
C:T-102~ 
TERMINAL 
SYSTEM 

5ii•l1! 219 W. Rhapsody, San Antonio, Texas 78216 



CT -1024 T ermi no I Notes 

As you may already know, the CT-1024 tenninal system has been printed 
as o series of construction articles starting in the February 1975 issue of Radio 
Electronics Magazine. Since the article was submitted we hove incorporated 
some refinements into the circuitry tailoring it to the use of the 2102 static 
memories supplied with your kit. Any references to the schematic, parts I ist 
or theory of operation should be mode to our typewritten instructions and not 
the magazine article or a reprint thereof. Although there ore only a few 
differences between the two, it would be best to toke note and save yourself 
some confusion. 

Repair Procedure 

The CT -1024 is a complex piece of electronics. To provide you with the 
most efficient repair service possible, we hove contracted with the designer of 
this project to provide consultation and repair service. 

Repairs will be done for a basic rate charge plus parts. The basic rote 
for the various portions will be as follows: 

Main Boord CT-1024 
Memory Board 
Cursor Boord CT -M 
Screen Read Boord CT -E 
Serio I Interface UART CT -S 
Porollel Interface CT-L 

$25.00 
8.00 
5.00 
6.50 

12.50 
7.50 

If you must return any portion, or all of your CT-1024 Terminal System for 
repair; send the amount shown above in the form of a money order, or 
cashiers check with the portions to be serviced. When repairs ore finished 
the boards wit I be returned to you COD for parts charges, if any. Do Not 
send personal checks for repair work. 

Pack all ports to be returned carefully and insure. We will not accept 
delivery on any parcels that arrive in damaged condition. Make check, or 
money order payable to Southwest T echnicol Products Corporation. 



Assembly Instructions - CT1024 CRT Terminal 

Introduction 

The CTl024 unit is designed to store and display two individual pages of 16 
I ines of 32 characters on a modified television or video monitor. Connections to 
the television are made to the video input circuit which should be wired to the 
rear of the set with a ;ack. By providing a switch as well, you have the option 
of switching between tenninal and normal television recept'ion.' Data input to 
the terminal can be from any ASCII source providing the 7 bits of alphanwmeric 
data, however, an ASCII keyboard like ou.r KBD unit will normally be used. 
Plug-in options also provide for manual cursor control, computer cursor control, 
screen read, and a universal asynchronous receiver/transmitter (UART). The power 
r,quired for the unit is +5 .O volts @ 2 .25 amps~ 2% regulation, -5 volts @ 20 mA 
and -12 volh @ 60 mA. These requirements are satisfied by our P~197 power supply. 

When the unit is assembled, it shouJd be done so, one board at a liMe in 
accordance with the instructions. 

~in PC Board Assembly 

NOTE: Since all cif the holes on the PC b
0

oard have been plated thru, it is 
only necessary to solder tife. components from the ~ottom siele of the board.. . ·The 
plating provides the electrical connection from fhe :'BOTTOM" to the "TOP"' foil 
of each hole. It is important that none of the conflections be soldered until all 
of the components of each group have been installed on the board. This mak;$it 
much easier to interchange components if a mistake is made during assembly. Be 
sure to use a low wattage iron (not a gun) with a small tip. Do not use acid core 
solder o~ any type of paste flux. We will not guarantee or repai"r any kit on 
which either product has been used. Use only the solder supplied with the kit 
or a 60/40 alloy resin core equivalent. Remember all of the connections are soldered 
on the bottom side of the board only. The plated-thru ho.les 'f'l°ovide the electrical 
connection to the top foil.--

J 

Attach all of the resistors to the board. As with otl other \,;omponents unless 
noted, use the parts .1 ist and ~omponent layout drawing to locate each part 
and install from the "TOP" side of the board b~nding the leads along the 
•sOTTOM" side of the board and triming so that 1/16" to ~/8" of wire remains. 
Trimmer resistors R4, R6 and R38 should be installed so the bottom of their 
cases are 1 /8" above the PC board. Solder. 

Install all of the capacitors on the board excluding capacitor C6. Be sure 
to orient the electrolytic capacitors correctly. The polarity is indicated on 
the component layout drawing. Solder 
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J I nstoll the tn:insiston and diodes on the board • The diodes must be turned sa 
the banded end corresponds with that shown on the component layout drawing, 
and the tronsistors must be turned to match the outlines on the component lay­
out drawing as weft. Solder. 

( j Install atl of the integrated circuits on the board being very careful to install 
each in its correct position. Do not bend the leads on the back side of the 
board. Doing so makes it very difficult to remove the integrated circuits 
should replacement ever be- necessary. The semicircle notch on the end of the 
package is used for reference and should match with that shown on the com­
ponent loyout drawing fro each ·of the IC's. Make sure the integrated circuits 
are down finn1y against the board and solder. 

(~-Now install electrolytic capacitor, C6, in is proper location between integrated 
circuits, IC 1, and IC 8. Be sure to polarize it correctly. Solder. 

~Now that most of the components hove been installed on the board, double 
check to make sure that alt hove been inStalled correctly in their proper 
location. 

Now check very carefully to make sure that all components have been 
soldered. It is very easy to miss some connections when so1dering which 
can really cause some hard to find problems later during the check out 
phase. Also check for solder "bridges" and "cold" solder joints which are 
also a common problem • 

The six mole printed circuit type pins should now be inserted into the blank 
rnolex connector housing that does not hove the nylon insulation between the 
pins. Do not confuse these pins with the crimp type which look very similar. 
The pins must be inserted from the back side of the connector into the housing 
until they snap into ploce. Orient the connector exactly as it is shown on 
the component layout drawing and install it in the Jll position from the •TOP• 
side of the board • 

Attach mole connecto_rs J9 and JlO to the circuit board from the "TOP" side 
making sure to orient them exactly as shown in the c-omponent layout drawing. 
Note that these connectors already have the pins installed. t.Aake sure all of 
the pins are firmly oga·inst the nyl·on support. They can work loose when pressing 
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/ them against the circuit board. 

c1' After double checking to make sure the connectors are down firmly against 
the board and are oriented correctly solder the connectors J9, Jl 0 and Jl 1 

Jin place. 

l/ Now install all of the molex straight pin male connectors, Jl thru JS. 
sert the connectors from the "TOP" side of the board so the shorter 
nned side goes into the board. 

r making sure that all of the connectors Jl - JS are firmly against the 
rd, solder each pin from the •BOTTOM" side of the board. 

( the appropiate "keypressedn strobe jumper should be installed. There 
are three numbered pads adiacent integrated circuit IC 32. If your key­
board strobe is positive going and narrow or, if negative, the data is held 
for at least 100 nanoseconds after the trailing edge of the strobe pulse; 
solder a ;umper wire from pads 1 to 3. Almost all keyboards including our 
KBD unit will work in this configuration, Jumping pad 2 to 3 instead is 
used for positive edge level triggering where the pulse is clean and there is 

I no ringing. Insulate the jumper to prevent its shorting to adiacent conductors. 

( _In order to prevent the plug-on boards from being accidentally installed back-
<t "Wards, a pin has been allocated for indexing on all but the READ board slot. 

The indexed pins are those indicated by the triangle adiocent the oppropiate 
pin. There were no unused pins on the READ board so on indexing pin was 
not provided. Using a pair of wire cutters, snip off the indicated pin on each 
of the three connector strips. (J2 pin 2,J3 pin 9, and JS pin 14). Later, 
plugs will be installed in the femofe connector of each of the boards to 

rplete the indexing. 

~ Now go back and recheck al I of the connections on the board to be sure 
everything has been soldered and to see that there are no solder "bridges" 

/ 

or "cold" solder joints. Note that the connectors J9, JlO, Jll ond their 
pins have been supplied with their mote. These should be set aside and used 
as called for later in the instructions. 

~sing a cotton swab and 50me lacquer thinner, clean the circuit board and 
solder connections within a 1" radius of transistors Q4 and QS as well as the 
leads and cases of transistors Q4 and QS. Be very careful with the lacquer 
thinner since it is very flammable. The lacquer thinner will remove excess 
flux and contaminates which may couse- .problems in this portion of the circuit. 
it air drys very quickly and need not be washed off. 

er/ Set this board aside now and start on the memory board. 
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Memory PC Boord Assentbl y 

/Install the capaciton on the circuit board. ll'llert them fran tfooe "TOP" side 
of the board, bend the I eads a long the "BOTTOM• side and trim so that 

y16 11 to l/8 11 of wire remains. 

<./' Now attach the two fifteen pin female connectors to the board. These must 
be installed from the "TOP• side of the board and pressed down so the con­

/nectors seat firmly against the board. 

t/ The six IC's may be installed on the board now. The integrated circuits on 
this board are MOS devices which are sensitive and can be damaged by 
static electricity. It is best to try to avoid handling and touching the pins 
of the IC's as much as possible-. Be sure and insert the integrated circuits 
from the "TOP" side of the board and orient them os is shown in the 
component layout pictorial. Do not bend the~_ leads on the back side of the 

J 
board. This makes it very difficult to replace the integrated circuit should 
it ever be necessary • 

Check to make sure all of the components are down finnly against the board, 
installed in the right location and oriented correctly. Flip the board <Ner 
so the "BOTTOM" side is up and solder all of the connections with a low 
wattQge iron. Note that the bocrd need only be soldered on the "BOTT-OM 11 

side. The plated-thru holes provide the electrical connections to the 11TOP 11 

/foil. 

f1' Looking at the board from the "TOP" side with the connectors at the bottom, 
,,.- press the nylon indexing plug into the second position from the outside end on, 

I 
the right connector (J8 pin 14). 

( Now go back and check for missed solder connections and solder •bridges• 
and •cold• solder ioints. When eve.rytf,ing looks OK then set the board 
aside and do not plug the_ memory board onto the main PC board. Proceed 
now to the P-197 Power Supply board assembly instructions supplied with the power 
supply kit, unless you plan to use a different one in whfich case you should continue 
with the connector wiring instructions below. 

Power Supply Connector Wiring 

It will be necessary to attach a wiring harness and connector to the 
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Fincl Assembly 

The Iott eonMctor ~- be wired is the •output connector, JlO. The only 
conn.cflon that must. be wired for the unit to work is the video ·output connection, 
~tt 3. Poge l and poge 2 select pins, pin 2 and 1 respectively, con be wired 
to a c;enter off SPOT switch to select a specific page of memory or in the center 
off posittoo atternate between pages 1 and 2. Grounding· the selected page pin 
wit1 display ond maintain that page until the ground is rem-oved at which time it 
·w;n atteniote- from poge to poge eoch time end of "fr0me· (EOF). is reached. The 
cursor ON/Off, pin 6 may be grounded to stop 'the blinking of the cursor ond 
~e it soHcL You eon efimi-f'IO'te the· eunor entirely by ground-ing point •M" on 
the 'main circuit boo rd ·thru a switch. If you pf-an to· use the screeM read option, 
the •reoc1 · endhte,. line· rs accessed thrv Jl 0 pin 4. · 

If· you ·do n0t plcrn to UM eithet of the curs0:r boord options, you con stifl 
·nave ~ up, erase to etid of line (EOL) and erose to .e.nd of frame (EOF) by 
previding mornentory contoet pushbutton or toggle switcbes which· temporarily 
ground J3 pin l 1 J3 pi·n 7 ond J3 p.i n 8 respective I y ; 

( ) Af'tOeh ond solder olt· o:f fhe JlO wi~s from -the switches or jocks to the 
crppropiofe femafe connector pins, except for pins 3 ond 5- which shOule· be 
male p~M. fnsert the pins into the six pin ny:lon housing from the nvm~red 
side making sure ·to i-nsert the pins info the it correct position ·on the '·Connector 
fron\ the ntimbered side. Nore that the· nylon con·nector btock is marked with 
the assigned p1 n numbers • 

( ) · ff you hove pfugged the· memory board onto tke· main board, remove it . The 
memory board shouf d not 'be installed during the inftio t checkout .. 

( ·) ·Attach ·the non-ct>nd-ucting nyl-on PC board mounts to· whatever chassis you 
p-fon to use so the sP.,eing conforms with that used on the mounting holes on 
the· main K 'board.· 

( ) Snap the main PC board into place ond attach the keyboard connector J9, output 
connector, JlO and the power supply connec:tor, Jl 1 to ~he main board. Do 
not apply power yet however. If you pion to use any of the odd-on options, 
it is best that yov \llJClit .t.o moke sure the main board and memory works first 
before building and ptvgging them on. 
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Television Modification 

As lt stands now your uni.t should ·work on o video monitor or modified 
tet•vition set. Because of rigid FCC requirements, the circuit hos been desi9·ned 
to be eonnect·ed diredf y to the video input d rcuit of o television, This req.uires 
the addition of a jock ond if normal televi·sion reception is desired as welt, o 
sw1t-eh to sef•ct the opet"ating mode. 

Although the oduof modiflcotions necessary wit! Yary from set to set, the mod­
iflcatlons shown will probably be satisfactory for most small screened transistor 
portobles. in order to make things 0$ easy as possible, however, it is recommended 
·that if you 're goi·ng to invest some money in o new set that you use the same 
m~I as was used with our unit. This will assure you that the moc'ific<?tions 
suggested wil1 work. The T. V. typewr.iter's output must be connected to the input 
ot the television's video ampl ifler, which is located between the la-st video IF 
stage and the video output c i rev it. When you break the circuit right at the i flPUt 
to the video ompfifier, you wiH probably hove to provide o DC bias circuit for 
th~ stage since in most ca~s it is supplied by the now disconnected video IF. 
am-pl ifier. The circuit shown in figure 2 is for the Motorola 9TS-469 Q set 
used with the prototype •. A switch ond 8NC connector were provided to allow 
either .T. V. typewriter or normal television viewing, however a RCA type connector 
con be used. A ·10 pfd copoci.tor wos connected from the screen grid (pin 6) to 
cathode (pin ·2) of the CRT to flatten out o peck the television's response~ This is 
not necessary on ol 1 s•ts but H so corre<lts a peak which causes the character's 
feft side to be brighter thon the right side. 

·A DC .restore circuit was also added to prevent the screen intensity from 
chongi:ng as Q function ·of th.e dens.ity. of dot~ disRJayed. It consists of two series 
1 N914 diodes in poroltel with the resistor coming offfh.e wiper of the brightness 
control going to :the cathode rfHistor of the CRT, Th~ _cothode end of the diodes 
goes· toward the wi-~r· of.the control. A 2 mfd @ 250. VDC non;polarized 
eopodtor is also connected from the wiper of the ·bnghtntHs conf'fot to the grid 
(pin 6) CRT where the JO pfd capocitor was just connected. 
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Testing ond Ca Ii bro t ion 

Tum rhe television on, flip the switch to the •tv" position, arwl ,..Jee sure 
it sti11 works. Adjust all of the controls for the best picture and then flip the 
switch to the ~enninat• position. Tum the volume down and advance the brightness 
until the white background is faintly visable. The settings should now be left 
where they ore until you hove connected the terminal and have a character field 
displayed on the screen as described in the forthcoming instructions. It is oho 
recaamended that you give the unit one last check to moJce sure everything hos 
been wired and in5talled correctly. The board has been layed out so all of the 
rc•s are or·iented the same way so check and. make sure they ore installed that 
'#Gy. Also make absolutely sure the power supply is CQnnected correctly. Ac­
cidentally reversing the voltage may short the protection diodes 03 - 05 and· 
hopefully protect the IC's, however, excessive current may open the diodes which 
in turn con damage most of the IC 1 s on the boo rd. 

(cY".Remove the memory board if it has been plugged onto the mainboord. It 
should not be installed for the initital checkout. 

( ~ trtm..&r resistors R4 and R38 for the center of rotation and set tritnmer 
resistor R6 fully counterclockwise. 

~·Hoch the output of the terminal to the input ;ack of the television or 
video monitor thru a shielded connecting ·cable. 

~fore applying power to the unit, it is o good idea to attoch a voltmeter 
between ground and the +5 volt bus on the unit. Easy access is provided by 
·the ·two large buses extending from ;a~k Jl 1 running acr~ the- board O.Lthe 
component side. Polarity is indicated PY the. markings on •:lectrolytic eopa~itor 
c~~- -
, .. 

(c:y-piug the unit's line cord into a wall out~t, and ftip the power switch on and 
then quickly off again. Watch the meter and confirm that the power supply 
polority is correct. Apply power again making sure the vol·toge comes "P. to 
+5. volts DC. ff it does- net~ remove--P<>wer and determine whether the problem 
is in the supply or the main board. The power supply recommended for the 
unit should easily provide sufficient voltage for currents up to 2 .25 Amps, but 
high currents will cause reduced voltage and eventual damage to the supply 
and terminal. Also check the' -5 ond_ - J 2 supply buses to make sure these 
voltages ore correct. The reading should be within about 10%. 

~oing back to the +5 volt supply now, it may be necessary tO reodiust tfte 
trimmer on the P-197 power supply board to get exactly S volh DC. If 
·reodlustment is necessary, be very careful not to advance the voltage any 
more obove 5 volts DC than necessary. 
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~ You shoufd have a display of random characters on the screen probably @ or 
? changing back and forth on certain areas of the screen. ff you do not have 
a readable display, odiust trimmer resistor R38 slowly until the picture becomes 

readable. To make things easy, you con turn up the volume on the set 
to the point where you heor whine. Intermixed in this noise, you will 
hear a beat frequency which should vary with the setting of R38. When 
the beat frequency goes to zero, the television is synced with the terminal 
and you should have a readable display. The brightness and contrast controls 
on the television may then be odiusted to give the most attractive display. 
If you Gf"e not able to get a readable display, remove power and recheck all 
assembly procedures. If this proves fruitless, the next alternative involves 
probing thR>Ugh the circuit with on oscillioscope along with a thorough 
knowledge of how the circuit works. This requires a good background in 
digital theory and is not a recommended procedure for the novice. 

~djust trimmer resistor R4 to center the display and adjust trimmer resistor R6 
to give a character size that is most attractive. iVtaking the character -size 
too small sometimes wil I cause the unit to dtsplay incorrect chorocten so 
watch out. 

~ If everything has checked out so far, remove power ond install the memory 
boord. Do not install the memory board if you are having problems. Its 
IC's are expensive and it is best left off until the problems have been corrected. 
Orient the board so the component side faces toward the IC's on the main 
board. An indexing key has already been inserted to help prevent board reversal from 
happening. Make sure, however, the indexing key was put in the proper 
position during assembly. 

~·Apply power ogoin •. Now the home-up, erase to end of the line (EOL) and 
erase to end of frame (EOF) functions s~ould be working. If you are using 
one of the cursor boards, it would be best to wait until you finish chedcing 
out the main board before installing them. However, you can check the main 
~!"cL_ho~pby tem~arily grO¥nding J3 pin 1, ···e~se from cursor position 
to etid of lfne (EOL) by .~porarrly grounding J3 pi1J 7, . and erase fr°"' cursor 
positi~ of eng, _of frame (EOF) by tem?Qraril_y grovndi.ng J3 pin 8. ff you are 
not using on•· .9f the cu~~ control boaicf·-options and hove provlded switches 
for fhese f1.m~lons, simply -··depress .the appropiate switch and che~k for pl-oper 
operation. . . , . . " 

( ~~ukor•.yerticQI and horizontal pcisi:loiilng con be checlce</ by temporarily 
ground1:rs··.fh~ioappropiote c~ntrol pin.-:' U~9rounding and ungrounding_J3 
pin 3' ,the cunor "should move down several. spaces and upon reaching the 
bott9'" oft~.· scre~n, wrapping back ~round to the top. J~ pin 5 mov~ the 
CUrsOr Up.: J3· pin 2 moves the cursor:Jorward andJ3. p-in 4 moves: the c.ursor 
backword; .here' agoin with wrap around upon reaching the end of the screen. 
Note that you ·have no rea I control over the number of spaces the cursor 
;umps. The cursor· control boards when installed provide the switch debouncing 
necessary to prevent this from happeni,ng. 
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( ) If you ore feeding the terminal directly from a keyboard, try all of the keys 
ond make sure .verything is working correctly. If double printing occun, it 
is pt'Obobly due to ringing created by excessively long wire between the 
k~ or the driving device feeding the terminal. ff this occun try 

· putt;.g o 330 pfd copoc itor from f"he "keypressed • strobe output on your key­
. boofd to pound. ~ MOS type keyboan:f encoden ore too slow to cause 
proW.ns such os this but TTL ones ore not, especially if connected with 3 
feet or MOre of whie • 

( ) Cn.dt the line feed and corriage· return for proper operation. If this page 
select switch is in· the center olf. posi,tion~ repeated line feeds should bring 
up the olt••10te page at the end of the screen. Either one of the ~ pages 
may be selected or mointoined at oriy time by flipping the switch to the 
~e pag.· position. 

Note: Upon applying power both pages of memory wi II generally come up 
with. rondom data. To clear eoch page, it is necessary to select the page to 
be deored, perform a home-up and then erase to end of frame {EOF). 

Thi• completes the checkout phase. Ahhough this doesn't guarantee that 
fte17thing is worki'n9 correctly, it. does check most of the circuitry on the main 
unit which b helpful' should yov have problems with any of the option boards. 
Yev shouW.,...., be build, instoft and t'est your optional boards following the 
jnstructions supplied with the opt ion . 

In Case of Problems 

tf yo.; hcwe pt"oblems on some phase of operation of the tenn i na I , the best 
recommendation ts to remove power and recheck your assembly over v«y careful I y 
with the instructions. If you sti I l cannot find the problem and feel secure in '.your 
undentonding of digital circuin, yoo can troubleshoot the unit with an oscillioscope. 
Th.is does, however, require a thorough undentanding of how the unit works as is 
descr;bed in the occcmpanying article. If you are still not able to locate the 
pt"oblem or prefer not tO service the- .Unif younelf I~ please COnsUlt US before sending 
the unit in for repairs. 
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How It Works 

The entire screen of the video display hos been arranged for 16 lines of 
32 characters each. Although the second page of memory al lows twice as many 
characters to be stored in memory, only one page con be displayed at a time. 
Each character displayed is actually an array of 35 dots arranged so there are 5 
horizontal and 7 vertical dots. The 2513 character generator decodes the binary 
ASCII data provided at its input terminals from memory into the correct dot 
patterns for the character to be displayed. The dots are selected and used one 
character row at a time since televisions· sweep the trace horizontally one video 
I ine at a time. Horizontal spacing between characters is provided by displaying 
a bJank dot column between each displayed character and vertical spacing is 
provided by sweeping three blank video I ines between each set of seven 
"character dot video" lines. This means our vertical data is 10 lines/char x 
16 character row= 160 "character dot video" lines. Our television or video 
monitor also requires a vertical and horizontal sync pulse in addition to the 
actua I video data, so the TY typewriter must generate these signa Is as well • 

The timebase oscillator as indicated in the schematic is responsible for 
initiating the horizontal sync pulse and for starting the chain of events that wirl 
generate one line of video i::'ota to be displayed. The circuit itself is a phase 
locked loop employed as a frequency multiplier. ICJ is used as on astable voltage 
controlled oscillator with bipolar transistors Q3 and field effect transistors {FET) Q4 
along with capacitor C12 fomiing a sample and hold circuit which feeds ICl 's 
voltage control input through FET Q5. The sample and hold in this case is 
being used as a phase comparator providing an output voltage proportional to the 
phase difference of the 60 Hz power line and the multiplied output frequency of 
ICl. The actual amount of frequency multiplication is equal to the amount of 
frequency division between the output of the oscillator !Cl and the input reference 
frequency. As we wil I see later, the value of the frequency divider is 264 and 
since our reference is 60 Hz the fo = 60 Hz x 264 - 15840 Hz which is very 
close to the horizontal oscillator frequency of a standard television set. 

The output of fCl is fed via inverter IC20A to fCl 9 A and 8 where among 
other things a 4 microsecond horizontal sync pulse is generated. From here 
the pulse is routed to IC17A -where it is ORed with the vertical sync pulse which 
wilt be described in detail--later. 

The fol ling edge of this sync pulse at the output of 1Cl9B triggers ICl SA, 
a one shot, which puts out a positive pc..1lse on pin 4 adjustable by potentiometer 
R4 from 4 to 20 microseconds. The delay pulse creates o log between the television's 
start of video sweep and the T. V. typewriter's generation of data thus giving on 
adiustable left margin. Pin 4 of fCl BA inhibits dot oscillator ICl 88 thru AND-OR­
INVERT gate ICllA. Pin 4 also resets JC21 and IC14 the 16 bit counters which 
keep track of the selected horizontal character. Since we ore just starting a new 
line, we must first clear the counter to prepare it for incoming data. At the end of 
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a high to low tronsistion of pin 4, IC6, the row counter is incremented and if 
there is a· RIPPLE CARRY, IC7, the line counter is incremented as well. 

The row counter, IC6, is a decode counter which keeps track of each of the 
ten horizontal lines forming a character row. Remember, we said earlier that each 
character would be formed by 7 vertical dot rows and three blank lines for vertical 
spacing, weH, tC6 has a distinct BCD output for each of these 10 lines and tells 
the rest of the circuitry which of the 10 lines it is generating. 

Since we also have 16 sets of these ten lines, one for each of the 16 
character raws, we must hove the 16 bit counter, IC7, to tell the rest of the 
circuitry which of the 16 character lines it is displaying. Together IC6 and IC7 
provide a unique BCD Code for each of the 10 x 6 = 160 dot video scan lines. 

Now for those of you who are familar with television circuits, you probably 
know that we need more I ike 264 I ines and not 16() for a complete frame and 
since· our scan line counter composed of IC6 and IC7 is only good to 160, we 
let it continue to count past 1 tJJ which is essentiol ly the same as reseting the 
counter at 160 since the bit pattern is the same. Flip-flop IC48 which has been 
in the Q output = 1 state during the last 160 video data lines is now toggled 
through ANO gote IC5A and NANO gates ICl 9C and ICl 3A. When tC4B toggles 
the Q output goes low which instigates a sample command for the sample and 
hoid· portion of the timebase oscillator which was described earlier. It also activates 
the video blanking circuit feeding the 2513 character generator. This simply forces 
the generation of o 11 blanks from the chara~ter generator as long as the Q output 
of IC48 is low. This mOde continues line by line until the line counter reaches a 
count of 40. Lines 40 thru 50 are then used to generate the vertical sync pulse 
required by the television. NANO gate IC13& along with inverters IC20A, 8, 
and C perform the actual line number decoding. ~e that the output of the 
timebase generator is NANO ed as wel I in ICl 3B along with the line counter data. 
This chops the vertical sync signal as required by the television. The output of 
tC138 is then fed along to IC17A where it is combined with the horizonol sync 
signat to fonn the composite sync signal at the output of AND gate I Cl 7 A. At 
line 50 the vertical sync generation is stopped and the I ine and row counters 
continue to count to 104 which is decoded by IC13A. Note that the Q output 
oflC48 is NAND ed os well by thedec:Qder IC13A, since the 104 count is not 
significant when in the •display dot video" mode. The output of ICl 3A in tum 
generates a positive clock pulse to 1C48 through AND gate IC5A making the Q 
output of ICSA high again as it was when we started.· The same signal off the 
output of IC13A resets the row.counter, IC6, and line counter, IC7, back to a 
count of 0 thus completing the 264 Hne/frame cycle of 160 lines of video, 40 
lines of blanking, 10 lines of vertical sync, and 54.rnore lines of.blanking. 

Now lets get back to the horizontal portion of the circuit again. We 
l.ft off earfi« by saying that one shot oscillator, 1Cl8A, provided an ad­
iustable delay between the horizontal sync pulse and the generation of data to 
provide a left margin. We also said that an ostable oscillator IC188 which is 
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inhibited during this delay phase via ICl 1 B is the dot generator which actually 
clocks off the dots for each I ine of video which fonn the character. So from 
here we may continue by saying that potentiometer R6 sets the cycle time for thit 
oscillator from 150 to 300 nanoseconds which in tum sets the horizontal width of 
the characters displayed. The "dot clock" output however is not the output of 
1Cl88 but rather the output of the AND - OR - INVERT gate ICl lA. It's 
output is normally high, but goes low for about 30 nanoseconds each time ICl 88 
resets. This 30 nanosecond pulse time is set by the propagation time of ICJ 88 
and ICl lA and is very hard if not impossible to see with most oscilloscopes. 
This "dot clock• is used to toggle the "dot bit,. shift registers IC23 and IC24. 

The horizontal dot data for each character is composed of five dots and two 
blanks for spacing on each video scan line for each of the seven vertical charocter 
dato lines. Then three completely blank lines are scaned for vertical spacing fol­
lowed by the next set of character data scan I ines. The video dot data for the 
horizontal portion of each character is parallel loaded from the 2513 character 
generator into 4-bit shift registers IC23 and IC24 with zero, bit 1, bit 2, bit 3 
going into IC23 and bit 4, bit 5, zero, and a one going into IC24. The serial 
input of IC24 is tied high in order to load one's into the shift register in ploee 
of the character data as it is shifted bit by bit out of the register. IC25 monitors 
the paraflel output of the dot register and goes low when seven bits have been 
clocked out. It senses by detecting the one's that have been shifted into the 
register serially while the significant dot data was being clocked out by the 
•dot clock•. This low honsistion on the output of IC25 which is inverted by 
IC128 changes the dot register from the shift vp to the parallel load dota mode. 
The satne pulse also increments the character counters, IC21 and IC14. 

The dot data itself is shifted out bit by bit, at ·the rate set by the dot 
clock, from pin 10 of IC23 to ICl 78 where it is mixed with the horizontal and 
vertical sync pulses to form the composite video signal, which is then buffered 
by emitter fol lower Ql and fed to a television or a video monitor. 

As mentioned earlier, there are three blank scan lines displayed between 
each row of chc:uocters to provide vertica I spod ng. The first Ii ne, a BCD 0, 
is generated by having the row counter, IC6, feed zero bits to the row select 
of the 2513 d10"2cter generator. Then as the row counter counts off rows 1 
thru 7, rows 1 thru 7 of the -character· a-re decoded and processed, but when 
IC58 sees the 8 and 9 counts of the row counter through IC12A, it's ou-tput goes 
low thus enabling the video blanking circuitry which forces all zeros to the row 
seJect of the 2513 character generator creating the other two blank lines. 

Going bock to the dot register now,- note that each time pin 6 goes high 
and the dot register is set up to parol lel load new data and ICl 4 is incremented 
as wetl thus keeping trock of which of the 32 horizontal character positions we are 
working with. When the character counter reaches character slot 33, the 2 5 

and 2 O bits go to a one which in tum disable the •dot dock" until a new 
character line is started. Being in the 33rd character position also enables the 
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vk!eo blanking circuit through IC12C and JCSB. Since the dot clock is,....,,._., 
the video ..,_.,ion ceases after the 33nl dwter until a MW video •• is 
arc lecl. 

Now- tllltt we know haw to get the data m. the 2513 dwac:• gs1•ratar 
:claat9 ..,... te the tcNen tets see how the iftc_.ng data is put into Clfld C1Cc1111d 
m. --'1 · ~ must first have .,.... wns of illputhlg ._ to the TV type­
writer wWch in most cases wi It be a sta1tdcnd 6-yboard/ encoder with a seMn bit 
ASCII .,,.... • The .input ~ce must aho provide some ·ki.d of G ndDta reacty• 
line to tetf the telntinal when new data has been ~led to the data input 
tenmi,.,ls. In ft. cw of a keybmtd/encoder this is called a •keypreaed strobe• 
Une 'Clftll gA.s us a pulse whenewr a key has been dept. t•ed. Although the swen 
·cmta inputs ... ·set wp for positive logic, the "lc-eypuued strobe 11 liae may be eiths 
politi¥e ar negative going since t-IANO gcite IC32A hos been provided as an optlomf 
imr...... wt.a. the ~ shabe" pul• reaches t+.e •clock" illpUt of IC9A, It 
toggles 1-dng IC368, IC37A, IC37B, IC38A, IC388, IC39A and IC39B to loteh 
a.to· rt.. new ASCII dat. ,.ocided at the data inputs, which is m tum fed to the 
._ ciaput •••• of the RAM manory Dut not loaded. You must ••• 1..ber ttat 
the memory is cor ..... ttly being readdressed and read and that the ocMlw of rna•-r 
at the tae of the "keypress strobe• is cOMpletely orbittary and is most likely not 
the~ ....... we want to store ·tt.e chataeter. Keep in mind also that we will 
wont ··to input ••ciaf cantn>l chmacters which will c:CMwaud the typewriter to 
'flt...._ a certain function ilut at the maae titne _,. write these coMrol ehuuctMs 
iiftto· • HU-.""Y. 

, • Tne latched input c:Muacter is fed to the functien decode circvitry .._. · it is 
1•1suained .._..._ or not a contR>I function is~ i.,t. ff it is, wch as any 
:inpat with bits 6 and 7 eq.tal to Za'O or Q rubout wifh all bits set to J, the outptlt 
ol ·fC328 wiH to high forcing the output of ICl 11 low mettiag tc9A .... fftPm'illa 
fC36A to dunp the input c:ordrol cha1Ucter on the next load pufse for the -•clot 
Nl9ist•s• IC23 and IC24 frOlft IC25. Note the next time the •clock• iftPUf on 
·«:26A ..- high it clears all of the data input imtd1W lC36 - IC39. ff on the 
dl.r·t-.d, the d•actec is a prinlaWe chatact•-, IC328 wiH stay low forcing 
fC11A -lew thus elitaimting IC9A1s clear CCMwma.cf oHowi~ it•s Q outpwt to go 
to a one when toggled by tfte k-ey._d strobe. On the next •1oact put.• 
ICldl is c1ocked high. The high output of IC9A and ICl 68 ore now AND ed 
and prepcne IC l6A to be switched on the next lead pulse frolR IC25. When ICl~ 
tag0les, m Q output goes high setting up one of ._.two inputs to NANO pe 
IClll..., it ·thett woits for-a •campm1e 11 coa mid from AND Fte IC30. The n.p.t 
m.. 1Cl2D is AND ed at the ... gote- just to -elhainote ilhe caunts after the 
cl aaada' coe r ta has 1 cl.d a count of 33. · The c-.are c:il'cuit will he dlw:t n ul 
M ..... later but basically it defesMines and acknowledges when the nl8lllOI)' is 
1Mh1 1d to -the position in whidl we want to stoat the dta1aete1 bei-.g pwo: 111 d. 
wt.a the •••,we is confiftned, IC3D goes high forcing IC38 high, which folces 
IClSI t... This -*es ICJOA go high gen•ating a write pulse for the •-ory 
thus hwaiing ihe chatacteT, at the pRlp8I" pasition. At the onset of the ...t 
........ ,.._ IC3C goes high f•dag ICI 18 low which ·resets IC9A and ..... the 
iflpUt lcdclwss, l-.ing tt.e ASCH code for a blaRlc or space stOl9d. ICl 6A met 
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IC 168 both reset on the fol I owing load pu I se . 

Each input character requires 3 "load pulse" times or 4 .5 microseconds 
to load. Because of th is requirement and the fact that on I y 9 load pulses per 
character can be guaranteed; 540 characters per second is the maximum input 
rate • The first l 04 I ines are selected twice per frame so the write speed on the 
first 5/8 of each page wil I be doubled or 1080 characters per second. 

The cunor and compare circuits are very interelated since the circuitry must 
know where the cursor is positioned on the screen and when the memory is indexed 
to match with the cursor location so the cursor wiU bl ink in the right location. 
Since the character we will be entering through the keyboard will be entered in 
the cursor's position, the cursor counter also provides the address of the character 
we wont to toad into memory. The memory location of the cursor or character 
to be loaded into memory isstored in a 10 bit counter made up of IC35, IC27A, 
IC34 a,nc:f IC27B. IC35 holds the data for the first sixteen horizontal character 
locations on a line and tC278 sets if the location is on lines 17-32. The number 
of one of the 16 vertical page lines is stored in IC34, and IC278 holds the bit 
addressing one of the two pages of memory. 

IC.41 and IC42 are two 4 bit comparators that tell us when the data on two 
sets of its inputs; is identical. The required 9th bit compare is provided by IC40C 
and IC40D. The comparators are cascaded to generate one output telling whether 
two independent 

1
9 bit addresses ore equa I, the address being that of the cursor 

and the location of memory location presently indexed. It is not necessary to 
pn!form a compare on the tenth or page bit because we wi II never be writing to 
or· ·blinking the cursor on the page that is not curr~ntly accessed. The c:~IOtor 
circuitry monitOliS the address of the cursor counter and the outputs of the character 
counter, IC21 and IC14, and the line counter, IC7, and generates a high •compare" 
output when there is o match. 

The cursor itself is generated by turning on al I 35 of the character dots 
when AND gate ICl 7C sees both o "compare" match and inactive blonking. The 
several times per ~cond bHnking is generated by the timer IC8 operating as on 
astobl e osc i I lator. 

The cursor is positioned by incrementing and decrementing the up/down cursor 
counters IC35, IC27 A and IC34, which have ful I wrap around in each loaction 
and automatically change -pages cs required. Although most 'Of the actual cursor 
control circuitry is provided on the morn board, th:e optional cursor control board 
is necessary to provide the switch debouncing necessary for re liable operation. 

There are several cursor positioning functions provided. IC35 pin 5 and IC35 
pin 4 move the cursor location one position forward and one location backward 
respectively. IC34 pin 5 and IC34 pin 4 move the cursor one location down and 
one location up respectively. IC35 pin 14 generates o carriage return and IC34 
pin 14 generates a return to line 1 which means together they generate a home-up. 
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.. 
IC34-5 is YeSpOOSible for I ine feed. Th~ interc()ftJleeted gating al lows combinations 
to be perfermed wHh only ·one ·control eotmnand. 

The enne functions ·t.o.e been provided for os well oftGf do not require the 
optional .cursor control board. E10se from the cursor posi tien to the end of the 
line is, initiated by setting the preset input of IC98 low, ond erase from the CUl'$OI' 

to the end of frome is ~kited by setting the preset input of IC2A low. If either 
of these two latches is ·.~, it a Hows IC2B · to toggle at the onset of the ~ 
compar.e when the row ccunter reaches I ine nine. This genenites o •memory toad• 
command which foods a space or· blank from the input latches into memory. IC28 
will reset on the first 33rd character indication from ICl 4 ofter totch IC28 is set 
thus completing an erase to end of line (EOL). IC2A will reset on the fint 
blanking pulse from IC48 after katch IC28 is set +hus compteting an erase to end 
of frame (EOF). The resetting of either causes , C2B to reset and return it to its 
initial state. 
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Cursor and Page Select Wiring for the TV Typewriter II 
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Figure 2 - Video Input Modification for Motorola K9TS-460Q Television 



Parts List - TV Typewriter 11 /'tlra in Board 

Integrated Circuits 

Resistors 

NE555 timer 

7474 dual •0 11 flip flop 
7408 quad AND gate 
7 490 decode counter 
7493 4 bit binary counter 
7400 quad NANO gate 
7451 duat AND-OR-INVERT gate 
7 404 hex inverter 
7420 dual NANO gate 
7409--Cjllad-AND 9Qte--(open collector) 
7 4123 dual one shot 
7 4132 quad schmi tt NANO gate 
7 405 hex inverter (open collector) 
2513 ASC 11 character generator 
7 495 4 bit shift register 
7 430 8 input NANO gOte 
7 422 dua I NANO gate (open collector) 
7 4193 4 bit up/ down counter 
7403 qucxrNAND· gate (open collector) 
7 485 4 bit comparator 

'Rl', 12;-~ ~ ~ ¥--z;:.4----
' ~, ~ ltJQ .-~ -tiQ ~ JK ohm 1/4 watt resistor 
-UV ~ 20K ohm trimmer resistor 
~ 5.61<. ohm 1/4 watt resistor 
-ll$- SK ohm trimmer resistor 
'f6L- 4. 7K . ohm 1/4 watt resistor 
£RB- 100 ohm. 1/4 watt resistor 
*H- 47 ohm -1/4 watt resistor 
1tT2- 100 ohnt l / 4 watt resistor 

,~....,,=·:::-~1'2.S~L..' ...:.::~~•:__Uq,~·W--.7it9l.=-=--=------- A _ _.lK_ohm 1/4 '#Gtt FeSistor 
~ ~ 1BZ ~~ lOK ohm·l/4 watt resistor 
~~ 2.2M ohm 1/4 watt resistor 

""'38 SOK ohm trimmer resistor 
~ 'IM.l.. 33K ohm 1/4 ·watt resist~ 
~ 220K ohm 1/4 watt resistor 
«41. ~ ~ wcttt--ms~ 

Capacitors 

470 pfd capacitor 
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"62-, ~ ~ O:w01 mfd capacitor 
~ ~ 0.0033 mfd disc capacit« 
~ ·:tr·-, -· 39 pfd capacitor 

~ (C6) Qi_ . . . ~ '1A-roo mfd @ 16 voe electrolytic capacitor 
"c.~ ~ .. , €9-, C1C; &l, ~ ~ ~ 0.1 mfd mylar capacitor 
1/~A ~ ~, ~ - ~ ~ 0. 1 mfd (cennoic disc capacitor) 
~ ~ 0.047 mfd capacitor 
~ 0.22 mfd mylar capacitor 
Ci-6-. 0. 001 mfd capacitor 
~ 33 mfd @ 25 voe electrolytic capacitor 

-&J-;-~ 
-Q3-

Q4, Q5 

T ""5iston ond 0 iodes 
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2N5129 silicon transistor 
2N5l39 silicon transistor 
TIS58 field effect transistor 

1 N914 silicon diode 
1 N5060 silicon diode 


