
rop VI,~""

S",.."".i~:::::r:: ,::
apt,'on 4 '3" Xl

Opl;t}n 5 36 x,
DnlaOulpUt(l9 5 ~ X.
Data Output 88' ;;.l x~

OaiaOulpuIB7 8 33 X.

Dala OUlp1J1 6fi 9 32 X~

Data Output 85 10' 3; ~DQlaYNode [nOlJt

DalaOulpulB4 '1 30 v~r::

DaIs OutpUI B3 '2 ;I.e Shllllr.pu\

DalaQulput B2 '3 ~e Conlrollnpul

Do\~ 0IJIO!U1 B1 14 Z7 vOG
\'w 1~ 2~ y~

Da\aR~&dt \6 2S Va

y~ 17 24 Y,

Y I 18 ~3 Vs
y~ 19 2.~ V.

y> 20 21 V.

PIN CONFIGURATION
40 LEAD DUAL IN LINE
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BLOCK DIAGRAM

DESCRIPTION
The General Instrument AY·S-3600 is a KeyooarCl 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 Rea~y

outputs are directly compatible with TTLlDTL or MOS logiC
arrays without the need for any special interface components
The AY·5-3600 Is fabncBted wlthMWS technology and con.tains
5000 P channel enhancement mode transistors on a Single
monolithic chip

Keyboard Encoder
FEATURES

• One Integrated cirCUIt required for complete KeYDoard assembly,
• N key rollover or lock out oper;;l.tion
• Quad mode optlration
• Lock ouVroliover selection under external control (oPtion)
• Self.-eantained or slave oscillator cIrcuit
II 10 output data bits available.
II Outputs directly compatible With TTw'DTL or MaS logIC arrays.
• output data buffer register included
• Output enable proVided (option).
• EX'ternal data complement control provided (option).
• Pulse or level dale ready output signal provided (option).
• "Any Key Down" output provided (optiDn).
• EX\ernally controlled delay network proVided to elimInate the

effect of contact bounce.
• programmable ceding With a single mask change. ,
• Static charge protection on a\llnput and output terminals,
• Entire circuit protected by a layer ot glass passivation,

_._----
~ AY·S-3600

L:.L--

PARITY
OUTPUT
IPIN7)

MODE SELECTION

5 C'" ~
S C'" 5
S C "'- C
5 c:: C

N :> NORMAL MODE
5 ~ SHIFT MODE
C .. CONTROL MODE
D ., OUTPUT LOGIC "1:'. (SEE DATA B, _ B8)
LOGIC "''': .,.5V
LOGIC "0" '" GND

PARITY INVERT TRUTH TABLE

, ,
o 1
, 0
o 0

PARITY CODE
INVERT INPUT ASSIGNMENT

IPIN 8) CHART

DATA (B'-B8) INVERT TRUTH TABeE

B1 82 B3 84 B5 86 87 B8 PARITY
BIT

~ ~ 7 I Xo I t
, [t 1'" 5 • • • 9

.... V-I - - - - - - ... - .... - --lI---Io- NORMAe

........ - - - - - - - -11- - ---..... SHIFT

D- - - - -- - .. - - - -~ CONTROL

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

STANDARD CODE ASSIGNMENT CHART

Illustrated uSIng a Logic "0" on tho Data and Strobe Invert Input (Pin 20) end the Parity Invert Input (Pin 6).

NOTE 1: This code IS;;l.n 8 bit ASCII code (B1 M B6). Output B9 IS InCluded as an OCld parity bit operating on outputs 81
M

B?

____STROBE INVERT TRUTH TABLE

DATA AND STROBE STROBE
INVERT INPUT I';NT;ERNAL OUTPUT

(PIN 20) STROBE IPIN 161
, , 0 -
o 0 0
1 0 1
o 1 1

DATA AND STROBE CODE DATA
INVERT INPUT ASSIGNMENT OUTPUTS

__c.;(P.::INcc, :::20c..)__-+-----'C::H_"~.::.R-"T-~-c:IB:.:.l~-B-8)-

o 1 1
1 0 1
o 0 0

'EXAMPI.E

TRUTH TABI.ES

r-------- ~ .•

,...



(Sea Note 1)
With Internal Switched Resistor

1m =1,6mA
lOll:::: 1.0mA
1011"" 2.2m A

V =-Vec
V=--Ver:-SlSeeNote2l

See liming Diagram

Y Input GOing Positive (See Note 2)
(See Note 1)
Vrl~ = Vee:
VlH =Vee-1.3V
VI,:<- ~ Vtc-:-2.0V
Vl:-1 <:' Ve:r:."'5V
Vn. = Vec;-·10V
V1N=V ce
V!,:<~VcL-l,3V

VIN = Vec-2,OV
Vr .... 0;; Vee-5V
Vr"" = Vec~10V

at OV (All Inputs)

VOl,j(= Vcr. (See Note 2)
VOI.'T=Vc("""1.3V
Vou-r::.< Ver.-2.0V
V~t.:T::; Ve:c-5V
VOUI'''' Vee-l0V
VO!JI'''' Vee
VOlJ'r=V,c-1.3V
VotrrC= Vcc-2.0V
Your -= Ver:.~·5V

Vou'!""" Vee-10V

n
n

Vcc-2
14
--9

Vcc2
14
100
90
80
60
30
50
45
40
30
15
10

300

5000 ­
1500

120

400
2500
3500
6000
10000

50
35
30
15
5

-fO,8
VedO.3

Vcc-3
0,9
-5

170
1300
1600
3800
6000

15
11
10
5

0,5

95

Vcc-3
0,9
3628
25
12
1
18
14
13
6

05

3

3500
600

Ma. I Units ConditionsMIn Typ"

50 100 I KH, See Block diagram footnote·10
for typical R-C values

"'

40
600
900
1500
3000

5
6
5
2

75

Vcc-5
0,5
18
14
13
S

V"
Vcr1,5

1,\1

I\'~,

CI~

.p
1500
200

Zu
Zoo 1 X 10'

Sym

v" I V,,-4V.n 0,5
-3

- I - I 04 ~

t '1 ~;_;_=;_.L-__--8_,1J'=2 mVA Vee =.J-SV
5 12 -,m~A'-L!.V"o,,~-~-:::'=-2V~ _

*"Typical values are at +25QC and nominal Voltages,

Strobe Delay
Trip Leyel (Pin 31)
Hysteresis .
QuiescentVolfage (Pm31)

Data Outpul (131-810),
Any Key Oown Output,
Data Ready

LogIC "0
Logic "1"

Input Capacitance

X~Y Precharge
Characteristics

l!nSGlectEld Y Input Current

Y Input (Yo·Yg)
Trip Leyel
Hysterasls
Selected Y Input Current

14·9

Logic "0" Output Current

CharllClerlsllcs

Clock Frequency

Switch CharaelerlsUcs
Minimum Switch Closure
Contact Closure

Re-sistance

NOTE _ of return requIred 10 l,lnlatc:h an input.
I.Hysteresis IS defined as the a~ount durIng each scanned clock cycte
2. Precharge of X outputs and Y lfIputs occurs

Power
Icc
loG

External Clock Width

Data & Clock Input
(Shift, Control.

Complemant Control,
LockouVRollover,

Chip Enable
& Exlernal Clock)

Logic "0" LS\'el
LOgic "1" Levsl
Shift & Contro/lnput

Current

X OutpUI (XO·XB)

Logic "1" Output Current

ELECTRICAL CHARACTERISTICS

·Exceeding these rating:. could cause
permanent damage. Functional Operation of
this device at Ihess COnditions is not
implied-operating ranges are specifiad
below.

NOTE 1: Card and Truth Table format available upon request.

SUbstantial sa~Jngs 1M both lhe coding charge ana turn~around
time jf punched cards were used. Upon receipt of the punched
cards or the Truth TablG, General Instrument will prepare a
c:omputer-generated Trulh Table which will be returned to the
USer for verifioation.

Chip Enable (CE)

-requl'res one package In to COntrol the data bits (B1-B10) and,
if required, the Data Ready and Any Key Output.
Any Key OUlput (AKO)

-requires one package pin to Indicate a key depression.
Output Dala BII 10 (BfO)

-reqUires One package pin when ten elata bits are requireCl to
enc:ode each key,

Select the pIn cptions desIred:
External Ciock +4 of the following functions

DR
Inlernal OscfJ.Iator"t 2 of the fallowing functions
LOIRO, CC, CE, AKO, Bla

-20V to +0.3V
-20v 10 "to,3V

-5S"C to +150Q C
OQC to +70QC

PIN1 PIN. PIN 3 PIN 4 PIN5
External Clock LOIRO CC CE AKOExternal Clock LOIRO CC CE BIOExternal Clock LOIRO CC AKO BIOExternal Clock LOIRO CE AKO BIOExfernal Clock CC CE AKO BIO

LOIRO Cc
LOIRo CE
LOIRO AKO
LOIAO BIOInternel Oscillator

CC CE
CC AKO
CC BIO
CE AKO
CE 810

AKO 810

The custom codIng information tor General Instrument's AY.S­
3600 Keyboard EncOder ROM should be trans.milled to General
Instrument in the form of 80 column punched cards.. Each ROM
pattern requires 92 cards (1 title card, 1 clrcurtoption card and 90
ADM pattern cards). (See Note 1)

11 it is not PossIble to Supply punt;hed cards, then the Truth Table
should be completed (See Note 1), However, there would be a

PIN OPTIONS

.....,.0;» I VM t,.;uDINQ INFORMA""ON

Pins 6~O of Ihe AY·5~3600are permaJlllntly assigned. The fLlne­
IJons assigned to plns1·5 depend on which funcllonal options are
seleefed from the 'ollowlng:

EJI'temal Clock

-requires One package pin to lnput an external clock SOurce,
Internal OselllBlor

-requires three package pins interconnected with an external
RC narwork to develop the t;lock required,
LOCkout/Rollo\ler (LO/RO)

'-requires one package pin to externallYselecl N~Key Lockoutor
N-Key Rollover. La;: +5V, RO ~ GND.
CompI&menf Control (CC)

-requires one package pin to E1xternallycontrol the !oglc stale of
the datB. bits (81 p B10) and, If required, tha Data Ready output.

The follOWing chart lIs(s th& pin asslgnmenls according 10 the tuncUons eelected abOVe;

ELECTRICAL CHARACTERISTICS

Vt>o and VGO (with respect to Vec)
Logrc Input voltages (with respect to Vee)
Storage Temperature
Operating Temperatur-e Range.

Maximum Ratings'"

StandfJrd CondltJol18 (unless otherwise noted)

Vee = 4-5 Volts :to.S Volt:.
Vor;;:::: -12 Vorts ±1.0 Volts, VDD = GND
(Vcr: c: Substrate Voltage)
Operating Temperature (T....)= O"G to +70QC
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NORMAL

II N~Key Rollover Only.
1lII True Outputs Only.

It Pulse Data Ready SrgnaL Shift/Control Pin.
• Jnternal Resistor to Veo on
II Plastic PaCkage,

N ~ NORMAL MOOE
S ~ SHIFT MODE

C ~ CONTROL MOCE

s;: ~~~~TC~O~:!~O'~I" (SEE DATA 81~BIO)
LOGIC ~I~ ~ Vcc} TRUE OUTPUTS
LOGIC "0" ~ Voo

Xo
81 82 83 84 85 86 61 Be 89 BIOi

N S C sc r--- 10
J t ! It ••••
I ! I I

i--:--~- -1- .. - - - - - "'-If -II- ----III

I I I __ --I!I! SHIFT'--:--1-"- - - - ---.---'--1- .. -------------. SOH CONTROL

I SOH SHIFT CONTROLi-.- - - - - - ~~E~~~O~;--
Lbcg,~~O~E~~~~~;:J~V~R~~~ MODE SELf:CTIQN)

MODE SELECTION

SeN

s C s
sec
g C SC

Yg

OPTIONS PROVIDED WITH STANDARD ENCODER
• Device Marking: AY..5·3600
• Internal Oscillatoron ~ln Nos.1, 2, 3,

• Any Key Output on PIn( NO: \) During Key Depression.
Any Key Output True LO~lC

• Output Data Bit 610 on Pin No.5.

DARD ENCODERFl9.2 CONFIGURATION & CODE OF STAN

EXAMpLE

pressed at the end of the selected delay time, the code tor the
depressed key is transferred to the output data buffer, thB data
ready signal appears, avnl:l is stored in Ihe enCoded key memory
and the scan aequence l:!;l resumed. If a match occurs at another
key location, the sequence Is repeated thus encoding the next
key. If the match OCcurs tor 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 selecled delay time, the Code
for tho depressed key is tranSferred to the output data bUffer, the
data ready signa! appears and the ramaining keys are locked oul
by halting the scan sequence. The scan sequence Is resumed
upon key release. The output data buffer stores the code of thB
last key encoded.

Sf),ECIAl PATTERNS

- Since the selected coding of each key and alilhe oPtrons are
defined during the manufacture of the Chip, the Coding and
optIons can be Changed to fit any particuJar application of the
keyboard. Up to 350 codes of up to 10 bits can be programmed
into the AY·5·J600 80M 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).

Flg.1

MINIMUM SWITCH CI..I)SURE. SWITCH BOUNCE + {90X-rJ + STAOBE DELAY + STROBE WIDTH

.A).UM I OETERMt.ED BY I
EXPECTED '¥ EXTERNAL C 't'

O£TERMINEO MINIMUM TIME
BY FREaUENCY REQUIRED 8Y
OF OPERATION EXTERNAL
(EXTERNAL R'C) CIRCUfTRY

DATA READy
STROBE

TIMINGDIAGAAM ~----~ ~l

cI~hTuC~E -lR~~k~CJiE Ir--------- MINIMUM SWITCH CLOSURE

I --iF90 CLOCK CYCLES

t-- SWITCH --J STROBE1
BOUNCE I DELAy

CLOS~~~ I FOUR I I
: --: c~~OLCts ;-- : I

-------}--------7j r=--1-- --!LEVEl..j 1
i : I (II --IIPULSE n KEY

I I ( I I ROLLOVER

I I I I I IDATA I I I I --,

OUTPUT f I,:i : I :1,1,1, ' ,,1ANV K
"V I II rRESETS AT FfRST Xo Yol
' I ,I LAFTER FIRST Xl VI Jou~~rr~-.l-- _

I I

i R~S~~~ ~g~to~~~-i I-- RESUME SCAN FOR

n KEY LOCKOUT

The AY·5-3600 ContaIns (sea Block Dreg-ram), a 3800 bit ROM, 9~
stage and 10~stege ring counters, a 10 bit comparator. timing
circuitry, a Bo bit memory !O store the location ot encoded keys
for n key rOllover operation, an externally controllable delay
networkJor eliminating the effect of contact bounce, an output
data buffer, and TTUOTLJMOS compatible output drivers.

The ROM POrtion of the chip Is a 360 by 10 bit memory arrangeo
Into four gD-word by10·bit groups. The appropriate levels on the
Shift and ControJ Inputs selects one of the four gO-word groups;
the 9O~indlvidual Word locations are addressed by the two ring
counters, Thl.ls, the ROM address is formed by combining the
Shift and Control Inputs with the two ring counters.

Theexlernal outputs or the 9~slage ring counter and the extemal
inputs 10 the 10~bJtcomparator are wired to the Keyboard 10 form
an X-V matrix with the90-keyboard switches as the crosspolnts.
In the standby condition, When no key is depressed, the two ring
counters are clocked and ssquentiallYaddress the ROM, thereby
scannIng the key switches for I<ey closures.

When a key is depressed, a single path Is completed between one
output of the 9-stage ring Counter (XO thru XB) and one input of
the 10~bit comparator (YO~Y9)'After a number of cfock. 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 10·81ag8 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 stiil de~

L_
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Summery of Important Features
11II Ability to deHvercomplete keyboard assemblies Within days

without sacrificing the features offered In tne AY-&-3600

Keyboard encoder.
II Ability to buy ofHhe-shelf devices (distributor, elc.)
• Ability to verify the speCific pattern formst using a PROM/

EPROM prior to a 'custom' encoder commItment.

speci1ic yat sImple binary coded output. iwo formats are
desoribed; the fIrst for application with a64 key 4mode kayboard
and the second for a 90 key 4 mooe keyboard.
The 64 key 4 mode application as Illustrated In Fig. B utillzE:ld
keyboard encoder addresses XO YO thru X6 Y3. A unique
combinatIon of one Input (Y) and one output IX) Is assignad to
each ~ey, for a total coverage of 64 keys. Binary coded outputs
B2~69 hava been arranged to provide the necessary 6~blt address
inputs to the PROMfEPROM, with 82 and 83 representing the
variable mode identification and 64-89 each specific key

closure.
When a key is depressed a path is oomplated between ona X line
arid one Y line thus addres5ing that specific X~Y ROM coordinate
In the AYM5-36DO-PRO. The 8MbIt bInary codeforthatX-Y location
(ref. Truth Tablapage14~15)19 transferred into a one character8~
bit output latch (82~69) thus providIng the appropriate 8~bit
address to the 256)(8 PROM/EPROM,
Expansion to a90 key 4 mode operation (see Fig. 9) is identlcalto
the 64 key 4 mode except: the 90 kay 4 mode version utillzes the
full complement of addresses XO YO thru XB Y9 (90 keys). The B~
bit binary code (62·89) prevIously produced to address- the
256)(8 PROM/EPROM is now expanded to a 9~blt binary coda
(81~69) for addreas\ng to a 512)(8 PROM/EPROM. With
expansion to a 90 key 4 mode applicatIon outputs 61-63 now
serve as the variable mode identification.
The interface to a PROM/EPROM enables the custom
programming of the required output data in the PROM/EPROM
to directly coincide to the specific address inputs from the AY-5~
3600~PRO. Any PROM whether it be bipolar. ultraviolet erasable
or electrically alterable, may ba employad to pro\llde a wide
variety of "otf.the.shelf" keyboard a, Once the keyboard
assembly has gone beyond the prototyping stage, and assuming
the quantity/cost permlt, the PROM/EPROM deta can be
converted to the standEird AY-5~3600 data format (ret, AY~5~3600
Custom Coding Information sheet) and produced in production
quantities. ThIs eliminates the PROM/EPROM expense whlla
assuring the abSence of undefined coding changes,

TechnIcs' De8crlptlon
The AY~5~3600-PRO 19 a bInary coded MOS-LSI device
programmed 10 furnish 3&l unique 9-bit codes (90 keys )< 4
modes )< 9 bits), Option selections Include such popular
functions 95 Internal OscUla tor, Lockout/Rollover and an Any
Key Down output. For further, more explicit devIce
characterlsUcs rafer to the preceding pages. The Internal
oscillator Is a self contained (on~chipl circuit option which
eliminates the need lor any exlernal clock aource, For appliea•
tlon5 necessltallng an edernal clock, sourca the internal
oscillator Input pins may be ut\ltzed to function intheslave mode
of operation. Lockout or. Rollover is selectable via an Input pin.
thus allowing the versatility tequi~d on various keyboard
appllcationa. The Any Key Down output performs the function of
a gating signal by acknowledging both a key depression and
release, making \t a convanient aignal ror use In a repeal

application.

For ease 01 translation, aach key iL!i assigned an X~Y coordinate
and, In turn, each X~Y coordinate has been identified with a.

The PROM (Programmable Read Only Memory) permits the
programming of the requIred output code in the factory or tha
field withIn mlnules, thus making it extremely suitable for small
quantity, tast turnaround keyboard roqulrements. The EPROM
(Erasable Programmable Read Only Memory) Is Ideally suited for
prototyplng, where patterns are quite variable, allowing the
EPROM to ba erased and reprogrammed repeatedly. Similar
advantages are realized In the 1ield where pattern changes are
necessary in order to respond to redeflned requirements or to
subtle system peculiarities not prevIously encountered.

ihe AY"'§~3600~PROis pre~programmed during manUfacture to
provide 5pElcl1ic yet sImple binary coded outputs thUS ellowlng
the purcha5e of off~the~sheI1 devices- (distributors, etc,), To
enhance the devico 1lexlblllty, the binary outputs have been
organized to provide direct Interface with a PROM/EPFlOM.

Keyboard Encoder and PROM/EPROM APplication

m::==AY·S-3600·PRO 1
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