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A television set readout for your micro-
processor has many attractive advantages.
The TV readout is vastly faster, quieter, and
even lighter, than the usual Teletype based
design. Since it is an electronic rather than
mechanical device, less service and main-
tenance are required. Much more data may
be contained on a television screen than on
front panel readouts.

The precise design of the television
driving circuitry (interface) can take on a
considerable number of forms. Some con-
siderations are:

r Number of horizontal characters.
o Number of vertical characters.
o Upper case only, or upper and lower

case text.
o Character generation format:

row or column scan.
5 x 7 dot matrix, T x9 dot matrix
o r?

.  Alphanumer ic  only ,  or  a lphanumer ic
and graphic formats?

o Converted home TV set or commercial
TV monitor?

o Separate TV buffer memory or TV
buffer shared with main memory?

o Shift registers for memory, or pro-
grammable RAM?

o Mul t ip le v ideo pages or  s ingle d isp lay?
. Interlaced scan or non interlaced?
a Hardware or software cursor, or no

cursor?

Rather extensive l ist, isn't it? Understand-
ably, a large number of designs have ap-
peared recently, and many more wil l be
seen. Every design has some advantages,
some d isadvantages.

The 5 k 7 dot television display circuit in

the June 1976 BYTE [pog,  16l  is  an
example of a number of the above design
alternatives. The 5 x 7 dot 25'13 is a rugged,
low cost character generator. The MM5320
is a fairly easy way to generate an interlaced
signal. Programmable random access mem-
ory provides a random and faster screen
update capabil ity compared to the shift
register "TV typewriters" of a few years ago.

Major Features

The te lev is ion d isplay design shown in
this article has several major departures from
previously  publ ished designs.  The June 1976
BYTE article on "A Systems Approach to a
Personal Microprocessor" lpoge 321 stresses
the need to keep various system elements
independent in order to avoid unnecessary
obsolescence. By using a simple parallel
interface and making refresh memory part of
the design,  th is  te lev is ion d isplay achieves
independence from a particular computer
and bus design.  This same display is  a lso
useful in such items as terminals, TV type-
writers, and large computers.

A Motorola MCM6571 L character gen-
erator is used as the heart of the Digital
Group as well as several other video display
systems. This character generator provides a
7 x9 dot matrix character with automatic
character shift for lower case characters such
as g,j,y, etc, which extend below the base
line, making an effective 7 x 13 dot matrix.

Thirty-two characters per l ine by 16 l ines
give a total of 512 characters on the screen.
Endless arguments can result when screen
formats arise. Fhe 32x16 format was
chosen to achieve the clearest and simplest
(hence lowest cost) system. The more char-
acters per l ine, the more television band-
width is required. This system requires a TV
monitor with better than 6 MHz bandwidth.
A system with 64 characters per l ine would
require a ' l2MHz monitor, etc. Since the
system was designed to minimize costs, a
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Number Typo +5V GND

lc l  2102 tO 9
tc2 2102 10 I
l c3  2102 10  9
lc4 2102 10 9
lcs  2102 10  9
lc6  2 ' to2  10  9
tc7 2102 10 9
lc8 74157 16 8
lcg 74193 16 8
f  c10  74193 16  8
lc11 740/ .  14  7
tc12 74193 16 8
lc13 74gO 14 7
tc14 7400 14 7
lc15 74157 16  I
l c16  74193 16  8
tc17 74193 .16 8
l c 1 8  7 4 1 0  1 4  7
rc19 740/. 14 7
lc20 7420 14 7
tc21 74193 16 8
tc22 7430 14 7
fc23 74123 16 8
tc24 74193 16 I
tc25 7430 14 7
tc26 7401 14 7
tc27 74L00 14 7
lc28 74157 16 8
tc29 74193 16 I
rc30  McM6571L 2  13
lc31 74165 16  I
fc32 74193 16 8
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Figure 2: Chorocter generation, composite video output and video timing
choin logic for the TV reqdout design. The output of the TV reodout is the
composite video signol which drives o monitor or modified stondord television
set through o cuxiol cable. The chorocter generation logic consists of a reod
only memory, 1C30, to tronslote choracter potterns into horizontol rows of
dots, ond the shift register, 1C31, which sequences the bit by bit output of
the row of dots. The video timing choin is a series of counters driven by the
5.990 MHz crystol, which cycles through the memory section of figure 1 ond
controls operotion of the display.
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A Note About Construction

The circuit shown in f igures 1 and 2 is
complete, and can be constructed in any well
equipped home hardware laboratory using point to
point soldering. home brew printed circuits. Vector
wiring pencils, or wire wrap as an interconnection
technhue.

For those who wish to take advantage of
construction using a circuit board and a complete
set of electronic parts, Dr Suding's TV readout and
the cassette interface described in his article on
pagB 46 of July BYTE are available in a combined
kit form for $130, postpaid in the USA. Contact
the Digital Group Inc, PO Box 6528, Denwr CO
80206, for information on this product.

For home brewers, the only part wfiich might
b difficult to find in surplus nrarkets is the
Motorola MCM651 7L character generator chip.
This package is available over the counter at rnany
najor electronics trade distributors, lf you are
unable to locate the MCM6517L from such a
sourc€, the paft can be purchased for $20 postpaid

in the USA from the Digital Group.
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home black and white television set can be
easify modified lpoge 20, October 1975
BYTEI and wil l satisfactori ly meet the
6 MHz requirement. Sixteen rows of char-
acters allow use of a non-interlaced sync
system for lower cost. My own preferred TV
dispfay formats are either a 32x 16 char-
acter system or the 80 x24 character for-
mat. However, the 80 horizontal characters
will require an expensive monitor to achieve
the 15 MHz TV bandwidth and crit ical
corner focus req u irements.

The character memory can be of several
formats, but this system uses a self con-
tained programmable memory buffer which
is loaded sequentially from the driving 8 bit
output port of the microprocessor, or an
ASCII keyboard. Some systems permit data
readback from the TV readout system, but a
gteater cost is involved, and a mirror image
buffer in the computer's programmable
memory wil l produce the same result. Use of
programmable random access memory in the
TV readout permits very fast loadings, as
fast as the system can output data. The
typicaf update time for a total of 512
characters is under 5 ms. How far under
5 ms depends on the driving software and
microprocessor used.

Cursors and cursor control may be per-
formed in hardware or software. The ap-
proach of this system is to use software for
the most part, which results in lower cost
hardware. Cursor inserting subroutines are
then used as needed.

So much for system design alternatives.

TV Readout Description

This TV readout consists of f ive inter-
acting sections. They are memory, character
generation, composite video output, video
timing chain, and write address counter. The
memory section (figure 1) consists of seven
2102A-2 or faster 1 K memories. Only one
half of each memory is used, giving a
possibfe storage of 512 seven bit ASCII
characters. The microprocessor, keyboard,
or some attached circuit writes the char-
acters one by one into the 2'lo2s, and then
the TV readout continuously displays these
characters until either more characters are
entered, or the circuit is turned off.

The character generation circuit (see
figure 2) consists of two integrated circuits,
the MCM6571L character generator, 1C30,
and the 74165 shift register used to convert
from parallel to serial. The 6571 takes the
seven bit ASCII character coming from the
memories and outputs 7 dots making up a
character row for each of 13 potential rows
making up each character. The 74165 loads

all 7 dots into its internal memory, and then
outputs these dots one at a time for serial
transmission to a TV set. For more informa-
tion on TV character generators, I would
suggest reading an excellent article by Don
Lancaster in June 1974 Rodio Electronics
ftages 48-52], or the June 1976 BYTE
magazine article by C W Gantt lpoge 161 .

The video output section uses a 7401
open collector NAND gate and a driver
transistor to produce a low impedance com-
posite video signal. The output is around 3 V
peak to peak with about a 112Y horizontal
and vertical sync and blanking pedestal.

The read clock (see figure2) is the source
of master control for the various sections.
Starting from an init ial frequency of
5.990 MHz, a countdown chain of three
7 4'193s (lCs 32, 17 , and 21 ) produce an 8 trrs
horizontal sync when gated by lC1 1a,
lC20a,  lC18b,  lC13c and lCl3d.  A 41 gs
horizontal blanking circuit prevents loss of
characters at the edges of the screen, and is
produced by the gating action of !C14,
lC1 1c, lCl 1f and lCl 3a. The resultant hori-
zontal frequency is 15,598 Hz, somewhat
fower than the standard "1 5,750H2, but
usually only requires trimming horizontal
hold slightly, if at all.

The vertical countdown chain uses three
more  74193s  ( lCs24 ,10  and  12 ) to  ob ta in  a
finaf vertical frequency of 60H2, the same
frequency as the AC line to avoid hum roll
and wobble problems on low cost televi-
s ions.  lCl9b,  lCl9c,  lC19d and lC25 pro-
duce an 820prs vertical sync pulse, lC18a
and f Cl9e detect state 20 of lCl0 and lC'12,
counting l ines 0 to 19 and giving four l ine
periods for vertical retrace. The inverter
lC19f produces a 3.5 ms vertical blanking

Photo 1: A test demon-
strotion of Dr Suding's TV
reodout, shown in schemo-
tic form os figures 1 ond 2.
The test pzttern consists
of the four lines in the
center  which cyc le
through the possible bi-
nory combinations of
chorocters. The d ifferences
in line width between the
top line onrt the other lines
are coused by non-lineor-
ities in the monitor used
for this photogroph.



pulse during states 16 to 19 of the counter
lC10  and  |C12 .

As if these operations weren't enough,
part of the video timing chain, counter 1C24,
te l ls  which of  the 13 l ines in  a character  is
being currently accessed. The counter lC32
keeps track of shift ing and loads the 74165
when the row of 7 dots is available from the
6571.  The 5.990 MHz s ignal  then shi f ts  out
8 dot periods (the 8th one is a horizontal
space between characters) before the next
dot load command occurs. All of these

timings are very crit ical during the design
phase; but since the circuit is digital, the
builder should have no problems, since no
adjustments are needed. The video timing
chain counters develop a 9 bit address that
controfs which of 512 characters is currently
being presented to the 6571 for dot en-
coding. This is routed to memory through
74157 multiplexors |C15, lC28 and lC8
except during write clock time.

I thought you'd never ask about the write
clock. Well, i t controls the entry of the

Figure 3:

Check Out Notes

The TV readout should be assembled according
to your preferences (see "A Note About Construc-
tion"l usirB sockets for all integrated circuits.
These notes suggest a procedure for orderly testing
of the naru TV readout.

1. Power supply. Start checkout after all wiring
has been completed, but before any integrated
circuits have been inserted into sockets. Measure
the resistance between ground and the other
voltage supply pins. A very low resistance indicates
a bad bypass capacitor, a solder bridge, or some
other form of short circuit between the supply
voltage and ground.

2. TTL intograt€d circuits. Insert all the in-
tegrated circuits of the TV readout except the
memories l2102s, lC1 to lC7) and the character
generator (MCM6517, lC30l. Meacrre the resis
tance between the ground and the +5 V supply pin.
noting its value; reverse fie ohmmeter leads and
remeasure. A shorted reading in either direction
indicates a bad integrated circuit, and nearly equal
readings in both directions indicates that at least
one integrated circuit has been plugged in in
re\rerse.

3. Initial power up. Temporarily ground the most
s igni f icant  b i t  input  p in (D7 in f igure 1) ,  ad
connect the video output to a commercial TV
monitor, or a TV set which has been modified to
act as a monitor. Turn on the +5 V power, You
should see 32 white vertical columns on the screen.
(Refer to the "Diagnosis of Ailing Readouts".
section 2, if this does not happen.l Turn off +5 V
power.

Connect up the +12 V and -12 V power sup-
plies, then turn on all power again. Verify the
proper vohages on the MCM6517L socket, lC30:
Pin I strould have -5 V, pin 2 should have +5 V and
pin 3 should have +12 V. Turn off power again.

4. Now plug in the MOS parts: The seven 2102
memory integrated circuits and the MCM6517
character generator read only memory. (The tem-
porary ground jumper for the D7 input, and the
video monitor output are still attached.) Thistime,
when power is turned on, you should see a random
display of 51 2 charasters on the screen. The actual
character at each location is determined by the
chance power on initialization of each bit location,
and cannot be predicted in advance.

5. Testiq: Complete testing is mw possible
under computer control or by using a breadboard
input device. lf you use microprocessor control,

TO 07 STROEE
I N P U T

A test setup for monual verification of the
display. The Schmitt trigger integroted cir-
cuit, a 7413 NAND function, hos an RC
feedback network to cause oscillotions. This
logic oscillator is used to drive the strobe
input continuously, so thot memory will be
filled with o constant charocter pottern if
thot pottern's ASCII code is presented on
input pins D0 to D6.

simply wire the inputs to the TV readout to an
8 bit output port, load the software of listing 1 (if
you have an 8O80 or Z8O; vrite equivalent
programs for other processors if necessary), and
write some simple programs to generate known
data and load that data into the display.

lf it is desired to test the TV display without a
microprocessor, the oscillator of f igure 3 can be
used to drive the input strobe pin, D7. Then
temporarily tie all the other data pins to the +5 V
supply through a 1 k resistor. Verif icat'ron of the
operation of the display can be obtained by
grounding bits D0 through DG of the input {the 1 k
pullup resistors protect the power supply). The
following table gives the characters which should
fill the screen for each case:

'Pin 
to

Ground Charaeter

DO
D 1
D2
D3
D4
D5
D6

]
{w
o

7

Octal
Code

376
375
373
367
357
337 (underscorel
277

22o11

7 4 I 3  S C H M I T T  T R I G G E R
P I N  7 .  G N D
P t N  t 4 - + 5 V



characters from your external source into
the 2lO2 memory bank. Several alternatives
in character entry are possible, yet give the
user a very capable unit, particularly when
using a microprocessor, or even mini, midi,
or maxi processors.

A sequential entry system is uti l ized. A
home reset control signal (denoted "1") isde-

vef oped bV lC22 when it detects all of the 8
input  l ines h igh ("1") .  The wr i te  address
counter of 1C16, lC29 and lC9 is then preset
so that the next character to be entered wil l
result in its being displayed as the top
leftmost character on the screen. The second
character wil l be viewed to the right of the
first,. . . unti l on the 33rd character a new

Table 1 : Choracter grophics, octal codes ond binory codes for the TV readout.

a
n
^l

6
e
!

0
L

I
p

E

o
1l

p
o

U
a
x
v
u)

r O
t-v

+

e

I
:

blan k
I

$
o/o

t
I

I

+

Octal

200
201
202
203
204
20s
206
207
2 ' to
211
2 ' t2
213
214
215
216
2 1 7
220
221
222
223
224
225
226
22t
230
231
232
233
234
235
236
237
240
24'l
242
243
244
245
246
247
250
251
252
253
254
255
2s6
257
260
261
262
263
264
265
266
267
270
2 7 1
2t2
273
274
275
276
277

1 0 0
1 0  0
1 0 0
1 0  0
1 0 0
1 0  0
1 0 0
1 0 0

000
001
0 1 0
01 1
1 0 0
1 0 1
1 1 0
1 1 1

Binary*

10 000 000
1 0 000 001
10 000 010
1 0 0 0 0 0 1 1
10 000 100
10 000 101
1 0 0 0 0  1 1 0
1 0 0 0 0 ' r 1 1
10 001 000
10 001 001
1 0 0 0 1  0 1 0
10 001 01  1
1 0  0 0 1  1 0 0
1 0  0 0 1  1 0 1
1 0 0 0 1  1 1 0
1 0 0 0 1  1 1 1
1 0 0 1 0 0 0 0
1 0  0 1 0  0 0 1
1 0  0 1 0  0 1 0
1 0 0 1 0 0 1 1
1 0  0 1 0  1 0 0

Char

@
A
b

c
D
E
F
u
H
I
J
K
L
M
N
o
P

R
s
T
U

W
X

z
t
1

Octal

300
301
302
303
304
305
306
307
3 1 0
3 1 1
312
3 1 3
3 1 4
3 1 5
3 1 6
3't7
320
32',!
322
323
324
325
326
327
330
331
332
333
334
335
336
337
340
341
342
343
344
345
346
347
350
351
352
353
354
355
356
357
360
361
362
363
3g
365
366
367
370
371
372
373
374
375
376
377

Binary{

000 000
000 001
oo0 01 0
000 01 1
000 100
000 10' l
000 1  10
0 0 0  1 1 1
001 000
001 001
001 010
001 01 1
001 100
001 101
0 0 1  1 1 0
0 0 1  1 1 1
01 0 000
01 0 001
0 1 0 0 1 0
0 1 0 0 1 1
0 1 0  1 0 0
0 1 0  1 0 1
0 1 0  1  1 0
0 1 0 1 1 1
01 1 000
01 1 001
0 1 1  0 1 0
0 1 1  0 1 1
0 1 1  1 0 0
0 1 1  1 0 1
0 1  1  1 1 0
0 1  1  1 1 1
1 00 000
100 001
1 0 0  0 1 0
loo 01 1
100 100
1 0 0  1 0 1
1 0 0  1  1 0
1 0 0  1 1 1
101 000
101 001
1 0 1  0 1 0
1 0 1  0 1 1
101 100
1 0 1  1 0 1
1 0 1  1 1 0
1 0 1  1 1 1
1 1 0 0 0 0
1 1 0 0 0 1
1 1 0 0 1 0
1 1 0 0 1 1
1 1 0  1 0 0
1 1 0  1 0 1
1 1 0  1 1 0
1 1 0  1 1 1
1 1 1  0 0 0
1 1 1  0 0 1' t  1 1  0 1 0
1 1 1  0 1  1
1 1 1  1 0 0
1 1 1  1 0 1
1 1 1  1  1 0
1 1 1  1 1 1

I

1
I

1

1
1
'l

1
1
1
1
1
1
1
1
1
1
1
1'l

1

I

1

1

1 0  0 1 0  1 0 1
1 0  0 1 0  ' t  1 0
1 0 0 1 0 1 1 1

,l

0'l
2
3
4
5
6
7
8

?

10 100 000
10 100 001
1 0  1 0 0  0 1 0
1 0 1 0 0 0 1 1
1 0  1 0 0  1 0 0
1 0  1 0 0  1 0 1
1 0  1 0 0  I  1 0
1 0  1 0 0  1  1 1
10 101 000
1 0  1 0 1  0 0 1
1 0  1 0 1  0 1 0
10 101 01  ' l

1 0  1 0 1  1 0 0
1 0  1 0 1  1 0 1
1 0 1 0 1  1 1 0
1 0  1 0 1  1  1 1
10 1  10  000
1 0  1  1 0  0 0 1
1 0 1 1 0 0 ' t 0
1 0 1 1 0 0 1  1
1 0 1 1 0 1 0 0
1 0  1  1 0  1 0 1
1 0 1 1 0 1 1 0
1 0 1 1 0 1 1 1
1 0 1 1 1  0 0 0
1 0  1 1 1  0 0 1
1 0 1 1 1  0 1 0
1 0  1 1 1  0 1 1
1 0 1 1 1  1 0 0
1 0 1 1 1  1 0 1
1 0  1 1 1  1 1 0
1 0  1 1 1  1 1 1  " H o m e "

a
b
c
o
I

t
s
n

I
k
I
m
n
o
p
q
f

s
t
u

x
v
2
f
L

l)
7

*The low order 7 bits of the binary representation map into the ASC|lgraphics where such graphics are defined.
The high order b i t  is  a lways a "1" value to act  as a strobo in the sof tware of  TVOUT shown in l is t ing 1.
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Diagnosis of Ailing Readouts

1. Troubles - General
. One of the more diff icult troubles to f ind is

an lC pin which was bent under the inte-
grated circuit when it was inserted. Any
unusual pressure when inserting an inte-
grated circuit should be investigated.

r  Check cont inui ty.  Your wir ing should be
correct. lf soldering is used, as in printed
circuit asembly, check to make sure all
joints are in good shape.

o When t roubleshoot ing wi th an osci l loscope
probe, measure from the top side of the
integrated circuit, not the bottom, to elimi-
nate the posibility of being misled by a pin
which is bent under or a defective socket.

. Before ever plugging in any integrated
circuits, always measure the voltages at the
terminals of the display board and at the
power pins of the more expensive integrated
circui ts.  l ike the MCM6571.

o When handling integrated circuits, avoid
static charges. Run your house humidity
high,  and ground yoursel f  by touching a
grounded chasis before touching the inte
gratd circuits.

2. When initially checking out, if no white
columns appear on the screen at step 3, the
following may be a cause of the problem.

r Bad connection between TV output con-
nector pin and TV.

. Temporary jumper from input D7 pin to
ground not connectd.

. Crystal not oscillating. Check for pulses at
p i n  1  o f  1C27 .

. Horizontal countdown chain defective.
Successively measure output at pin 3 of
1C32, lC17 and 1C21. Each should be
progressively lower in f requency.

. Vertical countdown chain defective, As
above, but measure pin 3 of 1C24, lC10 and
1c12.

. Defective video mixer. Look for pulses at
pins 1 and 13 or  1C26.

3. Initial checkout pattern (step 3l is poorly
def ined or  lacking synchronizat ion.  In th is case the
following comments might apply.

o TV could be overloaded by the = 3 V of
video. Cut the level by adding a series
resistor of 10 ohms to see if sync and video
stabilize.

o Check for horizontal and vertical sync and
blanking pulseatconnectorpin 16.  A 75 ohm
load should be attached. The pattern strould
look l ike th is:

lf horizontal sync is defective, check
l C l  1 , 1 C 2 0 ,  l C l S a n d  1 C l 3 .
lf vertical rync is defective, check lC19
and 1C25.
lf horizontal blanking is defective, check
lC l  1 ,  lC l3  and  |C14 .
lf vertical blanking is defective, check
rc19.

4. No characters at step 4 of the checkout
procedure. Look for:

o Missing voltages at the McM6571 (lC30l.
. Defective character generator.
.  Defect ive 74165 (1C31).
r Defective logic signals to and f rom lC30 and

1C31. Al l  inputs and outputs should be
pulsing at valid TTL larels (0 to 0.8 V =

l o w ; 2 t o 5 V = h i s h l .
5. Wrong character(s) in disptay when driving
from computer or manual testing of step 5 in
checkout.

o Miswired or misjumpered input.
. Defective memory lC. Note the bit dif-

ference between the intended character. lCl
is the memory for the Least Signif icant Bit
( LSB I  o f  t he  cha rac te r . . .  and  lC7  i s  t he
Most Signif bant Bit's (MSB) memory.

r  Defect ive 74157(s) ,  lC8,  lC15 and 1C28.
6. "Twinkling" characters on TV. The source of
this problem could be:

r Slow memories.65O ns or faster 2102s must
be used.

r Overheated memories. Access times increase
with heat.

.  Wrong pulse levels at  p in 1 of  74165 ( lC31l .

A base level of about 2.5 V with short
positive and negative going spikes should be
seen.

. Defective character generatbr, 1C30.

. Incorrect timing components on 74123,
tc23.

7. Won't write characters into memory of TV
readout. Look for:

. Missing strobe pulse, or continuous level on
D7 input.

o No wrhe pulse from 74123. Measrre at pin
12 ol 1C23, looking for an = 600 ns nega-
tive going pulse. Connecting the D7 input to
a = 50 kHz TTL clock will permit viewing
on lower cost oscilloscopes,

o Write clock not toggling. With above tem-
porary oscillator inputting to D7, look for
pulses at pin 3 of 1Cl6, lC29 and lC9.

. Oefective memory address multiplexers,
|Cl5, lC28 and lC8.

8. Extraneous characters can be caused by:
o Noise on the input lines to the memory,

particularly on the D7 line, A 22O pF
condenser (C4l is used on D7 to suppress
most noise sources. More or larger con-
densers may be required in extreme cases.
This trouble often shows up as an o appear-
ing on the screen when another port is
addressed.
Data sent to the TV character generator
faster than it can handle. Data must be valid
for 1.5 u5 following the rise of D7 strobe.
Faster data rates can be handled by reducing
the value of the condensers in the 74123
write strobe singleshot. Alternatively, a data
hold loop in your program, consisting of
NOP instructions, can slow the data output
to the readout,
Defective or slow memories. Look at the bit
pattern of the extraneous character to deter-
mine if a single memory is bad in a single or
several data locations.
More bypassing required. Power supply
conditioning is shown in figure 2. Look at
the power supply with a high speed
scope - if excessive voltage glitches are pres-
ent, add capacitance,

b .

c .

d .
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l ine appears, displaying the 33rd character.
Up to 51 2 characters are thus sequentially
entered and displayed. lf a 513th and
following characters are entered, the address
wraps around so that an overwrite condition
results: New characters start appearing at the
top left corner of the screen. The display
address may be reset to the home position at
any time. Screen erase is accomplished either
by loading 512 or  more ASCII  "spaces"
(octal 240) followed by the home reset
(octal 377), or by issuing the home reset
fo l lowed by exact ly  512 ASCII  spaces,  the
latter being preferable.

Memory wr i t ing occurs when the MSB
goes high. The memory address multiplexors
( |Cl5,  1C28,  and lC8) then use the wr i te
address counter to control the memory
address l ines,  in terrupt ing normal  d isp lay
activity. 600 ns later, a 600 ns strobe pulse
writes the new character into memory.

An excellent idea was suggested by Phil
Mork in the Digital Group Clearinghouse Io
uti l ize a parallel logic path to step the write
address counter without writ ing a character.
Using a cycle of 51 1 write address steps, a
blank, 511 write address steps and a non-
blank character ,  a  b l ink ing "pseudo cursor"
effect is obtained without the usual expense
of a number of comparators. This software
"bl ink"  may be easi ly  implemented wi th a
final result indistinguishable from a hard-
ware cursor. The write address stepping logic
consists of lC19a and lC27d which detect
the presence of a "1" in the least significant
b i t  whi le  the most  s igni f icant  b i t  is  held
low. This toggles the write address counter
without f ir ing the 74123 write strobe
( lC23b).  Disable the "pseudo cursor"  when
using a d i rect  keyboard input .  Do th is  by
disconnect ing p in 12 of  lC27 f rom |C19,
and tying pin"l2 to +5 V (logical 1 ).

8080/280 Driving Software

This te lev is ion d isplay can be dr iven by a
microprocessor's 8 bit output port. In the
Digital Group systems, we use port 0 for
this function. Listing 1 shows code for the
routines CLEARTV, SPACE, and TVOUT to
show how the software drivers are designed.

The main subroutine is labeled TVOUT
and is located at (0) 372.The programmer
merely loads the A register with one of the
characters from the l ist in table 1 and calls
the TVOUT subroutine. The codes in table 1
include all the standard upper and lower case
ASCII codes, but have the high order bit of
an 8 bit word set to " 1" . For those
characters in table 1 which have ASCII
graphics, subtracting 2 from the leftmost
d ig i t  wi l l  g ive the equivalent  7 b i t  ASCII

Listing 1 : Utility softwore for driving the TV readout with on 8080 or 280
system. This listing gives the CLEARTV, SPACE ond TVOUT functions, a
totol of 28 bytes. The CLEARTV operation simply homes the disploy, then
writes 512 spaces leoving a blonk screen ond the write address counter
pointing to the upper left corner of the screen. The SPACE subroutine simply
loods a space code into the qccumulator (see toble 1) then follsthrough into
TVOUT. TVOUT simply outputs the value in the accumulator, then clears
the occumulator and outputs all zeros so that the write strobe (D7) is turned
off completing the write operotion. This routine zssumes a lotched output
port.

Split
Oct!l

Addre Oclrl Cod. L.b.l Op. OPeand

076 377 CLEARTV MVI A,377
315 372 <0> CALL WOUT
(x)6 @o Mvl B,o

016 0|o2 MVt C2
3I5  370 <O> CLEAR CALL SPACE
015 DCR C
302 354 <0> JNZ CLEAR
@5 DCR B
302 354 <0> JNZ CLEAR
3 1 1  ' R E T

076 2& SPACE MVI
323 O@ TVOUT OUT
257 XRA
323 0@ OUT
3 1 1  R E T

Ent.y point3:

CLEARTV: Cslled with no parmcton wh.n TV ditploy srorn i. ro bo clear.d cmdotdy md left in
tha "hme" (uppcr left) polit ion. U$3 rogittan A, B and C

SPACE: Cailed whrn s tpre (ASCil (X0, 24O lrqn tabtc t) it to b6 tonr to tio TV dirpt6r.
Utot rogi3ter A.

TVOUT: Util i ty dqtut routin! to tranrter conran$ of A (high ordor bir asmad "1") to ihe TV ditplay
and incrumGnt tho writo addra$ countor. U$s rogirter A as input parsnotor, dostroyt itt vaaus
loaving 0

code (with the high order eighth bit assumed
to be zero).

The instruction at (0) 370 wil l load the
"space" character for you, so to get a space
on the screen, merely call SPACE at address
<0> 370.

Before attempting to write any character
on the screen, the user must know where on
the screen the character wil l appear. A third
included subroutine starting at 1O) 343
called CLEARTV will reset the write address
counter to the home position and clear the
5'12 character screen. The next character
entered after this subroutine wil l appear at
the top leftmost position on the screen.

Conclusion

This te lev is ion d isplay design provides a
versati le and essentially self contained circuit
to provide the key output device of a small
and inexpensive computer system. lt can be
built from scratch in the typical experimen-
ter's laboratory or from a kit provided by
Digital Group. Due to its use of an extended
character set with 127 symbols includ ing
upper and lower case, special characters and
Greek, the display wil l prove quite useful in
a variety of applications.r

A,24
0
A
0

<0> 343
<o> 345
<0> 350
<0> 352
<o> 354
<o> 357
<0> 360
<0> 363
<0> 36.1
<0> 367

<o> 370
<0> 372
<0> 374
<0> 375
<0> 377

Commtary

A := '1, lst up home roser characterl;
writs charactF [rmts wite address] ;

f 
ac '= zooo 1fi1Jffi,r"t$i3,BTir,

wflte ong 3oaca on gen;
C := C - 1 i low ordtr ountl ;
i f not C = 0 then reil6at. the loop;
B :=  B  -  t  lh ighord t roun l l ;
il not B = O thcn reitrate the loop;
return with sqen cl&r, niite addre3s

@untd pointing to home position;
A : = ' ' 

iled one blank character odel ;
(por r0 )  :=  A ;
A := 0 [turns oll srrobe pul* in bir 7l;
(por t0 )  :=  A ;
raturn lrom SPACE or TVOUT;


