L AFTER FIRST XI YI 
I I I 
I I RESUME SCAN FOR---t 
1 I n KEY ROLLOVER I RESUME SCAN FOR 

n KEY LOCKOUT 

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

MAXtUM 1 DETERJNED BY 1 
EXPECTED EXTERNAL C 

DETERMINED MINIMUM TIME 
BY FREQUENCY REQUIRED BY 
OF OPERATION EXT.ERNAL 
(EXTERNAL RC) CIRCUITRY 
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-

SYMBOL 
MODE MODE 

N S C SC SYMBOL 
N S C SC 

" X 1 YO, xo VB SOH XO'19 )(5 YO, XO Y9 
A XO'12 Xlv2 STX Xl Y9 X4 YO, Xl '19 
B )(5 '13 x2 '12 ETx )(4 Y4 )(4 Y4 )(4'(4 )(4 '14, XS YO 
C X2 YJ x3 '12 'OT )(4 VI 

° XlV] X4Y2 'NO X3 VI , X2 VI X!.iyz ACX )(2'18 x7 VI, X] '18 
f x3 Y2 x6 Y1 BEl x3 '18 x6 VI, X3 VB 
G X4 '12 X7V2 BS X3 '14 
H XO'15 XO '15,)(5 '12 xo Y5 XOY5 HT xo Y4 XO Y4 xo Y4,)(8 '19 x8 '19 
I X7Vl XOY4 If Xl '16 )(7'16 X7 Y6 
J X6 '12 X6Y6 VT x3 Y7 x3v7 x3 '17 x3 Y7 , X7 '12 )(3Y6 ff X7 '18 x7 Y8 X7 '18 
l x2 '16 X2 '16, X8 '12 X2 '16 X]16 CA x3 Y5 X3Y5 X3 Y5, Xl '16 Xl '16 
M X7 Y3 X3v5 SO xo Y7 XO'17,)(IY8 XO'17.)(I'18 
N X6'1'3 X4Y5 51 Xl Y7 XlV7 XI Y7 XI Y7 
0 XB VI OLE xo vI 
p )(6Y6 xo Y2, xo '13 DC! x5 '1'1 
0 )(0'11 X1V3 OC2 x6 Y7 
A X3Vl X]V3 0(3 x2vI , Xl '12 )(4 Y3 0(4 )(3'10 
T )(4'11 )(5'13 NAK Xl YO 
u xo VI X6'13 SYN )(5 Y4 

V )(4 Y3 X7 Y3 UB XI yO 

W Xl VI )(6 '15 CAN x3 Y4 X3V4 , xlv3 X8 Y2 'M X8YO ~ 

Y )(5 VI X!)Y6 SuB xO'lO 
2 XO'13 X5v5 ESC Xl yo . xO'12 XOY2 fS XIY4 

b )(5 '13 X5't'3 GS X7'l'6 , x2 '1) )(2'1'3 AS XIV4 XI '1"4 XI Y4 , X2'1"] X] Y] US X2'1"7 X2'1"7 x2 Y7 X2'17 
X] '1"1 X2'1"1 SP X3 'f'3. X4 '1"9 X4 '1"9. X3'1"3 X4 '1"9, x3 '1"3 X4Y9.X)Y) 

I X)Y] X) '(2 , 
X~ '1"9 x5 '1"9. XO '1"9 X~ Vg x'jyg , X4 Y] x4v2 x3y9 xJ '(9. X7 '1'5. XI '1"9 x3 '1'9 X3Y9.X7Y5 

h x5 '1'] x5 '1"2 .. x6'(9 x6 '1"9. X] '1"0 X6Y9 x6Y9 
X7 '1'1 X7Yl $ x2 '1"5 X] '1'5, K3 '1'0 x2 '1"5 X]Y5 

I x6 vz x6 vz % Xl '1"5 Xl '1"5, X4 '1"0 X1V'J XIV'j . X7 '1"2. x2 '1"9 X7 '1'2 & x6 VB x6 YO, x6 '1"8, x] VB x6 '1"8 X6Y8 
I x8 '1"2 X8 V] x7 v'J X)YB X7Y'j X7Y4 
m X7 vJ. XI '1"6 X7 VJ I X7 '1"9 X7H,XJY4,XBVO X7 vg X7Y9 
0 X6 YJ, XI Y8 X6YJ I X4YB X4 '1'8, X6 '1"7, XB Y9 X4Y8 X4 '1"8 
0 X8 VI XBy! X5 '1"8 X5 YB, x7 '1"0, X'J '1"4 X'JV8 X'jY8 , x6 '1"6, XO '1"8 X6Y6 XOY6 XO '1"6, x5 '1"6. X7 Y7 XOY6 XO '1"6, X] '1"7 
Q XOy\ XO VI x8 '1"3 xaYJ KBYJ KRY) 

K3 VI X)YI - K] '1"" K2 '1"4, X8 '1"7 X2 V. XBY} 
, Xl '1"2 XI V] X8 '1"4 XBV4 XaV4 XB V" 
I X4'(I X4 YI I XTV4 X7Y4 

" X6 VI X6 '1"\ 0 X6 n, X8 VB X8 VB X6 '1"7, X8 YB X8 '(8 
, X4 '1"3 )(4 YJ I XO'YO, XO Y9 XOVO 

w XlVI XIYl 2 XI YO. XI '1"9 XI '1"0 

Xl '1"3 Xl '1") 3 X2 '1"6 X2 YO 

v x5 '1"1 X'J VI • X3 yo X3 yo 

I XOV3 XOV3 , X4 '1"0 X4 '1"0 
[ X8 Y6, X] Y9 X4 '1"6 X8 Y6 6 )(5 YO, X2 VB X5 yo 
\ Xl VI 7 X6 '1"0, X3 Y8 XO yo 

J X8 Y6 XI Y6 X8 '1"6 XB YI 8 X7 va X7 yo , XI Y8 X] '1"4 9 XB Yo, XB Y9 XBVO 
- X4 Y7, x8 Y7 X4 n, X8 Yl X4 '1"7 X5 Y4 XB Y5 X'J Y4 )(8 '1"5 

r X3 Y6 X3 Y6 X3 '1"6 XB '1"5, X5 Y6 x8 Y5. x5 '1"6 

r X4 Y5 X4 Y5 X4 Y5 < X6 Y5 X7 YB, )(6 '1"5, xo '1"0 )(6 '1"5 

- X6 '1"4 x6 '1"4, Xl '1"7 X7 '1"7. X6 '1"4. X4 Y7 X6 '1"4 

DEl x2 Y9 X] '1"9 , X5 Y5 x5 '1"5, X5 '1"0, XO Y1 x5 '1"5 

NUll x5 '1"1 X5 '1"7 x5 Y7, xo '1"8 )(5 '1"7, Xov8 , )(4 '1"6 X4 '1"6. X7 '1"4 X4 '1"6 

--
Not. 1. Bits 1 to e and bit' of the AY·5-3800 eorr .. pond to bitt 1 to 1 of ASC II, 

Not. 2. Codes 000001 1 .nd 001 1 1 1 1 are not present in the standard A Y -6·3600 pattarn. 

Flg.2 STANDARD AY-5-3600 CODE ASSIGNMENTS ASCII CODE 

OPTIONS PROVIDED WITH STANDARD ENCODER 

• Device Marking: AY-5-3600 • N-Key Rollover Only 
• Internal Oscillator on Pin Nos. 1, 2, 3 • True Outputs Only 
• Any Key Output on Pin NO.4 • Pulse Data Ready Signal 
• Any Key Output True (Logie 1) During Key Depression • Internal Resistor to Voo on Shift/Control Pin 
• Output Data Bit B10 on Pin NO.5 • Plastic Package 
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A Y -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. 

KEY 
MATRIX 

AY-5-3600-PRO 
KEYBOARD 
ENCODER 

ROM 

PROM/EPROM 

The PROM (Programmable Read Only Memory) permits the 
programming of the required output code in the factory or the 
field within minutes, thus making 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 wh'ich 
eliminates the need for any external clock source. For applica­
tions necessitating an external clock source the internal 
oscillator input pins may be utilized to function in the slave mode 
of operation. Lockout or Rollover is selectable via an input pin, 
thus allowing the 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 
appl ication. 

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

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

The 64 key 4 mode application as illustrated in Fig. 8 utilized 
keyboard encoder addresses XO 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. 8inary coded outputs 
82-89 have been arranged to provide the necessary 8-bit address 
inputs to the PROM/EPROM, with 82 and 83 representing the 
variable mode identification and 84-89 each specific key 
closure. 

When a key is depressed a path is completed between one X line 
and one Y line thus addressing that specific X-V ROM coordinate 
in the AY-5-3600-PRO. The 8-bit binary code forthat X-V location 
(ref. Truth Table page 14-15) is transferred into a one character 8-
bit output latch (82-89) thus providing the appropriate 8-bit 
address to the 256 x 8 PROM/EPROM. 

Expansion to a 90 key 4 mode operation (see Fig. 9) is identical to 
the 64 key 4 mode except: the 90 key 4 mode version utilizes the 
full complement of addresses XO YO thru X8 Y9 (90 keys). The 8-
bit binary code (82-89) previously produced to address the 
256 x 8 PROM/EPROM is now expanded to a 9-bit binary code 
(81-89) for addressing to a 512 x 8 PROM/EPROM. With expan­
sion to a 90 key 4 mode application outputs 81-83nowserveasthe 
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 

• Ability to buy off-the-shelf devices (distributor, etc.) 
• Ability to verify the specific pattern format using a PROM/ 

EPROM prior to a 'custom' encoder commitment 
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AY-5-3600-PRO 

OPTIONS 

• Device Marking: AY-5-3600-PRO • Any Key Output on Pin NO.5. 
• Internal Oscillator on Pin Nos. 1, 2, 3 Any Key Output True (Logic 1) During Key Depression 
• Lockout/Rollover on Pin No.4 • Pulse Data Ready Signal 

Internal Resistor to VDD on Lockout/Rollover Pin • Plastic Package 
• True Outputs Only • Internal Resistor to VDD 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 0011'0111'0 '01'01'0111'0 '0111'0111'0 
2 '0'0'0'0'0'0'01'0 '0'01'0'0'0'01'0 '01'0'0'0'0'01'0 '011'0'0'0'01'0 47 '0'0'01'01111 '0'011'01111 '01'01'01111 '0111'01111 
3 '0'0'00'00'011 '0'01'0'0'0'011 01'0'0'00'011 '011'0'0'0'011 48 '0'0'011'0'0'0'0 '0'0111'0'0'0'0 '01'011'0'0'0'0 '01111'0'0'0'0 
4 '0'0'0'0'0'01'0'0 '0'01'0'0'01'00 '01'00'0'0100 011000100 49 000110001 00111 '0001 010110001 0111100'01 
5 '000000101 '0'01'00'0101 '01'000'01'01 011000101 5'0 '0'0011'0'01'0 '001110'01'0 '01'0110'01'0 '011110'01'0 
6 0'0'00'00110 0010'0'0110 '01'0'0'0'011'0 0110'0'011'0 51 '00'0110011 0'0111'0'011 '01'0110'011 011110'011 
7 '0'0'0'0'00111 0'010'00111 010'0'00111 '01100'0111 52 00'01101 '00 '0'0111'01'00 01011'01'00 '01111'01'00 
8 00000100'0 '0'01'001'000 010001000 0110010'00 53 0'0'011'01'01 '0'0111'01'01 01011'01'01 '0111101'01 
9 000001001 '001'0'01'001 '0100010'01 0110'01001 54 '00'011'011'0 '0'0111011'0 '01'011'011'0 '01111011'0 

1'0 00'00'01010 0010'01010 '01'0'0'0101'0 '011'0'01'01'0 55 '0'0011'0111 0'0111'0111 '01'0110111 01111 '0111 
11 000001011 001001011 010'0'01'011 '011'0'01'011 56 '0'0'01110'00 '0'011110'0'0 0101110'00 '0111110'00 
12 '0'0'00'011'00 0'01001100 010'0011'0'0 '011'0'011'0'0 57 '0'0'0111001 001111001 010111001 011111001 
13 '000'0'01101 '001'001101 '010001101 0110011'01 58 0'0'0111'010 '001111'01'0 01'0111'010 '011111'01'0 
14 00'0001110 001001110 010'0'0111'0 '011'0'0111'0 59 '0'00111'011 '0'01111'011 '01'0111'011 011111011 
15 000'001111 0'01001111 '010'001111 '011'001111 6'0 0'0'01111'00 '0'011111'0'0 0101111'00 '01111110'0 
16 000010000 001010'0'0'0 '01'001'00'00 01101'0'00'0 61 '0'0'0111101 '001111101 '01'01111'01 '0111111'01 
17 0'0'0010001 0'010100'01 010'010'0'01 '011'01'0'001 62 0'0'0111110 '0'01111110 01'0111110 '01111111'0 
18 0'00'01'001'0 '0'01'01'001'0 01'0010010 01101001'0 63 0'0'0111111 '001111111 01'0111111 '011111111 
19 000010011 001010011 010010011 011010011 64 100000000 1'01'000'00'0 11'0'0'0'00'0'0 1110'0'00'0'0 
2'0 0'000101'00 00101'01'00 010'01010'0 011'01'010'0 65 1'00'0'0'0001 101'00'0'0'01 110'0'00'0'01 111'0'00'0'01 
21 0000101'01 0'01010101 010'010101 '0110101'01 66 1000'00010 101'0'0'0'01'0 1100'0'0'010 1110'00'01'0 
22 000010110 '00101011'0 '01'001'0110 011010110 67 10'0'0'0'0'011 1'01000'011 11 '0'0'00011 111000'011 
23 000010111 '00101'0111 '010'010111 '011'01'0111 68 100'00'01'00 1'01'00'01'0'0 11'00'0'01'00 1110'0010'0 
24 00'0'0110'0'0 0010110'00 010'011000 '0110110'0'0 69 10'00001'01 1010'0'01'01 11'0'0'001'01 1110'00101 
25 0'00'011001 '0'01'011'0'01 '01'0011'0'01 011011001 7'0 100'00'011'0 1'0100011'0 11'0'00'011'0 11100011'0 
26 000011'010 '001011010 '010'011'01'0 '011'011'01'0 71 100000111 1'01'0'0'0111 11 '00'0'0111 1110'00111 
27 0'00'011'011 0'01 '011 '011 010011011 011011011 72 100001000 101001000 110001000 111001000 
28 00001110'0 '0'0101110'0 '010011100 '011011100 73 1'0'0'0'01001 101001'001 110'0010'01 111'0010'01 
29 '00'00111 '01 '001011101 01'0'011101 '011'0111'01 74 100'0'01'010 101'0'0101'0 11'00'01'010 1110'01'01'0 
3'0 0'00'011110 0'01'011110 '010'011110 '011'011110 75 100'001011 101001011 110001011 111001011 
31 000011111 001011111 010011111 '011011111 76 1000011'00 101001100 110'0011'00 111001100 
32 000100000 001100000 010100000 0111000'00 77 10'0001101 101001101 110001101 111001101 
33 000100001 '001100001 010100001 '011100001 78 100001110 101001110 110001110 111001110 
34 000100010 001100010 010100010 '011100010 79 10'00'01111 101001111 110001111 111001111 
35 000100011 001100011 010100011 011100011 80 100010000 101010000 110010'00'0 111010000 
36 000100100 001100100 010100100 011'00100 81 10'0'010'001 101010001 110010001 1110100'01 
37 0'00100101 001100101 010100101 011100101 82 100010010 101010010 110010010 111010010 
38 000100110 001100110 010100110 011100110 83 100010'011 101010'011 110010011 11101'0011 
39 0'00100111 001100111 010100111 011100111 84 10'0010100 101010100 110'010100 11101'010'0 
40 0'00101000 0011010'00 0101010'00 0111010'00 85 100010101 101010101 11'0010101 111010101 
41 0001'01001 001101001 010101001 011101001 86 100010110 10101'0110 110010110 111010110 
42 000101010 001101010 010101010 011101010 87 100010111 10101'0111 110010111 111010111 
43 '0'00101'011 '001101011 010101011 011101'011 88 10'0011000 101011000 110011000 111011000 
44 000101100 0'01101100 010101100 011101100 89 100'011001 1010110'01 1100110'01 111'011001 
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AY-3-4S92 

Capacitive Keyboard Encoder 

FEATURES 

• 128 key keyboard encoder: 112 fully decoded keys, 16 discrete 
function keys 

• 112 keys with 4 modes, 10 bit output 
• Key validation logic protects against bounce 
• N-key roll over or 2-key roll over 
• Internal ROM allows any keys to control SHIFT CTRL, 

SHIFT LOCK and ALPHA LOCK 
• ALPHA LOCK and SHIFT LOCK indicator lines 
• Any key down (AKD) strobe 
• Single +5 Volt power supply 
• Programmable coding of standard and special function keys 
• Zener diode protection on all I/O pins 
• Low power consumption, less than 2 milliwatts per key 
• Usable with capacitive, magnetic, inductive. Hall effect or 

mechanical keyboard switches 
• Inputs and outputs TTL and CMOS compatible 
• Internal Oscillator 

DESCRIPTION 

The G.I. AY-3-4592 is a unique dual pulse scanning encoder and 
keyboard controller for 112 keys in four modes and 16 
programmable discrete function keys. ROM programming 
permits any keys to control the shift control and lock functions. 
The AY-3-4592 can be used with capacitive, inductive (magnetic) 
or switch closure type switches since it works on pulse detection. 

BLOCK DIAGRAM 

PIN CONFIGURATION 
40 LEAD DUAL IN LINE 

Top View 

GND 

D1 

D2 

D3 

D4 
Data 

D5 Outputs 
D6 

D7 

D8 

D9 

D10 

KBINH 

LOIRO 

Keyboard {- YA 
Matrix -YC 
Inputs -VB 

{ 

-XO 
Keyboard _ X1 

Matrix 
Outputs -X2 

-X3 

vee (+5V) 

AKD 

MATIN 

POR 

Clock 

KPD 

SLi 

ALI 

X6 

X7 

X5 

X14 

X15 

X13 
Keyboard 
Matrix 

X12 Outputs 

X11 

X10 

X9 

X8 

X4 

The AY-3-4592 is fabricated with N-channel MOS technology on 
a single chip containing a 4592 bit ROM, a 128 bit shift register 
and an internal oscillator. 
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PIN FUNCTIONS 

Pin No. 

1 

2-10 

11 

12 

13 

14-16 

17-27, 30-32 

28, 29 

33 

34 

35 

36 

37 

38 

39 

40 

Name 

Ground 

Data Out 

Data Out 

Key Inhibit 

Lockout/rollover 

V-Address 

X Outputs 

X15, 14 

Alpha Lock 
Indicator 

Shift Lock 
Indicator 

Key Pressed 

CLOCK 

Reset 

Matrix Input 

Any Key Down 
Strobe 

Power 

Symbol 

GND 

D1-D9 

D10 

KBINH 

LO/RO 

VA, VB, YC 

XO-X13, X5-X7 

X15, X14 

ALI 

SLI 

ClK 

paR 

AKD 

Vcc 

AY-3-4S92 

Function 

Ground Pin 

Data Outputs, D1 through D9 

Data Output D10. See "AY-3-4592 options" for complete description 

Logic "1" on KBINH will inhib:tthe processing of Key closures and prevent new 
output codes. See "AY-3-4592 options" for other custom options 

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

Y Address lines select one of eight Y inputs through external multiplexer. 
Scan sequence is Y7 to YO 

X output drivers for Matrix scanning. Scan sequence is X15 to XO. Each driver 
generates 8 pairs of pulses each scanning cycle. 

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 XO-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. 

ALI will indicate if "op code" XX101 is selected. (See operation codes). In 
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. 

SLI will indicate if "op code" XX011 is selected. (See "operation codes"). In 
the standard device this op code will also select the shift lock function. 

KPD is used to shift the threshold of the external sense amplifier in order to 
provide hysteresis to improve noise immunity. In addition KPD may be 
inverted to provide the data 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. 

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

R 

5K 

10K 

25K 

c = 1S0p! 

Freq 

1.3 MHz 

.8 MHz 

.4 MHz 

Scan time 

1.5 msec 

2.3 msec 

4.8 msec 

c = 220p! 

Freq 

1.2 MHz 

.8 MHz 

.3 MHz 

Scan time 

1.7 msec 

2.7 msec 

6.0 msec 

c = SOOp! 

Freq 

.71 MHz 

.45 MHz 

.20 MHz 

Scan time 

2.8 msec 

4.3 msec 

10.0 msec 

Reset clears all internal registers and flip flops. Suggested circuit for power on 
reset is illustrated in Figure 1. 

Input from external multiplexer. Senses signal from X-V scan of depressed 
key. 
AKD is low when no key is depressed. When a key is depresed AKD goes high. 
If while one key is held, a second key is depressed AKD will go low for 2 
clock cycles. 

Power supply input; +5 Volts 
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OPERATION 

Keys are connected in a 16 x 8 matrix. Scanning of the matrix is 
performed by the encoder in conjunction with an external, 
multiplexer. The encoder provides a 3 bit binary address (YA, VB, 
YC) used to scan each of eight possible sense lines (Y-lines). The 
drive lines (X-lines} are each pulsed low by the encoder. If a key is 
closed, the pulse is coupled from the drive to the sense lines, 
amplified and sent to the encoder. When used to encode reactive 
switches, a detection circuit is necessary between the output of 
the multiplexer and the MATIN input to the encoder. In this 
manner, each matrix cross-point 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 ASCII 
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 XO 
through X13 can have output codes: X14 and X15 can be used for 
scanning discrete keys. 

An internal oscillator controls the matrix scanning rate. The 
minimum scanning time is 1.7 msec, 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 driver and Y 
input line representing that key is loaded into a 7 bit latch. On the 
second keyboard scan, the matrix address and the stored address 
are compared. If the two addresses match, the ROM 10 bit word at 
that address is loaded into the data holding register. This data re­
mains valid until the next key is depressed. The internal error flag 
is set, if this option was utilized, whenever there is a mismatch 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 A Y -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 C 1 = 100pf, and C2 = 1 Opf 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, key~ 
may have one of three different functions. Keys on matrix lines XO 
through X13 have in addition to the output code bits a function 
flag bit (FFB). If the FFB is programmed as a zero, the key 
produces a data output when depressed. 

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

Op codes may be programmed to provide data outputs as well as 
change the mode of operation. Data when outputted is not 
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 qn "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 0 1 Right Shift Key 

X X 0 0 Left Shift Key 

X X 0 Shift Lock Key or Discrete Key 
(output SLI) 

X X 0 0 Control Key 

X X 0 Alpha Lock Key or Discrete Key 
(output ALI) 

X 0 0 Error Reset Key or discrete key 
(output X15) 

X X Discrete Key (output D10) 

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



OPTIONS 

Pin or Function 

X15 

Error Flag 

Alpha Lock 

Shift Lock 

KBINH 

010 

Key Type 

AY-3-4S92 

Option 

X15 may be programmed as 

1) an X-output to provide a second set of 8 discrete lines 
2) a "discrete output" which indicates when a function key with op code XX110 is depressed 

3) an Error Flag Indicator (EFI). See "Error Flag" 

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

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

Op-code XX11 0 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. 

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 XX1 01 may be programmed for momentary action, or latched push-on, push-off alternating action. 
ALI may be programmed for normally low or high output. 

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

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

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

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

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

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

When pin 12 is programmed to cause KBINH, a "high" input on pin 12will 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 errorflag. The "KClln" option is used, 
that is, the function key operation is independent of KBINH. 

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

The AY-3-4592 STD is programmed for 010 as a discrete key, normally low. 

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

Maximum Ratings· 

Vcc .................................. -0.3 Volts to +7.0 Volts 
Maximum voltage with respect to Vcc .............. +0.3 Volts 
Storage Temperature ....................... 65°C to +150°C 
Operating Temperature ........................... 0 to 70°C 

Standard Conditions (unless otherwise noted) 

Vee = 5.0V ±5% 
TA = 0° to 70°C 

Characteristic Symbol Min. Typ.·· 

Data Output "1" Voltage VOH 3.5 -
Data Output "0" Voltage VOL - -
All Inputs "1" Voltage VIH 2.2 -
All Inputs "0" Voltage V1L - -
All Inputs Leakage IIH - -
X Output "1" Voltage XOH 3.5 -
X Output "0" Voltage XOL - -
AKd Output Voltage VA - -
MATIN Input Voltage Vx - -
POR, 2KRO high threshold VSH - 1.3 
POR, 2KRO low threshold VSL - 3.7 

Power Supply Current Icc - 35 

Clock Frequency I/J 200 -
Matrix Delay t, - -
Input pulse width t2 90 -

X Output pulse width tx 1.7 -
X Output fall time tXF - -
X Output rise time tXR1 - -
X Output rise time tXR2 - -
X Output rise time tXR3 - -
KPD-X Output set time T KX 500 -
X,Output-KPD hold time tXK 100 -

Data out to AKD time tOA 1.7 -

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

3-36 

Max. 

-
0.5 
-

0.8 
10 
-

0.5 
0.6 
0.4 
-
-

60 

1200 
250 

-

-
150 
150 
500 
1500 

-
-

-

Unit 

V 
V 
V 
V 

pA 
V 
V 
V 
V 
V 
V 

rnA 

kHz 
ns 
ns 

ps 
ns 
ns 
ns 
ns 

ns 
ns 

ps 

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

Condition 

low 50pA, 25pF 
IOL = 1.6mA 
except POR, 2KRO 
except POR, 2KRO 
Vin = 5V 
IOH = 50pA, 100pF 
IOL = 1.6mA 
IOL = 3.2mA 

Schmitt trigger 
Schmitt trigger 

Vcc = 5.3V 

VOH = 4.3V, VOL = O.4V 
VOH = 2.4V, VOL = 0.4V 
VOH = 3.5V, VOL = 0.4V 
VOH = 4.3V, VOL = 0.4V 



AY-3-4S92 

TIMING DIAGRAMS 

CLOCK 

x, 

"',"OOC.",c ,~fl,~-' 
KPD ---------------.1 KEY PROCESSED DOWN 1"""1 ---~ ______ .... 

OTHER KEY STILL DOWN r-to.-=j.------,LC 
~~~-------------------->t~-----------J~ 

AKD 

Discrete Function Key 

I Y2 

~ 
KPD 

I Y1 

UlJ 
I YO 

lf1J 
OUTPUT FROM ENCODER FOR 
X,,-Y, KEY DEPRESSED 

C LATCH OUTPUT IF X ,4-Y 2 RELEASED 

________ .... FLATCH OUTPUT IF X,,-Y , DEPRESSED 

I VOL 

t,,,~ 
----- V OH 

VOL 

V, 
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'f 
~ 

xxy 

000 
001 
002 
001 
004 
005 
006 
007 
010 
011 
012 
013 
014 
OIS 
016 
017 
020 
021 
022 
023 
OJ/~ 

025 
026 
027 
030 
031 
032 
Oll 
03-
035 
031> 
037 
040 
041 
042 
043 
01111 
045 
0_6 
047 
050 
051 
052 
05] 
0511 
0')') 
056 
057 
060 
061 
062 
063 
064 
065 
066 
067 
070 
071 
072 
073 

F' 
a 
I 
I 
I 
I 
I 
I 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I) 

0 
0 
0 
0 
U 
0 
0 
0 

" 0 
0 
0 
0 
0 
0 
0 
0 
0 
!J 
U 
I) 

0 
0 
() 

0 

----- NORMAL ••••• 
HEX BINARy 

00 1 OOOOOOO'lCI 
UO~ 0000000010 
003 0')000000 II 
004 000001)0100 
005 llOOOOOO101 
006 OOOOOOilllO 
007 0<100000 III 
OCE 0011001110 
lEq OIIII()OIO:) 
UCD OOll{\O\ 101 
oeD 0011(1) 1101 
188 01111011000 
18E 0110001110 
18C 011001)1100 
19£ 01 I o III 1110 
185 0110000101 
17F UIOI!11111 
OcB 0011001011 
ocC I)01100l100 
180 0110001101 
19A 01!0011010 
19B UIlllOllOl1 
187 0110000 III 
19C 0110011100 
17E 0101111110 
170 0101111101 
OCA !)()IIOOIOIO 
188 011(01)1011 
199 OIIO:)!:OOI 
196 <)110011000 
189 0110001'101 
190 <)110011101 
17e 0101111100 
OC8 COIIOOIOOO 
OC9 (>011001001 
186 11110000110 
197 0110010111 
191 olltlOIOOOI 
OC9 0011001001 
OOF ')011011111 
178 0101111011 
oe 7 1)011000111 
OC8 0011001001) 
leA 0110001010 
195 0111)010101 
19- 11110010100 
Iq2 OllCOI0010 
003 0011010011 
17 A 0101111010 
OCI> 0011000110 
oCT uOIIOOOll1 
1<16 0110010110 
190 0110010000 
19~ OlillOl0100 
193 OllulJlf,oll 
192 0110010010 
179 0101111001 
OcF' 001 1001111 
oe6 0011000110 
17 8 0101111000 

Right Shift 
Left Shift 
Shift Lock 
Control 
ALI 
XIS 
010 
1 
ESC 
2 
2 
W 
9 
5 
a 
Z 
NUL 
4 
3 

e 
d 
x 
c 
SOH 
STX 
S 
I 
f 
9 
v 
b 
ETX 
7 
6 
Y 
h 
n 
6 
SP 
EOT 
8 
7 
u 
J 
k 
m 

ENQ 
9 
8 
i 
0 
K 
I 
m 
ACK 
II 
9 
BEL 

CODE CHART I AY-3-4592-STD 

........ SHIFT •••••• - ••• CONTROL-··-· 
HEX BINARY t1EX BINARy 

IF'F' 1111111111 3f"F" 1111111111 
IF'F' 1111111:11 3F'F" 1111111111 
IF'f" 1111111111 3F'F 1111111111 
JrF' Il11111111 JrF il111l1111 
]F"r 111.111111 3f"F" 1111111111 
3r. 1111111111 JFF 1111111111 
3rF 1111111111 3FF 1111111111 
ODE 0011011\10 oeE 0011001110 
1£4 0111100100 ESC 1£4 0111100100 
IBr 0110111111 @ OeD 0011001101 
000 (1011011101 oeD 0011001101 
IA8 0110101000 W IE8 0111101000 
HE oll'1I111110 Q lEE 0111101110 
lAC 011010110') S lEe 0111101100 
leE 0110111110 A IFf 0111111110 
lA'S 1)11010<)101 Z IES 0111100101 
17F 11101111111 NUL 1 'I' 0101111111 
ODE! 00110\1011 $ oeB 0011 00 1 0 II 
ODe OOIl011101l # oce aOll001100 
UO ollOIOllUI R IEIl 0111101101 
IBA 0110111010 E IF~ al11111010 
le8 011(1111) 11 D 1f'8 0111111011 
lA1 0110100111 X 1£7 0111100111 
IBC 0110111100 c IFe 0111111100 
IrE 0101111110 SOH 17E 0101111\10 
170 OIOllll1UI STX 170 0101111101 
OOA 00 II 0 II 0 I 0 % oeA 0011001010 
lAB 0110101011 T IEB 0111101011 
189 OllOllloOI F 11'9 0111111001 
IB8 0110111000 G 1F'8 0111111000 
IA9 0110101001 V lE9 0111101001 
leo 01101111 0 1 B IFO 0111111101 
17C 0101111100 ETX HC 0101111100 
009 0011011001 ( oe8 0011001000 
009 (lOIIOIIOOI ( OC9 0011001001 
IA6 0110100110 Y IE6 0111100110 
187 0110110111 H lr1 0111110111 
181 OllOllOOvl N In 0111110001 
OC 3 0011000011 < UC9 0011001001 
OOF O'H 1011111 SP 00f' 0011011111 
17B 0101111011 EOT 178 0101111011 
005 0011010101 * OC7 001100011 1 
008 0011011000 Oe8 0011001000 
h_ 0110101010 u IE~ 0111101010 
185 0110110101 J 11'5 0111110101 
IB~ 0110111l1\)0 K In 1)111110100 
182 01101100lv M lF2 1)111110010 
oe3 1)01IUOO()ll < OOJ 0011010011 
17A 0101111010 ENQ 17~ 0101111010 
007 0011010111 ! OC6 0011000110 
007 0011010111 OCT 0011000.111 
186 OIIOI10!lil I 1f"6 1111111011il 
180 .)llOlI C)I)OO 0 1f'0 1)1 1.1110000 
IAq ·)110100 I 00 I IFII 0111110100 
lB. 0110110011 L 1f3 0111110011 
U2 (\IIOIOOoI0 1 11'2 0111110010 
179 OIOlilloOI ACK 179 0101111001 
001> 0011010110 ) oU 0011001111 
006 0011010110 ) OC6 1)011000110 
178 01011110<)0 BEL 178 0101111000 

·-SHIFT/CONTROL·· 
HEx 8INAI" 

3F"f" 1111111111 
3Ff" 11111111U 
3f"F' IIU111tti 
]F'( Illtlltttt 
)Fr 11ll1lttl1 
3Fr llll1l1Ul 
3F'F l1tt11l1tl 

I ODE DOllOllttO 
ESC IE4 0111100100 
2 IFF' 0111111111 
2 ODD 0011011101 
ETB IE8 0111101000 
OCI lEE 0111101110 
DC3 lEe 0111101100 
SOH lFE 0111111110 
SUB IE') 0111100101 
NUL 17F 0101111111 
4 OOB 0011011011 
3 oDe 0011011100 
DC2 lEo 0111101101 
ENQ lFA 0111111010 
EOT IFa 0111111011 
ETB lE7 0111100111 
ETX lFe 0111111100 
SOH 17E 01111111110 
STX 170 01011tl101 
S OOA 0011011010 
DC4 1[8 0111101011 
ACK 11'9 0111111001 
BEL 11'8 01111tlOOO 
SYN 1£9 011 tlOl001 
STX 1"0 0111111101 
ETX ITC 0101111100 
7 009 0011011001 
6 OD9 0011011001 
EM lE6 0111100110 
BS 11'7 0111110111 
SO IF I 0111110001 
6 OC] 0011000011 
SP 001' 0011011111 
EOT 171:1" 01nll11011 
8 005 0011010101 
7 OD8 0011011000 
NAK lEA 0111101010 
ENQ 1'5 0111110101 
VT 11'. 0111110100 
CR 11'2 0111110010 

OC3 0011000011 
ENQ 17A 0101111010 
9 oDT 0011010111 
8 001 0011010111 
HT lF6 0111110110 
SI 11'0 0111110000 
VT IE_ 0111100100 
FF IF 1 0111110011 
CR 1£2 0111100010 
ACK 179 0101111001 
II 006 0011010110 
9 006 0011010110 
BEL 118 0101111000 

I 
ES 
NUL 

ETB 
DCI 
DC3 
SOH 
SUB 
NUL 
$ 
# 
DC2 
ENQ 
EOT 
ETB 
ETX 
SOH 
STX 
% 
DC4 
ACK 
BEL 
SYN 
STX 
ETX 
~ 
~ 
EM 
BS 
SO 
< 
SP 
EOT 

* 
NAK 
ENQ 
VT 
CR 
< 
ENQ 
( 
( 

HT 
51 
ESC 
FF 
GS 
ACK 
) 
) 
BEL 

~ 
~ 
tf 
t; 
~ 



CODE CHART I AY-3-4592-STD 

Oy r --••• NOAMAL .-••• .-.-.~ SHI" ---.-- ·--.-CONTAOL •• -. --SHI"/CONTAOL.-
B HEX BIIURY HEX BINARY HEx BINARY "EX 8IljAIIY 

07. 0 18f 0110001111 P lAr ')110101111 P lEf 0111101111 OLE IEf 0111101111 OLE 075 (\ OCq 0011000100 OC5 ()011001HOI oe. 0011000100 oCo; 0011000101 076 0 193 0110010011 L IA3 0110100011 , If) 0111110011 FF 1(3 0111100011 FS 077 0 001 0011010001 Oel 0')11000001 > 001 QUIIOIOOOI oC I 0011000001 > 080 0 002 001lOl0010 lAO 0110100000 002 0011010010 1_0 0110100000 
081 0 191 0110010001 n lAI f)1101uOOOl In OillllOOOI SI lEI 0111100001 RS 
082 0 18. 0110001\11 P 18r Ul\fllllll1 @ 1(t" 0111101111 OLE Irf 0111111111 NUL 
083 0 IA~ 011 0 10010') [ I A 2 0110100010 J IE. '1111100100 ESC 1(2 0111100010 GS 
08q 0 008 0011011001) ODD 0011011101 008 0011011000 000 0011011101 085 0 OCq 0011000lQO ODq 0011010100 + OCq 0011000100 0011 0011010100 + 086 0 000 0011010000 / oeO 0011 OOJOOu ? 000 0011010000 / OCO 0011000000 ? 
087 0 177 O} 01} 101} I BS 177 0101110111 BS 177 0101110111 BS 177 0101110111 BS 
090 0 oe2 0011000010 OOq 0,)1 1010100 + OC2 0011000010 004 0011010100 + 091 0 OCS 00110001(;1 005 0011010101 • OCS 1)011000101 005 0011010101 • 092 0 116 0101110110 HT 176 01u\ 110110 HT 176 0101110110 HT 176 0101110110 HT 
093 0 tA3 0110100011 , 083 00100')0011 10 0111100011 FS 1(3 OllllOOul1 FS 
09~ () 175 0101110101 LF 175 0101110101 LF 175 0101110101 LF 175 0 101110101 LF 
095 0 1A4 0110100100 [ oeq nOIf)OOOIOJ I IE4 0111100100 ESC 1(4 ()IIIIOOIOO ESC 
096 0 IF2 0111110010 CR 1F2 0111110010 CR IF2 0111110010 CR 1 F 2 0111110010 CR 
097 0 lA2 U II iJ 10001 <) J 082 0010000010 } lE2 0111100010 GS lE2 0111100010 GS 
100 0 080 olllOOOOOtlO DEL 080 00100UOOOQ DEL 080 0010000000 DEL 080 0010000000 DEL 
101 0 174 0101110100 VT 174 0101110100 VT 174 (llOIIIOIOU VT 174 0101110100 VT 
102 0 002 0011010010 lAO 0110100000 lEO 0111100000 US 1£0 0111100000 US 
103 0 173 OIOlllnOl1 FS 173 0101110011 FS 173 0101110011 FS ]13 0101110011 FS 
104 0 Irs 0111110101 LF IFS 0111110101 LF Irs 0111110101 LF 1'5 0111110101 LF 105 0 IBr 0110111111 @ I A3 0110100011 "- Iff 0111111111 NUL I r F 0111111111 NUL 106 0 lAI (JIIOIOOI1OI 081 0010000001 '" lEI Illl11UOoui RS lEI 0111100001 RS 
101 0 lAO 0110100000 OC 2 00111l0UOIO lAO 0110100000 oe2 0011 0000 I 0 110 0 172 0101110010 CR 172 0101110010 CR 172 (~IOIIIOOlu CR IT2 0101110010 CR 
III 0 1,6 OlllliOllO HT lF6 nll111OIIO HT IF'6 0111110110 HT 1'1) 0111110110 HT 
112 0 002 0011010010 De 2 0011000010 002 COIIIlIOOIO OC2 0011000010 113 0 111 U101110001 SO 171 0101110001 SO 171 0101110001 SO 171 0101110001 SO 
114 0 190 OllOOIOOOO a lAO 0111J100000 If 0 0111110000 SI lEO 0111100000 US 
115 0 IAq 0110100100 [ IA2 {)110:0'JOIO J IA4 011lJ1OOlUO [ IA2 0110100010 J 116 0 1f1 01111101li BS IF7 Q 11111 'J III BS IF1 (1\11110111 BS IF7 0111110111 BS 
111 0 160 (ll 0 II Ouooo US 160 01011000\)0 US 160 OlullOOOOO US 160 0101100000 US 
120 0 170 01\)1110000 SI 170 010111\)OJO SI 170 0101110000 SI 110 0101110000 SI 
121 0 oe8 OOIIOOIOOJ 7 OC8 0')I! OIlIO\JU 7 Dea 0011001000 7 oC 8 0011001000 7 
122 0 IFq 0111110\00 VT 1.4 0111 11 \J I VV VT lF4 Oll111010J VT IF. 0111110100 VT 
123 0 16f 0101101 ! II OLE 16f 1101luIIII OLE 16. GIOIIOl111 OLE 16f 0101101111 OLE 
124 0 OCB oGI1OOI0Il 4 OCB 0011001011 4 Oeil 0011001011 4 OCa 0011001011 4 
1t'5 0 003 001 1010011 003 (),JlIOIJull ODS 0011010011 003 0011010011 120 0 OCE <1 n II 00 II 10 I uCE \)01; 01)1110 1 OCE 0011001110 I oCr 0011001110 I 127 0 oeF ou 1 1001111 il OCf OOlll:0111l fJ OCF 00110011\1 Ii OC, 0011001111 0 
130 0 16E 010 110 II I 0 DC1 16E 01 J II 0 III 0 DC1 16E 0101101110 DC1 16( olOllOliiO DC1 
131 0 oC6 UOll000110 9 oe6 oull00Uli0 9 oe6 OOlluOOllO 9 oC 6 0011000110 9 
132 a DC? 11)11000111 8 ocr OtlllUOJll1 8 on 0(11000)1\1 8 Oe7 0011000111 8 
133 [) (leA cl()lloc)1010 5 :lCA n ) II 001,) I ,) 5 ueA 0011001010 5 

oC _ 
0011001010 5 

134 0 OC9 00110)1 nOI 6 OC9 OIJllU0!001 6 OC9 1)011001001 6 oe<; 0011001001 6 
135 0 oeD 0111001101 2 OCD ou II U,) I: U I 2 OCD 0011001101 2 oeD 0011001101 2 
136 0 ace 'l,lll O'lll 00 3 DCC n011JUIIJU 3 acc 0011001100 3 OCC 0011001100 3 » 

< 1 3 7 0 001 (J(JllOlOQOl 001 Ou 1 \!) 1 \)00 1 001 0011010001 001 0011010001 I 
OPTIONS ARE: Error Flag - Programmed Co) 

I X15 - Discrele output, normally low ~ 
U1 KBINH - Sel by high on pin 12 or error flag. Function keys not inhibited by KBINH 

NOTE: Bit 9 - Programmed to allow alpha lock implementation using external logic CD Error Flag - Reset by releasing error-caUSing key N 
Shift Lock - Operalional. SLI normally low Bit 8 - Programmed low for "mono 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 
010 - Discrete output, normally low 
Key Type - Normally open 

'" ~ 



AY-3-4S92 

8 PLACES 10K 

50pF 
r AA ~+5V +V vv. 

0.1 /IF 
() 

220 pF 

I ~ 100.0 r: :~ -- 40 36 - -- -
17 

RC 
2 0, ..... Xo , 

18 
02 

3 _ ...... X, , 
19 03 

4 .... X2 , 
20 04 5 .... X3 ,. 
21 

Os 
6 ..... X4 ,. 

30 Os 7 ..... Xs ,. 
32 07 

8 ..... XS ,. 
31 9 ..... X7 Oe , 
22 Os 10 ...... Xe ,. 
23 010 11 ..... Xs , 
24 

X,o A Y -3-4592 
25 28 ..... 

X" ,. X'5 
26 39 ..... X'2 ,. STB/AKO 
27 34 -"'- SLI X'3 ,. 
28 33 ...... ALI X'4 ,. 
29 100K X,s 37 -

~ A.,V"v POR 

13 14 15 12 1 5 2 4 __ 0.1/lF 

+V 

1 2 3 4 5 6 7 0 13 A 11 14 YA LO/RO 

CD4051 10 15 KBINH 
12 

B YB 

MUX 9 16 Yc GNO 1 
C 

KPO MAnN 1-
+V 3 35 38 -+V RH 

AAA 
vv 

Rx ~ 
1K ~ 

+V 

~ N7 
X ORIVER 

'-----4 
3 
+ CA 6 TYPICAL 

10K <- -8: N SWITCH 

<- 2 4 '<:CATIO~ 1K 

L .A,./\/' ... -
Y SENSE LINE 

Fig. 1 SAMPLE KEYBOARD DESIGN ROM CODED KEYS 
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ATCHED 8L 
D 

FU 
ISCRETE 
NCTION 

LINES 

AY-3-4592 

8 MUX SENSE LINES 

r-------------~~~------------~ 
/ " 

28 
X,4 

29 
X,5 

13 14 15 12 1 AY-3-4592 
0 1 2 3 4 5 6 7 3 38 

MATIN 
11 14 

YA 

CD4051 MUX 10 15 
YB 

9 16 
Ye 

\70 
141 

C 
3 2 1 

E A2 A, Ao KPD 
4 D 

./ 13 ..... 0 

/ 5 

" 
1 

./ 6 

" 
2 9334 

/ 7 
8-BIT "' 

3 +V 
./ 9 

4 LATCH () 

"' 
./ 10 - 15 

"' 
5 C -

L 11 16 

" 
6 Vee ~ 

L 12 
~ 

7 

~ -

141 3 2 1 

4 E A2 A, Ao D 
./ 13 
" 0 

L_ 5 
1 NOTE: X'5 OPTIONAL. MAY ALSO BE 

~ 

USED FOR ERROR CONTROL. 
./ 6 

2 
" 9334 
./ 7 

"' 
3 8-BIT +V 

L 9 

"' 
4 LATCH 0 

L 10 
C 

15 

"' 
5 ~ 

./ 11 16 

"' 
6 Vee I--

./ 12 
7 ...... 

81-

Fig. 2 SAMPLE KEYBOARD DESIGN DISCRETE FUNCTION KEYS 
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Character Generator 

FEATURES 

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

• Single +5 Volt Supply 
• TTL Compatible - all inputs and outputs 
• Static Operation - no clocks required 
• 450ns Maximum Access Time 
• 175mW Maximum Power 
• Three-State Outputs - under the control of an 'Output 

Inhibit' input to simplify memory expansion 
• Standard ASCII (RO-3-2513/CGR-001) or Totally Automated 

Custom Programming Available 
• Zener Protected Inputs 
• Glass Passivation Protection 

DESCRIPTION 

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

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

BLOCK DIAGRAM 

{
AI 

ROW 
ADDRESS A2 

A3 

~ 
.... 

/ 

Vee 

1 

A5 

CHARACTER A 6 
ADDRESS A 7 

jA4 
.... ADDRESS 

INPUT ~ ADDRESS 

3-44 

AS 

A9 

/ 

BUFFERS DECODE 

PIN CONFIGURATION 

24 LEAD DUAL IN LINE 

Top View 

N.C. 

N.C. 

N.C. 

01 
02 
03 
04 

05 
N.C. 

GND 

OUT INH 

N.C. 

Vcc(+5V) 

N.C. 

A9 
A8 
A7 
A6 

A5 
A4 
A3 
A2 
A1 

N.C. 

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

GND 

1 

MEMORY 
~ MATRIX ~ 

512 X 5 

OUTPUT 
BUFFERS 

\ 
OUTPUT 
INHIBIT 

r--
I"-
r--
f--

=: 
~ 

~ 

--

01 

02 
03 

04 
05 



RO-3-2S13 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings' 

Vee and input voltages (with respect to GND) . . -0.3V to +8.0V 
Storage Temperature . . . . . . . . . . . . -65° C to +150° C 
Operating Temperature (T A). . . . . . . . . . . O°C to +70° C 

'Exceeding these ratings could cause perma­
nent damage to this device. Functional oper­
ation at these conditions is not implied­
operating conditions are specified below. 

Standard Conditions (unless otherwise noted) 

Vee = +5 Volts ±5% 
Operating Temperature (T A) = 0° C to +70° C 
Output Loading: One TTL load, CL TOTAL = 50pF. 

Characteristic Sym 

DC CHARACTERISTICS 
Address, Output Inhibit Inputs 
Logic "1" VIH 
Logic "0" VIL 
Leakage III 
Data Outputs 
Logic "1" VOH 
Logic "0" VOL 
Leakage ILO 

Power Supply Current 
Icc -

AC CHARACTERISTICS 
Inputs 
Cycle Time Ie 
Capacitance CI 

Data Outputs 
Access Time tAee 
Inhibit Response Time tR 
Capacitance Co 

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

TIMING DIAGRAMS 

Min Typ'* Max Units 

2.2 - - V 
- - 0.65 V 
- - 10 J.lA 

2.2 - - V 
- - 0.45 V 
- - 10 J.lA 

- 25 33 mA 

400 - - ns 
- 5 8 pF 

75 250 450 ns 
- 150 200 ns 
- 8 10 pF 

ADDRESS 
INPUTS 

DATA 
OUTPUTS 

_~:~ __ -==-__ te =tae-e-=-~:=~=.'- :: 
_______________ XL-.... 65 

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

OUTPUT 
INHIBIT 

f---

DATA OUTPUTS / OUTPUTS ~lD"!:.U!~·· 2.0 
OUTPUTS -HiGH" iMPEDANCE:~ VALID V HIGH 

1'-_____ --" IMPEDANCE ." .65 

B. INHIBIT RESPONSE TIME (ADDRESS INPUTS STABLE) 

Conditions 

IOH= 100J.lA 
10L = 1.6mA 

Outputs open 

f = 1MHz 

f = 1MHz 
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RO-3-2S13 

RO-3-2S13-001 STANDARD PATTERN CHARACTER FORMAT (Upper Case ASCII) 

The RO-3-2S13/CGR-001 is a pre-program med version of the RO-3-2S13 series with ASCII encoding and the character font shown 
below. A logic "1" represents an input or output voltage nominally equal to Vee (+SV) and a logic "0" represents a voltage nominally 
equal to GND (OV). 

An example demonstrating the correspondence of device outputs and addressing sequence to the S x 7 dot matrix font is shown 
below: 

RO-3-2S13/CG R-001 
Address Bit 

ASCII Bit 

ASCII upper case "S" 
Character 

RO-3-2513/CGR-OOI 
CHARACTER Ag 0 
ADDRESS As 0 

A6 A5 A4 A7 0 

0 0 0 I 
0 0 I I 
0 I 0 Ii 
0 I I I 
I 0 0 I 
I 0 I I 
I I 0 I 
I I I I 
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CHARACTER 
ADDRESS 

A9 A8 

6 S 

0 1 

0 
0 

I 

I 
I 
I 
I 
I 
I 
I 
Ii 

A7 A6 AS 

4 3 2 

0 0 1 

0 0 
I I 

0 I 

I I 
I I 
I I 
I I 
I I 
II I 
I I 
II I 

A4 

1 

1 

I 
0 

0 

I 
I 
I 
I 
I 
I 
I 
I 

ROW 
ADDRESS 

A3 A2 A, 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

I 
0 

I 

I 
I 
I 
I 
I 
I 
I 
I 

OUTPUTS 

0 0 0 0 0 

0 1 1 1 0 

1 0 0 0 1 

1 0 0 0 0 

0 1 1 1 0 

0 0 0 0 1 

1 0 0 0 1 

0 1 1 1 0 

I I 
I I 

0 I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 



RO-3-2S13 

RO-3-2S13-00S STANDARD PATTERN CHARACTER FORMAT (Lower Case ASCII) 

The RO-3-2S13/CGR-OOS is a pre-programmed version of the RO-3-2S13 series with ASCII encoding and the character font shown 
below. A logic "1" represents an input or output voltage nominally equal to Vcc (+SV) and a logic "0" represents a voltage nominally 
equal to GND (OV). 

An example demonstrating the correspondence of device outputs and addressing sequence to the S x 7 dot matrix font is shown 
below: 

RO-3-2S13/CGR-OOS 
Address Bit 

ASCII Bit 

ASCII lower case's' 
Character 

RO-3-2513ICGR-005 
CHARACTER A9 
ADDRESS As 

A6 A5 A4 A7 

0 0 0 

0 0 I 

0 I 0 

0 I I 

I 0 0 

I 0 I 

I I 0 

I I I 

CHARACTER 
ADDRESS 

A9 A8 A7 

6 S 4 

1 1 0 

0 0 
0 0 

0 I 

I I 
I I 
I 11 
I nI 
rm Ii 
l§ ~ 
~ ~ . . 

~ . - ~ 

A6 AS A4 

3 2 1 

0 1 1 

0 0 
I I 

0 I 

I ~ 
I I 
I [; 
[; II 
~ ~ 
[g ~ 

.. 

~ ~ 
m ~ 

ROW 
ADDRESS 

A3 A2 A1 

a a a 
a a 1 

a 1 a 
a 1 1 

1 a a 
1 a 1 

1 1 a 
1 1 1 

I 
0 

0 

~ 
I 
H 
~ , .. 

a 
~ 
- .-III 
~ 

05 

a 
a 
a 
a 
1 

a 
a 
1 

I 
0 

I 

II 
I] 
Ii 
I 
m 
m 
~ _ . 

_ .. D 

OUTPUTS 

04 03 02 01 

a a a a 
a a a a 
a a a a 
1 1 1 1 

a a a a 
1 1 1 a 
a a a 1 

1 1 1 a 

I I 
I I 

0 I 

I I 
It I 
I I 
I I 
I] m 
m I 
m 8 .. 
~-~.-W 
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RO-3-2S13 

TYPICAL CHARACTERISTIC CURVES 

U; 
c 

u 
u 

~<I 

<l 
E 

..J 
o .... 

350 

300 

250 

200 

150 

24 

18 

12 

6 

o 

Vee = +5V 

...... .... 
I 

I 

I 
I 

I 

o 

V 
V ...... 

V I 

I 
I 

I 

I 
I 

r 

20 40 60 
TEMPERATURE (Oe) 

~ 
I 
I 

I 

I 
I 

I 

I 

I 
I 

I 

80 

ACCESS TIME vs. TEMPERATURE 

TA = +25°e 
'--- Vee =+5V l- I-

~ 

..... V 
/v 

/ 
V 

II 
J 

V: 
I 

r 

o 2 3 4 
VOL (VOLTS) 

OUTPUT SINK CURRENT vs. OUTPUT VOLTAGE 

on 
c 

350 

300 

: 250 
u 

~<I 

200 

150 

I 

I 
r 

r 

1.5 

TA = +25°C 
vee = +5V V 

V 
i/ 

V 
,./ 

V, 
_V r'" r 

I 

I 

I 
I 

I 

1.7 1.9 2.1 2.3 
VOH (VOLTS) 

ACCESS TIME vs. OUTPUT VOLTAGE 

<I 
.§. 
:t 
o .... 

24 

18 

12 

6 

o 

\ 
r\ 
\ 

1\ 
\ 

o 

TA = +25°C 
vee = +5V r---

~ 
f' 

Ii' r--. 
r 

2 3 4 

VOH (VOLTS) 

OUTPUT SOURCE CURRENT vs. OUTPUT VOLTAGE 
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PACKAGE OUTLINES (All dimensions in inches) 
24 LEAD DUAL IN LINE 

... 
:oiOit 

., 
00; 

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

PLASTIC 

40 LEAD DUAL IN LINE 

PLASTIC 

Microelectronics Division/Worldwide Sales Offices 

NORTH AMERICA 

UNITED STATES: 
GENERAL INSTRUMENT CORPORATION 
MICROELECTRONICS 
NORTHEAST-600 West John Street 
Hicksville, New York 11802 
Tel- 516~733-3107. TWX 510-221-1866 

SOUTHEAST - 7901 Fourth Street No SUlte208 
51 Petersburg, FlOrida 33702 
Tel. 813-577-4024 

EAST CENTRAL-4S24 S. Michigan Street, 
South Bend. Indiana 46614 
Tel: 219~29'-0585, TWX 810-299-2518 

CENTRAL -2355 S Arlington Heights Rd_. SUite 210 
Arlington Heights, Illinois 60005 
Tel. 312-981-0040, TWX: 910-222.0431 

SOUTHWEST - 201 Standard Street. 
El Segundo, Calilorma 90245 
Tel 213-322-7745, TWX 910-348-6296 

WESTERN- 3080 Olcott Street, SUite 235D 
Santa Clara, California 95051 
Tel 408-496-0844 TWX 910-379-0010 

©36802Printed in U.S.A. 

ASIA 

HONG KONG: 
GENERAL INSTRUMENT HONG KONG LTD. 
139 Connaught Road Central. 14/F, San-Tal BUilding 
Tel (5) 434360, Telex 84606 

JAPAN: 
GENERAL INfiTRUMENT INTERNATIONAL CORP. 
Fuklde Bldg, 8th Floor, 1-13 Toranomon 4-Chome 
Mlnalo·ku, Tokyo 105 
Tel (03) 437-0281, Telex 26579 

TAIWAN: 
GENERAL INSTRUMENT 
MICROELECTRONICS TAIWAN 
82-11 KaohSlung Export Processing lone. KaohSlung 
Tei (07) 830402, Telex 785·81901 

EUROPE 

11110£.­
~INT 

.... SlPL .... £, 

5E~ 
' .. 

"... --, 
%II' 

EUROPEAN SALES HEADQUARTERS: 
GENERAL INSTRUMENT MICROELECTRONICS LTD. 
Regency House. 1-4 WarWick Street. London WIR 5WB 
Tel 01-439-1891, Telex 23272 

CENTRAL EUROPEAN SALES OFFICE: 
GENERALINSTAUMENT DEUTSCHLAND GmbH 
(MOS Produktgruppe) 
Nordendslrasse 3. 8000 Munchen 40 
Tei (089)284031. Telex 528054 

SOUTHERN EUROPEAN SALES OFFICE: 
Via JdCOpO Palma, 20146 Milano 
Tel (02) 408 4101, Telex 332423 

The Information In t~IS publication If"Icludlng schematiCs IS suggestIve General Instrument Corporation does not warrant nOf Will II be 
responSible or liable for (a) the accuracy of such information (bl ,Is use or any Infrlf"lgement of palenlS or olher fig hIs of thIrd parties 
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