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This nanua1 r.lay he user. for repoiring the VoJkcr-Crcdg VCII~rj4

terminal. It contains circuit ~escrirtions, block oiagrans anr
scllc!'I1cltics for the vo:rious boarns and t'lssemhlies containc(l in thp.
terrnin~l. Any comments nn~ sU0gestions on this manual ~re

welCOMe. Please ?-r.arP.ss them to:

Volker-r:rairy [to.
~lF ~eher Strep.t N.

h'a te r 100, Cn ta rio
C"ilnilila, ~17.J JH'i

Volker-Crai1 reserves the right to m~ke improvements to products
without incurring any ohlig~tion to incorporclte such inprovements
in units previou~ly sale. ~pp.cifications and infornation herein
are suhject to change without notice.

'-.r SERI~l NU~nf.R~

1\11 proc1ucts rnd comronents (Ie. t~rmina1s, circuit ho~rds, etc.)
cont~in model ann/or r~rt numhers and a uniqueseri~l nurnher.
This ,,110";5 the compuny to keep recor0s for service purposes. For
each terminal shirr-ee, the plant maintc:dns a record '.,'hich sho\·;s
the level of up1r~rling clssociate~ with that ter~inal. Servic~

documentation is also Y.f?pt for each te.rmini'lJ. The terminnl serial
num!ler r.wst be rE:ference(~ \'Jhen corresponding with the company
regar rHn'"3 sp.rvice or i1ny other rcason conc~rning a particll]?lr
tcr~inal.

J.e NOM-OISCrCSURE

.All information contcinec in volker-CraiCJ's service ciocumentation
is to be consi~ere~ rropri~tary. It rcm~ins the property of
Volkcr-Cr~ig nnd is not to he photocopier., 0uplicnted or
rerro~ucerl ~it~out the c~press written pernissinn of Volker-Cr~ig.
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The VCI1IlV!t1 video data terminal is built in a mo(luli'lr fashion to
provide flexibility in options, upgrc:lning and servicing. The unit
consists of the power supply, 10lJic anc display monitor in one
enclosure and the keyhoard in a separate enc]osure.

All components in the main enclosure may be accessed by removing two
screws at the lower rear part of the top cover. The cover is then
~asily lifted off.

The logic and power supply are located on the Midn boarn vJhich is
mounted on the bottom of the chassis. The monitor board is mounter on
the be ze 1 S IIPpo r t h rae ke tnt the s i rl e 0 f the en co los u r e •

The keyboarr. hCJS its own enclosure ant:1 is connected to' the main ]ogic
via a cQile~ cor~ which is terminated at hoth ends with ~ modular
phone jack. The cord may be disconnected at the main enclosure end
easily with no tools reguireo. The cover of the keyboarrl ml1st he
removed to cisconnect tile keyboard eno of the cable.



KEYBOARD, SERIAL
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1.0 INTRODUCTIOIIJ
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The keyboard part number 7~-2Se-000~7-3 is used on the VC2XXX,
VC3XXX and VC4XXX series terminals. The keyhoard is
microprocessor controlled. It has an auto-repeat function and its
output is either two or three bytes of serial data. To remove the
keyboard from the enclosure, remove the two screws from the rear
of the top cover, remove the top cover and remove the screws from
the ke yb 0 a rd.

2.~ FUNCTIONAL GESCRIPTION

2.1 MICROPROCESSOR

The heart of the keyboard is th~ microprocessor, Ie number U5.
Three models of microprocessor c~n be used: the 8~4~ with 1024
bytes of on-board ReM and ~4 bytes of on-board RAMi the 8748 with
1~24 bytes of on-hoard EPROM and 5~ ~ytes of on-hoard RAM; the
8035 with ~4 bytes of on-board RAM but no on-board ROM. When
using the 8~35, external ROM or EPROM must be installed in
position U8 and IC no. U7 must also be installed. These two parts
are not installed if using the 8~48 or 87~~ microprocessor. Ie
no. U7 is an R bit latch which must store the current memory
address because the 8035 uses the nata nus for hath andressing and
data transfer.

The functions performed by the microprocessor are set by.the
program stored in the ROM OR EPROM. The clock rate of the
microprocessor is ~ MHz which is set by crysta1,Y1.

2.2 KEY MATRIX SCANNING

The microprocessor outputs a binary count on its port, P2~ to P23.
(It also uses this port to do part of the addressing to the
external RO!"i/ErnOM.) Diasnosing this port v:ou10 be difficult
because the output noes not count at an even frequency and there
is also other data appearing on this hus. The count from the
output port goes to two decoder chips, U2 and UJ. At each count,
one output from the decoder goes low starting at U2-9 and moving
across the deconer outputs on consecutive pins. A complete mdtrix
scan occurs once every 3r. milliseconds.

If Cl key is depressed (contacts shorted), the output from the
decorler is shorted to the appropriate input port acidress of the
microprocessor, ?ll to P17. After each hinary count from its
output port, the micro[)rocessor rearls its input port ~nd if one of
the input addresses is low, the microprocessor knows the matrix
address from the combination of the output count and the input
address that is lo~. To rliagnose the outputs from the decoders, a
key on each decocer output must he depressed bec~use the pull-up
resistors are on the opposite side of the keys from the rlecoders.
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2.3 KEYBOARD OUTPUT
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If a key closure is detected, a two or three byte transmission of
serial data will occur. These bytes will be status and data as
shown below. If the key has been nebounced the games mode bit
will be reset. If the key has remained down long enough for
repeating, the repeat bit will be set. Otherwise the key will be
reported wi~h the games mode bit set if this feature has been
strap selected,.

On the VC4XXX, an additional transmission will occur when the
position of any of the following keys are changed: Print, Page,
Full, rocal, Control, Caps tock, or Shift. The data byte will he
set to ~7FH. These keys are isolated from the input port of the
microprocessor by diodes because the Print, 'Page, Full, rocal and
Caps lock keys are alternate action keys and when they are closed,
without the diodes installed, they could cause fantom characters
when another key on the same matrix line is pressed.

Status r. (VC4XXX Only)

lllxlxlxl-l-I-'-'
7- J 1110

I I I I Local
I I I -Full
I I Pag e
J Print

I~I-I-I-I-I-I-[-I

7

Sta tus 1

I-:T II J Ilr.
I I I I I I I Sh i ft
! I I I I I Ca psI oc k
I 1 I I I -----Repeat
I t I I Games ~ode

I I I Ready
I I No t Used
I Control

Da ta

10",- - - - - -1--' r
7 -- - -- -- -- -- --VI

1 -,....- 1

Logical
--Xy

Po si ticn
or
"07FH"

2 • 4 pm" ER

The keyboard uses a four wire coiled cable with a modular jack on
e a c hend for d a tat ran s fer tot h e con t r 0 lIe rand for po we r . 0 n e
wi rei 5 use d for d a t a, two wi [ e s are use d for g r 0 un r1 a n c1 0 ne 'n! ire
is used for power to the keyhoard. The VC3XXX and VC2XXX supply
+5 volts to the keyboard. This supply goes rlirectly to the logic
on the keyboard. The VC~XXX supplies +R volts to the keyboard
where it is regulated to +S volts hy a 71105 voltage regulator.



KEYBOARD, SERIAL
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2.5 DIAGNOSTICS
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An LED is mounted on the keyboard to indicate diagnostic results.
It is visible through an opening in th@ und@r side of the K@yboard
ho us i ng •

The microprocessor will test RAM read/write and nOM checksum
automatically on power up. The diagnostic tED will flash 4 times
during ROM check and twice during RAM check. flashing will be on
approxi~ately one half second intervals.

3.fJ JUMPERS

Drawing 00-25e-~0112 sheet ~ shows which jumpers should be
installed foe each monel of terminal.
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. The VC4404 terminal has had many revisions to improve
reliability and operation. This document describes the
revisions and their purpose. Any documentation (schematics,
board layouts, etc.) should be changed to reflect the
revisions. Any VC4404 terminals with a serial number of
23044· p XXX or higher wi.ll be equipped wi th all of these
revisions. Terminals with lower serial nu~bers may
have part of the revisions or none of th8 revisions.
Whether the revisions should be installed on all of a
custo~er's VC4404 terminals is the customer's decision.
A description of the revisions follows.

A. The monitor board, MOt~-4, had a tendency to give poor
focus. Th~ solution to this problem is to i~9rov2

the frequency response of the video circuit, Change
QIO from ~ M?SS099 to a 2N2102~change C13~from n47
to n22~and change R36 from 2K2 o~~s to 910 chns.

,

B. The monitor board would sometim~s s€n~ a lar;e vcltage
spike back through the vertic~l ~rive signal ~nd destroy
the vertical driver on.". the l'-jgi..,,; board. The solution
is to ground ~he 2quadag of th~ t~be (black ~r~u on bell
of ~ube) better. There is a wire br~id covered with
slp.2ving at tacnec1 to cne 0 f t~1e bol t.s on the CRT. If
the o~her end of the braid is attached to the logic
~o~rd, remove it fY~rn the logic board and attach it
to the monitor boa~d at the horizontal groene. at
connector pin 5. Also fasten a piece of cop~er·b~aid

acr0SS t.he tube with a ring fastener to a CRT bol~ ana
a coil spring ct~d ~i~g fas~ener to ~he CRT belt
diagonal to th~ first one. The spring ~s usee to keep
ten$ic~ on the b~3id. Ii the monitor is a MON-4, ins~all

a 5.2V ze~e~ diode (!N5232B) fr0~ edge CQnnector Fin 9.

C. ~h~ v{dco drive transistc~' on t~le Sam Sung monitor did
not h~ve 2. high 800Jg~ vclt3ge r3ting. Change C2Cl
f=om a l5C?F to 470pF and ~hanse Q201 fr0m a 2N2219A
to a BF257, BF258, BF259 or 2N2102. If using a 2N210',
a130 change R202 froln 470 orrols to 3'(0 ohms an':: change
R2u3 from 47 ohms to 65 ohms.

D. ?he SClm Sung monil.or had a problem ',.'n,~re the disfllay lir.es
cculd not: DC:: ;-;12J~ widp. enougit. To sol','c this pro::. 1 2::-: ,

install a G.Ol ur, ~COV capnci~or in parallel ~ith

C409.

')... / -
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B. Noise was getting into the ho:lzontal drive signal on
the'legic bQard and U26 was susc~rtible to nojs€ and
static shock which would cause reset signals at raneom
times. Install a luF' tantalum capacitor from t.he input
of VR1 to ground and from t.he input of VR2 ~o ground.
See fiq.l. Chanqe R29 from 1M ohm to lO~ ohms, change
el9 from .OJuF to a luF tant.nJ-um and install u. Ian
capacitor from U2n pin 1 to U26 pin 8. See fig. 2.
Shorten the lcglc boar~ to 16 Cffi, install an 1$ GA jumper
from the chas~is grou~d conn~~tion to the groun~ end
of R45 a~~ remove 311. Shorte~ the gree~/yellow wire from
the pOW€~ connector filte~ on the rear of the cha~sis to
10 em.
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VC~4n~ CO~TROLLfR ROARD OPERATIONAL OVERVIEW

THE d~~4 CONTROLIF.R BOARD USES STATE-Of-THE-~RT l~l, ~LONG

t"'ITH A SOPHISTJCATED ltARlll.orARE/SOfn!.1I..RE ARCHITF.C7t.!RE TO GRFATl Y REnllCE
THE ROARD AREl\ NEFDED TO IMPLEMENT THE CRT TERMINAL fUNCTI()N~. A
FLEXIBLE CPU SYSTEM TIES TOGETHER VIDEO, CONTROL, AND COM~UNICl\TInNS

CP.TA INT0 A COMPACT SOfTWARE DRIVEr--; STRUCTURE REDUCING CONTROLLER
COST, AND BOARD ARE~.

THE 1!~("'4 nft.RD!·.'ARE STRUCTURE IS BUILT AROUND A "TIME nOMl\IN
MULTIPlEXEO" nATA AND .l>.DORESS RUS, ~~IITH A MICROPROCESSOR AND A VIDEO
CONTROL PROCESSOR -RUNNING INTERLEAVED. 'N;-E.....~1A-Ill-·PROCE-SSOR~CNTROlS
IlxFOR.'1l\TION FLOl", RETHEEN TflE 1\\10 COMNlU"JICATI0NS PORTS, THE ....!!U.B~~..P,
AND THE VIDEO n.,a.I"". T1!IS PROCESSOR ARRA~GES INFCRMATION TO BE DISPLAYED
IN THE VIDEn RAM FOP ConRECT PRESENTATION. THE "VIOfO CONTRn[
PROCESSOR" HAS Th'C MAIN FU1>JCTIONS: 1) IT ~ENERATES THE .\DDRE':;S TO
ACCESS THE PROPER LOCATIONS I~ VIDrO RAM; AND 2) IT·GE~ERATES THE
HCRIZONT1\[, AND VEI1TICA[ "SYNC" SIG}IA{S Fen PROPER SYNCHRONIZATION OF
THE VIDEO OISP{AY.
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SECTION ?.1 PROCESSOR UTILIZATION OVERVIEW

THE VC4404 CONTROLLER BOARD USES A FAIfHY STANDARD
MICROPROCESSOR STRUCTURE INVOLVING CPU, RAM, ROM, AND 1/0. THIS B0ARn,
HOWEVER, MAKES USE OF THE FACT THAT THE MAIN PROCESSOR (SY ~5~2) nOES
NOT ACTIVELY ~USf~ THE DATA RUS DURING A CERTAIN PORTION OF IT'fi ClOCK
CYCLE. DURING THIS "DEAD- TIME, THE VIDEO CONTROL PROCESSOR IS
GENERATING THE REQUIRED SIGNALS USING SOME OF THE SAfIo'E STRUCTURE WHICH
THE MAIN PROCESSOR USES. SUCH MUITIPLEXrNG ~EANS THAT DATA, AND TO
SOME EXTENT ADDRESS INFORMATION IS CONSTANTLY CHANGING, AND IS NOT
EASY TO TRACr< ~4HEN DE-BUGGING. ALSO, ONE OF THE TWO PROCESSOR SYSTE~S

MAY NOT WORK, ~HILE THE OTHER ONE FUNCTIONS CORRECTLY. IT IS AlSO OF
INTEREST TO NOTE THAT FOR EACH VIDEO ACCESS CYCLE, WHICH IS THE SAME
TIME DURATION AS A MAIN PROCESSOR CLOCK CYCLE, TI-lO CHARACTFRS IN VIDEO
RAM ARE ACCESSED, n~o ASCII BYTES ARE INPUT INTO THE CHARACTAR ROM,
A}.1D 1''''0 fl BIT BYTES OF SERIAL DATA ARE lATCHED IN PARALLEl INTO TWO R
BIT SHIFT REGISTERS. THIS ALLOWS THE MAIN CPU TO RUN AT 1/2 THE ACTUAL
CHARACTER RATE.

SECTION 2.::> THE MAIN PROCESSOR, U19

·THE MAIN PROCESSOR ON THE VC 442A CONTROL BOARD IS AN SY~502,

WHICH IS AN R AIT MICROPROCESSOR WITH A ~5K ADDRESS SPACE, AND AN
INTERNAL CLOCK GENERATOR. THE ADDRESS BUS OF THIS DEVICE IS CONNECTED
TO THE VIDEO RAM MULTIPLEXER, TilE UARTS, THE Sh'ITCH CIRCUITRY, AND THE
CONTROL ROM. THE DATA LINES OF THIS PROCESSOR CONNECT TO THE ON-BOARD
DATA RUS vlHICH IS SHl\I1ED HITH THE REST OF THE PROCESSOR STRUCTURE.
U2~, A TIMER IC, RESETS THIS CPU, WHICH ALSO FIE[OS All ~IRQR·S. THE
"DBASE T\.'!O" CLOCK OF THIS nEVICE IS ALSO USED TO CONTROL THE S\.oJITCHPJG
CF THE VInEO RAM ADDRESS MULTIPLEXERS.
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SECTION 2.3 THE VIDEO CONTROL PROCESSOR, U2~

THIS SPECIAl .PROCESSOR SHARES THE DATA 8US WITH THE MAIN
PROCESSOR, AND IS ALSO RESET "BY U~6. IT ALSO HAS AN INTERNAL CLOCK
GENERATOR 'iJHICH IS DRIVEN 1 R~ DEGREES OllT OF PHASE WITH THE MAIN CPU'S
CLOCK, TO ACCOMPLISH THE TI~E DO~AIN SHARING OF THE PROCESSOR
STRUCTURE. SO~E OF IT'S OUTPUT LINES ARE USED TO GENERATE VlnEO SYNC
SIGNAl.S, ANC OTHERS ARE USED TO GENERATE VI~EO RAM ADDRESSES USED TO

. ACCESS THE PROPER CHARACTER IN VIDEO RAM CORRESPONDING TO WHERE THE
MONITOR IS SCANNING.

SECTION 2.d THE ADORESS MUlTIPLEXERS, Ul'-l~

EACH OF THESE DEVICES IS A OUAD, Th'O-TO-ONE MULTIPLEXER
(74LS157), AND TOGETHER THEY ARE RESPONSIBLE FOR GATING THE RIGHT
ADDRESS BUS (MAIN OR VIDEO) ON TO THE VIDEO RAM ADDRESS 8US AT THE
RIGHT TIME. AS SAID BEFORE, THE "SELECT" LINES OF THESE DEVtCES ARE
DRIVEN BY "PHASE TWO~ OF THE MAIN PROCESSOR.

SECTION 2.5 THE rOWER ORDER VIDEO ADDRESS COUNTER, Ul7

THIS COUNTER, A 74LS93, GENERATES THE 3 lOWER ORDER ADDRESS
LINES FOR THE VIDEO ~ROCESSOR. THIS COUNTER IS INCREMENTED AT HALF THE
CHARACTER CLOCK RATE, AND IT'S OUTPUTS ARE CONNECTED TO THE VIDEO RAM
THROUGH TIlE ADnRESS MULTIPLEXERS. THIS CHIP IS CONNECTED IN THEDIVIDF
BY EIGHT MOCE, AND SO THE "QA" OUTPUT IS NOT USED.

SECTION 2.1i THE VIDEO RAM, UG-9

THESE RAM CHIPS CONSTITUTE THE ONLY R~M ON THE Vr:'/14!/!4
CONTROLLER SOARD, AND SO SERVE A VARIETY Of PURPOSES. THE SCREEN
MEMORY IS lOCATED IN THIS RAM, AS IS THE MAIN PROCESSORS STACK. ALONG
WITH THIS, THE MAIN PROCESSOR'S CONSTANT STORAGE, AND THE VC~404'S

INCOMING CHARJI..CTER BllFFER ARE AI I LOCATED HERE. A FEW BYTES OF THIS
RAl" ARE USED FOR SOMf. INTERF,A.CING BETi.JEEN THE MAIN CPU, AND THE VIDEO
CONTROL PROCESSOR.

THE ADORESS, CHIP S~lECT, .;;~JD flE;'.Djr,.iRITE lIt'IES rCR THE R.;,"'1
CO~E FROr"l. THE ADDRF.SS MULTIPLEXERS, AND THE nATA OUTPUTS OF THESE Rr\:"S
ARE CON NEe TED l' 0 THE I N ~ Ul' S 0 F T II E C HA RJ\ Cl'ERR O."'I S. l'HE SED A TAL IN E S
ARE ALSO COUPLED TO 1'HE ON-BOARD DATA 8US, ANC SO, TO THE REST OF THE

DATA LINES OF THE CPU STRUCTURE, THROUGH lK OHM RESISTORS (RP), AND
RP2) TO AllOW VIDEO INFOR~ATION TO PROCEED TO THE VIDEO RAM WHILE THE
."1/o.IN PROCESSOR IS llSHJG THE REST OF THE CPU STRUCTURE'S DATA BUS.
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SECTION 2.7 CHARACTER RO~S, U2,U5

THESE ROMS ARE RESPONSI81E FOR TRANSlATING TkJO INFORMATION
INPUTS INTO ONE a 811' BYTE WHICH IS THEN SHIFTED OUT SERIALLY AS VIDEO
INFOR~ATION. THESE OUTPUTS ARE LOADED INTO TWO 8 AIT SHIFT REGISTERS,
U3, A~D U4. THE ~~O INFCR~ATION INPUTS ARE: 1) ASCII INFORMATION OUT
OF VIDEO RAM, AND 2) RASTER INFORMATION FROM THE RASTER COUNTER, Ul.
(SEE SECTION 2.9.) THESE 'T'WO "BUSSES" OF INFOR"1ATION ARE VAt 10 UNTIL.

AN ACTUAL "SET" (l~ 8ITS) OF SERIAL DATA HAS BEEN LATCHED I~TO THE
VIDEO SHIFT REGISTERS, U3, AND U4.

SEC.TION ?. 8 P~RAt[E[ TO SERIAL CONVERSION, U3,U4

TWO SHIFT REGISTERS, (BOTH ARE 74tS]~5IS) ARE USED TO.
TRANSFOR!', 1':; BITS ('1'-:0 CHARACTERS NORTH) OF PARALLEL DAT" FROM THE
CHARACTER ROMS, INTO VIDEO DATA. THIS DATA IS "HI" OR "[0", TO TURN
THE ELECTRON GUN OF THE CRT "WNITOR "ON" OR "OFF" AS SHIPPED FROM THE
fACTORY. THE ~ INPUTS TO EACH. OF THESE SHIF~ REGISTERS ARE GENERATED
BY THE DATA OUTPUTS OF THE CHARACTER ROMS. THESE OUTPUTS ARE [ATCHED
INTO THE SHIFT REGISTER INPUTS, ~HEN VALID, BY A LOAD CLOCK (GENERATED

·BY THE CLOCK CIRCUITRY, SECTION 5.4) WHICH CO~NECTS TO PIN 15,
(SHIFT/l.OJ'l.D) OF THE 1'1-/0 SHIFT REGISTERS. (THIS SAME 'CLOCK CIRCUITRY

ALSO GENERATES T~iE CHARACTER DOT crOCK, '.."RICH CONTRors THE SHIFTING
OUT OF VIDEO "DOTS", SECTION ~.4.)

THE "SHIFT IN" (ST) INPUTS OF THESE CHIPS ".RE CONI\!ECTED,
THROUGHJ3, TO EITHER +5 VOLTS (HI), OR GROUND no). THE PURPOSE FOR
THIS JUMPER IS TO FILL THE SHIFT REGISTER (AS DATA IS REING SHIFTED
OUT) WITH EITHER ALL "A", OR A[L "1", SO THAT WHEN NO DATA IS BEING
LOADED INTO THESE SHIFT REGISTERS (DURING BLANKING FOR EXAMPLE) THESE
REGISTERS CONTAIN THE CORRECT DATA TO PRODUCE A "SPACE", OR NO
CHARACTER IN EITHER "NORMAL BACKGROUND", OR "REVERSE BACKGRDUND" MODE.

SECTION 2.9 THE RASTER COUNTER, Ul

THIS 4 BIT COUNTER IS CO~NECTEO AS A DIVIDE BY TEN COUNTER
WHICH IS IN(REMENTED ONCE EVERY HORIZONTAL tINE BY THE VIDEO CONTROL
PROCESSOR. THE OUTPUTS OF THIS COUNTER ARE CONNECTED TO SOME OF THE
ADDRESS INPUTS OF THE T~O CHARACTER ROMS. FUNCTIONALLY, THIS COUNTER
ADDRESSES 'i'HE CORRECT "RASTER LI~E" OR RO',-! OF THE CHA,RACTER CURR[NTLY
BEI1K SCA~lNED ACROSS. THE: SAi~E "?O',"" OF RC DIF?ERE\lT CHARACTERS
POSITIONS IS SCANNED IN ONE HORIZONTAL [INE, REQUIRING THIS COUNTER TO
BE INCREMENTED ONCE FOR EACH [I~E.
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SECTION ?.le THE A~DRE5S DECODER, U34

THE MAIN PROCESSOR ~EMORY MAP (SEE APP. A) REQUIRES THAT
CERTAIN SUB-SYSTEMS APPEAR AT CERTAIN ADDRESSES WITHIN THE 65H2'S "~K'

ADDRESS SPACE. THE POSITIONING OF THESE SUB-SYSTEMS IS CONTROLLED BY
THE·ADDP..ESS DEcaDEn, l134, A 71lLS139. THE SELECT INPUTS OF THIS DEVICE
ARE CONNECTED TO THE HIGHEST ORDER ADDRESS LINEB, ~13-15. THE ACTIVE
1m"! OUTPUTS OF THIS CIlIP ARE USED TO SEI ECT THE VARIOUS CHr"P~ WHICH
THE ~AIN CPU ACCESSEB; THE UARTS, THE VIDEO RAM, ETC ••

SECTION 2.11 THE PROG RAM ROM, U1 c:l , lJ 11

THIS 4K X SROM/EPROM (Ul1) CONTAINS THE CONTROL PROGRAM WHICH
IS EXECUTED BY THE MAIN PROCESSOR TO PERFORM IT'S FUNCTIONS SUCH AS
HANDLING COMMUNICATIONS DATA, READING SWITCHES, AND OReERING DATA IN
THE.VIDEO RAM FOR DISPLAY. THIS ROM CONTAINS ALI THE REGULAR CONTROL
A~D POLLING ROUTINES, AS WELL AS AN EXTENSIVE SET OF DIAGNOSTICS FOR
THE VARIOUS ON-BOARD SUB-SYSTEMS. THI~ ROM ALSO CONTAINS INFORMATION
USED BY T~E VIDEO CONTRO[ PROCESSOR TO ACCOMPLISH IT'S FUNCTION. THE
ADDRESS LINES OF THIS ROM ARE CONNECTED TO THE SAM( MULTIPLEXED
AeORESS BUS WHICH THE VIDEO RAM USES. THE DATA tINES OF THIS ROM ARE
CONNECTED TO THE VC4404 VIDEO CONTROLLER'S DATA BUS THROUGH AN eCTAi,
TRI-STATE BUFFER, Ul~ (A 74LS2~4J TO ENSURE THAT THE DATA FROM THIS
ROM IS GATED ON THE nATA 8US AT THE CORRECT TIME.
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THE VIDEO OUTPUT STAGE CAN BE BROKEN Drn~N INTO TWO SECTIONS;
THE ~MONITnR" SECTION, AND THE "COMPOSITE" SECTION. THE MONITOR VIDEO
OUTPUTS ARE USED TO DRIVE AND SYNCHRONIZE THE MONITOR CRT "'HICH IS
ACTU.a.LLY MOUNTED INSIDE THE VC1I4"4 CHASSIS. THE COMPOSITE OUTPUT IS
USED BY AN EX7ER~AL VIDEO DISPLAY DEVICE, AND THEREFORE ~UST BE
BROUGHT OUTSIDE OF THE VCIIAqd ENCLOSURE. THERE ARE THREE OUTPUTS WHICH
ARE CONNECTED TO THE MONITOR CIRCUITRY, AND THEY ARE ~VIDEO",

. "HORIZONTAL SYNC", AND "VERTICAL SYNC". THE COMPOSITE OUTPUT, ON THE
OTHER HAND, COMRINE5 THESE THREE SIGNALS INTO ONE "COMPOSITE" SIGN~L

WHICH CONTAINS vlnEO, HORIZONTAL SYNC, AND VERTICAL SYNC rNFOR~ATION.

THE VIDEO OUTPUT SECTION ALSO I}JCLUDES CIP.CtJITRY TO PRODUCE "to
INTENSITY", AND AlSO "PULSE STRETCltI~G" CIR~UITRY TO ACCO~OOAT£ THE
NARROW BANDWIDTH OF SOME VIDEO MONITORS •

.SECTION 3.2 THE U')\'l INTE:-JSITY CIRCUITRY, lJ2~,U2S

THE MOST SIGNIFICANT BIT OF THE DATA IN THE vr.44~a's VIGEO
RAM IS USED TO FlAG ~HETHER 7HE CHARACTER IS TO BE NORMAL, OR row
INTENSITY. WHEN DATA BIT "D7~ IS ~CLE~RED"; I.E. SET TO ZERO, THE
CHARACTER WILL 8E DISPLAYED IN lOW INTENSITY. SINCE THE VIDEO RAM DATA
LINES ARE COUPt ED TO THE SYSTEr~ DATA BUS THROUGH If< RES rSTORS, ;'NY
EXTRA LOADING ON THESE VIDEO RAM CAN CAUSE RAM D~TA ERRORS. TO PREVENT
THE HIGH/La INTENSITY SENSING CIRCUITRY FRO!"t LOADING THESE LINES TOO
MUCH, A CMOS (VERY HIGH INPtJT IMPEDANCE) INVERTER IS USED TO INTERFACE
TO THESE DATA LINES. TllE PART USED IS AN RCA CAtT~49. THE POLARITY OUT
OF THESE INVERTERS IS WRONG, SO ANOTHER I~VERTER OF THE PACKAGE IS
NECESSARY TO CORRECT THE POLARITY. ALSO, ONE OF THESE CMOS INVERTERS
C~NON t Y DR I VE n-10 n TTL" IN PUTS , Th' 0 I NVERT ERS ARE' USE D FOR EACH
CHARACTER (4 INPUTS Of U7-4 PER CHARACTER.)

THE CUTPUTS OF ';'H~5~ I~J'JERTERS OF U25 ARE CONNECTED TO THE
PARALLEL LOAD INPUTS OF U7./I, ;.. 7t1lS1f;G SHIFT REGISTER. THE SHIFT
CLOCK, M~C TilE LOAD CIOC~ ARi: CE~J[r;:ATED BY THE CLOCK CIRCUITRY (SEE
SECTION G.~.) THE lOAD CLOCK IS TIlE SM'IE USED FOR THE VIDEO Dl'.TA SHIFT
REGISTERS, A~rD INITIATES A "LOAD" ONCE EVERY CPU CYCLE (EX. DURI~JG

?L\NKIl\'G) ~'!HICH LO/\!JS T,<iO CllAnl\CTERS 1,<,'0I"1T11 OF INFOR/'04ATION. THE SHIFT
ClarK FOR U2~ IS ALSO THE SA~E AS UJ, AND U4. FOR THE HIGH/LO
!1'JjEI\ISITY SHIF:' REGISTER, HC'tJEV(R, THE "CI" OR CLOCK INYIBIT INPUT IS
CONNECTED TO A CLOCK WHICH IS ONE HALF THE DOT CLOCK RATE.
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THE RESULT OF THIS IS THAT THE HIGH/tO INTENSITY SHIFT
REGISTER IS ESSENTIALL.Y Cl.OCKED ONCE FOR EVERY 'TWO VIDEO "DOTS", AND
SO ONLY ONE SHIFT REGISTER (ONE BIT FOR EACH TI~O DOTS) IS NECESSARY.
NOTE THAT ONE CHAR~CTER CAN STILL BE LO INTENSITY, AND THE OTHER HI
INTE!'!SITY, SINCE THE 11.0/0 "07" DATA LINES l\RE SEPARATE. THE OUTPUT OF
THIS SHIFT REGISTER IS A SIGNAL WHICH TRACKS THE VIDEO Of EJ\~H

CHARACTER THAT IS 10 FOR 1:0 INTENSITY, AND HIGH FOR NORMAL INTENSITY.

SECTION 3.3 THE VIDEO PULSE STRETCHER, lJill

IN ORDER TO ACCO~OO~TE VIDEO MONITORS ~ITH A RELATIVElY lOW
BANDWIDTH, 80TH THE INTE~SITY AN~ THE VIDEO INFO~~ATION ARE
"STRETCHED" (BY ABOUT A H~IF A nOT; THIS M~KES RELATIVELY lITTLE
rHFFERE~CE IN THE INTENSITY SIGN"L, IT JIlf:T lINES IT UP !"ITH THE
VIDEO) O~I A DOT £.lAStS, REDUCING THE RE0lJIRED RANDt.olIDTH nUE TO A~t

tt-1CRf..A..BE IN THE nOT RESOIlJiION TIME. SINCE THE CHAR~CTER ROM IISEr. HAS
THEE IGHTH COLU'"1N OF Arr CHARACTFRS B (~,NK, THE VIDEO INFORMATION IS
NEVER OVfRLAPPf.O.

TI~IS STRF.TCRTNG IS !MPIPHNTED AY T~'.'O IDENTICAl r.IRCtJITS, ONE
CIRCUIT 70 STftETCH THE INTENSITY, AND Cl\!F CIPCtlIT TO S1'PE'!'C'H THE
VIDEO. THE CIRCUIT IS C0MPOSEn OF ~~O "OR" G~TF.S (U~l, A 7~lS123) ONE
·OF WHICH IS USED SI~PlY TO OR TOGETHF.R 8eTH TrE ORI~INAI SIGNAL, AND
THE DElAYED SIGNAL AS HINTED AT, THE OTHER G..a..TE IS ·SIMP( Y ~ DElAY OF
.a.BOUT A H,~LF A DCT. THIS IS DONE BY CONNF.CTING THE OUTPUT OF THE DElAY
GATE (PINS 3, OR 11) TO THE I~PUT OF THE ·OR"ING GATE THROUGH A 1K
RESISTOR. THIS RESISTANCE, IN SERIES WITH THE INPUT CAPACITANCE OF THE
GATE ITSELF, FORM AN RC TIME CONSTANT, AND so THE DELAY. "TTL" rEVEL
THRESHOl DING PREVENTS USING RES ISTOR VALUF.S MUCH GR EATER THAN 1 K.

SECTION 3.4 THE FINAL DRIVE OUTPUTS, U29

THIS PART, A 74SP,~ QUAD EXCLUSIVE on GATE IS USED BOTH AS A
- Bl.IFfER, ,(FOR liorUZONTAL,-VERTICAI, AI'lD La INTENSITY DRTVf,J A'ID ,..

PROGRAMMABLE INVERTER (FOR VIDEO REVERSING.) THE VIDEO ~ND [0
INTENSITY OUTPUTS ARE CONNECTED TO THE vrnEO OUTPUT STAGE, THE
VERTICAL OUTPUT IS CONNECTED DIRECTLY TO THE ~ONITORIS VERTICAL SYNC
CIRCUITRY, Po.ND THE HORIZONTAL OUTPUT CONNECTS TO THE HORIZO~T"'[ SYl\1C
PULSE STRETCHER, U40.
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THE HORIZONT!\l SYNC PULSE STRETCHER, UIl~

THE HOR rz aNT}\. (. SYNC PULS f. GENERATED BY THE VI DE 0 CONTROL
PROCESSOR IS ON THE ORDER OF 5 TO I~ MICRO-SECONDS lO~G, AND POR THE
VC4<1~4 's MONITOR, THIS IS TOO SHORT. TO lENGTHEN THIS PULSE, "'. "ONE
SHOT" IS CONNECTED TO THE HOR IZONTAL nRIVE '!'HOSE OIlTPUT IS CONNECTfn
TO THE MONITOR'S HORIZONTAL SYNC INPUT. THIS purSE IS STRETCHf.O TO
NOMINALLY 27 ~ICRO-SECONDS BY THIS ONE-SHOT, A 555 TTMER I.C. THE TIMF.
CONSTA~T CHOSEN FeR iHIS CHIP IS ON THE EnGE OF THE SPEC'ED DUR.~TION

FOR THE 555, AND SHOULD NOT BE SHORTENED •

. __.-~ SECTION-3;.-5 --THE--MONITOR VIDEO OUTPUT STAGE

THIS TRANSISTOR, Q3, IS THE FINAL DRIVE TRANSISTOR FOR THE
VIDEO OUTPUT TO THE 1.10NITOR. t\'ITH AN INPUT OF nolO DIGITAL SIGNALS,
THIS CIRCUIT GENERATES THREE LEVELS or VIDEO OUTPUT. THESE TWO DIGITAL
INPUTS ARE VIDEO, (FROM U29-11, ACTIVE HI AS ~HIPPED) AND LO INTENSITY
(FROM U29-3, ACTIVE rOt.... ) THE OUTPUT rEVELS ARE; VIDEO OFF, (ABOUT
.IV); [0 INTENSITY VIDEO, (AROUT 2V) AND; NORMAL VI£1EO (ABOUT JV). THE
(lPERAT ION 0 r TIf I 5 C I Rcur TIS AS F 0 ( l Oh'S •

SUPPOSE THE nnOT n SCANNED IS NORMAL VIDEO. IN THIS CASE, THE
VIDEO SIGNAL (U29-11, OR U4-Ll) IS HI, OR LOGIC ONF, SO CRIS IS
REVERSE BlASEC-. ALSO, THIS DOT IS NOT [0 INTENSITY, SO U29-8 (U2~-13)

IS nI AlSO, REVERSE BIASING CR16. WITH 80TH OF THESE DIODES REVERSE
BIASED, R14 PULLS THE BP.SE OF Q3 UP TO +5 VOLTS, AND Q3 IS TURNED "ON"
ALI THE WAY. WITH Q3 ON, THE VOLTAGE AT THE EMITTER Of 03, AND SO, THE
VIDEO OUTPUT, IS APPROXIMATED BY THE VOLTAGE AT THE CENTER OF THE
RESISTOR VOLTAGE DIVIDER R19/Rlo, SINCE Vee QN IS .IV.

NO~..' SUPPOSE THE NEXT DOT IS IO INTENSITY. VIDEO I~ STIlL HI,
1\ Nn SOCR 1 5 ISS l' I L ( B,a. C K 8 I 1\SED. [0 I NT ENS rT Y, HCI,' EVE R , IS 1\1 Ot<.1 l 0 ,
v.lEICH I"A!\ES CRlli COloJDUCT. IN THIS CASE, THE RASE VOLTAGE OF QJ IS
DETERMINED 8Y A RESISTOR DIVIDER R14/RlS, AND THE EMITTE~ VOLTAGE, AND
SO THE OUTPUT FOLLO',vS THIS VOLTAGE BY Vhe.

IF VIDEO GOES ro. THEN CR1S IS NOW FORWARD BIASED, WHICH PULLS
THE SASE OF Q3 DOWN, AND Q3 TURNS OFr. THE EMITTER OF Q3 IS THEN
AL~OST J\T GROUND.
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SECTION 3.~.l THE CONTRAST CONTROL

THE VOLTAGES GIVEN AT THE 8EGINNING Of SECTION 3.n FOR THE
TIIREE LEVELS OF VI DEO OUTPUT WERE PlJRPOSE[ Y IMPR£C ISE, BEC;',US£ THESE
VALU~S MUST BE ADJUSTABLE TO IMPROVE OR CONTROL '·CONTR.-\ST". TO
J\CCO~1PLISH THIS,. T~IE "TOP" (\105T POSITIVE ~I[)E) OF, THE OUTPUT RESISTOR.
DIVIDER Rl9/Rlli IS CONNECTED TO THE HUTTER OF /I. TRUE EMITTER
FOLLOWER, 02. THE COLLECTOR OF 02 IS CONNECTED TO +12 VOLTS, AND THE
nASE IS CONTROLLED BY A VARIABLE RESI~TOR ~OUNTED ON THE FRONT OF THE
VCIt4C4. SINCE Q2 IS AN E"'1ITTER, OR VOLTl\GE FOUC't-i'ER, THE VOLTAGE A.T

·THE EMITTER Of ('2, f\l\:D SO THE POSITIVE END OF TilE VIDEO OUTPUT
RESISTOR DIVIDER, FOLLOW THE BASE OF Q/. BY Vbe.

SECTION 3.7 THE CO"'POSITE VIDEO OUTPUT STAGE

THIS TRANSISTOR, Ql, USES TWO DIODES (CR1~, J\~D CR17) TO
CO~P.INE 1",'0 DIGITAL SIGNALS t IKE THE 'AONITOR OUTPUT, BUT THIS CIRCUIT
IS DIFFEREFNT IN TWO ~AYS WRICH ~IlL BE DISCUSSED.

FIRST OF ALL, THE VlnEO ~0NITOR CON~ECTE0 EXTERNAL TO THE
VCI4~~ NEEDS A SOlJRCE OF HOR./VERT. SYNC INfORM~TION TO CORRECTLY
DISPLAY THE VIDEO. TO ACCO~PLISr THIS, THE VIDEO CONTROL PROCESSOR
CENERATES ONE SIGNAL, "V/H" WHICH HAS Alt THIS INFORMATION ON IT. THIS
SIGNAL GOES "HI" t"HENF..VER A SYNC PULSE IS PRESE"!T. THIS SIGNAL IS
CONNECTED TO A TBANSISTOR, Q5, WHOSE EMITTER IS GROUNDED, AND WHOSE
COLLECTOR IS CONNECTED TO THE BASE OF THE COMPOSITE OUTPUT TRANSISTOR,
Ol. WHE~I SYNC IS "HI", Q5 PUllS THE BASE OF 01 TO GROUND AND THE
COMPOSITE VIDEO SIGNAL GOES LO.

ALSO NOTE THAT THE COLLECTOR OF Q1 IS TIED DIRECTLY TO +SV, SO
TtlAT Q1 IS ALSO A TRUE F.."l1TTER FO!! ('l1,'ER. BECAUSE OF TRr.c:, AI! OF THE
VOLTAGE DIVISION TO ESTABLISH THE CORRECT VIDEO L[VELS (1.4 V fOR
NORMAL VIDEO, l.(?V FOR [0 I>.JTENSITY, AND .1V FOR VIDEO OrF) MUST RE
DONE AT THE BASE OF 01.
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THE VCA~~4 USES TWO SY~551A UARTS FOR THE TWO REQUIRED SERIAL
COM"'HIN ICATIOIll PORTS. THESE ,,·!O PORTS (MAIN AND .'\lJX) ARE SP[ IT 8fT\.vEFN

---THE TWO UARTS SUCH THAT THE MAIN 'PORT CAN--TRANSMIT AND RECIEVE AT -~~--~---~

DIfFERENT RAUD RATES. (THE AUX PORT MUST, OF COURSE, TRACK THESE BAUQ
RATES.) ALL DATA AND HANDSHAKE tINES FOR BOTH tINES ARE FULLY
BUFFERED, AND +/-12 VOLT DRIVEN FOR FUlt RS-23~-C COMPATIBILITY.

SECTION ~.2 THE MAIN RECIEVE/AUXIlIARY TRANSMIT UART, U31

THI~ UART PERFORMS RECIEVE HANDSHAKING, AND DATA CO[LECTION
FOR THE ~Ar~ PORT, ~S WElt AS DATA TRANSMISSION FOR.THE ~UX, OR
PERIPHERAL PORT. THE ~S51 HAS A FAIRLY STANDARD MICROPRCCESSOR
INTERFACE, WITH ACCESSES TO IT'S 4 INTER~AI REGISTERS CO~TRO[LED BY
ADDRESS, D.I\TJ'I., R/\\', AND CLOCK SIGNALS. THE CHIP SELECT FOR THIS lJART
IS GENERATED BY THE ADDRESS DECODER, U34.THIS UATIT'S "IRQ" LINE IS
COt.JNECTEC TO THE MAIN PROCESSOR, AS IS THE' HART'S RESET LINE. ~.H.E--.':.li55~

HAS A-. PROGRft.MMf..R [E._.8AIJD- RATE, G£!:-lE.RATOR .1NTERN)\[ L.Y, c. v.IA rr.H- ONLY, ±l..E~~
5.oUR CE·' ,C IOc...'Z.-.-,'I:.HI.S-.-C[,OC.Kr"'~-U C ( K.,..."--:-L:S·' C::;-E-N ERA·'PE n-· ~R.y.. THE- .;.CIOC KING
CIRCUITRY, SECTION ~.~~

SECTION 4.3 THE MAIN TRA~SMIT/AUXILIARY RECIEVE UART, U12

TH IS UA.RT f1ANDt ES TRANS~ 17 DATA, AND H"\I0S !-lAKI NG FOR TH E MA I N
PORT, AS WE[L AS RECIEVE DATA AND HANOSHAKING FOR THE PERIPHERAL PORT.
THIS UART INTERFACES TO THE MAIN PROCESSOR SIMILARLY TO U~l.

SECTION i!.ll THE nS-232-C BUFFERS, U/.7,U2C',UJ0,U35

THERE ARE TWO TYPES OF BUFFfRS REPRESENTED HERE; ONE TYPE FOR
DATA TRA~:Si\1ISSI()N, A-"JD ONE TYPE FOR DATA RECEPTION. THE TRAt<ISMITTERS
ARE "1..-:88" +/- VOLTACE DRIVERS \1HOSE SUPPLIES ARc CONNECTED TO +l./.V,
~ND -l.2V. THIS VOlTI'GE S\~'ING REDUCES NOISE PROSt EMS ASSOCIATED \A:ITH
USING A "GROUND" [EVEL AS ONE ST~TE. THE RECIEVERS ARE THE
CCMPl EMENTARY P!,_RT TO THE 14r.e, M·lD ONt Y REQUIRE ONE StJPP[ Y. THESE
PARTS ARE "1489" IC'::i, AND ARE USED TO BUFFER !\[[ INCOf'04I"lG RS-?32
SIGNALS. THESE RECIEvERS ARE U3~, AND U35.
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SECTION 5.0

SECTION 5

POWER surF'LY

rOWER SUPPLY OVERVIEW
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TH£ __THREE SUpeL)'_~VO'-3AGES .lJHICH--IHE_YC4~_9~_USES ARE POWER.ED__ B.!_..:.
A TRANSFORMER WHOSE PR I MARY I S CONNECTED TO HIE AC LINE VOL TAGE ."-
THROUGH A LINE FILTER WHICH IS PAR~ OF THE POWER CORD RECEPTACLE. THE
TE~HINAl WILL OPERATE ON A 110/120 VOLT OR 220/240 VOLT SUPPLY
DE PEN DrNG () N Ha!oJ A J UHPER B L 0 eKe 0 N tl E C T E:: D TOTHE P r~ I MAR Y 0 F THE
TRANSFORMER IS CONNECTED. THE THf,£E SECONDARIES USED ARE CONNECTED TO
THE VC4404 CONTROL PCB THROUGH THr::: CONNECTOR MARKED ·POWER".

THERE IS A FUSE AT THE INPUT OF THE REGULA TO'" OF EACH OF THE
SUPPLIES. THL CIRCUIT BOARD HAS A VOLTAGE MARKED AT EACH FUSE
pas r T ION. THIS V(J L TAG E 1STHF.: VaL TAG E 0 UT F' UT 0 F THE REG lJ L ATOR. THE
ACTUAL VOLTAGE AT THE FUSE IS MUCK HIGHf::R.

SECTION 5.1 THE +:=i VOL T f)OWEf< SUPPL Y, VR 1

THE SECONDARY USED FlJR THIS SUPPLY IS RECTIFIED USING A FULL
WAVE BRIDGE RECTIFIER (CRl-4) AND THEN FILTERED (el) AND THEN
REGULATED DOWN TO +5 VOLTS DY VRl, A 7B05. THERE IS ALSO A 2A FUSE IN
SC"IE~) lHTH THE REGULATOR INPUT TO PROTECT THE BRIDGE AND TRANSFORMER
IF THe REGULATOR IS OVERLOADED. THE VOI_ TAGE AT THE FUSE IS
AF' F' rw x I MAT EL'( +9 • 5 VOL T 5 • T Hr: R[ GlJ L A TOR Hf-l SA" TO'- 3' CAS E .W HIe H r S
MOUNTED ON A HEAT SINK TO DISSIPATE THE HEAT GENERATED IN THE
REGULATION PROCESS.

SECTION ..- ....
.J .. 4,. +12 VOLT POWER SlJrrLY, VR2

THIS SUPPLY IS ALMOST IDENTICAL TO THE +5 VOLT SUPPLY, eXCEPT
THAT A [J r F FER EN T S[ CON [I AR Y I SUS ~ n, THE fI r\ I DGEI~) MAD E UP 0 FeR 5 - 0 ,
THE F r l. T[R r s r; 2, M/l) THE REG UL. AT f1 R, A 7812, r 5 A -1- 12 VOL T REG ULA TOR.
THE VOL TAG EAT THE 2 A r lJ ~.; [ I S A F' PRO X J HAT ELY +1 8 • 5 VOL T S •
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SECTION 5.3 -12 VOLT POWER SUPPLY, VR3

THE LOAD ON THE -12 VOLTS IS CONSIDERABLY LESS THAN THE OTHER
1'..tO ;;UPPl.IES, ~O THAT THE CASE OF THE REGULATOR IS A "TO-7?~n TYPE,
AND IT IS LEFT FREE-STANDING. THIS RE~Ul.ATOn IS VR3, A 7912. AGAIN, A
0IFERENT SECONDARY IS USED FOR THIS SUPPLY, Al\J[1 ITIS OUTPUT IS
RECT!FIED BY eRg, A SINGLE HA[F-WAVE RECTIFIER. Cl IS THE FILTER FOR
THIS SUPPLY, ANn IT IS PROTF.CTED BY A l/~A FUSE. THE VOlT~GF. AT THE
FUSE IS APPROXIMATELY +~.5 VOLTS.

---~----_.__ .. _-_. ~~--
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SECTION 11

~ISCELtANEnus CIRCUITRY
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SECTION 1).1 THE OPTION SWITCH CIRCUITRY, U16-3~

THIR CIRCUITRY IS USED TO REAn THE VC~~~4IS J~ OPTION
S\-!ITCHES. THESE SVHTCHES, ARE t"ll\C'E UP OF TWOB poslfION-·PIANO"-DI P_=------
SWITCHES, WHICH ARE ACCE5SARLE THRCUGH THE BACK OF THE VCd4~4. THESE.
15 ~~ITCHES ARE SET UP IN A ~ BY d ~ATRIX. THE COLUMN DRIVERS ARE
7~lS~S OPEN COLLECTOR INVERTERS, WHOSE OUTPUTS GO "to" IN RESPONSE TO
A "HI" OJ..l ~AIN PROCESSOR ADDRESS [TNES A~-A3. "'HEN REArHNG, THESF

-LINES ARE "RAISED" ONE AT A TIME (ONE COLUMN AT A TIME) FQRCINGANY
ROW ~.,rITH A 51.'-'ITCH (OF THE SEt ECTED cot U"1N) CLOSED, TO (';0 [ON.

EACH RoCt... IS "PU(LED-UP II TO +5 VOLTS RY RESISTORS R-1~-RJ!3.
ALSO, THESE nc~'Js ARE CONNECTED TO THE INPUTS OF' 41 OF THE SIX BUS
DRIVERS IN U3~, A 7~lS3~8 HEX BUS nRIVER, WHICH INTERFACES WITH THE
BOARD'S DATA BUS WHEN SELECTED BY THE ADDRESS DECODING, U14. (5~/~~

HZ, A-NO J12 IS ALSO REAl') THROUGH TIIIS BUFFER.) l-mE"t ONE COLur..,N OF
SWITCHES IS SCANNED, R-F.l\DING THIS BUFFER TELLS v!HICH Si"T1THES ARE·
CLOSED.

SECTION ".2 THE RESET TI~ER, 2~

THIS DEVICE, A 555 TIMER IC IS USED TO RESET ROTH THE MAIN AND
VIDEO PROCESSOR, AND ALSO ALt THE lSI P[RIPHER~L CHIPS ON THE VC44~4.

THIS TIMER IS SETUP IN THE "ONE-SHOT" ~ODE, WITH A PULSE DURATION or
ABOUT 5e MILLISECONDS. THIS ONE-SHOT MAY ALSO BE TRIGGERED BY SHORTING
TO GROUND THE PAn ON THE VC~4~~ CONTROL BOARD MARKED "RESET".

SECTION ~.3 THE 8ELL CIRCUIT, U2~,U33,U39

TItE BEl[ USEr. ON THE VCt't04 IS A PIEZOELECTRIC SPEAKER. IT IS
DRIV[~ BY A SPARE RS-2J2 CRIVER, rINS 11-13 OF U2A, A l~qR, TO AlLO~ A
fULL +/- VOLTAGE SWING TO INCREASE THE OUTPUT A~PLITUDE OVER USING _
JUST +S VOLTS. THE KEY80~RD UART'S TRANSMIT LINE IS USED TO E~~RlE THE
BEL L. WHEN TilE SO f TW ARE 'I'll 5 HE S l'0 l\ CT I V.~ TE l'HE BEL l, THE II ART (lJ 3 3 ) I S
PLAC EDIN THE RREAr< M0 n E, C]I.. US r N G THE " l' X0 " () lJ l' P lJ l' Toe0 [0 r 0 R T1~ E
LENGTH OF THE BREAK. THIS La IS INVERTED BY U39, ~N opEN COLLECTOR
INVERTER, "ND 11'15 PULL-UP, R.19.
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THE fREQUENCY O~ THE BEll IS ACTUALLY DETERMINED BY THE SIGNAL
AT I?IN 13 OF U2? (MARf~ED "BEt l "). THIS SICHl\L IS CONNECTED TO Rl\STER
ADDRESS LINE Al, SINCE IT IS CONTINUALLY COUNTING. THIS MAKES THE BELL
FREQUENCY !'.BOUT 4 K!l.~

SECTION ~.l! THE CLOCK CIRCUITRY, U18,U21-23

THIS CIRCUITRY GENERATES THE NECESSARY CLOCKS TO l\IIOW THE
VC~4~~ TO FUNCTION PROPERLY. AIL OF THE CLOCKS GENERATED ARE DERIVED
FROM A 14.745 CRYSTAL OSCH,LPo.TOR. A DIVIDER, U21, DIVIDES T":'O\YN' THIS
r.11\IN CLOCK INTO [(),,.:ER fREQUENCY CLOCKS. 50r-cE 0F T~ESE CI~CJ<S ".RE LISE!;
DIRECTLY, AS 'THE CASE OF "lICIK" WHICH IS CONNECTED TO THE "QC'" OUTPUT
OF lJ23, THE DIVIDE BY -a-OUTPUT. OTHERS, [!J(E THE L0AD-CLOCK (I13,lJl1,-'-'-"--'~

AND U2~ PIN 15) ARE GENERATED BY ~CTUALIY GATING TOGETHER AND 
INVERTING MANY CLOCKS. THESE CLOCKS ARE TYPICALLY 0UITE C0MP[ICATED.
THE MAIN A~D VIDEO PROCESSOR'S crOCKS ARE ~ENERATED USING A J-~

FLIP-flOP, CU10) '.vHICH AMONG OTHER THI:--lGS SUPPLIES 11"0 CreCKS '.,'HJCH
ARE IN TIME SYNCHRONIZATION, 5UT EX~CTLY OPPOSITE IN POLARITY.

SECTION Ii. 5 THE KEY80ARr- U~RT, lJ33

THIS UART INTERFACES TO THE VC~4~4'S CPU STRUCTURE LIKE THE
eTHER T'.~IO UARTS. IT'S TRANSMIT SECTION CONTROLS THE BEL I (SECTION Ii.])
BUT IT'S RECIEVE SECTION IS USED TO RECIEVE INFOR~ATION FRO~ THE
VCI14:14'S KEYBOARD. T!lIS KEYROARD CO~'NE('TS TO THE VC44,r od co"rTROL BOARD
AT THE CONII.'ECTOR MARKED "~EYROARD", FROM h'HICH THE f(EY80ARD }\ISO
CERIVES IT'S POWER. THE KEYBOARD'S DATA I.INE IS DECOUPLED, AND ~[AMPEn

BEFORE ENTERING THE UART.
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~PPENDIX A

MEMORY MJ\P

--------------------~-----------------~----

--~--------------------------------------

-------------------------------------------

-----------------------------------------

ADDRESS

FFFF
--_.-
Fv.e~

...... ,... ..

B!H~ 8

B?~~

7fHH\

7 P,'l ~

58~4

5Rr,f':

3Ar/1

3 R~~

13FF

1<HHl

e'BFF,,

o EHle

~3FF

n~t~ r

" .- .

***************

U32
M~.IN PORT TRANSM IT lJART

************** (NOT USED)

80TH RA:'1 I,R£AS
MAPPED TOGETHER

RAM FOR ODD NUMBERED CO(UMNS
WORK AREAS, qUFFERS, ETC.

************** (NOT USED) ***************

U33
KEYBOARD RECEIVE UART

************** (~OT USED) ***************

tl31 csS
MAIN PORT RECEIVE UART

RAM FOR EVEN NUMBERED CO[.UMNS
WORK AREAS, BUFFERS, ETC.

************** (NOT USED)**************** .

S~ITCHES,

5~/~~ HZ, JUMPER J12

************** (NOT USED) ***************
-~---------------------------------------

1************** (NOT USED) ***************1

SUB-S YSTE.~

,******.******. (NOT USED) ***************1

-------------------------------------------
__---'- 1.~ . ~__CONT!?OL _ROM__
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This monitor uses rlirect drive vineo, horizontal drive and
vertical drive signals. All co~ponents except the picture tube
anc deflection yoke are mounted on one circuit board. All part
values or part numbers are indicated on the schematic drawing.

To remove the circuit board from the terminal, first arc the high'
vol tage lead (where it connects to the bell 0 f the tube) to the
aquadag of the tube. Do not arc to the frame of the terminal.
Next disconnect the high voltage lead from the tube, disconnect
the connector on the end of the neck of the tube ann disconnect
the horizontal and vertical yoke connectors on the circuit hoard.
Remove the screw near the top of the board which holds the board
to the po,",cr supply bracket and pull. the board ou_t~[_~h._f!._e~ge_~__.__.__
connector on the d i spl ay boa rd .-- -. -- ---'.. .-~~"-' ..",,--

2.~ Performance Specifications

2.1 Video:
-a positive input results in ~ white display.
-min. pulse width: S~ nsec.
-rise/fall times: 2~ nsec. max.
-in~ut impedance: 3000 ohms shunt~d by se pf •

...-
2.2 Horizontal Drive:

-4.~ + 1.5 volts p.p. referren to ~ volts
-a positive transition initiates drive
-pulse width: 27.5 usee. nom.
-rise/fall times: 5~ nsec. max.
-input impedance: le~n ohms shunted by 4~ pf .
./

2.3 Vertical Drive:
-4.~ + 1.S volts p.p. referred to ~ volts.
-a negative transition intitiates sync.
-pul se wic th: 75 usec. to 1.5 msec.
-rise/fall times: 1~0 nsec. max.
-input impedance: l~A~ ohms shunted by ~~ pt.

2.4 Video Amplifier:
-bandwidth: DC to 12MHz (+3cib)
-rise/fall times: 3Cl nsec.

2.5 Drive Frequencies:
-horizontal: 15.75 kHz + 50~ Hz.
-vertical: 47 to ~2 Hz (automatic sync, no hold control)
-horizontal blanking time: 10 usee. min.
-vertical retrace time: 850 usec. min.

2.':; Display:
-linearity: adjustable electronic011y in both axes.
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2.7 On-hoara Controls:
-focus
-br ig htness
-horizontal linearity
- .... id th
-vertici:l1 size
-vertical linearity
-vertical centering

page 2 of 4
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2.B Power Requirements:
- +15 volts DC
or +12 volts nc
or +12 volts DC and -5 volts DC
NOTE: The power required oepends on which Elyback transformer is

used. ---------.---.- ---- -.--.-------

3.~ THEORY OF OPERATION

3. 1 Vi d eo Am pI i fie r :
(

The video input, edge connector pin.~, drives the video output
stage, Ql~, which drives the cathode of the tube. Zero volts on
the virleo input turns Olr off to give no display ann a positive
voltage on the video input turns Ql~ on which drives the cathone
of the tube to a higher voltage causing a \...hite .level on the
display. Power for the collector of Ql~ is generated from pin S·
of the Elyback transformer, rectified into a DC voltage by DR and
then passed through R35, R3~and [1. The voltage at the collector
of Qle is approximately +O~ volts DC. .

The voltage from De also drives one end of the brightness control
after it is .reduced by 25 volts by zener diode D~ to approxinately
+f.)S \lolts. The o':,Per end of the brightness control is driven by
approximately -90 volts which is generated through D5. The
brightness control alters the opernting point of the tube by
biasing the control grio; pin 1 of the tube.

3.2 Contrast:

The contrast control is mounted on the front of the termina1 as
part of the power s'wIitch. The contrast control biasesthe b~se of
Q11 between +15 volts and grounn. As the contrast control is
adjusted to deliber a lower voltage to OIl, QIl turns on more and
sinks more current from the video signal. This allows less
current to flow through R7.7 causing a lower voltage at the base of
010 and, therefore, lower video drive and less voltage to the
cat hod e 0 f tub e .
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3.3 Horizontal Deflection:

Pag e J 0 f ,.,
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When the horizontal drive goes to logic one, 013 saturates causing
current to flow through the primary and, therefore, the seconnary
of driver transformer, 1'2. The secondary of the driver
transformer drives the base of transistor, 012, which turns the
transister on, which causes current flow through the primary of
the flyback trnnsformer, 1'1. When the horizontal drive returns to
logic zero, 012 is cut off sharply and the flyback transformer and
horizontal yoke resonate causing a large retrace pulse. 1'lhe'
energy transfer between the flyback transformer ~nd the horizontal
yoke causes horizontal scanning of the electron beam in the. tube.
The width, [3, and the horizontal linearity, [2, controls, being
in series with the yoke, alter the amount of current avail~ble for

.. -----·--·---ho r i zan tal-deEl ec tion..----.-.---~- ---

The operating voltages for the tube are derived from the secondary
of the flyback transformer. The signal coming from pin 7 of the
flyback transformer is rectified by the EHT diode into a DC
voltage of 11 to 12 ~v. The other voltages are derived from the
signals from pins 4 and 5 of the flyback transformer. ' The signal
from pin ~ was covered in the video amplifier section. The signal
from pin 4 is rectified into a positive voltage of approximately
+75~ volts DC by D7. This voltage drives one end of the 'focus
control and the grid on pin ~ of the tube. The Signal from pin &
of the flyback transformer is also rectified into a negative
voltage of approx.imately -9~ volts DC by D5. This voltage drives
one end of the focus control and of the brightness control.

3.d Vertical Oscillator and Amplifier:

Ie numher U2 forms a triggered sweep oscillator. With no vertical
drive signal present, it free runs at some frequency lower than
the display refresh frequency. This frequency is set by R9 and C~.

When the vertical drive signal is present, the falling eQge of the
waveform triggers the oscillator which modifies the period of its
output waveform to give the display refresh frequency of either 5~

or 60 Hz.

A rectangular wave is generated at pin 3 of U2 and a sawtooth wave
is generated at pin 7 to provide the vertical defJection ramp.
R7,. OS, Dl and D2 from a constant current source to keep the rai.lp
linear.

Th eve -; tic aId e fIe c t ion ram pis the 11 b u f fer ed by rC n urn be r U 1Cand
the vertical size control, RV2, attenuates the output from Ule.

Th iss i 9 naId r i v e s a po we ram p. can sis tin 9 0 f u 1C, 0 2, Q3 , Q4, 011
and their associated resistors. This power amp. drives the top
end of the vertical yoke.
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Another power amp. consisting of U1R, Ql, Q7, 08, O~ and their
associated resistors drives the lower end of the vertical yoke.

~~en the trace is at the top of the display, the vertical yoke is
biased with approxim~tely +7 volts on each end. The vertical
deflection ramp drives the top of the yoke to +12/+15 volts
CAusing very fast retrace to the top of the displ~y.

The vertical center control, RV3, biases the driver for the hottom
of the yoke. It ch",ntJes the voltage levp.l on the bottoM of the
yoke during the time that the tCnce is moving down the display
c~using the display to he moved vertically on the screen.

E.cca~se oJ~the ind~s.t.a_nce 0 f the~yoke I _the ver tical __cefl cction~~~_
ri\mp --appears at the bottom of the yoke to he slightly exponential.
This wave form is fed hack to the negative input of UIC and .
depending on the setting of the vertic~l linearity control, RV1,
it is added or suhtr~cted to the vertical deflection ramp to
change the vertical linearity.
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