


MM5740

Keyboard Encoder Circuits

MM5740 90-key keyboard encoder

‘general description

The MM5740 MOS/LSI keyboard encoder is a
complete keyboard interface system capable of
encoding 90 single pole single throw switch closures
into a usable 9-bit code. It is organized as a bit
paired system and is capable of N key or two key
rollover. The MM5740 is fabricated with silicon
gate technotogy and provides for direct TTL/DTL
compatibility on Data and Strobe outputs without
the use of any special interface components.

features

m TRI-STATE® data outputs directly compati-
ble with TTL/DTL or MOS logic

® Function inputs directly compatible with TTL/
DTL logic

For additional application information, see
AN-128 and AN-139 at the end of this section.

Only one TTL level clc_)ck required

N key/two key rollover (mask programmable}
90 key-quad mode capability

One character data storage

Repeat function (selectable)

Shift lock with indicator capability

Key bounce masking by single external capacitor
Level or pulse data strobe output

Data strobe pulse width control

block and connection diagrams
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absolute maximum ratings

Data and Clock Input Voltages and Supply

Voltages with Respect to Vgg +0.3V to —20V
Power Dissipation 600 mW at Tp = +25°C
Operating Temperature —-25°C to +70°C ambient
Storage Temperature -65°C to +160°C
Lead Temperature (Soldering, 10 seconds) . 300°C

electrical characteristics (Note 1,5)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Clock Repetition Rate 10 200 kHz
Clock Pulse Width Rep. Rate = 200 kHz 2.4 2.6 us
Rep. Rate = 10 kHz 20 80 us
Clock Amplitude
Logic Level 0" 3.25 \
Logic Level 1" +0.4 \Y
Clock Transition Times .
Risetime Rep. Rate = 200 kHz 100 ns
Falltime Rep. Rate = 200 kHz 100 ns
Clock Input Capacitance ) 5.0 pF
Data Input Levels, Y1 thru Y10
Logic Level 0" Vss — 1.5 \Z
Logic Level "1 -45 v
Logic Level 0" 3.25 \
Logic Levef “1" 10.4 Vv
Data Strobe Control
Logic Level 0" . +3.5 \%
Logic Level 1" "+0.4 \Y
Data Qutput Levels, X1 thru X9
Logic Level "0 When Connected to Y1 thru Y10 Vgg = 0.75 \
Logic Level 1" via Switch Matrix, (C_ = 75 pF) -4.5 v
B1 thru B9 and Data Strobe
Logic Level "0 I'=100uA {Note 2) Vgs = 1.0 A
Logic Level “1" I =1.6mA (Note 2) +0.4 \%
Shift Lock Voltage Open Before Closure Vgg - 2.0 )
Shift Lock Voitage Closed Switch Closed ' Vss s
Shift Lock Voltage Locked After Release, {I = 1.0 mA) Vgs - 5.0 Vgg — 8.0 \
{Figure 2)
Transition Times
Data Strobe {Tpgy) C_ =100 pF, | =1.6 mA - 25 us
Data Strobe (Tpsp) C_ =100 pF, | = 100uA 1.0 us
Data Output Levels
{Toon) CL =100 pF, | = 1.6 mA 2.5 : HS
(Tooo! C_ =100 pF, | = 100uA 1.0 Hs
Output Enable Setup Time (Tggs) 2.5 us
Output Enable Release Time (Tgegr) 25 Hs
Repeat Input Pulse Width (Tgew) (Note 3)
feLoek = 10 kHz 10 ms
feLock = 200 kHz 0.5 ms
Power Supply Current - log. Iss 20 35 mA

Note 1: These specifications apply. for Vgg = +5.0 VDC :5%, VGG = -12.0 VDC 5%, V| | = GNDand T4 = 0°C to +70°C.
Note 2: When outputs B1 thru B9 and. Data Strobe are driving TTL/DTL Vgg - V < 5.25V. When driving MOS, Vgg -
ViL € 10.0V.

Note 3: Trpw min..= 100 x Telook
Note 4: If shift and control inputs are derived from a single pole, single throw switch closure to Vgg, a 100 OHM resistor
returned to V| | (GND) is required on these inputs.

Note 5: The following inputs have internal pull-up resistors to Vgg: clock, output enable, repeat, shift, control.
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MM5740

description of pin functions

NAME ) PIN NO.
X1-X9 4-12
Y1-Y10 22-31
B1-B9 1, 33-40
Data Strobe Output 13
Data Strobe Control 14
Qutput Enable 15
Repeat 16
Key-Bounce Mask 17
Shift : 21
Control 19
Shift Lock 1/0 20
Clock 3
Vss 32
Vio 2
Vaa 18

FUNCTION

These pins are chip outputs which are used to
drive the key switch matrix. When activated (at
the appropriate scan time) they are driven high.

Pins 22-31 are the Y 'sense inputs which are con-
nected to the X drive lines via the key switch
matrix. They are internally precharged to a low
state and are pulled high upon switch closure.

These are the data outputs which represent the
code for each keyswitch. They are TRI-STATE
outputs with direct TTL compatibility. When the
output enable input (Pin 15) is high, these autputs
are in the third state.

The function of this pin is to indicate that valid
data has been entered by the keyboard and is
ready for acceptance. An active data strobe is
indicated by a high level. The data strobe may be
operated in the pulse or level mode as indicated by
the timing diagram.

The basic purpose of this input is to provide
data strobe output pulse width control. When con-
nected to the data strobe output (Pin 13), the
data strobe will exhibit a one bit wide pulse width.
The pulse width may be varied by interposing an
RC network between the data strobe output and
the strobe control input. For level mode of opera-
tion -the data strobe control input may be tied to
Vgg or to the data strobe output.

This input serves to TRI-STATE the data output
{81-B9) lines. In addition, it controis the return
of the data strobe to the idle condition (low state)
which is needed in the level strobe mode of
operation. :

"The repeat input is designed to accept a repeat

signal via the repeat key. One data strobe will be
issued for each positive interval of the repeat
signal. Thus, if a 10 Hz signal is applied to the
repeat input via the repeat switch, a 10 character
per second data strobe will be issued when a data
key and the repeat key are held depressed.

This pin is intended as a timing node to mask
switch key-bounce. The mask time interval is

generated by connecting a capacitor to this pin.

When this input is brought to a logic 0" (Vg
level, the encod’er will assume the shifted char-
acter-mode.

A logic "0 places the encoder in the conwol
character mode.

This pin is intended to servé as an input when the
shift lock key is depressed. it places the encoder
in the shift mode. Upon release of the key, the
shift mode will be maintained and this pin will
serve as an output to drive an indicator. This func-
tion is reset by depressing the shift key.

A TTL compatible clock signal is applied to this
pin. A bit time is defined as the time from one
negative going transition to the succeeding nega-
tive going transition of the clock. N
+5.0V supply

Ground

~12V supply
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timing diagram
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FIGURE 1. Key-Bounce Mask Time
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MM5740

application
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FIGURE 2, Shift Logic 1/0 Interface

repeat switch function
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Repeat Function
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, CODE ASSIGNMENT CHART
Ci
Date:
;“S‘J:E"s‘s COMMON UNSHIFT SHIFT CONTROL cg::f;ou. CHARACTER
X Y | By|By[ B3| Ba|Bo| Bs [Bg |By|Bg|Bs|Bg |By|Bg|Bs|Bg|By|Bg]Bs|Bg|By|Bg| US S c
(Note 3)| 1
2
3
4
5
)
7
)
9
10
1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10

O N-Key Rollover

[ 2Key Rollover

Page.[] of 3 (Note 1)

Note: Use B8 if parity bit is desired

Note 1: 3 code assignment charts are required for each keyboard encoder pattern. Fill in a ““1” or 0’ in each output box
(B4 thru Bg). Indicate page number.

Note 2: The matrix is 9 ““X’* locations by 10 “Y" locations.

Note 3: Write in 10 one’s, 10 two's, etc. in successive X address locations up to 8. This will fill 3 charts. The first page will have
address matrix location 1,1; 1,2: 1,3... 1,10; 2,1;2,2... 2,10; 3,1, etc. up to 3,10. Page 2 has 4,1 to 6,10. Page 3 has 7,1 t0 9,10.
Note 4: A contact closure at the address matrix location will cause the appropriate bit pattern to appear at the output in nega-
tive true logic. Vo ="'0"; Vo = “1.” '

Note 5: See application note AN-80 for coding example.
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MM5740AAE, MM5740AAF CODE ASSIGNMENT CHARTS
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Negative True Logic

Even parity {on B, B,. B3, B4, Bs, Bg, By, Bg)
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Note: Use Bg if parity bit is desired.
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MM5740AAE, MM5740AAF CODE ASSIGNMENT CHARTS (CONTINUED)
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Negau ve True Logic

B, -8; =
By =
By =

Note: Use By if parit‘y bit is desired.

ASCI| Code
Even parity (on By, By, Bg, B4, Bs, Bg, By, Bg)
Selective Repeat Bit

ASR

ASR 33

MM5740AAE (N-KEY ROLLOVER)
MM5740AAF (2-KEY ROLLOVER)

Typical Keyboard Arrangement
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MM5745, MM5746

Keyboard Encoder Circuits

MMb5745, MM5746 78-key keyboard encoder

general description features

The MM5745, MM5746 MOS/LSI keyboard encoder is

a complete keyboard interface system capable of

encoding 78 double-pole single-throw switches (hall-

effect, capacitive, or contact) into a 10-bit code. Full

quad-mode operation allows 4 independent 10-bit codes

per switch. Debounce circuits for contact keys are

provided for 3 function switches. The MM5745, MM5746 .
. is fabricated with low threshold metal gate P-channel Function key debounce circuits

enhancement devices and ion-implanted resistors and Data and Strobe outputs directly compatible with

provides for direct TTL/DTL compatibility on Data TTL/DTL or MOS logic

and Strobe outputs without the use of any special

interface components.

78- key quad-mode capability
N-key/2-key rollover

1 character data storage

Level or pulse data strobe output
Data strobe pulse width control
Key bounce delay control

connection diagrams (Dual-In-Line Packages)

e one s'?f's"fx
Vg VDD 0UT ONE- ONE- DLY P W
{MDS (KYBD Vss DLY ENR SHOT SHOT ST@ -
BIAS) GND} (VCC! R/C IN R/ R/C OUT By B8 67 B8 B85 EHG B3 B2 Bl B0 S1 8

40 39 38 |37 36 [35 34 {3z 32 {31 |30 29§28 |27 26 {25 {24 23 |22 {2

]1 2 1 4 5 6 7 8 9 10 |n 12 13 14 |15 |16 1 18 f19 0

A . DEBOUNCE
CODED CONTACT contacy | OSCR/C
KEY KEY KEY
n TOP VIEW N out

" Order Number MM5745N
See Package 24

INHB STB out SZ‘EEDCET
QUT ONE- ONE- OLY DATA iliy g N
(MOS (KYBB vgs DLY ENB SHOT SHOT S$TB FDLAR ——— ~
BIAS) GND) fVge) B/C IN R/C R/ OUT BS B B6 B85 B4 B3 B2 Bl B0 §2 S

40 39 3 |37 36 |35 34 ]33 [32 % 30 {29 jes 27 |26 |25 Ja4 23 |2 |2

l‘l 2 3 4 5 6 7 8 9 10 n 12 13 14 15 15 17 18 19 20

DEBOUNCE
CoDED CONTACT tontaer | OSCRC
KEY KEY KEY
W ] ouT
TOP VEIW
Order Number MM5746N
See Package 24
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absolute maximum ratings

Voltage at Any Pin Except Outputs
Voltage at Any Output Pin

Power Dissipation

Operating Temperature

Storage Temperature

Vgg + 0.3V to Vgg — 25V
Vgs + 0.3V to Vgg — 20V
700 mW at Ta = 25°C
—25°C 1o +70°C ambient
—65°C to +160°C

Lead Temperature {Soldering, 10 seconds) 300°C
electrical characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP || MAX UNITS
VIH High Level Input Voltage With Respect to Vgg —-1.5 v
ViL Low Level Input Voltage With Respect to VDD 0.8 ) \
VoH  High Level Output Voltage With Respect to Vgg -1.8 \Y%
VoL  Low Level Output Voltage With Respect to Vpp, loL = 1.6 mA 0.4 - \
e Low Level Input Current {Logic) Vgs = 5.25V, VN = 0.4V (Not Including -1.6 “mA
o MOS Inputs), {Note 2)
tr 10—90% Qutput Rise Time CL =50 pF 1 us
tf - 90—-10% Output Fall Time CpL =50pF 1 us
td Delay Time Input to Output Delay Capacitor = 0, R|_ = 20092 20 Ms
15 Delay from Strobe to Data Output 0.5 us
Did Delay R/C Time Delay +25% Variation Max per Given Set 40 80 us
of Rand C -
R—Useful Range 200 . 680 139
C—Useful Range at Min R 0.001 0.002 uFd
ltd Inhibit One-Shot Time Delay +25% Variation Max per Given Set 1 30 ms
of Rand C :
R—Useful Range 200 680 k2
C-—Useful Range at Min R 0.025 0.75 uFd
Std Strobe One-Shot Time Delay 1+25% Variation Max per Given Set 40 80 s
of Rand C Typ
R—Useful Range 200 680 k&2
C—Useful Range.at Min R 0.001T 0.002 uFd
Btd Debounce Oscillator +25% Variation Max per Given Set 1 7 ms
of Rand C
R—Useful Range 200 680 k2
C—Useful Range at Min R 0.025 0.175 uFd
Iss Supply Current Vss = 5,25V 100 mA
IGG Bias Current VGG =18V . 5 mA

Note 1: Vgg =5V 5%, Vpp = Gnd, Vgg =
Note 2: The following inputs have internal pul

functional description

~12V to —18V and Tp = 0°C to +70°C.

l-up resistors to Vgg: Output Enable, Output Data Polanty

A block diagram of the MM5745 and MM5746 keyboard

encoders is shown in Figure 1. Connection diagrams for
these devices are shown on the previous page. The
following discussions are based on Figure 1.

Coded Key Inputs

Thirteen. MOS type coded key inputs, designated A—M
can be coded in an M of N format. These codes must be

specified with each reprogramfning of the coding mask.
A maximum of 78 input codes may be specified.
Typically, coding takes the form of 2 out of 13 inputs.

Contact Key Inputs

Three MOS type contact key inputs designated A, B and
C can be used to debounce contact type switches.

10-11
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MM5745, MM5746

functional description (continued)
Mode Select Inputs

Two mode inputs, designated S1 and S2, are used to
select any 1 of the 4 output coding modes. The binary
number selections to represent a given output code
mode must be specified with each reprogramming of
the coding mask. :

Output Data Polarity Input (MM5746 Only)

The Output Data Polarity Input, when switched from
one state to the othef, causes a reversal of the output
data polarity. When open, the input is held high, logical
“1”, by an internal pull-up resistor, and the data comes
through non-inverted from the output ROM.

Output Enable Input

The Output Enable Input enables the output storage
latches to accept new output data and allows an output
strobe to be generated. When the input is open, an
internal pull-up resistor holds the input high, logical *'1”,
and enables the output. When held low, logical ‘0",
the output and strobe are disabled.

Debounce Oscillator R/C Input

The Debounce Oscillator R/C Input is a timing input
that can eliminate closing or opening contact bounce
durations of between 1 to 2 clock periods. Depending
upon the length of bounce and R/C values chosen,
the output will be delayed from the inputs from 1 to
14 ms. The resistor connects to VGG and the Capacitor
connects to Vss.

Strobe One-Shot R/C Input
The Strobe One-Shot R/C Input is a timing input used

to adjust the width of the delayed output strobe. The
strobe width has a *256% variation for a given set of R

and C. The pulse width range can be varied between
1 ws. and 10 ms. The resistor and capacitor timing
elements are connected as stated for the Debounce
Oscillator R/C input.

Inhibit One-Shot R/C input

The Inhibit One-Shot R/C Input is a timing input used
to disable the Encoder Chip outputs for a period of
time after new data has appeared at the outputs and a
strobe issued. The inhibit time is necessary to allow. the
Coded Key inputs to settle out after a keyswitch is
depressed. The time slot is adjustable from 1—10 ms
+25%. The recovery time is less than 100 us. The
resistor and capacitor timing elements are connected
as stated for the Debounce Oscillator R/C Input.

Delay R/C Input

The Delay R/C Input is a timing input used to determine
that valid data is present at the Coded Key Inputs.
Valid data must be present continuously for some period
of time adjustable between 40 and 80 us £25% before
the data is accepted as valid data. The resistor and
capacitor timing elements are connected as stated for
the Debounce Oscillator R/C Input.

Contact Key Outputs

Three contact key outputs designated A-—C provide
bounce-free non-inverted outputs corresponding to their
respective inputs.

Data Outputs

Ten Data Qutput lines designated BO—B9 are provided.
The specific output code related to a given input code
and mode must be specified with each reprogramming
of the coding mask.

'
INHIBIT

ouTPUT ONESHOT
ENABLE RIC STROBE WIDTH
O ONESHOT
DELAY B/C 1
—AAA—
Vss ONESHOT
" : A 4
13C0DED h I STRDBE
KEY INPUTS ' INPUT DECODER DELAY BUFFER QuiPuT
I 'y
M O—d—p]
l. - =T -
d {GPTIONAL CONTACT)
- > . )
mope | SO oD T s sronace T> sounniry [37] ooreur |89 10TH DATA OUTPUT (MM5745)
SELECT P Cf
INPUTS DECODER  |——p OUTPUT ENCODER ] atches | 1 | SELECT | g | sureers [T~ 88 | nava qureuts
520> I T Ly GATES g |1 5o | 0amS735 AND Mms745)
>
-~
INPUT A O———) [——pA OUTPUT POLARITY
CONTACT CONTACT (M5748)
Keve ] INPUT 8 O————p | DEBOUNCE [————P8 [KEVS
. puTPUT Ve Ves
INPYT € O] [ . .
DEBOUNCE n
osc e O 2 S &
FIGURE 1
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functional description (Continued)

Strobe Output

The Strobe Output is used to indicate that new data
has just been placed on the Data Output lines.

Data Transfer

input data, typically in a 2 out of 13 format, is intro-
duced by depressing a keyswitch. The data passes
through the input buffers, input inverters, and is
decoded into single line codes if the data is valid. There
are a maximum of 78 single fine codes and these are
coded into 41-bit output words. The 41st bit is used to
enable the delay R/C timer. Valid input data must be
present continuously for typically 60 us before it is
accepted as valid input data and the proper output codes
and strobe are generated.

The status of the mode select inputs determines which
of the 4 10-bit output codes are selected (first 40
bits). The mode select lines are programmable in binary
format and therefore are decoded into single line codes.
The output encode in reality has 82 input lines (78
input codes and 4 modes). When a valid input code is
present and the mode is selected, the proper 10-bit
word is steered through the Mode “OR" Gates and to
the inputs of the storage latches. When the proper delay
interval has elapsed, the load logic loads the new data
into the storage latches.

Both polarities of the 10 data bits are fed to the
Polarity Select Gates where the output Data Polarity
Input selects the desired polarity output. The selected
10 data bits output the chip through the Qutput Buffers.

Logic Sequence

The Logic Sequence is not initiated ‘until the successful
completion of the delay timing cycle. At the completion
of the delay cycle, 3 things happen almost simultan-
eously. First, a load signal of approximately 2 us is
fed to the storage latchés to accept new data. Second,
the Strobe Pulse, typically 60 us wide, is generated. This
pulse will not go true until at least 1/2 us after the data
is present at the outputs. Third, the inhibit timing cycle
is initiated within 2 us after the load.and strobe inputs
are generated and locks out the load and strobe inputs
for the duration of the inhibit timing cycle. This insures
that only one strobe is generated and no data is changed
during the inhibit cycle.

If the input data disappears less than 1/2 ps after the
completion of the delay cycle, it is possible that erro-
neous logic sequencing can take place. The symptoms

are new data, but no strobe or no new data, but a strobe
is generated.

If the output enable input is held faise, no logic
sequencing can take place and the chip remains locked
up with the existing data statically available at the
outputs and no strobes can be generated.

‘A programming option is available wherein a level strobe

can be specified instead of the delayed strobe as des-
cribed above. In this option, the level strobe goes true at
the end of the delay cycle as does the delayed strobe,
but is remains true as long as a valid data input signal is
present. It is not affected by the inhibit timing cycle.
The level strobe responds to the data“input lines and is
inhibited only by the Output Enable going false.

Debounce Circuits

The debounce circuits utilize a pulse train clock oscil-
lator and shift registers. The input must remain in one

“state for 2 consecutive clock pulses before it will change

the output to that state. The outputs follow the input,
in that they are non-inverting.

OPTIONS

The following options are customer specified. (For

format information, see Programming Format section}.
Input Code

The input code M out of N (typically 2 out of 13) must
be specified for each reprogramming of the coding mask.

Mode Select

The Mode Select lines bit pattern must be specified for
each mode for each reprogramming of the coding mask.
Each mode must be specified whether used or not.

Output Code

The Output Code must be specified for each input code
and mode as above.

Strobe

The Delayed Strobe is automatically selected uniess the
option for the level strobe is selected.

Input Resistors
Each of the 13 inputs and the 2 mode select inputs may

have internal resistors (4.5 k2 £30%) connected to Vsg,
Vpp or left open.

VLS ‘SPLSWIN
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MM5745, MMb5746

. functional description (Continued)

Programming Format

The MM5745 and MMb746 keyboard encoders are
programmed using 4 types of punched data cards whose
function and format are explained as follows:

I. Shift input (Mode Select) Cards

Mode select data is contained in a set of 4 cards which
specify the ROM mode to be selected for each of the
possible shift input combinations.

SHIFT INPUT CARD FORMAT
{Columns not listed will contain no punches)

Possible

Column Characters Meaning
1—6 “OPTION" Shift input—ROM mode
assignment to be specified
Digits 1—4 Particular shift input
10 = or Blank Equals, nathing punched
{Note 5)
12 Digits 0—3 ROM mode:
0 = Mode 1
1 = Mode 2
2 = Mode 3
3 =Mode 4

I1. Device Option Cards

Device option data is contained in a set of 16 cards

- which specify level or delayed strobe output and establish

positive, negative or floating input resistor connections.

DEVICE OPTION CARD FORMAT

Possible i
Folumn Characters Meaning
1-6 “OPTION" Device options'to be
specified
7.8 Digits 5—20 involved device inputs and
outputs are respectively,
A—M, §1, S2 and Delay/
Level strobe output
10 = or Blank 'Equals, nothing punched
) {Note 5}
12 Digits 0,1 or 2 For options 5-19:

0 = No connection

1 = Input resistor tied to
Vpb

2 = Input resistor tied to
Vss

For option 20:

0 = Level strobe

1 = Delay strobe

Note 1: Words 01 through 09 require leading zeros.

111. Coding Data Cards

ROM coding data is contained in a set of 78 cards with
1 card for each ROM word, '

CODING DATA CARD FORMAT

Possible
Column Characters Meaning

1 Character A Address character

2,3 Digits 00—-77 ROM word identification
(Note 1)

5 Digits 0,1, 2 or Input A input code

3 (Note 2)

17 Input M input code

20 Digits Q or 1 I1S1 enable gate code
{Note 3)

24 Digits Q or 1 Qutput 9, mode 1 {Note
4)

33 Output 0

36 Digits 0 or 1 Output 9, mode 2 {Note
4)

45 ' Output 0

48 Digits Q or 1 Output 9, mode 3 (Note
4) h

57 Output 0

60 Digits 0 or 1 Output 9, mode 4 (Note
4)

69 " Output 0

71,72 Digits 00--54 Decimal row sum (total
of all 1's in a particular
row)

IV. TB Cards

The total of all 1’s in the individual columns of data
established by the previous Coding Data Cards is stored
on 54 TB cards. This allows a cross check of the data.

TB CARD FORMAT

Possible .
Columns Characters Meaning
1,2 T8 T8 card identification
3.4 Digits 00—54 . Particular column. of data
totailed
6 = or Blank Equals, nothing punched
9,10 Any value between  Total of all 1's in that
between 00 and column

78

Note 2: A pattern of 0's and 1's describes the input codes. A *'2” indicates that neither the original nor the inverted array lines have
transistors associated with them, while a ‘3"’ means both lines have transistors associated with them.

For example, if only 11 inputs are used, use a “’2"' in the remaining 2. This means only 11 of the 13 gates needs to be checked, thereby
increasing yield. If less than 78 inputs are used, a ‘3" in one of the 13 inputs prevents the input from being used. .

Note 3: A "1 indicates that the 1S1 signal will be generated by the word line. A 0" means that IS1 is not generated. Used to block

any unused decoded input out of the 78 total.

Note 4: ‘0" and 1" symbols for the output codes correspond to the logic levels defined for the device outputs.
Note 5: If cards were punched on a keypunch machine with character sets other than IBM ¢29 type, a “BLANK" should be used

rather than an
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typical performance characteristics

CAPACITANCE (uF}

timing diagram

0.00§

0.001

Delay Capacitor Values

Delay Capacitor Values

T T T T T 19 T T T 11 7
| R =200k R = 200k
NORMAL POWER SUPPLIES NORMAL POWER SUPPLIES
Th=25C | Ta=25C
o
e
w
1
Z 05
=
n =1
=3
&
<L
S
. 0.0
60 300 08 30
TIME (5} TIME {ms)
KEY INPUT l .
0 i
[ —a0-80:s
INTERNAL LOAD ﬂ
—-—-l le— <105
DATA DUTPUT
o 1 DELAYED
—d fe—r0sps _/ STROBE LEVEL
STROBE

1
STROBE QUTPUT

INHIBIT TIME

4080 s ———{

1-30 m:

66
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MM54C922/MM74C922, MM54C923/MM74C923

Keyboard Encoder Circuits

MM54C922/MM74C922 16 key encoder
MM54C923/MM74C923 20 key encoder

general description

These CMOS key encoders provide all the necessary provide for easy expansion and bus operation and are
logic to fully encode an array of SPST switches. The LPTTL compatible.

keyboard scan can be implemented by either an external

clock or external capacitor. These encoders also have on- features

chip pull-up devices which permit switches with up to .

B0 kS2 on resistance to bef u§ed. No diodes irrn the switch ® 50 kS maximum switch on resistance

array are needed to eliminate ghost switches. The

internal debounce circuit needs only a single external ® On or off chip clock

capacitor and can be defeated by omitting the capacitor.
A Data Available output goes to a high level when a
valid keyboard entry has been made. The Data Available ® 2 key roll-over
output returns to a low level when the entered key is
released, even if another key is depressed. The Data

" On chip row pull-up devices

L] Keybouhce elimination with single capacitor

Auvailable will return high to indicate acceptance of the ® Last key register at outputs
new key after a normal debounce period; this two key A
roll over is provided between any two switches. ® TRI-STATE outputs LPTTL compatible
: . m Wide supply range 3V to 15V
An internal register remembers the last key pressed ply 9
even after the key is released. The TRI-STATE® outputs = | ow power consumption
connection diagrams
Dual-In-Line Package Duat-In-Line Package
| U
ROW Y1 =] 128y,
oW Y1 = U pe Vee Ct
2 17 ROW Y2 —2 ﬁ DATAGQUT A
ROW Y2 =t e DATA DUT A
3 16 Row v3 = HE oataours
ROW Y3 ] = pATA QuT B .
M 15 ROW Y4 — HZ pataourc
HOW Y4 —~ b= DATA OUTC
5 " RoW v5 2 HE. oata ouT D
OSCILLATOR =i DATA OUT D
[ 13 OSCILLATOR _S ﬁDATA OUTE
KEYBOUNCE MASK ] |=— OUTPUTENABLE
7 iz KEYBOUNCE mASK, —] 1%, GUTPOT ENABLE
COLUMN X4 mmd DATA AVAILABLE
8 1 coLum xa P2 pata avaiLasLe
COLUMN X3 = [— COLUMN X1 -
B 10 COLUMN X3 ] L1 covumy x1
GND —} [ coLUMN X2
GND E— u‘I-(:DI.UIVIN X2
TOP VIEW )
TOP VIEW
Order Number MM54C922N Order Number MM54C923N
or MM74C922N or MM74C923N
See Package 20 See Package 20A
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absolute maximum ratings

Vee — 0.3V to Vg +0.3V

€Z6IVLINN/EZ6IVYSWIN ° ZZ6IVLINN/ZZE6OVSINN

Vottage at Any Pin Package Dissipation 500 mW
Qperating Temperature Range Operating Ve Range " 3Vto 16V
MM54C922, MM54C923 —55°C t0 +125°C Vee 18V
MM74C922, MM74C923 ~40°C to +85°C Lead Temperature (Soldering, 10 seconds) 300°C
Storage Temperature Range —65°C to' +150°C . '
dc electrical characteristics Min/max limits apply across temperature range unless otherwise noted
PARAMETER —[ CONDITIONS MIN l TYP ] MAX UNITS
CMOS TO CMOS :
VT+ Positive-Goingi Threshold Voltage at Vee =5V, IIN20.7mA 3 3.6 4.3 \%
Osc and KBM Inputs Ve =10V, IiIn> 1.4 mA 6 6.8 8.6 Y
vee =18V, IN> 2.1 mA 9 10 129 )
\'5 Negative-Going Threshoid Voltage at Vee =58V, IINZ20.7mA 0.7 1.4 2. Vv
Osc. and KBM Inputs Vee = 10V, IiIN> 1.4 mA ' 1.4 3.2 4 \
Vee =15V, IiN2> 2.1 mA 21 5 6 \%
Vin(1)  Logical “1" Input Voltage, Except Vee =5V, 3.5 4.5 Y
Osc and KBM Inputs Voo = 10V, 8 9 Y
Vee = 15V, 125 135 Vv
VIN(0) Logical “0" Input Voltage, Except Vee =5V, 0.5 1.5 \
Osc and KBM tnputs Vee =10V, 1 2 \
vee = 15V, 1.5 2.5 v
Irp Row Pull-Up Current at Y1, Y2, Y3, Vee =58V, Vyy=0.1Vce -2 -5 uA
Y4 and Y5 Inputs Vee = 10V =10 -20 pA
Ve =18V ~22 —45 MA
VouT(1) Logical “1” Qutput Voitage Vee =58V, Ig=-10uA 45 7 \Y
: Vee = 10V, Ig =~10uA 9 \
Vee = 15V, 1g=—10uA 13.5 Y,
VouT(o) Logical 0" Output Voltage Voo =8V, Ig=10uA ) 0.5 Y
Vee =10V, 1o = 10uA 1 v
Vee =15V, 1g = 10uA 1.5 v
Ron Colurnn ““ON’’ Resistance at Vee =5V, Vo=0.5Vv 500 1400 Q
X1, X2, X3 and X4 Outputs - Vge =10V, Vo =1V 300 700 Q
Vee =15V, Vg = 1.5V 200 500 Q
lce Supply Current Vee =5V, OscatQV 0.55 1.1 mA
Vee =10V 1.4 1.9 mA
Vee =18V 1.7 26 mA
1IN(1) Logical ““1"" Input Current at Vee =18V, Vi = 158V 0.005 1.0 HA
Output Enable )
IiN(0)  Logical “0” Input Current at Vgoe = 18V, VN =0V -1.0 —0.005 HA
] Output Enable
CMOS/LPTTL INTERFACE
VIN({1) Logical 1" Input Voltage, Except 54C, Ve = 4.5V Vee-1.5 \%
Osc and KBM inputs 74C, Ve = 4.75V Vee16 v
ViN{o) Logical “0" Input Voltage, Except 54C, Ve = 4.5V 0.8 . A"
Osc and KBM Inputs 74C, Voo =4.75V 0.8 A
VouT(1) Logical 17" Output Voltage 54C, Ve =48V, 2.4 \%
1o = —360uA
74C, Ve =4.75V, 24 \'
; lg = —360uA
VOUT(O) Logical ‘0" Output Voltage 54C, Voo =4.5V, 0.4 A\
1o = —360uA
74C, Ve =4.75V, 0.4 \
ig = —360uA
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MM54C922/MM74C922, MM54C923/MM74C923

dc electrical characteristics {con’t)

PARAMETER | CONDITIONS [ min | Ty | max | uniTs
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet)
ISOURCE Output Source Current (P:Channel) Ve =5V, VouT =0V, -1.75 | =33 mA
TA=25°C ‘
ISOURCE Qutput Source Current (P-Channel) Vee =10V, VouT =0V, -8 -15 mA
- Ta=25°C
ISINK  Output Sink Current (N-Chan‘ne“l) Ve =5V, VouT = Ve 1.76 | 3.6 mA
TA=25°C '
ISINK  Output Sink Current (N-Channel) Vce = 10V, VouT = Vee. 8 16 mA
Ta=25°C
ac electrical characteristics Tpo=25°C
PARAMETER CONDITIONS MIN TYP | MAX UNITS
tpd0.tpd1 Propagation Delay Time to CL =50 pF, (Figure 1}
: Logical ‘‘0’' or Logical “1" Vee =5V 60 150 ns
from D.A. Vee = 10V 35 80 ns
Vee = 15V 25 60 ns
toHt1H  Propagation Delay Time from RL = 10k, Cp =5 pF, (Figure 2)
Logical 0" or Logical 1" Vee =5V R =10k ' 80 200 ns
into High Impedance State Vce = 10V CL = 10 pF 65 150 ns
Vee =15V 50 110 ns
- tHo/t41 Propagation Delay Time from R = 10k, C| =50 pF, (Figure 2) ’
High Impedance State to a Vee =5V R =10k 100 250 ns
Logical ‘0" or Logical 1" Vee =10V C =50 pF 55 125 ns
R Ve = 15V 40 20 ns
CIN Input Capacitance Any Input, (Note 2) 5 75 pF
CouT TRI-STATE Output Capacitance Any Qutput, (Note 2) 10 pF

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for *‘Operating
Temperature Range’’ they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics”

provides conditions for actual device operation.
Note 2: Capacitance is guaranteed by periodic testing.

‘switching time waveforms

. Voo
ANY KEY

8 —!

7 p—
ANY OTHER WAAA w
KEY
o -

I “t‘ n

Vee
DATA

AVAILABLE 85Vee 05 Vee \
]

tpd0

Vee

DATA 15V
OUTPUT e

05 Ve

Vee
OUTPUT 05V
EHARLE (]
ja tgH
Vee T
DATA DUT ( § TRISTATE®
0——]
0.1 veg
Veo
ouTeuT 05V,
ENABLE te

a1

T1=T2 ~RC, T3 = 0.7 RC where R = 10k and C is external

capacitor at KBM input.
FIGURE 1

Vee
DATA OUT

01 vee

T tRistate®
e

FIGURE 2
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block diagram

10k
| DATA AVAILABLE o DATA
OSCEXTC AVAILABLE
OR CLOCK l
TRISTATE®
2817 o |NHIBIT KEY BOUNCE KoM - CONTROL
COUNTER « ELIMINATION j E—— GUTRAT
. EXTC ENABLE
T I | :
L'—" B + LSB
) 0 A)
A 4 \ 4 @~ oK .
270 4 DECODER
ACTIVE LOW OUTPUTS b
N 0
X4 X3 X2 X1 KEY
J) J? Vee DETECT ——O8
—cK
INTERNAL
3 [ W [ Y p_ 0 T
1 Y1 l Vv
~ e Sa—0 )
g 4 >—0—& D
7 8 5 [ W
'\o._ Ko_ '\O— v I_MN_“ —O¢C pOUTPUTS
e e . z —{ck
11 10 9 8
SPST "\: * - o o ENCODING
SWITCH “ 2 | VW—e LOGIC A
—— e . AND 5
15 P LY o2 2-KEY
No- To- Po- |, [ ROLL OVER —o0
~ e . . —cK
19 18 17 16
Po- Po- To- [ .
R  ———— . 0
. KEY E
ARRAY Lok e
truth table
SWITCH [) 1 2 3 4 5 € 7 8 ) 10 17 12 13 14 s 6 17 18 19
POSITION | Y1,X1 Y1.X2 Y1,X3 Y1,X4 Y2,X1 Y2,X2 Y2,X3 Y2X4 Y3,X1 ¥3X2 Y3,X3 Y3,X4 Y4,X1 Y4X2 Y4 X3 Y4X4 Y5%X1 VS*,XZ v5%¥x3 vy5%x4
D .
A A ] 1 0 1 [¢] 1 0 1 1] 1 [¢] 1 0 1 o 1 4] 1 0 1
T 8 0 0 1 1 o 0 1 1 0 ] 1 1 o] 0 1 1 0 o 1 1
A cC 0 0 0 a 1 1 1 1 Q 0 Q [ 1 1 1 1 4] o 0 a
8 D [ 0 0 0 0 0 0 [ 1 1 t 1 1 1 1.1 [ 0 [} 0
T oE* 0 0 ° [ ° 0 0 o a 0 0 [ [ a o o 1 1 1 1

*Omit for MM54C922/MM74C922

typical performance characteristics

Typical lp vs V |y at Any

Y Input
30
Tp=25°C
g » Vpg =15V
=
S 7
3 /
© 15
b
E Z
o
= u - Vee =10V
2
: L
2 5 -
~ Vpp =5V
0
0 5 10 1
Vee - Vin

COLUMN OUTPUT IMPEDANCE (k)

Typical Rop, vs VoyT at Any
X Output

IVcc=3V

TA=25C

A5V

en
=3

Vout V!
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MM54C922/MM74C922, MM54C923/MM74C923

Typical Fgcan vs Cosc

typical performant:e characteristics (con’t)

Typical Debounce Period
vs CkBMm

10k _ 1 =
t : = = t
1 1 « 1
2 [ il
N 3
P B - L
£ = j g i
z NG z =
a &
“ 1o L N g wm
h_1 T i T i 2
et i ST 2 i
T ] [T ] A
o T [T
o0 0.1 1 10 0.1 1 10 100
Cpsc kF} Cxpm (F)
typical applications
Synchronous Handshake (MM74C922) Synchronous Data Entry Onto Bus (MM74C922)
I L
MM740922 = MM74C922 -
X4 KBM X4 KBM
X3 0 X3
r._____._ X2 ¢ X2 2 mud
X 8 TO DATA BUS | X1 8 » TODATABUS
BHRAD 1 A sl2]1]e Y1
AL ] o - 1]s]s5]a v2 g
1Al l: v DMmcm 113 v DA DATA AVAILABLE
A L0 L DATA AVAILABLE Flelnje A
ose Ot Q (INVITATION) o0sc OF
SYSTEM SYSTEM
CLOCK P CK g CLOCK P>
GEENOTES) L SEENOTED) _]
ENABLE OUTPUT [
T (RESPONSE)

T

Qutputs are enabled when valid entry is made and
go into TRI-STATE when key is released.

Asynchronous Data Entry Onto Bus (MM74C922)

MM74C922

j— 10c
"_:IA

—

nlelwlw
mle|a|~
oleful-
alels]e

x4 KBM

X3
X2
X1
Yi
Y2
Y3
Y4

——

O 6 ®m >

—

us_z_:__Lc
I

i3

1/6 74604

> to0amasus
—

DATA AVAILABLE

Qutputs are in TRI-STATE until key is pressed, then data is placed on bus.
When key is released, outputs return to TRI-STATE.

Note 3: The keyboard may be synchronously scanned by omitting the capacitor at o0s¢. and driving osc. directly if the system clock

rate is tower than 10 kHz.
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Keyboard Encoder Circuits

f

MICROPROCESSOR MATES WITH MOS/LSI KEYBOARD ENCODER

ABSTRACT

This application note is intended to show how to
interface a keyboard to the IMP-16 microprocessor for
the purpose of text editing. An example which includes
suggested hardware and software is presented to illus-
trate data inputting from  the keyboard to the micro-
processor. This example can be used either with the
IMP-16 chip set or with the IMP-16C/200 or IMP-16C/
300 card.

INTRODUCTION

The MM5740 keyboard encoder interfaced to an IMP-16C
card microprocessor provides a very cost-effective means
of data entry that takes full advantage of the benefits of
MOS/LS! technology. The MM5740 is a complete
keyboard interface system capable of providing quad
mode* 90 key keyboard encoding in a single integrated
circuit. This chip detects a key switch closure and
translates it into a coded output while providing all of
the necessary functions for modern keyboard system
.design. Data and: control outputs are directly com-
patible with the TTL logic inputs on the IMP-16C,
Characters are read from the keyboard into the.read/
write memory on the IMP-16C card by means of a
program contained in PROM’s on the card or in external
memory. The characters may be reformatted, edited,
converted to binary and processed, transferred to a
floppy disk or cassette for more permanent recording,
or transmitted to a central computer facility. Typical ap-
plications include text editing typewriters, alphanumeric
CRT display controllers, remote terminal controllers,
data entry and. recording systerns, operators console in
man-machine interactive systems, supervisory or process
control systems. Further application information is
contained in AN-80 MOS Keyboard Encoding and
AN-124 IMP-16 Peripheral Interfacing Simplified. Figure
7 is a functional diagram of a keyboard/IMP-16C inter-
face using the LSI keyboard encoder.

INTERFACE CONSIDERATIONS
The Keyboard

Connecting a physical keyboard to the MM5740 will be
covered briefly in the following discussion. A more
comprehensive treatment is detailed in AN-80, pgs 3 - 4.
For this discussion, reference should be made to Figure 2
which details the pin connections.

The matrix drive {X;—Xg) and sense (Y;—Y,q) lines
are normaily connected to each other via the switch
matrix. These lines detect contact closure and sense the
key that was depressed. The corresponding character is
obtained from. a read only memory in the MM5740
which has been mask programmed for the desired code.
Nine bits are available for each character. Bits 0 to 7

are generally information bits while bits 8 and 9 may be

used for parity or special character control. When-a valid
key is entered the corresponding 9-bit character is stored
internally in {atches within the MM5740. After a delay
of one bit time (one clock period) the data strobe
{pin 13) signal will go high, indicating that data is ready
and stored in the output latches. This signal alerts the
IMP-16C that the character may now be taken. The
function of the data strobe control input (pin 14) is to
control the resetting of the data strobe once it has been
activated. The output enable {pin 15) serves as the
TRISTATE® control for the code data output lines
(B, to Bg) and is used to control the resetting of the
data strobe output.

To minimize response time, the MM5740 is operated in
the pulse data strobe mode. The output enable is tied
to ground so that the outputs are always enabled. The
data strobe is tied directly to the data strobe control.
With this connection, a pulse which is one bit time wide
will appear on the data strobe line to indicate available
data is present. With a 200 kHz clock, one bit time
translates intoa 5 s data strobe pulse.

X LINES DATA
Lsi

S0KEY ENCODER

TIMING &
CONTROL

INTERFACE IMP16C
LOGIC

KEYBOARD (MM5740)
¥ LINES +
200 kHz
cLOCK

SW
LINES

FIGURE 1. Functional Diagram

*Quad mode means the four basic keyboard modes which are; UNSHIFT, SHIFT, CONTROL, SHIFT CONTROL.
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500 pF
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11
X 37 3
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KEYBOARD Blxe 1
SWITCH MATRIX 1 B
5
a0
5
%s 5 12 DATA QUTPUTS
4 x ® {0 1 Lo ranacrem
3
I 2§, MMSTa0AAE g |34 D
_aly, N
3
251y, B .5__E>
2y, 39
2]y By —'—-| : >
28], 13
zg Ys os E—@ DATA STROBE
Yy 2 o
34y, SHIFT LK T
31
Yg CONTROL AAN —
CLK  RPT_ SHIFT 150 {_smrnucﬂ
cLOCK I 7 o= _o/o—r—--—4

NO
CONNECTION

Note 1: MM5740AAE denotes inverted ASCIF code, even parity,
and N key roflover.

Note 2: Clock frequency = 200 kHz.

Note 3: Sean periad = 450;:.

Note & Key bounce mask time = 4 ms,

Note 5: Data strobe = 5,5 pulse.

AR N
Iy

° AN '

|
|
]
Lt2v.40ma |

>
<
g 12
b3

2N2222
5V

>
<
SHIFT g 18k

-12v

X D_ CABLE CONNECTOR
TYPICAL KEY (TO INTERFACE LOBIC)
SWITCH WITH

DIODE

FIGURE 2. MM5740 Pin Connections

In the following sample interface design the MM5740
chip and several. discrete components are mounted on
a communications keyboard. A cable from the 40
pin connector on the keyboard to an 8 1/2” x 11"
interface board provides the physical communications
link to the processor. The interface board has space
available for components to implement a cassette and
CRT interface for text editing applications. Pages of text
could be stored as cassette records, called up by the
keyboard and displayed on the CRT. Appropriate key-
board commands could be programmed to edit the page.
Lines could be inserted, deleted, copied or moved as
required. The finished page could be restored on the
cassette. Figure 3 is a schematic diagram of the key-
board interface logic board.

MM5740—IMP-16C INTERFACE
Three instructions are necessary for the IMP-16C to

detect that a character is ready for input and to obtain
that character. These instructions are given below:

L1 3, X’80 ;DEVICE ADDRESS IN AC3
BOC 13,.+0 ;WAIT FOR CHARACTER READY
RIN O ;INPUT CHARACTER INTO ACO

The first instruction sets the peripheral device address of
the keybaord (X'80) into accumulator 3 (AC3). This is
necessary for proper execution of the RIN instruction
(AC3 is added to the sign extended displacement field of
the RIN instruction and sent to the peripheral over the
ADX lines). The address was chosen so as not to be in
conflict with any of the IMP-16P peripherals.

The BOC instruction is essentially a test for keyboard
character ready. The data strobe output (DSQO) from the
keyboard (cable connector pin 12) is stored in a set-reset
Iatch built from cross coupled NAND gates (see Figure 3).
This is because the DSO pulse width is one clock period
or 5.0us and the processor might not detect DSO in the
required time. Refer to Figure 4 for IMP-16C/MM5740
timing.: The complement output of the latch (Q) is
connected to jump condition 13 (JC13). The BOC
instruction tests for JC13 and branches to the PC relative
address specified in the displacement field if the condi-
tion is true. Normally JC13 is true; when a key is
pressed DSO goes high which forces Q low. The jump
condition will then be false and the next instruction
executed. This next instruction is a RIN O which takes
the character from the keyboard encoder (B; to Bg)
into ACO. Thus, this program is in a one-word BOC
loop until a key is pressed.
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Execution of the RIN instruction causes:

1.

The periphéral device address and order code to be

2. The RDP (Read Peripheral) flag to be pulsed at T2
of microcycle 7. This is used as a peripheral input
gating signal. :

placed on the ADX lines at T4 of microcycle 6 (see

Figure 1-3, IMP-16C Application Manual Supplement
1, pg. 1 - 3. There are eight timing pulses, T1 to T8,
each microcycle. The RIN instruction requires 7 of

these microcycles).

15
(_ aoxes ; A

1 KBD(O)
o

The peripheral address and order codes on the ADX
lines are set into TTL latches on the IMP-16C during
RIN microcycle 6. The ADX lines are sent to all
peripherals, but only the one whose address is specified

L

j

18], bmras2
Carr s "
— 13] , DECODER
;
(]

%]

DMBB3E
TRI-

é

STATE

HEX
BUFFER

i

o

)

{__por ) ZD ﬂs

oM7474

INIT*
. ‘ , w P [ )
I a q 2 bm7416
— DMIG02 DMO502
- ONE ONE
SHOT 12 SHOT

Ra
8.2k

Ca
T
=

FIGURE 3. Text Editing Keyboard (TEK) Interface Logic for IMP-16C

+5V
2

EDGE
C:D—-— CONNECTOR

TO/FROM IMP-16C

D CABLE CONNECTOR
{TD KEYBDARD)

| ] | -
l ’ KEY-BOUNCE MASK TIME
:;#g:' . oo {OETERMINATED BY EXTERNAL C)
CLOSURE I -
STORED
SN\
DATA
OUTPUTS
puLse | (BoTOBg) J\ (
STROBE
MODE ’ \
DATA
STRORE

—] | tnor,
MP-16C
siGnats ] ROPL
ENBL
0 #6508 ; -.q-i ot tengr, *
taoe = Léin
tenp "= 14

FIGURE 4. MM5740/IMP-C Timing Diagram
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AN-128

will respond. A BCD to binary decoder (DM7442) is
used to select one of eight possible order codes. This
provides modular expansion capability if new peripherals
(keyboards, CRT’s, cassettes, printers) are added to the
keyboard microprocessor system. The RDP signal is
latched (RDPL) on the interface to guarantee that it will
be valid at T7 of RIN microcycle 7, when data is taken
by the processor. At this time the address and order
code is valid and the ENBL signal goes low. This signal
enables the TRI-STATE buffers (DM8096, DM8098)
which complement the inverted ASCII keyboard data
(B, to Bg) and place it on the SW bus to the processor.
The data is taken by the processor at T7 and transferred
into ACO bits 0 to 7. At this point, one character has
been obtained by the processor. The ENBL signal is also
used to reset the data strobe latch which makes Q high
and JC13 true. This reconditions the IMP-16C to be
ready for the next character.

The MM5740’s clock input {CLK) is provided by a dual
one shot (DM9602) connected as an oscillator. A 200
kHz square wave is generated using the logic shown
in Figure 3.

THE PROGRAM
In addition to the three instructions given, a control

program is necessary to pack, store and count characters
READL:

INITIALIZE
WORD COUNT
FOR 72 CHAHACTERS'

—

DEVICE ADDRESS
~AC3

HAS
DATA STROBE BEEN
LATCHED INDICATING A
KEY HAS BEEN
PRESSED
7

READ 1 CHARACTER
INTG ACO BITS
0TO7VIARING
MASK OUT LEFT BYTE

YES

ND

MDVE CHARACTER TO
LEFT BYTE AND
COPY INTO ACT

and insert line delimeters—carriage return {CR) and line
feed (LF). A flow chart and coding for the program are
given in Figures 5 and 6.

A line of text is terminated by a CR or when 72
characters - have been entered. The CR—LF is inserted

and an address pointer is incremented to designate the

start of the next line. At this point, the user may

request that the last line or entire message be typed on

the teletype using the MESG routine in the TTY 16PF

PROM. Editing functions such as insert, delete, replace,

copy, or move lines could be provided if the information

was to be output to a CRT, cassette or floppy disc.

Although the keyboard encoder {MM5740) 'used was
mask programmed for inverted ASCIl code with even

parity, any code could be used.

CONCLUSION

The example below demonstrates a keyboard/micro-
processor interface taking full advantage of the benefits
of LSI technology—small size, increased reliability, fewer
interconnections and much more functional capability
per unit cost. These advantages may be exploited in a
‘wide range of man-machine or operator interaction
systems. -

1

READ 1 CHARACTER
INTO ACO BITS
QTO7VIARING
MASK QUT LEFT BYTE

AC1+ACD -~ ACO

STORE ACOIN
CHARACTER BUFFER
SPECIFIED BY CONTENTS

CREVEN:

WAS
INCREMENT BUFFER
LAST CHARACTER ADDRESS POINTER
£ INAE2
LF-NUL - ACO
INCREMENT BUFFER
ADDRESS POINTER
IN AC2

DECREMENT AND
TESTWORD COUNT =10
7

DATA STROBE BEEN

LATCHED INDIEATING A

KEY HAS BEEN

PRESSED
?

Note 1: ACZ contains buffer address pointer.

Note 2; JC13 false indicates data strabe has been latched and character may be read via RIN 0 instructior,

N
YES
CRODD: ¥

‘CR-LF - ACO

STORE ACB N
CHARACTER BUFFER

RETURN

CR = Carciage retum
LF = Line feed
NUL = Nul charactar

FIGURE 5. Flowchart of Subroutine (READL) that Reads One Line from the Keyboard
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HERE T
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BFES 2214 A =1 REHDL JREAD 4 LINE & STORE

FUT 1 I ACE FOR TTY LIME. © TO CONTIMUE REARDING.
2 TO OUTPUT ALL LIMES OM TTY

A HALT s EMTER 812 IN HCO

H BQC EFoOUTL JBITE ACB=1 OUT LINE

A [=Tu]m 4, OLTH JEITA ACE=1 OUT MESAG
COMNTIMUE . EMTERIMGE MEXT LIME B” DEFAULT

= HI=Z 201 i IMCR ADDRESS PTR

] JHE [ETH]  CONT THUE

OUTEUT ENTIRE MESSAGE OH TTY

QUTM: (W] 1. STRDDE JEETUR MESG STHARTING

. H
1A =T 1. MADRES K RALDRESS

ENTER & A% LAST HHFD FHP MESG ROUTINE IMN. TTY1sF
CUTFUT LIME OR 3
QUL HIZZ 2

i THCR ARDRESS

L1
5T v
CHITHFLT Opl 17 i MESG SR OIM TTYL1EF FROM

JaR SOUTRUT W TTY

C= o+l i MESSAGE ADDEESS
JrF £} i READ MEST LIME
FRER

R R ’ s WORD COUMT FOR KBD
. WORE O i MAZSE BT WD

. WORD JURE W FRRITY BIT

. WORED i TCRE~-LFT

L WDRE iR

. WO ;5T ADCRESS OF MESG

. bORLD L FMESG =R ADDR TTY1leF
1 LIME FFHH EEYMBOARD & STORE IN Z& MWD BUFFER
HFTIHH BUFFER ABDREZS IM AC2
: ARE READ. PACEED & STORED
TERMIMAIMG CHAR. R LF AT EMD OF LIMNE
JCLE FOR DATA FOBE QUTFUT WMHEM EEY IS FRESSED

- H O RERDL LI i WORD COUMT

2 H =T

: SENGH LI i DEVICZE RDDRESS
45 G .LL»FF A RDLOOR . B0 -. JMWAIT FOR DATA STROBE
45 BFIE Ba48a A FIN 5] iRERD 1 CHAR INTO ACO
47 @ CoelFd A FHL B, HE8FF s MASK OUT LEFT BYTE
45 BF1Db FIF4 A - SEME . CR I IT A “CR”
43 ATIE d A JME [
S8 AV1F ! H SHL & P MOVE TO LEFT BYTE
51 ATI6 A RCFY 5]

5 H BoC 1E. . B JWAIT FOR DATA STROBE

L | H I i@ i READ 1 CHAR INTO ACA
4 @3 A FAML E, HOBFF i MASEK OUT LEFT BYTE
55 87 A A RADD 1.8 ;2 FPARCKED CHARS
5e a7 A H 3T B,z i STORE 1IN BUFFER
57 a7 H AN 8. HE3FF i WMAS LAST CHAR A CR
S8 a7 4 R SEME 8. CR
52 67 = A JME CREVEM
(S5t r ] AHIZE 2.1 J INCR ADDR POINTER
1 @7 H LsE WRCHT G DECR & TEST WD COUNT
S22 BT H JEE FLLOOF
=
& ENTER CRE-LF AS LAST WORD o

FIGURE 6. Coding for Text Editing Keyboard (TEK)
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[ 24
CRENVEM
CRLF

CROMGD

LT

WOCHT 3TLE
MO ERROR LT
SOURCE CE.

D

PCRASLIME FEED CHARZ
JETORE IM BUFFER

I
g

v
X |

RT=
S SR T [ &

T

LAST WMORD

I -1 S IMCR ADCRESS PTR

LD o LFMLILLL FLIME FEELSMULL CHARS
JHE CRODD+1

1]

s
L

3

GE BLIFFER
LIME CORNTARINS A MAXIMAG OF 72 PRCEED CHARS
AN /R

m =

CEMD TEE

FIGURE 6. Coding for Text Editing Keyboard (TEK) (Continued)
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Keyboard Encoder Circuits

MOS ENCODER PLUS PROM YIELD QUICK TURNAROUND

KEYBOARD SYSTEMS*

INTRODUCTION

Most modern. keyboard designs employ MOS/LSI key-
board encoder IC’s to implement all the necessary
electronic functions. The key codes specified by the
customer are programmed into a read only memory
which is an inherent part of the encoder. Although some
common encoder formats are available off the shelf, such
as ASR33 teletype (MM5740AAE or MM5740AAF),
there are many instances where variations of common
formats are’ needed. Since these formats are mask
programmed into the keyboard encoder, there is a certain
amount of lead time (approximately 12 weeks) before a
customer receives his final circuit.

By using a binary coded keyhoard encoder in conjunction
with a programmable read only memory, customers can
build prototype keyboard systems or fill small volume
orders in  minimum time. This approach keeps
all the encoding electronics and timing the same as in
the final system, so that a minimum of redésign is
necessary to configure the actual final version. This is
done when the keyboard encoder with the final mask

programmed key codes is received. In addition, the
usefulness of being able to reassign key codes quickly
in the PROM makes system debugging and alteration
an easy task.

The basic configuration for this implementation is shown
in the simplified block diagram of Figure 1. The key
switches and all -timing signals are configured in the
normal manner. The keyboard encoder chip will emit
binary codes for each valid keyswitch closure. These
binary outputs are used as- addresses for the PROM
which is programmed with the desired actual code for
each keyswitch. Each key closure is transformed first
to an address by the encoder and then to the final code
by the PROM. In this manner, a general design is
possible, with the only variable being the contents of
the PROM which is easily and quickly programmed.
When changes are necessary, the PROM may be erased
and reprogramimed quickly making it an easy task to
finalize design alterations.

<+ , — >
SVI;(?I%H KEYBOARD BINARY ADDRESS PROM KEY CODE
MATRIX " ENCODER OUTPUTS INPUTS QUTPUTS
' —p L

FIGURE 1. Simplified Block Diagram

*REFERENCE: AN-80 MOS Keyboard Encoding by Dom Richiuso
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KEYBOARD IMPLEMENTATION

A typical ifnplementation of this approach is shown in
Figure 2. The encoder employs a dynamic scanning
technique to identify key closures. Each keyswitch is

defined by a particular X drive line and Y sense line of
the encoder. In addition to the basic operation of trans-
lating a switch closure to a coded output, the MM5740

200 pF l 2 i

T

5
S I o 56wk I
< <
4 8 3
7 7
‘h 'b
4: 33 LM555 3 i .: 560k LM5s5 3
9
0.1uF 1

L5

10 Hz

1 <
I - - 12V
104F
N <
[ < GND
T 0eF
500 pF I+
< 45V
17 Jis f2 | a2 1 L Ixz 2 |3 |23
szf KB OE Vi Vo Ve -
' 37 14 2
ufy B A8 7 b
2
10 8 13
7 21
X3 A [T S S—
9 .
Xa 1 11
B A6 2
8| M [T S
5
10
7 o |2 as "

e 8 > KEY
&y, o I L ne MVI5Z04 “ ggggws
5 By

Xg |2 8l
k] 17

Xg MMS730AAC . ; spl—p
2 oR BB Az

Yio MM5740AAD y
2 35 6 [1]] L—

Y, 87 At
2 15

Yz " 36 5 a0 B i
sl
%,

il o)
il
A, 3
4 [ DATA STROBE
30 14 —:—I [~ 10us
Yo osc
3ilv, SHIFT LK |28
CLK__RPT__SHIFT CONTROL
3 [ 3 1
I <150 SHIFT
LOCK
150 i
REPEAT AAA + o

L R CONTROL
SHIFT \ SHIFT

BV

Note 1: N-key roltaver-MM5740AAC
2-key rollaver —-MM5740AAD

Note 2: Clock frequency = 100 kHz.
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Note 4; Repeat rate = 10 characters per second.
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Note 6: Data strobe = 10us pulse.

FIGURE 2. Typical Keyboard System
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provides all the functions necessary for modern keyboard
system design. This includes all the logic necessary for
key validation, 2-key or N-key rollover, bounce masking,
mode selection and strobe generation. Table | illustrates
the relationship between keyswitch matrix position, key
mode and the binary coded outputs of the MM5740 AAC
or AAD encoder. The AAC version provides for N-key
rollover while the AAD is a 2-key rollover encoder.
Since there are nine X lines, ten Y lines and four modes,
360 nine-bit codes are possible.

In the general application using 80 four mode keys, a 4k
PROM (MMb5204) should be used. If less than 64 four-
mode keys are all that is required, a 2k PROM (MM5203)
may be substituted. In this case, the most significant
bit (B1) from the encoder is dropped and Table |
addresses would ga from 0—255. When programming

the PROM, it shouid be noted that the MM5740 uses
a bit paired coding system. Any particular key will have
5 common bits (B1, B2, B3, B4, B9) and 4 variable
bits {B5, B6, B7, B8) which may change when going
from one mode to another. In addition, encoder coding
is specified in terms of negative logic so that it may be
necessary to complement positive logic PROM contents
when ordering encoder masks.

By careful PC board layout, the encoder/PROM proto-
typing system can utilize the same PC board as the final
system with the PROM removed. This can be accom-
plished by arranging the traces so that it is possible to
provide jumpers from the encoder outputs to the PROM
outputs. Utilizing this approach allows for a minimum
of tooling, parts counts and quick turnaround time for
new designs.

TABLE I. Encoder/PROM Mapping

KEY POSITION ADDRESSES KEY CODE OUTPUTS
MODE (ENCODER OUTPUT} (PROM CONTENTS)
X Y B1 B2.B3 B4 B9 B5 B6 B7 B8 B7 B6 B5 B4 B3 B2 B1 BO
1 1 Unshift 060000000
KEY 1 1 1 Shift 0 .O 00 0 0 0.0 1
1 1 Control 0 0 0 0 0 0 0 1 0
1 1 Shift Control 0 000 0 0 0 0 1 1
1 2 Unshift 0 00 O0CO0OO0OT1O0O0
1 2 Shift ¢ 00 0O O 0 1 0 1
' USER
1 2 Control 000 O0O0O0 1 10 DEFINED
1 2 Shift Control 0O 00 00 0 1 1 1
. KEY
CODES
9 10 Unshift it 01 1 0 0 t 0 O
KEY 90 9 10 Shift 10 1 1.0 0 1 0 1
9 10 Control t o1 100 1 10
9 10 Shift Control 10 1t 1 00 1 1 1

*Encoder outputs are listed in positive trug logic notation.
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