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The T\T-6 
C'<l 11 npr/('I/ 

In a Kl.\if.J. 

Thanks to some sottware tricks. a 
simple and low·cost add·on circuit, 

and a new way to speed up a micro
prncessor. you can now build avideo in
terface for your microcomputer for an in
vestment ol only $20 to $35. The TVT:.6 
video system described bere permits the 
choice of virtually any formal includlng 
16132 ( 16 tlnes of 32 characlers). 16/64, 
or 32/64. lt also features full edltlng ca
pability and lu!l-perlormance cursor. 

In spite of its simpllcity (10 low-cost 
IC's). the drcuit employs a new ap
proach lo video processing that penn.\ts 
up to 4000 cha.racters to be displayed 
on -screen Wiihin a 3-MHz bandWidth. Al
though the TVT-6 was designed lor the 
6502 rnicroprocessor based KIM-1. soft· 
ware can be used to easily map into the 
JOL'T. EBKA. or Ohio Scientllic ml· 
crocornputers. In additlon, the TVT-6 
can be adapted to other microproces.
sors. including the popular 6800. 8080, 
and ZBO. lt is easiest to use with 1 6· 
address-line systems that operate on a 
single 5-volt supply and 1-µs cycle time 
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Build the TVT-6: 
A Low-Cost 

DIRECT VIDEO 
DISPLAY 

$35 microcompuit·r · •add-on ·' pro,1ides: 
• LJ.o;er-sele<:table /im.• len1!ths 
• Suo/Jing 
• Up to 4k on-screen 

clJaracters witJ1 only 
.l-MHz bandwidtlr 
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Fig. 2. Paralleloutputs 
front character generator 
IC7 a.re com1erted into 
serial data in IC8. 
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Other systems will require software and 
microprogramming translatlon for their 
particular machine languages. 

In this first of a two-part article, we will 
cover the hardware and construction de
tails for the TVT-6. Next month, we will 
cover debugging, some useful sottware 
for the system, and provide instructions 
on how to couple the TVT-6 to other mi
croprocessors. 

Circuit Operation. A block diagram 
of the TVT -6, as used with the KIM-1 
system, is shown in Fig. 1. The complete 
schematic diagram of the video system 
is shown in Figs. 2 through 4. 

As shown in Fig. 1, bits <f> through 6 
from lhe "upstream tap" on the KIM dis
play memory drive character generator 
/Cl whose blanking and formatting are 
helped along by !he AND gates in /C6. 
The cursor bit (bit 7) is slripped off the 
upstream tap and routed to cursor blink
er /CS, which introduces a blinking cur
sor into the character generator's enable 
input. 

The parallel outputs from /Cl go to 
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• • IC2, 74L900 

Parts of IC5 and IC6 
fonn gating circuits. 
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Fig. 4. Video combhier (IClO), offset generator (Ql) and sync delay circuits 
deli ver video to TV. Gated clock (IC4) controls pa.rallel-to-serial converter. 

CI, C7--0.0l-µ.F Mylar capacilor 
C2-120-pF polystyrcnc capacitor 
C3. Cl 1. Cll, CIJ-0.1-~F Mylar capacitor 
C4---150-pF polystyrene capacilor 
CS-2200-pF polystyrene or Mylar capaci1or 
C6-33-pF polystyrenc capacilor 
Cll-fl.047-µ.F Mylar capacilor 
C9-330-pf polystyrene capacitor 
C 10-240-pF polys1 yrenc capacitor 
DI lhrough D5-lN4 l 48 silicon diocle 
ICl-IMS6l032Xll PROM (or similar) 
IC:!-74LSOOquad tri-statc NANO gatc IC 
ICJ---4013 dual-D ßip-ßop IC 
IC4--74LS04heir. invcrter IC 
ICS---4011 quad NAND gatc IC 
1Cb-74LS08 quad AND gate IC 
IC7-2513 ch.aractcr generator (must be sin

gle-supply type. ~uch as General lnstru· 
ments No. R0-3-2513) 

shift register ICB, where they are con
vertecl into a serial video signal. The 
clock and load commands for ICB come 
from gated oscillator IC4, which derives 
its Signals from the microcomputer's 
clock. lt is important that the correct 
clOck phase be selected to permit lhe 
loading of ICB to occur when the output 
of the character generator is valid and 
settled. This is phase 2 in the KIM-1. (ff 
you are using a different µP based com
puter, check this detail.) 
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IC&--74165 PISO shif1 r~gb.ter 
IC9-74LS32 quad OR gati: IC 
IC\ß.-W66 quad analog swi1ch IC 
J 1. 12-Pc-mnunt phonn jack rMol~:t No. 

15-24-2181 msimilar) 
Q l-2N..t.402 or MPS6523 (Motorola) tr~nsi~

lor 
The following rcsislors are 14 Wall , l O'l 111lcr· 

am:e: 
RI. RI0--470ohms 
R2- 10,000 oh ms 
R3.R7-220ohms 
R4.R 16.Rl7.R 18-2200 ohms 
R5.R6-2'.!.000 ohm~ 
R8.R 13.R19-4700 ohms 
R9-2.2 megohms 

The serial video from ICB goes to the 
TV Bandwidth Compensator in IC9. 
which predistorts the video by delaying 
the video output and OR'ing it against it
self. This widens the vertical portions of 
all characters to generate clean and 
crisp characters that require minimum 
bandwidth. The amount of widening is 
determined by C2 (Fig. 4). The Optimum 
value of C2 is obtained when the gener
ated M or W in the video display just 
barely ck>ses. 

RI 1-llX.lohms 
Rl2-1000ohms 
R 14.Rl5-\00,000-ohm pc-lype (uprighl) po-

1cn1iome1er 
Misc.-Socke1s fnr IC'~ (seven 14-pin. two 

16-pin. nn.: 24-pin); 36-conlacl edge con
ncctor with 0 . l 5fl" ccmcr~ ( Amphenol 225 
or i.imilar); solid h1'lok-up wire for jumpers; 
in~ulated sleeving; teSl-pt•inl 1ermin3ls (5); 
snlJcr; c tc. 

Nolc: Thc following itcm~ arc a\•ailable from 
PAIA Ele.:troni.:s. Bolt 14359. Oklahoma 
City. OK 73114: Nn. PVl-IPC printed cir
cui1 boarJ for $5.95; complete kit or all 
pans. No. PVl· 1 K. for $34. 95 (specify 
hlank m KIM-1 progmmrned JC/ ); KIM-1 
i:ndcd casseuc. wi1h pmgrams. Nn. PVl
ICC. fnr $5.00. All prkcs pos1paid. 

The vertical and horizontal timing sig· 
nals from IC2 in the gating circuit are de
layed by /C3. The display positioning 
can be varied by potentiometers R14 
and R15. The vertical and horizontal 
sync signals are combined with the en
hanced video from IC9 into video com
biner IC10. The output from IC10, avail
able at J1. is composite video. with the 
sync tips at ground, btack at 0.4 volt, and 
white at 1 .6 volts. This oulpul can be 
used to drive conventional video moni· 



tors and converted TV receivers. The 
video output from IC10 is also fed to 01. 
which is offset to deliver a +4-volt output 
for the white leveL This output, available 
at J2, can be connected directly to the 
firs1 video amplifier of most transformer
powered solid-state TV receivers (see 
box for details) without requiring biasing, 
coupling, or translation circuits. 

Two options are provided with the 
TVT-6, both of which are jumper select
ed. The LENGTH option allows a choice 
of either 32 or 64 characters/line. The 
CURSOR option gives the choice of either 
no cursor or allows the cursor tobe dis
played under software control. 

Construction. The actual-size etch
ing and drilling guide for the printed cir
cuit board used in the TVT-6 is shown in 
Fig. 5, along with the component-instal
lation diagram. Start assembly by install
ing and soldering into place the 21 jump
ers and test points. (Note that insulated 
sleeving must be used on two ol the long 
jumpers.) lnstall the JC sockets, resis
tors, capacitors, diodes, jacks, and posi
tion controls R14 and R15. Do not install 
the JC's at this time. The correct IC in
stallation sequence and the waveforms 
to be observed will be discussed in Part 
2 next month. 

Computer Interface. Detailed in Ta
ble 1 are the requirements of each of the 
edge connector contacts on the TVT-6 
and how to use each contact. Table 1 
also contains the KIM-1 interface con
nection instructions. The inter1ace con
sists of adding a new connector and 
making some add-on connections. One 
circuit board trace is cut on the KIM-1 's 
pc board to permit an optional change
over switch (or jumper) to be added to 
the microcomputers. This permits KIM-1 
to be used with or without the TVT-6. 

General Operation. Since most of 
today's TVT circuits are used with a mi
croprocessor or microcomputer, it is 
best to do as much of the display control 
as possible with the microprocessor and 
some software. What may not be obvi
ous is tha! almost all of the timing in the 
system can also be done using the mi
croprocessor. All this takes is a few doz
en words of code. 

The four key secrets of operation for 
the TVT-6 are: 

1 . Carefully choose how the address 
lines are defined for TVT Operation. 

2. Add a new instruction, which we 
call SCAN, to rapidly address 32 or 64 se
quential memory locations. 

3. Permanently connect an upstream 
50 
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TABLEI 
TYT·6 PINOUT AND KIMw1 INTER FACE 

TVT..ß 
CONTACT 

1,2 

3.4,5 
6 

7,8.9,10, 
11, 12,13, 

14 

15 

16 

18. 19,20, 
21.22.23, 

24. 25. 26. 
27 

NAME REMARKS 
GND Heall)' wire to e:ii:pans1on contact 22 or s1mi

lar pom\ in KIM-1 
NC Spares 
VCL 1-MHz clock lrom expansion conlact U (11> 2) 

(In othe1 systems clock phase must be se
lected so !hat load pulse arrives when CG 1s 

valid.) 
VD7, 
VD6, 
VDS. 
V04. 
V03. 
1/02, 
V01. 
v04> 

CSI 

cso 

DEN 

A11. 
A12. 
A13, 
A14. 
A15, 

A5, 

Da!a output from memory d1splay: clnves 
character generator. For KIM-1 to display 
any par1 of pages 00 through 03, connec· 
t1ons rnust be made as follows. 

TVT~6 contact · lo pm 12 o! KIM-1 IC: 
7 US 
8 
9 
10 
11 
12 
13 
14 

U6 
U7 
US 
U9 

U10 
U11 
U12 

Display memory chfp selecl from f'-P: nega
tive logic OR combined with TVT-6 chip se
lect From p1n 1 of U4 on KIM-1. 
Display memory chip select source: enables 
display mernory when either rvT-6 1s active 
or contact 15 is low. Goes to p1n 13 of U5 
lhrough U12 in KIM·l when displaying any 
part of pages 00 through 03. Exisling Kc> 
connection In K!M- 1 musl be broken , 
Oecode enable.; goes low when µP is oper
ated In normaf mode. high when TVT-6 1s 
doing an aclive scan. Göes lo KlM-1 Ap· 
plications- con!act K. Any external ground on 
applications contact K should be rernoved 
Address mputs from flc. positive true Ad
dresses A·di. A6 through A1,Q no1 sent to 
1VT-6. Connections to KIM-1 expansion; 

Klt.H contact· lo TVT-6 contact: 
N (A11) 16 
P(A12) 19 

memory tap to the character generator 
and dispiay drcuit. 

4 . Create speciai software that will 
a!low TVT-6 scanning. 

A4. R(A13) 20 
A3 5(A14) 21 
A2. T(A15) 22 
Al F(AS) 23 

E (A4) 24 
0(A3) 25 
C(A2) 26 
8(A1) 27 

28 . 29, 30. 087, ,,p da!a bus: tri-state acllve high lrom IC1 
31 ,32,33. 086, durmg actlve scan, not used at olher tlrnes 

34.35 085. Connections to KIM-1 expansion 
084, KIM-1 contact ; to TVT'-6 contad 
083, 8(007) 28 
082. 9(086) 29 
081, 10 (005) 30 
000 11 (804) 31 

12(083) 32 
13 082) 33 
14 (081) 34 
15(084>) 35 

36 Lsv Reguta1ed + S·voll (200-mA) power bus. 
should be heavy wire . From KIM-1 expan-
s1on contact 21 or sfmliar point to cont.act 36 
inTVT-6. 

Note_ K IM-1 convers1on cons1sts ol breakiog one (oil trace and 
adding a new 36-pin sockei (Amphenol 127 or slrnllar) . Connec
tion lobe b1oken originales. as Kdl(pin 1 of U4). Rout in.g ofl<\illhat 
goes to rnemory cf1lp select pin 113. ol US through U12 should be 
broken . Other K<l>connect\ons. such as that io pin 1 of U\6 should 
rernain intacL Any external ground connections to Appt1ca11on 
conriector conlacl K (decode-enable) must be removed, All w1r1n9 
should be made w1tM a wir Ing pencil 

When KIM-1 is used wirhout display•rig video, it will' behave nor· 
mally and transparently as lang as ·rvr-.6 is plUgged in and ad· 
dresses 8000 1hrough DFFF are nol used. To restore KIM-1 oper· 
.itron w1lh TVT-6 out ol socket or to use available addresses fo1 
other programs. iumper pin 15 to pin 16 and separately jumper pin 
1 to pin 17 in the KlM-1 , Note that lhts iumpenng ls tobe done only 
when TVT -6 1s out ol ils connector. 1 you w1sh. a dpdt ctiangeover 
switch can be added to perlorm the jumpermg. Sw1tch posii1ons 
should be changed only when power i s ott, 

V. LOCATION H. LOCA·TION 
l ~INtl (Cl A.RAC TER p.QS1 T1 0N) 

Ul'PER WORO L.OWER WOl!D 

Ail 16 address tines are used. as· 

signed as shown in Fig. 6A for a 32-cha
racter/line system or as shown lr-1 Fig. 
6B for a 64-character/line system. Ad· 
dress A 15 is the horizontal sync pulse 

and lhe key to jumping to the new SCAN 

instruclioh. This pulse is followed In de
scending address order by the vertical 
sync (A 14) and lhree lines (l4, L2:, L1) 
ihat produpe the "whal row of dots da 
we want?'1 informalion for the character 
general.or. The lower address lines are 
used to select a page of display memory 
and to setecl the characle.r that goes into 
any panicular horizontal and vertlcal lo
cation on the display. 

1 "') 40DRESS 9LI$ · ·32 CtiARAC T(RSlLINE, 16-LINE SYSTElll 

JULY i977 1 

,\Eli$ A88 AB7 AB0 
IB ) AO() Ro5S: BuS:G4 Cli AllACTtRS /LINE, 16-LINE SYSTEM 

C~'~SOR ASCII C'llol.llhGTER 

cf 1 7 1 6 1 5. 1 ~ 1 ~ 1 ~ 1 i 1 

DB /' 060 
(c1 011•* aus 

ASCII C"'ARA,CTES 

1 0 1 7 

1 
1'A7 
! OI \i.EY !!OAllO INPIJT 

Vif/. 1>. Bit.< rleJir1itinm• u.~ w<t'tl tuitl1 tlir' TVT-1;. 
All lli ml<ll'<'i<.~ liui'-" 11•'t'1rnt•1I us 1fr:<l"rihecl i1t lf.rf. 

1 
PO.(! 

' 
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DIREC"'r·YIDEO INPUT CO„VERSION 

0201 
IJj VIOfO Al,!P BREAK 

CONNEC1'10M\ 

ffl!O'"' <IV TPl2 W. 
VID~O - A_.,-tt--• 
~TECTOI! 

NEW 
R(H74 

S~IEl..DED 
COAX 

Adding a TVT ·6 direcl·video input to a 
smaJl-sereen solJd-state TV recetver re
qu res only IWo short lengths ol shie!ded 
coaxial cable, as, Jllustrated in the sche
matic. (lmportant No1e; Da nor use a hol
chassis TV recefilerf Make,absolutely cer
tain lhal lhe 1V receiver ,vou use 1s- trans-. 
Jorrner powerea from the ac llne.) The 
conversion circuit showo here ls for the 
Sears No. 5&2-502®500 (Sams Photo
f act No. 1565-1 ). Other TV receivers can 
be modifled in a sfmilar manner. 

The data within the machine (see Fig. 
6C) uses the lowest seven bits as ASCII 
character storage. This is arranged by 
putting the least-signilicanl ASCII char
a.cter bit in the least-s!gnificanl, data, slot, 
and so on up through the more sfgnifi
cant bits. The eighth data bit (DB7) is re
served for a cursor., II 087 is a zero, a 
character is displayed, while if it is a one, 
a cursor boi< is optionally displayed. 

EAllPHDNE' JACK 
IREMOl/E OLO ' 
eo NNECT 10 NS) 

Th~ earphone jack n the clrcuit provides 
automallc changeover from normal recetv
er perforrnance to video access. Correct 
blas ls proyided by TV output ol the TVT-6. 
As an option, you oon deleat the, sovnd 
lr1Jp in the Sears:TV recelver ~ lifting one 
eod ol capa,cilor C201 . 

To use the SCAN instruction, jump to a 
subroutine whose startin1;1 address is 
withfn the 8000 to DFFF range. For ex· 
ampte, if you call JAS 8200, lhe SCAN in· 
struction will deliver a horizontal sync 
pu.lse and initiat.e operation on tne top 
row of characters, starting with the lirst 
character on page 2. After a selected 32 

NEW SC:AN ENABLE INPUT 
F!lOM 800Ö·Oi'l'I' DECODER 
IN TV 'T•6 

lJ 

interrupl and reset vectors on the KIM-1 
so that the operatinQ system will work 
compatibly and properly with lhe ne,w 
scAN inS1ruction. 

There are rnany possible codings for 
the scAN program wilh the lim)tation tnat 
the las;t address is a return-to-subrouline 
(ATS) instruclion. The· obvious choice of 
NOP or EA runs al only half speed and 
can't be used. OI the lhree dozen in· 
structions that operate at full speed, the 
choice of LOY !s the one that does no~ 
disturb the accumulator or its flags. This 
adds flexibility 10 other programs. Tue Y 
register can be viewed as a write-only 
rnemory in the SCAN software and we 
can !hink ol the whole SCAN instruction 
as a group of double-speed fetch-but
don·t-execute instructions. Theoretical
ly, a 64-word PROM would be required 
for a 64-character line, but lhis can be 
overcome by ignoring address Ar/J and 
changing the PROM's address every 
second cyde of the machine. 

Upstream Tap. The s.CAN inslruc1ion 
will sequentially address 32. or 64 mem
ory slots per horizontal scan line at. a 
rate of one-per-clock cyc\e ( 1 µ.s). These 
addresses are presented to the entire 
memory in the computer, including the 
memory to be displayed. However, dur
ing the display times, the SCAN instruc-

R/W 

....,._..,_., COMPUTER 

r---..----, _,-""V' ßt\A 

The ex:lstlng KIM· 1 keypad can be 
used as an ASCI 1 keyboard for many ap
plications, particularly for setup and de
bugging. ll you wish to add an external 
ASCU keyboar'd and encoder. connecl it 
to the KIM·1 's parallel Interface A .. fol· 
lowing the assignme.nts shown in F'ig', 
60. The seven ASCII bits go to lhe sev
en low-order data lines, while PA? is 
hard wlred for a zero. The keypress, or 
strobe, signal from the keyboard must 
pull the IRQ (Interrupt request line) to 
ground for 1 O µ.S to enter a c:haracter or 
machine command. 

?<'.-----. es 
BREAK "--------~ 

The trulh tabt~ for PROM IG 1 is 
shown in Fig. 1. This trulh !able stores 
the SCAN instruction, activated by 
addresses 8000 through DFFF. When 
JC1 is enabled, il causes the micro
processor's program counler lo a,ppear 
on the address line-s for 32 or 64 con
secutilfe scans that ad>Jance one couot 
per microsecond. This automaticaJly and 
sequential!y addresses the disptay 
memory and produces e·xactly lhe data 
needed lor a horizontal scan of TVT 
chara.cters. The scan instructlon runs a,! 
least twice as fast as the microprocessor 
normally moves, which is. the 1<ey to TVT 
timing wilh a microprocessor. 
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0€CODE 
ENABU: 

IK0l 
F'ig. 7. A d<liiig th,e u.pgtream !.a ·p t.o the memory tobe displa.yed .. 

or 64 characlers, lhe SCAf.i instruction 
automatically jumps back lo the majn 
program. 

The SCAN instruction can be viewed 
as a "portable subroUline" because it 
readily moves around to aulomatically 
output the correct page and ctiaracter 
generator's row inlorma.lion, starting 
with an easily computed JSR address. 
Addresses above OFFF will not activate 
the SCAN instruclion. This includes the 

tion and its PROM have control of the 
data bus so, lhat the display memory (or 
anything eise) cannot output infbrmation 
to the data bus. 

Ttie' upstream tap is added as shown 
in flg. 7. This tap rs always outputtlng in· 
lorrnation to the character generator in 
the TVT-6. The outpul ~r:iformation is 
present even (and especially) when the 
display memory data bus drivers have 
been inactive. o 
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System debugging. software, and 
how to interface to other processors. 

llltllllllllllltllltlllllllllS 

LAST MONTH, we discussed con
struc\ion of the TVT-6 iV typewriter 

a.nd explained how il works and how il is 
connected to a KIM-1 rnicrocomputer. 
We also started a discussion of the op
erating secrets of the TVT-6. Here, we 
complete the "secrets" discussion and 
go on to system debugging, some useful 
programs. and teil you how 10 interface 
the TVT-6 witl'l other microprocessors. 

Software. Four examples of tested, 
annotated , and workable KIM-1 soft
ware are given in the tables in this arti
cle. Table II contains a 16 x 32 scan 
program with full interlace. lt automati· 

>tl(AÖOI 

BY DON LANCASTER 

cally generates almost all the liming re
quired by the TVT-6 and its companion 
TV monitor for this display formal. The 
program is run by jumping to memory lo
cation 17 Ad. The display is stopped by 
interrupting with the Operating system, 
the cursor, or other program. 

Table III is an optional luU-perlor
mance cursor for the 16 x 32 sy.slem 
and includes scrolling. full cursor mo
tion. and erase-lo·end-of-screen cap
abilities. II is run by allowing the key
press signal from the keyboard to inter
rupt t.he scan program (any ol the three 
Tables) via the IRQ inlerrupt line. Note 
that the cursor program is totally inde-

Ln 
1 0 1 

eo ~o„ AOC~C!'!fO • 

pendent of the SCAN program. The only 
things lhe two programs share in com· 
mon are the same pages of display 
memory . The screen-read-to-cassette 
can be performed using the existing 
KIM-1 operaUng S~lstem programs. You 
can also load from cassette to display, 
using !he automatic search firmware. 

Table IV is a 16-line/64-character 
scan program !hat requires only 64 
words lo be written lnto memory for the 
entire program. This program can be 
used 10 dlsplay the entire 1 k of minimum 
KIM-1 memory for use as a super front
panel disp\ay if desired. For disptay-on\y 
appl ications, 1 k of contiguous memory 

lO) 

J 
1 

' 
Hl(A8 1] -----E~V~E~~·=~'E~L~O-~...--~o-o_o~r 

IO~ SC.AAIS. 160 ACTlYl'. 1 
REfRACE. $CA~! 
BL.A~lljlr'!IG (16X10l 

104 SCli ~~. l&O . .t.Cl'•Vt 
~n„•n . .SCA!iS 
l!UN•lm JIC • 10I 
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Fig. 7. TVT-6 waueform.s with Tcible 11 progrcmi: (A) 'Video 111omß:rM 
Tate; (B) horizontal rate; (C) horizo1ital 8yno; 
(D) chanwter rate; (E) veTtical rate; (F) outputs. 
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16 llne 1 '52 ch-.racter ptr ltne Jnc.r:i..e..i 

!f'!T6 lla•ter Sc.n1 

III' - 6502 Start - Jl4J> 17Ad D1•pla1..i 020C>-O'J'J' 
s,. tem - 111'1-1 End - Interrupt Progn.m 8119.c. 1780-1712 

) RS ) VS ! L4 ! L2 j L1 ! 0 j 1 ! V8 ! l V4 l '12 i T1 ! R161 88 J"!4 I B2 l BH 

1780 llOP U 
1781 STA 8d (BA) 
1784 PHA 48 
1785 PLA 68 

1786 1Ql'E dO 00 
1788 JSR 20 00 
178b AIX: 69 08 
17Sd CKP c9 eo 

178Jt BCC 90 J'OO 
1791 JSR 20 (BO) 
1794 JSR 20 00 
1797 !fAl u. 
1798 'LDA .l.d (89) 
179b AllC 69 ,, 
17911 STA 8d (89) 
11.lO TXA BA 

17A1 mn: dO 00 
17AJ HOP XA 
17A4 AllC 69 CO 
17A6 JSR 20 00 

17A9 OKP C9 84 
17Ab BCC 90 d'5• 

-su.RT-17Ad UIA Ad (dP) 
17b0 l()R 4 9 80 

[
17b2 SKI 'O 
17b4 STA 6d 
17b7 LDX .1.2 
17b9 JSR 20 

11bC 

17(11 
17C4 

JSR 2Ö 
BPL 10 
SfA 6d 
LDX A2 

05• 
(dP) 
66 

(Jro) 

{"tO) 
-05• 
C4PJ 
67 

[

17bJP 

17C6 
1709 

JS.f\ 20 1! 
OUJ d.8 

17C4 
17Clo 

PKA 48 
PLI 68 

LDA 49 00 

( 17) 

eo 

(17) 
80 

( ,., ) 
( 17) 

eo 

(17) 

(57) 

(17) 

(17) 

(57) 

80 

170! 
1741 
17dJ 111CC 

S!fA 8d (89) (17) 
LDA A9 ez 

17d6 
17d9 
,7dA 

17db 
L-.11dd 

17dr 
17!0 

S1'A 8d (BA) ( 11) 

JSR 20 1')0 8r.l 
etc 1e 
D!X CA 

BMI 30 A4• 
8PL 10 ld• 

eo 
llCS bO 00 

17!2 R1'S 60 

Squal1zc 2 c1cle• 
Store upper addre11 
Jl.qual1&e 10 C)'ClH 
C<>nttnued 

C<>ntlnueil 
////Ct.r•ctcr Senne 1-8//// 
tn<1rw11111ot Character Scan Counter 
Ie Y'S • I? 

Bo, da neKt ~Jtar•ctcr 9'!an 
Bq_ual1 ze 15 cyclu Yl• eub 
l///Ch&racter scan 9//// 
Save Uppcor Add'°""" 

Gct :Lover Addreso 
JncrerRn·t t.: Set C on V4 OYtr!low 
Restore lover ward; nave c•rry 
Gct Lowcr Yard 

iq11alizc 5 cycle• 
cilnUnued 
A.dd CUT]'; Rnet 'IS 
l/l/Ch4racter Scan 10/I// 

Ja lt llne "17"7 
Ko, eontlnue ci'laracter acana 
Get Int..rlaoe vord 
Change r1 eld 

Jwr.p 1r eYen rleld 
Odd Pleld V Sync; Restare Jnterlace vard 
Loiod ahort nuabcr or '11 1tca11e 
lquallzc 15 cyclee vl• sub 

Equal.Jze 15 eycln via eub iagUn 
JU11p lt <>dd tield 
hen Pield T Sync: rntore inttrlace 
LOlld long num~r or V Blank ocana 

//f/1et V blAnttns acan //// 
llq11alize 9 c7cln 
Con.ttnued 
Con'tlnued 

In! Ualtn lover addn:u 
Contlnued 
tnitietl2e 11pp.or eddrcse 
Conti n11ed 

///Aema1nlnc V lllMklng gcan•//// 
lnltlal1~c carry °"" li: u sc an 

St•rt Char:i.c~r eca.n 
Repeat Verucat blanlcJ,ng aean 
In~rlace word atou4e 
///Bquatlze I~ SlrallOU'!llfB //// 

Continued, 

llO'l'ES: 'l'V1'6 ctuU be conno.~ted an<I S<:an C1lc.roprogn• l'llOJ!I (IC1} 
111u.11t be in ci rcu.J t for progrw. to nin. 

lll>th 17b• IUld 11c1 requtre that p.ag• 11 tlf •n•bli:d 
l<h•n ~8• ~7 la addreaacd. 1'hls le ~one autonat!ealt1 
... 1 th 1111-1 c:ircw tey. 

Step 1788 goea to vllere the upper addreaa etor~d in 17SA 
an4 tlle 10\ler addl'll!H atored 1n 1789 ulla 1 t to. Tal ·1u 
ln thcee sl ote cont1 nu.cl\1ely c·han,o;e th ro1111bou t th• p:ro, :rQI. 

ror • 525-lin• eynte~. ufte 17bB ~' and 17~5 65 and a 1111-1 
cryetal or 992.250 kHz, Thla la only nooded rar vid•<> 
euperpoeltlon 111><1 tl111n« appltcatlone. 

Ronoal proj!l'a= hor1z<>ntal !requoncy 15,67}.015 HI; 
vcrtic•l fre~uoncy 60,0114 Kz. 6l ua por linei Z6~.5 11nee. 

• Dt.notea •relative branch that la progr&i:1 length 
B@nlll\1"1'"11!1'. 

( l Denotea an •beolute llddreo~ thot ln procraq l<>eation 
ee-n111ltl'V'e. 

1'V'16 l•11&th jwaper euet be 1n "}2" poaltlon. 

"""" ·~„'·---------

is required .. Keep in mind that the KIM-1 
has some operaling system slots in the 
top of page zero and the sta,ck at the top 
of page one. Unless you actually want to 
display the stack. and operating system 
parameters, do not use these slots. 

The 64·cha.racter line makes the TV 
recerver's horizontal lrequency run con
siderably lower than normal. This will re
quire. a readjustmenl of the horizontal
ho1d control or some extra capacltance 
across the exi.sting horizontal-hold ca· 
pacitor. The widlh of the rastet may also 
have to be reduced; this ts most easily 
accomplished by adding a low-value in
ductor in series wilh the yoke. These 
changes are best made in a smaJl
screen. transformer·powered mono
chrome 1V receiver. The tradeoff of a 
lowered horizontal frequency produces 
a long character line but still allows 1 
µ.s/character. This will not tax the band
width restricllons of TV receivers or r-1 
modulators. (Editor's Note: The small
screen Sears TV receiver we used re
quired adjustment ol horizontal slze 
and linearity, a 0.033-µ.F Mylar capacitor 
in parallel with the 0.068-µ.F capacitor 
used for C408 in the receiver, and an in· 
ductor consisting of 60 turn~ of No. 24 
enameled wire on a ~# Nylon form in se
ries with the red yoke lead in the receiv
er. In addition, it was necessary to dis
connect one side of C2D1 in the receiver 

POPUL.Aß ELECTRONICS 
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10 deleat the sound trap. Never atlempt 
to modify a TV receiver that ls powered 
directly from the ac line wirhoul an isolat· 
ing transformer.) 

Table V contains a program that we 
call "Cruncher the Bear." This program 
produces 64 fully interlaced characters 
in each of' 32 rows. for a total ol 2048 
sharp ASCII characters on-screen a1 
one time within the 3-MHz bandwidlh. 
You can add a hex-to-ASCll cocnverter 
lhal slowly sequences high- and low
order machine code characters in the 
same slot and end up with 4096 hex 
characters displayed in only 3 MHz of 
bandwidth. 

Table. V requires a contiguous 2k of 
memory with a common upstream tap 
and separate chip eoabies. However, il 
is easily incorporated if you really want 
or need to display as many characters 
as ttie program allows. 

Other softwa.re is easily written and 
developed for lhe TVT-6. For example, 
you may wish lo have a 32 x 44 or a 32 
x 48 characler display and still use nor· 
mal, or nearly normal, horizontal scan· 
ning rates . This allows for video tilllng 
and superimposition. oversize charac
ters. color graphics, lower-case charac
ters. and game displays . There is no 
\ower limil to lhe number of character 
rows or characters per line you can use. 
II you have limited memory available. 
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fable III 

16 I )2 "'ll-perfor.anc• Cur•or: 

pP -- 6502 Start -- tlfQ D1•pla7ed 0200-0~PP 
57neo -- ITl!-1 lad --- Rt'I ProgTU Si-ce 0100-01dP 

Input to Parallel ..,.ord A 11'1 l .i.7 I .i.6 j A5IuJ"'1 A2' ! 11)~1" 
Clear - CIJI (18) 
Carrl•ge Return - CR (j!d) 
CIU'eor Up - Vf (l'lb) 
CliJ'eor DovD - LP (l'IA) 

Cu.raor Ldt - !IS (fle) 
Cu.raor Rlght - HT (1'19) 

r-'Jl07 
1 010!1 

,---01ob 
' ..... 010d 

OU7 

PHA UI 
LDY .i.o oa 
LDA AS (&!) 
CKP 09 0, 

ll!:Q Pö O•• 
CHP C9 02 
BME dO ~J.• 
l!:IA bl (M) 

Cur•or HOiie - SCH (~A) 
Seroll l1p - DCI (11) 
Brase to End - 11C2 (12) 
Spare Rook - llC3 (13) 

&nter ~ All chaJC&c:ter• 
l&nore -- .All oth.r CTRL 

S.ve .l 
R.,.et T Indu 

~ t--10 „. 

Get CUr•or llJ!.d te•t tor range 
Jo c:ursor o~ page '? 
Tee, 01 to coßtl~ue 
1• eureor on Piii• 2? 
llo, Ro•• cu•or 
Get old c11.raored obereoter 

ETaee old C\lr1or 010P A.lfll 29 7P 
0111 S1A 91 (lld) 
011) LllA Ad 00 
0116 CKP C9 20 

Repl•ee ehar&c:ter "'1 U1out cunor 
11 Get new char•cter frt)• A i-rall•l lnt, 

II lt a ctluacter to tlf en~r•d? 

014~-o:i11(:1 !!CS bl) 29• 
011.1. CIU' C9 18 

01~s-011c &so ro 40• 
Ollt CIO' C9 Od 

01s2-01~0 a::q 1"0 10• 
0122 Cf'O' C9 Ob 

019•--<i12• BE:~ l"Q 6~ 
n126 CIO' C9 OA 

0166-t•12e l!SQ l'u 'C• 
012A CMP C9 09 

01s1:1-.i12c &:1:0 PO 2.1.• 
n 12~ 'llfP C9 Otl 

01A7-Vl}'J 11!: PO 7S• 
01~2 Cl'O' C9 01 

01'7-00' HO PO 11• 
0 1~~ ~!1:1' C9 II 

ons-ona llEQ N ,~. 
01~A CMJ' C9 12 

010-onc m:Q P'O oc• 
Oll! C~ C9 l~ 

Olbl -OUO 
0 U2 

f
~:!i 
1') 14.,\ 
0 1'0 
0145 
0 1')0 

-ou~t gm 
J 156 

1)156 
01sb 
0151 
0 161 

fH 47-0H•~ 

b
Q11j~ 

01oa 

Ol·b· ".' 
016b 
Of6d 
!H6, 
0172 

0175 

Dm 
0171 

1111 
018, 
1)184 

il~Q PO 6P'" 
JS!I 20 (D}) 
llh'E d') Ol• 
JSH il'ü ('::!') 

LllA ~I ('1Jd) 
ORA 09 "O 
STA 91 fld} 
PU. (,!'! 

:tTI 40 
LDA A~ (!>d) 
OllA 09 1P 
STJ. !!„ (Ed) 

JSR 2·l ld5) 
.!!(!' 4r; •5) 
JSR 20 C2) 
JSR zr; !Cb) 

!l?.Q ,.) !1 • 
UIA AS (!:d) 
t:LC 18 
Atr. ~~· lel 

STA S„ (t-1) 
er.c 3() M• 
JSll: ~o (cl9) 
,Jl'IJ' 4t: ( ,„) 
JSR ~o (C2 l 
LllT AO ?.Q 
!.DA bl (!'.d) 
LDT AO 00 

JSR 20 (dJ) 
l!llfl dO PS• 
CLC 18 
l.!>4 A9 01 

0186 STA 85 (11'1:) 
0 UMI IJ>A A 9 !ll 
~18.l STA es (!d) 

014.1....-.0IBC 'llCS bO be• 

(01) 

(O!l 

(01) 
(01) 
(O•l 
(01) 

(01) 
(Oi} 

(01 ,) 

Tu, go arid eD,ter obaractu· 
Cl••r Scnn1 
T••• clear ecreen 
Return Cattl•gt? 

Tee, Ret!ln'I oarrl•g• 
Cv•or Up? 
Tee, Up Cu:r aor 
CIU'IOI' :Down? 

Ye•, Down Cur•or 
CIU'eor ki1M? 
T•1, Rl«ht C\U'1tor 
Cursor Lttt? 

Yee, r.en Cveor 
cv„r Ha.•? 
Tel, Ho„ Cur1or 
Scroll Up? 

TH, Se:roll Up 
Spal'I Hook? 
tgnore--Restore Cureor 
!Ir••• t ·O SOS? 

T••· Er••• to BOS. 
/////!m.t•r cr.rec\er///// 
3'lfl of Seree11? 
Yea, Ho.,.. Cursor 

////Re•tor• Cvz~or///// 
Add eur•or to cur•or•d cllarae le r 
Repl.ace curaored cbaracter 
G•t A. 

Return to Scan 
////CarrJ.ege Retyzn///// 
Move Q111'1tor to Rißht End 
Heotor• Cur•or 

lncn-.ent Cllroor 
Pin lall 
////Clear////Ro•e C...-sor 
Clear Scrten 

P1nlah 
J!l/Cureor flawn/111 ~et Cursor 
Cl••r Carn-
~ove Cur•or Down 

Re•tore CIU'•or 
ev,rriow or page? 
Te•, lner.•nt u:ppn pai;e 
Pini•h 

/11/Soroll Up//// HoH Oureor 
.i.411 Ottut to l„•• 
·G,.i otc„, Jadextd cuncttr 
R~o•e otr1et tro• 1114•• 

!ntn !krud Ch.uactu and lnoreMnt 
Ros-at? 
Clear CaM')' 
Set A to ~•• 1 

Set C\U' 1or to P•a• } 
S•t A to 1i.. rt ot la et Une 
Set c~eor to St.tri oC 1„u ltM 
PlnLeh 1f ca.""J H\ 

(conttnu:ed on n••t pag•.J 51 



T•ble tll (Continued) 

0\81 J"SR 20 (Ob} (01) Olear laat Un11 
0191 S'BC )8 S<!t C•rTJ 
0192 BCS bO l'O" Reatore Curncr to 111.Art or tr.at HIM' 
0194 LD.I. .1.5 (!4) ////Curoor Up/////G~t Cur•or 

0\96 SB!! 'e Set carrr 
019'7 S!Kl B9 20 ltove llp cne 11.n~ 

0199 STA 85 (Bd) ReotOTe Curoo:r 
ll1U.--...-019b !CS bO Ad• Underflow o./ s-ge? 

Ol')d J>BO C6 (!S) Yee, dec.reic.1H """" 
019"P Lll.l .1.9 01 Set A to 1'8ge 1 
OUI CMP es (BR) Did nerAen undertlov? 

010.-<>u' BllB dO AS• llo, Pln.l!lh 

0147--0U.5 BEQ 10 .lO• T~ft, Home Cur.•or 
OU.7 llSC C6 (.Ed) ///Oureor IA!tf///Deare.,,.nt Cu:r~or 
OIA9 lJ>A .1.9 „ Set A to Pllt" undernov 
OlAb OMP 05 (gd) T"11t rcr Jllll!" und.rrtov 

0\'M-OUd B.EQ PCr gr Change i'lll" 1 t oft: l'age 
01u-our lllll!l dO 99• Pinte!> H on pAge 

Olbl ll>A A5 (fi) //l/Er6'Je to EOS/f/Oet r.11r11or 
01b'J PlU 48 S11ve Upper cureor locatlon 

01b4 Ll>A A5 (!'.d) Get l""Pr ouracr locntl cn 
Olb6 ""' 41J San lqwer ~urMr tceatl<>n 
01b7 JSR 20 (Cb) (')\) Cll'ar to r.lld cf Scrun 
Olb.l PI.\ 68 Get l0>0er cureor loootlcn 

01bb S~.I. 85 (!kl 1 R•atore lower eureor 
01bd l'L.l 68 Get qpp~r ~ur oo)r \ oc a tl M:l 

01bl STA 95 (~) R•etore upp•r ~ur~or 
014A-<l1CO 118! dO aa• 11n1ah 

0102 Ll>A A9 ..,o /l/Sl!'IJ//Home c~oar/// 
01C4 STA 85 (ld l Set l.,.,er curaor to ~u·o 
01C6 Ll>A 49 02 'f'ut pa,11• 2 In .l 
0108 ST.l 85 (BE) S~t upper cur8or to U200 

0104 RtS 60 Rtturn to maln pro~~m 
c01C'b t.tl,\ .l9 20 ///SUft//Snter SpanP/// 

010d JSR 20 (d') (01) ltnhr api. et vs a Sub 
0140 !11111 dO PC)• Repe"t lf not. tti end 

0142 J\!S 60 Retiar11 to IMI n progn~ 
01d' StA 91 ~!i! ~ ////SUB//~ttr,Jn~remrnt// etor" 
0145 tlfC 116 lld Jnere..ent Ouroor 
0147 Bn dO 06• etverno ... 1 

01d9 
.IllO 16 (BS) Tee~ Incrt•nt c11nor pe~~ lO <)' 

1db t.l>l A9 04 Load .l Wi tl'I po.ge 4 
tdd al11' C5 (Blf) fpat ror 0-.r~Clov 

01d! R1'S 60 Re tllrn to tlllU n progrnm 

llot!S: ~ veetor muat be ~t~r"o In 17Y~ oo 1111d 17YF 01. 

'Zotal ava.t labb naek l<lng-th 1 o 3? "ordo. Approx!.., tely 
16 ano uoed l>y operat'.J ng ~y11hm, ouroor, 1111d oc.an pi"ogra.'O. 
SUok •uet ~ ln1t1allzed to Oll'P H 1.e done ln ltHl-1 
opera t1 ng 111 ehto. Por 'l-0 edd 11lona1 111:.aek loe~ ll o H, 
:reloaat• ""'hroutlnea start.ing at PIC2 dal'><hl're. 

To prote.ot P"I!:"• load 007' 04. Tn ""&bl<! tti tl')' load OUPi O•J, 

Cu:recr addreae 111 atorod nt OOKll low end OOEE hl~h on 
page z"ro. 

Tc d1•p1Jly curaor loed ul4d so. To not dlapl.a.y cureor 
lo•d 014d 00. 

• benotea a nol•tlve bran~h that Ja progr<>JO length 
nneitt-ve. 

( ) !>flnoho M ab11olut'e 11ddrl'dd tllbt 1• J>r<>gl"a:o> l11eaUon 
eena1ti"Ye. 

you can run 8 x 32, 4 x 64, 1 x 64, or 
even 1 x B character formats. All lhls 
takes is soltware changes. and the cir
cuilry of the TVT-6 remains the same. 

pins 3 and 14 on the /C5 socket. Center 
the two position conlrol potentiometers 
and install IC1, IC2, and /C6 in their re· 
speclive sockets. 

Initial Debugging. At this point, there 
should be no IC's In the socl<ets of the 
TVT-6 board assembly. Start by con· 
necllng the LENGTH jumper to 32 and the 
CUASOA Jumper to VES on the TVr-6 
board. (Note.: These points are pads lo.
cated at the center of the circuit board, 
not the edge·connector contacls.) Tem· 
porarlly Insert a ;umper wfre between 
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Connect your video monitor lo the 
TVT-S board and power up the system, 
Check for the presence. ol the SCAN in
structions (see PROM Ttuth Table in 
Fig. 1 of Part 1) at hex locations 8000 
through 9020. Wrlte a simple program 
that jumps to a subrouline at location 
6000 and lhen loops. Single-step 
through this program to verify proper Op
eration of the SCAN inslruction. Do not 

S'tAA l 
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USING THE M-6 WITH OTHER 
POPULAR MICROPROCESSORS 

Both parts of this article have used the 
TVT "6 with the 6502 microprocessor
based KIM-1 microcomputer. Here is 
how to use the TVT-6 in µ.C's !hat use 
other popular microprocessors. 

6800. The 6800 µ.P is very similar to 
the 6502 and. therelore, is easiest to 
convert. 'The SCAN microprogram can 
bc LOAB(C6) tor words 0 through 30 
and RTS(39) lor word 31 . A llteral trans
lation ol the lightest pal'! of lhe SCAN 
program ( 10: 1782 through 178C) is: 
STA(B7) ; JSR(BD) , ADOA(8B) : 
CMPA(81) : BCC(24). This routlne re· 
quires 25 µs lo cycle lhrough as com
pared to lhe 21 µs required lor the 6502 
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8080. A stock 8080 µP can normally 
change its program courrter once every 
2 µ.S, bur il can be "tricked' ' into doubling 
its speed durlng a SCAN microprogram 
by driving the usual address line A9 ol 
the dlsplay memory from SYNC. The 
SCAN microprogram is then NOP(OO) 
for words 0 through 30 and RET(A9) for 
word 31. A tighter than literal lranslation 
of the SCAN program (10;1782 through 
178C) is: STAXB(02) ; CALL(AO); 
AD0(82); CMP(BB); JNC(OB). which re
quires 24 µ.S 10 cyole through. Hera. the 
TVT-6 address lines A5 through A 1 
must be rela.belled A4 through Aj1, re
spectively. 

zao. The zao µ.P can use 8080-
developed software with speed-doubling 
scans, or it can simpJy be run faster, al-
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lowing lhe program counler to change 
once every mlcrosecond. Use a literal 
translation of the program for the 6502. 

12 Address Line µP's. The four 
upper address lines of 12 address line 
µ.P's can be decoded to allow normal 
operation, 8 to 12 lines ol scan. a verti
cal sync pulse, an operating return sys
tem, and an optional "pa_ge-change" 
c.ommand. This leaves a 256-charaoter 
page on lhe bottom eighl bits, and the 
"page·change" comrnand can be 
latched to Change to any number ol ad· 
ditional pages, as required. 

General Hints. Horizontal scan 
should last at least 62. 63.5, or 64 µ.S for 
conventional horfzontal-frequency oper
ation. The microprogram scan must end 
exactly this number of mlcroseconds lat-

er for each horizontal line in lhe total 
scan program. The total number of' lines 
must produce a vertical frequency ·be· 
tween 59.9 and 6CU Hz per field. Note 
tha.t a portion of the RTS time will be 
spent during the active (mioroprogram) 
scan ·time. Horizontal -scans that last 
longer than 85 µS may make it difficult t.o 
obtain TV interface. 

You can shorten a blank micropro
gram active scao by an even number 
simpty by jumping ahead when you call 
your subroutine. For example, a JSR 
8000 may produce a 32-character s'Can, 
while a JSR 8002 ca.n produce a 
30-character soan. This approach can 
oome in handy when there is a need for 
equalizing scan lengths between char
aci.er rows and during vertical retiaoe. 



t.l.BL!l IV 

16 llne X 64 11har11cte1' i>"r line 'l'VT6 Ruter Scan: 

µI' - 6502 
Syate11 - IIl'l-1 

Start - Jl1ll 17.U 
l!!nd - !1„te rr.ipt 

Dis played OOQO - OJl'I' 
Pl'ogT&O S~ce 1780-HbE 

las 1 vs j IA ! 12 ! i:.1 o j va ! V• 1 (n ! v1 l 11J2 1 !116jaa1 111 i 92 j R1 J 

1780 LDA A9 80 
1782 S'l'A 6d (87) 
1785 JSR 20 00 
1788 J.llC 69 06 

178A CMl' 09 00 
1780 BCC 90 P4• 
178"8 T.U U 
17BP LDA Ad (86) 

1792 BCS bO 00 
i794 JSR 20 04 
1797 BCS bO 00 
1799 ADC 69 JP 

179b STA 8d (86) 
179E 'l'I.I. SA 
179 P JSR 20 00 
i7AZ AllC 69 ca 
17A1 CMJ> C9 84 

. 17 A6 BCC 90 dA• 
17AB BCS bO 00 

( 17) 
80 

( 17) 

110 

( 17) 

110 

In1tl•ll~e Upper Addreae 
Store Upp<!r Ad dreoe 
/ ( //Cbaraetn sceno 1-fl/ I / I 
Inc r-e111en t cha._rac: t.e r l!lcQJl eoun lit'r 

lll VS • 1? 
No, Do nexl character ocan 
Save Upper Add,..,,nn 
Oet 1 cwll!l'r add l"'il!!l l!lft 

Equallie J cyc l ~s 
/t/fCh.aracter Scan ~!III 
Equalli~ J cyc l ~~ 
lner~m~nt L~Yer! s~t ~ ~n V~ ov~rfl~~ 

Rf'l!!lltor--r- law~r Adr1rf":1!!.;. ~-.av~ cn.rry 
Get upper addr„os 
II //Ctvu:act.H Sc<1n IO/f / f 
~dd Carry; R"11et VS 

It ls "L!ne 11"? 
No, con tl nue chnroe t" r ~cana 

-STAM'- 17AA CLD dB 
Yea, Go to verttcal blanklng scan~ 
!:qua li~e 2 cycl"~ 

17Ab JSR 20 00 
17 AE LIIX A2 22 
17b0 Ll!A A9 00 
17b2 STA Bd (86) r17b5 01.C 18 
17b6 BCS bO 00 
17bB JSR 20 00 

. 17bb !>EX CA 

17bC 8"t ,0 C2• 
L.17b!l &PL 10 1'5° 

CO /f/!Vertlcal Sync Scanf/fl 
Load !IV Bl <lnk S.cano -2 
Inltlallze Low"r ~ddre~• 

( 17) Conti nued 

!:qua.Hz~ 2 cycl~A 
Ettunlize 2 cyele~ a,;aln 
111 /Vertlca.1 B1anl<LJ1€ Sc1J.nsl/// 
On~ l~ •=t ßC-iln 

Start Ch.a rac t!i r Sca:n 
~e~at V~rtlcal BlMi<lnr, OMI\" 

Norgs, TVT6 muat b~ connec ted and ~ean ~lcropro~ao P!lOM (t~•l 
~~et~ In e1rcu!t ror proitra2 t~ run 

S tc p 17B5 gou to "her„ the uppe r add re U8 2 t. o ~~d In 17 :!1 
and the l ower addre aa at ored 1 n 176& tfl l o 1 t to. Val u~ • 
In theac sloto cont1 nuoualy ahang„ tbro~hout U,~ p;ro.:ra: . 

Normal progrl!ID hortiontal tre~u•ncy !a 11,76~.70~ Hz . 
Vertic•l 1req~ency I& 60,024 H2. 85 u~ p~r llne: 
196 llnee. Charncter tla~ 1 ue. •6u actlvc llnea, 
'6 re trace. """de 'l'V ut ad Juat.,,.,.nt <Ulrl poa~J bl e it<'ll I ! l en 11„n 
{hold and wt dth). 

• l>enoua 11 relativ• branch thRt Ja pro;~rac 1~ngth 
&cmaUJve, 

( ) rl<!notea an ab9ol ut!!' &d~r1>99 that lo proi:r~m lacatl on 
eenatt !ve. 

TV'T6 tength jwi1p~r QU8\ b~ 111 '64" posltlon, 

proceed beyond this point unlil you are 
certain lh'at lhe SCAN subrout!ne is op
eratirig properly, (Crittcal wavelorms to 
be observed wilh an oscilloscope are il· 
lustrated in Ag. 7 using the. program list
ed in Table II.) 

lnstall all remaining IC's, exoept /CS, 
io lheir respective sockets on the TVT-6 
board . At lhis point. lhe screen shou!d 
be filled with a stable display of 512 cur
sor boxes. Viewed up close, the boxes 
should appear to be "hiding" characters. 
Do not proceed until you ttave the In· 
dicated display. 

Insert IC3 inlo its socket and load the 
program given in Table II. (Never inslall 
an IC in a powered circuit: always turn 
off the power, rnstall ltie IC, and power 
up again.) Set the address to 17 Ad and 
depress GO. Using an oscilloscope, 
check at test point VA for the presence 
of a 60~Hz pulse . Swilch lhe scope to 
l.ine-sync and observe !hat the pulse re
mains fixed or drifts very slowly across 
the screen. A,gain, do not proceed until 
you are certain that the SCAN program 
is operaling properly. 

5.4 

CheckJng with Fig. 7, particularly with 
respect to lhe LOAD and CLOCK an ICB 
(Fig. 7 A) verify whe!her or not the appro
priate waveforms are present. II they 
are, remove the jumper wire from lhe 
IC5 socket and install IC5. Now, the 
screen of lhe monitor should have dis
played on it a lull arra..y of characlers 
with about half of them winking cursor 
blocks. Load lhe following hex numbers 
into memory. slarting at. location 0200: 

lllCQ \ILAI 

PßPULA.R ElEClRONICS 



20, 20, 20, 50, 4F, 50. 55, 4C, 41 , 52, 
20, 2~ 45, 4C, 4~ 43. 5~ 52. 4F,4E, 
49. 43, 53, 20. 20, 54. 56, 54, 20, 36, 20, 
20. Relurn to address 1 7Ad and depress 
GO. The top disp1ay \ine should now 
read "POPULAR E.LECTRONlCS 
TYT-6" and be indented three spaces. ll 
all is well to this point, you can begin 
leeding in your cursor programs, add ex
ternal keybOard and/or cassette loads 
and dumps, etc. 

Should you encounter problems with 
your TYT-6, always begin debugging by 
using the 16 32 formal on a KIM-1 , 
even il you plan on using longer llne 
lengths or plan to translate the code into 
a:nolher coding system. Note that the 
lranslalion must be at the machine·lan· 
guage leveJ because lhe SGAN program 
must provfde the exact number of ma
chine cycles as weil as the proper se
quencing. The 64~character lines will re
quire some adjuslments to be made in 
the monitor TV receiver's horizontal cir
cuil as deta.iled eartier. 

Closing Remarks. We have presenl· 
ed here lutl construction and operaling 
details for a very versatile and ineic:pen· 
sive TV 1ypewriter lor use. with the KlM· 1 
microcomputer. II you have a compuler 
lhat uses a microprocessor other than 
!he 6502 used in the KIM· 1 . we refer you 
to the box lor use details. 0 

' I / (\~ ' l• ~ l l 

AUGUST 1977 

Ullt.! f 

CIHl!ICIP..JI Tl!& llB.IJI Prog;:u ! or a }2 lh1" l 64 charanter per 
i ine Mt t"aote r •c&.a: 

!II' - 6 502 Start - JKP 1700 Dlaplayed 0000.071'P 
Prog:ra. Space 1780..17dA Sy~t~Q - UH-1 !nd - Interl'\lp\ 

1HS1 vs 1 IA I L2 [t1 l v1f! ve 1 v. 1 ! V21 "1 1021 a16' RS ! H41 e2 ! 111 ! 
UPI"'" Addrue Lowu A~droe 

11ao LDA •9 eo 
1782 3T4 Bd (87} 
17 8 ~ JSR ?Q O<l 
1788 ADC 69 10 

1784 CHP C9 eo 
!7BC l!CC ';lO P4• 
n a E PIU 48 
1 'i!l r l.bA Ad (s6 ! 

17 97. ... rr. b „ 
17 ~ 4 STA 8d (8~) 
17 97 PI.A 6B 
H 'J!I ,ISA 20 OC 

,., b ur. 69 eo 
17 9d CMP c~ ea 
n r soc "'° t1• 
17~ 1 tlll Ad (lll) 

'7A4 

[

17.l6 ,., ... e 
11 .U 

t7Ar. 
1"1.lP 
'171>, 
, , b4 

ADC t.'J 78 
e.oc 10 oo• 
lJ)X .l~ n 
UJ.>. .>. <.i eo 

s·u öd (t11 > 
IJ)A .l ') 11<1 
STA Scl (~J'; ) 
J.J),\ ... ~ ' ·)O 

11b ~ ~ r• ad (s& J 
l7b9 IJ)Y 40 06 

,.- l?bb DEY S8 
~·11 1>c an 10 Pd 

17 b ~ BCS bO nc• 
- S'l'ARt-17CO LllA A9 88 

17Cl ST~ 9d (t\1 ) 
17C LDA A9 ')O 

•?~1 STA Bd ('E) 
l?CA LD~ A2 n 
17CC J SH ~ a ~, 

11~! l'fU '6 

1·1 n l l 7d l 
17di 
l?d ~ 

'1d o 
11d7 

L- 11<1. 

PU. »i.l 
Cl.ii d.0 

r.u: "' JS~ Zr"J OC 

n;:x ~A 
~l'i! V> A7• 
ll PL lü P6• 

( 17) 
t\O 

! 17) 

InttlallH Upper Hdrl!H 
Store Upper Addr••• 
/l//Cl'!Araott'r So•n• C·11lll 
Incre1Mnt Char•ctrr G•n 1>1 2 

h vs • 1? 
No, Do ne~t c~&l'&ct•r •can 
S••• Upper Addr.ae 
Get Lower •ddre•• 

Increiwnt L; Set ca.rry on V2 ovC'rlPw 
(17) Re•tore t: SaYe c&l"l"1 

Cet !lpper l{ord 
80 ////C'Mnctu Scane 8,9 //// 

(17) 

( 17) 

t 171 

(~7) 

A.dd C•rry: Rcat't UppH Addtt H 
I• lt •ttne }}"? 
No, repeat character Scue 
Qet Jnterlaee word 

Set CILCry 1f Odd Pi•ld flnlah•d 
Start hen Pie ld lf Corry Cl ur 
Load l'wen nwaber ot V S~ane · 2 
t.oAd ~~ Plcld tlppol'r SI.Art 

&v~n Plelo ~ Syne • Aeetore tn&<>rlace 
.heJ:> ru ld Lln• n Cl'IP v.i. "<' 
Store -r-ren 13 c:IU' ••l11e 
Clear Aeewt111lator 

foJ t tal .1 &e t.ower Adilr• n 
E<;11&llz• }t cyel•• 
contin11ed 
eont11'1Ll•d 

JW1p lf nen fh•ld 
Loild Odd l'hld UJ>per SW.rt 
()dd P'leld V S1nc • A„otor<' ln·terl•ce 
Odd ,hld Une n CKP Vdi<c 

( 17 l Store Ddd 1} CMP Val u<' 
!.oad Odd m„t.. ·r of V Scan• 

80 III/ l•t V !lluikln111 Seu../lt / 
Eqaltu 7 

eo 

contin11<'d 
li:qudlu• ~ 
conttnuird 
! // / Other V 8lank1nt> Sean~ //// 

One i...e11 •c•n 
St11rt Cho. .racter Scane 
Re~11t V ~l&nking Scan 

~101!: 3 : 1'VT6 cu o t be eo nnec t„d anil ecllli •lC roprogra:o 1'11.0H ICl 
c uot be in o!rcQlt !or prngr..., to Nn. tVT6 lengil1 
J ucp e r r:iuot ~"' 1 n ·6~ • P'"' 1 t1 on. 

3ap 17tl ~ '!""' to \<hPr• lhe upper nildr„11• storl!d ln 1167 
.1~ d \I\~ l <n<" r adduu etored. in 1189 l"' 1111 lt to. VIil u-.s 
In :r.„•e ~\oU c ont1nuo11•IJ chanp U\rOUj!;hout lh• proo;u<>. 

;;1e r 17 ~ 1 I• 8.0 f<or ev„n !l "ld• ar.d. 6.9 !or odd Ueld11. 
St•p 179 !: U B!:I !or e•1cn rield~ IU'ld 90 for odd fi•lde, 

l!o t h 17AC and l7C2 nqulr• tt>at ~'"' 17 t.. enabhd ~en 
'p.<> ~e 57 u adduued. fhle 111 done au to-t1cdl1 vl th 
U~-1 c1reu1 u-7, 

N v Htat 21C wort~ ot eon.ttituouo ••mor1 rra• 0000 to 01rr 
.u nnedo~ . 1'hl~ t1>ke• • l.IM-1 oodifio"tton. Both aeta o! 
10 ~ordo CW!t ohare a eo1:11on upn.b'ea'" tap b11t b• 
al! p~rmt•ly en8bled. 

Konaa\ projp'&'" ho~tzont&l l'l'equency la 11,76•.705 Hz. 
V~rtl cal PTequency ift 59.6112 Rz. ror 60 Mz vertie•l 
uo~ 1. 002 1 ~0 lO'(g cryot•l. 65 11a per Une; 196 . 5 
lnHrloc" " l lneo per field; two rt elda P"r !ruie. One 110 
~har~c "e r time, 160 act!ve 1.ln•• per !!eld. lleedo TV 
~~t adJuetm@nt and p~a•lble codl!lcatlon (hold and vldthJ. 

• !Je notea a r~l•Uve lir&nch that 10 JU'Ogr&.11 length 9enaltlve. 

( l !loonotea &."I ab100lute addreao Ulat lo progr&11 lo<:•U on 
'9il!'R"i'ttV~4 


