NS MER AY-5-3600 4’

Keyboard Encoder

FEATURES
® One integrated circuit required for complete keyboard assembiy zglr_&oohéﬂfgﬁtmgh'
® N key rollover or lock out operation
® Quad mode operation
8 L ock out/rollover selection under external control (option)
® Self-contained or slave oscillator circuit
® 10 output data bits available Top View
# Qutputs directly compatible with TTL/DTL or MOS logic arrays optoncle1 — 4 p Xo
® Qutput data buffer register inciuded Option[] 2 39 Px,
a Qutput enable provided (option) See next page Oplfon gas 38 X,
= External data compiement control provided (option) Option ] 4 37 PX
u Pulse or level data ready output signal provided (option) Option 4 5 38 HIX,
8 “Any Key Down" output provided (option}) Dala Output B3 4 6 35 axﬁ
= Externally controlled delay network provided to eliminate the Data Output 88 O 7 3 o i‘
effect of contact bounce g":" g“:"”: :; E : ;: Cx
® Programmable coding with a single mask change o::: O:':z‘ gsd 10 at b D;ay Node Input
. Sta?ic crllarg'e protection on all input and output_ ter‘minals ‘ Data Output B4 ] 11 30 Fvee
® E£ntire circuit protected by a layer of glass passivation Data Output B30 12 20 [ Shitt Input
Data Output B2 [] 13 28 [1Controt Input
DESCRIPTION . DataOutputB1 14 27 PVas
The General instrument AY-5-3600 is a Keyboard Encoder Voo 18 26 1Y,
containing a 3600 bit Read Only Memory and all the logic Data Ready J 16 25 B35
necessary to encode single pole single throw keyboard closures Y.gq v 24 DY,
into a usable 10 bit code. Data, Any Key Down and Data Ready Yig e 23 P,
outputs are directly compatible with TTL/DTL or MOS Iogic Y. 19 22 Py,
arrays without the need for any special interface components. YO 20 21 Py,
The AY-5-3600 is fabricated with MTNS technology and contains
5000 P channel enhancement mode transistors on a single
monolithic chip.
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CUSTOM CODING INFORMATION

The custom coding information for General Instrument’s AY-5-

3600 Keyboard Encoder ROM shouid 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)

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

PIN OPTIONS

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

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

) internal Oscillator

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

Lockout/Rollover {(LO/RO)

—requires one package pin to externally select N-Key Lockoutor
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 fermat available upon request.

Chip Enable (CE)

—requires one package pin to controi the data bits (B1-B10) and, if
required, the Data Ready and Any Key Output.

Any Key Qutput (AKO)

—requires one package pin to indicate a key depression.
Output Data Bit 10 (B10)

—requires one package pin when ten data bits are required to
encode each key.

Select the pin options desired:

External Clock + 4 of the following functions
OR

Internal Oscillator + 2 of the following functions

LO/RO, CC, CE, AKO, BIO

The foilowing chart lists the pin assignments according to the functions selected above:

PIN 1 PIN 2 PIN3 PIN4 PINS
External Clock LO/RO cC CE AKO
External Clock LO/RO cC CE 8IO
External Clock LO/RO CC AKO BIO
External Clock LO/RO CE AKO BIO
External Clock CC CE AKQO BIO
LO/RO cC
LO/RO CE
LO/RO AKO
LO/RO BIO
Internal Oscillator cC CE
CcC AKQ
cC BIO
CE AKO
CE BIO
AKO BIO
ELECTRICAL CHARACTERISTICS
Maximum Ratings*
Vpp and Voo (with respecttoVee) . . . . . . . o .. —-20V to +0.3V *Exceeding these ratings could cause
Logic input voltages (with respecttoVec) . . . . . . -20V to +0.3V permanent damage. Functional operation of
Storage Temperature . . . . . . . . . . . ... —65°C to +150°C this device at these conditions is not
Operating Temperature Range. . . . . . . . . . .. 0°C to +70°C implied—operating ranges are specified

Standard Conditions (unless otherwise noted)

Vce = +5 Volts £0.5 Volts

Vse = —12 Volts £1.0 Volts, Voo = GND

{Vcc = Substrate Voitage)

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

AY-5-3600 TH AN

Characteristics Sym Min Typ** Max Units Conditions
Clock Frequency f 10 50 100 kHz See Block diagram footnote*
for typical R-C values
External Clock Width 7 ~— - us
Clock Input Vio Voo - 15 v
Vi Vec —1.4 — Ve +0.3 v
Data Input
(Shift, Control,
Compiement Control,
Lockout/Rollover,
Chip Enable
& External Clock)
Logic “0" Level Vio Vas - +0.75 v
Logic “1" Level Vi Vec —1.1 — Vec+0.3 v
Shift & Control input
Current Insc 75 95 120 HA Vy =+5V
X Output (X;-X,)
Logic “1” Output Current Ixt 40 170 400 pA Vour = Vcc (See Note 2)
600 1300 2500 uA Vour = Vec—1.3V
900 1600 3500 uA Vour = Vec—2.0V
1500 3800 6000 uA Vour = V5V
3000 6000 10000 pA Vour = Vec—10V
Logic “0" Output Current 1xo0 8 15 50 uA Vour= Ve
6 11 35 rA Vour = Vec—1.3V
5 10 30 uA Voui = V2.0V
2 5 15 uA Vour = Vec—5V
—_ 0.5 5 nA Vour = Vec—10V
Y input (Y,-Yg)
Trip Level Vy Vec—5 Vee3 Vec2 A Y Input Going Positive (See Note 2)
Hysteresis AVy 05 09 14 v (See Note 1)
Selected Y Input Current lys 18 36 100 BA Vin = Vec
14 28 90 uA Vin=Vce—1.3V
13 25 80 LA Vin = Vee—2.0V
6 12 60 nA Vin = Vo5V
— 1 30 pA Vin = Ve—10V
Unselected Y Input Current lyu 9 18 50 uA Vin = Ve
7 14 45 BA Vin=V¢c—1.3V
B8 13 40 KA Vin = V2.0V
3 6 30 pA Vin = Vee—5V
— 0.5 15 nA Vin = V=10V
Input Capacitance Civ —_ 3 10 pF at OV (Al Inputs)
X-Y Precharge
Characteristics ¢P 1500 3500 5000 uA V=V
200 600 1500 pA V = Vcc—5 (See Note 2)
Switch Characteristics
Minimum Switch Closure —_ - — — - See Timing Diagram
Contact Closure
Resistance Zcc — — 300 Q
Zco 1 X107 —_ —_ 0
Strobe Delay
Trip Level (Pin 31) Vsp Vec—4 Vo3 Vec—2 v
Hysteresis Vsp 0.5 0.9 14 Vv (See Note 1)
Quiescent Voltage (Pin 31) -3 -5 -9 \ With Internal Switched Resistor
Data Output (B1-B10),
Any Key Down Output,
Data Ready
Logic “0" - — - .55 v Io. = .25mA
- - - 0.8 \" IoL = 1.6mA
Logic “1" — Vec —1.3 —_ - v Ion = .95mA
Power
|cc _ bt 8 13 mA Ve = +5V
foc -_ —_— 8 13 mA Ve = —12V

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

NOTE

|.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 ¢lock cycle.
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OPERATION

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

The ROM portion of the chip is a 360 by 10 bit memory arranged
into four 90-word by 10-bit groups. The appropriate leveis on the
Shift and Control inputs selects one of the four 80-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 Contrel Inputs with the two ring counters.

The external outputs of the 9-stage ring counter and the external
inputs to the 10-bit comparator are wired to the keyboard to form
an X-Y matrix with the 80-keyboard switches as the crosspoints.
In the standby condition, when no key is depressed, the two ring
counters are clocked and sequentially address the ROM, thereby
scanning the key switches for key closures.

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

N KEY ROLLOVER

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

pressed at the end of the selected delay time, the code for the
depressed key is transferred to the output data buffer, the data
ready signal appears, a oneis stored in the encoded key memory
and the scan sequence is resumed. If a match occurs at another
key location, the sequence is repeated thus encoding the next
kay. 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-5-3800 ROM covering most popular codes such as
ASCil, EBCDIC, Selectric, etc., as well as many specialized
codes. The ASCII code in conjunction with internal oscillator, 10
data outputs and any key down output, is available as a standard
pattern (See Figure 2).

TIMING DIAGRAM
SWITCH SWITCH
CLOSURE RELEASE
jo———— MINIMUM SWITCH CLOSURE
90 CLOCK CYCLES
= SWITCH smoae
™ BOUNCE DELAY
KEY
CLOSURE FOUR | |
- CLOCK |
| "'1 CYCLES ™ j
| i |
DATAs?Eég\é "‘"“"“":“‘"----T"; 'T__l—:__ . LEVEL
b ol
! [ |PULSE n KEY
| terd ! ROLLOVER
ouf8lA : X
| I B | ]
' | Ll : RESETS AT FIRST Xo Y
[ I | o Yo
ANYDg&II_J r 1 [AFTER FIRST Xi Y1 ]
OUTPUT— ——————~ Loe :

RESUME SCAN FOR—=
n KEY ROLLOVER |

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

{

MAXIMUM
EXPECTED

Fig.1

RESUME SCAN FOR
n KEY LOCKOUT

DETERMINED BY

EXTERNAL €
DETERMINED MINIMUM TIME
BY FREQUENCY REQUIRED BY
OF OPERATION EXTERNAL
{EXTERNAL RC) CIRCUITRY
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MOI
_——
SYMBOL ™ s c SC SYMBOL N s c s¢
. X3 YD, X0 Y8 SOH x0vg X5 Y0, X0 Y9
A x0 Y2 X1 2 sTX X vy X4Y0,X1 Y9
] x5 ¥3 x2v2 ETx xava X4va X4 ¥4 X4 Y4, X6 Y0
C x2¥Y3 x3v2 (10} X4 ¥1
D X227 xavz END x3ave
E x2 vt x5Y2 ACK X2 Y XT Y1, X2Y8
F x3v2 X6 2 BEL x3¥8 X6 Y1 X3 Y8
G x4 Y2 x7v2 s X3 Y4
" X0¥s X0 ¥5. X5 Y2 X0 vs X5 HT X0 e x0va X0 Y4, X8 Y9 x8 g
1 X1yt xQ 4 LF X7 Y6 X2 Y6 X7 YE
4 X6 vz X6 V6 Vi xY? x3y? x3v7 x3¥7
x X1 v2 *3Y6 F X7 Y8 X7 e X7 ve
L x2ve %2 Y6, X8 v2 x2v6 x2ve A X35 x3vs X3¥5, X1 ¥6 X1 ¥6
N LIAL] X35 S0 xoy? X0 Y7, X1 Y9 X0 ¥7.X1 YR
] X6v3 xays i X1v7 Xt y? X ¥7 X1v?
0 X8 Yt DLE X0 v
4 X6 Y6 X0¥2,%0¥3 oct X5 ¥t
4] X0 XtY3 0cz X6 ¥?
A x3vi X2¥3 o3 X2Y1
s X vz x4Y3 oca X3 o
T xavt x5y NAK Xz Yo
u xove X6 Y3 SYN X8 Y4
v x4v3 LIAE] ETR X) ¥g
w X1 Y1 X6 Y5 caN X3vd X3va
% X1¥3 X8 v} M X8 YO
Y XS Y1 A5 ¥6 Sug X0 Yo
2 X0 ¥3 X5 ¥ ESC x7vQ
’ xG Y2 xd v £5 Xivd
b x5v3 X5 ¥3 s X7 Y6
4 X2v¥3 x2v3 RS X1Y4 X1 Y4 X1ya
[ X2 v?2 X2y us X2 Y7 x2Y7 x2Y? x2x7
) xzv) Xz Y1 sP X3 Y3, X4 ¥ %4 Y9, X3 Y] X4 v9,X3Y3 X4¥9, x3%3
! 3v2 vz ' x5 Y8 A5 Y9, X0 Y9 X5 v9 X5v9
[] xa vz x4y X3y XY X7 Y5, X1v9 x3vg X3 Y9, X7YS
h x5 Y2 x$ ¥z * Xg v9 X6 Y9, X2 Y0 X6 Y9 LUAL]
' X7 ¥4 X7 ¥1 $ x2Y5 X2 ¥5, x3v0 x2S X7 Y5
I 8 v2 X8 ¥2 % nvs X1 Y5, X4 Y0 0¥ Xivs
[ X7¥2.%2 v9 x7v2 & X6 Y8 X6 Y0. X8 Y9, X2 Y8 X8 Y8 X6 Y8
1 x8¥2 X8 ¥2 + X7 Y5 v x1vs X7TY4
L) A7¥3, %1 Y6 X173 1 X7 v X7 Yé, X3 ¥4, X8 YO X778 A7 Y9
" X8 Y3, X1 Y8 X6 ¥3 X8 Y8 X4 YB, X6 Y7, X9 8 x4 ¥8 x4 ¥4
0 xa Y1 A8 X5 Y8 X5 Y8, X7 YO, X5 Y4 X5 Y8 X5 v8
[ X6 Y5, X0 Y8 X5 Y6 . X0 VB X0 Y8, X5 ¥§, X7 Y7 xQvg X0 ¥6, X7 Y7
a xQ ¥ LGRS . X8 Y1 X8 Y3 XB¥3 X8 Y3
' X3v1 x3vt —_ X2 ve X2Y4. X8 Y7 X2 ¥4 %8 Y7
s X1 v2 X vz2 . x8va XE 4 X8 Y4 x84
' xn Xy r X7 Y4 x7va
u X6t X6 ¥i ] X8 Y7, X8 Y8 X8 v8 X8 Y7 X8 Y& X8 v8
v X4 vy X4 ¥3 1 X0°Y0. X0 Y8 @ vo
w xivi x1 2 X1Y0,X1 vg Xt vp
n x1v3 103 3 X2 Y6 x2v0
v X5 Yh X5 ¥1 4 x3Yg x3ve
r L ORE] X0 ¥3 5 X4 Y0 Xé Y0
C X8 Y6, X2 Y§ X4 Y6, X8 Y6 5 5 Y0, X2 Y@ X5 v0
\ X1 vy 7 X6 Y0, X3 Y8 X0 Y0
] X8 Y6 Xy ve X8 ¥ X8 vt [] X7Y0 AT vo
A X1 va x2 Y4 ] X8 Y0, X8 Y6 X8 ¥0
- X4 Y7, X8 ¥7 X4 Y7, %8 ¥7 X4 Y? xS ¥4 s X8 Y4 xa ¥$
{ x3Y6 X3V X3ve . X8 Y5, XS ¥§ X8 Y5, X5 Y6
{ xdrh X4 Y5 X4 Y3 < X8 YS X7 ¥8, X6 ¥5, X0 Y0 LCRL]
~ X6 ¥4 - X8 Y4, X7 Y7 X7Y2. X6 Y4 Xé Y7 X6 Y4
DEL x2ve X2 Y9 > x5 vs X5 Y5, X5 ¥0, X0 Y? X5Y§
ML x5 Yy xsv7 X5 Y7, X0 Y8 X5 Y7, X0v8 * x4 ¥§ X4 Y6, X7 ¥4 xa v
Note 1. Bits 1 10 8 and bit 8 of the AY-5-3600 correspond t0 bits 1 to 7 of ASC 11,
Nots 2. Code oodpm 1.and 0011117 are not Dresent in the standard AY-5-3800 pattern,
Fig.2 STANDARD AY-5-3600 CODE ASSIGNMENTS CODE

OPTIONS PROVIDED WITH STANDARD ENCODER

Device Marking: AY-5-3600
Internal Oscillator on Pin Nos. 1, 2, 3
Any Key Output on Pin No. 4
Any Key Output True (Logic 1) During Key Depression
Output Data Bit B10 on Pin No. 5

N-Key Rollover Only

True Outputs Only

Pulse Data Ready Signal

Internal Resistor to Voo on Shift/Control Pin
Plastic Package
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