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POLLI~G DISCIPLI~E page 3 

NO'I'E: The polling address is determined by the setting of 
the two HEX rotary switches positioned below the baud 
switch. The least significant Hex digit is determined 
by the upp~t" of , tn~ two s~.i tches. 

;;'·~The Model 302 CRT terminals are designed for operatipn in a polled, 
daisy chafn or multidrop method of operation~ The polling sequence 
is;,.~>stremely simple, consisting of a 2-character interrogation 
seqi.H~nce·. 

I,~- ',~ "',,: .. ~ - ... ·,,, . 
·~..,:- . . 

"'>.";t. 

To Select a Terminal. (Poll}: 

COMPUTER SENDS: 

l/ ENQ (Hex 05) CE 

2a/ Normal Address 
{any ASCII character} 

TERMINAL RESPONDS: 

EOT (Hex 04) 
(OR) 

STX (Hex 02) 
(OR) 

512 ASCII 
character block 

. CONDITION: 

If .. SEND .. key has not 
been depressed. -­

If uSEND .. key has been 
depressed. 

If 11 SEND 11 , key depressed 
and unit is factory 
strapped for 11 ALL OATA 11 • 

2b/ Fast Select Address No signal returned 
(See Note 2} 

Terminal ready to receive 
data (See programming 
nqte$} 

After Terminal 

,COMPUTER SENDS: 

1/~ STX (Hex 02) Ce 

2a/ OCl (Hex .11) C.q 
-(AND) 

2b/ ASCII character 
(AND) 

2c! ASCII characte~ 

3/ BS (Hex 08) 

Sends a 11 data from cursor position to end 
of screen. 

Shifts to cursor address mode. No transmission. 

Cursor mov~s to character·position on line. 
(See Table)· 
Cursor moves to line on screen. 

Cursor backspaces. 

comp~er. terminals 
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COMPUTER SENDS: 

4/ Lf. (Hex OA) tJ 
5/ CR {Hex OD} eM 
6/ DC2 (Hex 12) C.R 

,. 

7/. DCJ (Hex· 13} C.s 

8/ DC4 (Hex 14) c, 
9/ BEL (Hex 07) cC:r. 

10/ HT (Hex 09) Cy 

11 I Et~ (Hex 19) Cy 

12/ us (Hex lF) CSH 0 

13a/ CAN (Hex 18) C..x 
-(AND) 

page 4 

TERMINAL RESPONDS: 

Cursor steps to next line. 

Carriage return. 

Home cursor. 

Cursor up one 1 i ne. 

Cursor advance. 

Bell rings. 

Tab. 

All following characters will be protected 
against operator action and displayed at 
lower intensity. 

All following characters will be unprotected 
and displayed at normal intensity. 

All unprotected characters cleared from 
cursor position to end of screen and cursor 
goes home. (See programming notes) 

14a/ FS (Hex lC} Csfi L All characters cleared from cursor position 
to end of screen arid cursor goes home. (See 
programming notes) 

15a/ SYN (Hex 16} Cv 
-(OR) 

Disconnects from line - Operator still locked 
out - .. SEND" key still depressed. 

15b/ ETB (Hex 17) Cw Disconnects from line. Operator free to use 
~ terminal. 

Programming Notes: 

Failure to release a previously selected terminal will cause it to 
I respond to computer instructions. causing the input to the computer 

.tci be "garbage". Previously selected terminals are released by the 

f) 

t infarmar~~---------' 
comtnrle-r t~in.afa 

·. 
~-; 
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TABLE OF CURSOR POSITIONING 

uxu POS!Tf.ON - This is the character position on the line: 

Cursor Move·s Computer Cursor Moves Compufer 
Send to Character Sends to Character 
(Hex~: Position: {Hex): Position: 

00 
I 

1 10 17 

I 
01 2 11 18 
02 3 12 19 
03 

I 

4 13 20 
04 5 14 21 
05 6 15 22 
06 

I 

7 16 23 
07 8 17 24 
08 

I 

9 18 25 
09 10 19 26 
OA 11 lA 27 
OB 12 18 28 
oc 13 lC 29 
00 14 10 30 
OE 15 lE 31 
OF 16· lF 32 

uyu POSI ON - This is the 1 i ne of the screen: 

00 1 
01 2 
02 3 
03 4 
04 5 
05 6 
06 7 
07 8 
08 9 
09 10 
OA 11 
08 12 
oc 13 
00 14 
OE 15 
OF 16 

~r_ inllaraaar---------------__J 
computer termlnela 
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<D 
1~\ MODIFICATION OF THE INFORMER TERMINAL FOR A STAL~D ALONE RS232 SYSTEM 
~,) 

PART 1 • Bypassing the Polling and Send circuitry 

Use the included schematics and partial board layouts to 
aid in making the modifications. 

-' 
Modifying the UNIVERSAL I/0 BOARD 

STEP 1: Disconnect the serial output of the UART from the RS232 
output by cutting the designated traces •. Jumper the RS232 
converter· (·pin 5 of Z22 ) to the serial KBRD DATA ( pin 3 
of Z18 ) · • 

. STEP.2: Disconnect the SEND Enable from KBRO DATA gate so that 
keyboard.data will always be available. at the RS232.output. 
( remove pin 2 of Z 18 from the PC board by de soldering · 
or by cutting it }. 

Hodifying the CURSOR CONTROL BOARD 

STEP 3: Enable serial EXTERNAL DATA "OR" KEYBOARD DATA to the 
video display memory all the time ( independent of SEND r. 
by cutting the ENABLE EXT •. and the ENABLE. KBRD lines and .. 
grounding pins 3 and 6 of Z26. 

The terminal should now function with an RS232 device connected 
to the female EIA connector as shown in FIGURE 1. Set the Baud 
Switch on the end of the I/0 BOARD ( shown iri FIGURE 2) to the 
desired setting according to the chart in the APPENDIX of the 
Manual. Parity is a function of the jll!llper on the Keyboard Printed 

Circuit. 
PART 2 : Adding a Scrolling Circuit 

T.he following additional circuitry and modifications are 
not totally effective. Because the display memory is wrap­
around, the line that is scrolled of£ the screen at tne top 
is not erased but appears at the bpttom of the screen • 
'l'his isn't: a great problem if the sending device writes new 
informationon each line, but if it skips a line the old 
unerased line appears sandwiched betv.reen the new information. 

If used with a small computer, a soft\-.rare approach to 
scolling might be simpler. 512 bytes of computer memory 
could be set aside for a duplicate display memory v:hich 
could be manipulated easily by changing the address offset 
and then rewriting it into the terminal's display memory. 
The last line could be erased before rewriting. This would 
alsoallow more than one page of memory to exist if more 
computer memory is available. Don't overlook the extensive 
cursor control codes that could also be used by the computer 
to manipulate the terminal's display memory. ( see tile 
APPENDIX of the Manual ) . If you choose the hard\;ar 2 

approach carefully follow the next steps us ir.q the 
included ~chematics and partial board layouts as a guide. 

I 
I 
I. r 
i' 
I 



Cursor Control Board Modification 

STEP 4: . Cut. the trace that feeds the downcount input of the 
Cursor I.ine Counter ( pin 4 of Z28 ) to allow insertion 
of the Scrolling Circuit"B". ·Connect 2 jumpers to the 
edge-connector terminals 'E' and '6' to allow the added 
circuitry to be connected via the Mother Board. (These 2 
terminals wer~ f,or-merly used by the now-disconnected 
ENABLE EXT and ENABLE -KYBD lines. ) 

.Mother .aoa.rd z.t6dification 

STEP 5: Cut the traces to- terminals 'E' and '6' of J1 ( CURSOR l 
andconnect 'E', '6• and 'H' to the appropriate points 
on the Scrolling Circuit "B". ( note that the trace for 
terminal '6' is on the backside of the Mother Board 
which can be reached if all the boards are removed) 

STEP 6: Cut the traces (labelled LjJ, L1, L2, and L3 on the 
Mother Board schematic) on both sides of the Mother 
Board and connect the Scrolling Circuit "A" to the 
designated terminals. This effectively inserts the _ 
scroll count plus the _;r line count as the effective_:(;, _ 
line address to the display memory. · .- -:··:r:·;:· ·· 

~ :~,-~~~\~'f:~>~.~i~·:·1 

Description of scrolling circuits 
\. 

The screen is effectively scrolled by adding-a one-line.offset 
to the line counter address each time'the cursor exceeds the. last 
character position on the screen (the 512th character position). 
This is accomplished by a 4-bit counter which is_incremented by 
the 512 character detection circuitry and a 4-bit parallel.adder. 

The character line address lines L$J, L1, L2, and L3 are active low 
so must be inverted before and after the parallel adder. This is 
accomplished by the 7404 hex inverter and half of the 7400 quad 
Nand gate. 

Since the_ 512th character detect also resets the cursor line 
counter to zero, the cursor would always appear in the HOME 
position after a line is scrolled. This is prevented by delaying 
the ST2 pulse and applying it to the down-count input of the 
cursor line counter bringing the counter back to 15 and placing 
the cursor at the beginning of the last line on the screen after 
each scroll. This is accomplished by the One-shot and OR'd ~ith 
the normal cursor down-cbunt control. 

The original scr9lling circuit was constructed on a piece of 
Vector I3oarc L. 5" x 4" and attached to the terminal circuits 
via the ~-IoL;cr I:loan.: terminals following the modifications 
outlined aLcJve. 
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1.0 Monitor Assemb~ 

The Data Entry Informer is composed of several major 
assemblies. The desk top Monitor consists of a display 
unit and a keyboard. 

The connecting cable between the Monitor and the Control 
Unit supplies +5 volts, -12 volts, and ground to operate the 
Monitor display unit and provide power for the keyboard 
encoder and the conversion logic. In addition, horizontal, 
vertical and video signals are brought to ~he display unit. 

~. 
• 

A multiple of the ba!Jd rate clock and.power for the bell are 
also provided from the Control Unit. The Monitor generates 
the ASCII coded data, using the keyboard and baud rate clock, 
and sends this to the Control Unit. One key has its contacts· 
on the Monitor carried to the Control Unit on a separate 
wire for various options such as local clear, reset, etc. 

~----~~--------------~r 
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The Kcybo.ud A$!ie:~bly (?igur11 l.l:-1) con:Jists of :a group of 
~fncle pole; singla thro"Y, cro:;:s b11t" contact c.·.Jitche!l, one 
corr~:;po\lding to c.1ch ch:1r,1cter. E.:Jch c•Jitch, 11hcn d~prc:;:l(!d 1 
pro·~idca a jcc:p<!r path bctV:!f!n t\.·o pins on 4 t:os cncoci~r 
circut t. 

The encoder circuit li9es a dyn.:;1ic ac.1nning technique to d~tect 
::nd pinpoint kt:!ysvitch activity on the k.a7bo:trd. In this o~thod, 
tuo ring counters are c~ploy~d. A 9-bit x counter conitors the 
rova Qf the cvitch t:.3trix vhile the colu=ns are r..:>nitored by • 
10-bit Y counter. Since there are 9 x 10 po~Bible countQr 5tatcs, 
ninety data :::;.,itche:a CJ.y be defined by thdr X-Y coorditutes. 

~very scan ti::e (90-bit tb:Hi) 1 all keys are· interro&ated in 
turn to deter:rlne their status. f:.:lch p~rticuh.r key h inter­
rogated every 90-bits or once e!'lch. k~ybo:~rd Gc~n cyCle. Thia 
h i!:?le..,entcd by c::ploying the X counter .u drhcrs to drive 
the· aensing of e.:lch colu::-.n ·of th~ s:·.Jitch 1~."\trb::. Ther~fore 1 
if a r.;.,.itch is clo.;cd it ~ill be d~t~cted \:hen its ro., (X 
coordinate) is driven tlnd ita col\011 (Y coordin3te) h secaed. 
This corre3ponds .to the p.uticular X-Y tir:e (o~e of 90 tbe 
3lots in the scan) defining the clo~ed c-.ritch. A. \::.~y detect 
pulse· at the x~Y ti:::~e in que:stion is i:l::u~ and thh is used 
to def:ine.the status of that particular k~y a.od gen~rates a 
coded bit pattern. 

In addition to sc~o.ning the key 5'Vitcb c.stri.x, the X s.nd Y 
counter.• a:re used to :scan the contents of a Read Only Mc:.:ory 
vhich contains the bit pattern lor e.1ch k.ey zr.l'itch. ?or 
exil::.j)le 1 when· r"'itch Xl, Yl h being interrogated (.at Il-Yl 
tice) the counters are addreuing the ::~e:::ory location in the 
ROM vbicb contains the code for. n-itch XlYl. If the lc.ey is 
close<~,, a key detect puhe vUl be inued. At tbia tU:e, the 
ROM contents are strobed into htchea ~.ich then bold the code 
p~ttern !or key Xl, Yl. It should be noted that·the acannin1 
of the ~itch estrix and ROM occur sfcaltaneously and repeti­
tively •. The clockaare never stoppedi 1afort:Ation ia obtained 
dyn.!Cdcally. 

~-----------,0--~----~r 
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1.1 _K_~p_ard (Continued) 

For each keyswitch it is possible to have four t1odes. The~e 

<tre determined by the status of the SHIFT c'lod CONTROL keys. 
There ."lre four possible code patterns for each key as deter­
:.~1ncd by the Llode switches. These code patterns are rel.'lted 
in that, for any key, In any of Its modes, only four of its 
9-bits cay vary. All code patterns are progra~ed at the 
ti~e of canufacturlng. using a single cask variation. 

The keyboard encoder chip nay be either an N-key rollover 
type or a two key lockout type. ~-key rollover is d~fincd 
~s the r.bility to issue a code e~ch tice a ne- key is dep­
ressed, r~gardless of the st~tus of all other k~ys. This 
=eans th3t each time a new key is depressed, a code for that 
key ~~uld be issued even.if other keys are still depr~sscd. 
Th.f.s type of rollover h ideal for f.1st typing applicat io;H, 
since co training is required to rele~se the currently de­
pr~ssed key hcfore a n~~ one is dcpres~~d. Ev~n in slc~er 
typing applications, burst typing of typical trigra::s ~uch 
As "THE" and "ERZ" can be a proble:n if N-key rollover is not 
e::!ployed. 

N-key rollover is acco:.1plished by rer::ecbering the status of 
each key on the previous scan cycle. This is achieved by 
using a 90-bit shift register vhose input is the key detect 
signal. If the input and output of the shift register are 
~onitored, it is possible to co~?3re the status of each k~y 
on the past scan (output of 3hift register) with its status 
on the current scan (input of shift register). A valid key 
closure is present only if the input of the shift register 
is true and its output false. A release is present •hen the 
input;is false and the output is true. The other tvo cases 
(00 and 11) correspond to no change in status; either 
released or depressed. The ROM word is strobed into the out­
put latches only when a valid key closure is detected. 

Once a previously closed key is released it then becomes 
possible to accept .it as a valid closure if it is depressed 
again. To preclude generation of erroneous codes through 
sneak paths vhen multiple keys ar'e depressed, isolation diodes 

1.1:2 



1.1 Keyboa~d (Continued) 

are used with the "N" key roilover chips. When the keyboard ~ 
!5 operated with the two kev lockout encoder chip, output cod~ • 
generation I~ inhibited after the first key is depressed. An 
outout code change from the next kev will occur only after the 
first depressed kev ls relea~ed. 

~ince the codes are the same when generated by the same clo~ 
sures with either encoder, "~ 11 key rollover units mav be 
converted to two key rollover units by simplv chanJZin~ the 
~ncoder chip hut not vice versa (because of the i~olation diodes 
n~eded to prevent erroneous codes when usin~ the ~ key rollover 
chfo). 

¥evswitches exhibit a bounce characteristic upon both depression 
and release. In normal operation. rr.anv keyboard scans could 
occur during th~ time of switch bounce. It is then necessarv 
to nake surE' that this bounce is not recoJZnized as multiple 
depressions and/or releases. As soon as the scanner detects a 
chin?.e in key status. an internal time delay is activated which 
tnstructs the encoder to ignore keyboard activitv. At the end 
of the time out (usuallv several milliseconds) ~hen switch 
bounce ~as suhsided, the encoder resumes interrogatinJZ the switch 
Matrix. The time delay is continuously variable with an ~xternal 
capacitance connected to Pin 17 of the encoder. 

Refore a solderin~ iron is used on the kevboard circuit board, 
the lnte~rated circuit keyboard encoder should be protected 
a~ainst volta~e transients by placing a conductive pad across 
the socket pins. The encoder chip is plug~ed into a socket so 
that it may be removed and replaced. Keys may be removed by 
removin2 the mountin~ screws and unsolderin~ pins as required. 

A key-locked switch is provided which enables the.keyboard 
transmission in one position and disables the keyboard while 
blankinp the vi~eo in the other position. A BRF~ key is 
normally provided to shift the output transmission from a mark 
to a space condition. Individual keys are provided as a con­
venience to ~enerate specialized control (CONTROL and character) 
codes without requirin~ depression of two keys simultaneiouslv. 

~~~-----------------~ 
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L 1 ~ar4_ {Continued) 

The keyboard schematic, Figure 1.1-1, indicates the encode-r 
circuit, Z-1: ~in ~onnectlons corresponding to each key are 
sho"'tl. The cable from the control unit connects to J-1 and the 
cable to the ntsplay J'nit connects to J-2. The sam~ling clock 
required hy the encoder is P.enerated by Z-5, a free running 
nultivibrator. \.'hen a key is selected, the encoder bits are ~z 

strobed into shift re~isters A~2 and Z-3. The incomin~ Baud 
Clock {at lfl times frequency) is counted dovn by Z-6 before 
clockinR the data out on Pin 3 of J~l. 

~~-----------------~r 
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1.2_ ·Display Unit 

The OiSplay Unit is a compact.plug.:..in package containing the 
cathode ray tube with· its power supplies, the vertical 
-deflection amplifier. the horizontal deflection amplifier. 
and the video amplifier. The DC power for the Display Unit 
is supplied by the Control Unit through the-interconnecting 
cable ... The Display ·unit assembly also includes the CRT.; . 
l/0 board vhich contains .the conversictLcircuitry * from the 
·parallel keyboard data to serial data (vhere used) , as well 
as the bell speaker (where used). 

The three separate hardWired .circuit~ boards used in tb.e 
Display Unit are described individually below. 

The horizontal deflection system is triggered by a timing 
pulse from the timing board. The pulse sets a one shot (Zl) 
o;Jhose on-time is detenttined by the horizontal drive (an . 
internally adjusted) control. the one shot output is iso-

. late<! by an . inverter and used to turn on the horizonta1 
driver transistor, Ql. This in turn provides sufficient-

-power to turn on- the horiZontal transistor during the 
right hand side. of the sweep. The lefthand portion of the 
sweep is supplied· by stored energy controlled by the 

damper.diode, Dl. During h6rizonta1 flyback, high voltages 
are generated in the horizontal transformer, T2. Taps on· 
the transformer provide pulses which are r-ectified to supply 

. 550 volts- for the cathode ray tube screen electrode, as 
well as high v-oltage, and 100. volts for the video amplifier. 

. . . ' 

The verticaLd.eflection syst-.em utilizes a ~eedback amp11~ier 
l:riggered.by the vertical sync_pulse. When vertical. sync 
arrive.s,_ it turns C)n transistors Q20 ancLQ2l .. _wbfch pull the 
base of Q22 to the ~11 volt supply •. The- vertical pulse is 
different~ated to provide momentary pU,ll·. down~ ·_ The capac~ 
itor C26 then . charges :through tl\e vertical size. contro1 
to generate a sawtooth ramp. This is amplified and used 

. t_o drive the vertical deflection yoke. ·A small feedback 
resistor, R30, samples the ·current' in the yoke and provides 
feedba~k to the input to maintainvertical linearity. A 

*On some ~dels ·this circuitry is part of the keyboard 
assembly. 

----,._ __ -----'------'-----:-------'-----infannar 
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1.2 Display Unit (Continued) 

5 volt zener diode (D21) serves the dual purpose of setting 
the correct voltage levels and providing paver for the 
horizontal driver one shot, Zl. 

The video amplifier consists of a single transistor which is 
driven directly by the emitter follower on the timing board. 
Since the basic crystal clock provides a chopped ·~signal, 

.only high .frequencies (4 megahertz) are presented' to the 
amplifier. A peaking capacitor is placed in the emitter of 
the amplifier to boost the high frequencies. The output 
signal is applied to the cathode of the cathode ray tube. 

~ . . 

The gain of the video stage (contrast) is adjusted. by a 
potentiometer in the emitter of the amplifier •. Thebright­
ness control is normally set to keep the CRT beyond cutoff 
and the tube is illiminated only by the peaks of the video. 
As a result. the screen can be blanked bv shortin~ the video 
signal to ground. During maintenance, it is possible to turn 
up the brightness and examine the deflection and CRT system 
independently of the video signals. 

The CRT I/0 board, which is permanently fastened to the 
Display Unit assembly, has contact fingers for a connector 
and cable supplying power, synch signals and video from the 
control unit via the keyboard. 

infurmar-------------------l 
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2.0 Control Unit 

The Control Unit contains ·all of the electronic circuitry 
vith the exception of the cathode ray tube, deflection and 
vtdeo systems, and the keyboard encoding system. The 
circuitry. or logic, is contained on four plug-in prin~ed 
circuit boards. A "mother. board" contains the connectcrs an.d 
necessary interconnecting wiring. Two connectors with slide 
lock fasteners are provided -- one providing power and signals 
between the Control Unit and the desk top Monitor, and the 
other being a standard RS 2328 connec~or for connection to a 
computer, data set. or teletype line. Wiring to the pins is 
shO\In in Figure 2.1-1. 

~----~-------------~r 
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2.1 Chassis 

Approxit::.ately. forty per-cent of the Control Unit is devoted to the 
system power supply shovn on t~e schematic. FiRure 2.1-2. A hidden 
svitch, located under the u~it. permits operation on 115 volt or~ 
230 volt paver lines. The installer may set this svitch with a :. 
screvdriver prior to mounting the Control Unit on its mounting plate. 
The transform·er and filter systems are designed to operate on either 
SO or 60 P.z p<Y..rer lines. In order to operate the unit at minimum 
temperature under videly varying line voltages. a separate Sormal/ 
LO\I line switch is located in the plug-in lo~ic board compartment. 
In the Lov line position. the unit will operate down to 95 volts 
(190 volts if 230 volts nominal supply). In the normal position. 
the unit is desi~ned to operate over a 105-125 volt range (21S-250 
for 230 volt nominal supply). 

Up to five separate voltage supplies are built into a single cir­
cuit board. Each supply consists of bridge rectifier. input filter 
capacitor, and (where required) an integrated circuit regulator. 
Tvo of the supplies provide 5 volts at 1 amper~ for logic circuitry 
with the regulators running off a common raw d.c. supply. All 
voltages on the paver supply board are straoped with short vires 
to the r.other board for distribution. A 1.0 ampere fuse is Mounted 
just inside the dust cover. Each integrated circuit regulator is 
"short circuit proof." 

The complex electronic functions are located on four plug-in 
circuit boards. All input/output functions are located on a 
sin~le circuit board (Input/Output Logic Board, Figure 2.2-1). 

Of the remaining three logic boards, one contains the internal 
"oemory" and its associ-'\ted control functions (Section 2.5). The 
second board (Section 2.3) provides timing and the selection 
oatrix required to separate the display and storage functions 
of the cemory board. This board a-lso generates the cursor display 
and provides lov impedance video drive and synch si~tnals to the 
display unit. The third logic board (Section 2.4) contains the 
cursor position counter, input data serial parallel- conversion 
and dec odin~. and other functions such as clear. forer.round/ 
backRround. cursor addressing. etc. 

~~~--------~---------m~nner 
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2.2 Input/Output logic Board 

The diamond shaped boxes on the bottom left of Figure 2.2-1 
identify signa 1 s from the computer. Hex boxes 1 denti fy the " 
next terminal connector. 

The modem used to couple terminal data to the computer_requires 
a. Request To Send (RTS) signal on pin 4. This signal is generafed 
by conditions determined by a strap on the 1/0 board. Condition 
1 (Always) causes the Request To Send line to be high at all 
times. For condition 2 fPoll), the Request To Send line goes 
high after a' correct poll code .has been received. For condition 
3 (Send). the Request To Send signa 1, goes high .imediately after 
the operator has depressed the SEND key. On receipt of the 
Request To Send high level, the modem typically puts tones on 
the telephone line. 

Modems are normally set to raise the Clear To Send line upon 
receipt of a Request To Send level {pin 4, RS232 connector). 
In order for tenninals to send data, their Clear To Send line 
(pin 5, RS232C connector) must be high. In systems where data 
may be sent as soon as a vall able, the Clear To Send 1 ine must 
be strapped high. This may be accomplished either by supplying 
a voltage or by strapping the RS232C pins 4 and -5 together to 
raise the Clear to Send line automatically when Request To Send 
goes high. 

Data from the computer is received on RS232C pin 3 and is coupled 
to pin C on the I/0 board through the mother board. The signal 
is converted from RS232 levels to TTL levels by Z23. In addition 
to utilizing the TTL data internally, the l/0 board uses an 
RS232 driver, Z22, to reampl ify and resend the signal to the 
next terminal. The external data _received, now at TTL levels, 

. is sent via pin F to the cursor unit to decode control codes. In 
·addition, the data is coupled into the serial input- of a Universal 
Asynchronous Receiver Transmitter (UART), ZS, on pin 20. Data is 
clocked into ZS from a crystal oscillator controlled divider 
system generating a sequence of baud clocks for all usable baud 
rates. The output of thi-s clock system appears on pin 10 of Z1 
and is coupled directly into pins 17 and 40 of the UART, Z5. 
~~hen a serial stream of data comprising a single byte has been 
received, the data information sits on lines labeled RD1 through 
ROB as received data bits. The Data Available line, (pin 19) 

~------~--------~--------iUIIUnnur 
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2.2 Input/Output Logic Board (Continued) 

also goes positive to indicate that the data has been received 
and is stabili~ed. The parity bit is ignored (note that RD8 
(pin 5) has no connection). The positive Data Available level 
is coupled through an inverter to the Reset Data Available (pink 
18}. The negative going transition of the Data Available pulse 
on pin 19 is utilized for poll code detection and either 
acceptance or rejection. 

The polling code system consists of a two byte sequence, of 
which the first byte is ENQ {hex OS}. The data on the output 
bus of the UART is coupled to chips Z2 and Z10 where the ENQ is 
decoded. If ENQ is present, pin 1 of ZB goes high enabling 
the flip flop when the Data Enable pulse goes low (the trailing 
edge of the signal as described above}. Since Z8 toggles on 
receipt of the first ENQ, if two ENQs are received in a row, 
ZB will reset. When the first ENQ is received, pin 3 of ZB 
goes high enabling Z9. Pin 12 of zg is directly connected to 
the Data Available line. The character following the ENQ code. 
will enable both inputs of Z9. and pin 11 of Z9 will go high 
enabling gates Zl3. 

The data on the byte received following ENQ is coupled into 
comparator Z6. Z6 compares this data with the switch settings 
on S2.and S3 (the address code) and, if they are the same, 
puts a po~itive signal on pin 9 which is also coupled to gates 
Z13. Zl3 will have a low output on either pin 8 or pin 6 
depending upon the value of bit 7 in the byte. If bit 6 is a 
normal poll code, pin 6 of·Z13 will go low. In cases where 
the computer wishes to bypass the operator and select a terminal 
even though SEND has not been depressed (force po 11), the 
computer merely inverts the value of bit 7, taking pin 8 of 
Z 13 low instead of pin 6. The fast select (force poll} strap 
must be connected to pin 8 of Zl3 for this to operate. 

Zl2 is a pulse shaper which is actuated by the inputs on pins 9 
and 10. If the SEND key has been depressed, pin 10 will be high. 
If pin 6 of Zl3 goes low at the same time. Z12 will be triggered 
and ~ill generate a pulse of approximately 500 nanoseconds. This 
negative output is used to set the poll latch Z24 {pins 8 and 6). 
If the terminal is strapped to transmit data immediately after 
it is polled, the strap will set flip flop Z13 (pin 12) and Z17 
(pin 8) and enable immediate transmission. 

~r----~--------------~ 
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2.2 Input{Output Logic Board (Continued) 

When the poll latch Z24 is set, pin 8 goes high and pin 6 goes 
low. This causes: (1) the signal to be coupled back to the 
ENQ decode to prevent further decoding action even if ENQs are 
received; (2} a Data Enable coamand to go to the cursor board.' 
enabling display and acceptance of data since a correct poll 
has been perfQnned; (3) generation of a Request To Send level 
(if the strap is set) by coupling pin 6 of Z24 pin 12 andLZ21 
pin a: Z24 pin 1 and pfn 13 represent an OR gate. The Request 
To Send level can be raised either by the polled flip flop Z24 
or by flip flop Zll which provides a poll response if the SEND 
key has not been depressed (typically EOT). Every time a correct 
poll has been received, the output of Z29 pin 7 is used to 
reset Zll, causing-the Q output .(pin 5) to go low and raising 
the Request To Send line. After transmission of the poll response 
(EOT) character the EOC output {pin 24 of Z5) goes high. This 
is inverted by Z7 pins 1. 2, 3 and used to set Zll, causing 
pin 5 to go high and removing the Request To Send input. 

If the unit is strapped to transmit after STX (Ec) is received, 
STX is decoded in the cursor board, brought in through -pin R, 
inverted in Z21 and coupled through Z18 to set the transmit 
latch Zl3/Zl7. The transmit latch Zl3/Zl7 can be reset by: 
the control C character received via pin S; the end of screen 
command (512 characters transmitted) on pin K; the control W 
signal from the computer; or the keyboard's master reset key 
{pin W). When the transmit latch Zl3/Zl7 is reset as indicated 
above, the trailing edge is spiked by Z7 and used to set flip 
flop Z20. Pin 10 of Z7 may opti ona 11 y be strapped to ground 
(shorting C8). In this case, no end of message character is 
generated since pin 8 of Z7 will not have a signal. 

Z20 controls the transmission of the end of message character. 
When it is set, Q (pin 13) goes low. This low coamand is 
coupled to Z14 {character select status select) and is used to 
select the desired character bits. Since the signal on S1 is 
now low and the signal SO is still high on Z14 {because the 
transmit latch is still set). the output of Zl4 will be either 
ETX or CR depending upon ~he strap on the input of Zl9 pin 11. 
The negative signal at pin 13 of Z20 is also coupled through 
OR gate Zl8 and inverter Zl9 to OR gates Z16. Pin 11 of Zl6 
enables pin 10 of Zl6, pennitting the UART clocking signal 
{present on pin 5 of Z8} to clock the Data Strobe and load the 
characters to be transmitted into the UART register. Another 
section of Zl6 {pin 6} enables the counter to generate the 
load pulse. 

~-------------------------inhnnur 
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2.2 Input/Output Logic Board (Continued) 

Transmission to the computer is handled by the UART, Z5. Data 
is strobed into the UART bus (pins 26-33. DB1-DB8) by Data 
Strobe (pin 23) going low. The UART then converts the parallel 
data to a serial stream at pin 25 (SO). This is coupled to k 

pin 5 of Z22, converting to RS232 level. When the UART is 
avaflable to be loaded with the-next byte of data, the TBMT line­
(pin 22). goes high. After the UART transmits the stored data, 
it ·internally transfers the next data byte to the ·transmission 
section. The TBMT signal is applied to pin. 9 of Z15, an AND 
gate. Pin 11 of Zl5 is held high by the Clear To Send command 
from the modem. When pin 10 goes high, pin 8 is low. The baud 
clock on. pin 10 of Z1 going positive causes a narrow {350 nano­
second pulse) negative pulse to be present on pir. 6 of Z7. 
This is in~erted through Z21 and used to clock Z12 {if pin 1 
is low). The output of Zl2 is a 2 microsecond positive pulse 
appearing on pin 13. The trailing edge is used to set ZB and 
generate the Data Strobe input for the UART. This in turn 
permits the next character on the data bus to be strobed into 
the UART (since the buffer memory is now available). 

Z16, pins 4, 5, 6, is used as an OR gate with pin 6 going 
high to enable the Data Strobe. Pin 4 goes low when all three 
inputs on ZIS go high: pin 13 goes high when the cursor has 
completed its positioning, is stable, and is located under the 
next transmittable character; pin 1 is held high whenever the 
transmit latch is "on" indicating that a transmission can be 
performed; pin 2 goes high when Z20 is set (pin 9 of Z20 is 
normally held high during rest periods by the transmit latch 
Zl3/Z17 holding pin 12 low when not transmitting). 

When transmission is started by latch Zl3/Z17 being set. pin 12 
is released and pin 11 controls the "on" time of Z20. After 
the first load pulse is sent and after the transmit latch is 
set, the Data Strobe pulse is coupled back to pin 10. of Z20 
causing it to reset. When the cursor again stops at a trans­
mittable character, pin 11 goes low causing Z20 to again set. 
As a result, Z20 toggles "onn when either the cursor has stopped 
or transmission has started and is reset with each Data Strobe. 
When "on", it couples into pin 2 of ZlS and enables transmission 
by strobing data into the UART. The output of Z20 pin 9 is also 
coupled via Z3 pins 4, 5~ 6 to the cursor advance latch Zll. 
The Data Strobe coupled to pin 6 of Z3 prevents changing the 
cursor advance latch when a Data Strobe is present since this 

~r------~------------------~ 
2.2:4 



() 
'-~ 

( 

2.2 Input/Output Logic Board (Continued} 

could cause an error in the data appearing on the UART data bus. 
The Data Strobe output on pin 6 of ZB is a 1 so used to reset the 
poll and end of message latches (2 sections of Z20). Z1 generates 
a 200 nanosecond negative spike on pin 11 which is inverted and 
applied to ZlO. ZlO is used.as an OR gate (master reset and 
data strobe) but is. inhibited from operation if the .transmit 
latch.Zl3/Zl7 is off.; -

If the .send .latch is set and the operator hits a key, -the bell 
rings. · This is accompl_ished by bringing the keyboard data .1 ine 
in on pin 6 of the connector to pin 1 of Zl8. This is mixed 
with the send latch .data on pin 2 of Zl8 to actuate the bell 
circuit. The bell also rings if the bell.cOflllland arrives on pin 
M of the· connector or ff the operator tries to write on back­
ground data {pin Y of the input connector). The output on pin 20 
of the connector exists for approximately one half second and 
is used to turn on the bell. 

Selection of response coding data to be transmitted is handled 
by selector chip Zl4 and gates Z9 and Z3. In normal operation~ 
when the transmit latch is on, bit 05 is coupled directly 
through Z9 pins B. 9. 10 to DBS on the UART. Data bit 06 is 
similarly coupled right into the UART. If the transmit latch 
is not set and a response is being sent to the computer (such 
as EOT .or ETX), bits 5. 6 and 1 are a 11 zero. ZJ is used to 
convert lower case code characters generated by the keyboard 
into upper case. Since lower case has both bits 6 and 1 present~ 
Z3/Z9 supplies bit 6 directly into the bit 6 input of the UART 
while inhibiting bit 7. The inverse alsooccurs, 06low causes 
07 to be high when input bit 6 is low. Z14 selects either 
data bits 1, 2, 3 and 4 or the appropriate preset bits cor­
responding to the end of message character or the poll response • 

..______:_ ________ ____:. ___ infurmar 
2.2:5 



2.3 Timin2 and Control Board 

The timin~ and control lo~ic board sche~atic is shown in Fi~ure \ 
2.3-1. Startin~ with a crystal oscillator, this basic clock is 
used to control the intensity at each spot alon~ each horizontal 
line. The clock drives a horizontal ~ounter consistin~ of Zl2, 
Zl7 and Zl8. The four bit outpu~s of Zl2 are decoded by Zl3 to 
provide timing durinll the character display tfoe. One output" 
properlv timed, is shaped i~to a narrow pulse and used as the 
displav strobe. This strobe pulse is supplied to the memory 
board and transfers the information stored fn·the met:!orv into a 
shift re~ister that 2enerat:es the actual video infon:tation. The 
remaininsz counters provide the 32 character position addresses 
to both the memory and the cursor coincidence network. Z27, Z28 
and Z29 are di21tal comoarators, which compare the cursor posi­
tion counter t.Tith the display counter. When coincident (defining 
the position of the cursor on the screen) fl!~flop ZlS is set 
to provide the cursor underline bar. This flip-flop is reset at 
the end of the character by Pin 7 of Zll. 

At the end of each horizontal displayed line, the clock si~nal 
to the line counter is stooped and the clock applied to a retrace 
counter consistin~ of Z4 and Z7. During this count, the video 
on the screen is blanked and. at an appropriate count, a hori­
zontal synchronization si~nal is sent to the television set. 
'\.:hen the retrace c.ount is coopleted, the clock is again applied 
to the line counter and the next line generated. 

At the end of each horizontal line. a signal is applied to the 
vertical position counters Zl9 and Z2L Zl9 determines the 
T.V. line bein!Z disolayed and Z21 selects the character being 
displayed. As in the case of. the horizontal counters, when 
the screen display is complete, . the input si~nal is transferred 
from the line counter to the vertical .retrace counter. A2ain. 
as in the case of the horizontal. a vertical synchronization 
si~nal is taken from the vertical retrace counter ZS and Z6. 

The video si~nal, which had been strobed into the shift regis­
ter on the memory board. is clocked out by the basic crystal 
clock to the video ~attng chain. The video is blanked when a 
character is being written on memory and during the retrace 
portions of the video display. In order to improve character 
appearance, each character i• trans~itted as a series of dots 
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2. 3 Timing and tontrol Boud (Continued) 

at the basic clock frequency. This is accomplished by gating\ 
the clock into the video output path. \./hen a character is to 
be displayed in backFround mode, a memory board signal sets 
flip-flop Zl6, which shunts the output video, reducing its 
amplitude and providing a lover intensity signal. The ratio 
of intensity (background to foreground) is a function of the 
cathode ray tube characteristic, the amplifier, characteristics. 
the settings of the bri~htness and contrast controls. and 
adjustable resistor R4 which bas been selected to-provide an 
appropriate ratio;; If its va:l.ue is reduced, the background 
intensity vill-· also be reduced compared to the foreground 
intensity •. The output of the video chain utilizes a lov impe­
dance ecitter-follower drive. 

The timin~ board also provides addresses for the random access 
memories used on the memory board. Gates Z22 throu~h Z26 
select either the display .counter or cursor counter address 
for application to the random access mecories. The cursor 
address is selected when input data has been received and must 
be written in the memory at the then cursor location. At all 
other times, the display counter address is used to request 
the next character to be displayed from the.memory. 
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2.4 Cursor Control Board 

The cursor control and input decoder logic board, Figure 2.4-1, 
contains several separate functions. On a selected terminal, 
input data is received at TTL levels via Z26 from the RS232 
connector to Pin 5 of Z26. Before SEND is depressed, this gate 
is disabled and the data appearing on Pin 2 of Z26 (looped 
around from the keybo~rd) is carried to the input path. Data 
appearing-,on Pin 10 of Z26 is directly coupled to the serial 
input of shift register Z26. No action occurs while the input 
line is "marking". lJhen the "start" signal appears on the 
data line, Pin 3 of Z28 is taken low,' enabling ZS to count the 
incoming baud rate clock on its Pin 14. If the "start" signal 
is present for eight full clock pulse times9 a signal appears 
on the counter output, Pin 11 of Z8. This loads the "start" 
signal into the shift register and, at the same time, sets data 
latch Zll. This output is applied to Pin 2 of Z8, enabling 
the counter to continue running after the '"start" pulse dis­
appears and data is present on the data line. Every 16 clock 
pulses into Z8 generates a shift command to the registers, Z6 
and Z4, loading the serial stream data into the registers with 
the data value at the time midpoint of the signal. Input 
noise on the data lines does not persist for a sufficiently 
long time to set the data latch to clock data i~to the shift 
r,egisters. 

When the start pulse reaches the end of the shift registers 
(all data is now stored in the registers) it resets the data 
latch to prevent further clockin~. blanks the screen (since 
data will be written in a different place ~n the memory) and 
starts the generationof the basic time signals required to 
load the data into the meaory. The timing chain consists of 
three pulse delay circuits in series (Zl4, Zl4B and Zl9). 
The output of the first delay network activates the control 
decoders. Z2 and Z9, if the data in the sh~ft registers 
represents a control code (i.e., no six or seven bit is present). 
If the signal is not a control code, the delayed pulse is used 
to transfer the memory address from the display counters to the 
cursor counters. In this case, an additional delay circuit 
(Zl7) provides the load memory command after the new address 
has had time to stabilize. When the initial pulse ends (after 
approximately 2 microseconds) the second pulse delay generate• 
a strobe to step the cursor counter. 

'-------------infarmar 
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2.4 Cursor Control Board (Continued) 

A vide variety of control codes can be strapped into the cur­
sor board to perform any particular function. The schematic 
shows a typical set for illustrative purposes. If the control 
code, "Cursor XY Position" shovn as Qc on the schematic, is ~-< 
received from the computer, the cursor counter inputs are 
inhibited by Z20 under control of the X-Y latch Z7/Zl0 and the 
X~Y sequencer Zl. If this command has been received, the next 
data vord~·se.ta the data latch ·and steps Z3 to gate <.the first 
five bits of_ the data word into-the cursor character position 
counter, Z27 and . Z23, by acti.vatinrc the preset. li.ne (Pin 11) 
from Z5. The next data vord received steps Z) to ita next 
data vord received steps 7.3 to ita next position and loads the 
first four ·.bits. of· the data·:into the cursor line counter, Z28. 
After t:hi.s sequence is complete, the final pulse delay network, 
Zl9, is used to preset the shift re~isters, Z6 and Z4, to the 
condition correspondin,:t to a "marking" data line and to reset 
the X-Y position latch. 

A number of special operations are selected by input computer 
data. When "Backspace': (hexadecimal 88, He) is received, it 
is decoded by Z2 and Z9. These generate a negative pulse on 
Pin 9 of Z2, vhich is used to step cursor character counter 
(Z27 and Z23) backvards. lolhen "Carriage Return" (Me) is 
received, it generates a nejZative pulse on Pin 15 of Z2. This 
is applied to Zl5 and inverted to clear the cursor character 
counterl Z27 and 7.23. 

If the ASCII Delete character (Hex FE) is received, it is 
inhibited by Zland ignored. \lhen the nHome Cursor" command, 
shown as Rc on the. schematic, is received, it ~enerates a -
negative pulse at Pin 3 of Z9 and, through gates Zl5 and Zl6, 
resets both cursor character and line counters, Z27, Z23.and 
Z28. ·The "Ring Bell" command (Gc) causes a sipal to appear 
on Pin 8 of Z2~ This b transmitted to the I/O lo~ic board, 
where _a vide pulse is generated to ring the bell for approxi­
mately one-half second. -The computer command "Set Foreground" 
shovn as Oc on the schematic, is used to set flip-flop Z7/Zl0 
by generatin,:t a si~nal at: Pin 17 of Z2. When this has been 
set each character recei~ed vill also cause a forercround bit 
to be vrtu:en in the foreground/background memory. The flip­
flop may be set to the background mode by receipt of the ''Set 
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2.4 Cursor Control Board (Continued) 

Background" code, shown asYc on the schematic, which is decoded 
on Pin 10 of Z9. In this mode, characters are displayed vith 
lighter {back~round) intensity than normal characters. 

When a "Clea.r Screen" command, shown as Lcs on the schematic, 
is received, all characters are removed from the screen (by 
writing spaces into.each memory location) and the cursor is 

•· returned to ~its home position at the tipper left hand comer of 
the display.· Since the ASCII character for space consists only 
of bit six, the clear .function actually· involves placing a six 
bit in each memory location and removing any other bits present. 
This means that the. cursor counters·must step. through every 
character, and the space code must be loaded into the memory at 
the character position. 

When the "Clear Screen" co~nd is received, an output pulse 
appears on Pin 14 of Z9 and is used to. set the cle-.r flip-flop 
Zl5/Zl6. The flip-flop output is used to reset the X-Y position 
latch, the.foreground/background latch, and the input data 
registers. It al~o forces a bit 6 on the data line (via Zll) 
~ven thou~h the shift register itself does not have this bit · 
present • 

.In·order to minimize the time required to clear the screen, 
the cursor cotit1ters are reset to '"0" and then stepped through 
the entire 512 character positions in just over one milli­
second, vriting a space code into each position. the· counters 
are cleared by a differentiated pulse derived from the leading 
edge of the clear flip-flop output. The differentiated pulse 
is applied to Pin 2 of Zl5 and Pin 13 of Zl6, vhose outputs 
drives the reset lines on the cursor counters. In order to 
step the cursor counters rapidly and vrit.e spac.es in every 
memory position. the clear flip-::flop output is used. to enable 
gate Zl7, Pin 1, allovirig .the display strobe, generated on 
the timing board~ to load the memory rapidly. The clear flip­
flop also transfers the write address source from the displ-.y 
counters to the curs()r counters. 

'--------------infarmar 
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2.4 Cursor Control Board (Continued) 

When the cursor counters have completed their count at the 
512th vosition~ Z28 overflows, and its carry pulse is used to 
reset the clear flio-flop. The resetting of this flip-flop 
causes the generation of a termination pulse, which presets 
the data input shift re~1sters, Z6 and Z4, to correspond to 
input data "marking". This same pulse is applied to the memory 
board load cycle circuit: to ~revent loading~· any other data. 

When a "Clear ForeRround" character, shown as ·xc on the 
. schematic, is received· from the computer, any foreground 
characters on the screen are removed and the cursor returned 
home •.. This character is · decod·ed and generates a negative· 
pulse on Pin 9 of Z9 to.set the clear flip-flop, as described 
above .. and also set the clear fore~tround flip-flop, Z23. \olhen 
this flip-flop is set. 1 t controls a Jtate on the memoey board, 
Zl7, to prevent writinR space characters in ~emory locations 
where a backflround bit has previously been stored. All other 
steps of the clear function o,ccur as described above. 

~r~----~------------~ 
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2.5 M~mory Board 

The internal memory used. to store data and refresh the CRT 
display is contained on the oe'I!IOrV board. FiRure 2.5-1. Since 
~ach memory chip contains 256 bits, and the display has 512 
characters • tvo chips are required for each of the six data 
bits comprisin~ the ASCII code. The need to remember fore­
ground/backgrQund information for each character requires an 
additional bit• As a result~ there are seven pairs of memory 
chips, one for each bit and one pair for fore~round/background. 
Because of timin$t requirements. alternate. characters on a line 
use different chips. Character counter bit "O" is used to 
select the ~roup of seven chips vhich is to be active for a 
particular character. The memory chips are addressed conti­
nually~ either by the displav counters or by the cursor counter 
(when data is to be vritten on the memory). The resulting six 
data bits are applied in parallel to the character generator, 
Zl6, vhich provide!l the intensity bit information for·the 
oarticular character line to the shift re~ister. Zl5. After 
the address and data has stabilized. a display strobe generated 
on the timing lo~ic hoard is used to transfer the data to the 
shift register. As each subsequent clock pulse is received, 
the appropriate video information appears on the output of the 
shift ~e~ister and is us~d to dtive the displav tube. 

The static menory chips require clocking in the correct 
sequ~nce in ord~r to store data. Zl9, a shift register, is 
wired to preload the sequence vhen strobed. The signal on 
connector Pin 10 is used to preset data. into Z:l9. The. output 
of Zl9 clocked by the four !iHZ clock• provides the necessary 
timing sequence. · 

If the SEND button has not been depressed, vriting on back­
st.rotind characters 18 inhibited so that the operator 11\&Y not 
vrite over protected fields. this is accomplished by Z21 
preventing the. W'ri te cycle from being applied to the memories 
unle.ss its Pin 2 is lov. This occurs if any input on Zl8 is 
held lov -'- by the presence of a fore~round bit in memory on 
Pin 11, or Zl7 Pin 8 bing lov. This can only occur if Pin 9 
arid Pin 10 are high. This corresponds to the SEND latch being 
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2.5 Memory Board (Continued) 

in.the SEND position and the CLEAR FOREGROUND latch on the 
cursorboard not being set. This gating prevents the operator 
from writing over background fields· until the SEND button is,. 
depressed, at which time the operator has lost control and 
the computer can write on the back~round fields. 

The operator may tab to the next foreJtround field by depres­
sing a key. -This key causes the generation of ·a ne~ative 
pulse which is applied to connector Pin 20 and set flip-flop 
Zl7/Z22. One output of the flip-flop connects to Pin:' 17 and 
is used to enable high-speed stepping of the cursor control 
counters.· 

When the operator depresses the tab key. the cursor vill go 
to the next fore~round field following a background field. 
Tab flip-flop Zl7/Z22 is set (Zl7-6 ~oes high) when the opera­
tor sends the tab command. The output of flip-flop Zl7/Zl8 
-(Pin 3) is applied to Pin 13. of Zl8 _to prevent resetting of 
the tab flip-flop if foreground characters are in position 
over the cursor when the tab is depressed. The next back­
ground character that comes up is applied to Pin 2 of Z22 
and used to reset Zl7/Zl8. The first foreground--field 
follovin)l this is applied to Pin 2 of ZlB. resetting the tab 
flip-flop Zl7/Z22. 

This board also contains voltage dropping diodes and a ~ener 
regulated supply for the RAM memories. 
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