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CONTENTS

This manual may be used for repairing the Volker-Craig VvCAara
terminal. It contains circuit descriptions, block diagrams and
schematics for the vcrious boards and assemblies contained in the
terminal. Any comments and suqggestions on this manual are
welcome. Please address them to:

Volker-Craiq ltd.
13¢ Yebher Street N,
Waterloo, Ontario
Canada, N2J 3HN

Volker-Craig reserves the right to make improvements to products
without incurring any obligation to incorporate such improvements
in units previously sold. Specifications and information herein

are subject to change without notice.

SERIAL NUMBERS

"All products ~nd comronents {(ic. terminals, circuit boards, etrc.

contain model and/or part numhers and a unique serial pumher.

This allows the company to keep records for secrvice purposes. FTFor
each terminal shipped, the plant maintains a record which shows
the level of upgrading associated with that terminal. Service
documentation is also kept for each terminal. The terminal serizal
numher must be referenced when corresponding with the company
regarling service or any other reason concerning a particular
terminal.

NOMN-DISCICSURE
All information contained in Volker-Craig's service documentation
is to bhe considered propriectary. 1t remains the property of

Volker-Craig and is not to be photocopied, duplicated or )
reproduced without the express written permission of Volker-Craiqg.
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The VCA424 video data terminal is built in a modular fashion to
provide flexibility in options, upqrading and servicing. The unit
consists of the power supply, logic and display monitor in one
enclosure and the keyhoard in a separate enclosure.

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
easily lifted off.

The logic and power supply are located on the main board which is
mounted on the bottom of the chassis. The monitor board is mounted on
the bezel support hracket at the side of the enclosure.

The keyboard has its own enclosure and is connected to the main logic
via a coiled cord which is terminated at both ends with a modular
phone jack. The cord may be disconnected at the main enclosure end
‘easily with no tools reaquired. The cover of the keyboard must be
removed to disconnect the keyboard end of the cable. :
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INTRODUCTION

The keyboard part number 7¢-250-030@d@7-3 is used on the VC2XXX,
VC3IXXX and VC4AXXX series terminals, The keyboard 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 keyboard.

FUNCTIONAL LESCRIPTION
MICROPROCESSOR

The heart of the keyboard is the microprocessor, IC number US,
Three models of microprocessor can be used: the BA48 with 1824
bytes of on-board RCM and 54 bytes of on-board RAM; the 8748 with
1224 bytes of on-board EPROM and 64 bytes of on-board RAM; the
8435 with /4 bytes of on-board RAM but no on-board RCM, When
using the 8735, external ROM or EPROM must he installed in.

~position U8 and IC no. U7 must also be installed. These two parts

are not installed if using the 2942 or 8748 microprocessor. IC
ne. U7 is an 8 bit latch which must sStore the current memory
address because the 8225 uses the data hus for hoth addressing and
data transfer.

The functions performed by the microprocessor are set hy the
program stored in the RCM CR EPROM. The clock rate of the
microprocessor is § MHz which is set by crystal, Yl.

KEY MATRIX SCANNING

The microprocessor outputs a binary count on its port, P27 to P23.
(It also uses this port to do part of the addressing to the
external ROM/EPRCM.) Diagnosing this port would be difficult
because the output does not count at an even frequency and there
i1s also other data appearing on this bus. The count from the
cutput port goes to two decoder chips, U2 and U3. At each count,
one output from the decoder goes low starting at U2-2 and moving
across the decoder outputs on consecutive pins. A complete matrix
scan occurs once every 37 milliseconds.

If a key is depressed (contacts shorted), the output from the
decoder is shorted to the appropriate input port address of the
microprocessor, P!l to Pl7. After each hinary count from its
output port, the microprocessor reads (ts input port and 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 low. To diagnose the ocutputs from the decoders, a
key on each decoder output must be depressed because the pull-up
resistors are on the opposite side of the keys from the decoders.
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2.3 KEYBOARD OQUTPUT

If a key closure is detected, a two or three byte transmission of
serial data will occur. These bytes will he status and data as
shown below. If the key has heen debounced 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 with 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, local, Control, Caps lock, 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, local 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 # (VC4XXX Only)

— vt e ——r | —— —

T T TR TR T T T T

7 - T T T TTe
1 | 1 tlocal .
[ | Full
I Page
| Print
Status 1 Data
e S S D D O S O AR !_dl—_f |
7 T T T 7T 77T 77 " Te 7T T T T T T A
e |  shift ! !
Lt 1t b1 Capslock [
[ I B ! Repeat | Logical
I P | Games Mode T XY
| “Ready Position
I ! Not Used T or
! Control "@7FH"
POWER

The keyboard uses a four wire coiled cable with a modular jack on
each end for data transfer to the controller and for power. One
wire is used for data, two wires are used for ground and one wire
is used for power to the keyboard. The VC3XXX and VC2XXX supply
+5 volts to the keyboard. This supply goes directly to the logic
on the keyboard. The VCaxXX supplies +8 volts to the keyhoard
where it is regqulated to +5 volts hy a 78@S veltage regulator.
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2.5

3.4

DIAGNQSTICS

An LED is mounted on the keyboard to indicate diagnostic results.

It is visible through an opening in the under side of the keyboard
housing.

The microprocessor will test RAM read/write and ROM checksum
automatically on power up. The diagnestic LED will flash 4 times
during ROM check and twice during RAM check. Flashing will be on
approximately one half second intervals.

JUMPERS

Drawing ¢4-250-A0112 sheet 2 shows which jumpers should be
installed for each model of terminal.
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VCA4P4 HARDWARE DESCRIPTION.
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. The VC4404 terminal has had many revisions to improve
reliability and operation. This document describes the
revisicns 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--XXX or higher will be equipped with all of these
revisions. Terminals with lower serial numbers may
have part of the revisions or none of the revisions.
Whether the revisions should be installed on all of a
customer's VC4404 terminals is the customer's decision.
A description of the revisions follcws.

A. The monitor board, MON-4, had a tendency to give poor
focus. The solution to this problem is to improva
the frequency response of the video circuit, Change
Q10 from a MPS8099 to a 2N2102; change Cl3 from n47
to n22vand change R36 from 2K2 ohms to 910 chms.

B. The monitor board would sometimes send a large veltage
spike kack through the verticsl drive signal a2nd destroy
the vertical driver on. the lngic board. The solution
is to ground the 2quadag ©f the tube (black ar=a on bell
of .tube) better. There is a wire praid covered with
sleeving attached to cne of the belts on the CRT. If -
the other end of the braid is attached to the logic
board, remove it f£rom the logic board and attach it
to the monitor board at the horizontal ground at
connector pin 5. Also fasten a piece 0of copper braid
acrnss the tube with a ring fastener to a CRT bolt and
a coil spring and ring fastener to the CRT bclt
diagonal to the first one. The spring dis used to keep
tensicn on the braig. If the monitor is a MON-4, install
a 5.2V zerer diode (IN5232B) from edge connector pin 9.

€. The video drive transiste: on the Sam Sung monitor did
not nave & high ercugh vcltage rating. Change C2C1
from a 15CpF to 470pf and change (201 from a 2N2219A
to a BF257, BF258, Br25%59 or 2N2102. If using a 2N2102,
also change R202 from 470 orms to 3%X3 ohms and change
RZU3 from 47 conms tw 65 onms.

D. The Sam Sung monitor had a problem wnhere the display lires
cculd not pe mads2 wide enough. T golve this protlen,
install a 6.Cl ur, 4CQV capacitor in parallel with
c408%.



E.

-2-.

Noise was getting into the horizontal drive signal on

the  logic board and UZ6 was susceptible to nojise and
static shock which would cause reset signals at random
times. Install a luF tantalum capacitor from the input
of VRl to ground and from the input of VR2 to ground.

See fig.l. Change R29 from 1M onm to 1l0& cohms, change

C19 from .0JuF to a luF tantulum and install a 10n
capscitor from U26 pin 1 tc U26 pin 8. See fig. 2.
Shorten the lcglic board to 16 cm, install an 18 GA jumper
from the chas¢is ground connection tc the ground end

of R4S ané remove Ji1l. EShorten the greena/yellow wire from
the power connector filter on the rear of the chassis to
10 cm.
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SECTION I
VC44n4 CONTROLLER ROARD OPERATIOMAL OVERVIEW

THE 4434 CONTROLIER BCARD USES STATE-QF-THE-ART [SI, ALONG
WITH A SOPHISTICATED HARNDWARE/SOFTWARE ARCHITECTURE TO GREATLY REDUCE
THE ROARD AREA NEEDED TO IMPLEMENT THE CRT TERMINAL FUNCTIONS. A
FLEXIBIE CPU SYSTEM TIES TOGETHER VIDEO, CONTROL, AND COMMUNICATIONS
CATA INTO A COMPACT SCFTWARE DRIVEN STRUCTURE REDUCING CONTRCLIER
COST, AND BOARD AREA.

THE 4424 HARDWARE STRUCTURE IS BUILT AROUND A "TIME DNOMAIN
MULTIPLEXED"™ DATA AND ADNDRESSE RUS, WITH A MICROPROCESSCR AND A VIDEO
CONTROL PROCESSOR -RUNNING INTERIEAVED. THE-MAIN_PROCESSOR~CCONTROLS
INFORMATICON FLOW BETWEEN THE TWO CCMMUNICATIONS PORTS, THE HEYBOARD,
AND THr VIDEQ RAM. THIS PRCCESSOR ARRANGES INFCRMATION TO BE DISPLAYED
IM THE VIDEN RAM FOP CORRECT PRESENTATIOCON. THE "VIDFO COMTROL
PROCESSOR" HAS TWC MAIN FUNCTICNS: 1) IT GENERATES THE ADDRESS TO
ACCESS THE PROPER [ QOCATIONS IN VIDEQ RAM; AND 2) IT-GEMERATES TEE
HCRIZONTAL, AND VERTICAL "SYNC" SIGMALS FOR PROPER SYNCHRONIZATION OF
THE VIDED DIGPLAY. :
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SECTION 2
THE MICROPRCOCESSOR SUB-SYSTEM

SECTICN 2.1 PROCESSOR UTILIZATION OVERVIEW

THE VC44¢4 CONTROLLER BOARD USES A FAIRLY STANDARD
MICROPROCESSQOR STRUCTURE INVOLVING CPU, RAM, ROM, AND I/0. THIS BNARD,
HOWEVER, MAKES USE OF THE FACT THAT THE MAIM PROCESSOR ({SY AS5#2) DOES

"NOT ACTIVELY "USE" THE DATA BUS DURING A CERTAIN PORTION OF IT'S CINOCK
CYCLE. DURING THIS "DEAD"™ TIME, THE VIDEQO CONTRCL PROCESSOR IS
GENERATING THE REQUIRED SIGNALS USING SOME OF THE SAME STRUCTURE WHICH
THE MAIN PROCESSOR USES. SUCH MULTIPLEXING MEANS THAT DATA, AND TO
SOME EXTENT ADDRESS INFORMATION IS CONSTANTLY CHANGING, AND IS NOT
EASY TO TRACK WHEN DE-BUGGING. ALSC, CNE OF THE TWO PROCESSOR SYSTEMS
MAY NOT WORK, WHILE THE OTHER OME FUNCTIONS CORRECTIY. IT IS ALSO OF

- INTEREST TO NOTE THAT FOR EACH VIDEO ACCESS CYCIE, WHICH IS THE SAME
TIME DURATION AS A MAIN PROCESSOR CIOCK CYCLE, TWO CHARACTFERS IN VIDREO
RAM ARE ACCESSER, TWO ASCII BYTES ARE INPUT INTO THE CHARACTAR ROM,
AND TWO f BIT BYTES OF SERIAL NATA ARE [ATCHED IN PARALIEL INTO TWO 8
BIT SHIFT REGISTERS, THIS ALLOWS THE MAIN CPU TO RUN AT 1/2 THE ACTUAL
CHARACTER RATE.

SECTION 2.2 THE MAIN PRCCESSCR, Ul@¢

-THE MAIN PRCOCESSCR ON THE VC 44£4 CONTROL BOARD 1S AN SYA532,
WHICH IS AN 8 BIT MICROPROCESSOR WITH A ASK ADDRESS SPACE, AND AN
INTERNAL CLOCK GENERATOR. THE ADDRESS BUS OF THIS DEVICE IS CONNECTED
TO THE VIDEO RAM MULTIPLEXER, THE UARTS, THE SWITCH CIRCUITRY, AND THE
CONTRQL ROM, THE DATA LINES OF THIS PROCESSOR CONNECT TO THE ON-BOARD
DATA RUS WHICH IS SHARED WITH THE REST OF THE PRCCESSOR STRUCTURE.
U2A, A TIMER IC, RESETS THIS CPU, WHICH ALSO FIEILDS ALL "IRQ"'S. THE
"PHASE TwQ" CLOCK OF THIS DEVICE IS ALSO USED TO CON;ROL THE SWITCHING
CF THE VINEO RAM ADDRESS MULTIPLEXERS.
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SECTION 2.3 THE VIDEO CONTRQOL PROCESSCOR, U208

THIS SPECIAL .PROCESSOR SHARES THE DATA BUS WITH THE MAIN
PROCESSOR, AND IS ALSO RESET '‘BY U26. IT ALSO HAS AN INTERMAL CILOCK
GENERATOR WHICH IS DRIVEN 184 DEGREES QUT OF PHASE WITH THE MAIN CPU'S
CLOCK, TO ACCOMPLISH THE TIME DOMAIN SRARING OF THE PROCESSOR h
STRUCTURE. SOME OF IT'S OQUTPUT LINES ARE USED TO GENERATE VIDEQ SYNMC
SIGNALS, AND OTHERS ARE USED. TO GENERATE VINEO RAM ADDRESSES USED TO
"ACCESS THE PROPER CHARACTER IN VIDEO RAM CORRESPONDING TO WHERE THE
MONITOR 1S SCANNING.

SECTION 2.4 THE ADNDRESS MUILTIPLEXERS, Ul2-1k

EACH OF THESE DEVICES IS A QUAD, TWO-TO-ONE MULTIPLEXER
{741L5157), AND TOGETHER THEY ARE RESPONSIBLE FOR GATING THE RIGHT
ADDRESS BUS (MAIN OR VIDEQ) ON TO THE VIDEC RAM ADDRESS BUS AT THE
RIGHT TIME. AS SAID BEFORE, THE "SELECT" LINES CF THESE DEVICES ARE
DRIVEN BY "PHASE TWO" OF THE MAIN PRCOCESSOR.

SECTION 2.5 THE [OWER ORDER VIDEQ ADDRESS COUNTER, Ul7

TH1IS COUNTER, A 740593, GENERATES THE 3 [OWER ORNDER ADDRESS
LINES FCOR THE VIDEQO PRQOCESSOR. THIS COUNTER IS INCREMENTED AT HALF THE
CHARACTER CIOCK RATE, AND IT'S OUTPUTS ARE CONNECTED TQ THE VIDEQO RAM
THROUGH TIIF ADNDRESS MUITIPLEXERS. THIS CHIP IS CONNECTED IN THE DIVIDE
BY EIGHT MCLCE, AND SC THE "QA" OQUTPUT IS NOT USED.

SECTION 2.5 THE VIDEO RAM, Unr-9

THESE RAM CHIPS CCNSTITUTE THE ONLY RAM ON THE Vra424
CONTROILER BOARD, AND S0 SERVE A VARIETY CF PURPCSES. THE SCREEN
MEMORY IS LOCATED INM TRIS RAM, AS IS THE MAIN PROCESSORS STACX. ALONG
WITH THIS, THE MAIN PRQCESSOR'S CONSTANT STORAGE, AND THE vCa4p4's
INCCMING CHARACTER BUFFER ARE ALl LOCATED HERE. A FEW BYTES OF THIS
RAM ARE USED FOR SOME INTERFACING BETWEEN THE MAIN CPU, AND THE VIDEO
CONTROL PROCESSOR.

THE ADDRESS, CHIP SELECT, AND READ/WRITE [IMES EFCR THE RAM
COME FROM THE ADDRFESS MULTIPLEXERS, AND THE DATA QUTPUTS OF THESE RAMS
ARE CONNECTED TO THE INPUTS OF THE CHARACTER ROMS. THESE DATA L[INES
ARE ALSO COUPLED TO THE ON-BOARD DATA BUS, AND SO, TO THE REST QF THE
DATA LINES OF THE CPU STRUCTURE, THRCUGH 1X CHM RESISTORS (RP1l, AND
RP2) TO ALLOW VIDEC INFQRMATION TO PROCEED TC THE VIDEQ RAM WHILEZ THE
MAIN PROCESSOR IS USING THE REST OF THE CPU STRUCTURE'S DATA BUS.
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SECTION 2.7 CHARACTER ROMS, U2,US

, THESE ROMS ARE RESPONSIBLE FOR TRANSLATING TWO INFORMATION
INPUTS INTO ONE 2 BIT BYTE WHICH IS THEN SHIFTFED QUT SERIALLY AS VIDEO
INFORMATION. THESE QUTPUTS ARE [OQADED INTO TWQ 8 BIT SHIFT REGISTERS,
U3, AND U4, THE TWO INFCRMATION INPUTS ARE: 1) ASCII INFORMATION QUT
OF VIDEOQ RAM, AND 2) RASTER INFORMATION FROM THE RASTER COUNTER, Ul.
(SEE SECTION 2.%.) THESE TWO “"BUSSES"™ OF INFORMATION ARE VALID UNTIL
AN ACTUAL "SET" (1A BITS) OF SERIAL DATA HAS BEEN LATCHED INTO THE
VIDEOQ SHIFT REGISTERS, U3, AND U4.

SECTION 2.8 PARAILEL TO SERIAL CONVERSION, U3,U4

' TWO SHIFT REGISTERS, (BOTH ARE 741S5155'S) ARE USED TO
TRANSFORM 16 BITS (TWO CHARACTERS WORTH) OF PARALLEL DATA FROM THE
CHARACTER ROMS, INTO VIDEO DATA. THIS DATA IS "HI"™ OR "I0Q", TO TURN
THE ELECTRON GUN OF THE CRT MONITOR "ON" OR "OFF" AS SHIPPED FRCOM THE
FACTORY. THE R INPUTS TO EACH, OF THESE SHIFT REGISTERS ARE GENERATED
BY THE DATA OUTPUTS OF THE CHARACTER ROMS. THESE OQUTPUTS ARE [ATCHED
INTO THE SRHIFT REGISTER INPUTS, WHEN VALID, BY A L[OAD CILOCK (GENERATED
-BY THE CLOCK CIRCUITRY, SECTION A.4) WHICH CONNECTS TO PIN 15,
(SHIFT/1.OAD) OF THE TWO SHIFT REGISTERS. (THIS SAME -CLOCK CIRCUITRY
ALS0 GENERATES THE CHARACTER DOT CLOCK, WRICH CONTROLS THE SHIFTING
OUT OF VIDEO "DOTS", SECTION 4.4.)

THE "SHIFT IN" (SI) INPUTS OF THESE CHIPS ARE CONNECTED,
THROUGH J3, TOC EITHER +5 VOITS (HI), QR GRQOUND (IC). THE PURPOSE FOR
THIS JUMPER IS TO FILL THE SHIFT REGISTER (AS DATA IS REINGC SHIFTED
QUT) WITH EITHER ALL "0", CR ALL "1", 50 THAT WHEN NO DATA IS BEING
[LOADED INTO THESE SHIFT REGISTERS (DURING BLANKING FOR EXAMPLE) THESE
REGISTERS CONTAIN THE CORRECT DATA TO PRCODUCE A "SPACE", OR NO
CHARACTER IN EITHER "NORMAL BACKGROUND", OR "REVERSE BACKGRQUND" MODE.

SECTICN 2.9 THE RASTER COUNTER, Ul

THIS 4 BIT COUNTER IS CONNECTED AS A DIVIDE BY TEN COUNTER
WHICH IS INCREMENTED ONCE EVERY HORIZOMTAL [INE BY THE VIDEO CONTROIL
PROCESSCR. THE OQUTPUTS OF THIS COUNTER ARE CONNECTED TO SCME QF THE
ADDRESS INPUTS QOF THE TWwW(O CHARACTER ROMS., FUNCTIONALLY, THIS COUNTER
ADDRESSES THE CORRECT "RASTER LINE" OR ROW OF THE CHARACTER CURRENTLY
BEINC SCANNMNED ACROSS. THI SaMy "ROW" QF RO DIFFERINT CHARACTERS
POSITICONS 5 SCANNED IN ONE HCRIZOWNTAL [INE, REQUIRING THIS CCGUNTER TO
BE INCREMENTED ONCE FCR EACH [INZ.
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SECTION 2.1¢ THE ADDRESS DECCORER, U34

THE MAIN PROCESSOR MEMORY MAP (SEE APP, A) REQUIRES THAT

CERTAIN SUB-SYSTEMS APPEAR AT CERTAIN ADDRESSES WITHIN THE £5a2'S A®K

ADDRESS SPACE. THE POSITIONING OF THESE SUB-SYSTEMS IS CONTROLLED BY
THE. ADDRESS DECORER, 1134, A 7415132, THE SEIECT INPUTS OF THIS DEVICE
ARE CONNECTED TO THE HIGHEST ORDER ADDRESS [INES, Al13-15. THE ACTIVE
[0 OUTPUTS OF THIS CHIP ARE USER TOQ SELECT THE VARIQUS CHIPS WHICH
THE MAIN CPU ACCESSES; THE UARTS, THE VYIDEG RAM, ETC..

SECTION 2.11 THE PROGRAM ROM, U14,U11

THIS 4K X 8 ROM/EPRCM (Ull) CONTAINS THE CONTROL PRCGRAM WHICH

IS EXECUTED BY THE MAIN PROCESSOR TN PERFCORM IT'S FUNCTIONS SUCH AS
HAMDL ING COMMUNICATIONS DATA, READING SWITCHES, AND ORDERING DATA IN
THE . VIDEOQ RAM FOR DISPLAY. THIS ROM CONTAINS ALL THE REGUIAR CONTROIL
AND POLIING ROUTINES, AS WELL AS AN EXTENSIVE SET OF DIAGMOSTICS FOR
THE VARIOUS ON~BOARD SUB-SYSTEMS. THIS RCOM ALSO CONTAINS INFORMATION
USED BY THE VIDEC CONTRO!l PROCESSOR TO ACCOMPLISH IT'S FUNCTION. THE
ADDRESS LINES OF THIS ROM ARE CONNECTED TO THE SAME MUITIPLEXED
ADDRESS BUS WHICH THE VIDEQ RAM USES. THE CATA L INES OF THIS ROM ARE
CONNECTED TO THE VvC44n4 VIDEO CONTROLLER'S DATA BUS THROUGH AN CCTAL,
TRI-STATE BUFFER, Ul@ (A 74LS244) TO ENSURE THAT THE DATA FROM THIS
RCM IS GATED ON THE DATA BUS AT THE CORRECT TIME.
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SECTION 3

VIDEO SECTION

SECTION 3.1 VIDEC OVERVIEW

THE VIDEO OUTPUT STAGE CAN BE BROKEN DOWN INTO TWO SECTIONS;
THE "MONITOR" SECTION, AND THE "COMPOSITE"™ SECTION. THE MONITOR VIDEO
QUTPUTS ARE USED TO DRIVE AND SYNCHRONIZE THE MONITOR CRT WHICH IS
- ACTUALLY MOUNTED INSIDE THE VvC44P4 CHASSIS. THE COMPOSITE QUTPUT IS
‘USED BY AN EXTERNAL VIDEO DISPLAY DEVICE, AND THEREFOQRE MUST BE
BROUGHT OUTSIDE OF THE VC4444 ENCLOSURE. THERE ARE THREE OQUTPUTS WHICH
ARE CONNWECTED TO THE MCNITOR CIRCUITRY, AND THEY ARE "VIDEQO",
""HORIZQONTAL SYNC", AND "VERTICAL SYNC". THE COMPOSITE QUTPUT, ON THE
OTHER HAND, COMBINES THESE THREE SIGNALS INTO QOME "COMPOSITE"™ SIGNAL
WHICH CONTAINS VIDEQ, HORIZONTAL SYNC, AND VERTICAL SYNC INFORMATION.
THE VIDEO CUTPUT SECTION ALSO INCLUDES CIRCUITRY TO PRCDUCE "LO
INTENSITY", AND ALSC "PULSE STRETCHING" CIRCUITRY TO ACCOMODATE THE
NARRCW BANDWIDTYH OF SOME VIDEO MONITORS,

SECTION 3.2 THE T1OW INTENSITY CIRCUITRY, U24,U25

THE MOST SIGNIFICANT BIT CF THE DATA IN THE V(C44p2'S VIDEO
RAM IS USED TO FLAG WHETHER THE CHARACTER IS TO RE NORMAL, (OR LOW
INTENSITY. WHEN DATA BIT "“D7" IS "CLEARED"; I.E. SET TO ZERC, THE
CHARACTER WILI BE DRISPIAYED IN [OW INTENSITY. SINCE THE VIDEQC RAM DATA
[INES ARE CQUPLED TO THE SYSTEM DATA BUS THRQUGH IK RESISTORS, ANY
EXTRA L[OADING ON THESE VIDEO RAM CAN CAUSE RAM DATA ERRORS. TO PREVENT
THE HIGH/LO INTENSITY SENSING CIRCUITRY FROM LOADING THESE L[INES TCO
MUCH, A CMQS (VERY HIGH INPUT IMPEDANCE)} INVERTER IS USED TO INTERFACE
TQO THESE DATA LINES. THE PART USED IS5 AN RCA CA4Q49. THE POLARITY OUT
OF THESE INVERTERS 1S WRONG, SO ANOTHER IMVERTER OF THE PACKAGE IS
NECESSARY TO CORRECT THE POLARITY. ALSC, ONE OF THESE CMOS INVERTERS
CAN ONLY DRIVE TWQ "TTL" INPUTS, TWO INVERTERS ARE USED FCR EACH
CHARACTER (4 INPUTS OF U24 PER CHARACTER.) ‘

THE CUTPUTS CF THFESE IMVERTERS OF U25 ARE CONNECTED TO THE
PARALLFEL LOAD INPUTS OF U2a, A 74LS1A656 SHIFT REGJISTER. THE SHIFT
CLOCK, ANDC THE 1OAD CIOCX ARC GEMNERATED BY THE CLOCK CIRCUITRY (SEE
SECTION 6.4.) THE LOAD CLOCK IS THE SAME USED FOR THE VIDEQ DATA SHIFT
REGISTERS, AMD IMITIATES A "LOAD"™ ONCE EVERY CPU CYCLE (EX. DURING
BIANKING) WHICH LOADS TWQO CHARACTERS WORTH OF INFORMATION. THE SHIFT
CLOCK FOR U24 IS ALSC THE SAME AS U3, AND U4. FOR THE HIGH/LO
INTENSITY SHIFT REGISTER, HOWEVER, THE "CI" CR CLCCK INYIBIT INPUT IS

CONNECTED TO A CLOCYX WHICH IS CNE HALF THE DRCT CLOC¥ RATE.



CONTRCILER BCARD, VC4404 PAGE B of 1A
CRAWING: ©93-350-1411¢ 2A.11.R1:PHJT

THE RESULT OF THIS IS THAT THE HIGH/LO INTENSITY SHIFT
REGISTER IS ESSENTIALLY CLOCKED ONCE FOR EVERY TWO VIDEO "DOTS", AND
SO ONLY ONE SHIFT REGISTER (ONE BIT FOR EACH TWO DOTS) IS NECESSARY.
NQOTE THAT ONE CHARACTER CAN STILL BE LO INTENSITY, AND THE OTHER HI
INTENSITY, SINCE THE TWO "D7" DATA LINES ARE SEPARATE. THE OUTPUT CF
THIS SHIFT REGISTER IS A SIGNAL WHICH TRACKS THE VIDEQO OF EALH

CHARACTER THAT IS 10O FOR IO INTENSITY, AND HIGH FOR NORMAL INTENSITY.

SECTION 3.3 THE VIDEO PULSE STRETCHER, U4}

: IN CRDER TO ACCCOMODATE VIDEO MCNITCRS WITH A RELATIVELIY LOW
BANDWIDTH, BOTH THE INTENSITY AND THE VIDEO INFORPMATION ARFE
"STRETCHED™ (BY ABOUT A HALF A DOT; THIS MAXES REIATIVELY L[ITTLE
NDIFFERENCE IN THE INTENSITY SIGNAL, TT JUST LINES IT UP WITH THE
VIDEQO) OMN A DOT BASIS, REDUCING THE REQUIRED BANDWIDTH NDUE TO AN
INMCREASE IN THE DOT RESOLUTION TIME. SINCE THE CHARACTER ROM [ISFED? HAS
THE EIGHTH COLUMN OF ALl CHARACTFRS BLANK, THE VIDEO INFORMATION IS
NEVER OVERLAPPED.

: . THIS STRETCHING IS IMPLEMENTED RY TWO IDENTICAL CIRCUITS, ONE
CIRCUIT TC STRETCH THE INTENSITY, AND ONF CIRCUIT TO STRETCH THE
VIDEQ. THE CIRCUIT IS COMPQOSEN OQF TWO "OR"™ GATES (U421, A 7415323) ONE
OF WHICH IS USED SIMPLY TC OR TOCETHER BROTH THE ORICINAIL SIGNAL, AND
THE DELAYED SICNAL. AS HINTED AT, THE OTHER GCATE 1S .SIMPLY A DELAY OF
ABOUT A HALF A DCT. THIS IS5 DONE BY CONNECTING THE OUTPUT OF THE DELAY
GATE (PINS 3, OR ll1) TO THE INPUT OF THE "OR"ING GATE THROUGH A 11X
RESISTOR. THIS RESISTANCE, IN SERIES WITH THE INPUT CAPACITANCE OF THE
GATE ITSELF, FORM AN RC TIME CONSTANT, AND SO THE DELAY. "TTL"™ ILEVEL
THRESHOLDING PREVENTS USING RESISTOR VALUES MUCH GREATER THAN 1K,

SECTION 3.4 THE FINAL DRIVE OUTPUTS, U229

THIS PART, A 74525 QUAD EXCIUSIVE OR GATE IS USED BOTH AS A
BUFFER, .{FOR HORIZOMTAI , -VERTICAL, AND L[O INTENSITY DRRIVE,) AND A
PROGRAMMABLE INVERTER (FOR VIDEQO REVERSING.) THE VIDEO AND LO-
INTENSITY QUTPUTS ARE CONNECTED TO THE VIDEQ OUTPUT STACGE, THE .
- VERTICAL QUTPUT IS CONNECTED DIRECTLY TO THE MONITOR'S VERTICAL SyYMC
CIRCUITRY, AND THE HORIZONTAL OQUTPUT CONMECTS TO THE HORIZONTAL SYNC
PULSE STRETCHER, U449,
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SECTION 3.5 THE HORIZONTAL SYNC PULSE STRETCHER, U4e

THE HORIZONTAL SYNC PULSE GENERATED BRY THE VIDEO CONTROL
PROCESSCOR IS ON THE ORDER QF 5 TO 14 MICRO-SECONDRS [ONG, AND FOR THE
VvC44@4's MONITOR, THIS IS TOO SHORT. TO LENGTHEN THIS PULSE, A "ONE-
SHOT" IS CONNECTED TO THE HQRIZONTAL DRIVE WHQSE OUTPUT IS CONNECTEDR
TO THE MONITOR'S HORIZONTAL SYNC INPUT. THIS PULSE IS STRETCHED TO
NOMINALLY 27 MICRO-SECOMDS BY THIS ONE-SHCT, A 555 TIMER J.C. THE TIMF
CONSTANT CHOSEN FCR THIS CHIP IS ON THE ENGE OF THE SPEC'ED DURATION
FOR THE 555, AND SHOULD NOT BE SHORTENED.

—- =~ SECTION-3:6  —THE MONITOR VIDEO OQUTPUT STAGE

THIS TRANSISTOR, Q3, IS THE FINAL DRIVE TRANSISTOR FOR THE
VIDEO OUTPUT TO THE MONITOR. WITR AN INPUT OF TWO DIGITAL SIGNALS,
THIS CIRCUIT GENERATES THREE [EVELS OF VIDEO OUTPUT. THESE TWO DIGITAIL
INPUTS ARE VIDEO, (FROM U29-11, ACTIVE HI AS SHIPPED) AND L[O INTENSITY
(FROM U29-8, ACTIVE [OW.) THE OUTPUT [EVELIS ARE; VINDEO OFF, (ABOUT
.1V); 1O INTENSITY VIDEQ, (ABOUT 2V) AND; NORMAL VIDEO (ABCUT 3V). THE
OPERATION OF TIIIS CIRCUIT IS AS FOLLOWS,

SUPPOSE THE "DOT"™ SCANNED IS NORMAL VIDEO. IN THIS CASE, THE
VIPEO SIGNAL (U29-11, OR U4-13) IS HI, OR [OGIC ONE, SO CR15 IS
REVERSE BIASELC. ALSO, THIS DOT IS NOT 10O INTENSITY, SO U29-8 (U24-13)
IS HI AlS(Q, REVERSE BIASING CR1A. WITH BOTH CF THESE DIOPRES REVERSE
BIASED, R14 PULLS THE BASE QF Q3 UP TO +5 VOLTS, AND Q3 IS TURNED "ONT
All THE WAY. WITH Q3 ON, THE VCILTAGCE AT THE EMITTER OQF Q2, ANDID SO, THE
VIDEOQ CUTPUT, IS APPROXIMATED BY THE VNITACE AT THE CENTER OF THE
RESISTOR VOITAGE DIVIDER R12/R16, SINCE Vce ON IS ,l1V.

NGW SUPPOSE THE NEXT DOT IS 1O IMTENSITY. VIDEO IS STILL HI,
AND S0 CR15 IS STILI BACK BIASED. IO INTENSITY, HCWEVER, IS NOW [0,
WHICH MAXES CR1A& CCONDUCT. IN THIS CASE, THE BASE VQITAGE OF Q3 IS
DETERMINED BY A RESISTOR DIVIDER R14/R1%, AND THE EMITTER VOLTAGE, AND
50 THE QUTPUT FQLLOWSE THIS VYOLTAGE BY Vhe.

IF VIDEO GOES [O. THEN CR1S IS NOW FORWARD BTASED, WHICH PULLS
THE BASE OF Q3 NOWN, AND Q3 TURNS OQFF. THE EMITTER QF Q3 IS THEN

ALMQCST AT GROUND.
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SECTION 3.6.2 THE CONTRAST CONTROQL

THE VOILTAGES GIVEN AT THE BEGINNING OF SECTION 3.6 FOR THE
THREE LEVELS OF VIDEQ OUTPUT WERE PURPQSELY IMPRECISE, BECAUSE THESE -
VALUZS MUST BE ADJUSTABLE TO IMPROVE OR CONTROL "“CCONTRAST". TO
ACCOMPLISH THIS, THE "TOP"™ (MOST POSITIVE SIDE) OF, THE OQUTPUT RESISTOR
DIVICER RI9/R14 IS CONMECTED TO THE EMITTER OF A TRUE EMITTER
FOILOWER, Q2. THE COLLECTOR OF Q2 IS CONNECTED TO +12 VOLTS, AND THE
BASE IS CCNTROLLED BY A VARIABLE RESISTOR MOUNTED ON THE FRONT OF THE
VCA4C4., SINCE Q2 IS AN EMITTER, OR VOLTAGE FOLLCWER, THE VOLTAGE AT

- THE EMITTER OF Q2, AND SO THE POSITIVE END OF THE VIDEQO OUTPUT

RESISTOR DIVIDER, FOILLOW THE BASE OF Q2 BY Vbe.

SECTION 3.7 THE COMPOSITE VIDEO QUTPUT STAGE

THIS TRANSISTCR, 1, USES TWO DIODES (CR1@&, AND CR17} TO
COMRINE TW0O DIGITAL SIGNALS LIKE THE “ONITOR QUTPUT, BUT THIS CIRCUIT
IS DIFFEREFNT IN TWQO WAYS WHICH WILL BE DISCUSSED.

FIRST CF ALl, THE VINDEO MONITOR CONNECTED EXTERNAL TO THE

VCA4¢4 NEENS A SQURCE QF HOR./VERT. SYMNC INFORMATICN TO CORRECTLY

DISPLAY THE VIDEO. TO ACCOMPLISH THIS, THE VIDRDEQC CONTRCL PROCESSOR
CENERATES ONE SIGNAL, "V/H" WHICH HAS ALl THIS INFORMATION ON JT. THIS
SIGNAL GOES "HI" WHENFVER A SYNC PULSE IS PRESENT. THIS SIGNAL IS
CONNECTED TO A TRANSISTCR, QS5, WHOSE EMITTER IS GROUNDED, AND WHOSE
COLLECTOR IS CONNECTED TO THE BASE OF THE COMPOSITE QUTPUT TRANSISTCR,
1. WHEN SYNC IS "HI", 0S5 PULLS THE BASE OF Q1 TO GROUND AND THE

COMPOSITE VIDEO SIGNAL GOES LlO.

ALSO NOTE THAT THE COLLECTOR OF Q! IS TIED DIRECTLY TO +5V, SC
THAT Q) IS ALSO A TRUE FMITTER FOLIOWER, BECAUSE OF THIS, ALl OF THE
VOITAGE DIVISION TO ESTABLISH THE CORRECT VIDEO LEVELS (1.4 V FOR
NORMAL VIDEQ, 1.2V FOR 1O INTENSITY, AND .1V FOR VIDEC OFF) MUST BE

DONE AT THE BASE OF 0l.
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SECTION &
RS§-232-C CIRCUITRY

SECTION 4,1 MAIN/AUXILIARY PORT OVERVIEW

THE vC4404 USES TWO SYASS51A UARTS FOR THE TWO REQUIRED SERIAL
COMMUNICATION PORTS. THESE TWO PORTS (MAIN AND AUX) ARE SPLIT BETWEEN
"7 THE TWO UARTS SUCH THAT THE MAIN PORT CAN TRANSMIT AND RECIEVE AT
DIFFERENT BAUD RATES. (THE AUX PORT MUST, OF COURSE, TRACK THESE BAUD
RATES.) ALL DATA AND RANNSHAKE LINES FOR BOTH LINES ARE FULLY
BUFFERED, AND +/-12 VOLT DRIVEN FOR FUILl RS-232-C COMPATIRILITY.

SECTION 4,2 THE MAIN RECIEVE/AUXILIARY TRANSMIT UART, U3l

THIS UART PERFORMS RECIEVE RANDSHAKING, AND DATA COLLECTION
FCR THE MAIN PORT, AS WEIL AS DATA TRANSMISSION FQR.THE 23UX, OR
PERIPHERAL PORT. THE 6551 HAS A FAIRIY STANDARD MICROPRCCESSOR
INTERFACE, WITH ACCESSES TO IT'S 4 INTERNAL RECISTERS COMTROLLED BY
ADCRESS, DATA, R/W, AND CILOCK SIGNALS. THE CHIP SELECT FOR TRHIS UART
IS CENERATED BY THE ADDRESS DECORER, U34,THIS UART'S "IRQ" [INE IS
CCNNECTELC TO THE MAIN PROCESSOR, AS IS THE UART'S RESET [INE. @HE-445%52
BAS A .PROGRAMMABLE .BAUD-RATE: GENERATOR . INTERNAILY, WKICH . ONLY. MEEREG~A
SOURCE- CIOC£ﬁ_IHlS-CIOCKyunUC[KLMEQ "GENERATED. :BY- THE -CCIQOCXINC

CIRCUITRY, SECTICN 4.4, i

SECTION 4.3 THE MAIN TRANSMIT/AUXILIARY RECIEVE UYART, U32

THIS UART HANDLES TRANSMIT DATA, AND HANDSHAKING FOR THE MAIN
PORT, AS WEILl AS RECIEVE DATA AND HANDSHAKING FCOR THE PERIPHERAL PORT,.
THIS UART INTERFACES TC THE MAIN PROCESSOR SIMILARLY TO U3ll.

SECTION 4.,¢ THE RS-232-C BUFFERS, U27,U28,U383,U35

THERE ARE TWQ TYPES OF BUFFFERS REPRESENTED HERE; ONE TYPE FOR
DATA TRAMSMISSION, AND ONE TYPE FOR DATA RECEPTION. THE TRAMSMITTERS
ARE "14£8" +/~ VOLTACE DRIVERS WHOSE SUPPL{IES ARF CONNECTED TO +12V,
AND =-12V. THIS VOLTAGE SWING REDUCFS NOISE PROBLEMS ASSOCIATED WITH
USIMG A "GROUND" L{EVEL AS ONE STATE. THE RECIEVERS ARE THE
CCMPLEMENTARY PART TO THE 1478, AND ONLY REQUIRE ONE SUPPLY. THESE
PARTS ARE "1489" IC'5, AND ARE USED TQ BUFFER ALL INCQOMING RS-232

SIGNALS. THESE RECIEVERS ARE U3A, AND U35,
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SECTION S

POWER SUPFLY

SECTION 5.0 FOWER SUFPLY OVERVIEW

THE_THREE SUFPPLY VOLLTAGES WHICH_THE_VC4404 USES ARE POWERED RY -

A TRANSFORMER WHOSE PRIMARY IS GONNECTED TOQ THE AC LINE VOLTAGE . ..
THROUGH A LLINE FILTER WHICH IS PART OF THE FOUWER CORD RECEPTACLE. THE
TERHMINAL WILL OFERATE ON A 110/120 VOLT QR 2207240 VOLT SUPPLY
DEPENDING ON HOW A JUMPER BLOCK CONMECTED TO THE PRIMARY OF THE
TRANSFORMER IS CONNECTED. THE THREE SECONDARIES USED ARE CONNECTER TO

THE VC4404 CONTROL PCR THROUGH THE CONNECTOR MARKED *POWER*.

THERE IS A FUSE AT THE INFUT OF THE REGULATOR OF EACH OF THE
SUFPLIES., THE. CIRCUIT BOARD HAS A VOLTAGE HMARKEDR AT EACH FUSE
FOSITION. THIS VOLTAGE IS THE VOLTAGE QUTFUT OF THE REGULATOR. THE
- ACTUAL VOLTAGE AT THE FUSE IS MUCKH HIGHCER.

SECTIOM S.1 THEE 45 VUOLT POWER SUPPLY», VR1

THE SECONDARY USED FOR THIS SUPPLY IS RECTIFIED USING A FULL

WAVE RRINGE RECTIFIER (CR1-4) AND THEN FILTERED (C1) AND THEN
REGUILATED DOUWN TO +5 VOLTS BRY VR1,y A 7H0S. THERE IS ALSO A 2A FUSE IN
SERIES WITH THE REGULATOR INPUT TGO PROTECT THE BRINGE AND TRANSFORHMER
IF THL REGULATOR IS OVERLOADED. THLE UDBILTAGE AT THE FUSC IS
AFFROXTIHATELY +9.5 VOLTS. THE REGULATOBR HAS A "T0-3* CASE WHICH IS
HOUNTED ON A HEAT SINK TG DISSIFATE THE HCAT GENERATED IN THE

REGULATION FPROCESS.,

SECTION 5.2 +12 VOLT FOWER SUPFFPLYs, VR2

'

THIS SUFPLY IS ALMOST IDCMTICAL T0 THE +S VOLT SUPFLY, EXCEFT

THAT A DIFFERENT SLECONDARY IS USED» THE BRIDGE IS MADE UP OF CRS-8»
THE FILTER IS C2, AMD THE RLEGULATOR, A 7812 IS A +12 VOLT REGULATOR,
THE VOLTAGE AT THE 2A FUSE IS AFPFRUXIMATELY +18.3 VOLTS.
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SECTION 5.2 -12 VOLT POWER SUPPLY,

THE LOAD ON THE -12 VOITS IS CONSIDERABL
TWO SUPPLIES, S0 THAT THE CASE OF THE REGULATOR
AND IT IS LEFT FREE-STANDING. THIS REGULATOR IS
DIFEREMT SECONDARY IS USED FOR THIS SUPPLY, AND
RECTIFIED BY CR9, A SINGLE HALF-WAVE RECTIFIER.
THIS SUPPLY, AND IT IS PROTECTED BY A 1/4A FUSE.
FUSE 1S APPROXIMATELY +9.5 VOILTS,.

PACE 13 of 14
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VR2

Y LESS THAN THE OTHER
IS A "TO-228" TYPE,
VR, A 7912. AGAIN, A
IT'S OUTPUT IS

C3 1S THE FILTER FOR
THE VOLTAGE AT THE
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SECTION A

MISCELLANEQUS CIRCUITRY

SECTION 4.1 THE OPTION SWITCH CIRCUITRY, U36-309

THIS CIRCUITRY IS USED TO READ THE VC44a4'S 14 OPTION

SWITCHES. THESE SWITCHES, ARE MADE UP OF TWO & POSITION "PIANO® DIP.

SWITCHES, WHICH ARE ACCESSARLE THRCUGH THE BACK OF THE V(C44P4, THESE .
146 SWITCHES ARE SET UP IN A 4 BY 4 MATRIX. THE COLUMN DRIVERS ARE
741525 OPEN COLLECTQR INVERTERS, WHOSE OUTPUTS GO "LQO" IN RESPONSE TO
A "HI™ ON MAIN PROCESSOR ADDRESS L INES Af-A3. WHEN READING, THESF
[INES ARE "RAISEDN" ONE AT A TIME (ONE COQLUMN AT A TIME) FORCINGC: ANY
ROW WITH A SWITCH (OF THE SELECTED COLUMN) CLOSED, TO GO [QOW.

EACH RCW IS "PULLED-UP" TO 45 VOLTS BY RESISTORS RA@-R43,
ALS0O, THESE RCWS ARE CONNECTED TC THE INPUTS QOF 4 OF THE SIX BUS.
DRIVERS IN U235, A 741S3A8 HEX BUS DRIVER, WHICH INTERFACFS WITH THE
ROARD'S DATA BUS WHEN SELECTED BY THE ADDRESS DECONING, U34, (Sa/A¢
HZ, AND J12 IS ALSO READ THRCUGH TIHIS BUFFER.) WHEN ONE COILUMN OF
SWITCHES IS SCANNED, READING THIS BUFFER TELLS WHICH SWITCHES ARE"
CLCOSED.

SECTION 45,72 THE RESET TIMER, 25

THIS DEVICE, A 555 TIMER IC IS USED TO RESET ROTH THE MAIN AND
VIDEO PRCCESSOR, AND ALSC ALI THE LSI PERIPHERAL CHIPS ON THE VCd4404,
THIS TIMER IS SET UP IN THE “ONE-SHOT" MQODE, WITH A PULSE DURATIQON QF
ABOUT 5S¢ MIILISECONDS. THIS ONE-SHOT MAY ALSO BE TRIGGERED BY GHORTINU
TO GROUND THE PAD ON THE VvCA44@4 CONTROL BQARD MARKED "RESET".

SECTION 4.3 THE BELL CIRCUIT, U2],033,U3¢

THE BELL USENR ON THE VCe¢24 1S A PIEZOELECTRIC SPEAKER. IT IS
DRIVEN BY A SPARE RS-232 DRIVER, PIMS 11-13 OF U28, A 1498, TO ALLC4 A
FULL +/- VOLTAGE SWINC TO INCREASE THE QUTPUT AMPLITUDE OVER USING
JUST +5 VOLTS. THE KEYBOARD UART'S TRANSMIT [INE IS USED TO EMARLE THE
BELL. WHEN THE SCFTWARE WISHES TO ACTIVATE THE BELL, THE UART (U33) IS
PLACED IN THE BREAK MQDE, CAUSING THE "TXD" CQUTPUT TO CO IO FOR THE
LENGTH OF THE BREAK. THIS LO IS INVERTED BY U2Q, AN QPEN COLLECTOR

INVERTER, AND IT'S PULL-UP, R39.
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THE FREQUENCY OF THE BELL IS ACTUALLY DETERMINED BY THE SIGNAL
AT PIN 13 OF U228 (MARHKED "BELIL"). THIS SICMAL IS CONNECTED TO RASTER
ADDRESS LINE Al, SINCE IT IS CONTINUALLY COUNTING. THIS MAKES THE BELL
FREQUENCY ABOUT 4_KnZ,

SECTION 5.4 THE CLOCK CIRCUITRY, Ulg,u21-23

THIS CIRCUITRY GENERATES THE MECESSARY CLQCKS TO ALLOW THE
vCA4nd4 TO FUNCTION PROPERLY. ALL QF THE CLOCKS GENERATED ARE DRERIVED
FROM A 14,745 CRYSTAL OSCILLATOR. A NIVINDER, U23, NIVINDES NOWN THIS
MAIN CLOCK INTO LOWER FREQUENCY CLOCKS. SOME OF THEGE CLOCCKS ARE USED
DIRECTLY, AS THE CASE OF "UCLK" WHICH IS CCNNECTED TO THE "QC" CUTPUT
OF U23, THE NDIVIDE BY 2 -OUTPUT. OTHERS, IIKE THE LOAD-CLQCK (N3,04, ——
AND U24 PIN 15) ARE GENERATED BY ACTUALLY GATING TOGETHER AND -
INVERTING MANY CLQCKS. THESE CLOCKS ARE TYPICALLY QNUITE COMPLICATEDR.
THE MAIN AND VIDEQ PROCESSOR'GS CIOCKS ARE TENERATED USING A J-X
FLIP-FIOP, (Ul8) WHICH AMONG OTHER THINCS SUPPLIES TWO CLQCKS WHICH
ARE IN TIME SYNCHRONIZATION, RUT EXACTLY CPPOSITE IN POLARITY.

SECTION A.% THE KEYBCARI™ UART, U33

THIS UART INTERFACES T0O THE VvC44P4'S CPU STRUCTURE L[IKE THE
CTHER TWO UARTS. IT'S TRANSMIT SECTION CONTROLS THE BEIL (SECTION K.3)
BUT IT'S RECIEVE SECTION IS USED TO RECIEVE INFORMATION FROM THE
VC4424'S XEYBOARD., THIS KEYBCARD CONNECTS TO THE vC44r¢4 CONTRQL BOQOARD
AT THE CONMECTOR MARKED "XEYRCARDR", FROM WHICH THE KEYRBOARD ALSO
DERIVES IT'S POWER. THE KEVYBOARD'S DATA LINE IS DECOUPLED, AND CLAMPED

BEFQRE ENTERING THE UART.
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APPENDIX A

MEMORY MAP

SUB-SYSTEM ADDRESS
------------------------------------------- FFFF
{ CONTROL ROM {
____________________ SO USSR Y T -
Iittt*t*i*i**** (NOT USED) tt*****ttt*****[
——————————————————————————————————————————— BRAR
} SWITCHES, I

I SA/A% HZ, JUMPER J12 |

- e e ————————— Bap@

Ittt**t*t*t*i** (NOT USED) ********tt*t***l

------------------------------------------ TRA4

I U32 P

| MAIN PORT TRAMSMIT UART IR
e ——————— . 7R73
I A2 ER B EREREREERES. (NOT USED) [ E B2 EEXEERERERERJNESE LN
R e ———- 5804
! 3 <55 !

I MAIN PORT RECFEIVE UART !
————————————————————————————————————————— S30@
L2 B R EEEREEEEXNEE] (NOT USED) I EEEEEEEEENEEENRXE.]
----------------------------------------- 3804
I u3s3 |

| - KEYBOARD RECEIVE UART j
----------------------------------------- 3840
IR B R R E R RERERE:RZSE, (NOT USED) I EEEEREERSEEEZNS N
----------------------------------------- 13FF
I RAM FOR EVEM NUMBERED CO[UMNS ! '

! WORK AREAS, BUFFERS, ETC. !
----------------------------------------- 1080
L R 8 TP I I I B R ) (NOT USED)**'*************
e @BFF
I RAM FOR ODD NUMBERED COLUMNS —

{ WORK AREAS, RUFFERS, ETC. |
————————————————————————————————————————— pgae
kool okdkok o Rk (NOT USED) PRSP I IR IR 2 b I 2 2 2F S 3
----------------------------------------- A3FF

! BOTH RAM AREAS |
| MAPPED TOGETHER ]
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1.% Introduction

2.1

This menitor uses direct drive video, horizontal drive and
vertical drive signals. All components except the picture tube
ané 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’

voltage lead (where it connects to the bell of 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 and disconnect
the horizontal and vertical yoke connectors on the circuit board.
Remove the screw near the top of the hoard which holds the board
to the power supply bracket and pull the board out of the edge_

connector on the display board. L o
Performance Specifications
Video:

~a positive input results in a white display.
~min. pulse width: 52 nsec.

~rise/fall times: 206 nsec. max.

~input impedance: 3408 ohms shunted by 5¢ pf.

-~

Horizontal Crive: :

~4.#% + 1.5 volts p.p. referred to @ volts

~a positive transition initiates drive

~pulse width: 27.5 usec. nom.

~rise/fall times: S0 nsec. max.

~input impedance: 10A¢ ohms shunted by 44 pf.
-~

Vertical Drive:

-4, + 1.5 volts p.p. referred to @ volts.

~a negative transition intitiates sync.

~pulse width: 75 usec. to 1.5 msec.
~rise/fall times: 17 nsec. max.

~input impedance: 1#40¢ ohms shunted by 4@ pf,
Video Amplifier:

~bandwidth: DC to 12MHz (+3db)

~-rise/fall times: 30 nsec.

Drive Frequencies:

~horizontal: 15,75 kHz + 584 Hz.

~vertical: 47 to &2 Hz {(automatic sync, no hold control}
~horizontal blanking time: 18 usec. min. '
~vertical retrace time: 857 usec. min.
Display:

-linearity: adjustable electronically in both axes.
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On-hoard Controls:
-focus

-brightness
-~horizontal linearity
-width

-vertical size
~vertical linearity
~vertical centering

Power Requirements:

- +15% volts NC

or +12 volts NC

or +12 volts DC and -5 volts DC . :
NOTE: The power requxred depends on Whlch flyback transformer 1s

used.

THEORY OF OPERATION

Video Amplifier:

:
The video input, edge connector pin 8, drives the video output
stage, Ql1M, which drives the cathode of the tuhe. Zero volts on
the video input turns Ql¢ off to give no display and a positive’
voltage on the video input turns Q12 on which drives the cathode
of the tube to a higher voltage causing a white .level on the
display. Power for the collector of Qlf is generated from pin S
of the flyback transformer, rectified into a DC voltage by DR and
then passed through R35, R35 ‘and [l. The voltage at the cellector
of Qlff is approximately +87 wvolts DC. . .

The voltage from D? also drives one end of the brightness control
after it is reduced by 25 volts by zener diode D4 to approximately
+55 volts., The other end of the brightness control is driven by
approximately =94 volts which is generated through D5. The
brightness control alters the operating point of the tube bhy
biasing the control grid, pin 1 of the tube.

Contrast:

The contrast control is mounted on the front of the terminal as
part of the power switch., The contrast control biasesthe base of -
Ql1l between +15 volts and ground. As the contrast centrol is
adjusted to deliber a lower voltage to 011, Q1 turns on more and
sinks more current from the video signal. This allows less
current to flow through R27 causing a lower voltage at the base of
Q16 and, therefore, lower video drive and less voltage to the

cathode of tube.
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3.3 Horizontal Deflection:

When the horizontal drive goes to logic one, 013 saturates causing
current to flow through the primary and, therefore, the secondary
of driver transformer, T2. The secondary of the driver
transformer drives the base of transisteor, Ql2, which turns the
transister on, which causes current flow through the primary of
the flyback transformer, Tl. When the horizontal drive returns to
logic zero, Q12 is cut off sharply and the flyback transformer and
horizontal yoke resonate causing a large retrace pulse. Tlhe
energy transfer bhetween the flyback transformer and the horizontal
yoke causes horizontal scanning of the electron beam in the. tube.
The width, [3, and the horizontal linearity, 12, controls, being
in series with the yoke, alter the amount of current available for
w-————horizontal-deflection, -  ———- o e

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 XV. The other voltages are derived from the
signals from pins 4 and 5 of the flyback transformer. The signal
from pin 5 was covered in the video amplifier section. The siqgnal
from pin 4 is rectified into a positive voltage of approximately
+754 volts DC by D7. This voltage drives one end of the focus
control and the grid on pin 5 of the tube. The signal from pin 4
of the flyback transformer is also rectified into a negative

- voltage of approximately -94 volts DC hy DS5. This voltage drives
one end of the focus control and of the bhrightness control.

3.4 vertical Oscillator and Amplifier:

IC numbher 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 CS5.
When the vertical drive signal is present, the falling edge of the
waveform trigqgers the oscillator which modifies the period of its
output waveform to give the display refresh frequency of either 5@

or 690 Hz.

A rectangular wave is generated at pin 3 of U2 and a sawtooth wave
is generated at pin 7 to provide the vertical deflection ramp.
R7,- 05, D1 and D2 from a constant current source to keep the ramp

linear.

The vertical deflection ramp is then buffered by IC number UIC and
the vertical size contrel, RV2, attenuates the output from ulc,

This signal drives a power amp. consisting of UlC, Q2, Q3, 04, 05
and their associated resistors. This power amp. drives the top
end of the vertical yoke.
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Another power amp. consisting of UlB, 01, 07, 08, 09 and their
associated resistors drives the lower end of the vertical yocke,

when the trace is at the top of the display, the vertical yoke is
biased with approximately +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 display.

The vertical center control, Rv3i, biases the driver for the hottom
of the yoke. It changes the voltage level on the bottom of the
yoke during the time that the trace is moving down the display
causing the display to be moved vertically on the screen.

Because of the inductance of the yoke, the vertical deflection
ramp appears at the hottom of the yoke to he slightly exponentlal.
This wave form is fed hack to the negative input of UlC and
depending on the setting of the vertical linearity control, RVY,
it is added or subtracted to the vertical deflection ramp to
change the vertical linearity.
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