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ASCII KEYBOARD ENCODER PROJECT BOARD

INTRODUCTION

This package conta ins a Project  Board (Pr inted Circui t
Board) ,  an Integrated Circui t  and lnst ruct ion Manual
for  construct ing an ASCII  Keyboard Encoder.

The Inst ruct ion Manual  prov ides a complete l is t  o f
par ts  needed to complete your  pro ject .  l t  a lso
provides theory of  operat ion,  assembly inst ruct ions
and d iagrams to a id you in your  pro ject .

The ASCII  Keyboard Encoder can be used to prov ide
inputs to a l l  types of  equipment  designed to operate
wi th ASCII  (Amer ican Standard Code for  In format ion
l n t e r c h a n g e )  i n p u t s .  E x a m p l e s  i n c l u d e  T . V .
typewr i ters,  min i -computers,  micro-processors,

e lect r ic  typewr i ters or  anv device which requi res
ASCI I  encoded  a lpha -numer i ca l  cha rac te rs

Th roughou t  t h i s  manua l  you  w i l l  see  symbo ls  such  as
8,  E or  HEX The l ine above the characters represents
NOT (negat ive)  log ic  which is  the state opposi te of
t ha t  w i t hou t  t he  ba r  HEX means  "hexadec ima l "

wh i ch  i s  a  number  sys tem tha t  has  a  base  o f  16 .

Note that  th is  Pro ject  Board requi res an external
power source -  5 vol ts  DC at  about  5OO mA Such a
power supply could be another  Radio Shack Project
Boa rd ,  Ca ta log  Number  277 -1O2  o r  277 -112  Or  i t
may be powered by the equipment  to which you
connect  the ASCII  Keyboard Encoder.
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SPECIFICATIONS
MrN. E MAX. UN|T

lnput Voltage: 4.7 5.O 5.5 Volts DC

Input Current: 4OO 450 50O mA

Characters per Minute Output: 833 CPM
l-- *Note 1
t

,l nepeat Key Rate: 2oB cPM- **Note 2

Output Drives:

ASCIl True Output:
Ascll ffid Output:
ST Output:
ST Output:
E Output:
E Output:

Outputs:
7-bit True ASCII
z-uit ffi6 Ascrl
1 -bit E (6;5-le) External defined controt bit
1-bit E (Enable) External defined control bit
1-ST Fal l ing edge clock
1-Si nising edge clock

Inputs:
+5.O VOLTS DC ! 2% load and line regulation,
50 mV peak-to-peak ripple
Ground

10
10
I

10
10
10

TTL Loads
TTL Loads
TTL Loads
TTL Loads
TTL Loads
TTL Loads

3

;

I

I

I

*Note 1 : Specified with l kHz clock frequency and with 2 scan cycles per key pressed and 2 scan cycles per key
released. A scan cycle is equal to 18 clock cycles. Therefore minimum key time = 18 x 4 x J- = 72
ms = 13.8 characters per second. 1 kHz

**Note 2: Specified with 1 kHz clock frequency. Repeat rate is 16 scan cycles long which is equal to 288 clock
cycles = 0.288 seconds = 3.472 characters per second.



DESCRIPTION

Refer  to  F igure  1 ,  B lock  D iagram.

The ASCII Keyboard Encoder uses the scan pr inciple
to reduce the amount of logic necessary to ful ly
encode a 63 key typewriter keyboard. The Keyboard is
w i red  in to  a  mat r ix  cons is t ing  o f  16  co lumns and 7
rows of keys. Since this type of matr ix can handle a
Keyboard with 112 switches. there are many
locat ions that have no key. The keyboard scan
principle, which has been used on al l  recent
calculators, has the advantage of minimized effects
of key bounce. (Key bounce is that tendency of a key
to chatter,  or double-entry,  when pressed or when
released. )

The Keyboard Encoder is div ided into 7 major
subsect ions:

1. Keyboard

2. Keyboard Scanner

3. Key Pressed Detector

4. Encoder

ASiCII ENCC'E'EFI

5.  Shi f t  Logic

6.  Output  Latches

7.  Repeat  Logic

The Keyboard together  wi th the Scanner logic
suppl ies the Key Pressed Detector  and the Encoder
Logic wi th pulses.  The Key Pressed Logic wai ts  unt i l
the key is  re leased and then provides a st robe that
c locks the encoded data out  of the Keyboard Encoder.
The Encoder sect ion generates the three most
s igni f icant  ASCII  b i ts  and passes them on to the
Output  Latches.  l f  a  shi f t  is  requested,  the Shi f t  Logic
fur ther  modi f ies the encoded three b i ts  to  g ive a
sh i f ted character .  The four  least  s igni f  icant  b i ts  of  the
ASCII  encoded word are generated by the four-b i t
b inary counter  contro l l ing the scanner.  The 7-b i t
ASCII  code is  held in  the data la tches unt i l  a  new key
is  pressed,  at  which t ime the process star ts  over .  The
repeat  log ic  responds to the repeat  key which causes
the st robe command to turn of f  and on at
approximately  4 Hz.  .  .  which repeatedly c locks out
the data held in  the la tches.

For  a deta i led descr ipt ion of  the Theory of  Operat ion,
refer  to  the back of  th is  manual .

K E Y  P R E S S E D
OETECTOR

4

FIGURE 1 .  BLOCK DIAGRAM
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PARTS LIST

Th is  package  con ta ins  a  comp le te  c i r cu i t  ca rd  (P ro jec t  Boa rd  277 -1171  ready  fo r  pa r t s  t o  be  added .  l t  a l so
con ta ins  I n teg ra ted  C i r cu i t ,  RS74H103  (21 )  To  cons t ruc t  you r  ASCI I  Keyboa rd  Encode r ,  you  w i l l  need  the
fo l l ow ing  pa r t s .  A l l  pa r t s  a re  ava i l ab le  f r om you r  Rad io  Shack  S to re .

NOTE:  The  vo l t age  ra t i ng  shown  fo r  capac i t o r s  i s  t he  m in imum work ing  vo l t age  Capac i t o r s  o f  t he  same
capac i t ance  va lue  w i th  a  g rea te r  wo rk ing  vo l t age  may  be  used  A l so  no te  t ha t  res i s to rs  a re  l i s t ed  as
1/4-wat t .  5%".  but .  res is tors rated at  1/2-wat t ,  1O% wi l l  work

\

./

./

/' / .

/

1

RADIO SHACK
S Y M B O L  D E S C R I P T I O N  C A T .  N O .

RADIO SHACK
SYMBOL DESCRIPTION CAT.  NO.

CAPACITORS

O 01 ptF, SOV, disc 272-131
3 . 3 1 t F ,  1 O V ,  T a n t a l u m  2 7 2 - 1 4 O O
3.3  uF,  1OV,  Tanta l -um 272-14OO

RS742O,  Dua l ,  4 - input
NAND Gate

10\  RS74O4,  HEX Inver te r
1  \  RS74193,  Synchronous

- 4-bi t  up/down counter
R S 7 4 1  5 4 ,  1 6 - l i n e
Demul t io lexer
R57473, Dual,  J-K Fl ip-Flop

14\ RS74O4, HEX Inverter
15\ RS74O2, Ouad, 2- input

NOR Gate

1 7 \  RS741O,  Tr ip le ,  3 - input
NAND Gate

276-1809

276-1802
276-1820

276-1834

276-1803
276-1802
276-1811

276-1801

276-1807

276-1809

2 7 5 - 1 4 2 2

276-1551

276-1300

2-/6-O90

\f\

Opt iona l

KEYBOARD

63 Key Board

for Heep Test Module

CONNECTOR

,/-\ Edge Card, 44 contact

, /  
)(one needed)

/  
RESTSTOR

J 180 ohm, i /4-warr, so/o
-/  (nine needeo;

L IGHT EMITTING DIODE

/-,  
LED (nine needed)

-l o oi prF
. l  0 .01 pF
I  o.ot pr

5OV, disc
5OV, disc
SOV, disc

2 7 2 - 1 3 1
2 7 2 - 1 3 1
2 7 2 - 1 3 1

E+\

A-

RESISTORS

i*r 8K, 1/4-wa*, svo
# 330 ohm, i  /4-warr,  so/o
R\ lK, 1/  -watt ,  sYo
R lK ,  1 /4 -wat t ,  5%
n 1K, 1/4-watt ,  5o/o
8  lK ,  1 /4 -wat t ,  5%
8  1 K ,  1 / 4 - w a n , 5 %

1K, 1/4-wart ,  5o/o
1K,  1 /  -wat r ,  5%

'R 1 0\ lK, 1 / 4-wan, 5o/o
1K,  1 /4 -wat r ,sYo

27 1 -1300
271-1300
271-1300
27 1 -1300
27 1 -1300
271-1300
27 1 -1300
27 1 -1300
27 1 -1300
271-13OO. , .
271-1300

Inc luded

276-1803
276-1820

276-  1  806
276-1806
2t6-1815

276-1801

276-1801

z+\

D
z3\

z
l Z 5 r  v

r\
lA.

l8 -

INTEGRATED CIRCUITS

R S 7 4 H 1 0 3 ,  D u a l ,  E d g e
Tr iggered J -K F l ip -F lop
(Rece ived w i th  package)
RS7473,  Dua l ,  J -K  F l ip -F lop
RS741 93.  Svnchronous
4-bi t  uo/down counter
RS7 47 5,1 4-bi t  Bisrable Latclr
RS7 475, 4-bi t  Bistable Latch
R S 7 4 1 3 ,  D u a l ,  4 - i n p u t
Schmi t t  T r rgger
R57400,  Ouad,  2 - input
NAND Gate
R S 7 4 1 0 ,  T n p l e ,  3 - i n p u t
N A N D  G a t e



ASSEMBLY OF THE PRINTED CIRCUIT BOARD

Assembl ing of  the Pr inted Board consists  of
mount ing components to the Board.  The PARTS LIST
notes the par ts  you' l l  need The Board conta ins
let ter ing ident i fy ing where the components are to be
moun ted .  A l so  i f  app rop r i a te ,  you ' l l  see  tha t  some
ou t l i nes  i nd i ca te  t he  pos i t i on  o r  d i rec t i on  t ha t  a
component  is  to  be mounted on the Board We
recommend  tha t  you  moun t  t he  componen ts  i n
g roups  -  such  as  t he  res i s to rs ,  t hen  the  capac i t o r s
and then the in tegrated c i rcu i ts  A step-by-step
assembly procedure is  prov ided for  each group of
components.  As you mount  each component  check
of f  that  s tep Ef in the box.

Some Notes Before You Start

Due  to  t he  sma l l  f o i l  a rea  a rounc i  t he  P r i n ted  C i r cu i t
Boa rd  ho les  and  the  sma l l  a reas  be tween  the  fo i l s ,
you wi l l  have to use utmost  care to prevent  so lder
br idges between adjacent  fo i l  areas.  Use only a
low-wa t tage  so lde r i ng  i r on  w i th  a  sma l l t i p .  DO NOT
USE A  SOLDER GUN.  An  i dea l  So lde r i ng  l r on  i s
Radio Shack 's  Rechargeable l ron 164-20751;  i t  has a
sma l l  t i p  and  w i l l  no t  damage  semiconduc to rs  w i t h
leakage currents (a problem wi th some del icate
dev i ces ) .  Use  on l y  a  m in imum amoun t  o f  so lde r ,  and
do not  heat  components excessively  wi th solder ing
i ron .  T rans i s to rs  and  p r i n ted  c i r cu i t s  can  be  damaged
i f  subjected to excessive amounts of  heat

The Pr inted Circui t  Board is  a double-s ided one,  wi th
p la ted - th rough  ho les .  Th i s  means tha t  i n  a  numbero f
locat ions,  the fo i l  paths on the top of  the Board are
connected to the fo i l  paths on the bot tom -  through
ho les  wh i ch  have  p la t i ng  on  the  i ns ide .  Th i s
p la ted - th rough  techn ique  means  you  don ' t  have  to
so lde r  common  fo i l  a reas  on  BOTH s ides  -  so lde r i ng
on  the  bo t tom s ide  on l y  no rma l l y  w i l l  be  adequa te

Use  an  ohmmete r  t o  check  the  p la ted - th rough  ho les
fo r  con t i nu i t y  p r i o r  t o  assemb l i ng  t he  Keyboa rd .

One  l as t  po in te r  -  i f  you  keep  the  t i p  o f  you r  i r on
clean and coated wi th a f  resh laver  of  mel ted solder ,
you ' l l  f  i nd  so lde r  connec t i ons  much  eas ie r  t o  make
Per iod i ca l l y  w ipe  o f f  t he  t i p  o f  you r  i r on  on  a  damp rag
(o r  " so lde r  sponge" )  and  me l t  a  f r esh  l aye r  o f  so lde r
ove r  r t .

ASCI I  ENCC'E lEFI

Par ts  Mount ing

Mount  the  fo l low ing  res is to rs :

!  R1,  6  8K (b lue ,  g ray ,  red)
!  R2, 330 ohm (orange, orange, brown)
n  R3,  1K (b rown,  b lack  red)
n  R4,  1K (b rown,  b lack ,  red)
tr  R5, 1K (brown, black, red)
!  R6,  1K (b rown,  b lack ,  red)
t r  R7,  1K (b rown,  b lack ,  red)
!  R8, 1K (brown. black, red)
!  R9,  1K (b rown,  b lack ,  red)
n  R1O,  1K (b rown,  b lack ,  red)
!  R 1  1 ,  1 K  ( b r o w n ,  b l a c k ,  r e d )
!Turn the board over and solder.  Tr im off  excess

lead length

Mount  the  fo l low ing  capac i io rs :

NOTE:  Capac i to rs  C2 and C3 are  po la r i t y
consc ious  When ins ta l l ing  capac i to rs  C2
and C3, observe polar i ty.  With the dot on
the  capac i to r  fac ing  you,  the  lead on  your
r igh t  i s  pos i t i ve  (+)

f l  C1,  O 01  1 tF ,  SOV,  D isc
!C2,  3  3  gF,  1OV,  Tanta lum (Observe  po la r i t y )
!C3,3  31 tF ,  lOV,  Tanta lum (Observe  po la r i t y )
!  C4, O 01 1tF, 5OV, Disc
n C5, O.O1 pr F, SOV, Disc
! C6, 0.01 prF, SOV, Disc
!Turn the board over and solder Tr im off  excess

lead length .
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Mount the fol lowing Integrated Circui ts:

NOTE:  You maywant tousesockets fo r the lC 's -
i f  so now is the t ime to mount them.

1. Instal l  the Integrated Circui ts ( lC) in their
correct posi t ions.

2. The pins protrude through the holes in the
Printed Circui t  Board.

3. NOTE: A dot or indentat ion at one end
ind ica tes  p in  1 .

4. Ensure that the Integrated Circui ts are
posit ioned properly.

5. As you mount each lC, spread the end pins
sl ight ly to hold i t  in place so you can turn the
B o a r d  o v e r  a n d  s o l d e r  t h e  p i n s .

Dot or

nT ,  RS74H 103, Dual Edge-tr iggered J-K Fl ip-Flop

NOTE: Check the posit ion of this lC caref ul ly.  l t  is
already inserted in the Printed Circui t
Board but check for correct position before
soldering i t  in place.

aZ/ R57473, Dual,  J-K Fl ip-Flop

a23, RS74193, Synchronous 4-bi t  UplDown
Counter

ASCil ENCC'E'EFI

424,R57475, 4-bit Bistable Latch

DZs, R57475, 4-bit Bistable Latch

f l26 ,  RS7413,  Dua l ,  4 - input  Schmi t t  T r igger

aZ7, RS74OO, Ouad, 2- input NAND Gate

l lz8, RS741O, Tr iple,  3- input NAND Gate

f l29, RS742O, Dual,4- input NAND Gate

aZ1O, RS74O4. Hex Inverter

E Turn the board over and clean the t ip of your i ron
before soldering. A clean t ip,  f reshly coated with
melted solder wi l l  insure a good connect ion. Now
careful ly solder each pin to i ts adjacent foi l  area.

4211, RS74193, Synchronous 4-bi t  UplDown
Counter

az l2 ,  RS741 54 ,  1  6 - l ine  Demul t ip lexer

4213, RS7473, Dual,  J-K Fl ip-Flop

ZZ14, RS74O4. Hex Inverter

4215, RS74O2, Ouad, 2-input NOR Gate

aZ16, RS74OO, Ouad, 2- input NAND Gate

aZ17,  RS741O,  Tr ip le ,  3 - input  NAND Gate

4218, RS742O, Dual,  4- input NAND Gate

ETurn the board over and solder.
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You are now ready to insta l l  the Keyboard to the
Pr in ted  C i r cu i t  Boa rd .  Moun t  as  f o l l ows :

! Ensure that all of the pins on the Keyboard are
STRAIGHT!

nThe Keyboard contains three plast ic al ignment
pins on i ts base which mate into al ignment holes
in the Printed Circuit Board Place the Kevboard with
the keys facing down on a f  lat  surface. Posit ion the
Printed Circui t  Board (component side down)
approximately three inches above Keyboard.
V isua l l y  a l ign  Board  a l ignment  ho les  w i th  p las t i c
al ignment pins on Keyboard base. Gent ly lower
the Board onto the Keyboard making sure the
al ignment holes in the Board mate with the
al ignment pins on the Keyboard base. Check that
ALL Keyboard pins protrude through the holes on
the Printed Circuit Board.

AETCII ENCC'EIEFI

!  Solder  one p in at  each corner  -  press the Board
f i rmly down against  the Keyboard as you do th is .
This way you' l l  be sure each p in extends wel l  in to
the appropr iate hole and that  the Board and
Keyboa rd  ma te  f l a t  Con t i nue  to  so lde r  a l l  p i ns .

This completes the component  assembly of  the
Pr inted Circui t  Board.  We suggest  you check over
you r  wo rk  t o  ensu re  t ha t  a l l  so lde r  j o i n t s  a re  c l ean
and  sh iny  and  tha t  none  o f  t he  f o i l  has  pu l l ed  up  f rom
the Board due to excessive heat  Double check to
ensure a l l  component  connect ions are soldered to
the fo i l  and that  no solder  has f lowed across
(between) fo i l  paths.

To ensure opt imum ci rcui t  per formance and to make
your work neat ,  you may want  to "def lux"  the Board
To remove any ros in res idue,  apply ord inary rubbing
alcohol  to  the Board and rub of f  wi th a c lean c loth
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TESTING

To test  the ASCII  Keyboard Encoder you' l l  need some
form of  d isp lay that  ver i f  ies the codes.  l f  you have th is
equipment  avai lable,  use i t  to  test  your  Encoder.  See
Connector  Pin ldent i f icat ion on page 12 for  p in
con f  i gu ra t i on .

l f  you do not have a system that accepts ASCII codes
for test ing we suggest you bui ld your own. Fabricate
the Heep Test Module using Figure 4 and the
fabricat ion procedures. We show the LED's and
resistors as they should mount on the connector:
however,  you can mount these components on an
external breadboard according to the schematic
shown with the i l lustrat ion (Figure 4).

ASC|| ENCC|E'EFI

LED Cathode ldentif ication

Due to the reluctance of manufacturers to
standardize the method of cathode and anode lead
identification, we urge you to test each LED before
instal l ing. This can be done in the fol lowing
manner: With two 1-1/2 vol t  batter ies connected
in ser ies forming a 3-volt  power supply,  connect a
resistor -  any value from 1OO ohms to 47O ohms -
to the posit ive side of the batter ies.

Test the LED's by connecting one lead of the LED to
the negative side of the batteries and the other lead to
the resistor which is connected to the positive side.

lf the LED lights, the lead connected to the negative
side is the cathode. lf it does not light, reverse the
LED leads to ident i fy the cathode.

100 oHM
TO

470 oHM

LED TEST DIAGRAM

1 1



Fabrication Procedures

fJ Careful ly bend the connector 's let tered pins
(up) as shown in Figure 4.

X Mount the LED's between the fol lowing pairs
of pins: (Al l  cathodes of the LED's are
connected to oDD numbered pins.)2-3,4-5,
6 - 7 ,  8 - 9 ,  1 0 - 1 1 ,  1 2 - 1 3 ,  1 4 - 1 5 ,  1 6 - 1 7  a n d
1  8 - 1  9 .

n  Mount  the  n ine ,  180 ohm res is to rs  by
soldering them to pins as shown. Bend the
free lead of the resistor soldered to pin 18
toward the resistor connected to pin 16 and
solder.  Then cont inue with the resistor
so ldered to  16  to  14 ,  14 to  12 ,  and so  on  as
i l lustrated. Solder the free lead of the f inal
res is to r  to  p in  1 .

n Use any insulated smal l  wire (22to 30 gauge)
for fol lowing jumper wires. After measuring
distance required, cut wires to correct length,
remove smal l  amount of insulat ion from each
end and solder wires as fol lows:

@

ASCII ENCC'DEFT

!  Connect  a wel l - regulated source of  S-vol ts  DC
be tween  P in  1  (+ )  and  P in  Z  ( - ) .  The  supp l y  shou ld  be
capable of  supply ing abou. t  5OO mA.

The Heep Test  Module checks the Keyboard Encoder
ou tpu ts  us ing  LED 's  (L igh t  Em i t t i ng  D iode ' s ) .  Us ing
the output  p ins speci f  ie  d in  the Output  Coding Table,
(page  1  5 )  a  l og i ca l  1  (o r  t r ue )  i s  i nd i ca ted  by  t he
app rop r i a te  LED l i gh t i ng .  A  l og i ca l  O  (o r  f a l se )  i s
indicated by the appropr iate LED nor  l ight ing
Perform your tests us ing the test  procedures a long
wi th the Output  Coding Table.  The output  codes
shou ld  ma tch  up  w i th  t he  LED d i sp lay  l f  you  don ' t  ge t
correct  ind icat ions refer  to  Troubleshoot ing.

Connector Pin ldentif ication

The fol lowing chart  correlates the ASClloutput codes
to pins on the Printed Circui t  Board You can use this
information for connect ing the ASCII Encoder Output
to external equipment.

From
Pin

3
5
7
9
1 1

To
Pin

2 1
L
P
R
U

From
Pin

1 3
1 5
1 7
1 9

To
Pin 20

2 1
7
T
7
25
T"
E

ST

J
H
D
C
T
S
N
M
X

B
E
F
K

ASCII PC BOARD
OUTPUT PIN

CODE NUMBER

20
21
22
23
24
25
26
E

ST

ASCI I  PC BOARD
OUTPUT PIN
C O D E  N U M B E R

K
F
E
B
U
R
P
L

2 1

1 2
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BLUE
JUMPERS (4}

I
I

RED
JUMPERS (5)

+ 5 . 0  V D C

I E D
L ^ . , ^

S C H E X I A I I C  D I A G R A A I

NOTE: Be sure to coat the t ip of your
soldering iron with a layer of melted
solder before soldering the component
leads and wires to the connector
terminals.

l 8 0 a

180  c l

180 s ,

180 s l

t 8 0  0

180 s ,

180 s ,

1 8 0  0

FIGURE 4 .  HEEP TEST MODULE

13



TEST PROCEDURE

1. Instal l  the Heep Test Module on the Printed
Circui t  Board.

2. Connect +S-volt DC power to pin 1 of test
module connector.

3. Connect ground return to pin Z of test
modu le .

4. Perform test using Output Code Table and
observe test module LED indicat ions. The
fol lowing is a descr ipt ion and explanat ion on
how to use the table and how to interpret the
test module indicat ions.

Looking at the Output Coding Table, you see there are
two separate groups of output coding ident i f ied as
NORMAL and SHIFT. These are two separate tests.
First ,  you check the output codes of the Encoder in
the NORMAL mode (not in SHIFT LOCK). After
complet ing the NORMAL mode checks, depress the
SHIFT LOCK key and check the output codes of the
Encoder in the SHIFT mode.

The Heep Test module has nine LED's. With the
keyboard toward you, let 's ident i fy the LED's.
Start ing on the lef t  going to the r ight,  the LED's are as
fol lows:

A. The f  i rst  LED l ights when a key is pressed and
stays on unt i l  you release the key at which
t ime the LED goes off  (not l ighted).

B. The next LED monitors and represents E
output codes and l ights when E output code

. is 1 and does not l ight when E output code is
o.

C. The next  LED moni tors and represents 26
output  codes,

D.  the next  moni tors and represents 25 output
codes,

E.  the next  moni tors and represents 2a output
codes,

@
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F. the next  moni tors and represents 23 output
codes,

G. the next  moni tors and represents 22,
H.  the next  moni tors and represents 21,
L the next  moni tors and represents 20

For an example,  le t 's  press the f i rs t  key (ESC).  Note
that  according to Output  Coding Table that  E output  is
O ,  2 6  i s  1 ,  2 5  i s  1 , 2 a  i s  1 , 2 3  i S  1 , 2 2 i s  1 , 2 '  i s  1  a n d  2 0  i s
0.  When you press the key ESC, the f i rs t  LED on the
Heep Test  Module should l ight .  Release the key and
the f i rs t  l ight  should go of f .

Now check to see i f  the output  code is  correct .  Do th is
by  check ing  the  LED 's  aga ins t  t he  Ou tpu t  Cod ing
Table.  You should have the next  (second f rom lef t )
LED of f  (E) ,  the next  s ix  LED's on and the last  ( far
r ight)  LED of f .

5 .  Per form NORMAL mode test .  Wi th the
keyboard in  NORMAL (press and re lease
SHIFT  to  ensu re  t ha t  keyboa rd  i s  no t  i n  SHIFT
LOCK)dep ress  the  keys  one  a t  a  t ime  as  ca l l ed
out  in  the Output  Coding Table.  Ver i fy  the
output  codes f rom the Heep Test  Module by
checking against  the Output  Coding Table

6.  Per form SHIFT mode test .  Depress the
SHIFT LOCK key and re lease.  You are now in
SHIFT mode Depress the keys one at  a t ime as
cal led out  in  the Output  Coding Table.  Check
the output  code response as cal led out  in  the
table and as indrcated by the LED's of  the Heep
Test  Module.

7.  Press SHIFT key and re lease.  This takes you
out  of  sh i f t  mode.

8.  Disconnect  the +S-vol t  DC power f  rom pin 1
of  Heep Test  Module.

9.  Disconnect  the ground return f rom pin Z of
the Heep Test  Module.

10.  Remove the Heep Test  Module f rom the
Pr inted Circui t  Board.

i
I

l
I

1 4
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OUTPUT CODING TABLE

The  OUTPUT CODING TABLE i s  d i v i ded  i n to  two  ma jo r  sec t i ons  -  NORMAL and  SHIFT  In  NORMAL,  t he
le f t - hand  co lumn  l i s t s  t he  l ower  case  symbo ls  o f  t he  keyboa rd .  I n  SHIFT ,  t he  l e f t - hand  co lumn  l i s t s  t he  marked
upper case symbols of  the keyboard or  unmarked symbol  abbreviat ions of  the ASCII  Code.  Unmarked symbol
abb rev ia t i ons  a re  p receded  by  an  as te r i sk  ( * )  i n  t he  SYMBOL co lumn  and  a re  exp la ined  fo l l ow ing  th i s  t ab le .  The
O U T P U T  C O D E  c o l u m n s  a r e  s u b - d i v i d e d  i n t o  8  s e c t i o n s  -  t h e s e  b e i n g  E ,  2 6 , 2 5 , 2 4 , 2 3 , 2 2 , 2 1 ,  a n d  2 0 .  T h i s
div is ion is  ind icat ive of  the encoder outDUt b i ts .  tses ide each svmbol  is  the ASCII  code for  that  svmbol .  The
r i gh t -hand  co lumns  l i s t  t he  equ i va len t  hexadec ima l  number .

@

I

h

 ,l

N O R M A L

S Y M B O L OUTPUT CODE H E X

E 26 25 24 2 3 22 2 1 20

ESC q 1 1 1 1 1 1 o 7E

1 Or o 1 1 o o o 1 J I

2 c o 1 I
I 0 o 1 o 32

J o o 1 1 o o a
I 1 3 3

4 o o 1 1 o I o o 34

5 0 o 1 o I o 3 5

6 o o 1 1 o 1 1 o 36

-l o o 1 1 o I
I 1 I 3 l

8 o 1 1 o o o 38

o o o 1 1 1 o o 1 39

o jo o 1 1 o o o o 30

0 o 1 o I
I 1 o 1 2 D

o o 1 1 0 1 o 3A

o 1 o 1 I 1 o 5 E

BACK SPACE
\q 0 o o ,| o o 0 08

BREAK 1 o o 0 o o o o o0

TAB o o o o 1 o o 1 o9

S H I F T

S Y M B O L OUTPUT CODE H E X

E 26 25 24 23 22 2 1 20

o o 1 o 1 1 1 0 2E

o 1 o o o o 1 2 1

o o 1 0 o o 1 o 22

U o 1 o n o 1 1 2 3

s a o 1 o o 1 o o 24

o/
/o 0 0 1 o o 1 n 1

& o 1 o o 1 1 o 2 6

o O 1 o I 1
I

,l 2 7

( 0 o 1 o 1 0 o o 28

o o I o 1 o o 1 2 9

* SPACE o 0 1 0 0 o o o 20

o o 1 1 1 1 o 1 3D

* :1. 0 0 1 0 1 o 1 0 2A

SO o 0 0 o 1 1 1 o OE

* B S o o o 0 1 o o 0 08

1 1 1 o o o o o 60

*HT 0 o o o 1 o o 1 09

1 5
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SHIFT

S Y M B O L OUTPUT CODE H E X

E 26 2s 24 23 22 2 1 20

*  SOH o o o o o o o 1 o1

*  B E L o o o o o 1 1 1 07

*  ENO o o o o o 1 o 1 o5

* STX 0 o o o 0 o 1 o o2

* EOT 0 o 0 o 0 1 o 0 o4

HT o o o o 1 o o 1 o9

*  ENO o o o o o 1 o 1 o5

HT 0 o o o 1 o o 1 o9

*s l o 0 o 0 1 1 1 1 OF

N U L o o o o o o o oo
* 'y'T o o o o 1 o 1 1 OB

* F F 0 o o o I 1 o o OC

* L F 0 o o o 1 o 1 o OA

0 o 1 o 1 1 1 1 2F

* soH 1 o o o o o o 1 01

*  S O H o o o o o o o 1 o1

ETX o 0 0 o 0 o 1 1 03

EOT 0 o o o o 1 o o o4

* ACK 0 o 0 o 0 I 1 o 06

B E L 0 0 o 0 o 1 1 1 07

*BS 0 o o o 1 o o o 08

LF o o o o 1 o 1 0 OA

+ V T o o o o 1 o 1 1 OB

N O R M A L

S Y M B O L OUTPUT CODE H E X

E 26 25 24 23 22 2 1 20

o o 1 o 1 o o o 1 5 1

W o 'l o 1 o 1 1 1 5 7

E o 1 0 o o 1 o 1 45

R o 1 o 1 o o 1 o 5 2

T o 1 o 1 o 1 0 o 54

o 1 o 1 1 o 0 1 5 9

U o 1 o 1 o 1 o 1 55

o 1 o o 1 o o 1 49

o o 1 o 0 1 1 1 1 4F

P o 1 o 1 o o o o 50

t o 1 o 1 1 o 1 'l 5B

o 1 o 1 1 1 o o 5C

LINE FEED o o o o 1 o 1 o OA

DELETE 0 1 1 1 1 1 1 1 7 F

CTRL 1 0 o o 0 o 0 1 o1

A o 1 o o o o o 1 4 1

S o 1 o 1 o 0 1 1 53

D o o o o 1 o o 44

F 0 1 0 0 o 1 1 o 46

G 0 1 0 0 0 1 1 1 47

H o 1 o o 1 o o o 48

J o 1 0 o 1 o 1 0 4A

K 0 1 0 o 1 o 1 1 48

1 6
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, l
I

lo

S H I F T

S Y M B O L OUTPUT CODE H E X

E 26 25 2', 23 22 2 1 20

* F F o o o o 1 1 o o oc

T o o I o 1 o 1 1 2 8

o 1 1 o o 0 o o 60

CR o o o 0 1 1 0 1 OD

* srx 1 0 o o 0 0 1 o o2
- ETX 1 n U o o 1 1 o3
* EOT 1 o o o o 1 o o o4

LF o o o o 1 U 1 o OA

* B S o o o o I o 0 o o8

ETX o o o 0 n o 1 1 03

ACK o 0 o 0 o 1 1 o 06

* STX o o o 0 o 0 1 o UZ

*so o 0 o o 'l 1 1 0 OE

C R 0 o o 0 1 1 o 1 OD

o o 1 1 1 1 o 0 3C

o o 1 1 1 1 1 0 3E

7 o o I 1 1 1 1 1 3F

*  N U L o o o o o 0 U U oo

*  ENO 1 0 0 0 0 1 0 1 05

N O R M A L

SYMBOL OUTPUT CODE H E X

E 26 25 24 23 22 21 2(

L o 1 o 0 1 1 o o 4C

o 0 1 1 1 o 1 1 3B

@ o 1 o o o o 0 0 40

l 0 1 1 1 1 o 1 5 D

CLEAR 1 o 0 o o o 1 0 o2

H E R E  I S 1 o o n 0 o I 1 o3

L BLANK "l o 0 0 0 1 o o o4

Z o 1 o 1 I o o 5A

X o I o 1 I o o o 58

\- o 1 0 o 0 o 1 1 43

V o 1 o "l o 1 1 o 56

B n 1 o o o o 1 o 42

N 0 'l 0 o 1 1 1 o 4E

M U 1 o o I 1 o 1
I 4D

0 0 1 o 1 1 o o 2C

o o 1 o 1 1 1 0 2 E

0 o 1 0 1 1 1 1 2 F

SPACE 0 o 1 o o tJ o 20

R BLANK 1 o 0 o o 1 o 1 o5

1 7
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OUTPUT CODING TABLE

The following is a definition of symbol abbreviations of ASCII code in the SHIFT mode of the OUTPUT CODING
TABLE. Physical ly the keys are not ident i f ied as such. They are the same keys that are used in the NORMAL
mode. NORMAL mode key labels are noted in bold face type.

ESC = ESCAPE

n SO = SHIFT OUT

BACK SPACE BS = BACK SPACE

TAB HT = HORIZONTAL TAB

O, CTRL, A SOH=STARTOFHEADING

W. G BEL = RINGS THE BELL

R BLANK,  E ,  U ENO = ENOUIRY

B.R, CLEAR STX = START OF TEXT

HERE lS, C, S ETX = END OF TEXT

L BLANK, T, D EOT = END OF TRANSMISSION

O Sl  =  SHIFT lN

( S P A C E I  P  N U L = N U L L

[ , K  W = V E R T I C A L T A B

/, L FF = |ORM FEED TO TOP OF

NEXT PAGE

Z, LINE FEED, J LF = LIVE FEED

V , F  A C K = A C K N O W L E D G E

M, ]  CR = CARRIAGE RETURN To

NOTES: 1. Left and right SHIFT, SHIFT LOCK and REPEAT keys are only used for internal control of logic
circui ts.  No output codes are avai lable.

2. Key n actually outputs I eSCtt coding..
3. The following six keys do not have an ASCII coding: BREAK, CTRL, CLEAR, HERE lS and two

unmarked keys. These keys may be used as control keys for external f unctions. Refer to How to
Use E Output in the Theory of Operation section.
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TROUBLESHOOTING

Negative or False ASCII:

lf you checked your Keyboard Encoder by connecting
it to a TV typewriter and typed RADIO SHACK and
obtain the fol lowing W display: -) i  60*,7) <4
instead of RADIO SHACK, trouble exists between the
Encoder and the equipment i t  is connected to.
Incorrect data such as this indicates that the Encoder
is supplying typed data into a system that isdesigned
to accept ASCII in a code opposite of that which you
have connected into it. Notice that the Encoder
provides both true and false ASCII data. lf the typed
words are displayed l ike symbol ic newsprint  cursing,
then you confused your outputs. The ASCII code for
the let ter A is 1O0 OOO1 (HEX 41 ).  This is in true form.
Some systems require a false statement. A "false" A
is in code 01 1 1 1 1O, or HEX 3E. l f  you press the keyA
and a " >" is printed, then you have reversed the
ASCII statement.  Al l  ASCII output pins are marked.
For example ,20 or F, or 25 or 2d. The symbolfor true
ASCII outputs is a number 2 with a power exponent
that does not have a bar over it. In other words, 20 is a
true statement. A false statement is shown with a
bar. 26 is a false statement. The output coding chart
shows true ASCll. lf you want to know what the false
ASCII code is,  change al l  1 's to 0's and al lO'sto 1 's.  l f
the system requires false ASCII data, use outputs
with a bar over it. lf the system requires true ASCII
data, use outputs without a bar. For false ASCII data,
use connector pins L, P, R, U, B, E, F and K. For true
ASCII data use connector pins M, N, S, T, C, D, H, and
J .

Construction Problems:

lf you have problems with the Encoder and you know
it is connected to the system properly and the proper
code source is selected, then you must troubleshoot
the Encoder.  First  ensure that al l  integrated circui ts
( lC's) are instal led properly.  Pin 1 of al l  lC's are
positioned to the left when viewed with the keyboard
toward you.

Second. ensure each lC is in i ts proper mounting
place. lt 's easy to install a RS74OO in the RS74O2
posit ion. They look the same and only their  part
n u m bers are different. I n other words, make sure that
27 is in Z7's place and not somewhere else. Note on
the Schematic that Z1 looks exact ly l ike 213 or 22.
They even have the same functional pin outputs.

ASiCII ENGC,EIEFI

Looking at the lC list at the bottom of the schematic,
no te  tha t  z1  is  l i s ted  as  RS74H103,  and 22and213
are l isted as RS7473. l f  you instal la RS7473 intoZl ' ,s
place, the ST (strobe) output will not operate
correctly. Do not substitute a Rs7473 for a
RS74Hl O3. l t 's al l  r ight to put a RS74H103inZ2or
23 posit ion, but don' t  put a RS7473 in place ot Z1l

Third, check that C2 and C3 capacitors are instal led
correctly. capacitor c3 forms the systems master
oscillator, while C2 performs a power-up clear
function. Note that the two Tantalum capacitors (C2
and C3) have a color dot on them. When facing the
dot,  the posit ive terminal is on the r ight s ide of the
capacitor. These capacitors are electrolytic and must
be properly installed.

Fourth, check for solder bridges or shorts between lC
pins (an easy place for a short to form) or shorts
between copper runs. Check for cold solder joints. A
cold solder joint is the most common soldering
problem. Sometimes the joint  feels strong, but
electr ical ly they are dead or open. A cold solder joint
is usual ly dul l  gray in color and grainy. A good joint  is
br ight and shiny. A cold solder is due to applying
solder to the soldering i ron rather than the junct ion.
The solder f lows off  the t ip and surrounds the
component lead on i ts pad. Since the lead and pad are
not up to soldering temperature, the solder cools
quickly and gives a bad, ugly joint. The opposite of a
cold solder joint is a burnt or broken printed circuit
run. The copper on a Printed Circuit Board is applied
by heat and heat can take i t  r ight of f  again. The ASCII
Encoder Project Board is double-sided, with
plated-through holes. Note there are copper runs and
pads on both sides of the board. lt is not necessary to
apply solder to components on the top (component)
side of the board. Solder components on one side of
the board only. Each hole has copper plating
comple te ly  th rough i t  and makes e lec t r i ca l
connection on both sides of the boa rd. Excessive heat
can lift a pad, breaking its plating and, therefore.
openi ng part of the ci rcuit not visible to you. lf you f ind
that a hole has opened, repair it. Suck out all the
solder in the hole and insert  a f ine piece of wire al l the
way through the hole. lf an lC or the keyboard is on
the otherside, push wire into the hole as far as i t  wi l l
go. Leave a 1" tai l  on the wire on the back side and
apply solder to the wire and the lead. Melt the solder
on both the wire and the component lead. Capillary
act ion wi l l  suck the solder upthrough the hole. When
the solder has cooled lay the free end of the wire on
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the broken copper run or the pad and solder it. Cut off
the excess wire. Once you have confirmed that you
have repaired the hole, protect the wire and loose run
or the pad with epoxy or some non-conductive
cement or glue.

Step-by-Step Troubleshooting :

There are four main steps in troubleshoot ing:

Step 1. Veri fy the problem.
Step 2. lsolate the problem.
Step 3. lsolate the component.
Step 4. Repair  the problem.

Step 1. Verify the Problem. Step 1 is easy. You
have been doing just that.  Now that you know the
problem exists and is real, move to step 2.

Step 2. lsolate the problem. To isolate the
problem you must know the system. Read the
detailed Theory Of Operation. After you have read it,
read it again and study it. There are seven main
sections to the ASCII Keyboard Encoder. ls the
problem a Scanning problem? ls it a Keyboard
problem? ls it a Key Pressed Detector problem? ls it a
Latch problem? lsolate the section. For an example,
let's say the keyboard is putting out good codes until a
number key is pressed. Press a letter and everything
is f ine, then press a number key and nothing
happens. What 's wrong? l t  can' t  be the Scanner
because the Scanner controls all keys, not just the
letter keys. lt could be that on the keyboard every
number key is bad. Most l ikely the problem is along
the Keyboard l ine marked "c" or anything l ine "c"
feeds. This includes resistor R6, NAND gatesZl 8 and
217. You have now isolated the problem to a logical
area. Now move to step 3.

Step 3. lsolate the component. You must isolate
the component that is causing the problem. Note that
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the colon and semi-colon keys are also on l ine "c" . l f
these keys are pressed and the proper output is
provided, the problem is probably a broken printed
circui t  foi l  path or an open feed-through. l f  the
system is stil l defective, check the Vcc junction of
resistor R6. ls 5 volts present? lf it is. check the other
side of RG for 5 volts. lf 5 volts is here, press a number
key. Did the voltage drop? lf it did. press the rest of the
number keys. lf every number key produces a voltage
change at junct ion "c" of RG when pressed. then the
Keyboard is okay and so is R6. A rare problem is a
shorted resistor R6 or a solder splash which would
not allow the voltage at line "c" to drop. The best way
to check this problem is to use a logic analyzer or
oscilloscope instead of a voltmeter.

Since nothing happens on the output connector
when a number key is pressed, the problem must be
within the Key Pressed Detector. You have
el iminated the Keyboard and R6 as the problem.
What next? Looking at the Schematic you see that the
Key Pressed Detector (21 ) is fed by 218, part of 215
and part  oI  214. Keyboard l ines "a",  "b",  "d",  "e",
"f" and "9" are satisfactory because when keys
associated with these lines are pressed, an output is
produced. This leaves pin 5 of Zl 8. Looking at pin 5 of
218 you f ind that the pin is bent and is not even
soldered! You have isolated the component. Now
move to step 4.

Step 4. Repair the Problem. Step 4 is easy to
implement.  You straighten the pin and careful ly
insert it in the proper hole and solder it. Check to
make sure the encoder works properly now. lf it does,
your work is finished. lf the problem still exists, you
must replace 218 since there is an internal open
wi th in  th is  lC .

The fol lowing chart  wi l l  help you isolate the problems
and specif ic component.

TROUBLESHOOTING CHART

IC MAJOR SECTION PROBABLE CAUSE/ INDICATION

Key pressed detector

Keyboard scanner

z1

z2

Strobe (ST) output never changes states.
Strobe output cycles (repeats)when key pressed.

Outputs never change.
Keyboard not scanned.
Problem with key pressed detector.

1 .
2 .

1 .
2 .
3 .
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IC MAJOR SECTION PROBABLE CAUSE, / INDICATION

23 Keyboard scanner 1
2
3

Outputs never change.
Keyboard not scanned.
Defective board.

24 Output latches 1. The four ASCII output bi ts 20, 21, 22, 23 never change.

Z5 Output latches 1.  The three ASCII  output  b i ts  24,  25,  26 never  change.

ZG Keyboard scanner and encoder 1 .
2 .

Defective board (does not oscil late).
Problems with output bits 25 or f1

27 Keyboard scanner, key pressed
detector, and encoder

1
2
3

Problem with output bits 24 and 26.
Problem with strobe output and repeat.
No output when key pressed.

ZB Encoder ' t .

2 .
Problem wi th output  b i ts  23 or  24.
lncorrect  sh i f t  coding on b i ts  2a or  25

Zg Shift logic 1.  Problem wi th output  b i ts  2a or  26.
2.  Incorrect  sh i f t  coding on output  b i ts  24 or  25.

Z1O Repeat logic, encoder, shift
logic and key pressed detector

1
2
3

No repeat funct ion.
No ST output.
No shift codes.

211 Repeat logic 1 .
2 .

Problem with stobe output.
No repeat funct ion.

212 Kevboard scanner 1. Dead board.
2. One or more columns dead.

213 Sh i f t  log ic 1 . Shift problem.
shift lock problem.2.

214 Key pressed detector, latch
and shif t  logic

1. Problem with key pressed detector.
2. Problem with output latches.
3. Problem with shift logic.

215 Key pressed logic and shif t
logic

1. Problem with key pressed detector.
2. Problem with shi f t  logic.

216 Sh i f t  log ic 1. Problem with shi f t  logic.

Z17 Encoder logic 1. Problem with encoder logic.

Z1 8 Key pressed detector 1. Problem with key pressed detector.

21



THEORY OF OPERATION

The following is a detailed Theory Of Operation of the
ASCII Keyboard Encoder and its associated circuitry.
Refer to the Schematic Diagram and Waveform Chart
whi le reading this Theory.

Scanner

The Scanner circui try is made up of 76,23, 22 and
212. Part of ZG is used as the master oscillator f or the
rest of the system. 23, together wilhZ,2, forms a base
18 counter. Z3 supplies BCD data to Keyboard
Scanner Decoder 212 and generates the four least
signi f icant digi ts of the ASCII code. 22 suppl ies
"housekeeping" pulse trains (signals that contr ibute
to proper operat ion of the system) for use during
Keyboard Disable Time.

Operation of the Scanner circuits is rather straight
forward. 26 osci l latesat approximately 1 kHzwith the
components (c3 and R2) as shown. Looking at the
Waveform Chart,  the pulse train at l ine A is what
could be expected at pin 8 of 26. Inverter,  214 pins 1
and 2, inverts the clock pulse train and it looks like
l ine B on the Waveform Chart.  This pulse train is
applied to z.3, a counter. While Z3 counts from O to
15 ,  i t  appl ies data to 212 and to Ouad Latch 24.The
output l ines of 212 go low for one clock cycle. For
example, pin 1 of 212 goes low during zero t ime as
shown on l ine C of the Waveform Chart.  During the
next clock cycle, pin 2 of 212 goes low as shown on
l ine D of the chart .  Line E on the Waveform Chart
shows the output on pin 17 of 212. The pulses on
212's output labeled D-0 through DTE lread "not DO
through not D15") and specif ical ly the clock (CLK)
t ime during these output pulses are cal led
"Keyboard Scan Time". Notice that outputs O
through 15 are t ied to the Keyboard. During
Keyboard Scan Time, one of these outputs is low
and the Keyboard is being scanned.

As previously mentioned, there is a time when the
Keyboard is not scanned. This housekeeping time is
labeled KEYBOARD DISABLE t ime on the
Waveform Chart. Notice, on the Waveform Chart the
relationship between lines E, F and G. When DT-S
goes back high counter Z3 is in transistion f rom count
15 to count 0. This transi t ion period causes the high
at pin 1 2 of 22, as shown on Waveform Chart tine F.
This pin stays high for one clock cycle. 22pin l2 now
causes 22 pin 9 to go high for one clock cycle which is
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shown on l ine G of the chart .  That t ime when ei ther
22 pin 12 or pin 9 is high is called Keyboard Disable
Time.

Notice that l ine H is high whenever ei therZ2pin 12 or
pin 9 is high. Line H shows the output of 27 pin 11.
During this high logic level,Z3 is commanded to
ignore clock pulses on i ts input,  pin 5. 212 is also
disabled prevent ing any of i ts output pins from going
low during Keyboard Disable Time.

Keyboard and Key Pressed Detector

The Keyboard consists of 63 keys, electrically wired
into a matr ix of 16 columns by 7 rows. The columns
are connected to Keyboard Scanner,212, whi le the
rows are connected to the Keyboard Detector and to
the Row Encoder. The Detector consists of 218 and
21 .The Row Encoder,  which wi l l  be discussed later.
consists of 217.

The operation of the Key Pressed Detector, as its
name implies, detects when a key is pressed on the
Keyboard, and gives an indicat ion to the external
circuitry that new data has been sent to the data
latches.

Each Keyboard circ le on the schematic,  which is a
representation of the Keyboard, consists of a single
pole. s ingle throw, normal ly open switch. One side of
the switch is connected to a column, and therefore
212. The other side of this switch is connected to a
row l ine, and therefore to one of the inputs of 21B.
Whenever a key is pressed. the switch is closed
which makes an elect ical  connect ion from one of
212's outputs toone of the inputs of 218. Since one of
212's outputs is low during Keyboard Scan Time,
tha t  low is  app l ied  toZ18.  A  lowon p ins  2 ,1 ,Sor4ot
218 w i l l  cause a  h igh  a t  p in  6 .  A  low on p ins  13 ,12 ,
1O or  9  o f  218 w i l l cause a  h igh  a t  p in  8 .  S ince  a l l  rows
of the Keyboard are connected to 218. when any key
is pressed. ei ther pin 6 or pin 8 of Zl8wi l l  go high. pin
6 of 218 is connected to pin 8 of 215. Pin 8 of Zl8 is
connected to pin 9 of 215.215 and part of 214 are
connected in such a way that a high is outputted by
214. pin 1O, wheneverZlSoutputs a high. Theaction
of a key pressed (switch closure)places a low at 218's
input as shown on line I of the Waveform Chart. The
result ing high on pin 1O of 214 is shown on l ine J ( the
l ine fabeled "Z1pin 14",which isconnectedtopin 1O
of 2141. The high shown on line J starts the Key
Pressed Detector action.
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Notice f  ine K on the chart .Zl  pin 12 wi l l  go high on
the fal l ing edge of the cTR signal.  This Fl ip-Flop stores
the Key Pressed command until the Keyboard is
disabled during Keyboard Disabled Time. During
this t ime, on the r is ing edge of 22 pin 9, 21 pin 9
stores the K l ine data. This storage is shown on l ine L
of the Waveform Chart.

During the posit ive pulse shown on l ine G, the next
t ime the 6iR signal goes low, Fl ip-Flop 21 pin 12goes
back low. l f  the key is st i l l  pressed during the next
Keyboard Scan Time, 21 pin 12 wi l l  once again go
high. As a matter of  fact,  l ine K wi l l  repeat i tsel f  so
long as the key is held down. But,  not ice that l ine L on
the  char t  i s  s t i l l  h igh .  So long as  the  key  is  he ld  down,
l ine  L  w i l l  s tay  h igh .  The h igh  on  l ine  L ,  causes  the
repeat counter to clear.  l t  a lso causes the "Strobe"
l ine  to  go  h igh  wh ich  remains  h igh  so  long as  the  key
is held down.

When the key is released, during Key Released
Time, Z'l pin 9 goes back low during Keyboard
Disable Time. When this happens, the Strobe l ine
goes back low, and the Keyboard is readied for
another key closure.

Encoder

The last three bits of the ASCII code are encoded by
hardwire logic.  217 forms the encoder for these
bits.  Whenever a key is pressed, a low pulse f  rom212
is  rou ted  toZ lT .Any t ime a  low is  sensed on  the  input
of 217, one or more of i ts outputs wi l l  go high. Not ice
on the schematic that each Keyboard row is labeled
with a lower case let ter.  Find row "a" on the
schematic.  This row has the BACK SPACE. TAB, and
LINE FEED keys connected to i t .  Fol low l ine "a" up
unt i l  i t  ends. Not ice i t  only goes to the Key Pressed
Detector and not to Encoder Z17.fhis means that i f
any key is pressed on the "a" line, the Key Pressed
Detector wi l l  operate as mentioned before, but the
outputs of the Encoder wi l l  not change. l f  you fol low
row "b",  which has the Space Bar and negat ive sign
keys on it, you'll find it too goes to the Key Pressed
Detector,  but i t  a lso goes to 217 pin 10. When any
key  on  the  "b"  l ine  is  p ressed,  a  low pu lse  f  romZl2 is
rou ted  toZ17 p in  10 ,  wh ich  makes p in  8  go  h igh .  The
fol lowing table shows the relat ionship between the
row inputs to the Encoder and the result ing outputs.
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Shift and Shift Lock Circuitry

The Shif t  and Shif t  Lock circui try consists of
Fl ip-Flops 713, part  of  NOR GateZ15, and the Shif t
Modify network consist ing of NAND Gates 28,29,
and Z7 and the other half  of  26. Basical ly Z15 stores
the Shlf t  and Shif t  Lock instruct ions whi le the other
gates mentioned modify the three most signi f icant
bi ts of the ASCII code to give a shi f ted character.
Not ice on the Keyboard that some of the symbols and
numbers have other symbols pr inted one above the
other.  In the normal or unshif ted mode, the code for
the lower number or symbol is pr inted. When an
upper case symbol is needed, a Shift or Shift Lock
operat ion must be performed. The di f ference
between a Shift and Shift Lock is rather minor. To
shif t  a character,  you must hold down the shi f t  key
before or at the same t ime as you press the desired
key. In Shif t  Lock, the shi f t  mode is acruated al l  the
t ime. To unlock the Shif t  Lock, you must press and
release one of the two shift keys.

A Shif t  operat ion occurs when one of the two shif t
keys are pushed down. Not ice that one side of the
shif t  keys are t ied to ground whi le the other side is
tied to Z'14 pin 5. When the key is pressed, pin 5 of
714 goes low which causes pin 6 to go high. The c-lx
pu lse  t ra in  causesZ l3  p in  l2 togoh igh .  P in  1  2s tays
high as long as one of the shi f t  keys is held down. l f
the key is released, pin 1 2 wi l l  go back low. Assuming
the shif t  key is held down, pin 3 of 215 wi l l  be high.
Z1 5 controls the lower gates. When i ts output is high
a normal or unshif ted mode is selected. When i ts
output is low, a shifted mode is selected. Any high on
input of 215 causes i ts output pin,  pin 1, to go low. A
Shif t  operat ion therefore causes 215's output to go
low.

INPUT TO DECODERDECODER {217} OUTPUT
ROW IABEL

a
b
c
d

e
f
g

PIN 6 PIN 8 PIN 12

ooo
0 1 0
0 1 1
1 0 0
1 0 1
" t 1 1
ooo
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In the normal mode, a high out of 215, pin 1, causes
Z9 and Z8 to be disabled. This causes data, listed in
the encoder table, to be routed to the two NAND
Gates, 27 and the other half of 26. The data is then
sent to the three data latches in 25.

In the shifted mode, 215 pin 1 is low, which disables
the three NAND Gates in 21 6. NAND Gates Z9 and Z8
now become active.These three Gates do two major
things. First they decode incoming data. Secondly,
they modify the three higher ASCII bits, if the proper
conditions are met. One Gate will be analyzed to
show you the operation of these Gates. In order for
pin 8 of Z9 to go low, four conditions must be met.
First ,  217 pin 12 must be low. Second,217 pin 8 must
be low. Third, there must be a Shift command.

ASCII ENCC'E EFI

Fourth, one of the keys in the "O" column must be
pressed. Looking at the decoder chart, we find three
rows will be encoded to produce a low on pin 12 and
pin 8 at the same time. The encoder rows are "a" , "d"
and "9". Looking atthe Keyboard Matrix, there is only
one key in the "O" colu-mn that has a shifted
character, that being tfre "d" key. Therefore, when
you press the @ key and a shift (or shift lock)key, you
will meet the four conditions necessary to cause Z9
pin 8 to go low. When this pin goes low, the output at
27 pin 6 and 26 pin 6 will go high. What happens in
terms of code modifying is the three higher orderbits
of the ASCII code for @ (1O0)wi l l  be modif ied to be
the three bi t  code for the "r"  symbol (11O).

The following Table shows row line codes at the latch
inputs during the Normal and Shifted mode.

UNSHTFTED (NORMAL) SHIFTED

27, Pin 6 26, Pin 6 27, Pin 3 27, Pin 6 26, Pin 6 27, Pin 3

*Only during 1 10O through 1 1 1 1 of the 4 least significant bits

**Only during OOOO of the 4 least significant bits
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The shi f t  lock c i rcu i t  modi f ies the codes just  as the
shi f t  funct ion.  The method of  hold ing the shi f t  lock
ins t ruc t i ons  i s  s l i gh t l y  d i f f e ren t  i n  F l i p -F lop  213 .
When  the  "Sh i f t  Lock "  key  i s  p ressed .  F l i p -F lop  213
pin 9 goes h igh.  When the Shi f t  Lock key is  re leased,
p in  9  o f  213  s tays  h igh .  Th i s  F l i p -F lop  s tays  i n  t h i s
state unt i l  one of  the Shi f t  Keys is  pressed At  that
t ime ,  p in  9  w i l l  go  t o  O ,  and  un lock  t he  Sh i f t  f  unc t i on .
No t i ce  t ha t  t he  Sh i f t  Lock  i s  t i ed  t oZ15  i n  t he  same
manner as Shi f t  f  unct ion.  Therefore,  i t  operates the
Sh i f t  c i r cu i t s  i n  t he  same wav .

Repeat  Circui t ry

The Repeat  Circui t ry  counts the number of  Keyboard
scans and pulses the Strobe output  Z1 1 is  a counter
which provides a square wave output  to  Strobe
NAND Gale 27.  The counter  counts 16 Keyboard
scans for  a cyc le of  the st robe output .  l f  the CLK is  set
a t  1  kHz ,  t hen  the  f  r equency  a t  p i n  5  o f  711  i s  55 .5  Hz .
The  f requency  o I211  p in  7  i s  3  47  Hz ,  wh i ch  i s  t he
speci f ied Repeat  rate.

l f  you wish to increase the scan rate,  you can replace
capaci tor  C3 wi th a 1 pF cafac i tor .  You may fur ther
exper iment  wi th other  capaci tor  va lues to sat is fy
you r  i nd i v i dua l  r equ i remen ts .

Output Latches

The Output  Latches,  24 and 25,  s tore the 4 b i t
co lu mn code f  rom 23,  and the 3 b i t  row code f  rom the
Encoder,  to  form the ASCII  Code.  Whenever a kev is
pressed, the Key Pressed Detector sends a pulse to
216  p in  1  .Th i s  pu l se  i s  NANDed  w i th  t he  CLK and  i t  i n

@

FIGURE 5 .  EXTERNAL DECODING
(METHOD 1)
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turn sends a store command to the output  la tches
Whatever  data is  present  at  the "D" inputs of  the
ou tpu t  l a t ches ,  when  i t s  cLK  i npu t  goes  h igh ,  w i l l  be
stored and output ted at  the O and O pins

How to Use E Output

The E output  is  used for  keys that  have no ASCII
coding.  There are s ix  of  these keys;  BREAK, CTRL,
CLEAR, HERE lS and two unmarked keys.  These keys
may be used as contro l  keys for  external  funct ions A
code is  ass igned to these keys to a l low them to be
output ted on the same buss as the ASCII  codes.  The E
output  a l lows external  decoding of  these keys

Two approaches can be used to accompl ish th is  One
method  i s  shown  i n  F igu re  5 .

fhe 7442 receives the least  three s igni f  icant  b i ts  of
the output  la tches f rom the keyboard.  When E goes
low, the 7442 g ives a low on one of  i ts  outputs.  This is
inver ted by one of  the 74O4's and appl ied to one of
the J inputs of  the 7473 f l ip- f lops.  When the key is
re leased,  the ST l ine goes low and sets the Ooutput
of  one of  the f l ip- f lops which in  turn powers some
external  log ic .  l f  we want  to c lear  a l l  o f  the f  l ip- f  lops,
t he  CLEAR key  may  be  p ressed  wh ich  rese ts  a l l o f  t he
7473's when that  kev is  re leased.

Another  method to a l low the E output  to  prov ide
external  decoding of  the keys is  shown in F igure 6.
This method uses the economical  74OO Ouad gates
as  l a t ches  anda74O4  inve r te r  i s  no t  used .  l t  r esponds
to a key immediate ly  s ince the ST keyboard output  is
not  used.

I O  E X I E R N A I .  I U N C I I O N S

FIGURE 6 .  EXTERNAL DECODING
(METHOD 2)

I O  E X I E R N A I .  f U N C T I O N S

R S 7 4 0 / t  1 5 7 1 7 3 R S 7 4 0 0
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