
Don Lancaster 
Synergetics 

Cheap Video for 
Your Heathkit HS 

Here's a first look at part of Don Lancaster's latest Sams book, Son of Cheap Video. The TV 
6-518 he talks about is a full graphics update of the original TVT-6L we ran in the June 1977 
issue of Kilobaud, is a PA/A kit and is detailed in Lancaster's Cheap Video Cookbook. 

Y
ou'll f i n d  t h i n g s  more chal
l e n g i n g  w h e n  y o u  a d d  

cheap video to an 8080 or  Z-80 
system, compared to the easy 
6500 convers i o n s .  There are 
several new hassles i nvolved 
that wi l l  get i n  your way and 
somehow have to be resolved. 

In most cases, these hassles 
will take extra cod i ng, more 
low-cost ICs and very careful 
attention to your system t iming .  
The bottom l ine i s  t h is: Cheap 
video should go on most any 
8080 or Z-80 system , but i t  w i l l  
take more effort, more code 
and more parts to get com para
ble results.  

Let's see just what these 
hassles are. Fi rst, we'll look at 
an 8080 in general to see what 
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the hardware and software d i f· 
ferences wi l l  be. Then we'l l 
c heck i nto a general-use 80801 
Z-80 adapter t h at goes between 
your com puter and the TVT 
6-518. F ina l ly, we' l l  show you 
t he software you w i l l  need to 
put cheap video on a Heat hkit  
HS.  

We'll assume your system i s  
b u s  or i ented and that your 
cheap video system is  to be a 
p ig gyback add-on to an ex i st
ing RAM plug- in  card. We'll f u r
ther assume the usual 2 M H z  
8080 speed. Your R A M  should  
be fast  enough that it  does not  
use the READY command to 
hold u p  C PU t i me. We' l l  also as
sume your system is big enoug h  
that nonvolat ile s c a n  f i rmware 

2J.t.SEC 

RIGHT WRONG! 

RIGHT WRONG! 

Fig. 1. The HB is a typical 2 MHz 8080A system. Here are the 

waveforms involved in reading a NOP command out of RAM. 
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is more i m portant than m i n i 
miz ing the total words of scan 
cod i n g .  

Be forewarned t hat w h a t  we 
are going to look at has o n l y  
been tested o n  t h e  Benton H ar
bor 50- p i n  bus. Whi le there is no 
obvious reason why you ca n't 
do the same t h i ng on an S-1 00 
bus system or  with a Z-80, we 
have not tr ied it  just  yet, and 
neit her s hould you . . .  u nless 
you have a good triggered scope 
on hand and thoroug h l y  under
stand the 8080 CPU t i m i n g .  

O u r  m a i n  8080 hass les are 
these: 

1 .  The address bus has gar· 
bage on it at t i mes. 
2. The program counter usually 
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can change o nly once every two 

m i c roseconds.  Th i s  is o n l y  h a l f  
as fast as w e  need f o r  a reason
able num ber of cha racters or 
chu n ks on a l i ne. 
3. Cloc k i n g  and t i m i n g  s i g n a l s  
are d i f ferent.  
4. literal tran slat ion of scan 
programs will be far too slow. 

In general, we'll get around 
hassle #1 by latch i n g  and hold· 
ing both address and upstream 
tap data l i nes u s i n g  suit ably 
spaced t i m i n g .  We'll beat #2 by 
add i n g  a "s peed doubling "  c i r
cu it  t hat c reates the illusion of 
a o n ce-per-m i c rosecond pro· 
g ram counter adva n ce. T h i s  i l 
l u s ion w i l l  appear only at t h e  
d i s play memory a n d  then o nly 
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Fig. 2. Minimum 8080A-TVT 6-518 interface is limited to 2 usec 

character or chunk times. 
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la) NORMAL 8080 OPERATION 
DURING A SCAN, ADDRESSES 
ADVANCE ONLY ONCE EVERY 
TWO MICROSECONDS, TOO SLOW 
TO OUTPUT CHARACTERS. 
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lb) A9 SWITCHED 8080 OPCRATION 
DURING A SCAN, 500 KHz CLOCK ON 
A9 LINE PRODUCES NEW ADDRESS 
EACH MICROSECOND t CHARACTERS 
OUTPUT AT PROPER RATE. 

Fig. 3. A stock 8080 system can't change display memory ad

dresses each microsecond. Here's how to use A9 switching for 

speedup. 

d u r i n g  a TVT scan.  Everyt h i n g  
e l s e  stays the u s u a l  s peed .  
H a s s l e  # 3  goes away w h e n  w e  
solve #2. F ina l ly, we c a n  get 
s c a n  s o f t w a r e  t h a t  is f a s t  
enough b y  u s i n g  t h e  powerful  
reg ister-to-reg i ster commands 
of the SOSO or  by using brute 
force (al l  ROM ,  non-mod i fying)  
cod i n g .  

O n  to the f i n e  pr int .  

Hardware 
S u p pose we have a normal,  

fu nctional HS execut i n g  a stri ng 
of n o  operations (NOP) from a 
p l ug-In RAM card. What w i l l  
t h i s  t i m i n g  look l i ke? H ow can 
we tr ick the H S  Into using the 
same sort of t i m i n g-with add
o ns-to run a TVT 6-51S? Fig: 1 
g ives us some clues. 

Execut ion of a NOP takes 
two m i c rosec o n d s  (act u a l ly,  
slig htly less t h a n  t h i s  on the 
HS).  Fou r  CPU states (Fi g .  1 a) ,  
each taki n g  arou n d  h a l f  a mi
c rosecon d ,  are Involved . The 
object of these four states Is to 
put the p rog ram cou n ter o n  the 
address bus,  read an addressed 
memory locat i o n ,  enter It into 
the CPU and then act on t h e  
com mand.  W h e n  the CPU f i n d s  
o u t  the command I s  a NOP, It 
w i l l  spend the t a l l  end of the 
cycle essent ia l ly  doing noth i n g .  

O u r  f i rst h a s s l e  a ppears I n  
F ig .  1 b. W e  s e e  t h at t h e  ad
d ress bus only has the correct 
i n formation on it  t hree-q u arters 
of the t i me. For the rema i n i ng 

q u a rter of the t i me, the address 
b u s  has l n va l l d  I n formation o n  
it .  Now, If we add ress a memory 
with the wro n g  add ress, we w i l l ,  
of course, g et t h e  wrong i n for
mat ion o u t  of t h e  memory.  
Worse st i l l ,  s i nce t h e  memory 
has its own access t i me to con
tend with,  the amount of t i me 
that u seful  i nformat ion comes 
out of the memory i s  even 
shorter than the time the ad
d ress bus i s  valid (F ig .  1 c). So, 
the bad n ews I s  t h at both data 
and add ress h ave all k i n d s  of 
holes In them and don't seem 
d i rect ly usable. 

There a re some system-level 
s i g n a l s  t hat m ay hel p us out of 
t h i s  b i n d .  S i g n a l  OBIN In Fig.  1 d  
determines the t i me when the 
CPU must h ave val id d ata; but 
this s i g n a l  i s  not ava i lable on 
the system b u s  . . .  for a very 
good reason .  Anyone who tr ies 
to use this s i g n a l  wi l l  be cutt ing 
i nto t h e  CPU's own process i n g  
t i m e  a n d  d e g rad i n g  p e r f o r
mance. In stead , two s l g n a l s  are 
derived for bus use. These slg
nals occur early enough so t h at 
e n a b l e s ,  d e c od i n g ,  sett l i n g  
t i mes and s o  o n  are com p l ete 
before the CPU needs val id 
d ata. These signals are cal l ed 
M 1 (Fi g . 1 e) and M E M R  (Fi g .  1 f).  

M1 starts after the add ress is 
val i d  but ends before O BIN. 
M E M R  i nc l u d es both t h e  M 1  
and OBIN t i mes. Unfortuna tely, 

both M1 and MEMR s tart before 

we are sure tha t  the memory Is 

o u tp u t ting va lid da ta. T h e  
theory here I s  t h at output en
ables a n d  b u s  access can take 
place d u r i n g  the same t i me t h at 
the memory Is st i l l  acces s i n g  It
self, so long as everyth ing ends 
u p  stable by t h e  start of OBIN 
t i me. A f i n a l  waveform we w i l l  
f i n d  usef u l  i s  t h e  IJ 2  system 
clock shown In F ig .  1 g . 

The least we can get away 
with and still g et cheap v ideo 
on an SOSO I s  latch i n g  the u pper 
four address l i nes. If we d on't 
do th is ,  a l l  the commands out 
of our TVT Instruct ion d ecoder 
PROM, i n c l u d i n g  t h e  row com
mands and the sync pulses, w i l l  
h ave b i g  h o l e s  c h o p ped i n  
them. 

Fig. 2 shows a m i n i m u m  8080-
to-TVT 6-51S interface. In t h i s  
c i rcuit ,  + 5, grou n d ,  b l a n k i n g ,  
t h e  u pstream tap and the data 
b u s  a re connected i n  the usual  
way.  Address l i nes A 1 2  t h ro u g h  
A1 5 a re con n ected to a l atch 
that c a t c h e s  the v a l i d  ad
d resses. This i s  done o n  the 
leading edge of the memory 
read com m a n d ,  M E M R. 

O u r  c h i p  sel ect output CSO 
i s  shown g o i n g  to a n  AND g ate 
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that g ives U'!l an extema.I nega
t ive l og i c  O R  combi n at i on of 
the old d i splay memory c h i p  
select a n d  the o n e  needed for 
TVT scan n i ng .  A foil  cut  i s  i n
volved h ere. The c h i p  select i n
put, CSI, is shown permanently 
enabled. Depen d i n g  on your de
code PROM, t h i s  c a n  go to a 

TVT enable  switch,  do n ot h i n g  
or be u sed as a n  i nternal  c h i p  
select combi n er, e l i m i n a t i n g  
t h e  external  g a t e  . 

The TVT is only a l l owed to 
g a i n  data b u s  control d u r i n g  a 
scan a n d  t h e n  only  when the 
computer  wants to read it .  To 
do t h i s, we use the computer's 
memory read M E M R  command 
and NANO It  w i t h  t h e  decode 
enable, DEN, to g et a s u itable 
scan enable S EI i n pu t .  

M E M R  a l so g o e s  to t h e  clock 
i n put  of the TVT 6-5/S. But ,  
s i n ce o u r  load command i n  the 
TVT i s  d erived from the falling 

edge of VCL, it is t h e  trailing 

edg e  of M EM R  that loads o u r  
video s h i ft reg i ster. The t i m e  
d ifference of about 750 n ano
seconds g i ves our ch aracter  
generator more t h a n  enough 
time to prod uce a val id output.  

SEl 
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Fig. 4. Speed-doubling 8080A-TVT 6-518 in terface gives 1 usec 
chara cter or chunk times. 
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Now, t h i s  is a q u i c k  and d i rty 
c i rcuit  that you may want to try 
j u st to g et some video out of 
you r  8080 i n  a h u rry. But,  there 
are several problems we st i l l  
have t o  attack t o  get somet h i n g  
good e n o u g h  f o r  f i n a l  system 
use. 

One m i nor hang-u p is  that 
you may on ly  have com ple· 
ments of you r  data bus or ad· 
d ress bus ava i l able. We' l l  soon 
see how to change the cod i n g  
i n  yo u r  S c a n  a n d  D e c o d e  
PROMs to g e t  a round th is .  The 
cod i n g ,  of course, has to be 
changed anyway s i n ce the 8080 
gets a l l  bent out of shape when 
it  receives 6502 com mands.  In· 
verters or i nvert i n g  gates can 
also be used to i nvert bus,  
c l ock, data or control  l i nes as 
needed. 

The big hassle i s  that the 
ch aracter or chunk t i mes w i l l  

b e  two m i c roseco n d s  each,  
rather  t h a n  j u s t one.  T h i s  
means that,  s o  far, even a 32 
character l i ne won't run at nor
mal horizontal  scan freq uen
c i es.  Beat i n g  t h i s  part i c u l a r  
hassle soundly about t h e  head 
and ears i s  the key to pract ical  
cheap video on the 8080. 

But how? 

Speed Doubling 

Via A9 Switching 

We want to get our  �hunk 
and character t i mes down to a 
decent rate of one microsecond. 
We can eit her speed u p  the mi· 
croprocessor or  else do some· 
t h i n g  else that creates the if. 
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Fig. 6. H8 address map. 

lusion of a m i c ro p rocessor 
speed up at the d isp lay memory 
and In the adapter c i rcuits.  

Speedup may be easy for you 
i f  you have a Z-80, provided you r  
d i sp lay memory i s  a l so fast 
enough to not use the R EADY 
command. if you do run faster, 
you probably wou l d  l i ke to l atch 
t h e  u pst ream tap data to make 
s u re you have enough process
i n g  t i m e  for you r  character 
g e n e r a t o r .  W h i l e  a s i m p l e  
speed u p  w i l l  work I n  some sys
tems, there Is a much better 
way cal led A9 switching. 

The object of A9 switch i n g  is 
to c reate the illusion of a once
per-m icrosecond add ress ad
va nce at the d i sp lay memory. 
F ig .  3 g i ves us deta i l s  on how 
t h i s  works. We break our most 
s i g n i f icant d isp lay space ad
d ress l i n e  and con nect it to a 
caref u l ly t i med 500 kHz square 
wave d u ring a scan. For a 1 6  x 

64 or a 1 2  x 80 a lphanumeric 
d i s p l ay, this w i l l  be add ress l i n e  
A9. 

Now, a 500 kHz square wave 
is low for one m i c rosecond and 
h i g h  for another  one. Wh i l e  a l l  
t h e  reg u l a r  add resses below A9 
are chan g i ng at thei r usual  two
m i c rosecond rate, A9 i s  busy 
add ressi n g  one character or 
c h u n k  location on the f i rst mi
crosecond and a nother loca
tion on the second.  Thus, we 
g et characters or c h u n ks out of 
our d isp lay memory at a one
per-microseco nd speed. 

But why on earth use A9? 
Wou l d n 't it be s impler  to use AO 
i n stead? If we do th is ,  we wou ld 
have to add an add ress m u l t i 
p lexer to al l  i n puts of the d i s
p lay memory-a 1 0-poie double 
t h row switch or its Tri-state 
equ ivalent.  Th is  is obviously 
somet h i n g  we want to avo id i f  
we are p iggybacki ng vi deo onto 
an exist i n g  memory card. All  A9 
switch i n g  takes a s i n g l e  fo i l  cut 
and some add-on wires to the 
memory card. 

There is  a catch.  It is  a "yeah· 
but" rather t h a n  a "gotcha." 
The characters and chunks a re 

no longer in the display mem

ory in sequential order if you 

use A9 switching. So, you r  c u r
sor or control l i n g  loader soft
ware has to have a few words 
added to com p lement A9 each 
successive locat ion.  

2�SEC 

{a) CPU STATE 

( b) ADDRESS BUS WRONG! RIGHT WRONG! I 

le) DISPLAY RAM WRONG! RIGHT WRONG! 

(d) MEMR 

If) 01 --,'---+---'At_•O'----' 

(9) on 

(I) SET II 

u u u----1-- l�SEC --.of 

Fig. 5. Speed-doubling waveforms. 

For i n stance, say you r d i s
p lay memory starts at 000 000. 
The next character or c h u n k  
wi l l  be a t  002 000. Y o u r  charac
ters w i l l  fol low in t h i s  order: 

1st character 000 000 
2nd character 002 000 
3rd character 000 001 

4th character 002 001 

5th character 000 002 

6th character 002 002 

1022nd character 003 376 

1023rd character 001 377 

1024th character 003 377 

T h i s  s e e m s  aw f u l ,  b u t  i t  
works. A n d  it  i s  a s i m p l e  way t o  
d o u b l e  t h e  a p parent memory 
access speed of an 8080 so we 
can get i n format ion out of RAM 
o n ce per m i c roseco nd u n der 
block access. And al l  it  takes to 
do the job is some simple hard· 
ware between computer and 
TVT, a few software words and 
one extra foi l  cut on the mem
ory. The hardware i n volved i s  
shown i n  Fig .  4, a long w i t h  t h e  
t i m i n g  d eta i l s  of Fig.  5 .  

Two n ew 0- f l l p - f l o p s  are 
added to our interface. The fi rst 
delays and expands the M E M R  
s ignal  t o  g ive u s  a control led 
phase 500 kHz square wave we 
can use for the speed doubl i n g  
A 9  address switch i n g .  T h e  sec
ond d ivides the system clock by 
two and is used to l atch the 
video data and to provide a TVT 
clock.  

Waveforms (a),  (b) ,  (c)  and (d) 

in Fig .  5 are as before. Wave
form (e) is a 02 clock, which has 
to be an i nverted repl ica of the 
H e a t h  b u s  02 c l o c k  s i g n a l .  
Waveform (f) s hows u s  t h e  500 
kHz square wave that results 
when we clock M E M R. S ince 
t h e  clocki ng is del ayed from 
the M E M R  leading edge, the 
f l i p-f lop's output i s  wider than 
M E M R  and i s  al most a micro
second long.  This  results in a 
sq uare wave that is low for one 
m i c rosecond and high for the 
next,  locked to (but fol lowing) 
M EM R. 

T h i s  p a rt i c u l a r  f l i p- f l o p  i s  
o n l y  al lowed t o  r u n  during a 
sca n .  Ot herwise, it is held h i g h  
b y  D E N . T h e  u ppermost two 
gates com bine the old A9 infor
mation with the speed-dou bl i ng 

new A9 signal ,  act ing as a single 
p o l e, d o u b l e  t h row s e l ector 
switch.  Durjng computer t i mes, 
the d i s p l ay memory A9 line Is 
con n ected to t h e  computer.  

Dur ing scan m i c ro i n struct ion 
times,  t h e  disp l ay memory A9 
l i n e  is con nected so it is l ow for 
one

. 
m i c rosecond and h i g h  for 

the next. 
Waveform (g) shows us the 

one megahertz clock we get by 
d iv id ing down 02. This clock is 
u sed to sample and latch the 

d i s p l ay memory output i m medi· 
ately after the data i s  va l id and 
then latch ag a i n  one microsec
ond l ater ,  wel l after the A9 
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( POS IT I VE LOGIC} 

USE FOR T V T  6-�/8 ON AN 8080 SYSTEM WITH INVERTED 

ill, Ali. :wi, AE L I NES. 

CG LINE "2 " !$USED AS GRAPHICS "BLANKING" OUTPUT. 

CG LINE "4" IS USED AS GRAPHICS "UPPER-LOWER" CHUNK 

SELF:cr ovrPvr. 

INPUTS OUTPUTS 
Q8 Q7 Q6 Q5 Q4 Q3 Q2 QI 

... .., 
... j z 

� .. ,. 
WHAT DOES 0 .. "' .. N 
THIS WORD 0 .. � .., .. j 

.. DO? ci. I-
z .. ;;; ... ... ... 
... ... .., z z z 

0 0 :> 
z 

0 ;:: .. :::; :::; :::; 0 0 .. .. " .. :.: ::; :l; 0 ... "' .., .. .. .. 
"' "' .., "' 0 > .., .., .., 

0 NORMAL c• • • D D D D D D 
I VERTICAL SYNC •• • • Cl • D D D D 

2 LINE 1 SCAN 27 Cl D • D D • • • 

3 LINE 6 SCAN 26 DD • D D • • D 
4 L INE 5 SCAN 25 Cl Cl • Cl Cl • Cl • 

5 L INE 4 SCAN 24 Cl Cl • D D • Cl D 

6 LINE 3 SCAN 23 D Cl • D D Cl • • 

7 L INE 2 SCAN 22 Cl D • Cl Cl Cl • Cl 
8 L INE I SCAN 2 1  Cl Cl • D D Cl Cl • 

I- 9 BLAN K SCAN 20 Cl Cl • D D Cl Cl Cl 
;:: 10 NORMAL co • • Cl Cl D Cl Cl Cl 

I I  NORMAL co • • Cl Cl Cl D Cl D 
12 NORMAL co • • Cl D Cl D Cl D 
13 NORMAL co • • Cl Cl D D D D 

14 NORMAL co • • Cl Cl Cl Cl Cl Cl 
15 NORMAL co • • Cl D Cl D D Cl 
16 NORMA'L co • • Cl D D Cl D Cl 
17 NORMAL co • • Cl D Cl D D Cl 
18 NORMAL co • • D Cl Cl D Cl D 

19 NORMAL co • • Cl Cl Cl D D D 
20 NORMAL co • • Cl Cl Cl D DD 

0 21 NORMAL co • • Cl D Cl D Cl Cl ... 
• • Cl D D D D Cl � 22 NORMAL co 

� 23 NORMA.l co • • D D D D Cl D 
0 24 NORMAL co • • Cl D D D Cl D 
I- 25 NORMAL co • • Cl D D D DD 
> 
,_ 26 NORMAL co • • Cl Cl D D do 

27 NORMAL co • • Cl D D D D D 
28 NORMAL co • • Cl D Cl D Cl D 
29 NORMAL co • • Cl D D D Cl D 
30 NORMAL co • • D Cl D D D Cl 
31 NORMAL co • - Cl D Cl D D D 

Fig. 7. Truth table for 8080 Decode PROM ha ving inverted address 

inputs (used on Hea thkit H8). 

change has been accepted. The 
f i rst sam ple g i ves u s  an A9 = 0 

data value, wh i l e  t h e  second 

h a n d l es the A9 = 1 case. The 
TVT's v i d eo s h i ft reg i s t e r  Is 
c locked on the fal l i n g  ed ge of 

this one megahertz clock. Since 
t here Is a one-h al f  m i crosecond 
delay between the leadi n g  and 
tra i l i n g  c l o c k  edges,  enough 
t ime is  a vailable for the charac
t er generator or the d ata-to
video converter to accept the 
latched video data a n d  process 
It. 

Our A9-g e n erat l n g  f l i p-f lop 
automat ical ly  In i t i a l izes Itsel f  
on M E M R  si nce I t  i s  s i m ply de
laying this s ignal .  But the clock
divid i n g  f l ip-flop can be in either 
state at the beginning of a scan 
micro i n st r u ct i o n .  U n l e s s  we 
somehow In i t i a l ize this f l i p-f lop 
to the r i g ht state,  we'l l g et gar
bage out of t h e  d i s p l ay memory 

caused by s a m p l i ng at t h e  

wrong t i mes. 
We I n i t ia l ize this clock-d ivid

ing f l i p-f lop by I nvert i n g  M E M R  
a n d  u s i n g  t h e  lead i ng edge to 
SET the d iv ide f l i p-f lop to t h e  
desired state. Th is  I n i t ia l izat ion 
i s  very I m portant  s i nce t h e  
u s u a l  CALL I n struction preced
i n g  the scan m icroi nstruction 
has a n  odd n u m ber of clock 
cycles I n  i t .  

TVT scan enablin g  a n d  the 
d i s p lay memory c h i p  select i n g  
a r e  d o n e  the s a m e  w a y  as t h e  
s lower i nterface of F i g .  2 .  W e  
e n a b l e  the TVT S c a n  Enable In
put (SEI) only d u r i n g  M EM R  
t i m e  t o  g ive u s  data for a scan 
m i croi nstruction on ly  when it  i s  
cal led f o r  and only when the 
computer  wl l l  a l low data bus 
access.  The d isplay memory 
c h i p  select Is a negative log i c  
O R  of t h e  c o m p u t er's c h i p  
select a n d  t h e  CSO t h at t h e  TVT 
provides. 

Our speed d o u b l i n g  I nterface 
takes two foi l cuts on the mem
ory board-one on the A9 ad
dress l i n e  and one on the c h i p  
select l i ne.  A l l  other con nec
tions are add-o ns d erived f rom 
s ignals  ava i l a ble o n  a typical  
p lug- In  memory card.  F ive low

cost i n teg rated c i rcuits  are i n
volved In th is  part icu lar adapter. 

Software 

Let's  take a look at the PROM 
f i rmware and some of the soft
ware i nvolved in gett i n g  cheap 
video on your 8080A system. 
For right now, we' l l  st ick to the 
older address-map ped and s u b
rout ine-scanned methods we 
used In the Cheap Video Cook

book. M ost l i kely you can s i m
pl i fy  t h i n g s  a great deal  by 
going to the Scungy Video· 
route of break-map p i n g  and I n 
terru pt-scan n i ng .  T h e  stro n g  I n 
p ut/Output commands i n  t h e  
8080A m a k e  t h i s  a very att rac
t ive idea. 

If you use address m a p p i n g ,  

refer to the computer memory 
map shown in F ig .  6. A block of 
addresses from 6K to 60K Is re
served for TVT use when the 
TVT i s  enabled.  O n  the H8,  t h i s  
leaves ttie bottom BK f o r  t h e  
PAM mon i tor a n d  operat i n g  
system and 1 6 K  f o r  enough 
RAM to hold a d i s p l ay memory 
and run Extended BASIC at the 
same t ime.  The u p permost 4 K  
of addresses are also ava i lable 
as n eeded. 

Should you want more ad
dress space for ot her u ses, you 
can use the TVT enable to free 
addresses dur ing non-d i splay 
t i m es. You can also g o  the 
Scu n g y  Video route a n d  use 1/0 
i n struct ions a n d  a paral le l  port 
i n stead of address m a p p i n g  the 
row com mands.  Yet  another al 
ternative Is to use further d e
cod i n g  to activate t h e  TVT o n l y  
dur ing val i d  d i splay memory 
add resses. For I nsta nce, if you 
are o n l y  u s i n g  1 K of d i splay 
memory,  3 K  of a l l  the scan 
blocks can be u sed for other 

• Scungy Video is an alternate method and Is detailed In Chapter 1 of  Son of Cheap Video. 

j 658·HS64 J 
PROM NUMBER 

D•"O" ••"I" 

(POSITIVE LOGIC) 

USE FOR TVT 6·5/8 ON AN 8080 SYSTEM WITH TRUE AO•A7 

LINES AND INVERTED DATA BUS NO REPACKING 

INPUTS OUTPUTS 
Q8 Q7 Q 6  Q5 Q4 Q3 Q2 QI 

... 
WHAT DOES 0 

0 
THIS WORD .., 

.. DO? .. 
0 0 

.. " ... "' "' .. "' N 0 
0 ... .. .. .. .. .. .. iii .. 
"' "' 0 0 0 0 0 0 C> 0 

0 NOP F F  • • • • • • • • 
I NOP FF - • • • • • • • 
2 NOP FF - - - - - - - -
3 NOP FF - - - - - - - -
4 NOP FF - - • - - - • -
5 NOP FF • - - - - - - -
6 NOP FF - - - - - - - -
7 NOP FF - - • - - - • -
8 NOP FF - - - - - - - -
9 NOP FF - - - - - - - -

10 NOP FF • • • - - - - -
I I  NOP FF - - - - - - - -

12 NOP FF - - - - - - - -
1 3  NOP FF - - - - - - - -
14 NOP FF - - - - - - - -
15 NOP FF - - - - - - - -
16 NO P FF - • • - .. - - -
17 NOP FF • - - - - - - -
18 NO P F F  - - - - - - - -
19 NOP FF • • • - ill - - -

20 NOP FF - - • - - - - -
2 1  NOP FF - - - - - - - -
22 NOP FF - • • - - .. - -
2 3  NOP FF • • • • - - - -
24 NOP FF - .,; - - - - - -
25 NOP ff • - • - - - - .. 
26 NOP FF - - - - - - - -
27 NO P FF - - - - - - - -
28 NO P FF - - - - - - - -
2 9  NOP FF • • • - - - • • 

30 NOP FF - • • - - - - • 
3 1  RET 36 D D • • D • • D 

Fig. 8. Truth table for 8080 Scan PROM having no repacking, true 

address inputs a nd inverted da ta outputs. 
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j 658-HSSO I 
PROM NUMBER 

O•"O" • •"1" 
(POSITI V E  LOGIC} 

USE ONLY FOR 80 CHARACTER REPACKED LINES ON AN 8080 
SYSTEM WITH TRUE AO-A7 LINES ANO INVERTED DATA BUS. 

INPUTS OUTPUTS 
Q8 Q7 0 6 0 5  0 4 0 3 02 QI 

WHAT DOES 
... 
0 

THIS WORD 0 

DO? ': .. .. 
0 0 
Q: x ,._ "' ... .. "' "' a; 0 
0 ... m m m m m m m 
;i: :i: 0 0 0 Q Q 0 0 0 

0 NOP FF • • • • • • • • 
I NOP FF • • • • • • • • 
2 NOP FF • • • • • • • • 

,.2 NOP FF • • • • • • • • 
4 ,___ 

NOP FF - - - • • - - -
5 NOP FF • - • • • • • • 
6 NOP FF • • • • • • • • 
7 NOP FF - • • • • • • • 
8 NOP FF • • • • • • • • 
9 NOP FF - • • • • • • • 

10 NOP FF • • • • • • • • 
" R E T  3 6  a a • • D • • D 
12 NOP FF • • • • • • • • 
13 NOP FF • - • • • • • • 
14 NOP FF • • • • • • • • 
15 NOP FF • • • • • • • • 
16 NOP FF • • • • • • • • 
17 NOP FF • • • • • • • • 
18 NOP FF • • • • • • • • 
19 NOP FF • • • - • • • • 

20 NOP FF - • - - • - - • 
21 RET 36 D D • • D • • D 
22 NOP FF • • • • • • • • 
23 NOP FF • • • • • • • • 
24 NOP FF • • • • • • • • 
25 NOP FF • • • • • • • • 
26 NOP FF • • • • • • • • 
27 NOP FF - - • • • - • • 
2 8  N O P  F F  • • • • • • • • 
29 NOP FF • • • • • • • • 
30 NOP FF • • • • • • • • 
31 RET 36 a D • • D • • D 

Fig. 9. Truth table for 80 character 8080 Sca n PROM (true address 
inputs, inverted data outputs). 

purposes if you add suitable 
decoding . 

A q u i c k  look at the HS-3 mem
ory board shows that only some 
of the add ress anc f 

d ata l i nes 
are ava i lable in thei r true form; 
most of them are Inverted . The 
d ata-out buffer on this memory 
card must be d i sabled for the 
u pstream tap n eeded by cheap 
video. Th is  means that the out
put of our  Scan M icro i nstruc
t ion PROM has to d i rectly d rive 
the system data bus and thus 
must output  i n verted (negative 
log lc) data. We also see t hat ad
d ress l i nes A 1 3, A1 4 and A 1 5  
aren't ava i l able except as com
p lements.  The s i m plest way out 
of t h i s  s i t uat ion Is to code our 
Decode PROM to respond d i 
rect ly  to com p l emented ad
d resses. 

F ig .  7 shows us the HS De
cod e PROM t ruth table, 65S
HDS. We iriput l i nes A 1 2, A 1 3, 
A 1 4  and A 1 5, along with a TVT 
enable u s i n g  the old CSI l i ne. 
This PROM outputs code to the 

2S 

row com mands of the charac
ter generator or else routes 
b lank ing and select ion com
mands to a g raphics data-to
v ideo converter. The Decode 
PROM a l so outputs system 
control l i n g  s l g n a l s  DEN,  S EO, 
CSO and the vert i cal sync VRF 
pulses. 

Si nce we are u s i n g  com ple
mented add ress i n puts, t h i s  
P R O M  runs "backward s" f rom 
the earl ier PROMs we looked at. 
The net result  of a "frontwards" 
PROM with true add ress i n puts 
or a "backwards" PROM with  
Inverted address i n puts i s  the 
same. 

Holding the CSI l i ne posit ive 
d i sables the TVT a n d  f rees 
most all add resses for other 
uses. Grou n d i n g  CSI enables 
the TVT sca n n i n g  and reserves 
the needed address blocks for 
TVT use. This part icu lar PROM 
cod i n g  n eeds a n  externa l  AND 
gate for  c h i p  select ion and 
combinat ion.  

There are two types of Sca n 

PROM cod i n g  we m i g h t  l i ke to 
use, depend i n g  on whether we 
are us ing "binary" l i ne lengths 
or are repack i n g  "non-b i nary" 
l i ne lengths for max i m u m  mem
ory eff iciency. Fig. S shows a 
Scan PROM cod i n g  I ntended 
for 64 c h aracter l i n e s ,  b u t  
usable f o r  3 2  c haracter l i nes, 
m o s t  g r a p h i c s  a n d  o t h e r  
lengths without memory re
packi n g .  Th is  is n u m bered 65S
H S64. 

We use a NOP to advance the 
program counter i n  t h e  comput
er and a n  RET cod i n g  to retu rn 
from the cal led scan m i c ro in
struct ion.  S i nce we are output
t ing com plemented d ata, these 
outputs are i nverted. On the H S, 
address l i nes AO through A6 are 
avai lable in true form, so we do 
not have to complement the ad

d ress I n puts. Thus, our  Scan 
PRO Ms run "frontwards" but 
output complemented code. 

We can use the 65S-H SSO 
Scan PROM truth table i n  F ig .  9 
for memory repacked scans of 
80 characters per l i ne, t h ree 
l i nes per page. Once again ,  t h i s  
P R O M  cod i n g  i s  d riven b y  true 
addresses and outputs comple
mentary d ata d i rect ly to the HS 
data bus.  

O u r  address l i nes are con
nected d i fferent ly on an SOSO 
system than on a 6502. Remem
ber that we used every second 

add ress change on the 6502 to 
advance our Scan PROM one 

cou nt. On an SOSO we use every 

address change to advance the 
Scan PROM one cou nt,  but use 
A9 switc h i ng to get  two charac
ters out of memory per one 
Scan PROM cou n t  advance.  
Either way,  the Scan PROM re
sponds to an i n put  address 

ADDRESS 
LINES 

A6 

A 5  � 
A4 

� 
43 

A2 

Al 

AO 

8080 A DA P TER 

change once every two m icro
seconds,  and everyth ing comes 
out even.  

This  means that ,  I n  general 
on an SOSO system, the Scan 
PROM's i n puts are usual ly  con
nected to one address l i n e  less 

than usual  for a 6502 system. 
Fig.  10 s hows o u r  address l i ne 
management for an SOSO adapt

er. It also shows how two new 

switches can be added a long 
with a gate to let you u se e i ther  
a 658-H S64 or a 65S-H SSO Scan 
PROM on an 8080 system with
out needing any rew i r i n g .  

Several examples w i l l  show 
how this address management 
works . 

1. For 32 character l i nes u s i n g  
speed d o u b l i ng,  use P R O M  65S
HS64 a n d  set your switches to 
A4 =

" + ," A5 =
" +" and "32." 

2 .  For 64 character l i nes u s i n g  
speed doubl i ng,  use P R O M  658-
H S64 and set your switches to 
A4 ="A4, "  A5 ="+" and "32. " 
3. For SO c haracter l i nes u s i n g  
speed dou b l i n g  and memory re
pack i n g ,  use PROM 65S-H SSO 
and set your switches to A4 = 

"A4," A5="A5" and "64." 

In  our  f i rst example, the up
per h a l f  of a Scan PROM Is 
cycled t h ro u g h  in 16 counts 
last i n g  32 m icroseconds. In the 
seco n d  exa m p l e ,  t h e  e n t i re 
Scan PROM Is cycled through 
i n  32 counts last i n g  64 m icro
seconds.  In the f i n a l  example, i f  
w e  wanted to, t h e  ent i re Scan 
PROM could be scanned in 32 
counts last i n g  256 microsec
onds.  But with memory repack
ing and A9 switch i n g ,  we only 
use s l i g h t l y  u nder a t h i rd of the 
SO l i ne Scan PROM per scan, 

e n d i n g  u p  with ten counts per 
scan last i ng SO m i c roseconds. 

(A5) 

(A4) 
(64) 

SCAN 

(A3) PROM 

IA2l 

(Al)  

( ) • OLO TYT 6 $/I CALLOUT NOT 
MEANINGFUL IN 1010 SYSTEM 
USE 

TVT 6·!5d8 

Fig. 10. The Sca n PROM address inputs on the TVT 6-518 have to 
be redefined for 8080 use. The gate a nd switches let you run or
dinary or repacked memory PROMs without wire cha nges. 



Your turn: Show the Scan PROM 

truth table a nd switch settings 

for an H8 Sca n of 40 repa cked 

characters per line. 

once every two m i l l i secon ds.  If 
we try to run scan software and 
the front  panel at the same 
t i me, the d i s play wi l l  be bad ly 
torn u p .  So, we can either turn 
the front panel off d ur ing d i s
p l ay t i mes or e lse comb i n e  the 
front  panel  and the video scan 

Front Panel Interaction 

The HS front panel  works by 
i nterru pt ing a ru n n i n g  program 

(a) SCHEMATIC 

V F  

{b) PICTORIAL 

CLK 

LED 
101 

(H·8 FRONT PANEL) 

ICI02 
B 

443·6 

LED 
102 

EJ B 
GND 

·�v 

OISAILE 

. 
NC 

47o @ADD SWITCH 

t--------'@ADD RESISTOR 

LED 
ID3 

Jl... 
160�s 

3 tJ @ ADD 
RESISTOR 

Fig. 1 1 . A switch to temporarily defea t the H8 front pa nel display 

will be useful for TVT debugging a nd checkout. 

A. To verify that the Scan Microinstruction Is alive and well: 

read 

300 '375 
300 377 
301 000 

for 000 (NOP) 

for 311 (RET) 

for 000 (NOP) 

Either the HS64 or the HS80 Scan PROM may be used. 

The address switches may be in any position. 

8. To pass control to and from the Scan Microinstruction at a TV Horizontal rate: 

30 

For Scan PROM HS64 

Set switches to ""32""; AS= .. +"' and A4 = .. A4"" 

START .,.,+ 040 100 
Lo40 103 

CALL 
JMP 

315 010 320 
303 100 040 

For Scan PROM HS80 

Scan seventh dot row 

Repeat 

Set switches to ""64"'; AS= '"AS'" and A4 = "A4°0 

START.,.,+040 100 
Lo40 103 

CALL 
JMP 

31S 030 320 
303 100 040 

Scan seventh dot row 

Repeat 

This will display continuous vertical stripes that correspond to the seventh dot 

row of a random character load. The front panel should be switch disabled 

during viewing times. 

HS Scan time is 63 microseconds for a horizontal scan frequency of 1S.898 kHz. 

There is no vertical sync. 

Fig. 12. Two test routines useful in 8080/TVT debugging. 

i nto a s i n g l e  progra m .  Just 
turn i n g  the front panel off i s  far 
s i m pler and usually al l  you w i l l  
need t o  do. 

The HS front  panel  monitor 
does have a "turn t h e  d i s play 
off" software word . But t h i s  
w o n ' t  h e l p  us.  W h i l e  t h i s  com
mand shortens the i nterru pt 
and keeps it  from l i g h t i n g  the 
display, the i nterru pt st i l l  exists. 

One h ardware s o l u t i o n  is 
shown i n  Fig. 1 1 .  A new switch 
is  added to the front panel  that 
prevents t imer-generated l evel 
10 i nterru pts from h appen i n g .  
T h i s ,  i n  turn, keeps the panel  
d i s p l ay off and the video d i s
play in one p iece. T h i s  switch 
wi l l  be very handy dur ing your 
i n i t ia l  test and debu g g i n g  of 
video d i s p l ays. You shou l d  only  
turn off  the front panel  after 
you have a video d i s p l ay, and 
turn it back on before return i n g  
t o  other uses. T h e  RSTl0 com
mand does bypass t h i s  switch 
so that you can reset under any 
condit ions. 

This  switch w i l l  most l i kely 
not be needed when your prop
erly des i g n ed and debu gged 
scan software is o perat ional .  
You probably can e l i m i nate i t  
from the f i n a l  u se circuitry. 

The obvious quest ion i s  how 
to use software i n stead.  We 
have a good old Di, or "d isable 
interru pts," command i n  the 
SOSO i nstruct ion set. Can't we 
s i m p l y  use t h i s? 

U n fort u n ately,  there is one 
very noisy gotcha that may 
keep you from doing t h i s
u n l ess you are caref u l .  

I f  you try an i mmediate D I  
command i n  an HS program, 
the speaker w i l l  latch on and 
stay on. That l i tt le  beep you get 
when you hit the GO key-or 
any other key-needs two more 
interru pts after your program 
starts. No i nterru pts, no stop

p i n g .  The two i nterrupts t i m e  
out a f o u r  m i l l i second t i c  f o r  t h e  
horn c irc u i t .  

The H 8  front panel monitor 

needs a few milliseconds after 
It is exited before you can dis

able any interrupts. If you dis

able an interrupt too soon you 

will lock the speaker on. 

You can use the DI command 
to turn off the front panel,  but 
you must delay at l east f ive m i l 
l i seconds after your program 

starts or the speaker won't q u i t .  
Thus,  one properly p l aced soft
ware word is  a l l  you need to get 
f u l l  front panel  and video d i s
play compatibi l i ty. 

Test Software 

Two useful  test ro ut ines are 
shown in F i g .  12. F i g .  1 2a 
checks Scan PROM access and 
operat i o n .  If th is  test  fai l s, you 
are either i ncorrectly p icki n g  u p  
scan m i croi n stru ct ions o r  are 
m i s s i n g  them entirely.  Erratic 
sw itch i n g  between 311 (return) 
and 000 (no operation) means 
you have speed-doubl ing prob

lems.  A l l  OOOs mea n s  you are 
n ever a c t i va t i n g  t h e  S c a n  
PROM, w h i l e  a l l  3 1 1s means 
you are permanent ly try i n g  to 
return from a Scan M i croi n ·  
stru ction cal l .  Th is  part icu lar 
test works with either HS64 or 
HSSO Scan PROMs and can 
have the address switches i n  
any posit ion.  

Your turn: Why? 

Don't ever try going beyond 

this test if the test fails. If you 
can not read the pro per return 
from a scan m i croi nstruct ion,  it 
w i l l  not execu te, and anyt h i n g  
e l s e  y o u  a d d  i n  the way of soft· 
ware or t i me or effort wi l l  on ly  
compound the fe lony.  

Test seq uence F i g .  1 2b lets 
you transfer contro l  of the HS 
from computer to TVT sca n n i n g  
and b a c k  aga i n .  N o t e  that t h e  
test cod i n g  d i ffers for each 
Scan PROM and that eac h Scan 
PROM has to h ave the address 
switches set as shown. 

The scan n i n g  process i s  ad
justed to output a TV horizontal  
scan at norma l  scan freq uen
c ies. In a completely worki n g  
system with a d i sabled front 
panel,  you ' l l  get a conti n u ous 
series of vertical  stripes. This 
corresponds to the seventh dot 
row of a random character load. 
A w i l d l y  wrong horizontal scan 
frequency usually means the 
wrong switch sett i n g s  or t h e  
wro n g  Scan P R O M .  Vert i c a l  
stri pes t h a t  have teeth i n  t h e m  
m a y  b e  caused b y  errat i c  data 
latc h i n g  or im pro per speed· 
doubl i n g  operat ion.  

Wh i l e  t hese two tests a ppear 
trivi a l l y  s i mple, don't  overlook 
them as major debu g g i n g  aids.  
I f  these two won't go,  no other 
software w i l l  ru n either. 



Self-Modifying 

vs Brute Force Scans 

The obvious next t h i n g  to do 
i s  take the old 6502 scan soft· 
ware progra m s  and l i t eral l y  
tra n s l ate th e m ,  re p l a c i n g  a 
CALL for a JSR and so o n .  But 
we rea l l y  get i nto trouble i n  a 
hurry if we try t h i s .  First, some 
com mands w i l l  be longer or 
shorter than their 6502 counter· 
parts,  mess i n g  up the crit ical  
h o r i zo n t a i ·ed g e·to·horizo n t a l ·  
edge t i m i n g .  Worse yet, t h e  
execution t ime of an 8080 work· 
i n g  w i t h  l i tera l l y  tra n s l ated 
6502 c o m m a n d s  i s  p i t i f u l l y  
s low-so slow t hat t h e  cri t ica l  
t i m i ng loop may take over 30 
m i crose c o n d s ,  com p ared t o  
the 2 1  u s e d  i n  the 6502. Th is  
m a kes the long horizontal l i nes 
so long we don't  want to even 
think about u s i n g  them. 

O n e  solut ion i s  to make the 
8080 into a n  8080 rather than an 
i m itat ion 6502. You can do th is  
us ing the fast  reg ister-to-re g i s
ter tra n sfer com m a n d s  and get 
your loop t i mes d own o n l y  
s l i g ht l y  lon ger t h a n  those i n  t h e  
6502 programs.  

B ut i s  th is rea l l y  what we 
want i n  a n  8080 system? Re
member that on a bare-bo nes 
KIM·1 our back was to the w a l l  
i n  f i n d i n g  room for a s c a n  pro· 
gram. We had to get by with the 
absolute m i n i m u m-length scan 
program s  in order to get any 
video at a l l .  

O n e  resu l t  of t h i s  restr ict ion 
was that  our scan code was self

modifying. Th i s  meant t h at the 
scan program computed its next 
set of memory locat i o n s  rather 
t h a n  looking t h e m  u p .  T h i s ,  i n  

t u r n ,  meant t h at t h e  s c a n  pro
gram had to be in RAM d ur ing 
f ina l  operat i o n ,  at least  o n  a 

·KIM. 
Usu a l l y  our 8080 systems 

have enough RAM a n d  PROM 
ava i l a b l e  that we need n't  worry 
too m u c h  about  m i n i m iz i n g  
code. So, w h y  n o t  u s e  brute 

force cod ing that c a l l s  each 
scan address as it  is n eeded? 
We can store the whole scan 
program in ROM or PROM t h i s  
way and never have to l o a d  it  
ag a i n  .. . or w orry about i t  
bom b i n g  w h e n  somet h i n g  bad 
h a p p e n s  in RAM.  

Brute force cod i n g  wi l l  a l so 
be m u c h  faster. It w i l l  be m u c h  

easier to write, mod ify and de
bug. But, as u s u a l ,  there is a 
price.  Brute force cod i n g  can 
be much longer than self-modi·  
tyi n g  cod i ng. On a o ne-l i n e  d i s
p l ay, t h i s  turns out to be a no
hassle 43 word s versus the 30 
words we needed on a KIM with 
sel f-mod ify ing code. But on a 
l o n g  a n d  i n volved program 
s u c h  a s  a 2 4  x 80 d o u b l e 
stuffed s c a n ,  i t  cou l d  take 600 
or more word s of code to get us 
by. St i l l ,  t h at's o n l y  l i tt le  over 
ha l f  a 2708 or s l i g ht l y  over a 
q u arter of a 271 6 EPROM and 
no real  b i g  deal  these days. 

Let's use t h i s  brute force ap
proach to generate a s i m p l e  
o n e  l i ne d i s p lay and then a p p l y  
it  to a 1 2  x 80 s c a n  program. 

1 x 56 Scan Progra m  

F i g .  1 3  shows a brute force 
scan program for a one l i ne,  56 
character no-i nterlace 8080/TVT 
6-5/8 d i s p l ay. Each successive 
dot row is cal l ed by a scan s u b
rout ine as it is needed . We start 
in 040 1 00 w i t h  a short b l a n k  
scan to g e t  u s  o f f  on the r i g h t  

uP·8080A 

System· HS 

START 040 100 
040 103 
040 106 
040 1 1 1  

040 1 14 
040 1 17 
040 12 2 
040 125 

040 130 
040 1 3 3  ['° 1 3 5  
040 140 

040 141 
040 142 
040 145 
040 146 

040 147 
'--040 150 

Mods: 

foot. Then we sequent ia l l y  cal l 
dot rows 1 through 7 of the 
c h aracters to be d i s p l ayed . 
Th i s  l ive scan n i n g  is fol lowed 
by a vert ical  sy nc p u l se. 

repeats for the n ext f ie ld .  

U n l ike a 6502, an 8080 can 
take an even or  an odd n u m ber 
of half m i crosecon d s  to com
p l ete a n  i n struct ion.  In most 
scan programs,  some eq ual iza
t i o n  w i l l  be needed to make up 
for t h i s  h a l f-m i crosecond jitter. 
T h e  c o m m a n d  M O V A A ,  or 
"move the accu m u l ator to it· 
se l f , "  takes 2.5 m i croseconds 
and i s  a ben i g n  i n struction.  
T h i s  l ets u s  s h i ft t i m i ng by ha l f  
a m i crosecond i f  u sed once and 
by one m i crosecond ff used 

After this,  a word t hat sets 
the n u m ber of b l a n k  scan s  is 
loaded i n  the accu m u l ator (365). 
As many blank scans as needed 
are generated in turn. Each t i me 
a b lank scan is com pleted , the 
a cc u m u l ator word i s  d ecre
mented t i l l  the word hits zero. 
At that t i me, the program jumps 
to the top l ine b l a n k  scan and 

FLOWCHART: 

(040 100) 

(040 100·040 127) 

( 040 130·040 134) 

(040 135·040 141) 

(040 142·040 153) 

Fig. 13a. Program flowchart. 

Start·JMP 040 100 Displayed 340 004 to 340 037 

End·RST/O 342 004 to 342 037 

Program Space 040 100 to 040 152 

(43 words) 

CALL 3 15 0 17 140 Do s hort b l ank s c a n  
CALL 3 15 004 160 Scan Dot row #1 
CALL 315 004 200 Scan Dot row #2 
CALL 3 15 004 220 Scan Dot row #3 

CALL 3 15 004 240 S c a n  Dot row #4 
CALL 3 1 5  004 260 Scan Dot row #5 
CALL 3 15 004 300 Sc an Dot row fl6 
CALL 3 15 004 320 S c a n  D o t  row #7 

LDA 072 000 340 Output Vert i c a l  s y n c  pu l s e  
MV I A  076 3 6 5  Lo a d  # o f  b l ank s c a n s  
CALL 3 15 O l l  140 Do b l ank s c a n  
DCRA 075 On e l e s s  s c a n  

MOVAA 177 Equ a l ize 2.5 mi c roseconds 
JNZ 302 (1 35) (040) One more b l ank s c a n ?  
MOVAA 177 Equa l i ze 5.0 m i c roseconds 
MOVAA 177 cont i n u e d  

DI 363 Shut off horn 
JMP 303 ( 100 ) ( 040) Go t o  live s c a n s  

To relocate display space, use program jumpers on memory card or  else 

change starting address of dot scans. 

To put both halves of display space closer together, use A4 switching rather 

than A9 switching. 

For double height characters, repeat scan of each dot row twice. 

Notes: 

• TVT 6-518 must be connected via an 8080 adapter, and both the 658-HDB and 658·HS64 PROMs must be In circuit for the program 

to run. 

•Horizontal frequency 15.174 kHz; Vertical frequency 59.976 Hz. 2500 second hum bar. 

•Address switches must be In "32", A5 =" +",and A4 ="A4" positions. 

•Character sequence goes 340 004; 342 004; 340 005; 342 005; 340 006; 342 006; 340 007 . . . . . . • • .  

• ( )denotes an absolute address that is program location sensitive. 

•This program is not self-modifying and may be placed in PROM or ROM. 

Fig. 13 Program for a one line, 56-character, no-interlace TVT 6-518 8080 raster scan. 
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Fig. 1.4. Program for a 12 line, BO-character-per-line, full-interlace, double-stuffed TVT 6-518 raster scan. 

S TART 

32 

uP·8080A 

System-HS 

Displayed 

Program Space 

Start-RU N  040 1 00  
End-RST/O 

340 010 to 343 377 

040 1 00  to 042 007 (455 words) 

( even field) 
040 100 C A L L  3 15 023 140 Do shor t b l ank s c a n  

04 0 103  
040 106 
040 1 1 1  
0 4 0  1 14 
040 1 1 7  

0 4 0  1 2 2  
040 1 2 5  
040 130  
040 133  
04 0 136 

04 0 14 1 
040 144 
040 147 
04 0 152  
040 1 5 5  

0 4 0  1 6 0  
040 1 6 3  
0 4 0  1 6 6  
040 1 7 1  
0 4 0  1 7 4  

040 1 7 7  
0 4 0  202  
040 205 
040 2 10 
040 2 1 3  

0 4 0  2 16 
040 2 2 1  
0 4 0  2 2 4  
0 4 0  2 2 7  
0 4 0  2 3 2  

0 4 0  2 3 5  
0 4 0  2 4 0  
040 2 4 3  
040 2 4 6  
0 4 0  2 5 1  
040 2 54 
040 257 
040 262 
040 265 
040 270 

040 273 
040 276 
040 301 
040 304 
040 307 

040 3 12 
040 3 1 5  
0 4 0  3 2 0  
040 3 2 3  
040 3 2 6  

040 3 3 1  
040 334 
040 3 37 
040 342 
040 345 

040 350 
040 353 
040 356 
040 361 
040 364 

040 367 
040 37 1 
040 372 

040 375 
041 000 
041 003 
04 1 006 

04 1 020 
04 1 021 
041 022 

CALL 3 15 
CALL 3 1 5  
CALL 3 15 
CALL 3 1 5  
CA LL 3 15 

CALL 3 15 
CALL 3 15 
CALL 3 15 
CALL 3 1 5  
CALL 3 15 

CALL 315 
CALL 3 15 
CALL 3 1 5  
CALL 3 1 5  
CALL 3 15 

CALL 3 15 
CALL 3 15 
CALL 315 
CALL 315 
CALL 3 1 5  

CALL 3 1 5  
CALL 3 1 5  
CALL 3 1 5  
CALL 3 1 5  
CALL 3 1 5  

CALL 3 1 5  
CALL 3 1 5  
CALL 3 1 5  
CALL 3 15 
CALL 3 1 5  

010 140 
010 200 
010 240 
010 300 
010 140 

060 140 
060 200 
060 240 
060 300 
060 140 

1 30 140 
130 200 
130 240 
130 300 
130 140 

2 10 140 
2 10 200 
2 10 240 
2 10 300 
2 10 140 

260 140 
260 200 
260 240 
260 300 
260 140 

330 140 
330 200 
330 240 
3 30 300 
330 140 

CALL 
CALL 
CALL 
CALL 
CA LL 
CALL 
CALL 
CALL 
CALL 
CALL 

315 0 10 
3 15 010 
3 15 010 
315 0 10 
3 1 5  0 1 0  
3 15 060 
3 15 060 
315 060 
3 1 5  060 
315 060 

1 4 1  
201  
2 4 1  
301 
141 
14 1 
2 0 1  
2 4 1  
3 0 1  
14 1 

CALL 
CALL 
CALL 
CALL 
CALL 

3 15 130  
315 130 
315 130 
3 15 130 
315 130 

14 1 
2 0 1  
2 4 1  
3 0 1  
14 1 

CALL 3 15 2 10 14 1 
CALL 3 15 2 10 2 0 1  
CALL 315 2 10 24 1 
CALL 3 15 2 10 301 
CALL 3 1 5  2 10 14 1 

CALL 3 15 260 14 1 
CALL 3 15 260 2 0 1  
CALL 3 15 260 2 4 1  
CALL 3 15 2 6 0  3 0 1  
CALL 315 260 14 1 

CALL 315 330 14 1 
CALL 3 15 330 201  
CALL 315 330  241  
CALL 3 15 330  301 
CALL 3 1 5  3 3 0  14 1 

MV I A  
DCRA 
JNZ 

LDA 
CALL 
LDA 
MV I A  

076 006 
075 
302 ( 371 ) ( 04 0 )  

072 000 340 
315 363 140 
072 000 000 
076 175 

CALL 3 15 0 15 140 
DCRA 075 
MOVAA 177 
JNZ 302 ( 010 ) ( 04 1 )  

MOVAA 177 
MOVAA 177 
D I 363 

Scan d o t  row 0, c h a r a c t e r  l i ne 1 
2 1 
4 l 
6 l 

Do b l ank scan 

Scan dot row 0, c h a r ac t er l i ne 2 

Do b l ank scan 

2 2 
4 2 
6 2 

Scan d o t  row 0 ,  c h a r a c t e r  l in e  3 

Do b l ank scan 

2 3 
4 3 
6 3 

Scan dot row 0 ,  character l i ne 4 

Do b l an k  scan 

2 II 4 
4 4 
6 4 

Scan dot row 0 ,  c h a r a c t e r  l i ne 5 

Do b l ank s c a n  

2 5 
4 5 
6 5 

Scan dot row 0 ,  c h a r a c t e r  l i n e  6 

Do b l ank s c an 

2 6 
4 6 
6 6 

Scan dot row 0 ,  c h a r a c t e r  l i n e  7 
2 ti 7 
4 7 
6 7 

Do b l an k  scan 
Scan dot row 0 ,  c h a r a c t er l i n e  8 

. .  2 . .  8 

Do b l ank s c a n  

4 
6 

8 
8 

Scan dot row 0 ,  c h a r a c t e r  l i ne 9 

Do b l ank scan 

2 9 
4 9 
6 9 

Scan d o t  row 0 ,  character l i n e  10 

Do b l ank scan 

2 10 
4 10 
6 10 

S c a n  dot row 0 ,  character l i ne 1 1  

D o  b l ank s c a n  

2 1 1 
4 1 1 
6 1 1  

Scan d o t  row 0 ,  c h arac t e r  l i ne 1 2  

D o  b l an k  scan 

2 12 
4 12 
6 12  

De l ay 48 . 5  mi croseconds 
con t i nued 
cont inu ed 

Output / /VERT I CAL SYNC / /  p u l s e  
D o  shor t bl ank s c a n  
De l ay 6 . 5  m i c roseconds 
Load # o f  ver t i c a l  b l ank s c a n s  

D o  / /BLANK VERT I CAL SCANS / /  
On e  l e s s  b l ank scan 
Equa l i ze 2 . 5 m i c r oseconds 
Repeat b l ank scans if not done 

Equ a l ize 5 m i c roseconds 
con t i nued 

Shut o f f  horn 

twice. This i s  the purpose of 
those strange "1 77" i n struc
t ions i n  the program .  

In step 040 1 47, w e  d i sable 
the i n terrupts.  Th is  turns off  
our front  panel  but does so l ate 
enough that we wi l l  not lock the 
s peaker on. Si nce the code is 
not self-mod i f y i n g ,  you can put 
i t  in your choice of RAM, R O M ,  
P R O M ,  E P R O M  or E'PRO M .  
N atura l l y ,  you ' l l  want t o  check 
t h i n g s  out in RAM f irst before 
committ i n g  yourself to perma
nent code. 

Your turn: Sho w  the coding 

needed for 1 x 32, 1 x 64 and 

1 x BO scans. 

As a h i nt that w i l l  save you 
l ots of tr i a l  and error or ca lcu la
t ions,  keep your b l a n k  i n i t ia l  
scan nine counts short of the 
l ive scan s  and keep the retrace 
b l a n k  scans five counts short 
of your l ive scans.  A stat i o n ary 
or near-station ary h u m  bar i s  
p icked u p  by adjusting 040 134 
as n eeded . A more obvi ous 
ro ute to s horter scans i s  to s i m
p l y  use the 1 x 56 and l oad 
b l a n ks as n eeded in u n u sed 
c haracter locations.  

TV Retrace Hassles 

Cal l i n g  and return i n g  from a 
su brout i n e  takes around 13.5 
m i croseco n d s  on a t y p i c a l  
8080. Two of these m icrosec
onds are spent on the l ive scan, 
leavi n g  u s  with  a retrace t ime of 
1 1 .5 m icroseco nds.  Since the 
HS is s l i g h t l y  faster than this,  
our avai lable retrace t ime i s  
around 1 1 .2 m i croseconds.  

N atura l l y ,  we wo u l d  l i ke to 
keep our retrace t i mes as short 
as possib le .  This  l ets you put 
more characters on the l ine for 
standard horizonta l  rates or 
l ets you run long character 
l i nes with more nearly normal 
horizontal  freq uencies.  

But 11 m i croseconds m ay 
not be e n o u g h  time for your 
mon itor or TV set to c lea n l y  get 
from the end of  o n e  l ine to the 
beg i n n i n g  of t h e  n ext. For most 
monitors and some TV sets,  1 1  
m i croseconds w i l l  b e  just barely 
enough.  

I f  you are having trouble  d is
p laying all the c h aracters, here 
are some h i nts that may h e l p  
y o u :  
• Your s i m p l est out i s  t o  adjust 



the d is p l ay centeri n g  so that c·., 023 JMP 303 ( l 00 ) (  04 1 ) Jump to odd f i e ld 

the f irst c h aracter i s  always 04 1 026 to 041  077 a r e  spares ) 

leg i b l e. Always stop s hort of ( odd f i e l d ) 

t h e  m ax i m u m  d i splay length on 04 1 100 CALL 3 1 5  023 140 Do s h o r t  b l ank s c a n  

your statemen t s. 04 1 103 CALL 315 0 1 0  160 S c a n  d o t  row 1 ,  c h a r a c t e r  l i n e  l 
04 1 106 CALL 3 1 5  0 1 0  220 3 l 

• Use the maximum possible 04 1 1 1 1  CALL 3 1 5  0 1 0  260 5 l 

width. Raising the width coi l  i n - 04 1 1 1 4  CALL 3 1 5  0 1 0  320 7 1 
0 4 1  1 17 CALL 315 010 14 0 Do b la nk s c a n  

d uctance (see Cheap Video 

Cookbook, Fig.  3-33) can length· 04 1 122 CALL 3 1 5  060 160 S c a n  d o t  row 1 ,  c h a r a c t e r  l i ne 2 
04 1 125 CALL 3 1 5  0 6 0  2 2 0  3 2 

en the needed retrace t ime.  04 1 130 CALL 3 15 060 260 5 2 

• U se a lo n g er-t h a n - n eeded 04 1 133  CALL 3 1 5  060 320 7 2 
041 136 CALL 3 1 5  060 140 Do b l a n k  s c an 

character l i n e  a n d  put  perma-
nent b l anks where t hey are 04 1 14 1 CALL 3 1 5  1 3 0  1 60 Scan d o t  row 1 ,  c h a r a c t e r  l i n e  3 

04 1 144 CALL 3 1 5  130 220 3 3 
cal led for. 04 1 147 CALL 3 1 5  1 30 260 5 3 

• Add equal izat ion to lengthen 0 4 1  152 CALL 3 1 5  1 30 320 7 3 
04 1 155 CALL 3 1 5  1 30 14 0 Do b l ank scan 

each CALL seq u e n ce. W h i l e  
t h i s  I s  t h e  obvious a n d  cleanest 04 1 160 CALL 3 1 5  2 1 0  160 Sr.an dot row l ,  c h a r a c t e r  l i ne 4 

04 1 1 6 3  CALL 3 1 5  2 1 0 220 3 4 
route, It can add many words to 04 1 166 CALL 3 15 2 10 260 5 4 

a brute force scan program .  04 1 1 7 1  CALL 3 15 2 10 320 7 4 
04 1 174 CALL 3 15 2 1 0  1 40 Do b l a n k  s c a n  

• I f you thoroughly u nd'3rstand 
315 260 l i ne 5 

TV horizont a l  s ca n n i n g  a nd 
04 1 177 CALL 1 60 Scan dot r ow 1 ,  c h a r a c t e r  
04 1 202 CALL 3 1 5  2 6 0  22 0 3 5 

h ave a decent scope a nd f u l l  TV 04 1 205 CALL 3 15 260 260 5 5 

documentation ,  mod ify t h e  f ly· 041 2 1 0  CALL 3 15 260 320 7 5 
04 1 2 1 3  CALL 315 260 14 0  Do b l a nk s c a n  

back capacitor val u e  as needed 
2 16 3 1 5  330 Scan 1 ,  c h a r a c t e r  l i ne 6 

to g et a faster retrace. B u t ,  be 04 1 CALL 160 d o t  row 
04 1 2 2 1  CALL 3 15 330 220 3 6 

caref u l  to not exceed the peak 04 1 224 CALL 3 1 5  3 3 0  2 6 0  5 6 

a l l o w a b l e  h o r i zo n t a l  o u t p u t  
04 1 227 CALL 3 1 5  3 3 0  3 2 0  7 6 
041  232 CALL 3 15 330 140 D o  b l ank scan 

tra n s i stor voltage when you do 
041 235 CALL 3 1 5  0 1 0  Scan dot l ,  c h a r a c t e r  l i ne 7 

t h i s .  1 6 1  row 
04 1 240 CALL 315 010 2 2 1  3 7 
04 1 243 CALL 3 15 0 10 261 5 7 
0 4 1  246 CALL 3 1 5  0 1 0  3 2 1  7 7 

More Characters 04 1 2 5 1  CALL 3 15 0 1 0  14 1 Do b l ank scan 

Our 1 x 56 scan has several 04 1 254 CALL 3 15 060 1 6 1  Scan dot row 1 ,  c h a r a c t e r  l i n e  8 
obvious l i m itat ions.  From t h i s  041 2 57 CALL 3 1 5  060 2 2 1  3 8 

04 1 262 CALL 3 1 5  0 6 0  261  5 8 
start i n g  poi nt ,  we' l l  want to add 04 1 265 CALL 3 1 5  060 3 2 1  7 8 
I nterlace, double stuff i n g  and 04 1 270 CALL 3 1 5  060 1 4 1  Do b l a nk s c a n  

041 273 CALL 315 1 3 0  1 6 1  Scan d o t  row 1 ,  c h a r a c t e r  l i n e  9 
lots more characters. 041 276 CALL 315 1 30 2 2 1  3 9 

The optimum number of char- 04 1 301 CALL 3 1 5  1 3 0  261 5 9 
0 4 1  304 CALL 3 1 5  1 30 321  7 9 

acters or c h u n ks per l i n e  seems 04 1 307 CALL 3 1 5  130 1 4 1  Do b l ank s c a n  

to be 56 for a n  H S  system u s i n g  041  3 1 2  CALL 3 1 5  2 10 1 6 1  Scan dot r ow 1 ,  c h a r a c t e r  l i n e  10 
A9 switc h i n g  for s peed dou- 04 1 3 1 5  CALL 315 2 10 2 2 1  3 10 

bli n g. T h i s  56-character length 041  320 CALL 3 1 5  2 10 2 6 1  5 10 
041 323 CALL 3 15 2 10 3 2 1  7 10 

lets you u se a standard horizon- 0 4 1  326 CALL 315 210 14 1  Do b l ank s c a n 

tal f req uency. You c a n  d isplay 04 1 331  CALL 3 1 5  260 16 1 Scan dot r ow l ,  c h a r a c t e r  l i ne 1 1  
o n  either a color or  a black a n d  04 1 334 CALL 315 260 22 1 3 1 1  

white set. 04 1 337 CALL 3 1 5  2 6 0  2 6 1  5 1 1  
04 1 342 CALL 3 1 5  260 32 1 7 11  

But there seems to be some- 04 1 345 CALL 3 15 260 14 1  Do b l ank scan 

t h i n g  m a gical about SO c h arac- 04 1 350 CALL 3 1 5  330 1 6 1  Scan dot row 1 ,  charac t er l i ne 12 
ter l i n es that a ppeals to people,  04 1 353 CALL 3 1 5  330 2 2 1  3 1 2  

even though t h i s  m a n y  c harac- 04 1 356 CALL 3 1 5  330 261 5 12 
041  36 1 CALL 3 1 5  330 32 1 7 12  

· t e r s  a r e  hard to r e a d  a n d  are 04 1 364 CALL 3 1 5  330 14 1 Do b l ank s c a n  

rarely , If ever, needed.  So, to 04 1 367 LDA 072 000 340 Out p u t  / /VERT I CAL SYNC / /  pu l s e  
prove I t  can be done, we're 041  372 l!V I A  076 175 Load # of ver t i c a l  b l a n k  s c a n s  

going to show you how to d i s- [04 1 374 CALL 315 0 1 5  140 Do / / BLANK VERTI CAL SCANS / /  
p l ay S O  character l i nes on your 04 1 377 DCRA 075 One l es s  b l ank s c a n  

HS and t hen put  t hose l i nes on 
042 000 MOVAA 177 Equal i z e  2 . 5  m i c r o s ec o n d s  
042 001 J N Z  302 ( 374 ) ( 04 1 )  Rep e a t  b l ank s c a n s  i f  n o t  done 

a TV with  u n mod if ied video 
bandwidth or over an rf mod u l a· 

042 004 MOVAA 177 Equa l i ze 5 m i croseconds 
042 005 MOVAA 177 c o n t i n u ed 

tor. Remember, though,  that  042 006 D I  363 Shut o f f  h o r n  

we' l l  h ave to run at a red uced 
042 007 JMP JOJ ( 100 ) ( 04 0 )  

horizontal  rate, w h i c h  w i l l  take Notes: 

width a n d  hold mod i f icat i o n s  • TVT 6-518 must b e  connected v i a  a n  8080 adapter, and both the 658·HD8 and 658·HS80 PROMs must b e  In circuit for the program 

to run. 
to your s m a l l -scree n ,  t r a n s- •Address switches must be In "64"; A5 ="A5"; and A4 = "A4" positions. 

f o r m e r- o p e r a t e d ,  Ph o to /a c t- •Horizontal frequency = 11.191 kHz Vertical frequency =60.006 Hertz. 1 66 second hum bar. 

ava i lable,  b lack a n d  white  set. 
•This program Is not self·modlfylng and may be placed In PROM or ROM. 

•Character sequences goes 340 000; 350 000; 340 001; 350 001; 340 002; 350 002; 340 003 . . . . . . .  

Furthermore, your wrong choice O denotes an absolute address that Is program location sensitive. 
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FLOWCHART 

040 100 

040 100· 
040 366 

040 367· 
04 1 007 

04 1 010· 
04 1 014 

041 015· 
041 025 

(EVEN FIELD) <ODD FIELD) 

041 100· 
041 366 

041 367-
041 373 

041 37•· 
042 000 

042 001 -
042 01 1 

Fig. 14a. Program flo wchart. 

of set cou l d  s i n g  object ionably.  

12 Lines of 80 Characters 

A b r u t e  f o rce,  i n t e r l a ced,  
d o u b l e -s t u f fed 12 x SO scan 
program appears i n  F i g .  1 4. You 
can eas i l y  modify I t  for 24 x SO 
or even 36 x SO d i s p l ays i f  you 
l i ke. With the double s t u f f i n g ,  
t h e  1 2  x S O  d i s p l ay u ses s l i g ht l y  
l e s s  than one-t h i rd of t h e  H S  
t h ro u g h p u t  t ime.  By g o i n g  to 
s u i t a b l e  t r a n s p a r e n c y  t e c h 
n i q ues, y o u  can save two-th i rds 
of the computer t ime to trans
parently run other prog rams 
such as Extended BASIC. 

We've shown you t h i s  scan 
p rogram with i ts  memory s pace 
at 340 0 1 0  to 343 377. Th i s  as
s u mes you h ave at l east two 
RAM cards i n  your HS and have 
put  t h i s  part i c u l a r  one "out on 
top" with the " 56K" j u m per on 
the memory card.  You may 
want to re locate t h i ng s  l ater, 
but  t h i s  i s  a handy p l ace to 
start .  

The TVT 6-51S i s  attached to 
the memory card by way of an 
SOSO ada pter s i m i l a r  to F i g s .  4 
and 1 0. The TVT does p lace cer
t a i n  use restr ict ions on t h e  340 
000 to 360 000 com puter ad
d ress space, s i nce any activity 
here a l so g ives you a vert ical  
sync p u l se that might d i srupt 
a n  enabled d i s p i ay. You can 

us e this space for a d i s p l ay 
memory RAM ;  you should  not 

use t h i s  area for the scan pro
g ram or the computer stack. I f  
y o u  do u s e  t h i s  page f o r  d i s p l ay 
memory RAM , you w i l l  have to 
watch your c u rsor  p ro g ra m  
caref u l l y  i f  t ra n sparent charac
ter entry is  i m portant  to you .  
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You' l l  f i nd the 1 2 x SO pro
g ram shown in two separate 
f ie lds.  We have an even f ie ld 
t h at puts down the even dot 
rows of a l l  the characters and 
an odd f ie ld  that puts down the 
odd dot rows of a l l  the c h a rac
ters. When combined,  these 
f i e l d s  form an i nterl aced and 
double-st uffed frame. Having 
the two f ie lds separate i s  h a ndy 
for debu g g i n g .  By j u m p i n g  a 
f i e l d  back on itself ,  you can d i s
p l ay a l l -even or a l l-odd f i e l d s  to 
f ix  cod i n g  errors or make for
mat changes.  

The scan program runs j u st 
about the same way t h e  earl ier 
1 x 56 program d i d .  F i rst,  t here 
is a short b l a n k  sca n ;  then we 
put down the even dot rows of 
a l l  the characters. Then we 
eq u a l ize, fol l owed by a la te ver
t i c a l  syn c  p u l se, at the same 
time taking u p  one ent i re extra 

horizontal scan t i me. Then we 
run the u s u a l  b l a n k  vert ical  
scans,  complet i n g  the f ie ld .  

When the f ie ld  is  f i n i shed,  we 
j u m p  to the odd f i e l d ,  ru n a 
short b l a n k  scan and put  down 
al l  the odd dot rows of a l l  the 
characters. After t h i s ,  we ru n 
an early vert ica l  sync p u l se and 
g o  on to the usual  n u mber of 
vert ical  b lank scans. The scan 
seq uence repeats by j u m p i ng 
to the start of an even f i e l d .  

The e a r l y  and late vert ical  
sync p u l ses d i f fer by h a l f  a hor i 
zontal  l i ne. When you com b i n e  
t h i s  half  a l i ne w i t h  t h e  extra 

horizontal  l i ne p i cked u p  o n l y  i n  
t h e  even scan, you e n d  u p  with  
an i nterl aced scan of 373 whole 
l i nes taking one 30 Hz frame. 
Th i s  30 Hz frame consists of 

two 60 H z  f ie lds of 1 S6.5 l i nes 
each .  

T h e  65S-H SSO S c a n  PROM 
l ets you repack the 80 charac
ter l i nes so you can use your 
d i s p l ay m e m o ry s p ace eff i 
c ient ly .  F i g .  15 shows how the 
c h a ra c t e rs a re a r ra n g ed i n  
R A M .  W h i l e  t h i s  l ooks l i ke a 
roya l  mess, a few extra cu rsor 
w o r d s  a re a l l  we need to 
stra i g hten t h i n g s  out. T h i s  is 
often a reasonable trade-off for 
l et t i n g  u s  d o  long l i nes with an 
SOSO in the f i rst place and free
i n g  up 600 or so words of sys
tem RAM for other u ses. 

Your turn: Sho w  the coding for 

24 x 80, 32 x 80, 16  x 56, 32 x 56, 

16 x 64 and 32 x 64 scan pro

grams. Show ways of signifi

cantly shortening the 12 x 80 

scan program while staying 

0 0 0 
0 .. g 0 0 0 

340 I lo 2 o  lo 

3 4 1  I 7o 80 90 

342 i l b  2 b  ,. 

343 [ 7 b  8 b  9b 

ONE CHARACTER LINE 

CHARACTER S E QUENCE IS o b o b a b  

PROM compa tible. Try: (1) using 

only one vertical blanking se

quence and m inimizing blank 

sequences and unused code 

words; (2) using 110 commands 

to free address space; (3) using 

interrupt ra ther than subrou

tine mapping. 

N ote that you ' l l  use the H S64 
PROM for 64 and shorter c h a r
acter l i nes and most graphics,  
w h i l e  the H SSO PROM is usual ly  
reserved for SO character l i nes. 
You can do 40 character l i nes 
with  the H S64 without repack
i n g ,  or e l se you can use your 
memory more eff i c ient l y  by 
going to a s p ec i a l ly coded 
H S40 PROM that u ses repack
i n g .  Repacki ng saves you RAM 
space but needs a few extra 
words i n  the c u rsor program 
a n d  t a k e s  a s p ec i a l  S c a n  

2 
0 

� 
� 

� :e ; 
• o Oo 6 0  

IOo l l o  1 2 0  

•• ••  6 b  

I Ob l l b  12 b 

'-...--' 
UNUSED 

Fig. 15. Display memory map for 12 x 80 scan. 

f R O M  PARALLEL ASCI I  KEYBOARD 

TO H8·5 OR OTHER 
SERIAL INPUT PORT 

IC2 
79Ll2 
REGULATOR 
( FRONT VIEW) 

Fig. 16. This keyboard serial adapter lets you connect a keyboard 

to a serial computer input. 



PROM. 

A Keyboard Serial Ada pter 

the Cheap Video Cookbook, but 
the H8-2 card is  an expen sive 
option and you might not al
ready have one on hand. M ore 

l i kely, you ' l l  be u s i n g  the H 8-5 
serial I n terface card I n stead , 
s i nce you need t h i s  one for the 
usual  cassette and remote ter
m i n a l  u ses. 

If you have a n  H 8-2 paral le l  
Interface card , it  should be fa i r
ly easy to i nterface a l most any 
old ASC I I  keyboard and en
coder. You cou l d  do this essen
t ia l ly  the same way we did it  on 
the paral le l  K I M  i n puts back in Most ASC I I  keyboards and 

(a) SCHEMATIC 

- 1 8 -------------- BUS PIN 2 

GNO BUS PIN O, I 

IN -SOCKET JUMPER 
FROM OUT ---+--13-;r---, ����

.
OtRO 

12 1 1c 1220 )').''"'""------ r��:T·����IVER ADAPTER 
---,..,_(RE:ovEO) INPUT) 

BAUD -------------- PIN t IC l 1 6  
( 16X , 600 BAUO) 

+5V -------------- + $V SOURCE 
ICl33 

(b) PICTORIAL 

+5V 
4 • ..- - - ,  .....__, ' . a I IC 1228 Y-_-2.J , L. - - --

I REMOVEO) 

IC l22 

85· 2026 

IN· SOCKET JUMPER 
INT 
ON ,,..-, 

t:J.--....- 1NTERRUPT LINE 

C 1NT 
Off 

0 

H6·S SEIP/AL 
//0 CAlfO 

GATING ICl2t 

Fig. 1 7. Connecting your keyboard serial adapter to an HB-5 inter
face. 

uP-8080A Start.JMP 040 1 00  

System-HS + H 8/ 5  End·RST/O 

encoders provide only a paral le l  
(al l-the-bits-at-once) output .  To 
enter a serial  port , we have to 
convert t h i s  paral le l  word Into a 
ser i a l  (o n e- b i t-at-a-t i m e) se
quence. A simple adapter to do 
th is  I s  shown in Fig.  1 6. 

The circuit  can use the trans
mitter half of nearly any old 
UART (un iversa l  asynchronous 
receiver-tran s m i tter). We f i rst 
looked at UARTs back in Chap
ter 7 of the TVT Cookbook. 

You ' l l  f i n d  t h i s  c i rcuit  easier 
a n d  more i n expens ive when 
you use a modern, s ing le-supply 
C M OS chip such as an lntersil 

I M 6402 or I M6403. 
The keyboard seri a l  adapter 

works by borrowi n g  power f rom 
the HS-5 ser ia l  I n terface and 
feed ing + 5 volts and optlonal ly 

- 1 2  volts to your exist ing key
board. You r  exist ing keyboard 
outputs are most l i kely ava i l 
able i n  para llel or "al l-at-o n ce" 
form. These paral le l  outputs 
and a normally-high keypressed 
strobe are routed to the trans
mitter s ide of the U A RT in the 
adapter. This  UART a l so bor
rows a 1 6X baud clock from the 
HS-5. 

When you press a key, a serial 
output  I s  gen erated by the 
UART. This seri a l  output i s  then 
routed to you r computer's serial 
I nterface and received just as if 
it came f rom a term i n a l .  

Y o u  m a y  n eed as m a n y  as 
f ive leads between your adapter 
and the HS-5. One i s  g rou n d ,  
two a r e  f o r  power, one i s  t h e  
1 6X b a u d  rate c l o c k  t h a t  goes 
to the adapter and the f i n a l  is 
the serial output t h at comes 
from the adapter. Fig. 17 s hows 

Program Space 040 1 00 to 040 1 1 3 (1 3 words) 

@ID-040 100 MV I A  076 312 I n i t i a l i z e  mode i n s t ru c t i on 
040 102 OUT 323 373 con t i nued 
040 104 MV I A  076 004 I n i t i a l i z e  comma nd i n s t ru c t i on 040 106 OUT 323 373 con t i nued 

Lo4o 1 10 I N  333 372 Read Keyboard 
040 1 12 JMP 303 ( 1 10 ) ( 040 )  Loop 

Notes: 

•This test program displays a pressed key received via the Keyboard Serial Adapter. To run the program, use: 
RST/O.REG-PC·AL TER-0-4·0.1-0-0.AL TER·REG·AF-00. 

•ASCII characters should appear as the three leftmost digits on the display. For Instance, "A" = 1 0 1 ,  "a" = 141 ,  "6" = 066, and 
"CR" =015. 

• ( ) Denotes an absolute address that Is relocation sensitive. 

Fig. 18. Keyboard serial adapter test program. 
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you how to connect,  both pic
torial ly and schemat ical ly ,  you r 
adapter to you r  HS-5. You can 
either hard-w i re these connec
t ions or add a new connector of 

you r  own .  
O n  you r H 8-5 board, i nte

g rated c ircuit  I C 1 22 i s  removed 
and replaced with  two j u m pers 
i n s e r t e d  in t h e  s o c k e t  a s  
s h o w n .  T h e  p i n - 1 1 -to-p i n - 1 3  
J u m per g ives you d i rect access 
to the ser ia l  I n put on the UART 
present I n s i d e  the HS-5. The 
p in-6-to-pi n-7 j u m per lets you 
use the keyboard in a polled 

mode: This  pol led operation 
g ives you a transparent scan 
program and frees the i nter
rupts for other uses. 

The HS has to be software
prog ram m ed to use you r new 
adapter. A simple test seq uence 
that w i l l  enter the last-pressed 
key I nto the accu m u lator and 
d i sp l ay i t  for you i s  shown i n  
F ig .  1 8. 

The H 8-5 is f i rst i n it i a l ized 
with  a mode i n struct ion.  You 
can use 3 1 2  and output i t  to 
port 373. T h i s  picks two stop 
bits, i g n ores parity, uses a 
seven-bit word and runs with a 
1 6X clock. Next, you continue 
to l n lt i a l ize the H8-5 by g iv ing a 
command i n struct ion to t h e  
s a m e  port. T h i s  t i me, use 004 
and once a g a i n  output it  to port 
373. This command i n struction 
w i l l  enable only the receiver in 
the H 8-5 I n terface. 

After the mode I n struction 
a n d  the com mand i n struction 
are routed to the interface, you 
are free to read characters. You 
do this by i n putt i n g  f ro m  port 
372. The f i n a l  loop In the test 
prog ram does t h i s  cont i n uous
ly.  

As you press a key,  i ts  ASC I I  
va l u e  w i l l  appear i n  the left 
t h ree d i g its of the " AF" Regis
ter d i s p l ay. For I n stan ce, a 
lowercase "b" w i l l  read 1 42, 
w h i l e  an u ppercase "B" wll l  
read 1 02. 

There are a few gotchas in 
this s i m p l e  test prog ram ,  so 
you ' l l  want to i m p rove i t  for ac
tual use as part of a c ursor. N ote 
t hat t h i s  s i m p l e  p rogram con
t i n u o u s l y  rereads c h a racters 
i n stead of  read i n g  each one 
j u st once. To beat t h i s ,  t here I s  
avai lable a "character ready" 
(R x R OY) flag t h at I s  set when 



the character f irst arrives a n d  i s  
reset as s o o n  as the computer 
uses the c h aracter for the f irst 
t ime.  

To use a c h aracter o n l y  on ce, 
i n p u t  from port 373, A N D  what 
you get with 002 a n d  test the re
su lt. A nonzero res u l t  means 
you h ave a new c haracter ready 
to enter. A zero res u l t  says you 
have a lready used the ch arac
ter on-hand a n d  s h o u l d  i g n ore 
it. We' l l  see a n  exa m p l e  on t h i s  

short ly. 
The UART doing the trans

m i t t i n g  ( i n the adapter) and the 
one doing the receiv ing (in the 
H8-5) must agree on the baud 
rate and the baud c l ock factor. 
Usual ly, the H8-5 w i l l  be set on 
600 baud a n d  1 6X c locks with  
i nternal  ju m pers . If n ot, or  i f  you 
are on a d i fferent  system, be 
sure that the transm itt ing UART 
a n d  the receiv ing UART are on 
s p e a k i n g  t e r m s  w i t h  e a c h  
other. 

N ote t h at your i n i t i a l izat ion 
of t h e  mode and command 

words should be done o n l y  
o n c e  after reset and before a n y  
i n p u t/o u t p u t  a c t i v i ty. I f  you 
don't  i n it i a l ize,  you ' l l  g et no 
characters at a l l ,  a n d  i f  you 
con t i n uously re- i n i t ia l ize, c h ar
acters w i l l  g et d u m ped before 
you can use them. 

Y our keyboard serial adapter 
is very flex i b l e .  For i n stance, go 
over the data sheets to f i n d  a 
whole u n used U ART receiver on 
t h e  low n u mber p i n s. The - 1 2  
volt  supply i s  a n  option.  You 
can e l i m inate i t  i f  you already 
have - 12 on hand or use a key
board that doesn 't n eed it. You 
c a n  a l s o u s e  t h e  o l d-sty l e  
UA RTs that need - 1 2 b y  re
mov i n g  the connect ions on p i n  
# 2  and jumperi n g  to - 1 2. 

Shou l d  you use the I M6403, 
you can e l i m i n ate the 1 6X baud 
rate l i n e  by connect i n g  a 3.58 
M H z  color TV crystal between 
p i n s  1 7  and 40 w h i l e  grou n d i n g  
p i n  3 of the I M 6403. Th i s  w i l l  
output characters for y o u  a t  
1 1 0  b a u d .  Your c o m p u ter's 
seria l  i n p ut wi l l  a lso have to be 
jumpered or programmed to 
use this new d ata rate. 

As shown , the keyboard seri
a l  adapter i s  programmed to 
provide a perm anent one in the 
transm itted ASCII bit  #8, i s  con
t inuously enabled, has no parity, 

RS-232 or Teletype current loops 
for a short i nterface connection. 

computer end. uses two stop bits and has an 
e ig ht-bit word length.  You can 
change a n y  or al l  of these by re
progra m m i n g  the h ard-foi l con
nections of pins 33 throu g h  39 
of the UA RT. Our circ u i t  as
sumes the keyboard outputs 
pos i t ive log ic  a n d  uses a n ar
row goes-to-gro u nd-from-posi
t ive-h i g h  strobe that i s  low o n l y  
when data is val id.  The output 
i s  a s i mple TTL logic l eve l .  

There i s  n o  need to convert t o  

Your turn: Sho w  how t o  use 

your keyboard serial adapter 

with only two wires between 

computer and keyboard, includ

ing all po wer supply connec

tions. Hin t: Use the IM6403 with 

a crystal and a CMOS-encoded 

keyboard. Change the curren t 

when you wan t  to send a zero 

and sense this current a t  the 

If you real ly  want to get fancy,  
use u ltraso n i c  or i n frared tran s
ducers to g ive you zero con n ec
tions between keyboard and 
computer. Th is  w i l l ,  of  course, 
take batteries i n s i d e  the key
board, or w i l l  it? 

8080 Cu rsor Software 

M any of the ideas we h ave al
ready used for our previous cur-

Fig. 19. Program for a one-line, 56-character TVT 6-518 8080 ras ter scan in tegra ted minimum cursor. 

uP·8080A 

System-HS 

�la i n  s c a n  s equence : 

� 040 100 
040 102 
040 104 
040 106 

040 l l O  
040 l l 3  
040 l l 6  
040 1 2 1  

0 4 0  124 
040 127 
04 0 132 
040 1 3 5  

0 4 0  1 4 0  
0 4 0  1 4 2  
0 4 0  144 
040 146 

�040 1 5 1  
040 154 
040 157 
040 162 

[g:g i�� 
040 170 
040 171 
040 174 

C URSOR 
RETURN 

040 176 
040 177 

Start·JMP 040 1 00 

End·RST/O 

Displayed 340 004 to 340 037 

342 004 to 342 037 

Program Space 040 1 00 to 040 34 1 

Registers Used · B ,  H, L 

MV I A  
OUT 
MV I A  
OUT 

CALL 
CALL 
CALL 
CALL 

CALL 
CALL 
CALL 
CALL 

MV I B  
I N  
ANI 
JZ 

076 3 12 
323 373 
076 004 
323 373 

3 1 5  0 17 14 0 
3 1 5  004 160 
315 004 200 
3 1 5 004 220 

315 004 240 
315 004 260 
315 004 300 
3 1 5  004 320 

006 364 
333 373 
346 002 
3 12 ( 154 ) ( 040 ) 

CALL 3 15 ( 220 ) ( 040 ) 
CALL 3 1 5  0 15 140 
LDA 072 000 340 
MOVBA 170 170 

CALL 
DCRA 
MOVAA 
JNZ 
MOVAA 

D I  
JMP 

3 1 5  0 1 1  140 
075 
177 
302 ( 164  ) ( 04 0 )  
177 177 

363 
303 ( 1 10 ) ( 04 0 )  

I n i t i a l i ze MODE f o r  H S - 3  
c on t i nu ed 

I n i t i a l i z e  COMMAND f o r  HS-3 
c on t i nued 

Do s h o r t  BLANK SCAN 
Scan Dot row # 1  
Scan D o t  r ow # 2  
Scan D o t  row # 3  

S c a n  D o t  row # 4  
S c a n  D o t  row # 5  
Scan D o t  row #6 
Scan Dot row #7 

Load n umber o f  b l a n k  scans in B 
Is a new key p r e s s e d ?  

M a s k  kepressed b i t  
No , con t i nu e  scan 

Yes , g o  to cursor 
Do equa l i z i n g  BLANK SCAN 
Ou t p u t  v e r t i c a l  s y n c  pu l s e  
G e t  nwnb e r  of b l a n k  s c a n s  b a c k  

Do BLANK SCAN 
One l e s s  s c a n  
Equ a l i ze 2 . 5  m i c roseconds 
Do another b lank scan? 
Equ a l i ze 5 m i c roseconds 

Shu t Of f Ho r n  
Go t o  n e w  f i e ld 

Cursor Proces s i n g  Subrou t i n e : 

�040 
( Enter) 040 

040 1040 

�040 
..,....- 040 

040 
040 

220 
2 2 1  
2 2 3  
2 2 5  

2 3 0  
2 3 3  
2 3 4  
2 36 

040 2 37 
040 24 1 
04 0 243 

�040 246 

040 251 

( 040 

�040 260 
040 263 

�040 265 

( Exit )  

MOVAH 174 
A N I  346 375 
CP I 376 340 
J Z  312  ( 2 33 ) ( 040 ) 

CALL 3 1 5  ( 260 ) ( 040 ) 
MOVAL 175 
AN I 346 037 
MOVLA 1 57 

I N  
CP I 
JZ 
CALL 

RET 

3 3 3  372 
376 015 
312 ( 260 ) (  040 ) 
3 15 ( 300 ) ( 04 0 )  

3 1 1  

G e t  upper cursor add r e s s  
Mask A9 o u t  
I s  u p p e r  page address v a l i d ?  
Yes , O K  t o  con t i nu e  

No , c le a r  s c r e e n  v i a  subrou t i ne 
Get l ower cursor address 
Put it on t h e  s c r e e n  
Rep lace l ow e r  c u r s o r  

Get c ha r a c t e r  
I s  i t  Carr i a ge R e t u r n  ( Erase ) ?  
Yes , c l ear s c r e e n  v i a  subrou t i ne 
No ,  e n t e r  c h a r ac t e r  v i a  subrou t i ne 

Re t u r n  to s c a n  pro gram 

2 5 1  t h rough 040 257 a r e  spares ; n o t  used ) 
CALL 
MV I B  
RET 

3 15 ( 32 0 ) ( 04 0 )  
006 3 3 1  
3 1 1  

g o  t o  c l ear s c r e e n  subrou t i n e  
Equa l i ze # o f  b l ank scans r ema i n i n g  
R e t u r n  t o  Proces s i n g  
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Enter Charac t er and I n c r ement Subrou t i n e : 

� 040 300 MOVMA 1 6 7  S t o r e  c h a r a c t e r  at cursed l o c a t i o n  
0 4 0  3 0 1  MOVAH 174 Get upper cursor word 
040 302 XR I 356 002 Change address A9 
040 304 MOVHA 1 4 7  Rep l ace upper cursor word 

040 305 AN I 346 002 I s  addr e s s  A9 now zero ? 
� 040 307 RNZ 300 No , r e t u r n  

0 4 0  3 1 0  INXH 04 3 Yes , i n c r emen t HL ( c ursor address ) 
@I])---040 3 1 1  RET 3 1 1  Return t o  Proc e s s i n g  

L
::: 320 LX I H  0 4 1  ( 004 ) ( 34 0 )  Home Cursor 

323 MV I A  0 7 6  0 4 0  Load Space 
040 325 CALL 3 1 5  ( 300 ) ( 04 0 )  Enter space v i a  EC I subrout i n e  

040 330 MV I A  076 040 I s  it t h e  end of t h e  s c r e en ? 

040 332 CMPL 2 7 5  con t i nued . . .  
04 0 3 3 3  JNC 302 ( 3 2 3 ) ( 04 0 )  No , add more spac es 
040 3 3 6  LX I H  04 1 ( 004 ) ( 34 0 )  Yes , home cursor 

®TI)-040 34 1 RET 3 1 1  Return t o  Proces s i n g  

Notes: 
• TVT 6-518 must be connected via an 8080 adapter and both the 658·HD8 and 658-HS64 PRO Ms must be in circuit for the program to 

run. Character entry via keyboard, a keyboard serial adapter and the H8·3 serial interface card. 

•All characters and all control commands are entered on the screen, except for carriage return (CR), which clears the screen. 

•Horizontal frequency Is 15.174 kHz; Vertical frequency is 59.976 Hz. 2500 second hum bar. 

•Address switches must be in "32"; A5 =" +"; and A4 = "A4" positions. 
•Character sequence goes 340 004; 342 004; 340 005; 342 005; 340 006; 342 006; 340 007 . • • .  

•This program Is not self-modifying and may be placed in PROM or ROM. Register "B" Is used for temporary storage; Registers 

"HL" are used to hold the cursor address. 

•To aid In debugging, replace 040 147 with 000 and manually defeat front panel Interrupt. To shorten number of characters dis· 

played for a tv with limited width, use 040 337 value of 005 or higher. 

• ( )denotes an absolute address that Is program location sensitive. 

sors w i l l  carry over to 8080 cur
sor des i g n .  One new hassle 
we' l l  p ick up i s  the straighten
ing-out p rocess needed to undo 
the A9 speed doubl i n g .  But t h i s  
is more t h a n  offset b y  the easier 
and s i m p ler code u s i n g  all the 
avai lable 8080 reg isters, partic
u l arly the 1 6-bit  wide HL reg is· 
ter that i s  ideal for c u rsor loca
t ion storage. 

Let's look at a s imple  c u rsor 
that t ies the keyboard i n put to 
an 8080 d isplay. We' l l  use the 
1 x 56 d i splay to keep t h i n g s  
s i m p le. The p r o g r a m  a n d  a 
f lowchart are shown In F ig .  1 9. 

For convenience, we've l eft 
this prog ram i n  several p ieces, 
omitted a v is ib le  cu rsor and 
d o n e  o n l y  " g oo d  e n o u g h "  
equal izat ion.  W h i l e  you can use 
this program for a o n e- l i n e  
point-of-sale term i n a l ,  a s  a deaf 
commun i cator or  i n  a prompting 
environ ment, chances are that 
you ' l l  want to pick u p  these bits 
and p ieces and t hen combine 
them with the best of the earl ier 
c u rsors to do your own t h i n g .  

as needed t o  g ive us a l i n e  o f  
characters. 

A f t e r  t h e  c h a r a c t e rs a re 
down, we test to see if a new 
key has been pressed. i f  not,  we 
output a vert ical  sync p u l se, 
run the blank vert ical  retrace 
scans,  and then j u m p  u p  and re
peat everyth i n g  for the n ext 
f ie ld .  Note that we do not re- i n i ·  
t ia l ize the seri a l  interface each 
time. We s i m p l y  loop back to 
the start of  the next f ie ld .  

N ow ,  i f  a key h a s  been 
pressed, we j u m p  to the new 
Cursor Processing su brout i n e  
at 040 220 t h r o u g h  040 251 . T h i s  
c u rsor p rocessing subro u t i n e  
f i rst checks to m a k e  sure the 
HL reg i ster is  hold i n g  a val id 
cursor locat i o n .  i f  i t  isn't ,  the 
screen is erased and the cu rsor 
f ixed before anyt h i n g  happens 
to other prog rams i n  the ma
c h i n e. 

We then get a character and 
test it  to see i f  i t  i s  a CR, or  car
riage ret u r n .  If i t  i s  a CR, we 
erase the screen and home the 
cu rsor. CR was c hosen over 
CAN in t h i s  exam p l e  as i t  
seems more ap propriate for a 
one-l i n e  d isp lay.  You can,  of 
cou rse, use any decod i n g  you 
l i ke. 

ment,  or  ECI , subrout ine .  This 
ECI subrout i n e  is fancier  than 
the ones we used before, s ince 
we have the A9 switch i n g  to 
contend with .  Some new ru les 
and a few extra code word s 
take care of t h i s  for us.  

R e m e m b e r  t h a t  t h e  A9 
switch i n g  was used to let us 
g et characters out of  the 8080 
fast enough to be usefu l .  To do 
th is ,  the d isplay characters are 
out of order. Specif ical ly ,  for 
o u r  1 x 56 d i sp lay, the ch arac
ter sequence goes l i ke t h i s :  

1st character . . .  . . . • . .  . . .  . .  . .  340 004 

( MAIN SCAN ) 

( 100 · 106) 

( 1 1 0·135) 

( 157·161 ) 

( 164· 167} 

2nd character . . .  . .  . . .  • . .  . .  . • 342 004 

3rd character . . . . .  . .  . .  . .  . .  . . .  340 005 

4th character . .  . .  . . .  . • . . . .  . .  . 342 005 

55th character . . . .  . .  • • . . . .  . .  . .  340 037 

56th character . .  . . .  . .  . .  . . . .  • . .  342 037 

Now every t i me we enter a 

character, we want to go on to 

the next one. So, we f i rst change 

A9. To do t h i s ,  we use an exc l u ·  

sive O R  002 of the H reg i ster. 

This w i l l  automati cally m ake 

A9 a one for a part icu lar  charac· 

ter, a zero for the n ext ch arac· 

ter, a one for yet the next char

acter and so o n .  
I f  A 9  g oes f rom a zero to a 

one, we need do noth i n g  f u r· 

ther.  I f  A9 goes from a one to a 
zero, however, we n eed to move 
onto the next p a i r  of character 
slots i n  memory.  To d o  t h i s ,  we 
i n c rement the H L  reg ister that 
conta i n s  the c u rsor. 

So, we change A9 every n ew 
character but i n crement o u r  H L  
cursor o n l y  every second char
acter.  A l l  the A9 switch i n g  

mess i s  mag ical ly e l i m i n ated 
with noth i n g  but e ight or so pro
gram words. 

Your turn: Show an all-the-bells· 

a n d- wh i s t l e s  c u r s o r  fo r a 

24 x 80 display, including a visi· 

ble cursor, full equalization and 

transparency, all cursor mo· 

tions and the usual goodies. 

As with the 6502 systems, 
there i s  v i rtu a l l y  no l i mit  to how 
fancy your c u rsor programs 
can become. Al l  i t  takes are ex
tra word s of mach i n e- lan g u age 
code to d o  almost anyth i n g  you 
can d ream up. • 

( CURSOR PROCESSING ) 

(300· 3 1 1 ) 

CLEAR SC .. EEN 
ANO 
HOME CURSOR 

(320 · 34 1 1  

O u r  main scan sequence i s  
about the same a s  the old 1 x 56 
scan prog ram of F i g .  1 3. We've 
added some words at the start 
that i n i t i a l ize o u r  H 8-5 serial  i n 
terface so it  w i l l  accept a key
board i n put by way of the key
board serial adapter. Our brute 
force scans are cal led for next 

i f  any key but the carriage re
turn is pressed , the character is  
entered . This is done by way of 
an enter-ch aracter-a n d - i n c re-

ALL LOCATIONS PREF IXED 040e X X X  

Fig. 1 9a.  Program flo wchart. 
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