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THIS PROJECT, NUMBER 631, FORMS THE FIRST PART OF OUR MPU HOME SYSTEM, THE ENCODER

BOARD PROVIDES FULL ASCII GUTPUT, AND CAN BE USED WITH MOST COMMERGIAL KEYBOARD UNITS.

TO COMMUNICATE WITH A com-
puter you need some sort of input
device and some sort of output
reader. The input unit can be a
series of switches on which you set
up the required code and press a
button to enter each character.
While this is economical in parts it is
not economical in time.

This encoder project is designed
to allow very easy access to the
computer whilst being reasonably
economical. It is very fiexible and
allows for atmost any keyboard to
be used. Control functions can be
activated by a single key if desired
and lower: case letters can be
eliminated at the flick of a switch.

The output from the keyboard is
in the form of a parallel bus and the
data has to be serialised to provide a
universal input which will then
communicate with any computer
designed to work with a teletype.

DESIGN FEATURES

When we first looked at a
keyboard encoder we intended to
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use a single chip device to simplify
design. However, looking at the
devices available and their
limitations (and cost and availabili-
ty) it was decided to compromise
and use the HDO165 keyboard
encoder. This [C has been available
for many years and we use it to
decode the first 4 lines. For the
other three lines we decided to use
discrete components. The eighth
line is not used at this stage (it is
used for a parity check after
serialisation). i

Initially the use of a 16 x 3 matrix
was contemplated. Then we would
use the shift and control keys to get

the other outputs. However, not all,

keys with the same three-line code
(b5, 6, 7) are upper case {or lower
case). Onour keyboard 0 1 ... : ; are
lower case, and = ? are upper case;
yet alt have an output code 3. The
same applies to other rows and the
matrix has thus expanded to 16 x
7. To get the control functions a
control and the function key have to
be pressed simultaneously, which is
inconvenient for commonly-used
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functions (such as space or tline
feed).

Consequently an additional three
lines are used and this atlows any of
the controi functions to be activated
by a single key.

Most VDUs or microcomputer
operating systems cannot handle
lower-case letters and therefore
outputs are provided which can be
linked to ensure that a shift
command is given automatically
when any key from A-Z is pressed.

When connecting to the key-
board we had to decide how to wire
the contacts. The easiest and
neatest way is to use a double-sided
pc board with plated-through holes.
Using such a board it is hard to
solder the other side when it is
against the keyboard!

The alternative, and the
approach we chose, is to link the
underside of the keyboard using
“solderable’”” enamelled wire and
normal hookup wire to the control
card. This takes a little time to wire
but is much cheaper and s
universal. Although we used a
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Fig.1. Circuit diagram of the encoder.
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The Harris HDO165 IC is a 16-line key-
board encoder; if any one of its 16
inputs is taken high (+5V) an output
code appears on the four output lines.
At the same time another output (pin 4)
goes low and another output (pin 24)
goes low to indicate this.

In this project we use this IC to
generate the least significant four bits
(bl, b2, b3, and b4) of the seven bits we
need to represent the complete
character.

To decode the other three bits we
used discrete transistors and CMOS
gates. Each key joins one of the inputs
of the HDO1635 to one of the points 11-
17. If the enable line is low (i.e. 0V) Q14
will be hard on and we will have 5V (less
a little) on the emitter of Q2,3,5.6,7.8
and 13. The input of the HDOI165
appears as a resistor of about 500-600
ohms, to 0V. Therefore connecting (say)
point 14 to point 3, we turn on Q6
giving +5V at its collector and also the
HDO165 gives an output corresponding
to three (0011).

The high output from Q6 gives a high
on the inputs of IC 2/2 and IC3/2 caus-
ing the outputs of these gates to be low.
The other gates, IC1/1, IC2/1 and IC3/1

—How it worlss

have high outputs. If the control or shift
key is not pressed, we have a ‘0’ at the
input of IC4/1 and IC4/2 giving a high
output from these gates and hence a low
output from IC4/3 and 1C4/4. This
enables IC5/1, IC5/3 and IC6. These ICs
are simply electronic switches with a
resistance of either 300 ohms (on) or
infinity (off).

Therefore Q9 will be on as IC2/1 is
high, Q10 will be off as IC2/2 is low and
Q12 will also be off as IC3/2 is low. This
gives a total output of 110 0011 which
represents 63 (hex) or lower case c.

We will leave you to work out the
other combinations. If the shift key is
pressed, IC5/2, IC5/4 and IC6 are
enabled selecting a different code (upper
case C is 43 hex) and if the control key
is pressed, Q10 and 11 are turned on by
IC4/3 and Q9 is controlled by IC1/1 and
IC2/1 (‘control C’ is 03 (hex), represent-
ing ETX).

When a key is pressed the output (pin
4) of the HDO165 goes low and C3 is
discharged via R23." After about 10ms.
the gates IC1/2, 3, which are connected
as a schmitt trigger, operate and the out-

put (IC1/3) goes low. This is coupled via
C4. Q17/18 act as a monostable giving a
negative-going pulse of about 200us
wide. When one key is pressed about
0.4V is developed across R20, not quite
enough to turn on Q15. If a second key
is pressed in a different row, the addi-
tional current in R20 will forward-bias
Q15 which will then turn on Q16. This
holds C3 charged, independent of. the

HDO165. If two keys are pressed in the-

same row on output (pin 24), the

HDO165 detects this and gocs low and -

Q16 is again turned on disabling the
strobe pulse.

If the repeat button is pressed IC7
oscillates at about 10Hz and the pulsing
alternately turns Q16 on and off generat-
ing strobe pulses at about 10 per sec.

The output of Q6 (A-O) and Q17
(P-Z) are diode ORed and if the ‘upper
case only’ link or switch is closed it auto-
matically gives a shift command. For the

control functions additional inputs are-

used in Q1, Q4 and Q12. If the input to
one of these transistors is connected to
one of the HDO165 inputs it still turns
on the transistor associated with it and
also lifts either the control or shift
inputs as required.
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Fig.2. Component overlay of the encoder.

double-sided board for the control
logic we don’'t require plated-
through holes, as both sides can be
easily soldered.

CONSTRUGTION _
Assemble the PCB board with the
aid of the -overlay in Fig 2. When
soldering the components use a
small iron and make sure al/
connections on the component side
are soldered as well as those on the
copper side. The links on the
component side must be insulated
where they cross copper tracks, to
prevent shorting.

Because you have to solder on
both sides of the PCB you cannot
use ICs sockets (unless they are
wire-wrap types). The exception
here is the HDO165 where all

* connections are on the copper side.

Note also that the HDO165 is not
CMOS or MOS and requires no
special handling.

To make wiring easier mark the
keys on the underside of the
keyboard, to indicate what func-
tions they represent. Now using
“'solderable’” enamelled wire join
the points as given in Table 1. The
connection from the control board is
also given and this should be made

CONTROL KEYBOARD
CARD SEQUENCE

0 0 P @ SP
1 1. 0 A
2 2 R B
3. 3 S C
4 4 T D
5 5 E U
6 6 F V
7 7 G w
8 8 H X BS
9 9 | Y TAB
A : J Z LF
B ( ; K ESC
C \oLo,
D — M } CR
E A . N
F DELO /

CONTROL KEYBOARD
CARD SEQUENCE
1 ., 0 9 8 7 6
5 4 3 2 1
12 - ,
13 @
14 L Ol KJ MN
HB GF CDE A
15 AN [
16 DEL
17 P UY TRVX
Z S wWaQ
118 sp
13C BS TAB LF CR
17C ESC
TABLE 1 ETI 631
How to wire up the keyboard

slelesel

ie’ei8ce '
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—Parts List—

Resistors all %2 W 5%

R1-R7 1k

R8-R12 10k

R13 1k

R14-R16 2k2

R17 10k

R18 1M

R19 220 k

R20 82R

R21-R28 10 k

R29 100 k

R30 220 k

R31 100 k

R32 10k

R33 2k2
Capacitors

C1 100 n polyester
Cc2 au7 25 VvV

C3 Tu25v

C4 1n0 polyester
Semiconductors

D1-D3 1N914

Q1-Q8 BC558 or BC108
Q9-a11 BC548 or BC178
Q12-Q14 BC558 or BC108
Q15 BC548 or BC178
Q16 BC558 or BC108
Q17,18 BC178
Integrated Circuits .

IC1 4025 (CMOS)
1C2,3 4002 (CMOS)
1C4 4001 (CMOS)
IC5, 6 4016 (CMOS)
1C7 NES55

1C8 HDQ0165
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using normal
control functions can
between the points given

taking two wires back to the control

hookup wire.” The
be wired

b2 O~—F b2
b3 O~~——4 b3
b4 O——4 b4
b5 O——4 b5
b6 O—F b6
b7 O——4 b7

either by

(Bacofoil,
board/control

etc)
card,

1 f 1 t Q 'soH={DC1
ETI 631 2 e B {R Tx)={oc2
CONTROL BOARD 3 e c X £ 1x){Ce3)
NUL — Null 4 O, o T VA
SOH - Start of Heading
STX — Start of Text 5 5 E Y Wa\w
ETX — End of Text }\I X
EOT - Endof Transmission © 6 F v Ay
ENQ — Enquiry X >|<
ACK — Acknowledge 7 7 G w a\y
BEL — Bell p
BS — Backspace 8 3 H X ae
HT  — Horizontal Tabulation
LF — Line Feed 9 ! Y Waty
VT  — Vertical Tabulation
FF — Form Feed A : J \Z/ LF p{su8
CR — Carriage Return
SO -~ Shift Out B K v )={esc
Sl — Shift In A
DLE — Data Link Escape C , L P }={ s
DC — Device Control
NAK — Negative Acknowledge b - Y] ca}-{ Gs
SYN — Synchronous Idle
ETB ~—~ End of Transmission E N 50 )={ Rs
Block
CAN — Cancel £ P o -~ (0o
EM — End of Medium
SUB — Substitute
ESC — Escape 5 oV
FS — File Separator
GS — Group Separator
RS — Record Separator c CONTROL
us — Unit Separator
sp — Space SH SHIFT
DEL - Delete N

Fig.3. Schematic diagram
showing the connection of the
keyboard.When a key is pressed
the two lines associated with it
are joined,eqg if 'Y’ is pressed
lines 9 and 17 are joined.All

the control functions are shown
although only about 5 or 6 will .
probably be used.

w
L LINK FOR
UPPER
w CASE
@© LETTERS
g ONLY
€
v
mount under the keyboard by

spacing it up slightly. It may be
necessary to have a piece of metal
under the key-
connected to

board or finding the same wire, if
previously used, on the keyboard
and linking across.

We have not described a housing
for the unit as it will probably be
mounted along with the VDU and
UART (possibly under a TV set).

However, the control card can

28

OV. (To prevent 50Hz pickup into
the wiring to the keyboard.) The
effect of this is unwanted outputs
from the strobe or non-operation of
the strobe output.

To supply the unit 5V at 50mA
is needed. To enable the keyboard a

ELECTRONICS TODAY

low (OV) is needed on that input.
The data output are positive logic
ie, "1 is +5V) and the strobe
output is active low.

Connecting the keyboard to a
hex display gives an easy check that
all wiring is correct. The list in Table
1 gives the character the access, the
ASCIl code, and the hex code.
Alternatively 7 LEDs can be con-
nected (cathode to OV) across the
outputs
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ASC I CODE HEX

ACCESS

FUNC
7ION

CODE

OrNMmMIVOrRE PINOOWL

YIS IISI IS TS

OrOrOrOr0O =00 r~0Or
OCr-~rOQC-rO0O0-+-00r
OO0 Frrmrr~O0DO0Orrmrmr

0C000OCO0O0Cr mrerrrere

[=R=j=RoRo=NogaloN=t=NalaN-goN)
0000000000 COODO0

e, -

@IOOOWULOIT X JZE20

OraNmTwOrNOOI<D0OQWL

NDWNLVOLYELINDYOYGOLWY

CrOrO~0rOrOrOroOr
OO0F-rrOO0OrrOO0r- 0O~
COO0OOrrr 0000 Frrer

00000000 rrmre=rr—rwr

. ——

OO0O0O0O00O0O0OO0O0OOOLO

=)
a0ENFD>IX>N—s— (]
R -
FWFFFFFFFFF U
IIIIIIIIIIX T
Ly v

A0LHFI>IX>N—/— (!}

CeraNmenorocodoOoDww

VW OOWWWPWLWWWYLWWYWO

CrO0rOrO0r0rOrOrO -
OOrrO0rrOOr OO0~
CO0Orerrr0000rr—r

CODOOOCOO0~r rmrrrrm

OCOOCDOO0O0O0O0OOO0OO0QOO00
e e ——

- ——————

@< OAWULYUI _-XuZE20

SHIFT

moDuvDowoCc-—x—_Eco

OrNMgvoroodBO0WL

O L L L

OrO0FrOrOrOrO0r~O+0Or~
OO0FreO00r 0000~
OCO000Or re=r0000™rrr—
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o

e

a0k I>IX>N

SHIFT N
SHIFT ]
SHIFT A
DELETE

-
w
QOOrneds»3IX>Nw-- O

TABLE 2

ASC H CODE HEX

ACCESS

FUNC
TION

Sq
9q
4

CrmnmeworoadnODwWL

OCODOOO0OO0CO0O0O0OOODOO0O

OrOrOrO0~0r0OrOrOr
OO0 O0O0FrrO0O0-cOO0~r
COOOrrrrO00O00rrr

00000 OOOrrrr e~ r
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[=X~J=N-FoloN=fotoNojoN=NoNoKalo)

0O0O0ODOO0O0O0OO0O0O0O0O0O0DOO0O

CTRL @
CTRL A
CTRL B
CTRL C
CTRL D
CTRL E
CTRL F
CTRL G
CTRL H
CTRL

CTRL J
CTRL K
CTRL L
CTRL M
CTRL N
CTRL O

NUL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
8s
HT
LF
vT
FF
CR
so
s

OoramoOorondOOO WL

e, ———

OrOrOrOrOrO QO r0Or
OCOr-0Or-rr-rO0F~ OO0~ ™
COOO+re=re-0000r v+ r
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L e e N  ahad
000000 O0OOCOOOOOOC
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el e e e e e v e
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OraNmMetOrordTI0OD WL

NONANNNNNNNNNNNNNN

OrOr0OrOrO0r0ecOrO~
OCOrrOO0" =00 rr~rOQrr—
COQCOrrr 0000 r—r

CO0O0DO0O00Ormrmemmer
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L e e e
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COrrPOrrO00FrcrO0~~
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00000000 rFrrrrer

g VU U
e, -

OCO0O00DOOOO0ODO0O0O0OOO0O

O-NMITNWNODD ..

SHIFT
SHIFT

SHIFT .
SHIFT /

OQr-NMITNORDD ..
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To be continued
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EXPENSIVE THIS (THERE IS NO
ELECTRONICS TODAY

REASON WHY A PRE-ENCODED ASCII KEYBOARD CANNOT BE USED

THESE DAYS. CHILTMEAD, WHO ADVERTISE ELSEWHERE IN THIS
ISSUE HAVE A LIMITED SUPPLY OF SUITABLE UNITS. RING TO GHECK
BROKERS. A THIRD ALTERNATIVE IS TO BUY THE SWITCH UNITS
WITH SYSTEM 68.)

BEFORE ORDERING. ANOTHER NAME TO TRY IS ELECTRONIC
FROM R.S. AND BUILD YOUR OWN.

KEYBOARDS WOULD APPEAR TO BE DIFFICULT TO LAY HANDS ON
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