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$35 microcomputer " add-on" provides: 
e User-selectable line lengths 
8 Scrolling 
e Up to 4k on-screen 

characters with only 
3-MHz bandwidth 

BY DON LANCASTER 

0 2 AOORESS 

Thanks to some software tricks, a 
simple and low-cost add-on circuit, 

and a new way to speed up a micro­
processor, you can now build a video in­
terface for your microcomputer for an in­

EW
vestment of only $20 to $35. The TVT-6 UPSTRE AM 

TAP 
video system described here permits the 
choice of virtually any format including 
16/32 (16 lines of 32 characters) , 16/64, 
or 32/64. It also features full editing ca­
pability and full-performance cursor . 

In spite of its simplicity (10 low-cost 
!C's), the circuit employs a new ap­
proach to video processing that permits 
up to 4000 characters to be displayed 
on-screen with in a 3-MHz bandwidth. Al­
though the TVT-6 was designed for the 
6502 microprocessor based KlM-1, soft­ RIW 

ware can be used to easily map into the 
JOLT, EBKA, or Ohio Scientific mi­
crocomputers. In addition, the TVT-6 
can be adapted to other microproces­
sors. including the popular 6800. 8080. 
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Other systems wi ll require software and 
microprogramming translation for their 
particular machine languages. 

In this fi rst 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 software 
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 cf> through 6 
from the "upstream tap " on the KIM dis­
play memory drive character generator 
/Cl whose blanking and formatting are 
helped along by the ANO gates in /C6. 
The cursor bit (bit 7) is stripped off the 
upstream tap and routed to cursor blink­
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sor into the character generator's enable 
inpLJI . Fig. 3. New SCAN ·in s tnu:l:ion uses PROM IC1, which 
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POPULAR ELECTRONICS 48 

I 



+5v 

8 
R7 

22on 
1!5 

22K 

R6 
22K 6 

RIS 
2.2K 

CIO 
240 

l 
pf 

Rl4'-'WV-.Wr-'---<~ i~~11 
12 IOOK 

2.2K v 
Rl7 POS'N* • IC9,74 LS32 

• •IC4, 74LS04 

ce 
FI G 3 I H FIG3 .047~F ::r::: 

Fig. 4. Video combiner ([Cl 0), ojJset generator (Ql) crncl sync delay circ tdl s 
de liver vi deo to TV. Gated clock ( I 4) contrnls parnllel-to-seria/ c011 verle r . 

Cl. C7 .01 -µF Mylar capaci1or PARTS LIST R I I-II)() ohms 
C2- I 20-pF polystyrene capacitor R12­ 1000 ohms 
C3. 11. Cl 2. Cl3---0. l-µF My lar capacitor R 14 .R 15-100.000-ohm pc- type (u prigh1 ) po­
C4-- l 50-pF polys1yre nc capac itor !C8­ 7.J Ifi5 PI SO shirt r~gi>l cr f(" nl i rnth~Ler 
CS­ 2200-pF polys1yrcnc or Mylar capaci tor r 9­ 7.JLS32 quud OR gm~ IC Mi,c. - Socker­ for !("' (, c\'cn 14- pin . two 
C6-33-pF polystyrene capacitor 
C8-0.0-t7-µF Mylar ca paeilOr 
C9­ 330-pF polys tyrene capaci tor 
CI 0­ 240-pF polys1yrene cap~ c it or 

DI through o·- IN4 I 48 sil icon di ode 

IC I 0 066 <jua<l analog swit~h IC 
JI . J2-Pc-rnnunt photm jac k (t>. lokx 1\o 

I5-2.J-2 18 1 m 'irn il ar) 
Ql ­ 2i'H-l02 or MPS6523 (Motoro la) lrnrisis · 

tnr 

16-pin. •'n<= 24 ·pin ): 36-cn ntact edge con­
nector with 0 . 156" ccnlc r' (A mpheno l 225 
or 'im ibr): solid hoo k-up wire fo r jumpers: 
in,u l;ucd sleevi ng : 1.:,1-p11i111 tcnn in a" (5); 
'nlJcr ; clc 

JC l - IM56 IO 32 XR PROM (or imil ;i r) The following r~'is11>r~ ;1rc \1.1wall. 10% 1<1kr · 
IC2­ 74 LSOO quad tri-stmc 'AND ga1c IC ~n..:c : Nntc: Th.: fo ll o wing itc1m arc availahlc fr<>m 
ICJ-4013 dual-D nip -llop IC RI . R 10--470 ohms PA IA Ekc 1ro11ics. Bu.~ l.J359. O~lahoma 
IC4--74LS04 hex inverter IC R2­ 10 ,()()0ohm s City. OK 7J 11 4 : No . PV l-1 PC pr im ed cir ­
fC5 0 11 quad NAND ga1c IC R3.R7­ 2W ohrns rn it board fo r SS .95 ; complete ki t of a ll 
1 6-7.JLSOS qu~d A D gate IC R4.R 16.R 17.R18­ 2200 llhms pan . 'o . P 1- 1 K . for $34 .95 (~ pecify 

7-~513 character ge nerator (must be sin­ R5.R6­ 22.000 ohm> hl:tnk nr KIM -I prngrnmmctl /Cl) : KIM­ I 
gle-supp ly type . such as Gcncr:i l Instru ­ R8 .R 13. R1 9-4700 ohm s coded cass~ll c . wilh program'. Nn . PVl -
ments o . R0-.'.1-25 13) RCJ ­ 2.2 megohm' 1CC. lnr $5 .00 . All pr ice;. postp<1id . 

sh ift register /CB, where they are con­
verted into a serial video signal. The 
clock and load commands for /CB come 
from gated oscillator /C4 , which derives 
its signals from the microcomputer's 
clock. It is important that the correct 
clock phase be selected to permit the 
loading of /CB to occur when the output 
of the character generator is valid and 
settled. This is phase 2 in the KIM-1. (If 
you are using a different µP based com­
puter, check this detail.) 

The serial video from /CB 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 closes. 

The vertical and horizontal timing sig­
nals from /C2 in the gating circuit are de­
layed by /C3. The display positioning 
can be varied by potentiometers R14 
and R 15. The vertical and horizontal 
sync signals are combined with the en­
hanced video from IC9 in to video com­
biner /C1 0. The output from IC 10, avail­
able at J1 . is composite video. with the 
sync tips at ground , black al 0.4 volt, and 
white at 1 .6 volts . This output can be 
used to drive conventional video moni-
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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 
al J2, can be connected directly lo the 
first video amplifier of most translormer­
powered solid-state TV receivers (see 
box for details) without requiring biasing , 
coupling, or translation circuits . 

Two options are provided wi th 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 to be dis­
played under software control. 

Construction. The actual-size etch­
ing and drilling guide for the printed ci r­
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 lhe 21 jump­
ers and test points. (Note that insulated 
sleeving must be used on two of the long 
jumpers.) Install the IC sockets, resis­
tors, capacitors , diodes. jacks, and posi­
lion controls R14 and R 15. Do not install 
the !C'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 I are the requirements of each of the 
edge connector contacts on the TVT-6 
and how to use each contact. Table I 
also contains the KIM- 1 interface con­
nection instructions. The interface 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 wi th 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 that 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 lour 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 
P.ig. 5 . .4. chw I-si ze f oii pcttt.eni (top) a.nd component in stallation 
(below). U.~e sock e t .~ fo r cd l IC'.~ . Edge connectors go lo KIM-1. 
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T.ABLEI 

TVT-6 PINOUT AND KIM·1 INTERFACE 


TVT-6 
CONTACT NAME REMARKS 

A4, 
A3 , 

R (A13) 
S (A14) 

20 
21 

1,2 GND Heavy wire to expansion contact 22 or simi· A2. T (A15) 22 
lar poinl in KIM-1 A1 F (AS) 23 

3,4,5 NC Spares E (A4) 24 
6 VCL 1-MHz clock from expansion conlacl U (cf> 2) . D (A3) 25 

(In other systems clock phase must be se· C (A2) 26 
lected so that load pulse arrives when CG is B (A1) 27 
valid.) 28. 29, 30, 087, µ.P data bus: tri-state active high from IC1 

7,8,9,10, VD?, Data output from memory display; drives 31 ,32,33, 086. during active scan, not used at other limes. 
11 ,12.13. VD6, character generator. For KIM-1 to display 34.35 DBS. Connections to KIM-1 expansion: 

14 VOS, any part of pages 00 through 03, connec· 084, KIM -1 contact: to TVT-6 contact: 
VD4, lions must be made as lollows: DB3, 8(8D7) 28 
V03. TVT-6 contact: to pin 12 or KIM-1 IC: 082. 9 (086) 29 
VD2, 7 us DB1 , 10(085) 30 
VD1. 8 U6 DB¢ ,, (804) 31 
VDo:I> 9 U7 12 (083) 32 

10 us 13 082) 33 
11 U9 14 (081) 34 
12 U10 1S (D8o:I>) 35 
13 U11 36 + SV Regulated + 5-volt (200-mA) power bus: 
14 U12 should be heavy wire. From KJM-1 expan­

15 CSI Display memory chip select from µ.P; nega­ sion contact 21 or simi lar point to contact 36 
tive logic OR combined with TVT-6 chip se· inTVT-6. 
feet. From pin 1 of U4 on KIM-1. 

16 CSO Display memory chip select source; enables Note: KIM-1 conversion consists of breaking one foil trace and 
display memory when either TVT-6 is active adding a new 36-pin socket (Amphenol 127 or similar) . Connec· 
or contact 1 S is low. Goes to pin 13 of US tion lo be broken originates as K<t> (pin 1 of U4 ). Routing of K<t>that 
through U12 in KIM· 1 when displaying any goes to memory chip select pin 13 of US through U 12 should be 
part of pages 00 through 03. Existing Ket> broken. Other KcP connections. such as that to pin 1 of U16 should 
connection in KIM·1 must be broken. remain intact. Any ex~ternal ground connections to Applicalfon 

17 DEN Decode enable; goes low when µ.P is aper· connector contact K (decode-enable) must be removed. All wiring 
ated in normal mode, high when TVT-6 is should be made with a wiring pencil. 
doing an active scan. Goes to KIM-1 Ap· When KIM· 1 is used without disp laying video, it will behave nor· 
plications contact K. Any external ground on mally and transparently as long as TVT-6 is plugged in and ad· 
applications contact K should be removed. dresses 8000 through OFFF are not used. To restore KIM-1 oper· 

18,19,20, A11 . Address inputs from µ.C. positive true. Ad· ation with TVT-6 out of socket. or to use available addresses for 
21 ,22,23, A12, dresses A1<t>. AS through A10 not sent to other programs, jumper pin 15 to pin 16 and separately jumper pin 

24, 25, 26, A 13, TVT-6. Connections to KIM· 1 expansion: 1 to pin 17 in the KIM-1. Note that this jumpering is to be done only 

27 A14 , KIM-1 contact: toTVT-6contact: when TVT-6 is out of its connector. I you wish. a dpdt changeover 
A 15, N (A 11) 1 8 switch can be added to perform the jumpering. Switch positions 
AS, P (A12) 19 should be changed only when power is off. 

memory tap to the character generator 

and display circuit. 
4 . Create special software that will 

allow TVT-6 scanning. 
AH 16 address lines are used, as· 

signed as shown in Fig. 6A for a 32-cha­
racter/ line system or as shown in Fig . 

68 for a 64-character/line system. Ad· 
dress A15 is the horizontal sync pulse 
and the key to jumping to the new SCAN 

instruction . This pulse is followed in de· 
scending address order by the vertical 
sync (A14) and three lines (L4 , L2, L 1) 
that produce the " what row of dots do 
we want?' information lor the character 
generator. The lower address lines are 
used to select a page of display memory 
and to select the character that goes into 
any partic~ l ar horizontal and vertical lo· 

cation on the display. 

JULY 1977 

V. LOC AT ION H. LOC AT ION 

SYNC ROW 
 PAGE (LI NE ) (CHARAC TE R POSITION ) 

L4 L 2 LI 0 VI H16 HB H4 H2 HI 

UPPER WOR O LOWER WORD 

ABI~ ABB A67 AB0 


(0.) O.OORESS Bus : 32 CHARACTERS /LINE, 16·Ll ~E SVSTEM 

H. LOCA TION 

H32 HIG HS H4 '1 2 HI 

AB 15 A68 A87 A80 
(6) '<0 0FIESS BUS : 64 CHARACTERS/LINE, IG·LINE SYSTEM 

CURSOR ASCII CHARACTER ASCII CHAFIACT ER KEYPRESSED 

ll l71& 1sJ4 1312l l ol7J&lsl413 12l1 
I 
1 

I I ~ 
DB 7 DB0 PA7 PA0 


{Cl DA TA BUS 
 10] KEYBOARD INPUT 

Fig. 6. Bm: definitions as u sed with tlte TVT-6. 
All 16 address lines are used as described ·in text. 
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DIRECT-VIDEO INPUT CONVERSION 


0201 
It! VIOEO AMP 

FROM 
VIDEO 
DETECTOR 

NEW 
R°'·l74 

SHl~LOEO 
COAX 

Adding a TVT-6 direct-video input to a 
small-screen soltd-state TV receiver re-­
quires only two short lengths of shielded 
coaxial cable, as illustrated ln the sche­
matic. (Important Nole: Do not use a hot· 
chassis TV receiver! Make absolutely cer· 
tain that the TV receiver you use is trans­
former powered trom the ac line.) The 
conversion circuit shown here Is for the 
Sears No. 562-50260500 (Sams Photo· 
fact No. 1565-1). Other TV receivers can 
be modified in asimilar manner. 

The data within the machine (see Fig. 
SC) uses the lowest seven bits as ASCII 
character storage. This is arranged by 
putting the least-significant ASCII char­
acter bit in the least-significant data slot, 
and so on up through the more signifi­
cant bits. The eighth data bit (087) is re­
served for a cursor. If DB7 is a zero, a 
character is displayed. while if it is a one, 
a cursor box is optionally displayed. 

The existing KIM -1 keypad can be 
used as an ASCII keyboard for many ap­
plications, particularly for setup and de­
bugging. II you wish to add an external 
ASCII keyboard and encoder, connect it 
lo the KIM-1 's parallel interface A, fol­
lowing the assignments shown in Fig. 
60. The seven ASCII bits go to the sev­
en low-order data lines, while PA7 is 
hard wired for a zero. The keypress, or 
strobe, signal from the keyboard must 
pull the IRO (interrupt request line) to 
ground for 1 O µ.s lo enter a character or 
machine command. 

The truth table for PROM IC1 is 
shown in Fig. 1. This truth table stores 
the SCAN instruction . activated by 
addresses 8000 through DFFF. When 
/C1 is enabled, it causes the micro­
processor's program counter to appear 
on the address lines for 32 or 64 con­
secutive scans that advance one count 
per microsecond. This automatically and 
sequentially addresses the display 
memory and produces exactly the data 
needed for a horizontal scan of TVT 
characters. The scan instruction runs at 
least twice as fast as the microprocessor 
normally moves, which is the key to TVT 
timing with a microprocessor. 

The earphone jack in the circuit provides 
automatlc changeover trom normal receiv­
er performance to video access. Correct 
blas is provided by TV output of the TVT-6. 
As an option, you can defeat the sound 
trap in the Sears TV receiver by lifting one 
end of capacitor C201 . 

To use the SCAN instruction, jump to a 
subroutine whose starting address is 
within the 8000 to DFFF range. For ex­
ample, if you call JRS 8200, the SCAN in­
struction will deliver a horizontal sync 
pulse and initiate operation on the top 
row of characters, starting with the first 
character on page 2. After a selected 32 

NEW SCAN ENAB~E INPUT 
FROM 8000· 0fFF DECODER 
IN TVT- 6 

NEW NEGATIVE- LOGIC 

interrupt and reset vectors on the KIM-1 
so that the operatin~ system will work 
compatibly and property with the new 
SCAN instruction. 

There are many possible codings for 
the SCAN program with the limitation that 
the last address is a return-to-subroutine 
(ATS) instruction. The obvious choice of 
NOP or EA runs at only half speed and 
can't be used. Of the three dozen in­
structions that operate at full speed, the 
choice of LOY is the one that does not 
disturb the accumulator or its flags. This 
adds flexibility to other programs. The Y 
register can be viewed as a write-only 
memory in the SCAN software and we 
can think of 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 this can be 
overcome by ignoring address A¢and 
changing the PROM's address every 
second cycle of the machine. 

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

BIT 1 TO 
r-------TVT-6 CURSOR 

tIC5) 

BITS l!l-6 
TO TVT- 6 

-----<../ fr~~jGEN .OR GATE "uPSTR~~~.. 
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 BUS 
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(Ul3 - Ul4) 

~-'" COMPUTER 
04T4u BUS 

R/W~----csBREAK -------.. ­
EXISTING 


CONNECTI ON 


u 
OE CODE 
ENABLE 

(K0) 

Fig. 7. Adding th.e upstream tap to the ntemory to be displayed. 

or 64 characters, the SCAN instruction 
automatically jumps back to the main 
program. 

The SCAN instruction can be viewed 
as a "portable subroutine" because it 
readily moves around to automatically 
output the correct page and character 
generator's row information, starting 
with an easily computed JSR address. 
Addresses above DFFF will not activate 
the SCAN instq..1ction. This includes the 

lion and its PROM have control of the 
data bus so that the display memory (or 
any1hing else) cannot output information 
to the data bus. 

The upstream tap is added as shown 
in Fig. 7. This lap is always outputting in­
formation to the character generator in 
the TVT-6. The output !nformalion is 
present even (and especially) when the 
display memory data bus drivers have 
been inactive. o 
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