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DISCLATMER

The Intecolor Corporation assumes no
responsibility for errors that may appear in
this document. 1Intecolor Corporation
reserves the right to revise this document
and to make changes from time to time in its
contents without obligation of Intecolor
Corporation to notify any person of such
revision or changes.

Intecolor Corporation also reserves the right
to make circuit changes for the purpose of
improving product reliability and/or
performance without providing notice.

PRIETARY STA'

This document, submitted in confidence,
contains proprietary information which shall
not be reproduced or transferred to other
documents or disclosed to others or used for
manufacturing or any other purpose without
prior written permission of the Intecolor
Corporation, 225 Technology Park/Atlanta,
Norcross, Georgia, U.S.A. 30@92.

JIMPORTANT NOTICE

Products delivered by the Intecolor
Corporation contain proprietary code and
interfacing protocol in the form cof
non-loadable microcode incorporated in EPROM,
ROM and similar devices. It is violation of
copyright laws to copy such code without
specific written approval of the owners of
the code. ) :
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DEFINITIONS

WARNING!

Where the word WARNING! is used in this manual, the
associated note refers to operations or procedures which
involve possible exposure to dangercus voltages, contact
with which could result in personal injury or even
death.

CAUTION!

Where the word CAUTION! is used in this manual, the
associated note refers to operations or procedures which
involve possible damage to equipment.

TRAINED AND QUALIFIED

Where the words PERSONS TRAINED AND QUALIFIED are used
in this manual, they refer to either of two types of
individuals:

1) Persons who through general technical training are
aware of the possible dangers in working in proximity
to hazardous voltages and know how to avoid personal
injury in working with equipment involving safety
hazards.

or

2) Persons who have received specific training in use of
the procedures involved and in the safe performance
of these procedures.
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SECTION I. GENERAL DESCRIPTION

The 3600 Series of Intecolor desktop units includes data handling and
processing devices that can function as complete stand-alone computer
systems or as an interactive intelligent data terminals. Each system,
including a keyboard (and a Mini-disk drive in some configurations), is
housed in a single attractively-styled molded cabinet.

All units in the 3609 Series feature color graphics on a 128 x 128 grid.
The dispaly format for standard characters is 32 lines with 64 characters
per line. Each unit in the series has a standard 13" color CRT which can
display any of eight foreground and eight background colors — red, blue,
green, yellow, magenta, cyan, black and white. Product current in 1984
uses the pre-converged in-line CRT. 1In older product, excellent
convergence is readily obtained with nine-sector control from a recessed
front panel.

The basic 3681 Terminal includes an Analog module which generates the
system low voltages and line-frequency sync, the regulated high voltages
and bias voltages for the CRT, and the horizontal sweep, vertical sweep and
convergence waveforms. A small Video Driver module is mated to the (RT
base. The Digital (Logic) module includes circuits for the microcomputer,
the display generator and display memory functions. RS-232-C campatible
serial 1/0 is available via a 25-pin connector at the rear of the console.
User-designed and furnished interfacing for additional I/O or other devices
is possible via a 50-pin bus, also at the rear of the console.

In the 3650 Series of computers the Logic module also includes disk drive
control and interfacing for handling both 5.25" Mini-disk and 8" Floppy
Disk drives -- either single or dual headed. In addition to the RS-232-C
compatible serial I/O, the 3658 Series units have an X-Bus with &-bit
parallel I/0, six address bits, XI/OR and XI/OW. All X-Bus lines are
buffered. If a 568-pin edge connector is used, the remaining 18 address
bits and certain other signals (all unbuffered) are available for user
implementation.

The full-size built-in keyboard is available in three versions: the
standard 72-key, including cursor controls; the 10l-key version, which has
numeric and color clusters added; and the 117-key keyboard, which has 16
plot/function keys as well.

Standard units in the 3608 Series have included the:
Intecolor 3601 Terminal with 72-key Keyboard

Intecolor 3621 Computer with 117-key Keyboard, 32K of User RAM and an
external Micro-Disk Drive

J

-

Intecolor 3651 Computer with 72-key Keyboard, an internal Mini-Disk

Drive and 16K of User RAM (optionally 32K)

Intecolor 3652 Computer, similar to the 3651 but with two Mini-Disk
Drives

Intecolor 3653 and 3654 Computers with dual 8" Floppy Disk Drives,
single head and double head respectively

Other 3609 Series units have been manufactured. A number of options are
available. .

1.01
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In order to keep maintenance information available for the Compucolor II,
manufacture of which has been discontinued, its specifications, alignment
procedure, circuit descriptions and schematics have been included in this
manual,

The Compucolor II used the same 64 character by 32 line format as the 3600
Series units. Operation was much the same as for the 3621. The Logic
Module, Microdisk Drive and Keyboard of the 3621 are much the same as those
in the Compucolor II, Circuit differences were in the analog and video
driver areas. :

Components were housed in a television-type cabinet. Display was on a 13"
diagonal in-line (but not preconverged) color CRT. The keyboard was
separate., There was provision for one or two microdisk drives.

Specifications, installation information, alignment procedures and circuit
descriptions are included at the ends of Sections II, III, IV and V
respectively. Schematic drawings are near the end of the Drawings
section.
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1. SPECIPICATIONS

Intecolor 3600 Series SPecifications

gggrating Conditions
Power

Temperature
Humidity

Physical Dimensions
Cabinet size
Weight
Shipping Weight
Micro-Disk Drive
Mini-Disk Drive

Single
Dual
8" Floppy Disk Drive
Single
Dual

Display

CRT Type

Colors

Dimensions

Format

Characters

105-125 volts, 50/60 Hz., 180 to 159 watts.
(Optionally 219-250 VAC)

+18°C to +40°C Operating
-3@°C to +78°C for storage only

P to 95% non-condensing

19 3/4" W x 13 3/4" B x 26 5/8" D

51 pounds

62 pounds

57/8"Wx31/2" H x 8 1/4" D, 4 pounds

6" Wx 3 3/4"H x 12 1/2" D, 8 pounds
11 3/4" W x 3 3/4" H x 12 1/2" D, 16 pounds

9" W x 6" H x 20" D, 25 pounds
21" W x5 1/2" H x 23 1/2" D, 48 pounds

13-inch diagonal, 990 square inches in area.
Pre-converged in-line. (Older units have
standard resolution delta gqun or optional
high phosphor density delta gun).

Eight colors, background and foreground
(red, green, blue, yellow, magenta, cyan,
black and white).

9.5" wide x 7.25" high, 4 x 3 aspect ratio.

64 characters per line, 32 lines per page
(or 16 lines with 2X character height).

64 ASCII characters, 5 x 7 dot matrix within
a 6 x -8 dot pattern, plus 64 special
characters in a 6 x 8 matrix. (Other
character sets available as options.) 128 x
128 graphics and vector generating
software.
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Cursor

Refresh rate

Keyboard

Features

Microcomputer
CPU

Memory

1/0 Ports

White blinking underscore in 365@ Series,
overscore and underscore in other units,
non—-destructive.

60 or 50 times per second, synchronized to
power line frequency.

72 gold crossbar commercial key switches.
Coded with 192 codes. (Optionally 101 keys
or 117 keys —-- 117-key option provides 256
codes) .

Cursor controls, CPU Reset, Erase Line,
Erase Page. (lfl-key option adds 1l6-key
number/mathematics pad, 9-key color/conmand
pad and 4 other function keys; l1ll7-key
option further adds 16 plot/function keys.)

8080 2-microsecond CPU with total address
capability of 64K.

16K bytes of non-destructive read only
memory (ROM). (Optional add-on board has
four sockets for additional RPM, up to 8K)

4K bytes of random access memory (RAM) for
CRT screen refresh.

3658 Series units have 4K bytes of RAM for
disk buffer,

User dynamic RAM to 32K bytes in computer
configurations. 16K standard in 3650
Series, with additional 16K optional. 32K
standard in 3621. 36081 has 128 bytes of
static RAM for terminal operations.

One RS-232-C serial asynchronous channel for
a modem or printer. Other ports available
for user implementation via 58-pin bus.
Baud rate is keyboard selectable for one of
seven rates, ranging from 118 baud to 9688
baud. One or two stop bits. No parity.

3650 Series has dick drive I/0 capable of
supporting up to three 5.25" Mini-Disk
Drives and four 8" Floppy Disk Drives,
single or double headed. The 3658 Series
also has an X-Bus for 8-bit parallel 1/0.
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Editing

Language

isk Dri -3

Medium

Capacity

Data Transfer

3651 Intecolor

3652 Intecolor

3653 Intecolor

3654 Intecolor

Page Roll Mode, Erase Line, Erase Page, Tab,
Caps Lock, CPU Reset and Color Selection.

Intecolor 3650 Series and the 3621 have
Extended Disk BASIC interpreter in ROM which
includes 27 statement types: CLEAR, DATA,
DEF, DIM, END, FILE, FOR, GET, GOSUB, GOTO,
IF, INPUT, NEXT, ON, OUT, PLOT, POKE, PRINT,
PUT, READ, REM, RETURN, RESTORE, STEP, THEN,
TO and WAIT.

Five command types: CONT, LIST, LOAD, RUN
and SAVE.

18 mathematical functions: ABS(x), ATN(x),
CALL(x), COS(x), EXP(x), FRE(x), INT(x),
INP(x), LOG(x), PEEK(x), POS(x), RND(x),
SGN((x), SIN(x), SPC(x), SQR(x), TAB(x) and
TAN(x) .

Nine string functions: ASC(xS), CHRS$(xX),
FRE(x$), LEFTS$(x$,I), LEN(xS$), MID$(x$,I,J),
RIGHTS$(x$,I), STRS$(x) and VAL(xS$).

Disk File commands: COPY, DEVICE, DIRECTORY,
INITIALIZE, LOAD, PRINT, READ, RENAME, RN,
SAVE and WRITE.

The 3621 Intecolor also includes FORTRAN.

5.25" Sof-disk using 46 tracks, 18 sectors _
8.88" Sof-disk using 77 tracks, 38 sectors

Accessible with disk(s) in drive(s),
Single Mini-Disk Drive — 92,160 bytes
Dual Mini-Disk Drive — 184,328 bytes
Dual 8" Floppy Disk — 295,680 bytes
Dual Double Headed 8" — 591,360 bytes

125 Kilobits per second in 5.25" drives and
250 Kilobits per second in 8" drives. The
5.25" drive requires approximately one
second for speed stabilization.

One built-in 5.25" single headed disk
drive.

One built-in and one external 5.25" single
headed disk drives. The external drive has
a separate power cord.

External dual 8" single headed disk drives.

External dual 8" double headed disk drives.
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Disk Driveg —-- 36 uter

Medium 5.25" Sof-disk, using 48 trdcks with a track
. density of 48 tpi.
Capacity 51.2K bytes per side. Both sides usable by
flipping disk over. :
Data Transfer 76.8 Kilobits per second. Average access
time 409 milliseconds. Average latency 208
milliseconds.

Compucolor II Specifications

Operating Conditions: As for the 3680 Series.

Physical Dimensions : Cabinet 18.6" W x 13.6" H x 15.8" D
Kevboard 18.7"W x 2.8" Hx 6.9" D
Weight 37 pounds, including keyboard
Ship. Wt. 45 pounds complete

13 inch diagonal in-line color CRT (not
preconverged). 90 square inches in area,
with display about 60 square inches.

Display

Colors, dimensions, format, characters,
cursor and refresh rate as for the 3600
Series.

Keyboard As for the 3609 Series.

User RAM configured as BK, 16K or 32K.
Other factors as in the 3621 model, except
Fortran is not included.

Microcomputer

Disk Drives As for the 3621 model.
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I1I. INSTALLATION AND POWER-UP

1 iderati

The console portion of the 3608 Series unit should always by checked first
on receipt. External disk drives and other devices should not be connected
to the unit until proper operation of the console has been verified.

A 3600 Series Intecolor camputer or terminal is intended for use on a desk
or table or any similar vibration free horizontal surface that is free fram
dust and lint.

A space 20 inches wide by 28 inches deep is adequate for the console.
Allow for 15 inches in height. The external disk drives of the 3652,
3653,3654 and 3621 can be placed at a convenient location nearby.

The unit may be used under normal room lighting conditions, but direct
sunlight and excessively bright room lighting should be avoided (as
would be the case for a color television set).

It may be installed adjacent to most types of electrical or electronic
equipment, provided that it is not located within a strong magnetic
field. (Operation within a strong magnetic field may affect the quality
of the display and the transfer of data to or from the micro-disk drive
unit in a 3621.)

No special cooling provisions need be made for the 3600 Series Intecolor
unit, but there must be free flow of air around the console and the
vents in the bottom of the cabinet must not be blocked.

Except for external disk drives and other optional peripheral devices,
the only external connection is the 7-foot 3-wire power cord to a source
of 115 VAC power.

Turn— i Initial Test
For initial test of the 3600 Series Intecolor unit, proceed as follows.

Prior to power—up, use a small wire jumper to connect terminals 2 and 3
of the 25-pin MODEM socket at the rear of the console. (As viewed from
the rear, these are the second and third from the rlght in the top row
of socket terminals.)

Then connect the unit to a source of 115 VAC power, but do not connect
any external devices to the unit yet.

On the console rear panel, depress the upper portion of the white power
switch, Within about 38 seconds, warm-up should be camplete ané the
appropriate display should appear in the upper left area of the screen.
For the basic 3601 terminal this will be in single height characters:

INTECOLOR 3601 CRT MODE V18.80-32E

or similar. (The figures following the V indicate the date of the
software, which may be revised fram time to time.)
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For units with user RAM the display in red, cyan, yellow and green 2X
characters will be:

DISK BASIC V9.8 COPYRIGHT (C)
MAXIMUM RAM AVAILABLE?

- 15665 BYTES FREE
READY

or similar. (A unit with 32K user RAM will show 32049 BYTES FREE)

If the screen display does not appear, pressing the CPU RESET key usually
will bring it up unless a serious problem exists.

For a check of the display size, erase page with a background color other
than black:

1. If not in the CRT Mode, operate the CPU RESET key.
2. Operate the CAPS LOCK key to the locked down position.

3. Operate the BG N/FLG (N key.
4. With the CONTROL key held operated, operate a color key, such
as RED (the Q key). Release the CONTROL key.

5. Operate the ERASE PAGE key.

The raster in the selected color should be approximately 7.25 x 9.5 inches.
The blinking white cursor is visible at the upper left corner of the
raster.

To verify convergence, use a full-screen display of white letters against a
black background:

1. With the CONTRQOL key held down, operate the black (P) key.
2, Operate the FG ON/FIG OFF key.

3. With the CONTROL key held down, operate the white (W) key.
4. Select double height characters by operating the A7 ON Key.

5. In sequence, operate the (ESC), (TEST)Y and L keys.

There should be a full-screen display of double-height L characters, in
white against a black background. Over the entire display the red, blue
and green colors should be superimposed on one another reasonably well to
yield white letters. (The 3600 Series Intecolor unit was in alignment when
shipped from the factory. After shipment, in some cases touch-up of the
convergence adjustments in the older delta gun units may be necessary and
sometimes degaussing may be required. These procedures are described in
Section IV of this manual.)

Operate the CPU RESET key. The screen display should be:
CRT MODE V9.80

or similar.
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To test transmit and receive via the RS-232-C serial I/O port, operate in
sequence the (ESC) and F keys. This sets the full duplex terminal mode.
The screen should display the appropriate characters when the alpha keys
are operated.. Operate the (ESC) and H keys in sequence to enter the half
duplex mode. Now when an alpha key is operated the screen will display the
character twice -- once as a result of the key operation and again as a
result of the transmit-receive loop. Remove the wire jumper from the MODEM
socket., Operate the (ESC) and F keys in sequence. Now when alpha keys are
operated, the screen will not display the characters — they are sent only
to the RS-232-C output port. Operate the CPU RESET key to regain control.

If the unit has user RAM, operate the (ESC) and the W keys in sequence.
The screen display should be:

DISK BASIC V9.80 COPYRIGHT (C)
MAXIMUM RAM AVAILABLE?

Operation of the RETURN key will bring the response:

15665 BYTES FREE
READY

(or, for a 32K unit, 32049 BYTES FREE)

If the unit has an internal disk drive, open the door of the disk drive and
insert the sampler diskette in the drive (label to the right when the
diskette is inserted in a 5.25" Mini-Disk drive). Close the door of the
disk drive unit. Operate the AUTO key. The diskette "Menu" should appear
on the screen within a few seconds. Follow the menu instruction to use one
of the programs on the diskette. (Note that either the SHIFT or the CAPS
LOCK key must be in the down position when giving an ALL command via the
keyboard.) The resulting displays should appear normal. To terminate
operation of the program, operate the " & " cursor down key or CPU RESET.
Remove the diskette from the disk drive.

Removal of the diskette from the drive after use is good practice.
Occasionally damage to the recorded program occurs at power turn—on or
turn-off if the diskette is in the drive unit.

Operate CPU RESET to return to the CRT mode. Turn power off by depressing
the lower portion of the power switch. The unit is now ready for
connection of external devices.

Peripheral Devi

When connecting external devices to the console, power should be off in
both the console and the external device.

Io connect the external disk drive to the 3650 Series unit, connect the
edge connector of the drive's flat flexible cable to the EXT DISK board
area at the left rear of the console, dark colored stripe to the left as
viewed from the console rear. (Standard configurations have no more than
one external disk drive unit — single or dual. However, additional drives
may be added through multiples off this same connection.)
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Connect the disk drive unit's power cord to a source of AC power (standard
is 60 Hz, 115 VAC, 3-wire). Operate the console power switch on and then
the power switch of the external disk drive. The drive is ready for test
with the sampler diskette.

Ihe external micro-disk drive of the 3621 Intecolor is connected as
follows. With power off the 3621 unit, locate the keyboard edge connector
at the rear of the console -- the edge connector at the extreme left on the
Logic Module. Note that the color stripe on the flexible cable is to the
left, as viewed from the console rear. Gently remove this connector from
the Logic Module edge. Connect the external disk drive cable to the Logic
Module J1 in its place, color stripe to the left. (The even numbered
terminals of the connector are uppermost.) Then connect the keyboard's
edge connector to the branch on the cable of the external disk drive, color
stripe to the left as before. The system is now ready for use with the
external micro-disk drive.

If connection to a modem or other device is to be made, the user provides
the necessary cabling and any required interface device.

For an RS-232-C compatible modem, the terminals on the 25-pin connector at
the console rear are shown in the table below. The usual modem connections
are indicated; however, the modem manufacturer's instructions should be
consulted.

Modem
Term, No. Signal

1l AA - Protective Ground

2 BA - Transmitted Data

3 BB - Received Data

4 CA - Request to Send

5 CB -~ Clear to Send

7 AB - Signal Ground

20 CD - Data Terminal Ready

The length of the cable between the Intecolor and the device connected to
the RS-232-C output should not exceed 50 feet.

If the unit is to be connected directly to a host computer (directly,
rather than through modems or same other interfacing device), it probably
will be necessary to interchange the "transmit™ and "receive" leads in the
cabling. (The host camputer's receive will be the Intecolor's transmit and
the host computer's transmit will be sending to the Intecolor's receive.)

Certain serjal-type printers may be operated from the RS-232-C serial I/O

port. Again, in some cases it may be necessary to interchange the
"transmit” and "receive" leads for operation. For same types of printers
the baud rate can be important for good operation. Standard Intecolor
units default to 9608 baud with one stop bit. (Special configurations may
default to a different baud rate.)
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e te:
N 1. Operate CPU RESET to enter the CRT Mode.

2. Operate A7 ON if one stop bit is desired. For two stop bits,
operate BL/A7 OFF.

3, Operate the (ESC) key, then the R key.
4. Operate a number key to specify a baud rate -- see table below.

BAUD RATE SELECTION
Number Key 1 2 3 4 5 6 7
Baud Rate 110 150 300 1200 2400 4800 9600

The S5@-pin bus at the rear edge of the Digital board (to the right, as
viewed from the console rear) allows considerable flexibility for
connection of user-designed devices.

It provides access to the system data bus, to the address bus, to DC
power and several other signals — see schematic drawing.

(™ In the 3661 and 3621, DC power drain from the +5V supply should not

‘ exceed one ampere; the -5V drain should not exceed 250 milliamperes and
the +12V drain should not exceed 500 milliamperes. The load on other
lines should not exceed one TIL load per line.

The cable to the interfacing device should be kept short -- leads over 6
inches in length may cause problems.

In the 3650 Series units, drain on the power leads should be minimal --
they are intended primarily for sensing. The buffered lines of the
X-Bus can support more than one TTL load, but the unbuffered lines
should not be loaded in excess of that amount.

Initial Al :
The 3608 Series Intecolor unit should be in aligmment when received fram
the factory. For the older units with the delta qun CRT, in some cases
touch-up of the convergence adjustments on the recessed front panel may be

necessary. Degaussing sometimes is required. The procedures are outlined
in Section IV.
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JInstallation of the Compucolor IX

Installation and initial test of the Campucolor II is very much the same as
that described for the 3600 Series units except for the difference in the
port connectors. The Compucolor II uses edge connectors at the rear edge
of the Logic Module, visible through an opening at the rear of the console .
near the bottom of the cabinet, for both the keyboard and the serial 1/0

port.

The keyboard edge connector is mated to the Jl area of the Logic board. J1
is nearest the side of the console. Terminal 2 of the connector is
uppermost. Connect the keyboard before initial power-up of the unit. If
the unit has an external disk drive, the keyboard and disk drive are

multipled off the same Jl area of the Logic board.

The power cable plugs into a socket at the rear of the console. The power
switch is adjacent to the socket.

Verify correct operation of the keyboard/console combination before
connecting any peripheral devices.

At power-up the unit normally initializes in BASIC. The number of bytes
shown as free depends upon the amount of user RAM. Operation of the CPU
RESET key initializes the unit in the terminal mode.

Tests may be made as outlined for the 3600 Series units earlier in this
section. However, if a test in full duplex is ‘desired, use of an edge
connector with terminals 3 and 5 shorted is recommended. The shorting
connector goes on the Logic board J2 area near the keyboard connector.

For use with a modem, the usual connections are listed below. However, the
modem manufacturer's instructions should be consulted.

Logic Board Modem
J2 Term, No. Term, No, Signal
1l 1l AA - Protective Ground
3 2 BA - Transmitted Data
5 3 BB - Received Data
7 4 CA - Request to Send
9 5 v CB - Clear to Send
14 7 AB - Signal Ground
15 20 CD ~ Data Terminal Ready

The serial I/0 port (J2) alternately can be used with a serial type
printer. However, the Compucolor II software does not include printer
drivers.

The Compucolor II includes the 50-terminal edge area on the Logic board as
described in Appendix D of this manual.
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IV, ADJUSTMENT AND ALIGNMENT

Section Content

This section describes the adjustment and alignment procedures for the
Intecolor 3608-Series Terminals.

All Intecolor units are completely adjusted and thoroughly tested before
shipment from the factory. 1In normal use, no more than minor touch-up
adjustment should be required. Product current in 1984 uses pre-converged
in-line cathode ray tubes, so the convergence adjustments associated with
delta gun CRTs are not required. Units of older manufacture which use the
delta gun CRT may require convergence touch-up and/or degaussing from time
to time. Following repairs, all adjustments should be checked while the
unit is in the shop.

Important! Please read the entire applicable procedure before beginning
adjustment. The job goes more smoothly when you know how to
obtain a stable display of approximately the correct size at

power up.

Prelimi
Hazards — First, a few words regarding possible hazards:

WARNING! Any maintenance performed with power on and cover off
subjects the operator to electrical shock hazards that could
cause injury or death. Such maintenance should be performed
only by trained and qualified service personnel who are
aware of the existing hazards.

WARNING! Operate the unit on single phase AC power only. The power
supply protection circuit is designed for single phase only.
Do not attempt to operate 22@-volt units on standard U.S.
damestic two-phase 2308 VAC.

WARNING! The upper line voltage limit (250 VAC) must not be exceeded
— the line filter, fuse, fuseholder and switch are rated at
25¢ VAC maximum,

JTemperature: In all cases, the temperature of the unit should be fairly
stable when final adjustments are made. For initial adjustments, if the
unit has been stored under unusually cold or warm conditions its
temperature should be in the operating range (+18° to +48° C) for at least
38 minutes before proceeding.

Power Voltage:; Verify that the AC power to be used is correct for the
unit involved. All standard units manufactured by the Intecolor
Corporation are intended for use with single phase AC power only.

The standard 3608-Series unit uses 115 volts 6@ Hz, Options provide for

operation at 228 volts 50 Hz. In no case shall the upper voltage limit of
250 VAC be exceeded.
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Touch-Up vs, Complete Alignment: The instructions in this section assume

beginning the procedure after repair of the Analog Assembly or after
substantial misadjustment has occurred. For routine touch-up adjustment of
an operating unit, some steps may be amitted.

Tools and Instrumentation

Adjustments are more easily made when the correct tools and instruments are
available. Tools include:

#2 Phillips screwdriver (for cabinet screws and one adjustment).

10" screwdriver with flat blade 1/8" or slightly less, shaft
insulated. (The blade should be similar to that of a jeweler's
screwdriver, for adjustment of small potentiometers. Commonly
available plastic tools also may be used.)

3-32" hex plastic aligmment tool (for inductors in newer units).

5/16" hex socket wrench or screwdriver with 1/4" flat blade (for
removal of analog unit when required for repair).

Instrumentation needs include:
Multirange voltmeter, digital recammended
4PKV high voltage probe or meter
Test oscilloscope, IC to 15 MHz
- @-1 DC milliammeter, insulated for at least 35KV, with connectors for
insertion into the CRT anode path (This meter is recommended for

adjustment of the CRT beam current. An alternate procedure is given
for use when this meter is not available.)

Enclosure Removal
Power should always be off when the console's enclosure is being removed.

Use a Phillips type screwdriver to loosen the two screws securing the top
cover. In a unit with the detached keyboard, the screws are near the front
on either side of the cover. In a chassis which includes the keyboard, the
screws are recessed under the front edge cf the keyboard.

Lift the front of the cover several inches to allow the cover to be slid

forward out of its rear retaining groove. Then lift off. (NOTE: On older
units, disconnect the fan cable from the analog.)

Section Plan

The procedure for terminals and microcomputers manufactured in 1984 is
given first. Procedures for units of older manufacture follow.
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36P0-Series with In-line CRT
Adjustment Procedure

Pirst, please read pages 4.61 and 4.02 of this section, noting the
warnings and the preliminary cautions. Then note the following:

WARNING! Never apply power to the unit with circuit boards
improperly secured or resting haphazardly on metal
frame parts or on the inner surfaces of the cabinet.
Short circuits and/or dangerous voltages on the frame
could result. (The inside surfaces of the base pan
and cover are coated with a conductive paint.)

confiquration Chec]

The analog board in the 3680-Series unit with the in-line CRT has been used
in other units. The use determines cerain camponents and jumper positions.
If there is any question as to the configuration, it may be checked as
follows.

Jumpers are in positions Wl and W4 (NOT W2 or W3).
Qll nomally is present and the Q12 is empty.

C69A is 4700 pF.

RO4 is IK.

For other compcnents, please see Table 1 on the schematic drawing 10235@.

The above configuration assumes operation at 66 Hz power frequency. For
operation at 59 Hz, Q12 may be used rather than Ql1. .

Pusi 3 Line Vol
Verify that the voltage selector switch SW2 on the Analog board is in the

correct position for the power voltage to be used — 115V or 22BV. SW2 is
in the rear corner of the analog, near the power switch.

Verify that the line fuse is correct for the voltage to be used:

1.5, 256V "Slo-Blo" for 115V operation
#.75R, 250V "Slo-Blo" for 220V operation

Complete Adjustment vs. Touch-up

For routine touch-up adjustments of a normally operating unit, all
connections may remain intact and the various controls may be left as-is
initially. The procedure can begin with the +5V adjustment, page 4.06.

The locations of the controls are shown on page 4.84. If there is a

question as to the position of the controls, they may be preset as listed
on page 4.065.
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If substantial maladjustment of the controls is suspected, they may be
pre-set as follows.

Analog Board
R13 +5V Adj. Mid-range
R19 Pwr. Sup. Freq. Mid-range
R22 Overcurrent Sens. *% As-is

(** Leave the overcurrent adjustment as-is unless suitable loads
are available for use in adjustment.)

R31 High Voltage Adj. Mid-range
— Focus Mid-range
— Screen CRT G2 **As-is
R115 Brightness /4 W

(** The CRT G2 control is on the left side as viewed from the
rear. The lower ceramic shaft, the shorter one, usually sealed,
is G2. leave it as-is if the seal is intact. Turn it fully COW
if the seal has been broken. The longer ceramic shaft is FOCUS.
The BRIGHINESS control is on the rear panel.)

R96 Hor. Freq., (Hold) /4 QW

R106 Hor. Centering Mid-range
14 Hor. Linearity Arbitrary
L5 Hor. Size Slug in

R67 Vert. Height Mid-range
R68 Vert. Linearity Mid-range
R89 Vert. Centering Mid-range
R84 Pincushion Fully CQOd

Video Board
Video Gain controls R3, R6 and R17 3/4 turn OW

Following repair, or where substantial maladjustment is suspected, it may
be best to disconnect several components prior to adjustment of the power
supply. The disconnections advisable depend upon the type of repair. The
following are suggested. Remove the cables from:

Analog J5 (Power to Logic Module)

Analog J6 {Vertical Deflection Coil)

Analog J7 (Horizontal Deflection Coil and HV Interlock)
Analog J8 (Video Board Power)

Usually there is no need to disconnect the degaussing coil (from J2) or the
fan (from J13) unless the line fuse is failing and one of these items is
suspected to be the cause.

Double-check the position of SW2 — the line voltage selector switch.
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Low Volt check and Adiustment

Apply power to the unit. Then use a voltmeter, preferably digital, to
verify the presence of DC voltages as follows. The reference is chassis
ground or Analog JS5 terminal 5 or 7.

Analog J5 terminal 8 Approximately +5 VDC
Adjust the +5V ADJ R24
to obtain +5.1 VDC

Analog J5 terminal 4 +12 +/- 0.6 VDC
Analog J5 terminal 6 -12 +/- 0.6 VDC
Analog R9 "hot" end +70 +/= 9 VDC

‘The OVERCURRENT R22 ADJUSTMENT normally should not be changed. In case of
doubt, it should be fully colckwise (CW).

Following verification of the level of the +5V shpply and other regulated
supplies, if cables were disconnected earlier, turn power off.

Reconnect all cables at the Analog board.

Verify all connections.
tine & dijustment i

+5V Adjustment
Apply power to the unit. Adjust Analog board R13 (+5V ADJ) tb obtain

exactly +5.108 VDC (+0.85V/-8.08V) at Analog J5 pin 8, using J5 pin 7 as the
ground reference.

NOTE: The objective is +5.8V at the Logic Module.

High Volt Adijust :
Turn power off and allow a minute for capacitors to discharge. Connect the
ground lead of a high voltage meter or probe to the 3608 metal chassis.
Then slip the meter probe under the CRT anode cap. The prcbe tip must mak
good metal~to-metal contact with the anode cap connector. :
After the high voltage probe has been connected, apply power to the unit.

If necessary, adjust the HOR FREQ ADJ R96 to obtain a stable
display. Adjust BRIGHTINESS and FOCUS to obtain a readable display.

Press the ERASE PAGE key to clear the screen to black. Then adjust Analog
board R31 (BV ADJ) to obtain a meter indication of 25KV. :

Next, erase the screen in the background color white.

4.06



- Press the BG ON key (to enable background color selection).
Press the white color key (or the W key with CONTROL held down).
Press the ERASE PAGE key.

The high voltage should change no more than 1KV as the screen goes from
black to white.

Turn power off and disconnect the high voltage meter probe from the unit.
Disconnect the meter ground lead last.

X-RADIATION

In a properly adjusted 3608-Series unit with a CRT anode
voltage of 25KV, X-radiation will average near #.85 mRh/hr
—— well below the govermment specified maximum of 8.5
mRh/hr. X-radiation will be below this value of 8.5 for
anode voltages up to 32KV, However, we strongly recammend
that the anode voltage be set no higher than 25KV.

Horizontal Frequency Adjustment

The free-running frequency of the horizontal oscillator in U6 on the Analog
board must be adjusted a bit below the frequency of the horizontal sync
from the Logic Module.

Use a DC voltmeter to measure the voltage at U6 pin 9. Adjust R96 to

obtain an indication of between +6 and +7 VDC.
Create a full-screen pattern of double-height L characters.

Press the 2X CHAR ON key to select double-height characters.
In sequence, operate the ESC key, the Y key and the L key.

If necessary, readjust R96 to make the L characters as straight as
possible, noting especially the upper row of characters.

If R96 is too far either OW or CCW, synchronization with the video from the
Logic Module is lost, resulting in a garbage display. If R96 is within the
synchronization range but not at the optimum point, the vertical lines in
the upper row may be slanted right or left.

P Fr Adi

The power supply switching frequency also is adjusted to make it a bit -
lower than that of the synchronized horizontal oscillator. Use an
oscilloscope to monitor the signal at the collector of Q2 on the Power
Supply board.

Sweep speed of 1P microseconds per division.

Vertical deflection sensitivity of 5V per division.
DC coupling.
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With Analog board R19 correctly adjusted, there is a single, sharply
defined switching signal at 55.6 microsecond intervals. Adjust R19 (W
until this signal changes. Then return R19 CCW to obtain the correct
signal. Continue R19 another 30 degrees CCW.

If R19 is too far either OW or CCW, synchronization of the switching rate
with the horizontal scan frequency will be lost. If the power supply
switching frequency is not synchronized with the horizontal sweep
frequency, the display tends to be unstable.

Pispl Size Adijust !
Erase the display in the background color green.

Press the BG ON key (to enable background color selection).
Press the green color key {(or the R key with CONTRCL held down).
press the ERASE PAGE key.

Cn the Analog board:

Adjust VERTICAL HEIGHT control R67 for a display height of 7.25 inches.
Adjust VERTICAL CENTERING control R89 to center the display vertically.

Adjust HORIZ. SIZE control L5 for a display width of 9.5 inches.
Adjust HORIZ. CENTERING control R186 to center the display horizontally.

Adjust PINCUSHION control R84 to make the sides of the display straight.
NOTE: With R84 fully CCW, the sides of the display will be

noticeably concave. As R84 is turned (W, the top and bottom
corners will draw in to straighten the sides.

Display Li itv Adiustment

First, select foreground color green and background color black.
Press the FG ON key (to enable foreground color selection}.
Press the green color key (or the R key with CONTRCL held down).
Press the BG ON key (to enable background color selection).
Press the black color key (or the P key with CONTRCL held down).

Create a display of 24 horizontal lines.

Press the 2X CHAR ON key to select double-height characters.

In sequence, operate the ESC Key, then the Y key and then the
underline key (the key just left of the left cursor control key).

On the Analog board:

Adjust VERTICAL LINEARITY control R68 for equal spacing of the lines.
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Next, create a display of vertical dot-dash lines.

In sequence, operate the ESC key, the Y key and then, with SHIFT
held down, the 1 key.

On the Analog board:

Adjust HORIZ. LINEARITY control L4 for equal spacing of the lines.

NOTE: An alternate pattern for use in both vertical and horizontal
linearity is the full-screen pattern of double-height L characters.
Operate the 2X CHAR ON key. Then in sequence operate the ESC key,
the Y key and the L key.

If the linearity control adjustments were changed substantially, it would
be well to re-check the display size adjustment again.

Color and Beam Curent Adjustment

The adjustments of beam current and color controls are best made with use
of a beam current meter. The meter itself is a simple DC one milliampere
meter. However, it must be insulated for 35KV fram grounded circuitry and
it must have suitable high voltage connectors.

The procedure using the beam current meter will be described first. Then
an alternate procedure for use without the meter will be outlined.

Procedure with Beam Current Meter
1. Turn unit power off. Allow a minute for capacitors to discharge.
2. Use a screwdriver to break the seal holding the “screen" CRT G2 control

-~ the shorter of the two white ceramic controls on the Deflection
Circuit board. Turn the G2 control fully counter-clockwise.

NOTE: Do not adijus contr i S
current meter unless absolutely necessary!
3. Turn all three color controls on the Video Driver board, R3, R6 and

R17, fully counter-clockwise. Turn the unit's BRIGHINESS control fully
clockwise.

4, Apply power to the unit. Then erase the screen in the background color
black. (Operate BG ON, black color key or CONTROL P, and ERASE PAGE).

5. Turn the G2 control slowly in a clockwise direction until a faint
full-screen display is seen.

6. Erase the screen in the background color green. (BG ON, green color
key or CONTROL R, ERASE PAGE.) :

While observing the beam current meter, adjust the GREEN color control

on the Video Driver board (R6) to obtain a meter indication of 120
microamperes.
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7.

11.

12'

13,

14.

1.

Erase the screen in blue. (Blue color key or CONTROL T, ERASE PAGE.)
Adjust the BLDE color control (R3) to obtain a beam current of 108

microamperes.

Erase the screen in red. (Red color key or CONTROL Q, ERASE PAGE.)
Adjust the RED color control (R17) to obtain a beam current of 118
microamperes.

Erase the screen in white. (White color key or CONTROL W, ERASE PAGE.)
Turn the BRIGHTNESS control COW to obtain a display of half intensity.

Readjust the RED, GREEN and BLUE controls on the Vicdeo Driver board, if
necessary, to obtain a white screen.

Turn the BRIGHINESS control fully clockwise. The screen should remain
white. Total beam current should be between 300 and 350 microamperes.

Turn unit power off and disconnect the beam current meter. Re-connect
the anode lead to the CRT.

Reapply power to the unit. Adjust BRIGHTMESS to a desired level.
Check the color of the display with the background erased in the
various colors to determine that the color mix is as desired. (BG ON,
followed by the color key and then ERASE PAGE. In the 72-key keyboard,
the colors black, red, green, yellow, blue, magenta, cyan and white are
selected by CONTROL P, Q, R, S, T, U, V and W respectively.)

The final adjustment of the G2 control on the Analog board and of the
three video gain controls on the Video Driver board should result in a
beam current of 300 to 350 microamperes with the screen erased in white
and the BRIGHINESS control fully clockwise.

With the screen still erased in white, turning the BRIGHINESS control
counter-clockwise all the way should darken the screen.

With the screen erased in black, and the BRIGHINESS control returned to
the fully clockwise position, a faint raster should be seen.

Using the procedure given for High Voltage Adjustment (page 4.28),
check the high voltage. With the screen erased in black the CRT anode
voltage should be 25KV. It should change no more than 1KV when the
screen is erased in white.

NOTE: There is some interaction between the CRT HV and the G2
adjustments., If the high voltage were increased at step
14, the beam current should be checked again to verify
that it does not exceed 358 microamperes at maximum
brightness with the screen erased in white.

Procedure without Beam Current Meter

Leave the "screen" G2 control on the Analog board at its factory
setting unless a change is positively indicated.
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2. Brase the screen in the background color white. (BG ON, white color
key or CONTRCL W, ERASE PAGE.)

3. Turn the unit's BRIGHTNESS control fully COW. The screen should go
dark. If the screen does not go dark, readjustment of the G2 control
is indicated. Use a screwdriver to break the seal on the G2 control
and turn the G2 control fully CCW.

Turn the BRIGHTNESS control fully clockwise. On the Video Driver
board, turn the RED, GREEN and BLUE gain controls fully CCW.

Slowly adjust the G2 control clockwise until a very dim raster appears
on the screen.

4. Turn the BRIGHINESS control to about 3/4 OW.

5. On the Video Driver board, adjust the GREEN gain control to within 15
or 20 degrees of fully W.

6. Adjust the RED and BLUE gain controls to obtain a white display. At
this point the display should be approximately half intensity.

7. Turn the BRIGHINESS control fully GW. The display should remain white
and reach satisfactory brightness. The display should not be distorted
— note especially the right edge for indication of bulges.

8., Turn the BRIGHINESS control fully COW. The screen should go dark.

When the G2 control is correctly adjusted:
The screen is dark with BRIGHINESS fully counter-clockwise.

With BRIGHINESS fully clockwise and the screen erased in black, a dim
raster is visible.

Satisfactory, but not excessive, brightness is possible with the
BRIGHTNESS control near maximum clockwise.

The G2 should be sealed with adhesive to prevent accidental change.

Focus Adjustment
The focus contrcl, the longer of the two white ceramic shafts on the Analog
board, is adjusted for best focus over the entire screen. This likely was

‘done automatically during the procedure. It may be checked by placing a

full-screen pattern of dots or characters on the screen — e.d., ESC, Y,
period.

Adjust the FOCUS control for best focus over the entire screen. The dots
should have no trailing edges., (Trailing edges indicate the CRT beam
current is too high.)

This completes the adjustment of the 3688-Series unit with the in-line
CRT.
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Older Delta Gun CRT 3688 Units
Alignment Procedure

Prelimi

First, note the warnings and cautions on pages 4.81 and 4.02 before
proceeding.

Alignment procedures should be performed at the normally available line
voltage, preferably 115 VAC for the standard unit (or 230 VAC, if that
option is in effect).

For simple touch-up of convergence, see the paragraphs on "Dynamic
Convergence® later in this section. This procedure requires only snap-out
of the Convergence module cover (front panel, lower right of CRT, small
plate with ISC logo) and a small screwdriver for adjustment of the
potentiometers. The recommended order of adjustment should be followed.

For complete alignment, before applying power remove the console's molded
cover. Remove the two screws recessed in the extreme front edge of the
cover. Carefully lift up the front edge of the cover and tilt back. The
cover will slip forward out of its retaining groove in the rear framework.
Control potentiometer positions should be approximately correct as the unit
is received from the factory. If there is any possibility that these have
been changed, verify that the HORIZONTAL WIDTH-HIGH VOLTAGE control (R35)
is no higher than mid-range. (See Analog Module Assembly Drawing 101166
for location of controls.) Following corrective maintenance or suspicion
of tampering, it may be well to begin by presetting all Analog module
controls to the center of the range.

Low Voltage Adjustment

Use a digital voltmeter, or instrument of similar accuracy, to measure the
45V supply at J6 terminal 4 on the Analog board with respect to chassis
ground, J6 terminal 8. On the small circuit board mounted vertically at
the left end of the Analog Module (as viewed from the rear), adjust Rl2
(small square white potentiometer near top of board) to obtain exactly +5.0
VDC. Now measure the voltage from J6 pin 1 to ground. On the main Analog
board, below the rear of the CRT yoke, adjust another R12 to obtain exactly
+12.0 VDC. Other DC low voltages may be checked as follows:

From o DC Voltage
Analog J6-6 Ground -5+ 0.25
Analog J6-2 Ground -12 + 8.6
Ql4—collector Ground +23 + 10%
Q13-collector Ground -23 + 10%
Video J1-3 Ground +40 + 10%
R16~R17 Junction Ground +27 + 10%
U10-14 Ground +12 + 0.6

NOTE: Older 3681 or 3621 units have only one adjustment for both +5 and +12
VDC. RI2 on the main Analog board is adjusted to obtain both +5 + £.25 and
+12 + 8.6 VDC, with the +5 "favored".
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isolated from ground., Connect the ungrounded instrument's ccammon lead to
the negative terminal of C2 (the large blue capacitor at the right side of
the Analog PCB, as viewed from the rear. The positive lead of the
instrument may be touched to F2 (fuse holder mounted on rear panel,
identified as "H.V.") to measure the 4308V (+308 + 10%).

High Vol Adiustment

With power off, connect the ground lead of a high voltage meter (capable of
measurements to 35KV) to the chassis and the probe to the anode connector
on the CRT.

CAUTION! Be sure the ground lead of the HV probe is connected
to frame ground and that the HV probe itself is
isolated from egquipment other than the CRT anode and
anode lead — and also is isolated from personnel.

Apply power and allow a couple of minutes for wanmup. Erase the display
with the background color red and verify (by the appearance of the
rectangular raster) that both vertical and horizontal sweep circuits are
operating. On the Analog board, adjust the HORIZONTAL WIDTH-HIGH VCLTAGE
control R35 to obtain a display width of 9.5 inches. The high voltage
should be between 22KV and 25KV.

X-RADIATION

The specifications for CR Tubes list the maximum allowable
X-radiation as 8.5 mR/hr. For all ISC systems in current
production X-radiation typically is below 8.05 mR/hr., at 25 KV,
The maximum allowable anode voltage for the delta gun 13" CRT is
27.5 KV. Even at this maximum anode voltage the X-radiation is
less than 8.5 mR/hr.

Degaussing

With the terminal oriented north-south (or in place in its normal viewing
location), degauss the unit by moving a degaussing coil (such as a GC 9317)
in a circular pattern over the face of the CRT and around the sides of the
unit. While continuing the circular pattern in the same direction,

gradually withdraw from the front of the unit to a distance of six feet or
more before disconnecting the coil fram its AC power source.

Vertical and Borizontal Deflectio

With the display erased with the background color red, on the Analog board
adjust the VERTICAL HEIGHT control R53 and the VERTICAL POSITION control
R57 to obtain a display height of 7.25 inches centered vertically. The
horizontal width was adjusted to 9.5 inches by use of R35 under High
Voltage Adjustment (described above). 1In the 3650 Series units, the
horizontal centering was factory-adjusted. (If a change is necessary, the
jumper field at the right rear of the Logic Module is used. See sheet 2 of
drawing 101354, lower left quadrant, for jumpers WS, W6, W9 and Wild.)
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In the 3621 and older 3681 units, center the display horizontally by
adjustment of R20 on the Digital board. (R20 is a small potentiometer
readily accessible at the rear edge of the board, just left of the keyboard
connector.) -Note that when R20 is adjusted the pattern moves in discrete
two-character jumps. Adjust the pot by touch to leave it half-way between
Jump points. (The pattern may tear if the adjustment is too close to a
jump point. A full-page pattern of the letter Z makes a good test for
satisfactory adjustment.)

pi hion Adiustment

With the screen still erased in the background color red, observe that the
top and bottom of the raster are straight horizontal lines. Adjust the
VERTICAL PINCUSHION control R54, if necessary, to obtain this condition.

Adjust the HORIZONTAL PINCUSHION control R39, if necessary, to obtain
straight vertical lines at the left and right edges of the raster.

g ™)
Vertical R54 JV
Horizontal R39 *
H R
VW )

Figﬁre 4.01
Static Convergence
Place a single white letter (such as a double-height L) at the center of
the screen, background black. Adjust the FOCUS control R191 (mounted on
the right of the rear panel, the upper control) for optimum focus. Verify

that all potentiometers on the Convergence module (under snap-off cover,
lower right of CRT front) are centered (straight right position).

Now adjust the static magnets and the blue lateral magnet to align the red,
green and blue colors of the center screen letter so the letter appears
white. This occurs when the red, green and blue colors are accurately
superimposed on each other. The beams move at approximately the same angle
as the convergence magnets are offset from the vertical. Blue, since it is
mounted in the vertical plane, moves the beam up and down; red and green
move the respective beams on a line at about 608% from the vertical. The
blue lateral magnet moves all three beams in the horizontal plane, the blue
beam in one direction and the red and green beams in the opposite direction
in a 5 to 1 ratio. The blue beam has the greatest lateral shift. (The
thumb screw adjustments of the red, green and blue center convergence
magnets can be rotated in either direction continuously. Flux change is
accomplished by rotating the pole position of the magnets, not by moving
the magnets farther from or closer to the respective guns.)

4.15



Purity

Before proceeding with purity adjustment, first verify that the center of
the raster is properly converged, as described in the preceding paragraph.
(Note: The unit should be in either its normal viewing position or oriented
in a north-south position during purity adjustment.)

1. Erase the screen with the background color red.

2. Loosen the yoke wing nuts and move the yoke to the rear as far as
possible (see Figure 4.92).

3. Rotate the purity magnets (rings) and adjustment tabs to obtain a clean
red area at the center of the screen. Then push the yoke forward until a
uniform red raster is obtained. Tighten the yoke wing nuts.

4. Touch up the VERTICAL HEIGHT and HORIZONTAL WIDTH controls if necessary
to obtain the correct display size (7.25 x 9.5 inches). (There should have
been very little change. However, if the horizontal width was increased
very much in this readjustment, it would be well to re-check the high
voltage to be sure it is not excessive.)

5. Readjust static convergence (p. 4.15) if required. (The Purity and
Static Convergence adjustments have same interaction.) _

OR BLUE
LATERAL

ADJUSTMENT

-DEFLECTION
YOKE
HOUSING

BLUE LATERAL
MAGNET
ASSEMBLY

CONVERGENCE
YOKE

ASSEMBLY OEFLECTION
YOKE

PURITY
RINGS

YOKE ASSEMBLY
Figure 4.02

4.16



Color Temperature Adjustment
1. Erase the screen with the background color white.

2. Turn the screen grid controls on the Video Module -~ R2 (RED), Rl (BLUE)
and R3 (GREEN) — fully CO4. Turn the BRIGHINESS control R113 (mounted on
the rear panel, below the FOCUS control) to maximum brightness (fully CW).

3. Turn the RED control R2 clockwise until the red vertical raster line at
the top of the screen is just visible. Repeat a similar process for the
GREEN control R3 and the BLUE control RI.

4. Adjust the BRIGHTNESS control Rl13 until there is no visible vertical
retrace raster line and the brightness is at a camfortable viewing level
with a minimum of color saturation.

5. Touch up the adjustment of these controls as required to obtain a white
screen at a camfortable viewing level of brightness.

Dynamic Convergence

Place a pattern of white dots on the screen, background black. Place +
symbols or letters such as L or H at the corners, screen center and midway
along each side, top and bottom (see Figure 4.83; or use a full-screen
pattern of the letter "L", obtained by operating the ESC, Y and L keys in

succession). Touch up the FOCUS adjustment for optimum focus over the
entire screen. .
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Begin with all controls on the Convergence Module at or near center
position (straight right). Then touch up the center convergence — which
should already be fairly good if the static convergence was done with care
-- by adjustment of the center group of pots on the Convergence Module (RED
R5, GREEN R3, BLUE R4). See Figures 4.94 and 4.65.

Once center convergence has been adjusted, make the convergence adjustments
for screen sector 2 (see Figure 4.64). Then proceed with convergence
adjustments for other sectors in numerical order. After each sectcr is
converged, check and touch up the center convergence. (Note that the
adjustment pots on the Convergence Module are arranged in the same location
as each screen sector, screen viewed from the front. In each of the sector
pot groups there is one pot for each of the three colors.)

After adjusting all nine sectors as described above, touch up each screen
sector as needed in the SAME CORDER. Do not violate the order of the screen
sector numbers in the adjustment procedure.

Never attempt a convergence procedure without first setting the Convergence
Module pots to the center position and then following the order of the
screen sector numbers.

If satisfactory convergence cannot be obtained by the procedure outlined in
the preceding paragraphs, check the following adjustments in the Analog
Module.

c circuit Adiustment

Readjustments of convergence circuit controls R69, R76 and R88 through R84
are necessary only when problems in convergence (as described in preceding
paragraphs) are encountered, when corrective maintenance has been performed
in this circuit area or when tampering with the adjustments has occurred.
The procedure requires the use of an oscilloscope (Tektronix T922 or
similar) to view the waveformms in the Analog Module.

The following instructions identify waveform locations which are readily
found on the schematic. However, these points are not always the most
accessible on the chassis. The board layout on page 4.12 identifies four
points more easily reached: Point H for the horizontal parabola, Point V
for the vertical parabola, Point P for the pincushion waveform and Point C
for the bottom left corner convergence waveform. The left, right, top and
bottom convergence waveforms also are accessible at the terminals of
potentiometer chips on the Convergence Module -~ pin 2 of the center left,
center right, top center and bottom center potentiometer chips
respectively. The corner convergence waveform is available on the
right-hand of two vertical conducting paths between the bottam left and
bottom center potentiameter chips.
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1. Horizontal Ramp and Preliminary Parabola Adjustments are made while
observing the horizontal parabola at Ul2-11 (or Point H). Adjust R69 to
make the parabola end points equal in height (see Figure 4.06).

’ N AN
; | , I

GND

MAKE VS = Ve

Figure 4.06

| Adjust R80 to place the bottam of the parabola at ground level (see Figure
4.07). This adjustment affects convergence in the right center and left
center screen areas. ' '

BOTTOM OF
WAVEFORM TO
BE AT GROUND

1 Figure 4.97

2. Vertical Ramp and Preliminary Parabola Adjustments are made while
observing the vertical parabola at Ul2-4 (or Point V). (The pattern is
similar to that shown in Figures 4.06 and 4.87 except for the difference in
time and the absence of pronounced "dips" between successive parabolas.)
Adjust R76 to make the parabola end points equal in height. Adjust R8L to
set the bottom of the parabola at ground level. This adjustment affects
convergence in the top center and bottam center screen areas.
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3. Corner Parabola Adjustments (affecting convergence in the four corner
areas of the screen) are made while viewing the pincushion waveform at
Ul3-4 (or Point P).

OFFSET is adjusted to zero by using R83 to bring the waveform baseline to
ground level (see Figure 4.08A).

,mmnm]]]]ll‘llllllllmlmlL —t,
”'““Im"”lm”llllllnnuum . —F

MAKE Voc = ZERO

Figure 4.08A

BASELINE SLANT is adjusted by using R82 to make the waveform baseline
horizontal (see Figure 4.08B).

MAKE Vsc= ZERO

Figure 4.08B
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VERTICAL SYMMETRY is adjusted by using R84 to make the heights of the
waveform triangles equal (see Figure 4.68C).
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Figure 4.68C

4, Horizontal and Vertical Parabola Final Adjustments can best be
accomplished by monitoring the waveforms being sent to the Convergence
Module.

While observing the waveform at terminal 2 of the right center

potenticmeter chip on the Convergence Module, adjust Analog R88 to make the
horizontal offset zero (see Figures 4.09A, B and C).

8.
NOT THIS
A,
TRIS —

c.
NOT THIS

Figures 4.09 A, B, C

Observe the waveform at temminal 2 of the bottam center potentiometer chip
and adjust R81 to make the vertical parabola offset zero in similar
fashion.
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5. Corner Parabola Final Adjustments are made while observing the waveform
at U15-13 or, preferably, at the conducting path running between the bottam
left and bottaom center potentiometer chips on the Convergence Module — the
right-hand of the two paths. Adjust R84, R82 and R83 to obtain a single
triangular pattern with baseline horizontal and no base offset fram ground.
(See Figures 4.10 A, B and C.)

GND

GND

Figures 4.10 A, B, C

Whenever these convergence circuit controls on the Analog Modl_xle are
readjusted, follow immediately with the Dynamic Convergence adjustment
procedure described earlier in this section.
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The adjustment of the Vertical Output Balance control R63 should be checked
whenever parts such as U2, QL3 or Ql4 in the Analog Module are replaced or
whenever there is evidence of Ql3 and/orQl4 overheating.

1. Adjust VERTICAL HEIGHT R53 and VERTICAL PINCUSHION R54 to zero (fully
COV) »

2. Use an oscilloscope to measure the voltage at the junction of R64-R65
(with respect to ground). Adjust VERTICAL POSITION R57 to obtain zero
voltage. .

3. Measure the voltage at the junction of R66 and J8-1 (again with respect
to ground). Adjust VERTICAL HEIGHT R53 to obtain a ramp height of +1.8
volts (3.6 volts peak-to-peak).

4, With the os i [o)

connect the common lead of the oscilloscope to the end of R64 connected to
the Ql4-emitter (the end toward the rear of the chassis). Connect the
probe to the end of R65 connected to the Ql3-emitter (toward the front of
the console). Adjust VERTICAL OUTPUT BALANCE R63 to bring the tip of the
trlangular waveform about 25 millivolts below ground level. (Placing the
tip a little below ground level insures that both transistors are not off
at the same time. Placing it much too far below ground level causes them
to conduct excessively and overheat.)

GND —

— —25MV,

Figure 4.11

5. Disconnect oscilloscope.

6. Erase the screen with the background color red.

7. If necessary, readjust VERTICAL HEIGHT R53 and VERTICAL POSITION R57 to
obtain a display 7.25 inches high and centered vertically. Adjust VERTICAL

PINCUSHION RS54 to obtain straight top and bottam edges. (Horizontal width
and centering should not have been affected by these adjustments.)
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Disk Drive Speed

The Micro-Disk Drive Assembly used in the 3621 Intecolor has a strobe disk-“‘
on the drive wheel for speed check. For check and adjustment of drive
speed, view this strobe under 60 Hz. fluorescent light. With no diskette
in the drive, operate the keyboard AUTO key to cause the drive to run. The
outer pattern of the strobe disk should appear very nearly stationary. If
there is appreciable drift, adjust R1# on the Disk Controller board to
"stop" the pattern. Operate the CPU RESET key to stop the disk drive. B

If 50 Hz. power .is used, perform the check and adjustment under 58 Hz.
illumination and observe the inner pattern on the strobe disk.

The disk drives used with the 3658 Series Intecolor units require no field
adjustments.

Note regrading Micro-Disk Drive: Data recorded by a Micro-Disk Drive
running faster or slower than the correct speed may not be retrievable on a
drive running at the correct speed. Usually it is retrievable if the drive
used for recovery is "maladjusted" to the speed, fast or slow, at which the
data was recorded. In the Micro-Disk Drive, data can be recovered only
when the drive speed is very nearly the same as it was when the data was
recorded, J

4.25



COMPUCOLOR II ALIGNMENT

The Compucolor II cabinet must be partially disassembled for most alignment
or trouble-shooting. Exercise care to avoid damage to the Logic module and
the Video Driver board during removal of the rear cover. And note the
following warning.

WARNING! Any maintenance performed with power on and the
cover disassembled subjects the operator to
electrical shock hazards that could cause injury
or death. Such maintenance should be performed
only by trained and qualified service personnel
who are aware of the existing hazards.

Cabinet Disassembly

1) With power off, disconnect the keyboard and any other connections to the
rear edge of the Logic bocard.

2) Remove four screws (3 top, 1 bottom) that secure the rear cover to the
front portion of the cabinet.

3) With cabinet upright on the bench, slide the rear section back slowly to
allow the Logic board to disengage gently from its mounting slots in the
rear cover. The cable to the Power bodrd (mounted in the rear cover)
will allow the cover to be moved far enough for access to the controls
on the Analog board (mounted vertically at the side of the cabinet.).

4) Reconnect the keyboard to the Jl area at the rear edge of the Logic
board. Apply power and allow several minutes warm-up.

Low Voltage Adjustment
Use an accurate voltmeter to measure the +5V level between the Logic board
J6 terminal 4 and frame ground. Adjust Analog R22 to obtain +5.8 VDC.

(This is a very important adjustment. If the +5V supply is even half a
volt off, peculiar problems can occur.)

Other low voltages may be checked at points on the Analog board as follows.
The reference is frame ground.

E23 ~5.1 +/- 0.25 VIC
E20 -12.6 +/- 8.6 VDC
El9 +12.0 +/~ 0.6 VDC
El6 -48.0 +/- 5.8 VDC

Noise and ripple on these voltages, as viewed with an oscilloscope, should
not exceed 3% peak-to-peak.

There is no high voltage adjustment as such. It may be checked later,
after horizontal width adjustment, if desired.
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onve ce Circui !

For complete adjustment following repair, these adjustments may be checked
at this time. They normally are not required for touch-up of an operating
unit.,

1) Set the four potenticmeters at the top of the Analog board -~ R94, RIS,
R96 and R97 — to the center of their range.

Note the type of Analog board. Later production units may be identified
by presence of three ICs, one above the other, near the top inner edge
of the board.

2) Monitor the horizontal parabola with an oscilloscope — at U17-3 or U5-2
in older units, at UA7 teminal 3 or 4 in later units.

Equalize the end points heights by adjustment of R182 in older units,
R112 in later units.

Set the bottom of the parabola at ground level by adjsutment of R1@1 in
older units, R110 in later units. Final touch-up can be made while
viewing the half parabola — at U5~1 in older units, at UA7 temminal 2
in later units.

(For waveform sketches, see pages 4.20 and 4.22.)

3) Adjust the vertical parabola in similar fashion. The waveform may be
viewed at Ull-3 or U5-9 in older units, at UA7 temminals 11 or 12 in
later units.

Equalize end point heights — adjust R183 in older units, R113 in later
units. ’

Set the parabola ground level -- adjust Rl@4 in older units, Rl1l in
later units. View the half parabola at U5-8 in older units, at UA7
teminal 13 in later units.

4) The pincushion waveform is not adjustable. However, it should be
checked for conformance with sketches on pages 4.21 and 4.22. View the
waveform at Ulé-3 in older units, at UAlL® temminal 3 in later units.,
Ground level, tilt or slant, and triangular symmetry should be within
one volt of ideal.

Display Size and Focus Adjustment

1) Erase the screen in the background color red.

Operate the BG CN key.
With CONTRCL held down, operate the Q key.
Operate the ERASE PAGE key.

2) Set the pattern height at 6.25" by adjustment of R186. Center the

pattern vertically by adjustment of R1A5 in older units, R129 in later
units.
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3) Set the horizontal width to 9.375" by adjustment of T169.

Horizontal centering is adjusted by R28 on the Logic board, near the
rear edge by the keyboard cable. The pattern will move in discrete
two-character jumps. Set R28 by feel midway between jump points.

R20 may be adjusted more accurately by use of a full screen pattern of 2
characters.

Operate the BG ON key.
With CONTROL held down, oerate the P key.
In sequence, operate the ESC key, the Y key and the Z key.

4) Adjust the focus potentiometer, on the rear edge of the Analog board,
for best focus over the entire screen.

Bigh Voltage Check

Although not adjustable apart from the horizontal width adjustment, high
voltage may be checked at this time if the unit is in the shop for repair.
With power off, connect the ground lead of a high voltage meter or probe to
the Analog frame. Then slip the probe into contact with the high voltage
connection at the CRT anode. With power back on, the high voltage should
be within the range of 16KV to 22KV.

Purity Adjustment

1) Again erase the screen in the background color red. The red should be
fairly uniform over the entire screen.

2) If necessary, rotate the purity rings by their tabs to obtain color
uniformity. The rings are on the magnet assembly just to the rear of
the CRT yoke.

3) If there is difficulty in obtaining a fairly uniform color, degaussing
likely is required. With the degaussing coil held perpendicular to the
CRT face, energize the coil. Begin moving the coil in a circular
pattern as it is brought parallel to the CRT face and rather close to
it. wWhile continuing the circular movement of the coil, move it around
the top, sides and bottom of the unit, then back parallel with the CRT
face. Continuing the circular movement of the coil parallel to the CRT
face, withdraw it gradually to a distance of five or six feet. Then
turn the coil perpendicular to the CRT face and de-energize it.

4) In the case of a new CRT, it may be best to move the yoke toward the
rear of the CRT neck. Loosen the yoke clamp to slip it back. Then
adjust the purity rings to place the red spot at screen center. blove
the yoke back forward to obtain a uniform red display a bit more than 6
by 9 inches in size. Note that the pattern has not been rotated as the
yoke clamp is tightened. '
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Pincushion Adjustment

The top and bottom edges of the red display should be fairly straight.
Adjust R168 on the Analog board to make the sides of the display as
straight as possible. (Note: If the adjustment appears to have no effect,
the optical isolator is usually at fault — U4 in the older units, UAZ in
the later units.)

Color T ratur jus
1) Erase the screen in the background color white.

Operate the BG ON key.
With CONTROL held down, operate the W key.
Operate the ERASE PAGE key.

2) On the Video Driver board (mounted on the CRT base), turn the three G2
controls fully counter~clockwise — Rl, R2 and R3.

3) Turn the red control Rl clockwise until red retrace lines are visible.
Then return Rl CCW until the retrace lines and any color outside the
normal display area just disappears.

4) Adjust the green control R2 and blue control R3 in similar fashion.

5) The above adjustments may be touched up to yield the desired degree of
whiteness at the desired viewing level of brightness.

Convergence Adjustment

1) Create a full screen pattern of white double height L characters or of
dots against a black background.

Operate the BG (N key.

With CONTROL held down, operate the P key.

Operate the FG ON key.

With CONTRCL held down, operate the W key.

Operate the 2X CHAR {(or A7 ON) key.

In sequence, operate the ESC key, the Y key and the L key (or dot).

2) Characters at screen center should appear white if Focus and Purity
adjustments were made correctly.

3) on the Analog board, adjust TOP R96 for best convergence at the top of
the screen.

4) Adjust BOTTOM R97, RIGHT R95 and LEFT R94 for best convergence in the
bottom, right and left areas respectively.

5) Observing the same order of adjustment, re-touch the adjustments of R96,
R97, R95 and R94 for best over-all convergence.
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Note Reqardi Display Sha

In some cases, a "keystone" effect may be observed -- one side of the
display, usually the left side, is noticeably greater in height than the
other side. This usually can be corrected by what might be considered
misadjustment of the horizontal parabola. :

With the screen erased in red, readjust R1f2 (older units) or R112 (later
units) a bit to make the two sides more nearly equal in height. But don't
overdo it.

If this correction is required, convergence adjustments must be made
again,

Disk Drive Speed
Please see page 4.25 for disk drive speed adjustment.

Cabinet Reassembly

1) With power off, disconnect the keyboard cable from the Logic board.
Then verify that all other cables are fully mated and that the Video
Driver board is fimmly in place on the base of the CRT.

2) Verify that the Logic board front edge is in place in the mounting
slots.

3) Bring the rear cover close to its mating position with the front
portion of the console.

The problem in fully mating the rear cover with the rest of the cabinet
lies in positioning the Logic rear edge tabs in the slots in the rear
cover. Usually this is easier if the entire cabinet is tilted forward
to the point where the front portion will maintain its position at an
angle. Then the Logic board is more readily visible. The fingers or a
small screwdriver or similar can be used to adjust the Logic bcard
position so the tabs fit the rear cover slots as the rear cover is
pressed into place.

Replace the four screws that secure the rear cover to the rest of the
cabinet.

4) Reconnect the keyboard cable to the Logic board J1 edge area.
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Overview

V. CIRCUIT DESCRIPTION

The 3600 Series Intecolor unit consists of a molded cabinet housing the
following major assemblies:

Assenbly Function
13" Color CRT & Yoke Eight-color display
Analog Module System power voltages
Sweep and convergence waveforms
Line frequency sync
Convergence Module Convergence adjustment
Video Driver Module Video signal amplification
CRT connections
Color mix
Digital Module Microcomputer
Display generator
Sync signals for system
Serial video signals
Disk drive interface (3650 Series)
Keyboard Manual data input and control

Disk Drive Unit (3651/2) Data storage and retrieval

The rear edge of

the Digital Module, accessible from the console rear

without removal of housing, will accept edge connectors for peripheral
equipment and there is a 25-pin connector for RS-232-C compatible

interface. The
numbers.
Jl 26-pin

J2 26-pin

J3 58-pin

upper terminals of the edge connectors have the even

Normally used for keyboard connection
Also used for external Micro-disk drive in 3621

Serial I/0 device connection (RS-232C compatible)
Normally cabled internally to a 25-pin ISA
connector at the rear of the console

For future or user-designed interface devices
In the 3650 Series units this area is slotted to
accept a 26~terminal edge connector for X-Bus

The 3658 Series also may have an edge connector area on another small board
(to the left as viewed fram the rear) for external disk drives.

The power switch
on the rear panel,

¢ the line fuse and one of the +388 VDC fuses are located
as are the focus and brightness controls.
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The 3652 has an external Mini-Disk Drive and the 3653 and 3654 units have a
dual 8" Floppy Disk Drive. These units have a flat flexible cable for
connection to the rear of the console. Each has a separate power cord.

Section Plan
The circuit descriptions deal first with the analog module, video board,

digital board and disk controller used in the 3621. A modified version of
the digital board was used in early 3661 terminals.

The digital circuitry was redesigned for the 3658 series. The circuit
description for this board begins on page 5.44. A modified and physically
smaller version of this logic board was introduced in the 360l1. Notes
regarding this board are on page 5.58.

For a period of time the 3650 series used an analog board similar to that
described for the 3621. The principal differences are noted at the bottom
of this page. '

The circuit description for the analog board now used begins on page 5.59.

Cathode Ray Tube and Yoke

EProduct manufactured in 1984 uses a 13-inch pre-converged in-line CRT. In

older product the CRT is a 13-inch (diagonal measure) delta gun standard
resolution 370AKB22 with 0.024" trio spacing. The yoke, convergence coils
and blue lateral magnet assembly are similar to standard TV camponents.

CAUTION! Use only manufacturer recommended replacements for these
: canponents in order to assure minimum X-radiation.

ANALOG MODULE NOTE

During the first several months of manufacture the Analog Module has had a
number of changes. The principal change involves the +5 VDC power supply
and the low voltage unregulated DC. Early units had +15V as the low
voltage unregulated supply; later units have +27V, In earlier units the
+5V supply came via power transformer TS and Rl12 on the Analog board was
used for adjustment; later units use the +27V as a source for +5V, the +27V
supply being dropped through a series transistor. This transistor is
pulsed under control of an SG3524 IC in much the same fashion as are Q7 and
Q8. The control circuitry is on a small printed circuit board which is
mounted on the side of the Analog wrap — the left side as viewed fram the
rear of the console. The +5V adjustment is Rl2 on this small added board;
the R12 on the main Analog board is used solely for adjustment of +12V.

Some early units had the CRT heater supply fram a winding on the flyback
transformer. Current units have a filament transformer, mounted where the
transformer for the +15V supply had been. The transformer for the +27V
supply is mounted separately.

The circuit description following covers the earlier Analog Module.
However, with the above notes considered, it is applicable to most of the
circuitry of the current board.
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ANALOG MODULE - Early, Delta Gun

The 101166 Analog Module is used in Intecolor units in the 3000, 8300, 8900
and 9000 series, It supplies the system power voltages, including the CRT
high voltage, and develops the line-frequency sync signal. Sync signals
from the Digital Module are used to synchronize the switching-type power
supplies to certain logic frequencies. The Analog MAodule receives vertical
reset, horizontal reset and horizontal drive signals from the Digital
hiodule and uses them in development of eight convergence waveforms and the
horizontal and vertical sweep waveforms.

All of the Analog Module circuitry is contained on a single printed circuit
board 10 1/8 x 15 7/8 inches, A formed aluminum frame serves for board
stiffening and for heat-sinking the power transistors and rectifiers.
Assembly Drawing 101166 shows the layout of components on the PCB.

Schematic Drawing 101177 shows the circuits, which will be described =as
those for:

Unregulated DC voltages
Line-frequency sync
Regulated DC low voltages
Convergence waveforms
Cenvergence amplifiers
Vertical deflection
Horizontal deflection
Regulated DC high voltage
Video gates

Unregulated DC voltages

Two unregulated DC voltages, +300 V and +15 V, are developed from input AC
power. The AC power at 115 volts (optionally 230 volts), 50 or 60 Hz, is
brought in through a line filter (see upper left corner of schematic). The
line fuse (1.5 A., slow-blow) and power switch are located on the rear
panel of the Analog Module frame, with the line fuse accessible withour
housing disassembly. Varistor RVl across the line suppresses voltage
spikes. Rl connects one side of the AC line to the Cl-C2 junction and the
+300V rectifier operates as a voltage doubler, using only the upper two
diodes in the BRI bridge package. Cl and C2 serve as filter and R2-R3 as a
bleeder resistor. (In the 230 VAC option the BR1 bridge is eliminated. A
diode connects one side of the AC line to Cl. Cl itself is changed to have
a 350-volt rating and has its lower side connected to the other side of the
AC line through Rl. The C2 terminals are shorted. 300V thus is supplied
by a half-wave rectifier rather than by a voltage doubler.)

NOTE THAT THE 300-VOLT SUPPLY IS NOT REFERENCED DIRECTLY
TO CHASSIS 'GROUND. UNGROUNED INSTRUMENTATION MUST BE
USED WHEN DEALING WITH CIRCUITS CONNECTED TO THIS SUPPLY.
THE 300-VOLT COMMON 1S "HOT" WITH RESPECT TO THE CHASSIS.
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The +300 VDC is used in development of both high and low regulated DC
voltages. F2 (1/2A., fast-blow) fuses the circuit for high voltage and
horizontal sweep. F3 (l1/2A., fast-blow) fuses the circuit for low
voltages.

Tl, a step-down transformer, has its primary connected across the AC line
through series resistor R1. Bridge rectifier BR2, connected to the .
secondary of T, develops approximately 15 VDC across filter capacitor C28.
This +15V supply is referenced to chassis ground. (In the 230 VAC input
option, a different transformer -- a DST-5-12 replacing the ST-5-12 -- is
used to accept 230 volts mput)

Noise and ripple at the outputs of these unregulated supplies typically is
less than 10 volts p-p for the +300V supply and less than 1 volt p-p for
the +15V supply.

Line Freguency Sync

Approximately 6.5 VAC at the power line frequency is taken from Tl terminal
8 and connected to transistor Qll through series resistor R24. Diode CRI
clips the negative peak and the base-emitter junction of Qll clips the
positive peak. The output at Qll-collector is very nearly square-wave and
has an amplitude of 4 to 5 volts, Figure 5.01 shows a typical line
frequency sync waveform.

60 Hz Sync
J35-5

2 v./div.,

|(-—~ - 5 msec per division

Figure 5.01
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Regulated DC Low Voltages ‘

A switching-type power supply generates the regulated low DC voltages used
throughout the system. An S5G3524 chip U6 (schematic upper center) is used
to generate a square wave at the horizontal sweep frequency (near 16 KHz
for 32-line units, 24 KHz for 48-line units). This square wave is applicd
through transformer T4 to drive amplifier transistors Q6 and Q5. The"
amplifier output through transformer T5 is applied to several rectifiers &t
a number of voltage levels to obtain DC power, Regulation of the output
voltage levels is accomplished by control of the collector voltage to
amplifier transistors Q6 and Q5. SG3524 chip U7 and transistor Q7, the IC

chip having feedback from the +5V output , control that voltage. :

The SG3524, used for both U6 and U7, is an integrated circuit that includes
a voltage regulator for reference, an error amplifier, an oscillator, a
pulse width modulator, a pulse steering flip-flop, dual alternating output
switches and current limiting circuitry., The output switching transistor
connections are shown as A and B, with A-collector at pin 12, A-emitter at
pin 11, B-collector at pin 13 and B-emitter at pin 14, These output
switches are enabled to turn on alternately from zero to not quite 50% duty
cycle, depending upon the feedback. An external resistor and capacitor (RT
and CT) determine the oscillator period. The oscillator can be
synchronized to a somewhat higher external frequency by sync pulses applied
at pin 3,

For U6, R22 and Cl2 set the free-running period to about 70 microseconds.
However, an input from the Digital Module through transistor Ql0 to pin 3
shortens the periad to result in an oscillator frequency of double the

display horizontal sw=ep frequency. For the circuit which determines the
output pulse width, Ué obtains a reference voltage from voltage divider
R20-R21. The feedback is ground potential at pin l. The feedback in this
case continually indicates "output low" and results in maximum allowable
turn-on time for both output switching transistors in Ué. - The 5G3524 is
used here as a square wave generator rather than as a voltage regulator
This square wave at the horizontal sweep frequency, with an amplitude of
about 5 volts p-p, is applied to the primary of T4.
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Figure 5.02 shows the output of QIO applying sync pulses to Ué pin 3 and
the Ué cutput waveforms., The noticeable spikes in the output waveforms
are normal.

i
!
'
|
|
|

: J v.Jjdiv.

Ve Quiput
Le-12

5 v./div.

LRI
5 v.,’GA‘ru

5 v : =
&m-——-—- ] 0 usec per division ————3R

% Figure 502



At the secondary of T#, this square wave altemately turns on Q6 and Q5.
The peak-to-peak voltage of the square wave these power transistors apply
to the primary of transformer T5 is very nearly that of the voltage
connected to the collector of Q6.

NOTE THAT THE SUPPLY VOLTAGE OF Q6 AND
Q5 IS NOT REFERENCED TO CHASSIS GROUND.

USE UNGROUNDED INSTRUMENTATION FOR ANY
MEASUREMENTS HERE.

Figure 5.03 shows the waveform applied to the primary of T5.

+100 v,

b 10 usec per division ———3

Figure 5,03

The voltage at Q6-c is determined by the duty cycle of transistor Q7, in '
series with the +300V supply. When the U7 pulse tuming on Q7 is wider,
the voltage at Q6-c is higher. When Q7 is turned on a lower proportion of
the time, the voltage at Q6-c is lower. The width of the Q7 turn-on pulse,
applied through Té, is determined by the feedback to terminal 1 of U7.

The SG3524 in U7 varies its output pulse width to function as the voltage
regulator, Its output pulse at terminal 12 is at the horizontal sweep
frequency, synchronized by the Digital Module through Ql. A reference
voltage firom voltage divider R8-R9 is connected to U7 pin 2. Feedback from

the +5V DC output is connected to U7 pin 1 to
control the U7 output pulse width as the load on the supplies changes.
The feedback level is adjustable by potentiometer R12 and is adjusted
during alignment to set the +5V output to exactly 5.0 volts,
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The voltage from Qé-collector to Q5-emitter normally is approximately 100
volts in early production .units. The p-p voltage of the square wave across
the primary of T5, terminal 11 to terminal 10, has very nearly the same
value. In later production a different transformer is used for TS5 and the
input voltage is nearer 180 volts, In either case the instantaneous value
can vary to meet changes in the loads on the +5V.

Figure 5.04 shows the sync pulses at U7 pin 3 and the U7 output at pin 12.
The "ringing" seen following each pulse is normal

P.S. Sync
u7-3

+5 v.
5 v./div.

GND
Pulsed
Output +20 v.
Uz-12
10 v./div.

GND

F 10 usec per division ———->>

Figure 5.04

Figure 5.05 shows the waveform at the emitter of Q7 (with reference to the
300-volt common, not chassis ground), The very noticeable ringing
following each pulse is normal. Here the ringing centers about a level of
approximately +100 volts. In later production this center value is nearer
+180 volts in accordance with the input requirement of the newer
transformer used as T3,
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Pulsed

Voltage

Q7-e

50 v./div,
+100 v.
GND

— ——— 10 usec per division ——————3

The secondary of T5 has a grounded center tap and several taps for
connections to four rectifiers at different voltage levels., For +5V there
is a full-wave rectifier BR3 and a filter consisting of L3 and C3. CRI9
is used as a protective device to hold the level of the +5V supply to a
reasonable value in case of loss of regulation. Normally it draws very
little current. The feedback for voltage control is taken directly from
the output of rectifier BR3.

For +12V, -15V, -12V, -9V and -5V there is a bridge rectifier BR4, +12V is
taken from the positive leg of the bridge. L2 and C24 make up the {ilter.
Feedback for voltage control is taken from the filter output. =15V ijs
obtained directly from the negative leg of BR4. Voltage regulator chip VRI
sets the -12V level, with C27 for filter, -9V is obtained from the -12V
supply by dropping the voltage through series zener diode CR7. -5V is
obtained by further dropping the level through zener diode CRI4.

BR5, with filtering by L5-Cl19 and L4-C20, supplies +24V and -24V,
Full-wave rectifier diodes CR5 and CR6, with filtering by L6-Cl18, supply
+48V. An additional +12V supply for use in the Analog Module only is
obtained from VR2 (shown on the schematic just to the left of T5). This
regulator has the +24V as input.

All of these low-voltage DC outputs are referenced to chassis ground.

The +5V, -5V, +12V and -12V outputs are used in the Digital Module. (In
the 8300 and the 8900 Series the digital boards also use -9V,) The Video
Module uses the +48V, -12V and +5V outputs, +24V, -24V, +12V, =12V and +5V
are used in other circuits of the Analog Module. The optional Micro-Disk
Drives receive their power by way of the Digital Module in the 3600 Series
Intecolor. (In the 8300 and 8900 Series units having an internal Mini-Disk
or 8" Floppy Disk Drive, a cable from J7 supplies +24V, -15V, +12V and +5V
to the drive.)
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Convergence Waveforms

Convergence of the three color beams in the CRT is achieved in Intecolor
units through nine-sector control. The Convergence Module uses a DC
voltage (-12V) and eight waveforms generated in the Analog Module. These
eight waveforms are developed in circuitry shown in the lower right portion
of the Analog schematic drawing. They are synchronized by pulses from the
Digital Module.

A horizontal ramp is developed across capacitor C54 (below a section of U9,
near schematic center), the left side of which is connected to a negative
voltage through R69 and R68. The horizontal reset pulse from the Digital
Module, input through R71, causes one section of Ul0 to operate and close a
switch across C54 to discharge it. This brings the voltage at U9 pin 14 to
approximately -6 or -7 volts, When the horizontal reset pulse has passed,
the switch "contact" between UlQO pins 1l and 13 opens. C54 charges through
a section of U9, which serves as a constant current generator (gor consider
the section of U9 as an operational amplifier with capacity in the feedback
circuit to become an integrator). The voltage at U9 pin 14 increases
linearly in a positive direction until the next reset pulse causes the
switch to close and discharge C54. Ré69 is adjusted during alignment for a
charging rate which makes the positive peak of the sawtooth ramp equal to
the negative peak. Figure 5.06 shows the horizontal reset pulse and
horizontal ramp. (Note: The width of the horizontal reset pulse depends
upon the type of CRT controller IC used in the Logic Module. In some cases
the width is a bit more than three microseconds rather than the 10
microseconds shown here. Note also that the period for the horizontal ramp
in a 48-line unit will be near %42 microseconds rather than the
approximately 63 microseconds seen here for a 32-line unit.)

Horizontal

x— +5 v.
Reset
J5-2
2 v./div,
— GND
Horjzontal —+6 v.
Ramp
' -
Uo-14 — GND
5 v./div. 5
= 15 —--6 v,

f
B i LS 2y 1 P

ME~——————— |0 usec per division ————-3>

Figure 5.06
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The horizontal ramp is connected to both inputs of multiplier chip UlS6.
The output of Ulé is the product of the inputs divided by approximately 10
-- in this case, with the horizontal ramp connected to both inputs, the
instantaneous ramp voltage squared and divided by 10, Thus the output of
Ulé is parabolic, If the input ramp is symmetrical -- negative peak and
positive peak equal -- the two tips of the parabola will be equal in
height. R69 is adjusted during alignment to achieve this result.

The level of this parabola with respect to ground can be adjusted by R&0.
During alignment R80 is adjusted to set the center point (bottom) of the
parabola at ground level. Figure 5.07 shows the horizontal parabola.

Horizontal —+6 V.
Ramp
119-14 — GND
5 v./div.

-6 v.
Horizontal *4 v.
Parabola
Ul2-12
ulé-4

GND
2 v./div.

10 usec per division

Figure 5.07

This parabola is connected to two inputs of switching chip Ul2, pins 11 and
12, This "double-pole" section of Ul2 is controlled by the output of a
section of U9, That U9 section, connected as a comparator, compares the
horizontal ramp (input at pin 10) to ground. During the negative first
half of the ramp the output at U9 pin 8 is negative, The "contact" between
Ul2 terminals 12 and 13 is closed to pass the first half of the horizontal
parabola to output connector J12 pin 8, When the ramp crosses ground level
to the positive voltage area, the voltage at U9 pin 8 switches quickly to
positive. This causes Ul2 contacts 12-13 to open and and the circuit
between pins 11 and 10 to close. The right hali of the horizontal parabola
is passed to J12 pin 1.
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Figure 5.08 shows the comparator output used for switching Ul2,
5.09 shows the outputs of Ul2, the leading half of the parabola at terminal
13 and the trailing half at terminal 10,

Horizontal
Ramp
U9-14

5 v./div.

Comparator
Output
U9-8

10 v./div.

Left
Convergence
Ul2-13
J12-8

2 v./div.

Right
Convergence
Ul2-10
Jiz-1

2 v./div.

10 usec per division

Figure 5.08

10 usec per division

Figure 5.09
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+6 v.

GND

-6 v.

GND
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The circuit for generation of the vertical ramp and the top and bottom
convergence waveforms is similar to that just described for the horizontal
waveforms, The principal difference is the size of the ramp capacitor C56.,
Due to the longer time involved for the vertical ramp, C56 has several
times the capacity of C54. The potentiometer for adjusting ramp symmetry,
R76, also is larger. The vertical reset pulse from the Digital Module,
through R77, causes the circuit between Ul0 pins 4 and 2 to close and
discharge C56. The voltage at U9 pin 1 goes to approximately -6 volts. At
the end of the reset pulse the voltage at U9 pin 1 begins its linear
increase in a positive direction to reach +6 volts as the next reset pulse
occurss, R76 is adjusted to make the positive and negative peaks of the
sawtooth ramp equal, Figure 5.10 shows the vertical reset pulse and
vertical ramp.

—+5 v,
Vertical
Reset
J5-3
2 v./div. GND
+6 v,
Vertical
Ramp
U9-1 GND
5 v./div. -6 v.

l(——— 2 msec. per division

Figure 5,10
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This ramp is applied to both inputs of multiplier Ull to produce the
vertical parabola at the output of Ull. R8l is adjusted to set the DC
level of the parabola bottom at ground level. See Figure 5.ll.

Vertical
Ramp
U9-1

5 vJ/div.

Vertical
Parabola
Ul2-4
Ull-4

2 vJ/div.

2 msec. per division

Figure 5.1

The parabola is connected to Ul2 terminals 3 and 4 The vertical ramp also
is applied to a comparator section in U9 to produce a square wave for
control of this other switch section in Ul2. The switching action causes
Ul2 to pass the leading half of the vertical parabola to J12 pin 4 and the
trailing half to J12 pin 5, as shown in Figure 5.12.

Top
Convergence
‘ Ul2-2
j J12-4

2 v./div.

Bottom

Convergence
Ul2-5
J12-5

2 v./div.

2 msec. per division ————-—=

Figure 5.12
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For convergence control in the four corners of the screen a pincushion
waveform is generated. The horizontal parabola from Ulé pins 3 and 4 is
connected to one input of multiplier Ul4, The vertical ramp from U9 pin 1
is connected to the other input of Ul4, The result is a waveform which,
for the period of the vertical ramp, begins with a horizontal parabola
inverted and with an amplitude of 3 to 4 volts negative. A series of
inverted horizontal parabolas follows, with the amplitudes gradually
decreasing to zero, Then follows a series of horizontal parabolas, not
inverted, whose amplitudes gradually increase to approximately +3 to +4
volts, See Figure 5.13.

Vertical
Ramp
U9-1

10 v./div.

Pincushion
Ul3-4
Uls-4

2 v./div,

Figure 5.13

This pincushion waveform is connected to terminals 11 and 4 of switch Ul3.
The switching of this section of Ul3 is controlled by the square wave from
U9 pin 7 -- one cycle for each vertical ramp., The leading half of the
pincushion waveform is passed to terminal 13 of Ul3 , the trailing half to
terminal 2,

These waveforms are switched further by two sections of Ul5, under control
of the square wave from U9 pin 8 -- at the horizontal frequency. During
the first half of each horizontal ramp the first half of the pincushion
waveform is passed to J12 pin 6.
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Figure 5.14 shows the top left corner convergence waveform., Note in the
expanded portion of the pattern that the waveform sweeps up and to the

right.
Vertical o v
: Ramp
us-1 GND
| 5 v./div.
;; -6 v.
Top Left
3 Convergence
| Uls5-2 o
: J12-6-
2 v./div. i
| !< -— 2 msec, per division —>%per T
. Figure 5.14

During the trailing half of each horizontal ramp this first half of the
pincushion waveform is passed to J12 pin 2. See Figure 5.15 for the top

right corner convergence waveform, where the expanded portion of the
pattern shows the waveform sweeping right and down.

Vertical
Ramp
U9-1

5 v./div.

Top Right
Convergence
Ul5-5

Ji2-2

2 v./div.

- —-— 2 msec. per division ;! 122‘:

div,

Figure 35.15
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In a similar way the other section of Ul5 passes the second half of the
pincushion waveform to J12 pin 7 during the first half of each horizontal
ramp and to J12 pin 3 during the trailing half of each horizontal ramp.
See Figure 5.16 for the bottom left corner convergence waveform; in the
expanded portion of the pattem, the waveform sweeps down and right,

Vertical

Ramp +6 v.

U9-1

5 v./div. GND
-6 v.

Bottom Left +3 v.

Convergence

Ul15-13

J12-7 GND

2 v,/div,

. ! 100u
2 msec. per division per
div.

Figure 5.16

In Figure 5.17 the bottom right corner convergence waveform is seen to
sweep right and up in the expanded portion of the pattem.

Vertical

Ramp 6 v.
U9-1

*~ GND
5 v./div.

+3 v.
Bottom Right
Convergence
Ul5-10 -
J12-3
2 v./div.
t 2 msec, per division ——-—>|<-1 ggt”s_
div.

Figure 5.17
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The symmetry of the pincushion waveform is adjustable by use of three
potentiometers associated with Ul4, Offset from ground is controlled by
R83. Baseline slant is controlled by R82 and vertical symmetry by R84,
These are adjusted during alignment to reduce offset and baseline slant to
zero and to make the left and right tips of the pincushion waveform equal

in amplitude (though opposite is direction), as shown by the sketches in

Section V.

onverge ifi

The eight convergence waveforms at J12 pins 1| through & are connected to
the Convergence Module via a flexible cable, The Convergence Module
returns three composite waveforms for Red, Blue and Green to J12 pins 9, 15
and 14 respectively. Each of these is amplified by an IC driver SE540.
(These driver chips are shown on the right side of the schematic, Ul7, Ul9
and U8.) Power voltages for each of these chips are +24 and -24, The
SE540 loads are the convergence coils in the CRT yoke, Ground returns are
through 10-ohm resistors R99, R94 and R89., There is a path for negative

- feedback from each terminal of the convergence coils

Vertical Deflection

The vertical sweep amplifier (see séhematic, just left of bottom center)

has the vertical ramp A from U9 pin | as a principal input. A portion of’

the ramp voltage is taken from VERTICAL HEIGHT potentiometer R53 and passed
through U3 to the inverting input of SE540 driver U2, Use of U3 and a high
resistance potentiometer enable the use of a small coupling capacitor for
the ramp while maintaining good linearity. U3 pin 6 is connected to U3 pin
2 to give unity voltage gain through U3.

The vertical ramp is inverted by U2, Outputs from terminals 7 and 9, of
similar phase, are applied to emitter follower transistors Ql3 and Ql#&
respectively. The terminal 8 output to potentiometer Ré63 is used to adjust
QI3 and Ql4 for class AB operation, The combined outputs of QI3 and Ql%
control the current through the vertical deflection coil in the CRT yoke.
Ground return s through resistor R66. There is a feedback path to the U2
input from each end of the deflection coil

The sawtooth ramp signal alone would cause vertical deflection at the left
and right edges of the screen to be greater than that at the center. The
CRT beam travels farther to reach the edges as the sweep is left or right
of center horizontally; a constant angle of deflection would result in
greater deflection vertically at the screen. See Figure 5.18. Therefore
the vertical sweep waveform is modified by the pincushijon waveform from Ul4
pins 3 and 4. This signal B, level adjusted by R54 and applied to the
non-inverting input of U2, serves to reduce the vertical sweep signal as
the horizontal sweep has the CRT beams either side of center horizontally.
VERTICAL PINCUSHION potentiometer R54 is adjusted during alignment to
maintain vertical deflection constant during each horizontal scan and give
the raster straight edges at the top and bottom

VERTICAL POSITION potentiometer R57 adjusts the bias of U2 to center the
CRT display vertically. '
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Figure 5.18

Figure 5,19 shows a typical voltage wavetorm of the vertical sweep
amplifier output at J8 pin 2. The effect of pincushion is quite
noticeable. The lower waveform in Figure 5.19 shows the average current
waveform as seen at J8 pin I,

Vertical BN ¢ . Gk = +15 v,
Sweep
J8-2

— GND
10 v./div.

~— -15 v.
Vértical
Current 0.7 a.
\;Igvleform Zero

0.7 a.

2 vJdiv.

le——— 2 msec. per division ———%‘

Figure 5.19
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Figure 520 shows the waveform used to monitor the adjustment of R63. It
is taken with the ungrounded oscilloscope's common lead connected to the
emitter of Ql&4 and its probe at the emitter of Ql3. Ré3 is adjusted to
put the upper point of the triangular waveform 25 millivolts from
“ground", causing Ql3-Ql4 to be operating just in the Class AB area, very
nearly Class B, -

Q13-Ol4 | — GND
palance
Waveform
02 v./div.
0.8 v.

!& 5 msec. per division ﬁl

Figure 5.20

This completes the description of the vertical sweep-amplifier.

Horizontal Deflection

The horizontal delfection circuit is shown on the left side of the
schematic drawing. Horizontal deflection is timed by the horizontal drive
pulse from the Digital Module, (The horizontal ramp generated in the
convergence waveform circuitry is not used for horizontal deflection.)
This drive pulse is a rectangular waveform with a duty cycle near 50%. Its
positive rise occurs several characters into the visible portion of the
horizontal scan. The trailing edge of the pulse is adjustable (in the
Digital Module) for positioning the sweep horizontally. The time relation
of Horizontzl drive to horizontal reset is shown in Figure 5.21. The end
of the visible sweep is near the trailing edge of the positive horizontal
drive pulse,
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Horizontal
Reset
15-2

2 v,/div.

Horizontal
Drive
J5-1

2 v./div.

The horizontal drive pulse is inverted in a gate in Ul and amplified

10 usec per division ————=

Figure 521

transistor Q4. Figure 522 shows the output of transistor Q%.

Horizontal
Drive
J5-1

5 v./div,

Q4
Output
T3-2

20 v./div.

10 usec per division —————3

Figure 522

J5.21
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The amplified pulse is coupled through transformer T3 to turn on transistor

Q9.

NOTE THAT AT THIS POINT THE CIRCUIT IS
NO LONGER REFERENCED TO CHASSIS GROUND.

UNGROUNDED INSTRUMENTATION MUST BE USED
.FOR MEASUREMENTS.

Q9 turn-on starts current flow through the flyback transformer T3 primary
(terminals 7 and 6) and through the horizontal deflection coil in the CRT
yoke. Soon after the end of the drive pulse Q9 turns off and transformer
flyback action reverses the current direction for beam retrace. Then, as
the beam moves back toward center, the next drive pulse arrives and causes
the action to repeat. (The horizontal frequency is approximately 15.6 KHz.

- for the 64 character/32 line format; for the 80 character/48 line format it

is near 23,8 KHz.) Figure 5.23 shows the flyback pulse at the collector
of transistor Q9.

Drive
from T3
Q9-b

2 v./div,

Flyback
Pulse
Q9

200 v./div.,

Figure 523

The amplitude of the sweep is determined by the voltage available at
transformer T3 terminal 7. This is set by the regulatory circuit
associated with U5 and Q8. This circuit regulates the voltage across
filter capacitor C34 in somewhat the same way that U7 and Q7 regulate the
voltage to Q6-c in the low voltage power supply circuit, In this case the
SG3524 oscillator frequency is synchronized to the horizontal drive
frequency. The horizontal drive pulse is applied through transistor Q2 to
U5 pin 3. This shortens the period of the chip's oscillator and increases
its frequency to that of the horizontal sweep -- a frequency higher than
the free-running frequency set by R31 and C28. Both switched outputs of U5

(pins 12 and 13) are used, so the switching frequency of Q8 is at the
horizontal drive frequency.
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The sync for U5, developed from the horizontal drive pulse, is shown in
~ Figure 5.24, The U5 output at pin 13 is shown in Figure 5.25. The
: switched output of transistor Q8 is shown in Figure 5.26.

Horizontal
Drive
J5-1

5 v./div.

Q2
Output
us-3

5 v./div.

Sync
U5-3

5 v./div.

Output

Pulse
U5-13

10 v./div,

Figure 5.25
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Pulsed

Voltage
Q8-¢
T2-2

50 v./div.

,<———— 10 usec per division ——%‘

Figure 5.26

.

A feedback voltage is developed by a full-wave rectifier (CR12 and CRI13)
connected to a secondary winding of T3, The amount of this feedback is
adjustable by potentiometer R35. This HORIZONTAL WIDTH control is adjusted
during alignment to obtain the desired display width of 9.5 inches.

As with vertical deflection, the horizontal deflection must be modified to
maintain constant deflection at the screen as the CRT beams depart from the
screen center (in this case, vertically). To accomplish this the vertical
parabola from Ull terminals 3 and 4 is connected as signal D to VERTICAL
PINCUSHION potentiometer R39., It is used, through R38, in the feedback to
U5 to vary the voltage at FBTI. It also is used through R48 and U4 to
modify the horizontal drive pulse. R39 is adjusted to obtain straight
vertical sides for the raster.

U4 and Q3 affect the voltage available to the collector circuit of
horizontal drive amplifier Q4. U#% sets the bias on Q3; Q3 shares part of
the Q#% collector circuit, R50, and thus affects the value of the voltage
available to Q4. Potentiometer R46 in the bias circuit of U4 can be used
as a sort of vernier control for horizontal positioning. The principal
horizontal positioning adjustment in the Digital Module moves the display
in discrete character-multiple jumps; R46 provides further control of an
analog nature.

The HORIZONTAL WIDTH control R35, in addition to determining the display

width, affects the CRT anode voltage. This action is described in the
paragraphs following,
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Regulated High Voltage DC

Associated with the horizontal deflection circuitry are two additional
circuits for generation of the CRT anode voltage, focus voltage and
brightness control. One secondary winding of flyback transformer T3
generates a high-voltage flyback pulse which is rectified by a diode to
yield the CRT anode voltage. This voltage is set to approximately 25 KV
(with reference to chassis ground) when R35 is adjusted for a display width
of 9.5 inches, It is maintained at this value by the regulatory action of
U5 and Q8.

A voltage divider is connected in series between the CRT anode cap and the
FOCUS potentiometer located on the rear panel of the Analog Module. A lead
from the voltage divider connects the focus voltage to the CRT socket on
the Video Module, As part of the divider circuit, the FOCUS control
adjusts the level of this focus voltage.

Another secondary winding (terminals 1 and 6) in the flyback transformer
supplies the CRT {filament or heater voltage, which is connected through the
CRT socket on the Video Module,

. For control of brightness and color mix, the flyback pulse at Q9-collector
is coupled through C37 to rectifier diodes CR10 ammd CRll. The resulting DC
is filtered by C38-R40-C39, This voltage is used in the Video Module for
individual control of the brightness of the three primary colors. For
overall brightness control the voltage is used by the Ql2 circuit to set
the bias on the CRT grids, BRIGHTNESS control Ri13is used to adjust the
bias of Ql2 and thus set the bias on the CRT grids

Video Gates

The three video signals, Red, Green and Blue, from the Digital Module's
display generator section are brought to the inputs of NAND buffers in Ul
(lower left corner of schematic). The inverted video pulses at the gate
outputs, with amplitudes of 4 or 5 volts p-p, are connected to amplifiers
in the Video Module,

Interconnections

Leads and cables between the Analog Module and other modules are
connectorized at one or both ends for easy disassembly. Deflection and
convergence leads from the CRT yoke plug into jacks on the upper side of
the Analog board. Cables for power and video from the Analog board to the
Video Module have sockets which mate with plugs on the Video board. Cables
between Analog and Digital Modules in the 32-line unit have sockets to mate
with jacks on the Digital board. (An opening in the Analog board provides
access to the plugs. Whenever corrective maintenance work involving the
power supplies has been performed, socket Jé should be disconnected from
the Digital Module to remove power until the low voltage supplies have been
adjusted.)

This completes the description of the Analog Module, For adjustment
procedures, see Section IV Alignment,
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CONVERGENCE MODULE

The Convergence Module consists of nine sets of three potentiometers for
nine-sector convergence adjustment and three summing amplifiers (one for
each color). The components are mounted on a PCB 2 5/8" x 4 1/8" which is
located in a front panel recess behind a snap-off cover -- just above the

right side of the keyboard. A flat flexible cable with plugs connects the
module to the Analog Module,

One of the eight different convergence waveforms developed in the Analog
Module is applied to each of eight of the sets of controls. The centrally
located set of controls for center screen convergence has -12 VDC as input.
The output of one potentiometer in each of the nine sets is applied to one
of the summing amplifiers in UAl. One section of UAl sums the inputs for
Green convergence, another section sums those for Blue convergence, and &
third those for Red. The outputs of these three amplifiers are returned to
the Analog Module as inputs to the three convergence coil drivers.

The physical locations of the nine sets of controls follow the same pattem

as that of the screen areas controlled -- see diagrams in Alignment Section
1v.
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VIDEO DRIVER MODULE

The Video Driver Module contains three video amplifiers, three brightness
controls and the socket for the cathode ray tube. The components are
mounted on a printed circuit board 6" x 2 3/8". The CRT socket is used to
mount the module to the base of the CRT. Component locations are shown on
Assembly Drawing 101170 and the circuit is shown on Schematic Drawing
101174,

The module has two jacks for connections to the Analog and Digital Modules.
Power voltages from the Analog Module via a cable that mates with J1 on the
Video PCB include +5V, =-12v, +48V and +200V DC and 6.3 VAC. The cathode
return for all three CRT cathodes is through 10K resistor R4 to Jl pin 2.
(A circuit in the Analog Module establishes the bias on this cathode return
lead.)

The +200V is connected to the three brightness controls R19, R17 and R18
for Blue, Green and Red respectively. The outputs of these three
potentiometers are connected through 10K resistors to the CRT screen grids
by way of the CRT socket. Each pot output has a by-pass to ground.

Focus voltage is connected through a separate lead from the CRT socket. A
connector on this lead mates with a connector on the lead from the focus
circuit voltage divider in the Analog Module.

A ground strap mates with a grounding tab on the Video PCB, connecting CRT
socket pin 10 to the CRT grounding springs and the Analog frame.

Video signals for Red, Blue and Green are generated in the Digital Module,
brought through gates in the Analog Module and brought into the Video
.Module at J2 on the Video PCB. Each of the three video amplifiers has one
field effect transistor. In the GREEN amplifier (toward the bottom of the
schematic) the input video is applied to the gate of FET Q3. The load of
Q3 has frequency compensation (L1) to provide a bandwidth of some 50 MHz.
The amplified video, with an amplitude of 40 volts p-p, is connected
through 470-ohm resistor R12 to the CRT socket pin for the Green cathode.
The supply for Q3 is +48V. The RED and BLUE amplifiers are similar to the
GREEN. Figure 5.27 shows video signals input from the Logic Module through
the Analog Module and the output from the Video Module to the CRT.

During alignment the individual BRIGHTNESS controls R17, R18 and R19 are
adjusted in conjunction with overall BRIGHTNESS control R75 (mounted on the
Analog rear panel) to give the desired color mix at a comfortable viewing
level.

NOTE: In some units there is an IC on the Video Module for the video input
gates. In these cases the video from the Logic Module is brought directly
to the Video Module instead- of being passed through the gates in Ul on the
Analog Module.
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DIGITAL MODULE - 3521

The Digital Module (Logic Board) is mounted in the lower part of the
cabinet underneath the Analog Module. It receives input data and, together
with the software, processes it for CRT display or for serial transmission
to the Disk Controller or to the outside world. Schematic Drawing 100961
shows the circuit which, for discussion purposes, may be treated as a
microcomputer and a display generator,

The microcomputer, occupying the left two-thirds of the drawing, includes
the 8080 Central Processing Unit (UA2), a Clock Generator (UBl), a
Multifunction Input/Output Unit (UD2), Read-Only Memory (UA4-UA7), CRT
Refresh Random Access Memory (UD4-UD11), user Random Access Memory
(UB4-UB11) when included in the configuration, and several other devices
for selection and control of data processing functions. (Terminals without
user RAM have a small amount of static RAM on a plug-in board) A Data Bus
and an Address Bus provide much of the interconnection.

The display generator, shown on the right one-third of the schematic
drawing, includes the 5027 CRT Controller (UF9), Character Generator
(UF6-UF7). Character, Status and Color Latches (UE6, UE5, UE%), Shift
Register (UF5), Color PROM (UG5), and several additional devices involved
in the selection and timing of signals for the CRT display. The CRT
Refresh RAM (UD4-UDI11) also is part of the display generator,

Data is received through either the Serial 1/O Ports or the Keyboard., It
is processed by the microprocessor and software and routed via the control
and data buses to the appropriate circuit. If it is data to be presented
on the screen, it is placed in the CRT Refresh RAM along with an
appropriate control word to identify the color, blink and graphics status.

Once in Refresh RAM, the data is presented to the display generztor
circuitry, Here the first of two memory words is processed into an ASCII
character or graphics dot pattern; the second word is processec
simultaneously into color, blink and graphics identifier information. The
resulting serial output of color video information -- red, green, blue --
is coordinated with horizontal and vertical'synchronizing signals to
synchronize the serial output information with the CRT horizontal and
vertical sweep signals generated in the Analog Module.

Microprocessor

The 8080 CPU and its associated 8224 Clock Generator, 745438 Bus Driver and
Controller and the 5501 I/OlController make up the heart of the Digital
Module computer functions,

The 8080 CPU is a general purpose microprocessor that can handle 8-bit
words, has a repertoire of 78 instructions and can address up to 64K of
memory through the address bus. Appendix A at the back of this manual
details the features of this integrated circuit chip.
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The 8224 Clock Generator includes a 17.9712 MHz. oscillator, controlled by
crystal Y1, and generates timing pulses Ol and O2 at one-ninth the crystal
frequency. (The 17.9712 MHz. output from terminal 12 is routed to a number
of other units for timing purposes. These will be mentioned as the other
units are discussed.)

The 8-line data I/O port of the 8080 CPU connects in parallel to the 745438
Bus Driver/Controller and the 5501 I/O Controller. All data to or from: the
38080 CPU passes through one of these two units.

The 5501 1/O Controller passes data to and from the Keyboard and the Disk
Controller (and the Data Modem, if used). It handles both serial and
parallel data, Data to be sent to the Disk Controller or the Data Moden:
are converted to serial form and transmitted through the 1488 Line Driver
(UG1). Data bits 05 and 05 from the 5501, applied to a NAND gate in UF2
(74L500). enable transmission to the designated unit. Serial data from: the
Disk or Modem come through the 1489 Line Receiver (UDI), also contrclled by
data bits 04 and 05 from the 5501. See table below,

UF2

12 13
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ol ol
= e
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OFF
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ON

ON
OFF
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OFF
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OFF

OFF

OFF
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ON

Thus when either of bits 04 and 05 is low, the Line Driver and Receiver
sections associated withe the Disk Controller are enabled. The outputs of
the sections associated with the Modem are held high. When both bits are
high, the reverse is true, Bit 04 low causes the resident Disk Drive to
run. Bit 05 low causes the add-on Disk Drive (connected to a branch of the
keyboard cable) to run.

Parallel outputs C0-C7 from the 5501, passed through the 81LS95 Octal
Buffer (UF1) without inversion, serve both as controls for the Disk
Controller and as inputs to the Keyboard. The Keyboard returns 1Z lines of
information to the Logic Board. Eight of these are multiplexed by the
74LS157 Quadruple 2-line-to-l-line Multiplexer (UEl) onto four lines,
These, with four of the original 12, make up an 8-line parallel input to
the 5501. The Keyboard also has a RESET input to the Logic Board to reset
the microprocessor to its initial condition.

The operation of the 5501 1/O Controller is determined by address bits
AO-A3 from the 8080 CPU. Appendix B provides considerable detail
concerning the TMS 5501 Multifunction Input/Output Device.

The 745438 Bus Driver/Controller handles all other parallel data transfers
between the 8080 CPU and a variety of units, including the user Random

Access Memory, Read-Only Memory, add-on RAM and ROM, CRT Controller and CRT
Refresh Random Access Memory., The 745438 reads the status off the 2080

1/O Port data to determine the action to be taken. ™
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As a bus driver, the 745438 provides isolation between the 8080 Data Bus
and the memories. As a controller, it issues the Memory Read/Write and
Input/Output Read/Write commands.

The System Driven Data Bus originates at the 745438 Bus Driver/Controller
terminals DBO0-DB7. From there (Schematic Drawing 100961, upper leit
corner) its eight lines, designated D0-D7, connect in parallel to the
following units:

Description Function
1) 50-pin bus J3 for add-on uwnits I/O Data
2) Connector J8 for 16K user RAM I/O Data

(or scratch pad RAM)
3) 16K user RAM (UB4-UB1!) when present [/O Data
4) 81LS95 Octal Buffer (UE7) Refresh RAM Qutput Data
5) 4K Refresh RAM (UD4-UDI!) Input Data to Refresh RAM

6) 825123 I/O PROM (UAl) when present CRT Controller Data

7} 16K ROM (UA4-UA7) ROM Output Data
8) Connector J9 for add-on ROM Output Data
9) 5027 CRT Controller (UF9) "~ Input Data for CRT Control

(and 1/O for Cursor Data)

The CRT Refresh RAM output data, in addition to being connected to the

system driven data bus through Octal Buifer UE7, is connected to the
74LS377 Character Latch UE6 and Status Latch UES.
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The Address Bus is the route over which the 8080 CPU addresses the various
memories and I/O ports, This 16-bit parallel data bus originates at the
A0-Al5 terminals of the 8080 CPU (near upper left of Schematic Drawing
100961) and extends in whole or in part to the following:

Description Bits Used

1) 50-pin Bus J3 for add-on units A0-Al5
2) 3242 Address Multiplexer/Refresh A0-A1l3

Counter (UA3) for addressing user
RAM: (or to scratch pad static RAM
in some terminals)

3) 825129 Address Decoder/Timer (UE2) Al3-Al5
4) 825123 1/0 PROM (UAI) AO-Al

5) 825129 System Decoder (UF3) Al3-Al5
6) 5501 1/O Controller (UD2) A0-A3

7) 825123 ROM/PROM Decoder (UB3) All-Al4
8) 16K ROM (UAL-UA7?) A0-Al12
9) A NAND gate in 74LS00 (UF2) A7 only
10) Connector 19 for add-on ROM A0-All

11) 74LS153 Multiplexers (UD12, UE9, UE8) A0-All
for CRT Refresh RAM address

12) 5027 CRT Controller (UF9) A8-All
13) 825131 CPU & Horizontal Decoder (UF8) Al2 only
(Some address inputs to the 825123, 825129 and 825131 PROMs
come from other sources)
The Digital Module uses several types of Programmed Read-Only Memories.

Four PROMs are used for control purposes in the microcomputer portion.

The 825129 System Decoder (UF3) is a 256x4 PROM. The 4-bit word output

trom its memory enables certain logic functions:

DO is the Chip Enable for the 5501 I/O Controller UD2.

DI is the DBIN signal to the 745438 Bus Driver/Controller UB2 to
indicate whether the 8080 Data Bus is in an input mode (DBIN
high) or an output mode (DBIN low).

D2 is part of the address to ROM/PROM Decoder UB3, directing use
of the Read-Cnly Memory.

D3 is the Chip Select signal to the 5027 CRT Controller and part
of the address to the CPU & Horizontal Decoder UF8.
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The required 8-bit address to the System Decoder comes from several
sources:

A0 is the 8080 DBIN signal.

Al is the I/O R signal from the 745438 Bus Driver/Controller.

A2 and A3 are the Dé and D4 bits (advance I/C R and 1/O W) from
the 745438, passed through inverters in UCI.

A4, A5 and Aé are address bits Al3-Al5 from the 8080.

A7 is the MR signal from the 745438,

The 825129 Address Decoder & Timer (UE2) is a 256x4 tri-state output PROM
which provides the decoding and timing functions for the user RAM, Part of
its 8-bit address comes from the Address Bus (bits A13-Al5). Two bits are
the Memory Read and Memory Write commands from the 745438 Bus
Driver/Controller, One bit is the O2 Clock (TTL level). One is the 8C80C's
WR signal, The remaining bit is the Refresh Signal from the second
flip-flop in a 74LS74 (UG2, terminals 8-13). The #4-bit words from memory
are involved in RAM functions:

DO is passed through two Schmitt triggers in UD3 to yield the
Column Address Strobe to the user RAM on the plug-in board.

D1 supplies the Refresh Enable and Count inputs to Address
Multiplexer UA3.

D2 through a Schmitt trigger in UD3 supplies the Row Address

‘ Strobe to all of the user RAM. Through another Schmitt trigger
it supplies the Row Enable signal to Address Multiplexer UA3,

D3 is passed through two Schmitt triggers to yield the Column
Address Strobe to the user RAM on the main board.

Thus when the address issued by the 8080 CPU indicates access to RAM -- for
either Read or Write. -- the Address Decoder & Timer PROM enables the
Address Multiplexer UA3 and initiates the generation of strobes to the
selected Random Access Memory.

The 3242 Address Multi?lexer(ReIresh Counter (UA3) receives 14 address
bits from the 3 PU, It multiplexes these into seven outputs (Q0-06).
These outputs make up the row/column address inputs for the user RAM. (In

terminals with no user RAM the 3242 and some associated circuitry are
omitted.)

The Zero Letect output (terminal 15) is an input to one of the monostable
multivibrators in 74LS123 (UG#4), which times the Refresh Signal. When the
64 (or 128) cycles of refresh have been completed, Zero Detect goes low to
trigger the one-shot multivibrator, When it times out in a bit under 1
ms., a high is generated at terminal 12, This high is applied to the
terminal 12 D input of a flip-flop in UG2 and is passed on to terminal 9 on
the next low-high transition of the 8224 Clock Generator 2 (TTL) signal,
This causes the Address Decoder & Timer UE2 to initiate another reiresh
cycle with high at D1 and at D2.

The Count and Refresh Enable inputs for the 3242 come from the 3825129
Address Decoder and Time (UE2), which also provides the Row Enable signal
to the 3242, When terminal 3 of the 3242 is made high, the multiplexer
outputs are row addresses; when it is low, the outputs are column
addresses,
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The User Random Access Memory included in the 3621 Intecolor is made up of
1€ one-bit-wide Dynamic RAM iUBQ-UBll, plus 8 more IC's on the plug-in
board). One chip in each of the two sets of eight supplies one bit of the
8-bit word to be written into or read from memory. The memory cells within
are arranged in a matrix of rows and columns, The 14 address bits required
to identify a particular cell in the array have been multiplexed on 7
address lines and come into the RAM chips as 7 row address bits followed by
7 column address bits. RAS (Row Address Strobe) and CAS (Column Address
Strobe) serve to latch the address into the chip. If data on the Data Bus
(connected to chip inputs) is to be written into memory, a negative
transition on Write (MW) causes this to occur. If MW is maintained high,
data is retrieved from memory and put on the Data Bus,

The Dynamic RAM memory cells require refresh within 2 ms. intervals to
maintain their data. Refresh occurs during each memory cycle. Refresh
also occurs every millisecond or less, as described earlier in. the
paragraphs relating to the 3242 Address Multiplexer/Refresh Counter. A
memory output from UE2 causes a Schmitt trigger in UD3 to generate the RAS
required to refresh the RAM cells. (Refresh takes place during any cycle
in which RAS occurs; and when RAS is received without CAS, the memory state
is not affected) Refresh requires 32 us. (64 us. for 128 cycles) for
completion,

Some configurations in the 3600 Series have no dynamic user RAM and thus do
not need the refresh circuitry. Other configurations may have less than
the 32K maximum dynamic RAM.

In units such as the 3621 which have more than 16K of user RAM. a plug-in
board is mounted in J8. The plug-in PCB has eight one-bit-wide dynamic RAM
chips. In the 3621 these are 16Kxl #4116's, Capacitors for power source
by-passing are included on the board adjacent to the chips.

The plug-in RAM is addressed through the 3242 Address Multiplexer/Refresh
Counter (UA3) in parallel with the RAM on the main board. The output of
the RAM Address Decoder (UE2) provides the Row Address Strobe for the
plug-in boerd in parallel with the chips on the main board. A separate
output of this decoder provides the Column Address Strobe to the plug-in
board when the address indicates its selection. The MW signal from the Bus
Driver/Controller (UB2) indicates whether data on the Data Bus is to be
written into memory or data in memory is to be read onto the Data Bus,

In terminal configurations having no user RAM. the plug-in RAM board is
used for mounting a small amount of static RAM used as scratch-pad for
internal operations, In these configurations neither address multiplexing
nor refresh is required. The static RAM is addressed directly by the CPU.,

Connectors at each end of the plug-in board mate with the two 38 connectors
on the Digital Module. The terminal pins are numbered. Note that the end
of the plug-in with terminals 1 through 12 mates with the connector nearer
the edge of the main board. Power should be OFF when the plug-in is mated
with the main board.
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The 825123 1/O PROM (UAl) is a 32x8 PROM whose 8-bit words, when read from
memory, are delivered on the Data Bus for 5027 CRT Controller start up.

The chip is enabled by a combination of the I/OR signal from the 745438 Bus
Driver/Controller and the A7 bit from the Address Bus. The negative I/OR
transition causes an inverter in UCI to apply a high to one input of a NAND
gate in UF2. If the A7 address bit also is high, the gate output goes low
to provide the CE for UAl, Address Bus bits A0-A&4 cause the appropriate
&-bit word to be read onto the Data Bus,

In some Intecolor units, where the 5027 CRT Controller is masked fcr 2
particular type of operation, UAl is not required.

The 825123 ROM/PROM Decoder (UB3) is a 32x8 PROM whose 8-bit output from
memory provides a Chip Select to one of the ROM chips UA4-UA7 or one of the
optional add-on ROM at J9 when ROM is addressed.

One of the five address bits has an option connection to ground or +5V,
Normally this input is connected to Address Bus bit All, The optional
connections are provided for possible shift to different software. Three
inputs are Address Bus bits Al12-Al4. The fifth input is from the System:
Decoder UF3, YWhen ROM is addressed by the 8080 CPU to read data onto the
Data Bus, the ROM/PROM Decoder enables the selected ROM chip.

The Read-Only Memory (UA4-UA7) resident in a 3600-Series Intecolor unit
varies with the type of configuration. Normally up to 16K 8-bit words find
storage space on the main board. However, use of different types of ROM
chips may require changes in the option patches associated with the power
voltages, address inputs and chip select leads. The following table shows
the patches for a number of types of chips.

INPUT — [ +12 | -5 | al2 AlD cs GND | all
PATCH NO. —» || 1 | 2 | 31| 4 | 5 | 6 | 7 [ 8 | 9 | 10
2708
2716
4732
9216
36000

ROM CHIP

When the required address bits are present of the Address Bus, the data
from the selected memory area js read onto the Data Bus when the Chip
Select signal is recieved from the ROM/PROM Decoder. '

A plug-in Add-On PROM board is available as an option. This add-on can
have up to four IC's mounted on jts PCB. The plug-in has option patches
for several types of IC's. The patching pattern is the same as that on the
main board. Capacitors for power source by-passing are included.
Connectors at each end of the PCB mate with the two J9 connectors on the
Digital Module. Note that the terminal numbers of the add-on connectors
must match those on the main board. Note also that power should be OFF
when mating the plug-in with the main board.
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The add-on board receives up to 12 address bits from the Address Bus. Its
8-bit output is connected to the System Data Bus. Chip Select is
determined by the ROM/PROM Decoder (UB3) on the Digital Module.

The CRT Refresh RAM (UD%-UDI1) is similar in many respects to the user RAM.
It has connections directly to the Data Bus for data to be written into
memory, Qutput data from memory can be passed to the Data Bus through
&81LS95 Tri-State Octal Buffer UE7 when gated on by lows at its terminals |
and 19, The output data from the CRT Refresh RAM is connected directly to
two 74LS377 latches, Character Latch UE6 and Status Latch UES5,

The row and column 6-bit addresses come from 74LS153 Multiplexers UE8, UE9 -
and UEl2, The address sources include bits A0-All from the Address Bus --
used when the CPU addresses CRT Refresh RAM -- and six character counter
outputs and five data row counter outputs from the 5027 CRT Controller,
plus an output of CRT Timing PROM UG8 -- used when the CRT Controller
addresses Refresh RAM. The Select signals for the Multiplexer originate in
the CPU & Horizontal Decoder PROM UF8 and the CRT Refresh RAM Timing
Multiplexer UG6. The four-line-to-one-line multiplexer chips each have two
select lines, One select line is used to pass addresses from either the
CPU (for new data input) or the CRT Controller (for recirculation of stored
data), The other select line is used for passing row address and column
address in sequence, No separate refresh circuitry is needed -- normal use
provides frequent refresh. :

The CRT Refresh RAM. treated as part of the microcomputer, is also very

much associated with the display generator, the description of whkich
follows.

Display Generator

The 5027 CRT Controller (UF9)Y under control of the microcomputer
genetates CRT irame iformatting signals such as horizontal and vertical
sync, characters per data row, data rows per frame, row select data,
blanking, and cursor video data. In some types of IC's the parameters are
loaded into the chip from UAIl at power-up; in other types the parameters

are )ﬁxed (masked). (See Appendix C for details of the 5027 CRT Controller
unit,

The microcomputer exercises control through a series of 8-bit words on the
Data Bus and 4-bit register addresses on the Address Bus. The Chip Select
signal is received from the System Decoder UF3, Data Strobe, which strobes
D0-D7 data into the appropriate 5027 register, is the I/OW signal from the
8228 Bus Driver/Controller. The other input to the 5027, Dot Counter
Carry, is from the 14976 MHz, output of Dot Counter UG7, .

Character Counter and Data Row Counter Outputs from the CRT Controller go
to the 74LS153 Multiplexers to become part of the address to Refresh RAM,
Other outputs of the 5027 are used in generation of synchronizing signals
for the Analog Board and in the addressing of PROMs in other parts of the
display generator, These are discussed later in this section.

* The 5048 CRT Controller is similar and can be synchronized
to the power line frequency by a jumper at pin 10.
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Several PROMs of various types are used in display generation, The uses of
these PROMs are taken up next.

The 825123 CRT Timing UGR is a 32x8 PROM whose outputs from memory provide
timing signals for a number of devices in display generator circuits., One

of its five address bits (A4) is the H6 Character Counter output from the
5027 CRT Controller., The other four address bits come from the 74LS163
Synchronous Binary Counter UG7.

The input Clock for that Counter is the 17,9712 MHz, Oscillator Signal.
With the feedback from the D5 output of the CRT Timing PROM to terminal 1
of the Counter, the output at terminal 1l of the Counter is 179712 MHz,
divided by 12, or 1.4976 MHz. (the character timing frequency, with 2
period of 667 nsJ.

The 8-bit output from the UG8 memory is used as follows:

Do0-D2 Clock inputs to Status, Color and Character latches UE5,UE#4
and UE6. DI is also the Shift/Load input to Shift
- Register UF3.
D3&D7 Inputs to CRT Refresh Timing Multiplexer UG6.

D4 Clock input to flip~-flop in UG3.

L5 Clear input to Dot Counter UG7.

Dé6 One address bit to CRT Refresh RAM through Multiplexer
uDl2. ‘

The 825131 CPU and Horizontal Decoder UF8 is a 512x4 PROM. Five bits of
its 9-bit address are the H2-H6 Character Counter Cutputs from the 5027 CRT
Controller, One bit is the 5027 Chip Select from the System Decoder.
Another bit is the Al2 bit from the Address Bus (designating priority of
access to the CRT Refresh RAM -- a low gwes immediate access). Another
bit is from a flip-flop in UG3. The remaining bit is the NAND of MR and
MW.

The &4-bit output from memory is used for:
DO RDYIN signal to Clock Generator UBl1 via an AND gate,
Dl Power Supply Sync to the Analog Board.
b2 Timing trigger for the horizontal Drive circuit.
D3 Input signals to a flip-flop in UG3.

The 74LS74 Flip-Flop UG3's terminal 9 output, as a select A control for the
CRT Reiresh F{AM address multiplexers (74S153 terminal 14). determines
whether the 5027 or the 8080 addresses Refresh RAM. As the Select Signal
to Multiplexer UG6 it causes UG6 to pass the appropriate set of inputs MW,
RAS, CS, and CAS to Refresh RAM. fA" 1nputs when the 5027 is addressing
Refresh RAM and "B" inputs when the 8080 is addressing it) Terminal ¢ is
low to select 5027 addresses and associated control signals for CRT Refresh
RAM. It is high to select 8080 addresses and controls,
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The 7415157 Multiplexer UG6 has two sets of four inputs, one of which is
gatéd to the four outputs by UG3. _

INPUT . OUTPUT .

TERM SET SIGNAL SOURCE TERM SIGNAL USE

2 A +5Y 4 One gate for Buffer UE7

3 B MR from 745438 (low is half of enable)

5 A D7 from UG8 7 B Select to CRT Refresh

6 B WR from 8080 or MR RAM address multiplexers
via gates in UF2 & and CAS to Refresh RAM
UF4%

11 A 5V 9 MW for CRT Refresh RAM

10 B MW from 745438

14 A D3 from UGS 12 RAS and CS for CRT

13 B WR or MR via UF2 & UF#% Refresh RAM

The 81LS%? Ogtal Buffer UE7 passes the CRT Refresh RAM output to the
Systems ta Bus only when the g080 CPU Addresses Refresh QAM. P

The components in the upper right portion of Schematic 100961 are
associated with the character generation. Each character is defined in a
6x8 matrix, eight scan lines six dots long. Two 8-bit words are required
for each character. to be displayed. The first word is the "X" address to
the Character Generator, which provides the dot pattern. The second word
includes foreground color, background color and foreground blink status.
These words are stored in the CRT Refresh RAM (32 lines x 64 characters x 2
words each = 4096 words),

The Character Generator UF6-UF7, two 1024 x 8 ROM's, provides storage for
words describing 128 characters and a variety of graphics. It holds eight
outputs for each character (one for each line of the character), These are
accessed by a single "X" address (7 bits) for each character and by eight
"Y" addresses (3 bits each). The "X" address is provided by the word frecm
CRT Refresh RAM and the "Y" address is developed from the scan counts of
the 5027 CRT Controller,

The 825129 Scan Decoder UGY9 is a 256x4 PROM that supplies the "Y" address
" inputs to the Character Generator with three of its outputs. (The fourth
output is Cursor Infomation.) Its address bits include the 5027 CRT
Controller's Scan Counter RO, Row Select Rl & R2, Data Row Counter DR anc
Cursor Video., It also receives the D7 bit of the first character word and
a 1.875 Hz, signal from the Blink Counter.

The 7415393 Blink Counter UGI10 input is the 60 Hz. sync from the Analog
Board through a Schmitt trigger in UE3. It divides this by 32 to yield the
1.875 Hz, blink rate. This is an input to two units in the generation of
characters, cursor and graphics and to the 5501 Multifunction 1/O Device
(SENS, terminal 22). It is also used for the real time clock.
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Three 74LS377 Octal Latches are involved in the processing of the
information Ior characters. Each of these contains eight D-type flip-flops
with common Enable and Clock inputs, In this case, with all three Enable
inputs at Ground, information at the D inputs is transferred to the O
outputs on the positive-going edge of the Clock pulse. The Clock pulses
are generated by the CRT Timing PROM UGS8. Output data from the CRT Refresh
RAM is applied to the Character Latch UE6 input., The Character Latch
output, together with the Scan Decoder UGY9 and the RI1-R2 outputs of the
5027 CRT Controller address the Character Generator UF6-UF7. An output of
the Status Latch enables either UFé (for characters) or UF7 (for graphics).
The parallel 6-bit Character Generator output is changed to serial output
by the 74LS166 Dot Shift Register and applied as one input to 825131 Colcr
PROM U7, -

The other word for character generation is, immediately following the input
to the Character Latch, addressed from CRT Refresh RAM to the Status Latch
UE5. One output of the Status Latch determines which of the two chips of
the Character Generator is enabled. Another output bit is applied with the
1.875 Hz. waveform to an AND gate whose output goes to the Color Latch.
The other six Status Latch output bits (background and foreground color
information) are addressed directly to the Color Latch.

The 74LS377 Color Latch is set by the seven input bits just described, plus
and 8th bit from the Scan Decoder PROM UGY9. Its output comprises eight
bits of the 9-bit address required by the Color PROM UG5, (The 9th bit is
the serial character data from the Dot Shift Register UF5J)

The 825131 Color PROM UGS is a 512x4 PROM. Three bits of its possible &4
bit output irom memory are the Red, Blue, and Green signals to the Video
Board. During sweep retrace the Blank pulse from the 5027 disables the
Color PROM,

The 5027 CRT Controller generates synchronizing signals for the Analcg
Board to coordinate the sweep pattern with the video signals from the Color
PROM. Two of these are supplied directly:

Horizontal Ramp Reset irom H SYN, UF9 terminal 15,
Vertical Ramp Reset from V SYN, UF9 terminal 1l.

The Horizontal Drive signal timing is determined by the D2 output of CPU &
Horizontal Decoder UF8 and by monostable multivibrator UG#, both
controlling a flip-flop in UG2 which actually generates the drive signal.
When D2 goes low, the Horizontal Drive goes high as a result of this low at
the terminal 4 Preset input to the flip-flop in UG2. When D2 goes from low
to high, it starts the timing of the one-shot in UG#4. which applies a high
at the terminal 2 D input of the flip-flop in UG2, The high at UG2-4
causes the flip-flop to follow its D input on the positive-going
transitions of the terminal 3 Clock input. So there is no immediate change
in the Horizontal Drive signal -- it remains high. When the one-shot in
UGY4 times out (this time is adjustable by R20), the D input to the
flip-flop goes low. Horizontal Drive goes low on the next positive-going
Clock transition (the HO Character Counter output of the 5027 CRT
Controller). This is the Horizontal Drive signal used in the Analog
Module,

This completes the circuit description of the Digital Module.
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DISK DRIVE - 3¢ 21

The floppy Disk Drive uses the Standard 5 1/4" diskette package. Each of
40 tracks used for data (of 4] total tracks) is treated as consisting of 10
sectors with 128 bytes each -- about 1280 bytes per track, including

-formatting information, or 51,200 bytes per diskette. The home "zero"

track (outer most track) is not used for data. The 3621 Intecolor has
provision for use of two of these micro-disk drives. The basic unit
includes one drive mounted in the right front of the cabinet. An optional
external second disk drive can be connected in parallel with the Keyboard
cable, Terminal configurations usually do not include a disk drive.

The rugged framework contains a DC drive motor which spins a diskette at
approximately 300 RPM. A magnetic read/write head and an erase head are
mounted on a slide mechanism which a 4-phase (or 3-phase) motor moves in
and out across the recording tracks in 40 incremental steps. The Disk
Controller Board, mounted on the disk drive framework, contains the
record/reproduce amplifiers, drive motor speed control circuit, stepper
motor drives, and control circuitry. The built-in disk drive is connected
to the Digital Module by a flexible cable. Read and Write data are
transferred to and from the Digital Module in serial form, Control data
for the drive assembly is the 8-bit paralle! output of the 5501 I/O Device
(through an octal buffer) on the Digital Module. Bits 0-2 control the
stepper motor, one of bits 4 or 5 controls the drive select , and bit 3
determines Write or Read. (Bits 6 and 7 are not used in the Disk Drive at
present.)

The upper portion of Sc}lematic Dra'wing 100873 shows the Reproduce

Amplifier. Signals induced in the R/W Head by the diskette magnetic Iields

are connected through a filter and clipping circuit to one section of Dual
Preamplifier UB2, Negative feedback is provided through R19 and amplifier
phase compensation by R24-C4, The reproduce signal is carried through
emitter-follower transistor QI and a noise reduction coupling circuit to
the second section of UB2, (CR9 and CRI0Q block the center portion of the
signal and most of the noise.) Negative feedback for the first section
also is through a T-pad (R52. R53, C30). Section two has diodes CR3, CR#%,
CR7, and CR8 across R25 for output clipping., R27-C6 provide phase
compensation. Operational amplifier UB3, functioning like a trigger,
latches the signal to a section of inverting octal buifer UA2. The
recorded signal effectively was only the transitions in the data. UB3 uses
these to restore the data to original form at TP3. (The waveform at TP3 is
inverted by UA2 and then inverted again by the line receiver in the Digital
Module to be compatible with positive logic)

Serial data to the Record Amplifier is passed through sections of inverting
Octal Buffer UA2 to drive two transistors in Transistor Array UBl. When

these transistors are enabled, their output drives the R/W Head to record
data magnetically on the diskette. Current through the Erase Head keeps
the width of the track within limits by erasing any portions that extend
beyond the specified track width, (see sketch of head arrangement).
Effectively, only the transitions are recorded. The original signal is
recovered by the reproduce amplifier as described above.
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Control of the Record Amplifier is by bit 3 from the output of the Logic
Board's 5501 1/O Controller. When WRITE is low (and the SELECT bit also
low), it is passed through two sections of inverting Octal Buffer UA2 in
series to be a low at UBIl terminal 12 and enable the Record Amplifier.
(The low turns off transistor 14-12-13. The resulting high at term & turns
on transistor 5-4-3 to pass the emitter current of the record amplifier
transistors immediately above,)

The high at UA2-17, which is a result of a WRITE low, turns on a
high-current Darlington in UA3 to pass current through the Erase Head to
control the track record width,

The Disk Drive Motor speed is controlled by UA4 and associated circuitry,
The transistor shown near the right edge of the UA#4 block passes the drive
motor current, The two transistors immediately to its left control its
conduction, When the SELECT bit (bit 4 for the built-in disk drive or bit
5 for the optional added disk drive) is high, the 3-14 section of UA3
conducts to present a low at terminal 11 of UA4 and prevent current flow
through the dirve motor. A SELECT low results in a high at terminal 1l to
allow current flow through the motor. The output of the comparator in UA#4
then controls the conduction of the control transistors. This is
determined in part by the adjustment of R10 and in part of the output of
the Pulse Generator, A tachometer attached to the drive motor (connected
to UA%4 terminals 3 & %) and the pulse timing components R8-C2 control the
Pulse Generator output,

If the drive motor speed becomes too high, the higher tachometer output
operates through the Pulse Generator and comparator to reduce conduction
through the control transistors and reduce motor current, Too slow a drive
motor speed results in lower tachometer output, which serves to allow
increased current through the drive motor., Disk drive speed is set for 300
RPM by adjustment of RI0O, If the motor should stall, the Stall Timer
portion of UA#% prevents high motor current for any extended period of
time. :

The Stepper Motor moves the R/W Head and Erase Heads across the diskette
one track at a time under control of bits 0-2, An appropriate bit
combination results in a high out of the inverting Octal Buffer section in
UA2 to turn on the associated Darlington in UA3, The 74LS138 at UAL allows
passage of only one low bit at a time to UA2,
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The SELECT bit also is connected to the Octal Buffer gates (UA2 terminals 1
and 19). When the SELECT bit is high it gates all of the buffer sections
into the high-impedance state to prevent passage of serial data in or out
and operation of the stepper motor,

This gating also prevents flow of recording current. The SELECT high on
the gate A of UA2 section 2-3, causes a high at terminal 12 of UBI.
Transistor section 14-12-13 turns on to cause a low at terminal 4, turning
off transistor section 5-4-3 to block emitter current from the record
amplifier transistors above. Thus all functions of the disk drive assembly
are disabled until a low SELECT bit commands the drive motor to start.
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KEYBOARD

The 3600 Series Intecolor unit has a built in keyboard which may be one of
three models. It is connected internally to Digital Module connector Jl,
accessible at the rear of the console, There are four paralle! input lines
and 12 parallel output lines, plus a CPU reset line, +5V and ground,

Schematic Drawing 100878 shows most of the Keyboard wiring as a matrix.
The four input lines (connector terminals 3, 2, 5 and 4 in the upper left
corner of the diagram) bring series of data bits O0-03 from the Digital
Module's 5501 I/O Controller periodically to the 74195 &4-line-to-l6-line
Decoder in the Keyboard. The 74159 decodes the four binary bits into 16
mutally exclusive codes, 0-15, for the horizontal lines of the matrix. The
seven vertical lines of the matrix are connected through 2,200-ohm
resistors to +5V. Thus all seven matrix output lines (bottom of the
schematic) are high except when key closure connects a low frcm the 74159
Decoder. This coded pattern is the input presented to the Digital Module,

The remaining five lines of the Keyboard's [2-line output (shown in the
lower right portion of the drawing) also are connected to +5V through
resistors, The five outputs are high except when the associated key is
closed to give a low. The Reset key (drawing lower right) applies a low to
the Logic Board's 8224 Clock Generator RESIN input. This results in a
RESET to the 8080 CPU to force it back to an initial condition -- the CRT
Operating mode.

An optional branched connector cable permits connection of an add-on Disk
Drive as well as the Keyboard., Keyboard functions remain the same in this
configuration,

NOTE: During the course of manufacture the keyboard was changed to provide
two-key reset. The schematic for the current keyboard is drawing
161893. For the most part the theory of operation remains the same.

Addition of jumper W2 will allow single key reset — operation of

the CPU RESET key alone. Without W2, one of the SHIFT keys or the
COMMAND key must be held down while CPU RESET is pressed.
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NOTE: Drawing 101815 now replaces 181354.

LOGIC MODULE - 3650/9650 SERIES

The Logic Module used in the 3650/9650 Series differs from that used in the
other 3600 Series units. The three sheets of schematic drawmg 101354
delineate the three major functions of the module:

Sheet 1 The microcomputer and most input/output circuitry
Sheet 2 The display generator
Sheet 3  The disk drive control circuitry and disk memory

This circuit description section will treat them in that order.

In the description following the term "high" refers to a voltage level of
+5VDC and the term "low" refers to a level of zero volts (TTL positive
logic).

Microcomputer

The heart of the microcomputer is essentially the four-chip set shown in
the upper left portion of sheet 1 of drawing 101354 — UF4 (8080), UE4

(8224) , UE3 (8238) and UF3 (5501).

The 8080 Central Processing Unit (UF4) is a general purgose microprocessor
that can handle eight-bit words, has a repertoire of 78 instructions and

can address up to 64K of memory. Appendix A at the rear of this manual
describes the features of the 8080 CPU in some detail. Briefly, it
requires power voltages or +5, -5 and +12 VDC and two timing signals ¢1 and
92. Other input control signals are Ready (RDY), Reset (RST), HOLD and
Interrupt (INTR). There are output control lines for SYNC, Hold
Acknowledge (HLDA), DBIN, Write (WR) and WAIT.

All instructions and data in or out are handled by the eight-line data bus
(D@ through D7). Connections of the various other devices to this data bus
are, for the most part, through either the 8238 (UE3) or the 5501 (UF3).

The 16 address lines (A@ through Al5) are buffered by UF5 and UF6 (f1LS95
Octal Buffers)., The buffer chips are enabled by the normally low HIDA
output of the 8080. When HLDA is high the buffers do not pass any
address, .

The 8224 Clock Generator gUE41 includes a 17.9712 MHz oscillator

controlled by crysta generates two t:um.ng signals @1 and 2 at
one-ninth the crystal frequency at an amplitude of 9 volts or more, These
go directly to the 8080 CPU. There is also a §2 TTL level (5 volts) ocutput
and an output at the oscillator frequency. These latter two outputs are

buffered by two sections of UElL6 (74LS@4 Hex Inverter).

When the Clock Generator receives a CPU Reset signal (a low) it generates
the RST signal (active high) to reset the 8080, It processes the Ready In
signal (active high) to produce the RDY signal (active high) for the CPU.
It uses the SYNC signal, issued at the start of each machine cycle by the
8080 CPU, to generate a Status Strobe (STSTRB) to indicate that the data
bus has the status word describing the type of cycle in process,
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The 8238 Bus Driver/Controller (ug3) has two major functions: It serves as
a bidirectional driver for the data bus and it interprets the 8080's status

word and control signals for other devices. As a bus driver it serves as a
buffer between the 8080 CPU and many other devices in the Logic Module, As
a controller it receives the Status-werd (strobed in by the §224's STSTRE)
and the WR, HLDA and BUSBUF_signals and—interprets them to issue
Input/Output Read and Write (I/O R and I/0 W), Memory Read and Write (IR
and M{) and Interrupt Acknowledge (INTA) signals to other devices.

The BUSBUF input, in some applications simply the 8080's DBIN, is here
generated by circuitry shown in the lower center portion of the schematic
-- sections of UD2 (74LS74 Flip-flop), UD1 (74LS08 AMD. gate) and UA3
(74LS32 OR gate). One of the flip-flop's outputs (Q) is the enable for the
5501; the other output (pin 8) is first ANDed with DBIN (UDl terminals
4-5-6) and the result ANDed with INTA., The D input of the flip-flop is
high when UART (developed by PROM UA5 from address bits Al2-Al5) and either
data bit D4 or D6 (indicating I/O read or write) are high. Otherwise the D
input is low. The D input is clocked in on the positive-going transition
of §2 when SYNC is high. When the 5501 is enabled, BUSBUF is low; it
cannot return to high until the SYNC pulse during the first state of the
next machine cycle. Also the 8080 must indicate by the DBIN signal high
that it is in the input mode and there must be no Interrupt Acknowledge.
This circuit, in a sense, provides a verified signal that the 8080 is ready
to accept data through the 8238 Bus Driver/Controller.

.The command from the 8238 to the memory to Write also has a form of
verification. 1In two sections of UElR (74LS@@ NAND gates, just below UE3
on the drawing) and a section of UE16 (74LS@4 Inverter), the 8080's WR
signal and the 8238's MW are used to produce the VMW (Valid Memory Virite).
Both WR and MW must be low in order for VMW to go low, This circuit
enables use of either the 8228 or the 8238 Bus Driver/Controller,

While in this area of the drawing, note UEl (74LS14 Schmitt Trigger
Inverter), where the RST signal from the Clock Generator is inverted to
become the PCLR signal (used in the Display Generator and Disk I/0).

The 5501 Multifunction In;g%mtput Device (UF3) Provides interface between

€ keyboard an e RS- compatible serial I/0O and the 8080 CPU.
Interrupt signals also are processed through the 5501. Appendix B
describes the 5501, outlining its various modes of operation. 1In this
application, the enable signal (5501 EN) comes from the flip-flop in UD2 as
described above. Timing signals ¢1, ¢2 and SYNC are received from the
Clock Generator and the 8080 CPU. The CPU selects the mode of operation by
the address combination of bits A through A3.

At intervals of 16,320 microseconds the 5501 generates an interrupt
(through use of one of its timers) to cause the 8080 CPU to scan the
keyboard for possible inputs. In these cases the parallel data from the
8080 is passed through the 5501 and UF2 (81LS95 Octal Buffer) to the
keyboard. There are 12 lines of data from the keyboard, Eight of these
are multiplexed by UFl (74LS157 Quad Two-Line-to-One-Line Multiplexer) to
four lines. These multiplexed lines and the other four make up the 8-bit
response from the keyboard., The O7 bit from the 5501 (through UF2) is used
for switching the multiplexer. A subroutine in software controls the scan
and interprets the response.
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While considering the keyboard, notethat the CPU Reset (CPURST) signal
comes from the keyboard. When the keyboard™s.CPU RESET key is depressed, a
ground is placed on pin 26 of Jl to apply a 1MBC1wk Generator's
reset terminal 2. Reset at unit turn-on is provided ngg‘i;
just above J1 on the drawing. 1Initially C52 has no charge, havin¢ J
discharged through CR5 when the +5V supply went to zero at a previcus
system turn-off, Before the CPURST line can go high the +5V supplyv must
first come up at turn-on. Then (52 must charge to some extent through R9
and CR6. This delay usually is sufficient to hold the CPURST line low

until all power supplies are up enough to allow the CPU to operate
correctly and be reset. :

RS-232C Serial I/0 is via the 5501 Multifunction I/O Device. The 5501

includes provision for converting the parallel data from the CPU to serial
data for output and for converting input serial data into parallel data for
input to the CPU. The 5501 EN signal and appropriate address bits select
these modes of operation. Serial data from terminal 4¢ of UF3 for output
goes to a section of UD4 (1488 Line Driver, bottom of schematic draving),
where it is inverted and output at RS~232C levels. (A logic "1" or "mark"
is represented by -9 volts or more; a zero or "space" is represented by +9
volts or more at terminal 2 of J2.) This XMT signal is also routed to
terminal 23 of the keyboard connector J1 if jumper W1l is in place. This
provides for possible use in a micro-disk drive (not supported by standard
3650 Series software). Serial receive data (terminal 3 of J2) at RS-232C
levels is inverted in a section of UE2 (1489 Line Receiver) and sent to the

5501 serial receive terminal 5 at TTL levels. .Terminal 1 of keyboard

connector J1 also is connected to the RS-232C receive at J2 terminal 3 if
jumper W12 is in place. This allows for possible input from a micro-disk
drive (not supported by standard 3650 Series software). The RS-232C signal
for Data Terminal Ready is always high (+12V through Rl) when power is on,
Request to Send is under control of the DS bit through the 5501, an
inverter (UEl) and a gate (UD4). The Clear to Send is passed through
sections of UE2 (1489 Line Receiver) and UEl (74LS14 Schmitt Trigger
Inverter) to parallel one of the keyboard outputs at terminal 1@ of
multiplexer UFl. In absence of a connection to the Clear to Send terminal
S of J2, the point is pulled high through R7 to +12v, (Terminal 1§ of UFl
is normally high unless pulled low by operation of the CAPS LOCK key on the
keyboard or by a low at terminal 9 of J2.)

The 825123 PROM UAS was mentioned in connection with the generation of the
e, iS 32 x 8 PROM, near the middle of the schematic drawing,

serves as an address decoder, using the higher order address bits Al2
through Al5 to generate a number of enable signals, For I/0O addresses the
upper eight bits of address duplicate the lower eight bits, making the
address range @@ to FF Hex. The I/0O address map in the 3650/9650 Series is
as follows (addresses not listed have not been assigned):

Address 1/0 Device
gg - 1F UF3 5501 Multifunction I/O Device
.28 - 2F UC3 1771 Floppy Disk Controller
5@ - SF UAl 8304 T/R Enable (when TESTER is used)
60 - 7F UA6 5048 CRT Controller
g8d - BF UAL 8304 T/R Enable (for normal X-Bus use)
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UAS also decodes two ranges of memory addresses to develop enable signals
for the Screen Refresh RAM (SCRAM 78@0-7FFF) and the Disk Buffer RAM (URAMS
60@0—-6FFF) .

In the upper right portion of the drawing the X-Bus or Extension Bus is
shown., The system driven data bus DBF-DB7 is connected through the 8304
Transceiver UAl to XB@-XB7. UAl normally is enabled by the X BUS signal
from UA5. (When the Tester option — jumper W3 instead of W2 — is used,
the TESTER signal from UAS5 enables.) The T/R signal is developed in a
section of UA3 (74LS32 OR gate) from the Bus Driver/Controller's I/0 R and
UAS's X BUS. When both signals are low the transceiver is put in the
receive mode to transmit data from the X-Bus to the system driven data bus,
Otherwise the chip is in the transmit mode to transmit data from the system
data bus out to the X-Bus. When the Tester option is in use, the Bus
Driver/Controller's MR signal is used to switch to the receive mode.

Also part of the X~Bus are the outputs of the 81LS95 COctal Buffer UA2, The
chip is permanently enabled and passes address bits Ag-A5 out to XAg-XAS.
The XI/OR and XI/OW come through UA2 from CR gates in UA3. 1In each case an
active low depends upon the X BUS (or TESTER) signal being low as well as
the associated system I/0 R or I/0 W being low.

The remainder of Sheet 1 is associated with memory. The Read-Only Memory
chips are shown as a block of four in the lower right area of the drawing.
The eight outputs of each chip are connected to the system data bus
DBA#-DB7. The ROM outputs are high impedance except when a chip is
addressed and enabled by a select signal. All four chips are addressed by
bits A#-A9 directly and by bits Al§-Al2 via option fields at left and below
the ROM block, (The option fields provide for use of a variety of ROM
types.) The 12 bits give capability for 4k of address. Higher order
address bits determine just which 4K. The address decoders for the ROM

area of memory, 825129 PROMs UF8 and UF7, are located just below UAS on
the schematic, uses address bits through AlS to generate four Chip
Select signals, one each for the ROM shown toward the right side of the
drawing:

Address " Select Signal ROM Chip
pPOG-PFFF < UF12
1p09~1FFF csi UF11
200p-2FFF C52 UF10
3pp@-3FFF cs3 UF9

UF7 can be programmed to select four additional ROM when the add-on PROM
board is connected to J8. The UF7 chip is part of the Add-on PROM option,
Both UF8 and UF7 are enabled by the MR signal from the 8238 Bus
Driver/Controller.

The User RAM UB9 through UB24 is shown in two blocks (above the ROM block
on the dre ra“‘_)“‘F‘_gﬁE‘TEmeg of eig x 1 chips each, A 32K unit has all 16 RAM
chips. A 16K machine has only UBl7 through UB24, These dynamic RAM chips
require refresh at frequent intervals., The circuitry at left of the RAM

blocks provide for refresh as well as for address multiplexing.,
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The 16K RAM chips require 14 bits of address Ag-Al3. In order to conserve
terminals on the chips, there is provision for address multiplexing to S
the address in as seven row address bits (strobed in by a Row Address
Strobe) followed by seven column address bits (strobed in by a Column
Address Strobe). The 32{4g Address Multiplexer/Refresh Timer UA9
multiplexes address bits A@-Al3 in the required fashion, passing the row
address through when terminal 3 (R/C) is high and the column address when
terminal 3 is low,

. This control signal and two others associated with the generaticn of RAS
and CAS are developed in the three flip-flops UE26A and B and UE21B just to
the left of the 3242, In the absence of an address in either the User RAM
range (80@B-FFFF) or the Disk Buffer RAM range (6@d@—6FFF), the reset lines
(terminals 1 or 13) of all three flip-flops are low. The URAS signal at
UE2@ pin 5 is low. As an input to a section of UE19 (74LS#2 NOR gate, just
left of the UB1l7-UB24 RAM block) it will not result in a low URAS signal to
the RAM chips. The terminal 8 outputs of both UE2# and UE21 are high. The
high from UE2§ pin 8 conditions the 3242 multiplexer to pass a row address.
The high UCAS from UE21l pin 8, as input to two sections of UEl5 (74LS32 CR
gates, near the lower RAM block on the drawing) causes both UCASL (Column
Address Strobe for the lower 16K of RAM) and H (CAS for the upper 16K
of RAM) to be high.

A change occurs when the CPU addresses either the User RAM (8@@@-FFFF) or
the Disk Buffer RAM (6@@@-6FFF) and either a VM# or MR is issued, The
three flip-flops are released from reset when the terminal 1 output of MOR
gate UE19 (just below UE2l) goes high. This occurs only when both inputs
are low, The VMR and MR signals are applied to one AND gate in UE1l7; when
either of these goes low, the terminal 3 input of UE19 goes low., When the
address is in the Disk Buffer range, the URAMS signal goes low (pin 2 input
of AND gate UEl7). When the address range is 808§ or greater the Al5
address bit is set, This bit is inverted in a section of UEl6 to be the
other input at terminal 1 of AND gate UEl7). Thus when either Al5 goes
high or URAMS goes low, the pin 3 output of AND gate UEl7 applies a low to
the pin 2 input of NOR gate UEl19. With both inputs then low, UEl19 applies
a high to the reset terminals of the three flip-flops to release them from
the reset condition. On the next positive-going transition of the 17.9712
MHz CIK, the high at UE20 pin 2 is clocked through to make terminal 5 high.
This high URAS, applied to NOR gate UEl9 terminal 5 (over near the RAM
block), results in a low URAS to all of the RAM chips. On the next
positive~-going transition of the CIK the URAS high is clocked into the next
flip-flop (UE29 pin 12). The Q output of UE2@ pin 8 goes low and this
signal conditions the 3242 Multiplexer to be conditioned to pass the column
address. Then on the next CLK positive-going transition the high from UE28
pin 9 is clocked into UE21 terminal 12; UE2l‘'s terminal 8. output goes low
to produce a low UCAS. This signal is applied to two OR gates in UElL5
(terminals 9 and 5 in the gate sections_near the RAM block). If the other
input of either OR gate is low, a low RAS is applied to a RAM block. The
URAML. and URAMH signals determine whether a low UCASL goes to the lower 16K
of User RAM or a low UCASH goes to the upper 16K. These two signals are
developed in three sections of UA4 (74LS@@ NAND) near drawing bottom
center. If both Al4 and Al5 are high, indicating address in the upper 16K
of User RAM, they cause UA4 pin 3 to output a low URAMH. If Al4 is low and
Al5 is high, indicating address inthe lower 16K of User RAM, UA4 pin 11
outputs a low URAML. These signals, applied with UCAS to the OR gates in
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UEl1l5, result in a Column Address Strobe to one of the two blocks of User
RAM, At this time the User RAM outputs data onto the data bus DB#-DB7 if
the VMW signal is hlgh New data is written into User RAM from the data
bus if the VMW signal is low. (The VMW signal is the Write Enable input at
terminal 3 of the RAM chips.) .

Refresh of the dynamic RAM chips is provided by the 3242
Multiplexer/Refresh Timer in conjunction with the three flip-flops in UE22A
and B and UE21A and other circuitry. This refresh occurs at each 8080 CPU
"instruction fetch" cycle when the CPU is not in a Wait or Hold state., It
occurs at each 92 clock cycle when the CPU is in a Wait or Hold state. The
;3242 has an internal counter which is used to provide what might be called
dummy’ row addresses during refresh. When this row address is output to the
RAM chips, which occurs when the Refresh Enable terminal 2 of the 3242 goes
high, and a Row Address Strobe is applied to RAM, all memory cells in the
addressed row are refreshed. Their contents are unchanged. When the Count
terminal 1 of the 3242 is switched to low, the internal counter is advanced
to the next row address. Then if the 3242 pin 2 Refresh Enable is still
high, a RAS refreshes the next row., 1In the section of UEl7 just below the
3242, one input of the AND gate also is the Enable input to the 3242, When
this input is high, refresh is enabled. The other input of the AND gate is
the ®2 clock inverted through a section of UEl6. This signal, if UEl7 pin
9 is high, causes the output at UEl7 pin 8 to toggle back and forth between
high and low with each ¢2 clock cycle. On the negative-going transition
the internal counter in the 3242 is advanced. The p051t1ve portion, as an
input to the NOR gate in UE19 just to the right, results in a low URAS for
refresh of a row of memory cells.

If either the WAIT or HIDA signals, applied to UEl9 terminals 8 and 9, goes
high to indicate that the CPU is in a Wait or Hold state, the resulting low
at UEl9 pin 1f applied to the input of NAND gate UE 18 yields a high at
UEl7 pin 9 to initiate refresh. If the REF signal at the pin 9 input of
UE18 goes low, refresh also is enabled. This REF signal is developed in
the chain of three flip~-flops UE22 and UE21A.

The resting state of the chain is with REF high. For when REF has gone low
it resets the two flip-flops in UE22 to make the UE22 p1n 9 and pin 5
outputs low. The low input to terminal 2 of UE21 is clocked in at_the next
positive-going transition of the 02 clock to make terminal 6 (the { output)
of UE21 high. This high, applied to the reset inputs of the UE22
flip-flops, releases them from the reset condition. An input can be
clocked into UE22B (the Ml flip-flop) by the STSTRB as it returns high
after indicating the first state of an "instruction fetch" cycle in the
CPU, At this time the CPU's D5 bit was high to indicate instruction
acquisition for the first byte. Pin 9 of UE22 then goes high. This high,
input to the next flip-flop (T4) ' is clocked in by the MR signal as the
read of an instruction from memory is completed and MR returns high. Pin 5
of UE22 goes high, This high, in turn, is clocked into the third flip-flop
(REF) on the next pos:.tlve-gomg transition of ¢2, This makes REF low to
result in refresh of one row in each RAM chip. The low REF also resets the
first two flip-flops in the chain. The resulting low at UE22 pin 5 is
clocked into the REF flip-flop on the next cycle of ¢2 to make REF high
again. The chain then awaits the next instruction fetch cycle.
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Refresh also occurs at CPU Reset, The set signal for the REF flip-flop is
the PCLR, inverted from RST. RST goes positive at CPU Reset; PCLR goes
low. The low sets the REF flip~flop to make its § output at pin 6 low,
resulting in refresh, PCLR is high except during CPU Reset.

One final comment on Sheet 1: Near the power input connector J6 at the top
center of the drawing are a number of zener diodes. The nominal zener
voltage of those across the 12-volt inputs is 15 volts; those across the
5-volt inputs have a nominal zener voltage of 6.2 volts, Under normal
conditions with the power supplies in regulation, these diodes are floating
across the inputs, drawing very little current, However, if power supply
regulation is lost and the input voltages to this board increase, the zener
diodes help to limit the rise to a value that will not damage the
integrated circuit chips on the board.
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Display Generator

The major components of the Display Generator section of the Logic Module,
shown on Sheet 2 of Schematic Drawing 101354, are the Screen Memory (UB25
through UB32, drawing left center), the Display Generator chip (UE9, top
right) and the CRT Controller chip (UA6, right center).

The_Screen Memory is a 4096 x 8 Random Access Memory, , Each of the eight
4027 chips (4096 x 1) stores one bit of the elght-'blt word, For each

character space on the CRT screen there are two words in memory, one to
define the character and one to define the status (foreground color,
background color, whether the foreground blinks and whether the character
word is to be interpreted as a "character" or as a "plot block
combination"), A total of 4096 words describes the CRT display (32 lines x
64 characters/line x 2 = 4096). The screen memory can be addressed by
either the CPU or by the CRT Controller chip. The CPU addresses the memory
to write in information to be displayed and for access to the memory for
certain other purposes. The CRT Controller addresses the memory to route
the memory words to the Display Generator chip for creation of the video
Signals. :

Multiplexers UD6, UD7 and UD8 are dual 4-line-to-1-line multipexer chips
which pass either the 12-bit addresses from the CPU (A§ through All) or
from the CRT Controller. A high on temminal 14 causes the CPU address to
be passed; a low lets the CRT Controller access the screen memory. Each
12~-bit address is transmitted as two 6-bit groups, the first as a row
address and the second as a column address to the eight 4027 memory chips.
The control signal at terminal 2 of the multiplexer chips is high to pass
the row address, low to pass the column address,

The dynamic RAM screen memory requires refresh periodically (within 2 ms,
intervals) to maintain the stored data., In this application the memory is
read out in such a fashion that each row is accessed often enough for
display to provide this refresh within the required interval; no other
refresh provision is needed,

The screen memory is accessed by the CPU only during the horizontal retrace
times. The CRT Controller has access during the scan to route the words
describing the display to the Display Generator chip,

%-Ee CRT7005_Displav Generator UEY is an LSI circuit especially designed for
1S application, It includes Read-Only Memory which stores the data for
128 characters and 256 plot block combinations, Input address information

from the Screen Memory and other sources results in output of three video
signals in serial form for the red, green and blue yideo amplifiers,

Bach character requires eight words in ROM, one for each CRT scan, a total
of 1024 words for the 128 characters. Of the 10-bit address required for
access to one of these words in memory, seven bits (SD@-SD6) come from a
word in screen memory (which effectively selects the character) and the
other three bits (RF-R2) come from the CRT Controller chip scan count
(which defines the particular horizontal scan in process). The foreground
color, background color and blink are defined by a second word from screen
memory, The lower order three bits define foreground color; the next three
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bits define background; the second most significant bit determines
foreground blink.

The most significant bit of the status word, when set, defines the
character word as the address for a plot block combination rather than for
one of the 128 characters. In this case all eight bits of the character
word are used as address to ROM and the remaining two bits needed for
address come from the R1-R2 scan count bits. (Each character space is
divided into eight plot blocks, so there can be 256 plot block combinations
within a character space.) .

The CRT Controller, with its Cursor Video (CRV) signal, alters the address
to the Display Generator chip to cause the display of the cursor over
whatever character or plot block is called for by the words in screen
memory.

Other control circuits contribute to the Display Generator chip the
Data/Attribute (D/A) signal to indicate which word is being presented from
memory and an I/S signal to load and then strobe the appropriate word into
latches within the Display Generator chip. There is a horizontal blanking
signal (BLMK) during horizontal retrace and a vertical sync signal (V SYNC)
from the CRT Controller for timing purposes. A low PCLR signal disables
the video output whenever there is a CPU Reset.

The RTC output is a 1 Hz timing signal sent to the 5501 Multifunction I/O
Device for incrementing the Real Time Clock display.

Certain optional connections are shown in a table at drawing upper right.
Inputs to terminal 2 and 9 of UE9 are as shown (ground to 2 and +5V to 9)
in the standard board. When the optional character board (which can
provide alternate character sets such as Arabic) is in use the connections
must be changed to make DDM (Direct Data Mode) terminal 2 +12V and terminal
9 -5V as indicated in the table. The input to terminal 27 is +5V when the
power line frequency is 60 Hz and ground when 50 Hz.

Information describing the display has been presented to the Display
Generator chip in parallel fashion; a six-bit word, for example defines
which of the six dots in one scan of a character are foreground and which
are background. For display this information must be output serially as
the scan progresses across the CRT screen. The dot clock (VDC) input at
terminal 12 clocks out the video at a rate consistent with the speed of the
CRT horizontal scan,

The three color outputs determine the color of each dot as the scan
progresses. These outputs of UE9 are buffered by sections of UEL3. for
transmission to the video amplifiers.

%;FLJﬂL&&IQBIEFQQL;g;%%g_QAQEalso is an LSI circuit esgecially designed for
1s appliicacion, S outputs include the Horizontal Sync and Vertical
Sync for circuits in the Analog Module, The Vertical Sync is synchronized
to the power line frequency by the L SYNC input from the Analog Module.
When the chip is addressed by the CPU (A8-All) for certain purposes (such
as scroll, for example, or for load or read of the cursor location), a high
CRTC signal indicates this fact; a low I/0 OP signal strobes the data
(DBJ-DB7) into or from the addressed register.
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The Dot Counter Carry (DCC) input is a signal at the character rate
frequency for timing. The chip outputs binary bits for the count of
characters per line (Hf through H6), data rows (or lines) per frame (DRY
through DR4) and scans per character row (R4, Rl, R2).

Other CRT Controller chip outputs are the BLNK (blanking) high during
horizontal retrace and the CRV (cursor video) high to define the cursor

location.

The Horizontal Drive signal for the Analog Module is deyeloped from the
character count outputs HP-H6. These bitE plus two optional fixed bits

constitute the address for the 825131 PROM UA7 (in lower left quadrant of
drawing). At given character counts the 01 and 02 outputs of UA7 go high
to initiate the drive pulse; later these outputs go low to mark the end of
the horizontal drive pulse. One of these outputs is used as the D input of
HDRV flip-flop UD3; the input is clocked to the Q output by the character
clock (DCC). Optional connections for the A7 and A8 input address bits of
UA7 and to the 01-02 outputs provide for timing adjustment to center the
display on the CRT screen,

While considering UA7, note that another of its outputs 03 (P/S SYNC) is
used for sync of the Analog Module's power supply switching rate to a
multiple of the horizontal scan frequency. Four positive pulses per
horizontal scan period are sent to the Analog Module via J5. The fourth
output of UA7 (04) is involved in control of CPU access to screen memory
— more on that in a moment.

Four outputs from the Display Generator section of the Logic Module to the
Analog Module via J5 have now been mentioned -- Horizontal Sync, Vertical
Sync, Horizontal Drive and Power Supply Sync. Near J5 at right center on
the drawing, all of these have a measure of protection from spikes
resulting from CRT arcs. There is a series 47-ohm resistor in each line
and a zener diode to ground. The 5.1V diode prevents the line from going
more than a fraction of a volt negative or more than about 5 volts
positive.

Now back to the lower left portion of the drawing for development of the
CPUGRT_signal which limits access to screen memory by the CPU to horizontal
retrace time. CPU address of screen memory is indicated by a low SCRAM,
input to two NOR gates in UE7, Memory Read is indicated by a low MR to one
gate, Memory Write by a low VMW to the other gate. When both signals to
one of the gates are low, a high is output to another NOR gate in UE7
(terminal 2 or 3). The output of that gate goes low; this negative-going
transition is inverted to a positive—going transition in UE8 to clock the
CPUQ flip~flop in UD5. Terminal 9 of UD5 then goes high and stays high
until the flip-flop is reset. When CPUQ is high and CPUACC goes high to
indicate that the horizontal retrace is in process, terminal 11 of UE5
applies a high D input to the CPUGRT flip-flop in UD3., This high is
clocked through to the Q output of the flip-flop by the next positive-going
transition of the character clock DCC., This high CPUGRT signal lasts one
character time as the flip-flop's 0 output at terminal 6 goes low to reset
the CPUQ flip-flop in UD5 -~ UD5's terminal 9 output goes back low to
result in a low to the D input of the CPUGRT flip-flop, clocked through on
the next DCC cycle.
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Back at lower left on the drawing, the terminal 4 and 13 outputs of UE7 are

also used as the SCWRT and SCRD signals elsewhere, the latter being
inverted in a _section of UES.

The CPUWT signal circuit is in the same general area of the drawing, The
I/0 W and I/0 R signals from the Bus Driver/Controller are applied to an
AND gate in UE5, If either goes low, an I/0 OP low is generated., Besides
its use as a strobe for the CRT Controller chip, I7'O OP is applied to
another AND gate in UE5, terminal 4. The other input at pin 5 is from a
NOR gate in UE7, high only when both CPUGRT and SCRAM are both low. Thus a
low CPUWT results only from the combination of I/0 R and I/0 W high (for a
high at UE5 pin 8) and CPUGRT and SCRAM low (for a high at UE7 pin 10).
This combination gets a high at UE5 pin 6, which is inverted to a low at
UE8 pin 8.

Remaining control signals are developed in the circuitry shown in the upper
left quadrant of the drawing. The VDC flip-flop in UE6 uses feedback from
its own Q output and the 17.9712 MHz CIX to toggle at the clock rate, This
makes the UE6 pin 5 output a square wave at half the clock frequency, This
approximately 9 MHz signal is the Dot Clock (VDC).

Other timing signals are developed by UEll and UEl2 (a 825123 PROM and
74LS377 Latch at upper left). CPUGRT, SOWRT and three feedback outputs
from UE12 constitute the address for the PROM UEll. The eight outputs of
the PROM are the inputs to the Latch UE12, clocked in at the Dot Clock
rate. The three outputs of UEl12 PS#, PSl and PS2, fed back to UEll, result
in a pattern of PROM outputs that repeat cyclically at one-sixth the Dot
Clock rate. One of these feeds through UEl2 to be the Character Clock DCC.

Another is H/2, twice the character rate (or one-third the Dot Clock
frequency). Two other outputs are the Row Address Strobe (SRAS) and the
Column Address Strobe (SCAS) used to strobe addresses into the screen RAM
(UB25-UB32) . (There must be two of these during each character time to
address the character and the status words in screen memory.) The final
output, R/W for the screen memory, is high except when both SCWRT and
CPUGRT are both high to mdlcate a CPU write into screen memory. Then R/W
goes low,

The SRAS output of UEl12 also is applied to the D input of the SMUX
flip-flop in UE6. While SRAS is high, a high SMUX from UE6 pin 9
conditions the screen memory address multiplexers UD7-UD9 to pass the row
address for the immediately following low SRAS to strobe in. Then SMUX

goes low to cause the multiplexers to pass the column adress, strobed in by

The SCAS signal is inverted in a section of UE8 (just to the right of UE12)
to provide the Load/Strobe for the Display Generator chip UES. The PS1
output of UEl12 and the VDC Dot Clock are used in a flip-flop in UDS to
generate the D/R signal by which the Display Generator chip distinguishes
the character word from the status word.

The output of screen memory sometimes is put back on the system Data Bus.
SD#-SD7, in addition to addressing the Display Generator chip, are inputs
to a 74L8374 Octal Latch UEld. The words from screen memory are clocked
into the latch by the H/2 signal. They are output to DBG-DB7 when SCRD is
low. Otherwise the latch outputs are high impedance.



Disk Drive Interface and Memory

The Disk I/O Control and Disk Memory circuits are shown on Sheet 3 of
Schematic Drawing 101354. The principal chip, the FD1771 Floppy Disk
Formatter/Controller, is shown at drawing top center. The Disk Buffer RAM
is shown at drawing right. To the left of the RAM is an Address Decoder.
A bit farther to the left, in drawing center, is disk hold circuitry. The
bottom of the drawing has the drive selection circuits, The remainder of
the drawing toward upper left is the data separator.

The FD Floppy Disk Formatter/Controller is the principal interface

etween the microcomputer an e disk drive or drives., Its Data Access
Lines (DAL#-DAL7) are connected to the system data bus via inverting
buffers UC1 and UC2. UCl is enabled for disk read operations and UC2 is
enabled for disk write.

The Address Decoder PROM gEM, aust below the data line buffers on the
drawing, completes the address decoding for disk I/O. A decoder in the
microcomputer (sheet 1) issues an FDC low when the I/O address is in the

range of 2(~2F Hex. UEl4 uses this signal and address bits A8-All to
select the FD177]1 and certain other circuits:

Address output
20-27 1771EN
28 DRVSEL
29 RINT
2A HLD

Back at the FD1771 ch1p, note that address bits .Y, and Al select internal
registers when the chip is selected by 1771EN.

The PCLR, issued when the microcomputer is reset, resets the FD1771.

I/0 R and I/0 W, from the microcomputer's Bus Driver/Controller, determine
whether the CPU access to the 1771 is read or write.

A square-wave clock is input at terminal 24, 1 MHz for use with 5.25"
drives and 2 MHz for the 8" drives.

The Data Request (DR)) output to the microcomputer indicates readiness for
data input or output. The Interrupt Request (IRDQ) is set at the completion
of an operation, reset on loading of a neW command.

The chip has Direction (DIRC) and STEP outputs to control stepping of the
disk drive record/reproduce head. The WD output is the serial data to be
written in a write operation and Write Gate WG enables the write. A low
TROP input from the drive indicates the drive head is over Track #. A low
WPRT from the drive indicates Write Protect and terminates a write command.
An IP low input from the disk indicates an index mark was encountered.

The ground at terminal 25 of the FD1771 conditions it for external data

separation., The Separated Data and Separated Clock from disk read are
input to the FD1771 at terminals 27 and 26.
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The IR) and DR) are connected to an OR gate in UCll, which outputs a HLDCLR
high when either IRQ or DR) is high. The two signals also connect to gated
buffers in UC4., The buffers are gated to pass the signals to two og the
system data bus lines when both RINT (from decoder UEl4) and I/0O R (from
the microcomputer) are low.

The Disk Hold flip-flop, part of UC9, is shown just below the FD1771. When
its terminal 8 output i1s low, the gated buffer in UC4 passes its +5V input

out as a high HOLD signal -- which goes back to the microcomputer.
Normally the pin 8 output of the flip-flop is high., The PCLR associated
with microcomputer reset works through a NAND gate in UCl2, an OR gate in
UE1l5 and an inverter in UC5 to reset the flip-flop's pin 8 cutput high, A
high HIDCLR resets the flip-flop similarly. A HOLD can be generated during
the first state of an 8080 machine cycle when data bit D4 or D6 is high to
indicate address of an I/O device, A combination of a low HID (from UEl4)
and the trailing edge of the STSTRB clocks the flip-flop to make the pin 8
output low and allow issue of a HOLD. The Disk Hold flip-flop can be reset
to end the HOLD only by a HIDCIR (resulting from the FD1771's IR} or DRQ
high) or by CPU Reset (which gives a PCLR).

Disk selection circuitss Shown at the bottom of the schematic drawing,
select the type and number of disk drive, the side of the disk and the
clock frequency. The clock frequencies originate in a 16 MHz oscillator
consisting of two inverters in UCl8, crystal Y2 controlling the frequency.
Binary counter UCl9 serves as a frequency divider and outputs square wave
clock frequencies of 4 MHz, 2 MHz and 1 MHz. These are fed to the inputs
of UCl1l7, a quad 2-line-to-1-line multiplexer 74LS157. The multiplexer
outputs the MCLK, used in the data separator, and the CCIK, used by the
FD1771. These are 2 MHz and 1 MHz respectively when 5.25" disks are in use
and 4 Miz and 2 MHz when 8" disks are selected.

The disk drive select signals are issued by UC6, a 3-to-8 decoder 74S138.
The A2 input determines whether the drive chosen is 8" or 5.25". The 2§
and Al inputs determine the number of the drive. Standard software
supports four 8" drives and three 5,25" drives.

Flip-flops in UC7 and UC8 are involved in the selection process. When a
drive selection is to be made, the microcomputer issues an I/0 device
address 28 Hex (decoded by UEl4 to yield DRVSEL) and an I/0 W. Appropriate
bits are put on the data bus, When the I/0 W or address is terminated, the
data is clocked into the flip-flops. If DB5 is high, Disk Select flip-flop
UC8 outputs a high at pin 5 and a low at pin 6. The high 5"/8" output
selects the 2MHz/1MHz clocks through multiplexer UCl7. The low 5"EN goes
to decoder UC6 to select one of the MD drive select signals. Other data
bits are clocked into four latches in UC7. DBf# and DBl determine the drive
number, DB2 selects disk side §# or 1. DB3 can be used to disable all
drive select signals by set of the UC6 decoder. (A high at terminal 5 of
UC6 sets all outputs high,) Otherwise DB3 low enables the decoder to
follow its inputs. DB3 low at this time, as an input to OR gate UC17, also
allows the S5"EN to determine whether the MOTOR signal is to be given to
turn on the 5.25" drive motor(s). (8" drives do not require this signal.)

The external data seggrat]?rE upper left on drawing, consists of a 74LS163
Binary Counter UCI5, sever lip~flops in UC8 and 4 and a nunber of
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gates, The read signals (FD DATA) coming from the disk drive include both
data and clock pulses interlaced., (Data is recorded on the disk medium via
an FM, or double-frequency, format.) These signals are sent into a chain
of flip~flops and gates to become well-defined narrow pulses at one input
to each of two AND gates in UClf (terminals 2 and 12 of UClf). These
pulses are delivered to the gates by one of the flip-flops in UCl4
(terminals 1, 12, 9). This flip-flop's D input at pin 12 also is used
through an inverter in UCl8 (pins 5 and 6) to control loading of the binary
counter UC15. The counter's clock goes through about 16 cycles during the
interval between clock pulses in the FD DATA stream. If there is a data
bit (representing a 1) between clock pulses in the stream, there are a
nominal 8 MCLK cycles from the FD DATA stream's clock pulse to data pulse.
The result of the timing is to cause the QD output of the counter, applied
to one of the UCl@ gates directly and to the other through an inverter, to
allow only one of the gates to pass a pulse from the FD DATA stream., SO
one gate outputs the Separated Data (SPDATA) and the other the Separated
Clock (SPCLK). The separated signals are sent to the FD1771 chip, which
assembles the serial data into parallel data for output to the system data
bus.

EL'}.KLL.PM_D_J.&EM%L is shown on the right s:.de of the schematic
drawing, 1t consists of eight 4027 dynamic RAM chips., The multiplexed
address (MUA#-MUAS), row address strobe (URAS), column address strobe
(UCAS), chip select (URAMS) and write enable (VMW) come from the same
circuit area that serves the user RAM (see sheet 1 of the drawing). The
RAM data inputs are connected directly to the system data bus. When the
contents of the memory are to be read onto the data bus, the combination of
URAMS and MR through the OR gate in UA3 enable Octal Buffer UA8S to pass the
data.

This completes the description of the Logic Module. The circuits have been
treated as three main divisions, as shown on the three sheets of the
schematic drawing., However, all of the circuits are on the one printed
circuit board whose layout is shown on Assembly Drawing 101356/357.
Connections to other modules and to peripherals are as follows.

Accessible from rear of console when board is in place:

Jl Keyboard Connector 26~pin edge type
J2 RS-232C Connector 25-pin D-type
J3 X-Bus Connector 50-pin edge type

Internal, within the console:

J4 Video Connector 6-pin header/plug
J5 Sync Connector 6-pin header/plug
J6 Power Connector 8-pin header/plug
J7 Disk I/0 Connector 34-pin vertical type
J8 Add-on ROM Two 14-pin sockets

The Disk I/O Connector is connected by. flexible ribbon cable to the
built-in 5.25" disk drive (when present) and to a small PCB which
terminates in the 34-pin EXT DISK edge connector, accessiblé from the rear
of the console.
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LOGIC MODULE FOR THE 3658 SERIES WITH IMAGE RESOURCE CAMERA

The 3658 Logic Module PCB was modified in early 1981 to provide space for
two buffer ICs and a connector. A new schematic drawing number was
assigned at the time.

Schematic 101815, a 3-sheet drawing, is the same as 181354 in most
respects. Sheet 2 of 191815 shows the added components in the upper right
portion of the drawing. Gated buffers UD9 .and UD18 provide output of the
horizontal and vertical sync signals along with the three color video
signals. The buffer enables are under the control of the external device
connected to J2.

All units in the 3650 Series use this newer PCB. Where the Image Resource
interface is not required, the two ICs and the connector are amitted.

LOGIC MODULE — 3601 TERMINAL

Terminal versions of the 3608 Series use modified versions of the logic
module of the microcamputer versions. The cost of the module is reduced by
the elimination of the disk control and user RAM features.

Schematic drawing 181943, a 2-sheet drawing, shows the circuits of the
current 3601 Logic Module.

Sheet 1 of 101943 is very similar to sheet 1 of 101815 for the 3658 Series
Iogic Module. One block of user RAM is replaced by a connector J8 for "Add
on RAM", The X-bus feature is gone. Address decoder UEl of 101943 differs
from UAS on 101815. Otherwise, the principal difference between the
drawings lies in component namenclature.

In like manner, sheet 2 of 101943 resembles sheet 2 of 101815. The
provision for Image Resource interface (output of video signals and sync to
an external device) is gone. Component designations vary, but circuit
operation is much the same.

The 3601 Terminal needs no provision for disk drive control, so the
circuits shown on sheet 3 of 101815 are not required.

Earlier manufacture 3601 Terminals used a stripped down version of the 3621
Logic Module. Schematic drawing 101278 is similar to 1PP961 in most
respects except in the area of user RAM., There is no need for the address
multiplexer. 128 bytes of static RAM scratch pad are in a single IC on a
small add-on board (schematic drawing 101843).
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THE REVISED 3658 ANALOG MODULE

Reliability was improved by a change in the analog module in later
production units in the 36080 Series. At the same time a change to the
pre—-converged in-line CRT made alignment much simpler.

Analog Module Schematic 10235@ shows the circuits for the unit's low
voltage and high voltage power supplies and the circuits which produce the
CRT's deflection signals.

This analog board, as noted in the drawing title block, is used in 2400 and
3810 Series terminals as well as in the 3600 Series terminals and desktop
computers. Note Table 1 at drawing upper right which has the descriptions
for those components peculiar to the 3668 version of the circuit.
Differences are due mostly to the different horizontal deflection
frequencies used.

AC Line C £

The 3608 Series unit is equipped with a detachable three-conductor 2AC line
cord. When the cord is properly connected to a grounded outlet, the unit
chassis is always at earth ground potential.

The unit is designed to draw power from either 115V/50-6PHz or 230V/58-60Hz
single-phase AC lines. Only single-~phase lines, in which one
current-carrying conductor is neutral or at earth ground potential, should
be used. Two-phase lines such as are commonly found in 236V -installations
in the U.S. (both current carrying conductors "hot" with respect to earth
ground) should not be used, because only one conductor is switched and
fused in the 3600 Series unit.

AC is brought into the Analog from the line by way of J1 (at lower left on
schematic drawing) on the unit's rear panel. It is routed through the line
filter FL1, the main power switch SWl, the line fuse Fl, and the line
voltage selector switch SW2 to the the power supplies and the CRT
degaussing circuit.

‘The setting of SW2 is very important.

The standard 3608 has SW2 set at the factory for 115V operation.
The line fuse Fl is type 3AG 1.53/25pV "Slo-Blo".

Wwith Option 11, SW2 is set at the factory for 230V operation.
The line fuse Fl is type 3G .753/258V "Slo-Blo".

WARNING! Operation with SW2 in the wrong position for the
power voltage applied can result in severe damage
to the unit.
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The CRT Degaussing Circuit
The deqaussing circuit consists of a coil of wire placed around the CRT

just behind the screen, a thermistor having a positive temperature
coefficient, and a section of SW2.

The coil is connected in series with the thermistor (or posistor) selected
by SW2 to the AC line -- R42 for 115V operation or Rl114 for 230V. When
voltage is present on the line the selected themmistor is initially cold
and accordingly presents a small resistance, which allows a large current
to flow through the coil. As the thermistor warms up, its resistance
increases and the current through the coil gradually diminishes to near
zero.,

The effect of this current flow is an alternating magnetic field,
symmetrical about the screen, which gradually diminishes as the unit wamms
up. This field neutralizes any fields residual on the screen which, if
allowed to build up and remain, would distort the CRT display.

The 12 Volt Power Supply

The 12 volt supply consists of a small power transformer Tl, rectifier BR2,
reqgulators Ul and U2, and filter capacitors C6-C9. (These are shown above
and to the right of SWl and SW2 on the schematic.)

One section of SW2 selects the proper tap on the primary of Tl for either
115V or 236V operation. The secondary of Tl is center-tapped and functions
as a phase splitter providing about 14V RMS with respect to ground to each
side of BR2, BR2, a VM18, operates as a pair of full-wave rectifiers
connected back-to-back to provide both positive and negative outputs.

The positive output is filtered by C8, which charges to about +18V. This
voltage is applied both to Zener diode CR9, which belongs to the
undervoltage protection circuit to be described later, and to Ul, an LM7812
positive voltage regqulator. The output of Ul, +12V +/-4%, is given further
filtering by C9.

The negative output of BR2 is filtered by C6, which charges to about -18V,
and applied to U2, an LM7912 negative voltage regulator. U2's output at
-12V +/-4% is further filtered by C7.

Ripple on the +12V and -12V outputs is negligible. The regulation provided
by Ul and U2 is such that their output voltages will vary less than 1% from
their nominal values for line voltage swings between 95V and 175V and load
current swings between 5ma and 1A. Normally, the load current on each of
the +12V and -12V lines does not exceed 20fma.

The Line Sync Generator
A line sync signal, which is utilized in the 3680's logic circuitry, is
developed from the AC voltage present across one side of Tl's secondary.

The sync generator consists of diode CR15, transistor Q4, and their
associated elements.
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The sine wave voltage from Tl is applied to the cathode of CR1S and the
base of Q4 through resistor R36. During the negative half-cycles of input
voltage alternation, CR15 conducts and the base of Q4 is pulled nearly to
ground. Q4 is therefore cut off, and its output is about equal to its
collector supply voltage (+5V). When the input voltage becomes positive,
CR15 stops conducting, and collector current begins to flow in Q4. This
current flow is accompanied by a voltage drop across load resistor K38,
which results in a drop in Q4's output voltage to nearly ground level.

The leading edge of the output signal is rounded somewhat by its use in the
Logic Module. It consists of positive pulses having a frequency equal to
that of the line voltage.

illos
Sync - Line
Coupling - DC
Sweep - Smsec/div k
Vert - 2V/div .

e Switching Supply (+ +70V

The main power supply in the 3600 furnishes up to 3A of current at +5V to
the logic circuitry and sufficient current at +78V to operate the
horizontal deflection and high voltage circuitry. Its size, weight and
thermal dissipation are relatively low, both because power transfer takes
place at a medium frequency (16kHz), which requires relatively small
inductors, and because regulation is effected with pulse techniques rather
than less efficient steady-state techniques.

A rectifier circuit connected directly to the AC line furnishes about 320V
CC to the primary of a power transformer. The primary current is switched
on and off by a transistor, and energy is transfered to the secondaries
following the "flyback" which occurs each time the current is interrupted.
At these times current flows through the rectifier diodes in the secondary
ciruits and the supply's reservoir capacitors are charged.

The switching transistor is made to function as a regulator by varying its
cduty cycle in accordance with changes in the locading of the supply. Load
variations are reflected in instantaneous variations of the supply's output
voltages. These voltages are fed back .into the supply, where they are used
to modulate the width of locally generated switching pulses. These
variable width pulses drive the regulating transistor.
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The switching pulses become wider as the supply's loading increases and its
output voltage drops. The wider pulses allow greater amounts of energy to
be transferred from the 3206V supply to the transformer core. Consequently,
more energy is released in the secondary circuits during the transistor's
off times, current flow through the rectifier diodes increases and the
reservoir capacitors are returned to the proper level of charge.

A simplified block diagram showing the functional relations of the major
components of the supply is shown below — the switching signal generator
and modulator, the switching transistor, the power transformer, the
transformer's primary current source and the rectifiers and capacitors in
the transformer's secondary circuits. Note also the overcurrent and
undervoltage protection circuitry.

BLOCK DIAGRAM — +3V AND 470V SUPPLY
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The functions of the various components of the supply will now be described
in detail.

The source of DC voltage for the primary of the power transformer T2 is a
supply consisting of rectifier BRl and series filter capacitors C4 and C5.

In 115V cperation BRl is connected by one section of SW2 as a full-wave
voltage doubler. When the line voltage swings positive, one armm of BRl
conducts and C5 is charged to about 168V. When the line voltage swings
negative, the adjacent armm of BRl conducts and C4 is charged to the same
level., The output voltage is the sum of the charges on C4 and C5 or
about 320V,

In 230V operation, SW2 connects BRl as a full-wave bridge. During each
gglog—cgcle of line voltage alternation C4 and C5 are charged together to
t 320V.

In both modes of operation the filter capacitors are charged through
negative temperature coefficient themistors R34 and R35. When the line
voltage is first applied these thermistors are cold and present high
resistances to the charging current. As the unit warms up their
resistances decrease, allowmg the capacitors to reach their full charge
gradually.
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This delaying function of the thermistors allows the power supply's
overcurrent protection circuitry to become fully enabled before any
appreciable current is available to a load.

Note that the +326V supply is not referenced to chassis ground. Any
measurements in this part of the circuit must be made with ungrounded

equipment.

WARNING! When making measurements in this circuit, precautions
against shock and damage to eguipment must be taken
because the +320V circuit common is floating — it may
be "hot" with respect to ground. Because the +320V
circuit common line is "floating" with respect to
chassis ground, and because in 115V operation the "hot"
side of the AC line is tied to the junction of C4 and
C5, dangerous voltages may be present between 328-volt
circuit common and earth ground,

Use an ungrounded meter or oscilloscope, and avoid
simultaneous contact with the 3819 chassis and the
instrument cabinet while tests are being conducted.

The main primary of the power transformer T2 (drawing bottom center) is
connected to the 326V DC souce in series with regulating transistor Q7, an
MJ120905 power device.

When the switching signal at its base goes positive, (7 turns on and and
its collector-emitter voltage goes quite low. The resulting voltage across
the primary of T2 causes current from the 326V source to build up in the
winding. Energy is stored in the form of a magnetic field. The amount of
energy stored varies with the on-time of Q7.

During this Q7 conduction time, voltages are induced on each of the
secondary windings of the transformer (positive-going at pins 10 and 12)
and on the auxiliary primary (negative~-going at pin 5). These voltages
reverse bias diodes CR1l, CR12 and CR13 and no current flows either in the
secondary circuits or in the auxiliary primary circuit.

When Q7's switching signal goes low, turning Q7 off, the main primary
current is abruptly interrupted and a "flyback” occurs. Terminal 6 of T2
goes in a positive direction as a result of the voltage across it from
self-induction. It reaches a peak of near +650V.

A "snubber network", composed by C19, CR18 and R24, limits the slope and
magnitude of this flyback voltage pulse, thereby preventing damage to the
switching transistor. 1In addition, a positive-going voltage is induced on
the auxiliary primary winding at pin 5. This voltage rises no more than a
diode drop above that of the primary supply voltage (+320V) — CRll is
forward biased at that point and prevents further rise. As CR1l conducts
it stores additional energy in the magnetic field. This additional energy
is somewhat proportional to the on-time of Q7 —- more on-time, more
energy.
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The primary flyback pulse induces voltages in the secondary windings of T2
at pins 10 and 12, forward biasing CR12 and CR13. Rectifier diodes CR12
and CR13 conduct, passing current created by the collapse of the
transformer's field., The current flowing through CR12 and CR13 charges the
reservoir capacitors C18 and C2¢ in the output section of the supply. The
duration of conduction varies with the amount of additional energy stored
in the primary windings and is roughly proportional to the previcus on-time
of Q7. )

Following this conduction period, the voltages on the windings gradually
return in irregular fashion to the levels they had at the beginning of the
cycle.

In the voltage waveform at the collector of Q7 reproduced below, note that
while the falling edges of the pulses — corresponding to Q7 turn-on —
occur at regqular times and are therefore sharply defined, the rising edges
— corresponding to Q7 turn-off — start at different times and thus appear
as blurry composites. (Note: The test oscilloscope is ungrounded, common
lead of probe connected to 13 terminal 5.)

Sync - Int

Coupling - IC

Sweep - 26microsec/div
Vert - 109V/div
Trigger Slope - Neg

Because it is operated as a.switch to create a flyback, Q7 is a very
efficient regulator. Only the amount of electrical energy required to
replenish the reservoir capacitors is drawn from the source. Relatively
little energy is dissipated in the form of heat — as is the case in the
steady state device (sometimes called a linear regulator, since the normal
operating point is in the middle of the linear region of the current

transfer or Ibe - Iee characteristic of the device).

Besides having greater efficiency than a steady-state regulator, a
switching regulator is protected from short circuiting of the load. The
transistor which bears the regulating function is not connected directly to
the load and therefore is not subject to damage from instantaneous peaks of
load current.
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The regulator receives its switching signal from a transistor driver Q6,
whose output is coupled to the base of Q7 via transformer T3. Q6 is driven
in turn by a width modulated pulse generator. The operation of these
components and of the control circuits associated with them will now be

examined.

The switching signal is generated by U4 (drawing lower right), an SG-3524
integrated circuit, and associated circuit elements., A simplified block
diagram of the SG-3524 is shown below.
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U4 contains an oscillator which generates a signal having a linear sawtooth
or "ramp” waveform. The frequency of the oscillator is determined by the
time constant of external resistors R18 and R19 and external capacitor Cl6.
R19 can be adjusted to give a frequency slightly below that of the
horizontal sweep of the CRT, allowing the output of the oscillator to be
synchronized with the sweep.

Synchronization does not play any role in voltage regulation within the
supply. It is needed to prevent "jitter"™ at the edges of the CRT display
which would otherwise result from the ripple on the +78V output to the
horizontal and high voltage circuitry.

Synchronization is accomplished by applying a signal derived from the
horizontal flyback transformer, FBT1l, to the oscillator. A tap on the
transformer provides a horizontal flyback pulse, which is used to turn on
transistor Q5. (Diode CR16 eliminates any substantial negative swing.) Q5
functions as a Miller integrator, providing nearly rectangular positive
output pulses.

These pulses are differentiated by Cl4 and the impedance of U4 at pin 3.
CR17 eliminates the negative peaks. The positive peaks serve as sync
signal to "pull" the oscillator up to the sweep frequency and hold its
signal in a definite phase relation to the sweep. The trailing or falling
edges of the sync pulses define the starting points of the oscillator's
ramps, and the leading or rising edges of the pulses define the end points.
The sync signal is also used to trigger a pair of flip-flops in U4 which
have a role in forming U4's output pulses.
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The sawtooth output of the oscillator is applied to one input of a
comparator within U4. The other input of the comparator comes from an
error amplifier, also within U4. The output of this amplifier is a
function of the difference between a reference voltage at U4 pin 2, which
is derived from a regulator within U4 and is adjusted by Rl3, and a voltage
derived from the +5V and +78V outputs of the supply, applied to U4 pin 1.
As this voltage drops, the output of the error amplifier rises. The error
amplifier's output can vary between +.5V and 43.8V, following instantaneous
changes in the sample voltage, which in turn follow changes in the supply's
loading. With R13 adjusted to maintain the supply's output at +5V under
normal loading, the reference voltage has a value at which its difference
from the mean value of the sample voltage corresponds to about +2v output
from the amplifier.

The error amplifier's output detemmines the level of a threshold, beyond
which the oscillator ramp must rise in order to trigger a positive output
from the comparator. When the error amplifier's output is +1V or lower,
the comparator's threshold is zero, and its output goes positive as soon as
the ramp begins. As the amplifier's output varies above +1V the
comparator's threshold is raised and lowered with the rises and falls of
this voltage, and since its output goes positive only after the ramp has
reached this threshold the result is a series of pulses of varying widths.
The on-time of switching transistor Q7 is proportional to the negative
going portion of the comparator's output shown below.

PULSE WIDTH. MODULATION BY THE $G-3524

e ] 1 L

-
osc 1 ___ ~ ]
RAMP " .L R —— _t. ARy AP
]

COMPARATOR |- f |; <&

The height to which the error amplifier can raise the comparator's
threshold is limited by a network external to U4, consisting of resistor
R8, Zener diode CR19, diode CR10, and capacitors C18 and Cl2. R8, CR19 and
C18 provide a stable bias of +3V to the cathode of CR18. The anode of CR1#
is tied to the output of the error amplifier. When this output is below
+3V, CR1@ does not conduct, and the signal passes to the comparator
unmodified. When the amplifier's output rises above +3v, CR19 conducts,
clipping the signal applied to the comparator.

This clipping circuit insures that the threshold of the comparator is never
raised to the cutoff point (+3.5V), and consequently that a pulse is
furnished by the comparator during every cycle of supply operation to turn
off switching transistor Q7. If no pulse were furnished a switching
signal would be produced which would overdrive the regulating transistor,
possibly resulting in damage.
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The comparator's output is further controlled by the undervoltage and
overcurrent protection circuits. Both are capable of overriding the error
amplifier and forcing the threshold of the comparator to zero, resulting in
an output from the comparator sufficient to shut down the supply — that
is, Q7 is not turned on.

**The undervoltage circuit is composed of Zener diode CR9, transistor Q3
and their associated elements. A positive voltage, furnished by BR2 and C8
in the 12V supply, is applied to the cathode of CR9. As long as this
voltage remains above about +9V, CR9 conducts, current flows through
resistors R5 and R6 and diode CR8, and a voltage is developed across R6
which biases Q3 on. When Q3 is conducting a current flows through
collector load resistor R7 and the voltage at the collector drops to nearly
ground potential.

Q3's collector is DC coupled to the base of a transistor within U4 (pin
19). The collector of this transistor is in turn coupled to the output of
the error amplifier. As long as Q3 remains on, the base of the transistor
in U4 is low. It is therefore off, and has no effect on the error
amplifier's signal to the comparator.

When the voltage on CR9 drops below +9V conduction ceases, and no positive
bias is present at the base of Q3. Q3 therefore stops conducting, the
voltage on its collector rises, and the transistor in U4 is turned on.
When this occurs, its collector is pulled to ground potential and the
output of the error amplifier is short-circuited. The error amplifier can
no longer raise the threshold of the camparator, which goes to zero. The
output transistors in U4 are not turned on. The voltage at U4 pins 12 and
13 remains high. No pulse to turn on switching transistor Q7 occurs.

**overcurrent control is effected by means of a 4M27 optocoupler, U3,
linking the primary circuit of the power transformer to the control
circuits. A voltage is developed across R23, in series with the primary of
the power transformer, which is proportional to the current furnished by
the supply. This voltage is adjusted by R22 and applied to the LED in the
optocoupler. The illumination of the optocoupler's phototransistor varies
with rises and falls of the load current, and the transistor's
emitter-collector current varies accordingly.

If R22 is properly adjusted, the LED's illumination of the phototransistor
becomes sufficient to cause Q2 to conduct when the current through R23
reaches a dangerously high value. When the phototransistor's illumination
increases it becomes more conductive and the current through Rl and R4
increases. This increase in current is accompanied by an increase in the
voltage across R4, and consequently in Q2's base-to-emitter voltage. When
this voltage is sufficient, Q2 conducts, and its collector voltage drops to
near ground level. ’

** NOTE: A later modification moved these sensing circuits to an
added small PCB, which also contained a timing circuit for auto
restart following a power interruption. See the description of
this modification at the end of this analog circuit description.
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With Q2 conducting, current flows through CR6, an LED which serves as an
overcurrent indicator, and it is lighted. In addition, the cathode of CR?
is pulled to ground, CR7 conducts, pulling the anode of CR8 to ground, and
03 is turned off. When Q3 is off, its collector voltage rises to about
+12V and the shut-down transistor in U4 is turned on, disabling the error
amplifier in U4. The comparator then produces a signal sufficient to shut
down the supply.

The comparator drives a pair of NOR gates within U4, and these gates in
turn drive U4's output stage. These circuit elements utilize the signal
from the comparator to produce the signal which appears at the ocutput (pins
12 and 13 of U4). This signal consists of positive pulses having rising
edges beginning at different times and falling edges which coincide with
the falling edges of the oscillator sync signal. At Q6, the driver
transistor, an NSD-UB6, this signal is amplified and inverted, and the
switching signal appears at the collector of Q6 as a series of positive
pulses with regularly timed rising edges and irregularly timed falling
edges. This signal is transformer coupled to the base of Q7.

The relation of the signals at succeeding stages of the generator is such
that as the positive going signal from the comparator is made more narrow
(in response to an instantaneous fall in the supply's output voltage) the
positive going switching signal at the collector of C6 beccmes wider. A
wider switching pulse results in a longer on time in the switching cycle of
Q7. Since the amount of energy available to the supply's secondary
circuits is directly-proportional to this transistor's on time, more energy
is released during the next off time, and the reservoir capacitors are
recharged to the proper level. The diagram on the next page represents the
signals at various stages within the supply and their interrelations.

The regulation of the supply's 5V output is such that the voltage will vary
no more than +/-2% with changes in loading. The 56/60 Hz ripple on the 5V
output is typically about 9.1V peak-to-peak. :

The 70V output should be within 16V of its nominal value when the 5V level
is properly adjusted. The 58/66 Hz ripple on the 78V line is typically
about 2V to 4V peak-to-peak. The oscilloscope photograph reproduced below
shows the waveform of the ripple on this line.

Oscilloscope
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Vertical Deflecti

Vertical deflection of the CRT beams is effected by means of a coil mounted
on the neck of the tube and functioning as a magnet. A linearly decreasing
current through the coil causes the beams to move at constant velocity from
the top to the center of the screen. The current then increases linearly
in the opposite direction, causing the beams to move from the center to the
bottom of the screen. A sharp swing of the current from its peak negative
value to its peak positive value then causes a rapid retrace of the beams
to the top of the screen. The screen is swept vertically at 59/60 Bz
(i.e., at the .line frequency). Accordingly, the cycle period of the
deflection coil current is either 28 or 16.67 milliseconds. Of this
period, about B.5 millisecond is devoted to retrace.

The oscilloscope photograph reproduced here shows the waveform of the
vertical deflection signal. The oscilloscope was connected across R8l to
obtain the trace. The voltage measurable at this point is proportional
with and in phase with the current in the deflection coil.

Sync - Int
Coupling - DC
Sweep ~ 5 msec/div
Vert - 2 v/div

The vertical deflection circuitry, on the 36089's analog board, includes a
linear sawtooth generator, a class AB power amplifier, a device for
centering the vertical sweep, and a device which compensates for
differences between the radius of curvature of the screen and the radius of
the sweep ("pincushion" circuit).

The sawtooth generator is built around a Texas Instruments NES55 integrated
circuit, US5. The NE555 monitors the voltage across series capacitors C42
and C43 and determines when they should be charged and discharged. When
this voltage goes below about 1/3 of the supply voltage (+12V), the
capacitors are allowed to charge from the supply through resistors R63 and
R64. Because of the large value of R63, the time constant of this RC
circuit is large with respect to the period of an operating cycle.
Therefore the rate of change of the current in the capacitors (and of the
voltage across them, which varies inversely with the current) is very
nearly constant over this period, and a ramp waveform is produced.

5.79



When the voltage across C42 and C43 reaches 2/3 of the supply voltage, the
NE555 pulls the junction of R63 and R64 to nearly ground level., At this
point, the capacitors begin to discharge through R64, Since R64 has a
relatively small value, the discharge is very rapid. The voltage across
C42 and C43 falls quickly below 1/3 of the supply voltage, at which point

" the NES555 lifts the resistor junction above ground and charging begins

again.
An understanding of the way the NES555 performs its function depends on a
knowledge of the circuitry within it. This circuitry is included in the

simplified diagram of the sawtooth generator given below. It is described
in the paragraphs immediately following. .
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The NE555 contains two comparators, an RS type flip-flop, and a transistor.
Reference voltages are supplied to the comparators fram an internal voltage
divider. Input voltages are supplied by C42 and C43. The first comparator
sets the flip-flop when the voltage at its input, called the trigger input
(at pin 2), falls below this comparator's reference voltage (1/3 the
supply voltage). When the flip-flop is set, its inverted output signal is
a logic low (i.e., near ground level). This low signal is applied to the
base of the transistor within the NE555, preventing it fram conducting.
The voltage at the collector of this transistor, which is tied to pin 7 of
the NE555, and by way of pin 7 to the junction of R63 and R64, is then
dependent upon the drop across R63 which results from the charging current
in the RC circuit described above.

The second comparator resets the flip-flop when the voltage at its input,
called the threshold input (at pin 6), rises above that comparator's
reference voltage (2/3 the supply voltage). When the flip-flop is reset,
its inverted output signal is a logic high. A high signal from the
flip~-flop at the base of the transistor allows it to conduct. During
conduction the junction of R63 and R64 is near ground, since the
transistor's collector current causes a drop across R63.

5.71



It can now be seen that the frequency of the sawtooth generator's output
depends on four parameters:

1) the time constant of C42 and C43 combined and R63 .and R64
© combined

2) the threshold level of the NES555's second comparator
3) the time constant of C42 and C43 cambined and R64 alone
4) the trigger level of the NE555's first comparator

The first two parameters determine the slope and end point of the rising
(voltage) ramp. The second two parameters determine the slope and end
point of the falling part of the sawtooth, hence the beginning point of the
ramp. Nevertheless, this is the case only when the generator is
free-running. The application of a sync signal modifies the operation of
the generator in a way described below.

Synchronization is necessary to insure that the vertical sweep starts
slightly before video signals are applied to the CRT cathodes and that
vertical retrace occurs while the screen is "blanked". A positive-going
sync signal is supplied by the 3688 Logic Module. A 5048-type CRT
Controller device, whose operation is synchronized to the power line
frequency, provides the sync signal. It is routed to the vertical
deflection circuitry by way of J5, pin 1, on the analog board. The signal,
although labeled VSYNCBL, is a logic low (near zero voltage) during most of
the sweep cycle period. It goes high (near +5V) for about 170 microseconds
at the sweep rate.

The VSYNCBL signal is applied to the emitter of Ql1l, a 2N4124 transistor,
through a differentiating circuit consisting of C49, R60 and R6l. (Note
that the 3600 Series uses Qll rather than Q12). Except when the sync
signal goes high, Ql1 has no forward bias. Consequently, the voltage at
Qll's collector is about equal to the supply voltage. This voltage,
applied to the preset terminal of the flip-flop within U5, allows the R and
S inputs to the flip-flop to detemmine its output.

When the VSYNCBL signal goes high, a sharp positive—going voltage pulse,
its shape resulting from the differentiation of the sync pulse, is applied
to the base of Qll. The transistor's base-to-emitter voltage swings
sufficiently positive to bring about conduction. As a result, there is a
momentary voltage drop across Qll's collector load resistor, R62, and the
preset terminal of the flip~flop in U5 is pulled nearly to ground. This
low at the preset terminal overrides the R and S inputs and makes the
inverted output of the flip-flop low. US's transistor is accordingly cut
off, the junction of R63 and R64 is lifted from ground, and C42 and C43
begin to recharge. ~

Proper synchronization requires that the generator's free-running frequency
be somewhat lower than the frequency of the sync signal. This signal can
then take over from the first comparator in U5 the function of determining
the beginning points of the ramps. The effect of the sync signal's
take-over is a rise in the generator's operating frequency and a decrease
in the peak~-to-peak amplitude of its output signal.

5,72



The rise of the VSYNCBL signal then coincides with the beginning of the
ramp. This relationship is demonstrated in the oscilloscope photograph
reproduced below. The VSYNCBL signal appears at the top; the sawtooth
signal (taken from the emitter of Ql3) appears at the bottom.

Oscilloscope

Sync - Int
Coupling - DC
Sweep - 2 msec/div
Vert - 2 V/@iv
(each channel)

The output of the sawtooth generator is applied_to the base of Q13, an
MPSAl4 Darlington transistor which is connected as an emitter follower.
Q13 provides buffering of the generator's output and impedance matching to
the following amplifier. In addition, its emitter resistor, R68, provides
a variable feedback signal to C42 and C43. R68 can be adjusted to smooth
out any non-linearity in the ramp.

The class AB power amplifier consists of transistors Q14-Q17 and their
associated circuit elements., At the input of the amplifier the driving
signal is combined with AC and DC feedback signals. BAC feedback is derived
from C49 and R8l and routed to one end of the resistor chain consisting of
R66, R67 and R69. The signal from Q13 is applied at the other end of this
chain. A cambination of the driving signal with AC feedback is taken from
R67 and coupled to the base of Ql4, an MPS-AG5, through C44. The amplitude
of this signal and hence the size of the vertical sweep can be varied by
adjusting R67. DC feedback is applied to Ql4's base through R71.

The amplifier's operating cycle begins as the ramp at Ql4's base starts to
rise. 0Ql4's collector current is initially small and rises gradually with
the ramp. This gradual increase of current, conducted by CR36 and CR31, is
accompanied by an increasing voltage across R74 and R75, which makes the
bias at the bases of transistors Q15 and Q16 less and less positive.
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The first part of the amplifier's operating cycle corresponds to the first
half of the ramp at Ql4's base. During this period Ql6 is on and Q15 off.
Q16's conduction allows C49 to charge through the deflection coil. As this
part of the cycle begins, CR32 is forward biased, because C48 and C49 have
been discharged during the previous cycle while Q16's emitter has been
pulled to a potential near that of the supply by the discharge of C46.

Q16 has remained saturated during the last part of the immediately
preceding cycle, its base having been driven very positive as a result of
the sharp fall of the sawtooth signal at Ql4, and then heavily charged by
the discharge of C46. When CR32 begins to conduct, the voltage at Ql6's
emitter immediately drops to about +38V. C46 therefore starts recharging.
Since Ql6's base is still saturated, the transistor can immediately begin
to conduct the large current initially required for the linear charging of
C49. *

C49 and the deflection coil constitute a series IC circuit having a net
capacitive reactance at the amplifier's operating frequency. It follows
that the current in this circuit is initially large. As C49 charges, this
circuit current, controlled by Ql6, decreases linearly to zero.

The second part of the coperating cycle begins when Q15 is turned on by the
continuing increase in the voltage across R74 and R75. Q15 is conductive
during the second half of the sawtooth generator's ramp. Its conduction
begins a little before Q16 turns off. Its emitter current is supplied by
the discharge of C49, through R78. The voltage drop across R78 keeps CR32
reverse biased during this part of the operating cycle. The current which
begins to flow through Q15's collector resistor, R77, results in a voltage
across this resistor which biases Q17 on. With CR32 biased off and Q17
able to conduct, C49 begins to discharge through the deflection coil and
Ql7. As current begins to build up linearly in the coil (flowing in a
direction opposite that of the first part of the cycle), 016 is shut off.

The third and fourth parts of the amplifier's operating cycle occur during
the falling portion of the sawtooth signal applied at the base of Ql4. As
the voltage at the base of Ql4 drops sharply, there is a rapid drop of
Ql4's collector current, accompanied by a sharp rise in the voltage at the
base of Q15 and the base of Ql6. Ql5 is cut off by this change in base
voltage, while Q16 is driven into saturation. The positive-going signal at
Ql6's base allows a large emitter-base current to flow. This current is
supplied by the discharge of C46, and the base of Ql6 is saturated. As a
result, collector current continues to flow throughout the third and fourth
parts of the cycle, allowing a smooth transition into the next cycle, when
Ql6 again controls the charging of C49. Meanwhile, as C46 discharges,
Ql6's emitter voltage is raised very nearly to the level of its collector
supply (+45V).

The third part of the cycle conmences with the shut off of Q15. At this
point, voltage at the base of Q17 falls and Q17 is turned off. The current
in the deflection coil, which was increasing linearly as C49 discharged,
now falls rapidly to zero. The steep current gradient in the coil is due to
the fact that C48 is now included in the deflection coil circuit.
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C48 was effectively shorted during the first two parts of the cycle. But
when both Q16 and Q17 are off it functions in conjunction with C49 as part
of a parallel IC circuit, which includes the deflection coil and R8l. This
circuit has a net inductive reactance at the operating fregquency of the
amplifier. Hence, a flyback occurs when Q17 is abruptly cut off. A
voltage is induced across the deflection coil which allows C48 to charge to
a very high value (about +175V) as the field around the coil collapses.
While C48 absorbs the coil's energy, CR32 remains reverse biased. C47,
connected across CR32, prevents damage to the diode by the high peaks of
reverse voltage.

During the fourth part of the cycle, C48 discharges through the coil. The
current in the coil, which fell rapidly to zero during the third part of
the cycle, now builds up very rapidly in the opposite direction. As the
voltage across C48 falls, CR32 is again forward biased. Therefore,
oscillation cannot be sustained in the parallel IC circuit. Instead, as
the deflection coil current reaches its peak value, a new operating cycle

begins.

The oscilloscope photograph reproduced below shows the waveform of the
voltage at the deflection coil (pin 1, J6). The sharp spikes represent the
charging and discharging of C48 (flyback pulses).

Oscilloscope

Sync - Int
Coupling = DC
Sweep - 5 msec/div
Vert - 56V/div

The circuit consisting of Q19 and its associated elements functions as an
adjustable DC biasing device used for centering the vertical deflection
coil. The bias level varies with the collector current of Q19, which is
determined by the setting of R89.
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A further circuit associated with the vertical amplifier, built around Q18,
an MPSAl4 Darlington transistor, has the function of generating a
"pincushion" signal. This signal is developed from the vertical ramp and
applied to the high voltage regulator. It makes the +68V used in the
horizontal and high voltage circuits slightly lower at times corresponding
to the beginning and end of the vertical sweep. This results in slightly
smaller horizontal sweeps and lower CRT anode potentials at these points.
Such decreases are necessary to maintain the width of the display constant
throughout the vertical sweep, compensating for differences between the
radius of curvature of the screen and the radius of the sweep.

The voltage across capacitor C49 has the shape of an inverted parabola.
(C49 essentially functions as an integrator of the sawtooth vertical
deflection signal.) This is coupled through C50 to the base of Q18. (18
inverts the waveform and the vertical parabola, to be used for horizontal
pincushion, appears at the collector of Q18. The oscilloscope photograph
reproduced below shows this signal (taken from the collector of Q18).

Oscilloscope

Sync - Int
Coupling - AC
Sweep - 5 msec/div
Vert - .S5V/div

Potentiometer R84 is used to adjust the amount of this parabolic signal to
be applied to the voltage regulator circuit through C74 and C68. R84 is
adjusted for a display with straight sides. (See the Adjustment
Procedure.)
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Borizontal Deflecti

Horizontal deflection of the CRT beams is effected by means of a coil
positioned on the neck of the tube. 2n alternating current is made to flow
in the coil, which then functions as a magnet. The current has a cycle
period of about 63 microseconds, corresponding to a sweep rate of near
16KHz. At the beginning of a cycle, this current starts increasing
linearly from zero to its peak positive value. As it does so, the beams
a;Je. dfflected from the center of the screen to the right side at a constant
velocity.

The current then changes direction very quickly, going from its peak
positive value to its peak negative value quite rapidly. Accordingly, a
"retrace” occurs, in which the beams are moved very rapidly to the left
side of the screen. At this point, the current begins decreasing linearly
from its peak negative value back to zero, and the beams are returned to
the center of the screen.

HORIZOMTAL DEFLECTION BEANS AT RIGHT
COIL CURRENT WAVEFORM SIDE
¥
BEAMS AT
CENTER
|
T
BEAMS AT

CENTER OF SCREEN .
4__ BEAMS AT LEFT SIDE

| €
RETRACE

It can be seen that the deflecting coil current has a linear sawtooth or
ramp waveform. The circuit action which gives rise to this current waveform
has basically two components. On the one hand, there is an exchange of
energy between capacitor C73 and the network of inductors in series with
this capacitor, consisting of L4, L5, T7 and the deflection coil. The
resonant frequency of this series circuit is a good deal lower than the
switching frequency of the horizontal output transistor. Consequently, it
is the current flowing in this circuit, having a relatively small and
linear gradient, which constitutes the ramp part of the sawtooth.

On the other hand, there is an exchange of energy between capacitors C69
and C69A and the inductive network. These components effectively
constitute a parallel circuit with a resonant frequency higher than the
switching frequency. The current in this circuit has the steep gradient
which is represented in the short return traces at the ends of the ramp.
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Energy is supplied to these circuits from the core of flyback transformer
FBT1. This transformer is connected to a 66V DC regulated supply through
the emitter-collector path of the horizontal output transistor, Q23. The
transformer core is charged (i. e., energy is stored in the form of
magnetism) while Q23 is conducting. When Q23 is turned off, enerqy is
released from the core (with the collapse of the magnetic field) and
appears at the emitter of the transistor as a large voltage pulse. This
flyback pulse is shown in the oscilloscope photograph reproduced below.

Oscilloscope

Sync - Int
Coupling - DC

Sweep - 10 usec/div
Vert - 100V/div

An operating cycle of the horizontal output stage begins when transistor
023, an MJ12005, is turned on by a pulse fram its driving stage. (This
pulse has a duration of a little less than half the period of a full
operating cycle). Q23's emitter is then raised to a potential about equal
to the supply voltage (+66V). This voltage appears across the primary of
the flyback transformer, FBT1, and current begins to flow in the primary
winding. This current increases as energy is absorbed from the supply and
stored in the transformer's core. At the same time, the voltage across the
series LC circuit falls to near zero. Consequently, capacitor C73 begins
to discharge through the inductive network which includes the deflection
coil. (It is assumed that the capacitor was charged during the previous
cycle of operation.) A current builds gradually in the coil as it absorbs
enerqgy from the capacitor.

When Q23 is turned off, the inductive circuit of I4, L5 and the horizontal
deflection coil maintains current flow. This current decreases rapidly as
it charges C69-C69A. The inductances and C69-C69A constitute a parallel
resonant circuit of relatively high frequency. When Q23 is turned off, a
damped oscillation at this relatively high frequency begins. As the
current through the inductors continues in its original direction, C69-C69A
charge to several hundred volts — the flyback pulse. The current through
the inductors decreases to zero as C69-C69A reach peak charge. The CRT
beams are swept back from right to screen center. As the oscillation
contiunes, current through the inductors (including the deflection coil)
reverses to continue the retrace toward the left side of the screen.

5.78



This current in the reverse direction discharges C69-C69A and would begin
charging the capacitors in the opposite direction except for CR42. When
the oscillation begins to enter the second half of its cycle, C42 becomes
forward biased. As it conducts to kill the oscillation, the current flow
through the inductors decreases toward zero, allowing the CRT beams to
sweep in relative linear fashion from left toward screen center.

At this point another horizontal drive pulse turns on Q23 to begin another
cycle of operation. '

The shape and magnitude of the deflecting coil current are affected by the
values of the components associated with the coil. The value of C73 is
such that the ramp is not perfectly linear, but has a slight S curvature.
This shaping of the current waveform is necessary to compensate for -the
distortion of the sweep by the curvature of the CRT screen.

IS is an adjustable inductor, connected in series with the deflection coil,
which functions as a horizontal size or width control. As its inductance
is varied the slope of the current ramp, hence the magnitude of the peaks,
changes.

EFFECT OF WIDTH CONTROL (LS5) ADJ., ON H=-DEFL. COIL CURRENT

L4, another adjustable inductor in series with the deflection coil,
functions as the horizontal linearity control. Adjustment of this coil
does not affect its total inductance; it affects the coil's polarization.
The permeable core is short relative to the length of the coil and can be
offset from its center a little toward one end or the other. Accordingly,
the gradient of the field strength in the coil can be changed. This
gradient is adjusted to balance the current flow through the deflection
coil. The quantity of energy transferred fram the deflection coil as its
current decreases (represented by the lower half of the ramp) should equal
the quantity of energy transferred to the deflection coil as its current
increases (represented by the upper half of the ramp). When this equality
is established the ramp is straight; otherwise, it bends at the zero
crossing point. The effect of a change in I4's polarization is represented
graphically on the next page.
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EFFECT OF LINEARITY CONTROL (L4) ADJ. ON H-DEFL. COIL CURRENT

T7, in parallel with the deflection coil, functions as an autotransformer
in a dual half-wave rectifier circuit. This circuit is the source of an
adjustable DC biasing voltage which is applied to the deflection coil for
the purpose of centering the horizontal sweep. During the first and fourth
parts of the cycle of the horizontal output stage's operation, induced
voltages are present on the winding of T7 between pins 2 and 3 and between
pins 3 and 4 which forward bias diodes CR43 and CR44. Capacitors C70 and
C71 are then able to charge. C78 and C71 constitute two members of a
bridge circuit, which is completed by a resistor chain made up of R106,
R199 and R1186. The DC voltage which appears across this bridge between the
junction of the capacitors and the adjustable arm of R186 is applied to the
deflection coil by way of T7 (that part of the winding between pins 3 and

6). The level and polarity of this voltage depend on the setting of R186. -

This control is adjusted to establish a direct current in the coil
sufficient to compensate for differences between the center of the sweep
and the center of the CRT screen.

EFFECT OF H-CENTERING CONTROL (RIO6) ADJ.

ADJUSTABLE
[ ® CURRENT CROSSING POINT




The horizontal driver, consisting of an MC14046 integrated circuit, U6, a
driver transistor, 022, an NSD-U06, a driver transformer TS5, and associated
elements, furnishes the switching pulses for Q23 in the output stage.
These pulses are frequency modulated, in order to synchronize the signal at
the deflection coil with a signal supplied by the 5048 CRT controller in
the display generator. Direct synchronization of the driving signal alone
would not insure the proper timing of the horizontal sweep, because
operating conditions in the horizontal ocutput stage can vary considerably.
Therefore, it is necessary that the output stage itself be under the
control of the sync signal. In order to facilitate this control, the
horizontal circuits have been organized into a phase locking loop. A
sample of the deflection signal is returned to the driver and there
compared with the sync signal. A phase difference between these signals
results in a signal to the driver's oscillator which causes its frequency
to increase or decrease and thereby campensate for the phase difference.

The driver's frequency modulator and oscillator are contained in U6, the
MC14046 IC. A representation of the modulator and oscillator circuits is
provided by the drawing below.

MCI4046 AND ASSOCIATED CIRCUITRY
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Square wave driving pulses are generated within U6 by a voltage controlled
oscillator. The free running frequency of the oscillator is a function of
the time oconstant of external capacitor C60 and external resistors R93, R95
and R96 in combination. The value of R96 is adjustable to give the proper

operating frequency.

The voltage applied to the oscillator at pin 9 of U6 causes it to run at
the frequency determined by the external RC elements or at some higher
frequency. This voltage is supplied by a phase comparator within U6
through an external filter.

The phase comparator's output voltage is dependent on the phase
relationship of the signals at its two inputs. The first of these signals
is the synchronizing signal which originates in the 5048 on the logic
board. The second is derived fram the horizontal flyback pulses.
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The 5048's signal consists of pulses which rise fram ground level to about
+5V for 3 to 4 microseconds at a frequency of near 16KHz. This signal,
labeled HSYNCBL on the schematics, is routed to the deflection circuitry on
the analog board by way of pin 2 in J5. The HSYNCBL signal is then applied
to the emitter of Q28, a 2N4124. Q20 is employed as an amplifier
(non~inverting) in a common base configuration, providing some voltage gain
and a high output impedance to match the following circuitry.

Q20's output signal is applied (at pin 14) to a biasing circuit within U6.
The sync signal is placed by this circuit at a level suitable to the phase

comparator.

The second signal applied to the phase comparator is taken from pin 19 of
the high voltage flyback transformer FBTl. The signal at this pin of the
transformer consists of flyback pulses, smaller in amplitude than those at
the deflection coil, but in phase with them. These voltage pulses are
clipped by diodes CR48 and CR41 in route to the phase comparator.

CR41 conducts while the pulses are below ground level. The positive
portions of the pulses above the level of +12V are clipped by CR40. The
resulting signal is applied to the second comparator input at pin 3 of U6.

Proper operation of the phase comparator requires that the frequency
difference between its two input signals be no greater than about 3.5 KHz.
This is the range within which phase lock can be achieved. 1If, in a given
cycle of operation, the rising edge of the HSYNCBL signal occurs before the
rising edge of the clipped flyback pulse, the output of the phase
comparator goes high during the interval between them. If the rising edge
of the clipped horizontal flyback pulse occurs first, the comparator's
output goes low. If the rising edges of the two signals occur
simal taneously there is no output from the comparator.

The comparator's output pulses are fed to an RC circuit consisting of C61,
C62, R94, R97 and R99. This circuit is an integrator or low pass filter.
It smoothes out the comparator's pulses, providing a continuously varying
voltage to the oscillator in U6.

The oscillator's output signal is a 50% duty cycle square wave. This
signal (at pin 4 of U6) is applied to the base of driver transistor Q22, an
NSD-U06, through C64. Q22's ocutput signal is in turn transformer coupled
to the base of Q23, in the horizontal output stage. R185 and C66, tied to
Q22's collector, help to shape the driving pulses. At the ocollector of
022, the signal appears as a series of pulses with large spikes on their
rising edges. The waveform is shown at the top of the next page.

The positive-going pulse seen at the collector of Q22 occurs when Q22 is
not conducting. Transformer TS5 is connected so that 023 is driven into
conduction during this time.

The driving signal at Q23's base remains low for a little over half the
period of each operating cycle. It is during these times, when Q23 is not
oconducting, that C69 and C69A quickly charge and discharge and C73 charges.
It is when the driving signal at Q23's base is high and the transistor
conducting that C73 discharges.
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Oscilloscope

Sync - Int

Coupling - DC

Sweep - 18 microsec/div

Vert - 2 V/div (upper)
18 v/div (lower)

High Volt circuil

The +78V output of the switching supply, described earlier, is fed to a
conventional steady-state linear regulator which furnishes +60V to the
video amplifiers and the horizontal output stage. The horizontal flyback
pulses are, in turn, the basis both of the +45V used in the vertical
amplifier and the high voltages and heater voltage for the cathode ray
tube. The presence of the high voltages, CRT heater voltage and +45V is
therefore dependent immediately on the proper operation of the horizontal
output circuitry and beyond that on the the 460V output of the regulator.
Provision is made in the regulator circuitry for the adjustment of the high
voltages.

The regqulator consists of transistors Q8, Q9 and Ql18, differential
amplifier U7, and their associated elements. The regulator's output
voltage is monitored by U7, which makes the transistors more or less
conductive in response to momentary drops or rises in this voltage due to
load variations. U7 also respords to the pincushion signal from Q18 in the
vertical deflection circuitry. Accordingly, it decreases slightly the
conductivity of the transistors, and hence the output voltage, at times
corresponding to the beginning and end of each vertical sweep.

A simplified diagram of the high voltage circuitry is shown at the top of
the next page.
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HIGH VOLTAGE CIRCUITRY
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The non-inverting input (pin 3) of U7, a TI881, is tied to ground, which
constitutes the reference point to which the signal at the inverting input
is compared. A voltage divider, consisting of R30, R31 and R32, connected
between the output of the regulator and the -12V line, provides one of two
signals to U7's inverting input (pin 2). This signal is a voltage
proportional to the regulator's output. The relation of this signal to
ground can be adjusted by means of R31l, which functions as an output
voltage control. The pincushion signal is also applied to U7's inverting
input. Thus U7's responses are the effect of the pincushion signal in
combination with the signal derived from R31l.

When the voltage at U7's inverting input goes negative in a negative
direction, a positive-going signal results at its output (pin 6). Such a
signal from U7, applied to the base of Q18, and MPS-A43, causes this
transistor's conductivity to increase. An increase in Q7's collector
current results, which causes an increase in the voltage across R28, making
the base of Q9, an MJE350, more negative. Q9 is then more conductive, and
the increase in its collector current results in an increased voltage
across R29, which makes Q8's base more positive. @8, a 2N83992 and the main
rggulating element, then becomes more conductive, and the output voltage
rises. :

When the voltage at U7's inverting input goes positive, a negative-going
signal results at its output. In this case, 08, @9, and Q1@ become less
conductive, and the ocutput voltage falls. CR14, connected between the hase
and the emitter of Q10, prevents U7 fram turning the transistor campletely
off and thereby interrupting the current supplied by the regulator. Wwhen
U7's output goes so low that its value approaches that of Ql8's emitter
voltage, CR14 conducts, preventing Ql@'s base from being driven more
negative.
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The +60V from the regulator is routed to the video amplifier circuits by
way of pin 6, J8 on the analog board. This +68V is also used in the
horizontal output stage. It is applied to the primary of the horizontal
flyback transformer FBT1 through Q23's emitter-collector path.

When Q23 conducts, a portion of the applied +68V appears at pin 10 of
FBT1. This causes CR23 to conduct and charge C32 to approximately +45V
for use in the vertical deflection amplifier. The negative-going flyback
pulse that occurs when Q23 is turned off is fairly large. So CR32 must
have a high inverse voltage rating.

During the time Q23 conducts, current builds up in the primary of FBT1,
storing energy in the form of a magnetic field. When Q23 is turned off,
the stored energy causes a negative-going flyback pulse to be developed
across the primary of FBTl. A portion of this at pin 18 causes CR20 to
conduct to charge C30 to approximately -588V.

C38 supplies current through R51 to a 180V Zener diode, CR22, which is
associated with the brightness control.

The brightness control, R115, mounted on the 2408's rear panel, is part of
a network of resistors, including RS54 and R55, which provide a variable
bias to the cathode of CR22, The biasing voltage is derived fram the +66V
line and is adjustable between OV and about +568V. Acocordingly, the voltage
at the anode of CR22 is adjustable between about -5V and -166V. This
voltage is applied to the control grid (Gl) of the CRT.

The CRT heater voltage is taken from a secondary winding of FBT1 at pin 6
of the transformer. Pin 6 furnishes about 28V peak-to-peak with respect to
ground. The duty cycle is such as to result in approximately 6.3 volts
RMS,

The main secondaries of FBT1 are connected in series with diodes that are
included within the transformer package. The output of this secondary
circuit is about +25KV, depending on the setting of R31 in the +60V
regulator, This voltage is applied to the CRT anode.

A heavily insulated voltage divider, which provides two adjustable ocutputs,
is connected across the +25KV line. Adjustment of the upper (more
positive) tap controls the focus of the CRT beams, since this tap supplies
the voltage for the CRT's third grid (G3). This voltage is variable
between about +6.5KV and +7.5KV.

Adjustment of the lower (less positive) tap controls the CRT's second grid
(G2). This control is set to obtain a CRT beam current of 588 microamps
with a white raster at full brightness. The voltage at the CRT's second
grid under these conditions is typically about +23@V.
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The latching action of Ql, outlined in the undervoltage/overcurrent circuit
description, existed in early 2465 terminals. It probably does not exist
in any 3600 Series units. Because of the inconvenience of physically
operating the unit power switch off and then back on following any
momentary power interruption, the circuit was modified by removal of Ql and
R3. R2 then was tied to the collector of Q2 as shown on schematic drawing
192350. This change probably was introduced prior to the use of this
analog board in 3600 Series units.

However, without the latching feature, momentary power interruptions
sometimes resulted in other problems, including circuit failures — in 2408
Series or 3680 Series units. A second modification, involving a small
printed circuit board, was made available in the last quarter of 1984.

The "Auto Restart" modification provides a delay in restart after a
momentary power interruption and beefed-up overcurrent circuitry. The
circuits on the added PCB are shown on schematic drawing 1£3387. The
associated installation drawing shows how the board is placed and
connected.

In the modification, 03, R23, R4l and CR1# are removed. This effectively
eliminates U3, Q2, Q3 and associated camponents from the circuit. Leads
from the added PCB connect the added PCB's R19 in the place formerly
occupied by R23. Current drawn by main switching transistor (7 passes
through the small PCB's R19. A portion of this current also passes through
the parallel path of the added PCB's R18, R17 and LED part of U2.

The collector of Q2 on the added PCB is connected to the point formerly
occupied by the collector of Q3 on the main board — to terminal 18 of U4.
If excessive current is drawn by the switcher, the transistor part of U2 on
the added PCB conducts enough to turn on the added board's Ql, which turns
off the added board's Q2. The resulting high at the collector of Q2 shuts
down U4, the pulse generator for the main switcher.

This portion of the added board differs from the earlier version on the
main board principally in having greater adjustment range and in limiting
current to a lower value in case of Q7 short. The first point results in
adequate adjustment range, the second in prevention of extensive damage to

-components in the overcurrent circuit.

The added PCB's Ul and associated components provide a delay in switcher

. start-up after a power interruption. Ul is confiqured as a monostable

multivibrator. The timing elements R31 and Cl provide an output pulse of
approximately 3.6 seconds duration. This positive pulse turns on the added
board's Q3 to bring its collector near ground. Q3's collector is connected
through CRl to terminal 9 of U4 on the main board —— at the point formerly

"occupied by the anode of the main board's CR1@. The resulting low at U4

pin 9 effectively shuts down the pulse generator.

The added PCB has connections to the main board's +5V, +12V and ground via
a cable to the main board's Jll.

5.86



At unit power-up, on the added board the initial rise of the +12V supply is
coupled through C4 to the base of Q4. 4 turns on briefly to result in a
negative—going pulse, coupled through C6 to pin 2 of Ul. This triggers Ul
and the output pulse of Ul holds off operation of the analog's main
switcher for a few seconds. Then normal operation begins.

During normal operation, the added board's CR3 provides limitation of the
switcher's pulse width in the same way that the main analog board's CR19
accomplished this limitation formerly.

If the +5V supply should drop below +3.3V, 06 on the added board turns off.
The resulting positive-going signal at the collector of Q6 is coupled
through C5 to turn on Q05 briefly. The negative-going pulse at the
collector of Q5 triggers Ul to shut down the main switcher for several
seconds.

Normal operation, with the +5V supply up, causes the LED on the added board
to light. When +5V is lost, the LED is extinguished.
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VIDEO AMPLIFIERS AND CRT — In—-line Version

The video amplifiers are situated on a small printed circuit board mounted

vertically at the base of the CRT. In the circuit descriptions which

follow, reference is made to components in accordance with the nomenclature
of schematic drawing 192708 (Revision 2 board.) The 3600 Series units use
the "one bit" version of the board. Jumper Wl is installed. The gain
controls are S@-ohm potentiometers. (See table at right side of schematic
drawing.)

Connections to the CRT socket, mounted on the Video Driver PCB, include
those for the CRT heater, focus, G2 bias and Gl bias. All of these
voltages are developed in the Analog Module. The video signals are applied
to the three CRT cathodes.

Red, green and blue video signals at TTL level, active low, are brought in
from the Logic Module at J2. The video driver assembly contains three
amplifiers, one for each of the CRT's three electron quns. Each amplifier
accepts one TTL input from the display generator in the Logic Module and
provides a two-state output to turn its gun on or off ("one-bit" video).
When no video pulses are present at the amplifier inputs, the outputs drive
the CRT gun cathodes sufficiently positive to the to keep the guns turned
off. When video pulses appear, the amplifier outputs drive the gun
cathodes mtoward ground level, allowing the quns to emit electrons.

Each amplifier is equipped with a gain control to permit independent
adjustment of this voltage swing at each cathode, which is necessary for
color balance. The controls are labeled R17, R6 and R3, for red, green and
blue respectively, and are easily accessible upon removal of the terminal's
cabinet cover.

The three amplifiers are essentially the same, and the description of the
red gun amplifier which follows is applicable to the others with
appropriate changes in componeent nomenclature.

The red gun amplifier consists of a driver and a class B power amplifier.
The driver is Ul, a 75451B dual AND gate with high current capacity
open-collector outputs. Power amplification is handled by Ql, an NSD-UB6
transistor, operating in the common base mode. The base voltage is set at
+5V (+/- 5%) by voltage regulator VRIl.

Red video signals are supplied to the input terminals of the driver by the
display generator on the 3600 logic board. These signals are
negative-~going pulses. The red driver's input terminals are high (about
+5V) when there is no video and the red qun is to be turned off; they are
low (about ground level) when video is present and the gun is to be turned
on. A high at the driver's inputs allows the transistor at the driver's
output stage to conduct relatively little collector current. A low allows:
the transistor to conduct a relatively large collector current.
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The collector of the driver's output transistor is connected (by way of pin
3 of Ul) to Ql's emitter through R16 and Rl7. A fixed bias of +5V is
applied to Ql's base. When the signal at the driver input is high, a high
impedance appears in Ql's emitter circuit, its base-to-emitter voltage is
close to zero, and it is cut off. Consequently, the voltage drop across
its collector load resistor R8 is quite small, and a potential very nearly
as large as Ql's collector supply voltage (+68V) is present at the red gun
cathode. This potential is sufficiently positive to keep the gun off.

When the signal at the driver inputs goes low, Ql's emitter voltage is
pulled down by the conduction of the driver's output transistor. Ql is

“then turned on and can then conduct a large collector current. This

current flow is acocompanied by a large voltage drop across R8, and the red
gun cathode is pulled toward ground. Consegquently, the red gun is turned
on. The conduction of Q1 is controlled by the setting of gain control Rl17,
the individual color brightness control.

Inductor L1 in series with the collector load resistor extends the
amplifier frequency response to provide good response to the video "dot"
signals. The fundamental frequency of the video is near 9 MHz and the
signals have fairly fast rise and fall times.

Note that one-bit operation is established by installing jumper W1, and
installing 50 ohm gain controls (R3, R6 and R17). Resistors R18, R21 and
R22, and bias controls Rl, R4 and R15 are not installed.

The CRT now used in the 36080 Series terminals has in-line guns and
medium-short persistance phosphors. The characteristics of this tube
permit the realization of the best possible raster resolution consistent
with the use of 60Hz non-interlaced vertical scanning and economical
display generator logic. Non-interlaced scanning is highly desirable
because it provides superior picture brightness and color definition with a
minimum of flicker.

In an in-line tube such as this, the convergence of the beams at a given
"dot" can be maintained throughout the sweep with a minimum of focusing
equipment. Permanent magnets positioned on the neck of the tube are
sufficient. The constant orientation of each beam toward a particular type
of phosphor (purity) is also maintained with permanent magnets, as is the
case with most CRIs.

The horizontal drive signal, supplied by the Analog Module, has been
modified to maintain straight columns. The CRT itself maintains straight
rows — vertical pincushion adjustment is not required.

The tube's convergence and purity magnets, along with its deflection yoke,
are installed and aligned by the tube manufacturer. These components are
permanently bonded to the tube neck in the proper positions. Field
adjustments are not required, and attempts to remove or reposition these
components can be hazardous.
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COMPUCOLOR 1I CIRCUIT DESCRIPTION

The Campucolor II circuit components are contained in a TV-type cabinet and
a separate keyboard. The major subassemblies are:

CRT & Cabinet 8-color visual display and unit housing.

Power Assembly Conversion of 115VAC to unregulated DC,
"low voltage AC and line frequency sync.

Analog Assembly Requlated voltages for system; CRT sweep
and convergence currents; bias, focus and
anode voltages.

Logic Assembly Data programs and processing for control
of video display; sync signals to Analog.

Video Assembly Amplification of video signals from Logic;
CRT connections and bias adjustment.

Disk Drive Data storage and retrieval.

Keyboard Manual data input and control.

The keyboard essentially is the same as that described for the 3608 Series
on page 5.43. The keyboard cable terminates in an edge connector.

The micro-disk drive is the same as that used in the 3621. Its circuit
description begins on page 5.48.

The logic board also is the same as that used in the 3621. Its circuit
description begins on page 5.29.

The CRT was made to Compucolor specifications, 13" diagonal in—-line (but
not pre-converged). Consult Intecolor applications engineers if
replacement is required.

The circuit descriptions for the power board, the analog board and the
video board are given on the following pages taken from the original
Compucolor II Maintenance Manual. Notes regarding analog board
modifications are included at the end of the section.



V. SUBASSEMBLY DESCRIPTIONS

A. CRT, YOKE and CABINET

The Compucolor II 8-color display unit is a 13 inch cathode ray tube
13vaxp22. It is secured in the cabinet by a spring harness and has a
yoke assembly containing the deflection and convergence coils. The CRT
and yoke are similar to standard TV components.

Connections to the CRT are through a socket on the Video Board and two
HV leads. Connections to the yoke assembly are through connectorized
cables from the Analog Board.

The reguired voltages and signals for the CRT have sources as follows:

Filament voltage - 6.3 VAC from the Power Board via the
vVideo Board.

Screen control - 200 VAC from the Analog Board and adjusted
by three potentiometers on the Video Board.

Cathode return - Through a common resistor on the Video Board
to ground.

Video input - Signals from the Logic Board through driver
amplifiers on the Video Board to CRT control
grids.

Focus voltage - Approximately 4KV by separate lead between

CRT socket on Video Board to HV Supply
attached to Analog Board. Fine adjustment
potentiometer mounted on Analeg Board frame.

Anode - ‘ 20KV by separate lead from HV Supply on
Analog Board to CRT HV connector.

Deflection and convergence currents for the yoke assembly are developed
in the Analog Board from timing pulses supplied by the Logic Board.

B. POWER BOARD

The Power Board is mounted in the rear cover of the cabinet. 1Its circuit

is shown in the upper right portion of Analog Schematic Drawing 100902 (or 100903).
It supplies unregulated 150 VDC and 15 VDC, 6.3 VAC and Vertical Sync. The

3 - wire power cord for 115 VAC input connects to this unit. Line fuse F1l

(2.5 A.,slow blow) is located on the Power Unit. The ON-OFF switch SW1

is mounted on the Power Board and is operated from outside the back of the
cabinet. There is a line filter. Varistors protect against voltage spikes.

+ 150 VDC is supplied by bridge rectifier BR2, with filtering by capacitor

C2. The +150 VDC source has additional fusing in F2 (1.5 A., fast acting)
located in the Power Unit.
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CAUTICH: Note that the +150-volt supply is not referenced to frame
ground. It has a "hot" common. Special precautions are required
for measurements.

The +150 VDC is used directly in the horizontal sweep circuit and the
switched regulator on the Analog Board and indirectly, via the switched
regulator, in almost all other parts of the system.

+15 VDC 1is supplied by bridge rectifier BR3, with filtering by capaci-
tor C7. AC input to the rectifier is from the full secondary of step-
down transformer Tl. The +15 VDC supply is referenced to frame ground.
+15 VDC is used directly in the horizontal sweep circuit and the switched
regulator on the Analog Board. Failure of the +15 VDC supply will re-
sult in loss of the regulated voltages required by most parts of the
system.

6.3 VAC for the CRT filament is supplied by one-half the secondary
winding of stepdown transformer Tl. It is connected to the CRT through
the Video Board.

Vertical Sync Generator Q1 is located on the Power Board. Low voltage
60 Hz. from transformer T1 is applied to the base of Ql through current
limiting resistor R2. The negative-going portion of the waveform is
clipped by diode CR1l and the positive-going portion by the transistor
base-emitter junction. The collector load resistor and supply voltage
are located in the Analog Board. The collector output rectangular wave-
form goes to the Logic Board by way of the Analog Board.

Ql-b
GND j& m lv./div.
+5V . Jemssnmgeusm—"y
Pl-c
2v./div.
GND — |
60 {HZ. ISYNC
5 ms./div.
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Waveforms at F2 and C7+, though not shown, are essentially DC with noise
and ripple neormally 6.0 and 1.0 volts peak-to-peak respectively.

C. ANALOG BOARD

The Analog Board is mounted in the side portion of the Compucolor II
cabinet, beside the CRT. It provides regulated low voltages used through-
out the system, horizontal and vertical sweep currents and convergence
signals for the CRT yoke assembly, and 200 VDC for the CRT screen controls.
A high voltage unit attached to the Analog Board supplies the CRT focus
and anode potentials. The Focus potentiometer is mounted in the frame of
the Analog Board. Schematic Drawing 100902 shows the circuits involved.

Regulated low voltages are developed by a switching regulator from un-
regulated 150 VDC and 15 VvDC furnished by the Power Board. The right hand
side of the Analog Schematic shows the circuit.

U3 and associated components generate a square wave at approximately 20
KHz. to drive power amplifier transistors 06 and Q7. These transistors

provide the input to transformer T4. The T4 secondary delivers the 20

KHz. square wave at several voltage levels to bridge rectifiers BRIl and
BR2 and to full-wave rectifier CR3 and CR4. Regulation is achieved by
control of the supply voltage to Q6 and Q7. U2, Q5 and associated
components perform this function.

U2 generates a variable-width pulsed waveform (approximately 20KHz.) to
control the duty cycle of Q5. The pulsed waveform applied to the Q5 base-~
emitter junction causes Q5 to conduct for the positive-going pulse dura-
tion. Since Q5 is in series with the voltage supply to 06 and Q7, wid-
ening of the positive-going pulse causes Q5 to conduct a greater portion
of the time and increase the nominally 100VDC supply to Q6 and Q7. When
the positive-going pulse is made more narrow, the supply to Q06 and Q7 is
decreased. Feedback from the +5V Regulated output at BR1l causes U2 and
Q5 to adjust the supply to 06 and Q7 as required to keep the +5V Regula-
ted level constant. :

U2 and U3 are SG3524 integrated circuits requiring input DC in the range
of 8 to 40 volts across pins 15 (+) and 8 (-). 1In this instance both U2
and U3 have pin 8 at frame ground and pin 15 to +15VDC from the Power
Board. One output, at pin 16, is a well regulated nominally +5VDC; it is
used as a reference in control of.the switched regulator but also is
available for other usage in currents up to 50 mA. The frequency of the
U2 pulsed output is controlled by R24 and C4. The positive-going pulse
time is determined internally by comparison of a portion of the feedback
voltage (at pin 1) to a portion of the reference voltage (pin 2). R22
provides feedback adjustment and is used to set the +5V Regulated output
at the correct level. The output variable-pulse-width waveform is avail-
able across collector-emitter combinations CA-EA (pins 12 & 1ll1l) and CB-
EB (pins 13 & 14). In the case of U2, the connection to the primary of
transformer T2 is from only the CA-EA combination.
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W\ \
+14v, el I N H U2-12
5v./div.
GND - J.H-J J-a -
- 20 us./div.

The U2 - generated pulses applied to Q5 through T2 results in Q5 being

turned on for varying portions of the waveform period.

The QS output

is a chopped DC waveform, which is filtered by L1 - C34.

QS-e
T

100v./div.

20 us./div.

U3 also generates a rectangular waveform, with output
terminals 11 through 14, but its circuit differs from
respects:

1) Both output combinations CA-EA and CB-EB are
former T3.

2) The feedback is fixed to yield a symmetrical
output.

R44, R45 and R43 provide the references to obtain the
C28 set the frequency to approximately 20 KHz.
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The 20 KHz. square wave is applied to the primary of T3 to drive push-pull
amplifier transistors Q6 - Q7. The amplitude that these transistors de-
liver to the primary of transformer T4 is dependent upon the momentary
level of the supply voltage at 0Q6-C. This voltage, as described earlier,
is regulated by U2-Q5 to be the level required to keep the +5V Regulated
output constant.

100v. rF=ﬁ < Q6-E

GND

20v./div.

10 us./div.

The regulated low-voltage DC outputs are obtained from rectifiers BRI,
BR2 and CR3~CR4, each with output filtering. 2although feedback from
only the +5V Regulated is used for voltage control, the loads on the
other outputs are sufficiently stable to consider these other voltages
also regulated.

They supply circuits as follows:

-48 V.

+12v.

+5V.

All of these voltages are referenced to frame ground.

Video Board driver amplifiers.
Analog Board horizontal and vertical ramp reset circuits.

Logic Board circuits
Analog Board horizontal and vertical ramp, parabola and
pincushion circuits.

+l1-volt outputs through resistors RS0 and R51, with
additional filtering for the convergence and vertical
sweep amplifiers.

-8-volt reference through VRl for ramp generators.
+8-volt level through voltage divider R21-R98 for
the convergence signal switches in US5.

Logic Board circuits.
CRT cathode bias
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In addition- to the voltages listed above, there are two other reference
voltages, with lower current capabilities, used in the Analog Board:

+5V. REF1 From U2-pinl6. Referenced to frame ground. Used in
the horizontal sweep generator, the vertical sync gen-
erator (collector supply for Ql on Power Board) and the
horizontal pincushion optical coupler,

+3.9V.REF2 From CR3. Referenced to 150V "hot" common. Used in
horizontal sweep generator circuits.

None of the regulated low voltages and reference voltages should have
noise or ripple exceeding 3% other than the +11V. supply for the vertical
sweep amplifier.

Convergence Circuits are shown in the upper left portion of Analog

Schematic 100902. These include horizontal ramp and parabola, vertical
ramp and parabola, pincushion, switches to develop signals for each of
four quadrants, and a convergence amplifier.

The horizontal ramp sawtooth is generated across capacitor C48 by
operational amplifier U9. The rate of voltage rise across C48 is
adjusted by R102 to equalize the ramp positive and negative points at
U9-6. The steep discharge portion of the sawtooth occurs when FET Q13
conducts. Normally the E1lll is biased off by the -48V. through R59 and
CR17. However, when the Horizontal Ramp Reset pulse from the Logic
Board causes Ql2 to conduct, the resulting positive-going pulse at the
012 collector is coupled by capacitor C47 to the gate of Q13 to turn on
the FET for discharge of C48. As soon as the reset pulse has passed,
the -48V. again biases Q13 off and the linear charge of C48 begins
anew. The waveform at U9-pin6é is a linear sawtooth with a period of
approximately 65 us. .

+4v., =1 ES
HOR}ZONTAL
RAMP RESET 2v./div.
GND
+6v.
L~
GND ‘/”’/
6 —T e Sv./div
-DVv. - .
HORIZONTAL —
RAME

10 us./div.

5.96



This horizontal ramp is passed through comparators in U8 to apply
square waves to pins 5 and 13 of the bilateral switches in US5. Pin 13
is positive during the first half of the ramp, pin 5 during the second
half. The horizontal ramp also is connected to the input of analog
multiplier Ul7 to develop the horizontal parabola applied to other in-
puts of U5 at pins 2 and 3. (The output at pin 4 of Ul7 is one-tenth
of the product of the two inputs at pins 1l and 6. Since the horizon-
tal ramp - call it "X" - is applied to both inputs, the output - call
it "Y" - then is Y=X2/10, the formula of a parabola.) R102 is adjusted
to equalize the amplitude of the right and left parabola end points.
R101 is used to adjust the DC offset of the parabola to bring the para-
bola center to ground.

+6V. U9-6
o |
GND P 5v./div.
L~ ~
‘f””‘
-6v. —
+6v. U5-13
FIRST )
GND HOREZONTAL Sv. /le.
| reb
DETECTOR ] )
-8v. 10 us./div.
+6y, |-HOBLZONIAT, BAMP U9-6
L~
GND ”’,,"’ _;;.J sv./div.
6 — /
- V .
— =
+4v. I\ /) Ul7-4
\ N
/ 2v./div.

V4 <
_GND \\ | N

HORIZONTAL

10 us./div.
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The vertical ramp and parabola are generated in similar fashion.
Operational amplifier Ul0 requires more time to charge the larger
sweep capacitor C50. The charging rate is adjusted by R103. The
wider Vertical Ramp Reset pulse through Q14 to FET Ql5 results in
longer turn-on of Q15 and a slight dead time between C50 discharge
and initiation of the next ramp. However, this dead time is a very
small percentage of the total ramp time and is less noticable in
the vertical than in the horizontal ramp.

+4v. L - E4
VERYICAL I
'RAMR RESET 2v./div.
GND
+6v
. . 0-
= Ul0-6
L~
GND Sv./div.
///
-6v. P VERTICAL RAMP . .
2 ms./div.

The vertical ramp is also passed through comparators in U8 to switches

in US, with pin 6 of U5 receiving a positive signal during the first

half of the ramp and pin 12 a positive signal during the second half. The
vertical parabola is applied to other inputs at pins 9 and 10.

The vertical parabola is developed in Ull. BAdjustment of R103 equalizes

the heights of the parabola end points. Adjustment of R104 brings the
parabola center to ground level.
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+6v. | VERFICAL RAlP
GND ‘,—””
———
——
-6v —
+6v.
GND FIRET VERTICAL
RAMP ZERO
" DETECTOR
-8v.
+6V. VERICICAL RAMNP
e
GND
P /
-ov.
+4v.ar\\\
\\\\
S
GND
VERJPICAL PARABOIR
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Sv./div.

2 ns./div.

Ulo-6

Sv./div.

Ull-4

2v./div.



Power supply for all four US switches is +8V. from R98-R91 to U5 pin

14, and -8V. from VRL to U5 pin 7.

The combination of square wave

and parabola waveforms at the switches result in the convergence

waveforms.

LEF{ COLVEREENCJ
+4v. \
\\
GND ~L_
+4v,
RIGHI CONVERGENCE
GND
+4v. i:k ToP| con IERGEINCE
GND \\
N
+4v.
BOTTPM C)NVERGENJE
GND r:::g====={
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2v./div.

U5-4

2v./div.

10 us./div.

U5-8

2v./div.

Us-11

2v./div.

2 ms./div.
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These waveforms from U5 are summed in proportions determined by the
adjustments of convergence RIGHT, LEFT, TOP and BOTTOM control poten-
tiometers R95, R94, R96 and R97 and applied to the input of power
driver Ul3.

Ul3 provides amplification to drive the power amplifier transistor
Q17, which has the convergence coil in the CRT yoke assembly as a load.
Power supply for both Ul3 and Q17 is 11 volts. Feedback is provided
by R75-C66 and by R76.

The vertical ramp and the horizontal parabola are combined in analog
multiplier Ulé to produce the pincushion waveform used in the vertical
sweep generator.

*ov- Ul0-6
VERTICAL] RAMP |
GNP e Sv./div.
/,
4+
-6V,
+4v,
of Ulée-3
...’;yll"”:
g ikt - 2v./div.
Tl

GND

4 2 ms./div.

| -
i
| «

| «

L+

—4v. g;N(_U_SH)JON

(Horizontal Parabola multiplied
by Vertical Ramp)

Vertical Sweep is developed in the circuit shown in the center left
portion of Analog Schematic 100902. Power driver Ul2 receives two sig-
nal inputs. The vertical ramp sawtooth input amplitude is adjusted by
VERT HELIGHT potentiometer R106 and the pincushion input by VERT PINCUSHION
potentiometer R107. The vertical ramp is the basis for vertical sweep.
However, it is modified by the pincushion signal to yield equal deflec-
tion across the top and bottom of the CRT display.

In the CRT the electron beam travels farther to reach the top corners of
the display than it travels to reach the top center. Therefore, for a
given amount of angular deflection vertically, the beam strikes the CRT
face higher at the top corners than at the top center.
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V = Vertical +
Pincushion
H H
<4+ <4
H = Horizontal
Pincushion
vé

Vertical pincushion compensates by slightly reducing vertical angular
deflection progressively as the position of the beam horizontally de-
parts from center. The CRT display then has uniform vertical deflec-
tion across the top and bottom.

The Ul2 combines the two inputs and produces two composite outputs to
drive power amplifier transistors Q18 and Q19.

Vertical centering of the sweep waveform is accomplished by adjustment
of VERT CENTERING potentiometer R105. Frequency compensated negative
feedback to insure linear amplification is applied to pin 4 of Ul2 from
both the power amplifier (network R73-C62-C67-R72) and the vertical de-
flection coil (via R71). The power amplifier transistors Q18-Ql9 have
the vertical deflection coil as load. Series protection against shorts
is provided by fuse FlA (1.5 A.).

+10v. | ; Ul2-8
I U12-9
GND | ' l L Il ll. Sv./div.

'|“I ‘F 'll]

|

=10v. “ 5 ms./div.

VERTICAL SWHEP
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Horizontal Sweep circuits are shown in lower left portion of Analog
Schematic 100902. .

Sweep timing is furnished by the Horizontal Drive Pulse from the Logic
Board to E6. This signal, amplified by transistors Q9 and 08 and coupled
through transformer Tl, drives power transistor Ql. The amount of drive
is modified somewhat by transistor Q10, which is controlled by the ver-
tical parabola. Q10 thus causes the Q8 collector supply voltage (at Tl-7)
to be greater when the vertical sweep is at mid-point and lower when the
vertical sweep is at top or bottom of the display. (This represents a
part of the horizontal pincushion correction.) Ql pulses fly-back trans-
former FBT1 through C71. (Note: In earlier models Q10 is omitted.)

HOREZONTAL
+3v. DRIVE PULSE E6

|~ 2v./div.
GND | | I

+0.8v. 08-b
GND 0.5v./div.
10 us./div.
+0.8v. Q8-b
0.5v./div.
GND

A ] A\/\_ Q8-c '
GND F/ N —:-Lr - _/ 20v./div.

10 us./div.
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Supply voltage for Q9 is +5vV  REFl and for Q8 and Ql0 it's the +15V un-
regulated. Both are referenced to frame ground.

The voltage and current to FBT1l is regulated by the circuitry including
Q2, 03, 04, Ul and U4.

CAUTION: Note that this is referenced to the 150V. "hot"
common, not frame ground.

The unregulated 150V, connected through decoupling filter R17-Cl7, is regu-
lated by power transistor Q2 to power FBT1l. The remainder of the regula-
tor circuit operates to control the conduction of Q2.

Two factors are involved in this control of Q2. One is negative feedback
from (a) the Q2 emitter output through R9 to one input of Ul and from (b)
the collector of Q4 through C13-Cll-R15, also to Ul pin 3. Feedback
from both sources is adjusted by HOR WIDTH potentiometer R109. The other
factor is the vertical parabola signal through optical coupler U4, with
adjustment by HOR PINCUSHION potentiometer R108. The signal from R108 is
applied through R12 to the other input of Ul, (This is the remainder of
the horizontal pincushion correction, omitted from earlier models.)

The LED portion of the optical coupler has +5V REFl, referenced to frame
ground, as its supply voltage. However, the phcto transistor portion of
U4 uses 3.9V REF 2, referenced to the 150V "hot" common. The supply vol-
tages for Ul also are referenced to the 150V common.

The output of Ul is amplified by transistors Q4 and Q3 to control the con-
duction of Q2. Direct coupling is used. The collector supply for Q4 and
Q3 is the unregulated 150V., reduced to approximately 140vV. by Rl7, again
with reference to the "hot" common, not frame ground.

FBT1l, with current through 02 and pulsed by Ql, generates the horizontal
sweep current for the deflection coil in the CRT yoke assembly.

High Voltage DC, at two levels, is obtained by rectifying parts of the

horizontal sweep waveform. From a separate winding of FBT1l, the high vol-
tage fly-back pulse is rectified to obtain approximately +20KV for the CRT
anode. The rectifier and a voltage divider are in a sealed unit attached
to the Analog Board near FBT1l. One high voltage lead from this sealed
unit has a connector for the CRT anode. Another high voltage lead from
this sealed unit is terminated so as to mate with the Focus lead from the

Video Board. The focus voltage is obtained from a voltage divider in the high

voltage unit. The fine Focus adjustment is mounted on the Analog Board
frame and is accessible through a hole in the cabinet rear cover.

Another portion of the horizontal wave form from terminal 1 of FBTI is
coupled through capacitor C30 to a rectifier and filter. The resulting DC
voltage, approximately +200V referenced to frame ground, is used for CRT
screen control in the Video Board. .
Connections to the Analog Board from the yoke are through pins, mounted
on the board, and connectorized twisted lead cable. Connections from the
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Analog Board to other units are by twisted lead cables originating in
the Analog Board and terminated in connectors for easy mating with con-
nectors in other units. There are two ground clips.

El-E6 To Logic Board (Sweep and convergence sync
pulses)
E7-El10D To Power Board (Unregulated DC, 6D
Hz. Sync)
E15-E18 To Video Board (DC voltages)
E19-E25 To Logic Board (Regulated DC voltages)
J1 To Yoke Assembly (Vertical Sweep and Con-
: vergence)
J2 To Yoke Assembly (Horizontal Sweep)
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E. VIDEO BOARD

The Video Driver Board is mounted at the rear of the CRT by mating its
socket to the CRT pins. It contains the three video drivers, three bias
adjustment potentiometers and the socket for connections to the CRT. The
circuit is shown on Schematic Drawing 100896.

Video Amplifiers are driven by signals from the Logic Board connected
through J2. The signals for red, green and blue are passed through 74S37
gates UAl to three identical driver transistors Q1, Q2 and Q3 (04, Q1 and
Q7 in older boards). At the gate inputs resistors R19, R20 and R21 and
diodes CR8 through CR13 help prevent transients resulting from CRT arcing
from passing back to the Logic Board. The second input of the three gates
is #5V. The 4th gate in UAl is not used. Power for the gates is +5V reg-
ulated from the Analog Board, connected to UAl terminal 14. A 1N4735 zener
diode prevents the +5V supply from exceeding 6.2volts in case of regulator
failure.

In the Red Drive circuit, transistor Ql is a common-base amplifier. 1Its
emitter is driven by the signal from UAL-3. The emitter bias is from the
+5V Regulated and the collector supply from the -48vV Regulated on the Ana-
log Board, both connected through J1. The collector load includes frequency
compensation to obtain the required bandwidth. Dicdes CR1 and CR3 reduce the
effect of CRT arcing. The Green and Blue circuits are similar. The driver
outputs are connected through 1000-ohm series resistors (470 ohms in older
units) and socket S1 to the CRT Red, Green and Blue control grids.

Screen Control Potentiometers R1l, R2 and R3 provide individual bias adjust-
ment for the Red, Green and Blue CRT Screen grids to control brightness and
color mix, +200 VDC is supplied to three potentiometers via J1 from a recti-
fier associated with the horizontal sweep portion of the Analog Board.

6.3 VAC for the CRT socket filament connections is from transformer Tl on the
Power Board, connected through Jl.

Focus voltage for pin 9 of the CRT socket comes through a separate HV lead
with a connector to mate with the Focus lead of the HV Rectifier ( attached
to the Analog Board).

Cathode return for all three guns is to ground through R6 (10K).

Grounding connection for CRT socket terminal 10 and the tube mounting springs
is to frame ground.

A typical video waveform at the collector of Ql has an amplitude of approximate-
ly 40 volts p~-p. The waveforms at UA-1l, UAl-3 and Ql-e are approximately 4 volts

p-p.
F. DISK DRIVE

The Floppy Disk Drive uses the standard 5 1/4" diskette package. Each of 40
tracks used for data( df 41 total tracks) is treated as consisting of 10 sec-
tors with 128 bytes each--about 1280 bytes per track, including formatting in-
formation, or 51,200 bytes per diskette. The home "zero" track (outer most
track) is not used for data. Compucolor II has provision for use of two floppy
disk drives. The basic set includes one drive mounted in the right front of
the cabinet. An optional external second disk drive can be connected to a
branched Keyboard cable.
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Modification Notes — Anal

The analog circuit description was for the board used in the frist several
hundred units. A later board introduced certain changes outlined on a
following page. ’

Still later, a few other changes were made.

1) The vertical ramp input was changed fram DC to AC coupling, This first
was done by insertion of two electrolytic capacitors, as described on a
following page. Later a TLOBl was inserted, as shown on 108982 Rev.7,
to provide a high impedance load for a smaller ooupling capacitor. The
TLO81 UAl3 provided no voltage gain.

2) The power supply switching frequency was synchronized to the horizontal
sweep rate to eliminate movement of noise lines in the display. Ql8,
shown between UA3 and UA4 on 100992 Rev.7, coupled a sync signal from
the Logic board to both UA3 and UA4 through diodes CR32 and CR31.

3) The horizontal drive/high voltage switching transistor Q1 was changed
from a BUS@@ to a BU157. An MJ12085 may be substituted if neither the
BUSA8 nor BUlS57 is available.

4) In the horizontal voltage regulator, Q2 was changed from FT418 to
2SD348. ‘

Modification Notes —— Mi Disk Dri

In the micro-disk drive controller board, R5 in series with the erase head
went through a couple of changes. The final version used 198 ohms as R5.
In units with a high value of resistance, compatibility problems between
drives were not uncommon -- a disk recorded on one drive would not
reproduce on another.

Also in the micro-disk drive controller board, R53 on the Rev.6 printed
circuit board was relocated physically.

1) One end of an added 3308-chm resistor is connected to the cathode end of
CRl. The other end of the resistor is connected by an insulated lead to
the feed-through hole to the lower left of R53 — the path from the left
end of RS53.

2) On the underside of the board, the path leadking from that feed-through
hole is cut.

3) Still on the underside of the PCB, the left end of R53 is connected to
the adjacent C38 lead. .

The added 3380-ohm resistor now serves as R53. The old R53 on the PCB is
shorted out,
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ZIrouble-Shooting Note — Screen RAM

Occasionally a screen RAM IC with response a bit slow will cause spurious
signals to appear on the screen, especially when scrolling.
information may be of assistance in locating the problem IC.

Souri Sianal IC R ib]
White block UD11

White block with blink UD16

Blue block, background blue UuD9

Zero (@), background green uD8

Left bracket (, background red uD7

Dollar symbol §, foreground blue UD6

Quote marks ", foreground green up5
Exclamation !, foreground red UD4
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NOTES CONCERNING REVISED ANALOG BOARD

The Analog Board description contained in pages 5.03 through 5.15 covers
the board used in the first several hundred production units. A redesigned
board, introduced in 1979, has fewer parts and an improved component
layout. The newer schematic is Rev.#; the newer PCB layout is RevJ3.

The basic functions of the board remain unchanged. The locations of the
major circuit subdivisions on the schematic drawing are the same. However,
there are a number of changes in components and component reference
designations. This sheet outlines the major changes, many of which involve
the convergence circuits,

1. A single DG300 IC (U5 on revised schematic) replaces Ql2, Ql3,
Ql4, Ql5 and several associated components. The reset pulses, horizontal
and vertical, now cause their respective sections of DG300 to operate for
discharge of the ramp capacitors, (C83 is the horizontal ramp capacitor,
C84 the vertical.)

2. Two sections of a TL084 IC (U6) replace two 74l's for charging the
ramp capacitors, Two other sections in the TL08% serve as comparators to
generate square waves from the sawtooth ramps.

3. A DG303 (U7) replaces the 4016 bilateral switch., It requires only
two comparators for switch operation instead of the four required by the
4016.

4, Only +8 and -8 regulated voltages are needed by these IC's. VRI
supplies the -8V. as before. VR2 supplies +8V. and replaces a voltage
divider.

5. Generation of the parabola and pincushion waveforms is unchanged.

Other Changes:

6. In the horizontal voltage regulation circuit, the MC741 (Ul) is
supplied by its own rectifier rather than by a voltage divider (originally
R48-R10). CR24, connected to a primary tap of T4, provides +20V.
referenced to the 150-volt common.

7. In the horizontal pincushion circuits Ql0 has been eliminated.
All of the correction is applied to the horizontal voltage regulator via
the optical coupler.

8. Qll, once considered for power supply sync, is no longer shown
near the right-hand SG3524.

9. The NE540 IC's in the convergence and vertical sweep amplifier
circuits are supplied with +12 volts rather than +ll volts. (Ql7, QI8 and
QL9 still use +11V.)

10. Vertical pincushion correction is fixed, eliminating one
potentiometer.

11. Voltage limiting diodes have been added at the +5V. and +l12V.
rectifier outputs for circuit protection.
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Issue 2 - 12/14/78

COMPUCOLOR II CIRCUIT CHANGE NOTES

In some cases you may find it desirable to make changes in early
production units similar to those introduced during recent production.

1. On the Analog Board series capacitors may be inserted in the
vertical amplifier input. Occasional Logic Board hang-ups at turn-on
prevent generation of ramp reset pulses, Such hang-up, or other failure
of ramp reset pulse, may result in a blown F1 fuse in the vertical
amplifier and damage to the parallel 100-ohm resistor R75 or resistors R50
or R51., Series capacitors zre now being used between the vertical height
potentiometer R106 and R70 to prevent this damage. This ecircuit change
can be made to any of the earlier production units,

Disconnect the end of'RTO nearest the Vertical Height potentio-
meter R106, Form R70 perpendicular to the board. Assemble and
connect two 1200uf 15-volt capacitors as shown below.

Tie-wrap them to the underside of the frame fold-over just zbove
U13. Using short insulated leads, connect one capacitor positive
lead to the free end of R70 and the other capacitor positive lead
to the point from which one end of R70 was removed.

The eircuit then beconmes:

R106
W mil
R0
e —
A Utz
IZOOFf
C59:(: 15 v
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2. In the 150-volt input to the horizontal voltage regulator, 10-ohmn
resistor R17 has been changed to two 4.7-ohm, 2-watt resistors in series to
provide greater heat dissipation margin. To make this change in the Analog

Board:

Remove 10-ohm, 2-watt resistor R17. Connect two #,T7-ohm, 2-watt
resistors as shown and connect in circuit as R17.

L.7T o
2-watt \

2, If addition of Horizontal Pincushion is deemed desirable in the
case of early production units, the change may be made. lount parts in the
vacant PCE locations near the fly-back transformer and near the rear lower
edge of the Analog Board,

POSITION

L]
R34
R38
R39
R12
C1y
R108
R119

PARTS TO BE MOUNTED

4N37 Optical Coupler

820 ohms 1/4 watt

2.2k 1/4 watt

2.2k 1/4 watt

§TK 1/4 watt in series withh O.1uf 12V,

0.C1uf 12V.

20K potentiometer

Replace with two 47K 2-watt resistors in parallel

With page erased in a color other than black, adjust R108 to obtain

straight raster sides.

4, On the Power Board, varistors across the bridge rectifiers are
useful in preventing voltage spike damage to other components. -

Connect a V130LA10A varistor in the mounting holes for C2 & Ci
nearest the transformer.

Connect a 22Z1 varistor across bridge rectifier BR3 AC input
terminals on the back of the board.
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5. On the Logic Board, improved reliability in the operation of the
T4LS163 Counter UGT has resulted from insertion of a section of TULSCH
Inverter UC1 in UG7's clock input. To make this change in the Logic
Board:

Cut the PCB circuit path between UB1 terminal 12 and UG7 terminal 2 in
two places, one near UGT and one near UB1.

E/‘ 16
nnnnnnnt}ﬂﬁ — A S A
Uunl

UGg7

Uo 0 9 o oaj 8 1
Component Solder
Side Side

On the component side, connect a 470-ohm 1/l watt resistor across
terninals 2 and 16 of UGT.

Connect a 100pf 1KV disk capacitor across terminals 7 and 9 of UC1.

On the solder side of the board, connect insulated wire leads be-
tween UB1 terminal 12 and UC1 terminal 9 and between UC1 terminal
8 and UGT7 terminal 2.

The circuit then becomes:

+ 5 V.
470 s
uUcCt
17.9712 MHz. ¢ 8 2
from UB1 >
- 4 LS04 ug7
100 R'F. T4LS163
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6. For any very early Video Drive Boards without the protective
diodes, they may be added as follows:

On the component side of the board, mount 1NO14 diodes in the
CR1, CR2 and CR3 positions. (The cathode ends are toward the

transistor collectors.)

On the solder side connect 1N91Y4 diodes across the base and
collector of the three transistors (cathode end to base of tran-

sistor).

Connect three 1N914 diodes on the solder side of J2. Anodes of
all three connect to terminal 1. The three cathodes connect to
terminals 3, Y4 and 5.

8till on the solder side, connect the cathode ends of -three 1L91Y
and one 1MN4735A to terminal 14 of UA1. Connect the anode ends of
the 1N914's to terminals 1, 4 and 13 of UA1. The anode end of the
1147354 zener connects to the nearby ground lead (to which ter-
minal 7 of UA1 is connected).

7. Most Disk Controller Boards having the original ecircuit have been
nodified to one of the improved versions. If you should have any
unmodified unit which is causing problems, it can be modified, However,
we suggest you contact your customer service representatives to arrange

having this done by the factory.
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COMPUCOLOR II MAINTENANCE MANUAL CHANGE NOTES

Reliability has been improved by a number of design changes currently

in production. Revised drawings will be in¢luded in a manual up-date ™
package to be issued in December or January.. In the meantime. you may

wish to note the following information in your Maintenance Manual.

Disk Controller Schematic - changes in motor speed control circuit
and reproduce amplifier circuit.

o-
MOTOR CONTROL
CIRCUIT A
v 1ouf
| ,
L S
18005,
- | ) ™
ZLOFR
189 4
*-‘-."5—_F
3.3
|zan] 3
-
+5Y + 1
1K 23305 _lf..m-:'
REPRODUCE v Ol uf }11_01'34: 10K "ok
AMPLIFIER | qye = ._JVW—I-.'\AN_‘
TP 33K £1S- 6%0K
220 im inay —A—4
Al
#7002 j :‘?F:Ei;r—g e —CR3H
T — —aCR7, 3
i W _1_4 s \l{ INdLY '
PyE

» >——%
Q1 T M 0 TP
R2B ™

1 Also add 68 pf across R31 and change other values
< as follows;

c4  220pf£. R15,R16 1K R24 4704
5.114 c8 470pf. R17,R19 680K R33  8.2K



VIDEO DRIVER SCHEMATIC

- _tsv
-
Deletion of R'L3§ __]_-: gDEL?l'E 10K

C20, R22 & R23 DELETE
<4 ! 4 AMWA—

Changes in q
roundin 1% 7
’ i NS
w
T3 CRT

, SOCKET p

e, R4

A

Addition of diodes and
resistors.
1
+Sv Q
+5y
Ko & LN -1
—W—) vat Y!
4 zr/c?/l,t_j*_ =
IN = _B R7T -
LEAD 0] e ‘ +8V.
FRom 6>-quA1 - ]
LOGIC
BOARD 1" DELETE 8 SIMILAR ADDITION

f-=--—

= IN RED AND ELUE CIRLWHITS.

c
w
: OF 470 RESISTOR
':—"1_ i’“fﬁi AND FOuUR JANq/y DIGDES

LOGIC BOARD SCHEMATIC

74L8123 section to right of 3242(UA3) should be UGA4.

ANALOG SCHEMATIC

On Power Board show line filter,

I ) | F{
v r—— g—o—d\p,—

w i
R
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VI. MAINTENANCE

General

This section contains information useful in maintenance of a 3600-Series
Intecolor unit. It includes preventive maintenance, safety and servicing
precautions, instrumentation requ1rements and trouble-shooting suggestions.
(Alignment procedures were described in Section IVJ)

A thorough understanding of the circuit descrlptlve material is essential
to effective corrective maintenance,

Safety Precautions

1. HAZARDOUS VOLTAGES are present within the unit, Exercise CAUTION
especially to avoid contact with the CRT high voltages, the 1nput 115 VAC
(or 220 VAC) and the +300 VDC circuits.

2. Do not remove, install or handle the cathode ray tube in any manner
unless shatterproof goggles are worn. Persons not so equipped should be
kept away while the CRT is being handled., Keep the CRT away from the body
while handling.

3., Always use the manufacturer's recommended replacement components
when replacing parts, especially in the Analog Module circuits associated
with the cathode ray tube. Use of the correct parts is an essenual step
in keeping X-radiation at a minimum.

4. When service is required, observe the original lead dress, Extra
care should be taken to assure correct lead dress in the high voltage
circuitry and the video area.

5. Where a short circuit has occurred, replace those components that
show evidence of overheating,

6. REMEMBER that part of the Analog CIRCUITRY is NOT REFERENCED TO
FRAME GROUND. When making measurements or viewing waveforms in circuits

associated with the +300V supply, one of the following procedures must be
used:

a. Any instrumentation connected to this part of the circuit
must be isolated from frame ground.

b. Or the Intecolor unit itself must be "floated" by use

of an isolation transformer between the Intecolor
unit and the AC supply.
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Preventive Maintenance

The 3600-Series Intecolor unit requires a minimum of preventive
maintenance: periodic cleaning and visual check of the interunit cabling
and the chassis components; occasional touch-up of convergence
adjustments, To clean the CRT screen, use a lightly moistened lint-free
cloth or a vacuum cleaner, Use a vacuum cleaner to clean the Analog Module
and other components.

Servicing Precautions

Several precautions to be observed while servicing the solid state chassis
are listed below:

1. Always connect the ground (or common) lead of a test instrument to
the chassis (or common point) before connecting the positive (or signal)
lead; conversely, always remove the ground or common lead of a test
instrument last,

2. Do not check for high voltage by drawing an arc. Use a high‘
voltage meter or a high voltage probe with a VOM.

3., Do not bridge electrolytic capacitors into a live circuit -- the
resulting surges may damage solid state devices,

k. Some transistors are equipped with heat sinks, Do not operate the
transistor with the heat sink removed, )

5. All soldering irons used where transistors and integrated circuit
chips are concerned should be 35 watt (6 volts) irons and ungrounded so
that no voltages will be applied to the solid state device during the
soldering operation. This precaution is for prevention of possible damage
to the device by excessive heat or voltage applied under no-bias
conditions,

Instrumentation

Performance of complete alignment procedures requires use of an
oscilloscope with a bandwidth of 15 MHz, and an accurate VOM -- preferably
a digital VOM for adjusting the +5 VDC supply. For measuring the CRT high
voltage, the VOM must have a high voltage probe or a separate high voltage
meter must be used (up to 25 KV)., (Remember to "float" the oscilloscope
and any electronic VOM before connecting to certain circuitsl) Use of a
multiple trace oscilloscope often is desirable,

For trouble-shooting in the video area and portions of the digital area a

considerably wider bandwidth oscilloscope is needed -- 100 MHz, bandwidth
is recommended. A digital logic probe can be useful.
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CABINET DISASSEMBLY

The 3600-Series Intecolor must be partially disassembled for most alignment
and trouble-shooting. The line fuse, the high voltage circuit fuse and the
focus and brightness controls are readily accessible at the rear of the
consoles The 'nine-sector convergence controls are accessible at the front
by removal of a snap-off cover. Connectors for peripheral equipment are
accessible at the rear. However, access to all other controls and
components calls for removal of the top and/or rear cover.

Power should be off when interunit cables are disconnected,

Top_Cover -- Removal of the top cover is necessary for most
trouble-shooting and adjustment work. At the front edge of the console,
just below the keyboard, remove two screws from the front. Lift the cover
by the front edge and tilt the cover approximately 45° Gently slide the
cover forward a bit to clear the rear edge from its holding area and lift
off the cover. The alignment and adjustment controls are now accessible
and most connectors as well, The rear cover protects the technician from
accidental contact with the voltage on the collectors of the power
transistors,

Rear Cover -- Removal of the rear cover is required for access to the power
transistors and for removal of the Analog Module and Video Assembly. Along
the top edge of the rear cover, remove three screws. Rotate the top edge
of the rear cover to the rear, Lift the lower edge slightly to clear the
holding tabs and remove the cover to the rear, CAUTION: WHEN POWER IS ON,
HAZARDOUS VOLTAGES ON THE TRANSISTOR COLLECTORS ARE EXPOSED.

Analog Module -- First remove the top and rear covers from the console,
Next, cables to the Analog Module should be disconnected before removal of
the module. (However, the cables may be left connectéd when merely moving
the module back a bit to permit removal of the Video Assembly) Disconnect
the power cord from its socket on the module rear panel and the high
voltage lead from the CRT. Disconnect the power and sync cables from the
Digital Module -- these are accessible through the rectangular opening in
the Analog Module. Disconnect two connectors from the Video Assembly and
the connectors from the CRT yoke (for horizontal sweep, vertical sweep and
convergence). Along the upper edge of the module rear panel, remove three
mounting screws. Slide the module to the rear a bit to clear the slots
that hold the module front edge in place. Now the module may be lifted
slightly to allow the video cable to be disconnected from the Digital
Module, Carefully remove the Analog Module toward the rear.

Video Assembly -- First remove the top and rear covers from the console,
On the Video Assembly board, disconnect two Analog Module cable connectors.
Disconnect the focus voltage lead and then the yellow grounding strap. On -
the Analog Module, remove the three mounting screws (upper edge of module
rear panel) and move the Analog Module a couple of inches to the rear, The
Video Assembly now may be removed from the CRT.

Digital Module -- The Digital Module may be removed with the console rear
cover in place. First remove the top cover. Then disconnect any edge
connectors from the rear edge of the printed circuit board. Disconnect the
power and sync cables (accessible through the rectangular opening in the
Analog Module), Near the center of the Digital Module rear edge, remove
the single holding screw and bracket. Slip the board an inch or two to the
rear. Disconnect the video cable (accessible now through the opening in
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the Analog Module) and the Disk Drive cable (use care to avoid bending the
connector pins =-- a small screwdriver helps to free the connector ends a
little at a time), Slide the Digital Module out to the rear.

Disk Drive -- Remove the top cover from the console. Then carefully
disconnect the flat flexible cable from the disk controller board -- a
small screwdriver helps free the connector ends a bit at a time to avoid
bending the connector pins and possible injury to one's fingers. The two
screws holding the disk drive assembly in place are accessible from the
under side of the console pan. Support the disk drive when removing the
second screw,

Keyboard Assembly -- Remove the console top cover. Then remove the edge
connector Irom the rear edge of the keyboard printed circuit board. Note

that the keyboard assembly is keyed in position at slots in both ends and
is held in place by two round slotted posts. The left post (left, as
viewed from the front) can be bent away from the keyboard frame enough to
allow the left end of the keyboard assembly to be lifted upward. From the
bottom of the console, insert a long-handled tool such as a #2 Phillips
screwdriver through the bottom pan hole adjacent to the left post. Use
leverage to bend the post outward and lift the left end of the keyboard
assembly clear. Then the assembly can be slipped to the left to clear the
other hold-down slot,

Converﬁence Assemby -- Remove the console top cover and then the Disk Drive
Assembly. wo screws hold the inside edge of the printed circuit board in

place. Remove these and lift the assembly away to the rear, For complete
removal, carefully disconnect the flat flexible cable -- care is required
to prevent bending the connector pins and injury to one's fingers.
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Trouble Shooting Techniques

Some of the items listed below seem fairly obvious, but sometimes they are
overlooked.

l. Check to see that all plugs and connectors are properly connected.
2. Check for blown fuses.,
3. Make a visual check for broken connections and damaged components.

4. If there is a convergence problem, first try correcting it by
alignment -- see Section IV Alignment for the procedure.

5. Always check the low voltage power supplies -- this usually should
be one of the first items in trouble-shooting.

6. Verify that sync and video signals are input to the Analog Module,
7. Note symptoms and refer to the symptoms chart.

8. Locate the circuit area in which the problem is believed to exist.
9. Review the circuit description of the suspected circuit.

10, Where possible, follow a signal-tracing procedure through the
circuit until the faulty area and component(s) are found.

Il. The power transistors mounted on the Analog Module frame can be
removed fairly easily for check with an chmmeter or a transistor tester.

12, Exercise care in removing suspected components to avoid damage to
the conducting areas on the printed circuit boards -- and to permit reuse
of the component in case it should prove good!

13, When spare modules are available, substitution for a suspect
module is very helpful is isolating the problem to a specific module.

605



Observed Symptom
Loss of high voltage

Loss of low voltages
Loss of low voltage regulation

Loss of video

Horizontal jitter
Loss of convergence control,
right and left screen area

Loss of convergence control,
top and bottom screen area

Loss of convergence control,
corner areas

Total loss of convergence,
one or more colors

SYMPTOMS CHART

Circuit Description Section

Pages 520 through 525. In the
Analog Module, check F2; check for
horizontal drive pulse at J5-1,

Pages 503 - 509, Check F3.
Pages 5.03 - 5.09.

Pages 525 and 527, Verify that
it's not a case of lost high

voltage.

Pages 520 - 524. Check
horizontal position adjustment.

Pages 5.0 - 5.2, Check for
horizontal reset pulse at J5-2,
Pages 5.13 - 5.4,
Pages 5.15 - 5.8.

Page 5.18
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INTERCONNECTIONS

From
Convergence Bd Jl

Video Assembly Jl
n Jz
" Lead
" Tab

Internal Disk J1

Digital Module Jl
" J2
1" 33
" J4
1" 35
" Jé
" J7

Analog Module 7l
1 J 2
1 J3
1" 34
1 35
1 36
1" J7
" 38
11 J 9
" J12
" Ji3
"  white lead
" red lead

Note: Early production Analog Modules have three connectors for the
convergence waveforms to the CRT Yoke -- J9 for Blue, J10 for Green and Jll

for Red,

Digital Module J4
. n

To
Analog Module J12

Analog Module J3
" Jl .
" Lead
Frame yellow strap
Digital Module 37

Keyboard

RS-232C Port socket

User designation

Analog Module J4
" 35
n 36

Internal Disk Jl

Video Assembly J2
Video Assembly 7l

35
" 36

CRT Yoke
n

Convergence Bd Jl
CRT Yoke
Video Assembly
CRT Anode

Lead
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Description

Convergence waveforms

DC and AC Power
Video signals
Focus voltage
Ground

Data, control, power

Data, DC power
Serial data

50-Pin Bus

Video signals

Sync signals

DC power

Data, control, power

Video for display
Future use

DC and AC Power
Video signals

Sync signals

DC power

Future use

Vertical deflection
Convergence
Convergence waveforms
Horizontal deflection
Focus voltage

CRT high voltage



| COMPUCOLOR II MAINTENANCE NOTES

General

This section contains information required for maintenance of the
Compucolor II. It covers preventive maintenance, adjustment procedures,
trouble-shooting sugguestions and parts replacement instructions.

A thorough understanding of the system and sub-assembly descriptive

material, including the drawings, is essential for effective maintenance.

Safety Precautions

: 1. HAZARDOUS VOLTAGES are present within the Compucolor II. When the
rear cover is removed for adjustments and/or trouble-shooting,
exercise CAUTION especially to AVOID CONTACT WITH THE CRT HIGH

l VOLTAGES, THE INPUT 115 VAC, AND NUMEROUS CIRCUITS IN THE POWER,
ANALOG AND VIDEO BOARDS HAVING 150 VDC AND HIGHER.,

2. Do not remove, install or handle the picture tube in any manner
unless shatterproof goggles are worn. Persons not so equipped
should be kept away while picture tubes are being handled. Keep
the picture tube away from the body while handling.

3. Always use the manufacturer's recommended replacement components
when replacing parts, especially in the Analog Board circuits
associated with the cathode ray tube. Use of the correct parts
is an essential step in keeping X-Radiation at a minimum.

The only source of X-Radiation in the Compucolor II is the picture
tube. The cathode ray tube used is specifically constructed to

‘ limit X-Radiation. For continued X-Radiation protection, the

i replacement tube must be the same type as the original, including
suffix letter, or a Compucolor Corporation approved type.

The CRT high voltage must be maintained within specified
limits, The high voltage must never, under any circumstances,
exceed 25 KV. The usual value is near 20 XV.

4. A further caution:

Part of the Compucolor II circuitry on the Power and Analog Boards
is not referenced directly to frame ground. The rectifier for 150
VDC is connected to the 115VAC line, so the 150-volt supply and all
circuits directly supplied by it have a "hot" common lead, several
volts from frame ground. Any instrumentation to be connected across
these circuits must be floating --- neither side grounded.
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Cabinet Disassembly

The Compucolor II cabinet must be partially disassembled for most
alignment and trouble-shooting. Care must be exercised to avoid
damage to the logic Board and Video Board during removal of the

rear cover. With power off, disconnect the keyboard and any external
additions connected to the rear edge of the lLogic Board.

Remove the four screws (3 top,-1 bottom) that fasten the rear cover

to the front portion of the cabinet. Then, with the cabinet upright
on the bench, slide the rear section back slowly to allow the logic
Board to drop gently from its retaining slots in the front and rear
sections. This procedure also avoids rear cover contact with the

Video Board mounted on the back of the cathode ray tube. The keyboard
now may be reconnected and power applied to the unit. Normal alignment
procedures require no further disassembly.

Trouble-shooting and/or repair likely will require further disassembly.
Power should be off when interunit cables are to be disconnected.

Video Board - Circuit measurement points are readily accessible
with the board in place. If component replacement or other repair
is indicated, disconnect the cables to the Analog and Digital

Boards; carefully disengage the Video Board from the CRT.

Analog Board - Measurements required during alignment may be
performed with the Analocg Board in place. Further access likely
will be required during trouble-shooting. Remove three mounting
screws {(one bottom, one at lower left and well into the forward
section of the cabinet, and one at the top). Then the unit can
be moved encugh to make its components somewhat more accessible.
For complete removal, first disconnect all cables to and from
the board.

Power Board - Disconnect the power cord and the internal cable
to the Analog Board. Remove two mounting screws from the exterior
side of the rear cover.

Disk Drive - Disconnect the cable from the Logic Board. The unit

is fairly heavy relative to its small size. It should be supported
by hand carefully to avoid damage to the circuit board during removal.
Remove the Phillips head screw from the bracket strip just above the
drive assembly, as viewed from the rear. Tilt the rear of the drive
unit up a bit and lift the entire assembly slightly to free the two
tabs securing the lower front of the drive assembly. Remove the Disk
Drive through the front of the cabinet.
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Operational Test

Within one minute after unit is turned on, the first line of the screen
display should be "DISK BASIC 8001 V6.78 COPYRIGHT ©® BY COMPUCOLOR", in
colors against a black background. (Note: It may be necessary to strike
the CPU RESET key once or twice).

Erase the screen with the background color Red.

1) Operate the "BG ON" key.

2) With "CONTROL" key depressed, strike the red "Q" key.

3) Operate the "ERASE PAGE" key.
There should be a uniformly red raster a bit larger than 6" x 9" centered
on the screen. The top and bottom edges of the display should be straight.
The cursor should appear in the upper left corner of the display.
In similar fashion check the colors Green ( "R" key), Yellow ("S"), Blue ("T"),
Magenta ("U"), Cyan ("V") and finally Black ("P"). (With the screen erased
in Black there is, of course, no visible raster. Only the cursor appears).
Fill the screen with a pattern of white letters.

1) Strike the "FG ON" key.

2) With "CONTROL" key depressed, operate the White "W" key.

3) Strike the "(ESC)", "Y" and "T" keys in succession.
The full-screen pattern of letters should be uniformly White.
Operate the "CPU RESET" key. The pattern of letters is erased and the screen
displays "COMPUCOLOR II CRT MODE V6.78". The cursor is at the start of the

second line.

Verify that the "CAPS LOCK" key is in the depressed position. Then type
material using all keys, for example:

THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG'S BACK. (Space) 123456789d. (Space)
C\IA_(TAB) -~ (TAB)@;:,/(TAB)<? > +* (TAB) NULL! "#$ (TAB) %& (=)

(Note: 1In order to check both "SHIFT" keys, use the right hand key for some
characters and the left hand "SHIFT" key for the others).
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Depress "REPEAT" and "." keys simultaneously to add 6 oxr 8 dots. The line
of symbols should read:

C\)~_ - Pty 2O +% WMIUES R&(=)e.......

Verify that the cursor is near the end of the line of symbols. Strike the
"ERASE LINE" key. The line of symbols should be erased and the cursor should
return to the start of that line.

Operate the "HOME" key. The cursor returns to the upper left corner of the
screen. Operate the other cursor control keys to verify that the cursor
moves down, right, left and up in accordance with the direction key operated.
End with the cursor down a few lines from any material already displayed.

Strike the "A7 ON" key, then the "BLINK ON" key. Then type
BLINK (BL/A7 OFF) TEST

The word "BLINK" is displayed in double height letters and blinks on and off
almost two times per second. "TEST" is in normal height letters and does not
blink. (Note: In Models 1 and 2, all letters are the same height).

With both "SHIFT" and "CONTROL" keys held down, operate the “CPU RESET" key.
The "DISK BASIC" message should appear. Insert the sampler diskette into

the disk drive and close door. (See page 2 of the "Instruction Manual").
Depress "AUTO" key. The disk drive runs. A "MENU" or program listing appears
on the screen. Strike the "5" key and then the "RETURN ENTER" key. The
Compucoloxr II runs through a memory test, displays "TESTED OK" and then a
series of graphic displays follows.

The above test procedure verifies operation of all keys on the standard
keyboard and provides a fairly comprehensive test of computer and display
functions. Intermittent failures and certain specific problems may require
additional testing. Overnight operation prior to final test is recommended.
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VII. PARTS LIST

" Description

Analog Module Assembly
Convergence Assembly

Video Driver Assembly

Logic Assembly - No User RAM
Logic Assembly - 16K

Logic Assembly - 32K

Add-On RAM Assembly ~ 16K
Add-On RAM Assembly - 128 Byte
Micro Disk Drive Assembly

PCB Assembly only for Disk Drive
Keyboard Assembly - 72 Keys
Keyboard Assembly - 101 Keys
Keyboard Assembly - 117 Keys
Spare Parts Kit - Analog Module
Spare Parts Kit - Digital Module
CRT 13" - 370AJB22

ISC Part Number

101167
101164
101176
101279
101259
101261
100986
101045
101220
100872
101225
101226
101227
005980
010048
900002

The above list shows major subassemblies only. For repair of
subassemblies, Intelligent Systems Corporation can supply parts not

commonly available from electronics supply houses,

for such parts ordinarily is $100.00,

The minimum order total

NOTE: The above part numbers continue to be shown for
reference only. Please discuss possible substitutions with
Intecolor applications engineers prior to ordering. Address
and telephone number are shown on the title page of this

manual.
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1.2

1.3

TMS 8080 MICROPROCESSOR

ARCHITECTURE

INTRODUCTION -

The TMS 8080 is an 8-bit paralle! central processing unit {CPU) fabricated on a single chip using a high-speed N-channel
silicon-gate process. {See Figure 1). A complete microcomputer system with a 2.us instruction cycle can be formed by
interfacing this circuit with any appropriate memory. Separate 8-bit data and 16-bit address buses simplify the interface
and allow direct addressing of 65,536 bytes of memory. Up to 256 input and 256 output ports are also provided with
direct addressing. Control signals are brought directly out of the processor and all signals, excluding clocks, are TTL
compatible.

THE STACK

The TMS 8080 incorporates a stack architecture in which a portion of external memory is used as a pushdown stack for
storing data from working registers and internal machine status. A 16-bit stack pointer (SP) is provided to facilitate
stack location in the memory and to atlow almost unlimited interrupt handling capability. The CALL and RST (restart)
instructions use the SP to store the program counter {PC) into the stack. The RET (return) instruction uses the SP to
acquire the previous PC value. Additional instructions allow data from 'registers and flags to be saved in the stack.

REGISTERS

The TMS 8080 has three categories of registers: general registers, program control registers, and internal registers, The
general registers and program control registers are listed in Table 1. The internal registers are not accessible by the
programmer. They include the instruction register, which holds the present instruction, and several temporary storage
registers to hold internal data or latch input and cutput addresses and data.

ACDRESS OATA
8us 8US 1110
[
4
[ 4
v BI
L T
5
sy
16
/I
2, FLAG
Id AEGISTEA
o eco
CORRECT s}
s | woHoroEm | o 1
@yip| REGISTER . ?
1) L FILE 8, ACCUMULATOR 3, consTany | o
4 4 GENERATOR e x
Ly REGISTER ALY
16, 7
4 s | Loworota | 4 x . j/
4P REGISTEAR e
INCREMENTER/ FILE v, v
DECREMENTER 4 REGISTER
ay
— 1 V4
0
INSTRUCTION REGISTER
TIME AND
conTROL | STATLS
.

FIGURE 1-TMS 8080 FUNCTIONAL BLOCK DIAGRAM
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1.7

THE ARITHMETIC UNIT

Arithmetic operations are performed in an B-bit parallel arithmetic unit that has both binary and decima! capabilities.
Four testable internal flag bits are provided to facilitate program control, and a fifth flag is used for decimal
corrections, Table 2 defines these flags and their operation. Decimal corrections are performed with the DAA
instruction. The DAA corrects the result of binary arsthmetic operation on BCD data as shown in Table 3.

STATUS AND CONTROL

Two types of status are provided by the TMSBOBO. Certain status is indicated by dedicated contro! lines. Additional
status is transmitted on the data bus during the beginning of each instruction cycle {machine cycle). Table 4 indicates
the pin tunctions of the TMS8080. Table 5 defines the status information that is presented during the beginning of each
machine cycle (SYNC time) on the data bus.

I/0 OPERATIONS

Input/output operations {1/0) are performed using the IN and OUT instructions. The second byte of these instructions
indicates the device address (256 device addresses). When an IN instruction is executed, the input device address
appears in duplicate on A7 through A0 and A15 through A8, along with WO and INP status on the data bus. The
addressed input device then puts its input data on the data bus for entry into the accumulator. When an QUT
instruction is executed, the same operation occurs except that the data bus has OUT status and then has output data.

Direct memory access channels {DMA) can be OR-tied directly with the data and address buses through the use of the
HOLD and HLDA {hold acknowledge) controls. When a HOLD reques1 is accepted by the CPU, HLDA goes high, the
address and data lines are forced to a high-impedance or “’floating” condition, and the CPU stops until the HOLD
request s removed.

interfacing with different speed memories is easily accomplished by use of the WAIT and READY pins. During each
machine cycle, the CPU polls the READY input and enters a wait c'ondition until the READY line becomes true. When
the WAIT output pin is high, it indicates that the CPU has entered the wait state.

Designing interrupt driven systems is simplified through the use of vectored interrupts. At the end of each instruction,
the CPU polls the INT input to determine if an interrupt request is being made. This action does not occur if the CPU is in
the HOLD state or if interrupts are disabled, The INTE output indicates if the ifiterrupt logic is enabled (INTE is high).
When a request is honored, the INTA status bit becomes high, and an RST instruction may be inserted to force the CPU
to jump to one of eight possible locations. Enabling or disabling interrupts is controlied by special instructions (El or
D1). The interrupt input is automatically disabled when an interrupt request is accepted or when a RESET signal is
received.

INSTRUCTION TIMING

The execution time of the instructions varies depending on the operation required and the number of memory
references needed. A machine cycle is defined to be a memory referencing operation and is either 3, 4, or 5 state times
long. A state time (designated S) is a full cyclie of clocks ¢1 and ¢2. (NOTE: The exception to this rule is the DAD
instruction, which consists of 1 memory teference in 10 state times). The first machine cycle {designated M1) is either 4
or 5 state times long and is the “instruction fetch’ cycle with the program counter appearing on the address bus. The
CPU then continues with as many M cycles as necessary to complete the execution of the instruction (up to a
maximum of 5}. Thus the instruction execution time varies from 4 state times (several including ADDr} 1o 18 {XTHL).
The WAIT or HOLD conditions may affect the execution time since they can be used to contro! the machine {for
example to ‘‘single step”) and the HALT ‘instruction forces the CPU to stop until an interrupt is received. As the
instruction execution is completed {or in the HALT state) the INT pin is polled for an interrupt. In the event of an
interrupt, the PC will not be incremented during the next M1 and an RST instruction can be inserted.
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TABLE 1 -
TMS 8080 REGISTERS

NAME DESIGNATOR LENGTH PURPOSE
Accumulator A 8 Used for arithmatic, logical, and 1/O operations
B Register B 8 Generel or most significant B bits of doubfe register BC
C Register c 8 Genarel or least significant B bits of double register BC
D Register 0 8 Generat ar mest significant B bits of doubla ragister DE
E Register E 8 Gensral or least significant B bits of double register DE
H Register H - 8 Genaral or most significant 8 bits of double register HL
L Register L 8 General or least significant B bits of double register HL
Program Counter Cc 16 _ Contains address of next byte to be fetched
Stack Pointer SP 16 Contains address of the last bytes of data saved in

the memory stack -

Flag Register F 5 Five flags {(C, Z, S, P, C1)

NOTE: Registers B and C may be used togother as a single 16.bit register, likev;nn. O and E, and H and L.

TABLE 2
FLAG DESCRIPTIONS

SYMBOL TESTABLE DESCRIPTION

c YES C is the carry/borrow out of the MSB {most significant bitl of the ALU (Anthment Logic
Unit). A TRAUE condition (C = 1) indicates overflow for addition or underflow for
subtraction, ’

2 YES A TRUE condition [Z = 1) indicates that the output of the ALY is equal 10 zero.

S YES A TRUE condition (S = 1} indicates that the MSB of the ALU output is equal to a one (1},

P YES A TRUE condition {P = 1] indicates that the output of the ALU has even parity (the
number of bits equal to one is even).

(o1} NO C1 is the carry out of the fourth bit of the ALU (TRUE conditionl. C1 1s used only jor BCD
correction with the DAA instruction.

NOTE: The corrections shown in Table 3 are sufficient for addition, For subtraction, the programmer must account tor the borrow
condition that can accur and give erroneous results, The most strsight forward method is to set A = 99y and carry = 1. Then

‘' TABLE3
FUNCTION OF THE DAA INSTRUCTION
Assume the sccumulator {A) contsins two BCD digits, X and Y

7 43 @
acc | x | v |

ACCUMULATOR ACCUMULATOR
BEFORE DAA AFTER DAA
C |A7...Aq] C1 |A3...Ap| C | Ay...Aq|C1 |A3...Aq
1] X <10 [1) Y<10 0 X 0 Y
o x<10 ] 1 vy<i0| O x 0 Y+6
0| x<9 0| v>10] o | x+1 1 Y+6
1| x<10 | o} vy<10] 1| x+6 0 Y
1| x<1w0 | 1 v<io0] 1| x+8 0 Y+6
1| x<10| 0] va10] 1 X7 1 Y+6
o| x>10 | o] v<io| 1 X+6 0 Y
of{ x>10 1 v<t10] 1 X+6 0 Y+6
o | xx9 o] vy 1 X+7 1 Y+g

add the minuend to A aftar subtracting the subtrahend trom A,




TABLE 4
TMS 8080 PIN DEFINITIONS
SIGNATURE| PIN | 170 DESCRIPTION

A15 (MSB) 36 ouT A15 through AD comprise the address bus. True memory or §/0 device addresses appear on

Al4 39 ouT this 3-state bus during the first siate 1ime of each instruction cycle.

A13 38 ouT

A12 37| our |

Al1l a0 ouUT

AlD ] ouT

A9 35 ouT

A8 34 ouT

A7 33 ouT

A6 32 ouT

A5 3 ouT

A4 30 ouT

A3 29 ouT

A2 27 ouT

Al 26 ouT

A0 ILSB) 25 ouT

D7(mMS8) .| & | IN/OUT D7 1hrough DO compnise the bidirectional 3-state date bus. Memory, status, or 1/0 data

06 5 | w/ouT transterred on this bus.

D5 4 | INJOUT

D4 3 | IN/JOUT

D3 7 | INJOUT

D2 8 IN/JOUT

D1 9 | IN/OUT

DO (LSB) 10 | IN/OUT

Vss 2 Ground reference

Vge n Supply voltage {~=5 V nominal) . .

Vee 20 Suppiy voltage (5 V nominal)

Vpp 28 Supply voliage (12 V nomnall

o1 22 IN Phase 1 clock.

02 1% IN Phase 2 clock. See page 19 for 01.8nd 02 timing.

RESET 12 IN Reset. When active lhigh) for a minimum of 3 clock cycles, the RESET input causes the
TMS B0BO to be reset. PC is cleared, intersupts are disabled, and after RESET, instruction
execution starts at memory location 0. To prevent a lockup condition, a HALT instruction
must not be used in loeation 0.

HOLD 13 IN Hold signal. When active {high) HOLD causes the TMS BOBO to enter a hold state and float
{pu1 the 3-state address and data bus in 8 high-impedance state). The chip acknowledges
entering the hold state with the HLDA signal and will not accept interrupts until it tesves
the hold state,

INT 14 IN Interrupt request. When active (high) INT indicates to the TMSBOBD that an interrup is
being requested, The TMSE0B0 polls INT during 8 HALT or at the end of an instruction.
The request will be sccepted except whan INTE is low or the CPU is in the HOLD
condition. ’

INTE 16 ouT Interrupts enabled. INTE indicates that an interrupt will be accepted by the TMS 8080
unless it is 1in the hold state, INTE is set to 8 high logic tevel by the EI (Enable Interrupt)
instruction-and reset 10 a low logic.level by the DI (Disabte Interrupt) instruction. INTE is
also reset when an interrupt is accepted and by a high on RESET,

DBIN 1?7 ouT Data bus in. DBIN indicates whether the data bus is in an input or an output mode,

{high = input, low = cutput}.
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TABLE 4 (CONTINUED)

: SIGNATURE | PIN (1] DESCRIPTION -

‘ ! wR ' 18 ouT Write. When active (low) WR indicates a write operation on the data bus to memory or 10 an
.; 1/0 port.
} " SYNC 19 ouT Synchrenizing control line. When active {highl SYNC indicates the beginning of each

machine cycle of the TMSB080. Status informatio: is also present on the data bus during
SYNC for externsl fatches.

¢ HLDA 21 ouT Hold acknowledge. When active {high) HLDA indicates that the TMS8080 is in a hold state.

i READY 23 IN Raady control line. An active {high) level indicates to the TMS 8080 that an external device
has completed the transfer of data to or from the deta bus. READY is used in conjunction
with WAIT for differsnt memory speeds. -

WAIT 24 ouT Wait s1atus. When active (high) WAIT indicates that the TMS8080 has entered a wait state
pending a READY signal from memory,

TABLES
TMS 8080 STATUS
SIGNATURE | DATA BUS BIT DESCRIPTION
INTA [»]0] Interrupt acknowledge.
. WO D1 Indicates that current machine cycle will be a read {input) (high = read) or 3 write {output)
{tow = write} operation.

STACK D2 Indicates thet address is stack address from the SP.

HLTA 03 HALT instruction acknowledge. -

ouT D4 Indicates that the address bus has an output device address and the data bus has cutput .
i data. ;’:f”)\
‘ M 05 Indicates instruction acquisition for first byte. -
!
‘ INP (7] Indicates ackress bus has address of input device,
MEMR " o7 Indicates that data bus will be used for memory read dats.

2. - TMS 8080 INSTRUCTION SET

2.1 INSTRUCTION FORMATS

TMS 8080 instructions are either one, two, or three bytes long and are stored as binary integers in successive memory -
locations in the format shown below.

One-Byte Instructions : -
| D706 050403020100 | OP CODE

Two-Byte Instructions
| D7060504D0302D0100 | OPCODE i

| b70805D403D2D1D0 | OPERAND
Three-Byte Instructions . .
[ D706 D5D4 D3 D2D1 DO I OP CODE

| D706 D504 D30D20D1 D0 l LOW ADDRESS OR OPERAND 1

l D7D6 D504 D3 D2D1 DO | HIGH ADDRESS OR OPERAND 2 .

Se e eer | mean-



2.2 INSTRUCTION SET DESCRIPTION

Operations resulting from the execution of TMS 8080 instructions are described in this section, The flags that are affected by
each instruction are given after the description,

2.2.1 INSTRUCTION SYMBOLS

SYMBOL
<b2>
\’b3>

fa

b

fc

d

rdL
fdH

b3b2
{nnnjg

_DESCRIPTION
Second byte of instruction
Third byte of instruction
Register = Register Narne
000 B
001 C
010 D
on E
100 H
101 L
m A
Register = Register Name
00 BC
(1]] DE
10 HL
1" SP
Register = Register Name
0 BC
1 DE
Register = Register Name
00 BC
[0} ) DE
10 HL

Least significant 8 bits of rg
Most significant 8 bits of rg

Flags True condition
Zero {Z) Result is zero
Carry (C) Carry/borrow out of MSB 1s one

Parity (P} Parity of result is even
Sign (S) MSB of result is one
Carry 1(C1) Carry out of fourth bit is one
Memory address defined by registers H and L
Contents of specified address or register
Contents at address contained in specified register .
Is transferred to
Exchange
Bit m of A register {accumulator)
Flags affected
Single byte immediate operand
Double byte immediate operand
{nnn) is an octat (base B} number
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2,22 ACCUMULATOR GROUP INSTRUCTIONS

MCYCLES/
MNEMONIC OPERANDS BYTES STATES
ACI bz 2 2/7
ADC M 1 - n
ADC fa 1 14
ADD M 1 217
ADD s 1 1/4
AD1 b2 2 2/7
ANA M 217
ANA ra 1 1/4
ANI b2 2 A7
CMA 1 14
cMC 1 ua
CMP M ) 217
cMP s 1 1/4
CPI b2 2 217
" DAA 1 1/4
DAD . 1 1710
LDA baba 3 413
LDAX fe 1 27
ORA M 1 217
ORA fa 1 1/4
OR! b2 2 217
RAL 1 14
RAR 1 174
RLC 1 1/4
RRC 1 14

.

DESCRIPTION
{A) ~(A) + <bg.-+carry), add the second: byte of the
instruction and the contents of the carry flag to register A and
place in A, 1C,25PC1}

tA) ~ {A) + (M) + (carry). | C.2,5,P.C1}

(Al = {A) + [rg) + {carry). | C.25PC1

{A) = {A) + (M), add the contents of M to reqister A and piace in
A.3CZs5PC1}

(A} - (A} + {r,).1C,Z,8.P.C1] -

(A) - (Al + “bg™. {C,25PCH|

{A) —~ (A} AND (M), take the logical AND of M and register A

- and place in A, The carry flag will be reset low. { C,2,5,P.C1}

(A) = {A) AND I(ry). {€,2,5,.C1}
(A} — (A) AND <ba>. |€,2,5P.C1
{A) ~ (A), complement A.
{carry) — (carry), complement the carry flag, {C}
(A} — (M), compare the contents of M 10 register A and set the
flags accordingly. §C,2,SP,C1}{

{A)={M} 2Z=1

[A) = (M) Z2=0

(Al<iM) Cai

(A} > (M) c=0
{A) = (ry). {C,2,5P.C1}
lA)l-<ba>. {c,2.8,PC1)
{A)-BCD correction of (A). The 8 bit A centents is corrected to
form two 4 bit BCD digits after 8 binary arithmetic operation. A
tifth flag C1 ndicates the overflow from As. The carry flag C
indicates the overflow from Ay ISee Table 3). {C.Z.SP.C1}
(HL) ~ (HL) + (r), add the contents of double reqister b 10
double register HL and place in HL. |C}
(A)-—|<b3> <bz>]
(Ab=({rcl)
(A) — {A) OR (M], take the fogicat OR of the contents of M and
register A and place in A, The carry flag will be reset.
{czseci
{A) — (A) OR iry).|C,2.5.P.C1}
{A) - (A} OR <bg>. {C.2,5P.C1}
Am+1—Am, Ag-icarry), (carryl~(A7). Shift the contents of
register A to the lefr one bit through the carry flag. | C }
Am—Amt1, Ay—lcarry), lcarry)- Ag.{C !
Am+1—Am, Ag—A7 [careyl—[A7). Shift the contents of register
A to the left one bit. Shift Az into A and into the carry
flag. JC{'
Am—Am+1, A7-Ag. lcarryl={ag). {C }




MCYCLES/

MNEMONIC . OPERANDS BYTES  STATES

SBB M 1 217

88 s 1 s

s8I b2 2 21

STA b3b2 3 4an3
STAX fe 1 n
sTC 1 14

sus M 1 21

SUB [ 1 1/4

sU b2 2 n
XRA ) 1 21
XRA o 1 14
XR b2 2 217

2.2.3 INPUT/OUTPUT INSTRUCTIONS
' M CYCLES/
MNEMONIC OPERANDS BYTES  STATES

IN b2 2 3ane

out b2 2 ano

2.2.4 MACHINE INSTRUCTIONS
M CYCLES/
MNEMONIC OPERANDS BYTES  STATES
HLT 1 21
NOP R 14

DESCRIPTION

(A}—{A)}—(M}={carry), subtrsct the contents of M and the

contents of the carey flag from register A and place in A, Two's

complement subtraction is used and a true borrow I:'JI.ISQS the

carry flag to be ser (underfiow condition). | C,2.5,P,C1{

{A)=(A}—lrg)—icarry). {€,2,5,P.C1{

(Al-(A)-<ba>—(carry). {€,2,5,P,C1}

(<b3> <b2>)«(A), store contents of A in memory address

given in bytes 2 and 3.

ltreh) —{A), store contents of A in memory eddress given in BC

or DE.

{carry}—1, ser carry flag to a 1 {true condition).

(A}-{A}—(M}, subtract the contents of M from register A and

place in A, Two's complement subtraction is used and 8 true

borrow causes the carry flag to be set (underflow condition).

le.zsp.cl :

tAl-{A)-(r,) | C,2,5,P C1}

{Al-{A}-<b3>. {C,28,P,C1}

{A)—(A) XOR (M), take the exclusive OR of the contents of M

and register A and place in A. The carry flag wifl be reset.
{c.zspcl

{A)-(A} XOR (r,}.1C,2,S,P.C1}

{Al={A) XOR <bg>, {C.2,5PCt!

DESCRIPTION
{Al-linput data from data bus), byte 2 is sent on bits A7-A0
and A15-AB as the input device sddress. INP status is given on
the dats bus.
{Output datal—{A), byte 2 is sent on bits A7-A0 and A15-A8B as
the output device sddress. OUT status is given on the data bus.

DESCRIPTION
Halt, all machine operations stop. AN registers are maintained.
Only &n interrupt can return the TMS 8080 1o the run mode,
Note that a HLT should not be placed in location zero,

otherwise after the reset pin is ective, the TMS 8080 will enter s
nonrecoversble state (until power is removed), i.e., in halt with

interrupts disabled. This condition also occurs if a HLT is
executed while interrupts are disabled. HLTA status is given on
the dats bus.

{PC)—{PC)+1, no operation,
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Conditional jump instructicns far true fliu:

Conditional jump instructions far false flaas:

)]
JC  (learry)
JPE {parity)
JM  taign)
JZ (z2ero0)
(3]
JNC (casery)
JPO (parity)
JM  (sign) .
JINZ (zero)
PCHL
POP
POP
PUSH
PUSH
RET

b3zbz
b3b2

" bab2

bab2

b3b32
bab2
bab2
bab2

PSW

'd
PSW

'd

3
3
3

3

- e W W W

3/10

INno

1/5
3Nno

o
m

3m
No

A-10

bytes 2 and 3,

1f ift = 1, (PCl—<by><by>, otherwise {PC)--{PC)+3. If the flag
specified, f, is 1, execute 3 JMP. Dtherwise, execute the next

insteuction,

111 =0, (PC)~<b3> <b2>, cthewise {PC)—{PCI+3.’

{PCYe={HL)
{F={(SP)], (A)=[tSP)+1), (SP)={SP}+2, restore the ijast

stack values acdressed by SP into A and F, Increment SP twicr.

trg }—~HISPY), (rgp)—((SPI+1], (SP)—{SP)+2,
[1SPI=1])—(A}, [(SP}—2]-(F), (SP}(SP}—-2, save the contents

of A and F into the stack addressed by SP. Dacrement SP 1wice.

[{SP)=1] —lrgy ), {{SP)=2) ~{rgy), (SP)~{SP}=2.

{PCI—[{SP)} [((SP1+1], (SP1—{SP}+2, return to program at
memory zddress given by last values in the stack. The SP is
incremented by two.

j PEr) 7. pa 3 PN R R T P s AR IY S L2 k. L T T A SO O D T P A L RN X TR VI PO AL NI T S TE gt R v oy
4
3
1
i
1 ~
; 2.2.5 PROGRAM COUNTER AND STACK CONTROL INSTRUCTIONS
4 M CYCLES/
i MNEMONIC OQPERANDS BYTES STATES DESCRIPTION
3 CALL bab2 3 &7 {(5P)=1] [{SP}=2])~{PC), (SPI-{5P}=~2, (PC)~-<b3> <by>,
; transfar PC to the stack address given by SP, decrement SP
‘ twice, and jump unconditionsily to address given in bytes 2 and
1 3.
Conditional call instructions for true flags: .
: N 817 (Pass} 1 {1y = 1, [{SP)=1] |(SP)=-2]—{PC}, {SPI—(SP}-2, {PS)—b3"-
. CC ({carry) bab2 3 311 (Fail) <by>, otherwise (PC)~(PCI+3, If the fiag specitied, I, is 1, 1hen
: CPE (parity) b3ba 3 execute a call. Otherwise, execute the next instructon, i
i CM (sign} baba 3
N CZ (200 baba 3
: Conditional call instructions lor faise flags:
. in 5/17 (Pass) it if) = 0, {(SPY-1] L{SP)=2] —~(PC), (SP)~(SP}-2, (PC)---.b3 -
. CNC (carry} b3b2 3 311 (Fait) <by:, otherwise (PCl—(PC1+3. '
3 CPO {parity) baby 3
; CP (sign) baba 3
. CNZ {z0r0) bab2 3

Dt 1 1/4 Disable interrupts. INTE is driverr false to indicare that no

- interrupts wall be accepted.
El 144 Enzble interrupts, INTE is driven true to indicate that an
interrupt  will be sccepted. Execution of this instruction is

. delayed to allow the next instruction to be executed before the
: INT input is polled, ’ s
‘- JMP b3b2 3 ano (PCY~—<b3> <b2>, jump unconditionally to address given in '/’D)




M CYCLES/
MNEMONIC -OPERANDS BYTES STATES

Condimianal return instructions for true flags:

[{3] 3/11 {Pass}
RC lcarry) c 1 175 (Fail)
RPE ({parity) P 1
RM {sign} s 1
RZ l(zero) Z 1
Condittonal return instructions for 1alse flags:
) 3/11 tPass)
RNC (carry) c 1 175 (Faul)
RPO (parity) P 1
RP  Isign) s 1
RNZ (zero) r4 1
RST 1 31
SPHL 1 175

2.2.6 REGISTER GROUP INSTRUCTIONS

M CYCLES/
MNEMONIC OPERANDS BYTES STATES
DCR M 1 3anoe
DCR ‘a 1 T
DCX o " 15
INR M 1 310
INR 1 1 18
INX > 1 15
LHLD b3b2 3 5/16
LX) pbab2 3 310
MV M,bo 2 310
My a2 2 2n
MOV Mr, L] 217
MoV M 1 201
MOV 51782 1 1/5
SHLD b3by 3 5116
XCHG 1 174
XTHL 1 she

DESCRIPTION

I =1, (PC)-(ISP)) [(SP+1], (SP}--ISP}+2. If the ftiag
specified, 1, is 1, execute a RET. Otherwse, execute the next
instruction.

11 ¢1) = O, {PC)-- [{SP)} [(SP}+1], (SP)-- (SP}+2,

|tSP}--1] |(SP1-2] - [PC) (SP)--{SP) -2, {PC}--D000R0g where
Rs a 3 bit field in RST (RST=3R7g), Transter PC to the stack
address given by SP, decrement SP iwice, and jump to the
address specified by R.

(SP)—{HL).

DESCRIPTION
(M)-(M)—-1, decrement the contents of memory location
specified by H and L. }2,5,P,C1}
{rg)~{rat=1, decrement the contents of register ry. §2,5,P,C1}
[rp)=-{rp}—1, decrement double registers BC, DE, HL, or SP,
{M}«-(M)+1, increment the contents of memory location
specified by Hand L. { 2,8P,C1 |
{rg)—(ra)+1, increment the contents of register r,. j2,5,P,C1}
{rpl~{rp)+ 1, incremem double registers BC, DE, HL, or SP.
(L) |<b3:: <bp>™l; (HI— [<b3> <by>-+1], ioad registers H
and L with contents of the two memory locations specified
by bytes 3 and 2.
{rpH)-<bgz:: {rpy -<bz>, load double registers BC, DE, HL,
or SP immediate with bytes J, 2, respectively.
{M)- b3 .-, store immediate byte 2 in the address specitied by
HL

{rg)=<bs., load regisier 15 immediate with byte 2 of the mstruc-
ton,
{MI+-Ir,), store register 1, in the memory location addressed by
Hand L.
leg)--tM}, load register ry with contents o) memory addressed by
HL. )
(ra1)=1ry2), load register ray with contents of rya, ry2 contents
remain unchanged.

~{<bg™ «sba>] ~{L); [<b3>™ <bz>+1}]—(H], store the contents
of H and L into two successive memory locations specified by
bytes 3 and 2. '
(H)—{D}; {L)-=(E), exchange double registers HL and DE
(LI={{SP)}, {H)—~[(SP}+1], (SP}=(SP), exchange the 10p of the
stack with register HL, ‘
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2.3 INSTRUCTION SET OPCODES ALPHABETICALLY LISTED

MNEMONIC BYTES

ACI

ADC WM

ADC ¢

ADD M

ADDr

ADI

ANA M

ANAr

AN
CALL
cc
c™M
CMA
cMC

CMP M

CMP ¢

CNC
CN2Z
cP
CPE
CPI
CPO
cz
DAA

2
1
1

- -

- e oa W WWN

= WWN LWL

REGISTER
DESCRIPTION
Add immediste to A with carryt
Add memory to A with carryT

Add register to A with carry? 8
’ C
D
E
H
L
A
Add memory 10 At
Add register 10 At 8
(o
[s]
E
H -
. L
A
Add immediate to At
AND memory with At
AND register with At 8
C
D
E
H
L
A
AND immediats with AT
Call unconditional )
Call on carry
Call on minus
Comgplement A
Complement carry +
Compare memory with AT
Compare register with A
8
[
D
€
M
L
A

Call on no carry

Calt on no zero

Cail on positive

Call on parity even

Compare immediate with AT
Catl on parity odd

Call on zero

Decimat adjust At

*Two possible cycle times (11/17) indicate instruction cycles depsndent on condition flags.

VAl ttags (€, 2,5, P, C1) sftected.
4 0Only carry flag sttactea.

A-12

POSITIVE-LOGIC

HEX OPCODE

AFFECTED  \DZ-D4/
c

UGN MOOMDB®PDPDPB DD P B O™ ™ 00 ®O®OEOO®POWO®OMmEEDOWO®MO® MO m

NOMTMmTTOODOM0NON0om

\B3;00/

omoumhuu—ommonmbcamm

M A TMOOMOODH v & WN =

NO MmO La s MOO®DP O®

CLOCK

CYCLES®

7
7
4

17
LATAN
1117

1117
117
1117
1117

1nnz
1tnz
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MNEMONIC BYTES .

DADB

DADC

DADH

DAD SP
DCA M

DCR

- b b A b

DCx B
DCX D
DCX H
DCX sP
Di

Et

HLT

INRM
INRr

-t N) = = s b s b

INX B
INX D
INX H
INX SP
Jc

M
JMP
JNC
INZ
JP

JPE
JPQ
32
LDA
LDAX B
LDAX D
LHLD
LXi B
LXID
LXI H
LX! SP

j.EOnlv carry tisg atfected.
% Al tings excent carry attected.

WL WW == =W WWWWWWW e o e

w

REGISTER

AFFECTED D7-D4, +0D3-DO,

OESCRIPTION

Add B&C to H&L*

Add D&E to H&L*

Add H&L to H&L*®

Add stack pointer 1o H&L 1
Decrement Memory ¥

Decrement Register ¥ 8
c
D
E
H
L
A

Decrement B&C

Decrement D&E

Decrement H&L

Decrement stack pointer

Disable interrupts

Enable interrupts

Halt

input

Increment memory {

Increment register & -]
c

. D

[ 3
H
L
A

Increment B&C register
Increment D&E register
Increment H&L register
Increment stack pointer
Jump on carry

Jump on minus

Jump unconditionsl!

Jump on no carry

Jump on no zero

Jump on positive

Jump on parity even

Jump on parity odd

Jump on zero

Load A direct

Load A indirect

Load A indirect

Load H&L direct

Load immediate register pair B&C
Load immediate register pair D&E
Load immediate register
Load immediate stack pointer

A-13

POSITIVE-LOGIC

HEX OPCODE

0
1
2
3
3
0
0
1
1
2
2
3
0
1
2
3
F
F
7
D
3
0
0
1
1
2
2
3
0
1
2
3
D
F
c
D
c
F
E
E
c
3
0
1
2
0
1
2
3

----)>>)>n>nuwu‘~>uuuunnananaammwummmwoomOmommwwww

CLOCK

CYCLES

10
10
10
10
10
g
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MNEMONIC BYTES
MOV M,r 1
MOV r M 1
MOV rq,r2 1

RELSA Bt 5T AR

ot

RS JahSe Bt "t 3

DESCRIPTION

Move register to memoiy

Move memory to register

Move register 10 registes

A-14

REGISTER
AFFECTED

rImMogO®» ~IMDO®

-]
P

B.C
8,0
B,E
8H
B.L
B.A
cB
cc
c.0
C.E
CH
cL
C.A
(o X}
D.C
D,D
D.E
DH
H,L
DA
EB
EC
E.D

EH

. EL

EA
HB
H.C
HD
H.E
HH
HL
H.A
L8

OO OO DO GO OO OO NN N A LD ELMLEELEDSLSLEDSLSLEDSLEDLDAE YOO N

0 ~w U & WN=OTDOED» WOO®-IMHWN=DTOODBD OO L-WN=OMMOoOMOMOEMOP®NIDEWN-=O

POSITIVE-LOGIC
HEX OPCODE
\R2-04, \R3-DY/
?
?
?
?
?
?
?
4
4

CLOCK
CYCLES

7

£~

ey
ety
i
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@




MNEMONIC

BYTES

MOV 14, 12

MVIM
MVt

NOP
ORA M
. ORA

ORI

out
PCHL
POP B
POP D
POP H
POP PSW -
PUSH B
PUSH D
PUSH H
PUSH PSW
RAL

RAR

RC

RET

ALC

RM

RNC

RNZ

RP

1

N

-t b A = e b ed ad B) = et o ek m = o= NN

1

DESCRIPTION
Move register 10 register {continued)

Move immediate memory

Move immediate register

No operation
OR memory with At
OR register with Al

OR immediate with Al -
Output

H&L 10 program counter

Pop register pair B&C off stack
Pop register pair D&E off stack
Pop register parr H& L off s1ack
Pop A and fiags off stack!

Push regisier parr B&C

Push register pair D&C

Push register pair H&L on stack
Push A and Flags on stack
Rotate A left through carry
Rorate A right through carry *
Return ¢n carry

Return

Aotate A teftd

Return on minus

Return On no carry

Return on no 2ero

Return on positive

REGISTER

AFFECTED

LC
L.D
LE
LH
L.L
L.A
AB
AC
AD
AE
AM
AL
AA

s P M-I MODO®

P - I Mg O®

*Two possihie cyctes times (11 17) indicate instruction cycles dependant on condition flags.

T Al fiags (C, Z, S, P, C1) atfected.
+Only carry flag sftecred.
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HEX OPCODE
\D2-D4, D3-D0
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CLOCK

CYCLES®

10

10
10
10
10
1"
1
1
1

5/11
10

5/11
511
511
511
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MNEMONIC BYTES

RPE °
RPO
RRC
RST

R2
SBB M
SBBr

SBI
SHLD
SPHL
STA
STAX B
STAX D
STC
sus M
suB r

SUl

XCHG
XRA M
XRA

XRA!
XTHL

- - b b -t

.
- et - e = L) = N

- - - N

2
1

DESCRIPTION

Return on parity even
Return on parity odd
Rotate Aright! -

Restart

Return on Zero
Subtract memory from A with borrow?
Subtract register from A with borrow!

Subtract immediate from A with borrow?
Store H&L direct

H&L to stack gointer

Store A direct

Store A indirect

Store A indirect

Set carry ¥

Subtract memory from Al

Subtract register from AY

Subtract immediate from AY

Exchange D&E, H&L registers
Exclusive OR memory with AT
Exclusive OR register with At

Exclusive OR immediate with At
Exchange top of stack H&L

REGISTER _

AFFECTED \DP7-P4;
E

PC—00004¢
PC—0008,¢
PC—001045
PC—-00181¢
PC~0020:¢g
PC--00281¢
PC--00301¢
_PC—00381¢g

P rIMDOD

>PrrIrmoow

>PrITmMmMoOooO®

* Two powsible cycles times (11/17) indicate instruction cycles depandent on condition flags.

TAN tiags (C, 2, S, P, C1) atfectea.
" Only carry fiag sttected.
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3. TMS 8080 ELECTRICAL AND MECHANICAL SPECIFICATIONS
3.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)®

Supply voltage, Ve fseeNote 1) . . . . . . . . . . . . .. ... . ... =03VO20V
Supply volitage, Vpp {seeNote1 . . . . . . . . . . . .. .. ...+ ..+ .... =03Vwo20V
Supply voltage, VgglseeNote 1) . . . . . . . . . . . . . ... ... ... .. =03VwO2V
All input and output voltages {seeNote 1) . . . ., . . . . . . . ... ......... =03Vw20V

Continuous power dissipation . . . . . . .+« + t v 0 T e e e e e e e e e e e . LW
Operating free-air temperature FANGE . .« .« &« - « « + + « v e v s v 4 e 4 s 4w v . ... 0Cto70°C
Storage 1emperature range . . . . . . . . . 4+ 4 e 4 4 e e i e i e e e e ... =—65Ctol1S0C

*Siresses heyond 1hose histed under “"Absolute Maximum Ratings” may cause permanent damage 10 the device. This 18 3 strets rating only
ang func1onal operaron ol the device at these or any other condiions boeyond those indicated «n the ‘Recommended QOperating
Conminons” section of this specihication s not :imphed. E xposure 10 absolute maximum-rated conditcons 107 extended penods may atfect

device renabiity
NOTE 1 Under absolule maximum ratings voltage values ore with respoct to the normally most nagative sucply voliage. Vgp tsubstrate).
Throughout the romaincer of this data sheet, voitage values are with respect to VSS untess otherwite noted.

3.2 RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX |UNIT
Supply voltage, Vg . . -4 -5 -525| Vv
Supply voltage, Vee 4.75 5 6525| Vv
Supply voltage, Vpp 114 12 126 v
Supply voitage, Vgs 0 v
High level input voltage, V4 {all inputs except clocks) (see Note 2) 3.3 Veettlt v
High-level clock input vohiage, ViHia) Vpp-! Vpp*tY V
Low-level snput vottage, V| {all inputs except clocks) {see Note 3) B -1 _O-.B v
Low-level clock input voltage, V| (o) (see Note 3) -1 06| Vv
Operating iree-air temperature, T A 1] 0| C

3.3 ELECTRICAL CHARACTERISTICS OVER FULL RAh.IGE OF RECOMMENDED OPERATING CONDITIONS
(UNLESS OTHERWISE NOTED)

PARAMETER ’ TEST CONDITIONS MIN TYP! max |uniT
Input current lany input except
| v VoV -1 A
! clocks and data bus) 1% 0V vee Ofu
TPS) Clock input current Vie) * 0V 1o Vpp 10| »A
11{DB) Input current, data bus Vitps) * 0 V1o Ve -100| uA
Address or data bus input Vitad) o Vi{DBI ® VCC ' 10
Winold) uA
current during hold Vitad) of ViipR) =0 V -100
VOH High-ievel output voltage IoM = 100 uA 37 v
loL(De) = 1.7 mA,
v -level A X
oL Low-level output voliage oL = 0.75 mA (any output except DB) 045 v
IBglav) Average supply current from Vgg . ~0.01 -1
ICClav) Average supply current from Voo Operating st 1¢(n) = 480 ns, 60 75| mA
Ta*25C
IDDtav) Average supply currént Irom Vpp 40 67
C, Capacitance, any inpui except clock vVcc*Vpp " Vss=0V, 10 20
Citn) Clock input capacitance Vgg® ~4.7510 =525 V, | * 1 MH_, 5 10| oF
Co Output capacitance All other pins a1 O V ) 10 20

YAl typical values are st T4 25 C and nominal voliages
NOTES 2 Actwve pull up resistors of norminalty 2 k! wiil be switched 01O the da1s bus when DBIN 15 high and the data input voltage 1s
More positive than Vi min
3 The aigenraic convention where the most negative limit o8 0LSIGNATET 24 MiniMuM 15 used 1n thes specriication for logic voltage

tevels only
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34 TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(SEE FIGURE 2)

. MIN MAX JUNIT
telo) Ctock cycle time (see Note S} 480 2000 | ns
(o) Clock rise time 5 50 | ns
o) Clock falf time 5 50| ns
twiol) Puise width, clock 1 high 60 ns
twie2) Pulse width, clock 2 high 220 ns
tdla1L-02) Delay nme, clock 1 low to clock 2 0 ns
tdio201) Delay ume, clock 2 10 clock 1 70 ns
fdio1Ha2) Delay time, clock 1 high to clock 2 (time between leading edges) 130 ng

: tsuida-ot) Data setup nme wath respect to clock 1 50 ng
teylda«~2) Data setup tume with respect to clock 2 150 ns
tsulhotd) Hold input setup ime 140 ns
teutint) Interrupt input setup time 180 ns
tsulrdy) Ready input setup me 120 ng
thidal Data hold time (see Note 6) tPD(DBI) ns
thihold) Hold input hold ime Q ng
thiint) Interrupt input hold time 0 ns
hirdy) Ready input hold time 4] ns

NOTES: S. te(a) * tatoIL-02) * Tr(02) * 'wio2} * (02} * 19102 011 * trio1) 480 ns € te(e) < 2000 ns.
6. The datd input shoulad be onasbled using the DBIN status signal. Mo bus contlict can then occur and the data hold time

requirement s thus asgured

3.5 SWITCHING CHARACTERISTICS OiIER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(SEE FIGURE 2)

PARAMETER TEST CONDITIONS MIN MAX {UNIT
tPD(act) Propagation delay time, clock 2 to address cutputs ) 200 ns
tPD(da) Propaganon delay uime, clock 2 to data bus CL = 100 pF 220 ns
1PDicont) Propagation delay time, cltocks to control outputs F‘ll-. .13 ku. 120 ns
tpp(DBI)  Propagation delay time, clock 2 to DB!N output 25 140 | ns
tPDIint) Propagation delay time, clock 2 to INTE output 200 | ns

_t'.:." Time for data bus to enter Input mode tPO(DBIN| ns
Disable ume to high-impedance state
Px2 . 120 ns
during hold {address outputs and data bus)

The time that the address Sutpuls and outeut dats will remain stadle after WR goes high, 1y 4 3nd twp ~ td(01H-02)-

The tme betwoen sddress Outputs becoming stable and WR going tow. taw < 2 teie)=tg(o1H 021~ trip) - 120 n3.

The ume between output data becoming stable and WR going low. tpw = te(0)° te(utH W02}t ()~ 150 ns.

The tollowing are relevant when interfacing (0 dovices requiriag V iy min of 3.3 Vv:

a) Maximum outgut rise time (ty 4} from 0.8 V 10 3.3 V is 140 ns with C_ as specified for the propagation delay times above.

bl Maximum propagation delay times whan measured t0 Veag(H) = 3 V linstead of 2 V) will be 60 ns more than es specified above with
C a3 specified.

R R e e ATIULG RS T T 4 A -

v

Ry = 1.3k}

ICL = 100 pF

TMS 8080
QUTPUT

CL includes probe and )9 capscitance.

LOAD CIRCUIT
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3.6 TERMINAL ASSIGNMENTS -

3.7 MECHANICAL DATA
40-PIN CERAMIC PACKAGE
[E@ 2,020 MAX J
INDEX= )
pov
0.600 : 0.010 0.020
——— MIN .
0 S0 (R0 (] [OOF [of [ D i 0.185 MAX

0.150 + 0.030

searmg 4 '

=TT

-
somanah M Lmsngoors - —He,

(See Nots A) j&—0.050 * 0.010

NOTES: A. Tho trus-position pin spacing is 0.100 betwesn cantsriines. Each pin centertine is located within 0.010
of its true longitudine) position relative to pins 1 ang 40,
B. Atll dimensions are in inches unisss otherwise noted.
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Appendix B
™\ TMS 5501 Multifunction Input/Output Controller
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? TMS 5501 MULTIFUNCTION INPUT/OUTPUT .CONTROLLER

- 1. INTRODUCTION

1.1 DESCRIPTION

[

[

The TMS 5501 is a multifunction input/output circuit for use with Tl's TMS 8080 CPU. It is fabricated with the same
N-channel silicon-gate process as the TMS 8080 and has compatible timing, signal levels, and power supply
requirements, The TMS 5501 provides a TMS 8080 microprocessor system with an asynchronous communications
interface, data 1/0 butfers, interrupt control logic, and interval timers.

1
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FIGURE 1-TMS 5501 BLOCK DIAGRAM

The 1/0 section of the TMS 5501 contains an eight-bit parallel input port and a separate eight-bit parallel output port
with storage register, Five programmable interval timers provide time intervals from 64 us to 16.32 ms.

The interrupt system allows the processor to effectively communicate with the interval timers, external signals, and the
communications interface by providing TMS 8080-compatible interrupt logic with masking capability.

Data transfers between the TMS 5501 and the CPU are carried by the data bus and controlled by the interrupt, chip
enable, sync, and address lines, The TMS 8080 uses four of its memory-address lines to select one of 14 commands to
which the TMS 5501 will respond. These commands allow the CPU to:

-—- read the receiver buffer

~ == read the input port
--- read the interrupt address
--- read TMS 5501 status
—- issue discrete commands
- load baud rate register
--- load the transmitter buffer
--- load the output port
- load the mask register
--- load an interval timer
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The commands are generated by executing memory referencing instructions such as MOV (register to memory) with the
memory address being the TMS 5501 command. This provides a high degree of flexibility for 1/0 operations by letting
the systems programmer use a variety of instructions.

1.2 SUMMARY OF OPERATION
Addressing the TMS 5501

A convenient method for addressing the TMS 5501 is to tie the chip enable input to the highest order address line of
the CPU’s 16-bit address bus and the four TMS 5501 address inputs to the four lowest order bits of the bus. This, of
course, limits the system to 32,768 words of memory but in many applications the full 65,536 word memory
addressing capability of the TMS 8080 is not required.

Communications Functions

The communications section of the TMS 5501 is an asynchronous transmitter and receiver for serial communications
and provides the foflowing functions:

Programmable baud rate — A CPU command selects a baud rate of 110, 150, 300, 1200, 2400, 4800, or 9600 baud.

Incoming character detection — The receiver detects the start and stop bits of an incoming character and places the
character in the receive buffer.

Character transmission — The transmitter generates start and stop bits for a character received from the CPU and
eaa shifts it out.

AL Status and command signals — Via the data bus, the TMS 5501 signals the status of: framing error and overrun error
flags; data in the receiver and transmitter buffers; start and data bit detectors; and end-of-transmission (break) signals
trom external equipment. It also issues break signals to external equipment. -

Data Interface

The TMS 5501 moves data between the CPU and external devices through its internal data bus, input port, and output
port. When data is present on the bus that is to be sent to an external device, a Load Qutput Port (LOP) command from
the CPU puts the data on the X0 pins of the TMS 5501 by latching it in the output port. The data remains in the port
until another LOP command is received. When the CPU requires data that is present on the External Input {(XI) lines, it
issues a command that gates the data onto the internal data bus of the TMS 5501 and consequently onto the CPU’s
data bus at the correct time during the CPU cycles.

interval Timers

To start a countdown by any of the five interval timers, the program -selects the particufar timer by an address to the
TMS 5801 and loads the required interval into the timer via the data bus. Loading the timer activates it and it counts
down in increments of 64 microseconds. The B-bit counters provide intervals that vary in duration from 64 to 16,320
microseconds. Much longer intervals can be generated by cascading the timers through software. When a timer reaches
zero, it.generates an interrupt that typically will be used to point to a subroutine that performs a servicing function
such as polling a peripheral or scanning a keyboard, Loading an interval value of zero causes an immediate interrupt. A
new value loaded while the interval timer is counting overrides the previous value and the interval timer starts counting
down the new interval. When an interval timer reaches zero it remains inactive until a new interval is loaded.

-

i

..t' q:ht'::" '

. menee

.

S

e un



et maed @l LA ) bl e B e

R L LT Ve PN R Pey

t e e ertan

(i bedat s T e T Y E A e L ARIE VLA T 4 = a cramen s w e s rremas ame = e

Servicing Interrupts -

~ The TMS 5501 provides a TMS BOBO system with several interrupt control functions by receiving external interrupt
signals, generating interrupt signals, masking out undersired interrupts, establishing the priority of interrupts, and

_generating RST instructions for the TMS BOBO. An external interrupt is received on pin 22, SENS, An additional
external interrupt can be received on pin 32, X17, if selected by a discrete command from the TMS 8080 (See
Figure 4). The TMS 5501 generates an interrupt when any of the five interval timers count to zero. Interrupts are also
generated when the receiver buffer is loaded and when the transmitter buffer is empty.

When an interrupt signal is received by the interrupt register from a particular source, a corresponding bit is set and
gated to the mask register, A pattern will have previously been set in the mask register by a load-mask-register command
from the TMS 8080. This pattern determincs which interrupts will pass through to the priority logic. The priority logic
allows an interrupt to generate an RST instruction to the TMS 8080 only if there is no higher priority interrupt that
has not been accepted by the TMS 80B0. The TMS 5501 prioritizes interrupts in the order shown below:

ist -~ Interval Timer #1

2nd - Interval Timer #2

3rd - External Sensor

4th — Interval Timer #3

Sth - Receiver Buffer Loaded

6th — Transmitter Buffer Emptied
7th — Interval Timer #4

8th - Interval Timer #5 or an External Input (X1 7)

The highest priority interrupt passes through_to the interrupt address logic, which generates the RST instruction to be
read by the TMS 8080. See Table 3 for relationship of interrupt sources to RST instructions and Figures 6 and 8 for
timing celationships.

The TMS 5501 provides two methods of servicing interrupts; an interrupt-driven system or a polled-interrupt system. In
an interrupt-driven system, the INT signal of the TMS 5501 is tied to the INT input of the TMS 8080. The sequence of
events will be: (1) The TMS 5501 receives (or generates) an interrupt signal and readies the appropriate RST
instruction. (2} The TMS 5501 INT output, tied to the TMS 8080 INT input, goes high signaling the TMS 8080 that an
interrupt has occured. {3} If the TMS 8080 is enabled to accept interrupts, it sets the INTA (interrupt acknowledge)
status bit high at SYNC time of the next machine cycle. {4} If the TMS 5501 has previously received an interrupt-
acknowledge-enable command from the CPU (see Bit 3, Paragraph 2.2.5), the RST instruction is transferred to the data
bus,

In a polled-interrupt system, INT is not used and the sequence of events will be: (1) The TMS 5501 receives (or
generates) an interrupt and readies the RST instruction. (2) The TMS 5501 interrupt-pending status bit (see Bit 5,
Paragraph 2.2.4) is set high (the interrupt-pending status bit and the INT output go high simultaneously). (3) At the
prescribed time, the TMS 8080 polls the TMS 5501 to see if an interrupt has occurred by issuing a read-
TMS 5501-status command and reading the interrupt-pending bit. (4] If the bit is high, the TMS 8080 will then issue a
read-interrupt-address command, which causes the TMS 5501 to transfer the RST instruction to the data bus as data for
the instruction being executed by the TMS 8080.

APPLICATIONS
Communications Terminals

The functions of the TMS 5501 make it particularly useful in TMS 8080-based communications terminals and generally
applicable in systems requiring periodic or random servicing of interrupts, generation of control signals to external
devices, buffering of data, and transmission and reception of asynchronous serial data. As an example, a system
configuration such as shown in Figure 2 can function as the controller for a terminal that governs employee entrance
into a plant or security areas within a plant. Each terminal is identified by a central computer through 1D switches. The
central system supplies each terminal’s RAM with up to 16 employee access categories applicable to that terminal.
These categories are compared with an employee’s badge character when he inserts his badge into the badge sensor. If a
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match is not found, a reject light will be activated. If a match is found, the terminal will transmit the employee’s badge
number and access category to the central system, and a door uniock solenoid will be activated for 4 seconds. The
central computer then may take the transmitted information and record it along with time and date of access.

The TMS 4700 is a 1024 x 8 ROM that contains the system program, and the TMS 4036 is a 64 x 8 RAM that serves as
the stack for the TMS B0BO and storage for the access category information. TTL circuits controt chip-enable information
carried by the address bus. Signals from the CPU gate the address bits from the ROM, the RAM, or the TMS 5501 onto
the data bus at the correct time in the CPU cycle. The clock generator consists of four TTL circuits along with a crystal,
needed 1o maintain accurate serial data assembly and disassembly with the central computer. .

The TMS 5501 handles the asynchronous serial communication between the TMS 8080 and the central system and
gates data from the badge reader onto the data bus. It also gates control and status data from the TMS 80BO to the door
lock and badge reader and controls the time that the door lock remains open, The TMS 5501 signals the TMS 8080
when the badge reader or the communication lines need service. The functions that the TMS 5501 is to perform are
selected by an address from the TMS BO80 with the highest order address line tied to the TMS 5501 chip enable input
and the four lowest order lines tied to the address inputs.

OPERATIONAL AND FUNCTIONAL DESCRIPTION

This detailed description of the TMS 5501 consists of:
INTERFACE SIGNALS - a definition of each of the circuit’s external connections

COMMANDS — the address required to select each of the TMS 5501 commands and a description of the response to
the command,

INTERFACE SIGNALS

The TMS 5501 communicates with the TMS 8080 via four address lines: a chip enable lipe, an eight-bit bidirectional
data bus, an interrupt line, and a sync line. It communicates with system components other than the CPU via eight
external inputs, eight external outputs, a serial receiver input, a serial transmitter output, and an external sensor input.
Table 1 defines the TMS 5501 pin assignments and describes the function of each pin.

TABLE1
TMS 5501 PIN ASSIGNMENTS AND FUNCTIONS

SIGNATURE PIN DESCRIPTION

INPUTS
CE 18 Chip enable~When CE is low, the TMS 5501 address decoding is inhibited, which prevents
. execution of any of the TMS 5501 commands.
A3 17 Address bus— A3 through AQ are the lines that are addressed by the TMS 80BO0 to select a particular
A2 16 TMS 5501 function.
Al 18 -
AD 14
SYNC 19 Synchronizing signat—The SYNC signal is issued by the TMS 8080 and indicates the beginning of a
machine cyele and availability of machine status, When the SYNC signal is active {high), the
TMS 5501 will monitor the data bus bits DO {interrupt acknowledge} and D1 IV_V(-), data output
function), b
RCV 5 Receiver serial data input line—RCV must be held in the inactive (high) state when not receiving
data. A transition from high to low will activate the receive circuitry.
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SIGNATURE PIN

X10
Xi1
X2
X3
X4
X5
Xi6
X117

SENS

X0 0
X0 1
X0 2
X0 3
X0 4
X005
X0 6
X0 7

XMT

Do
D1
D2
D3
D4
D5
D6
07

INT

Vss
VBB
Vee
Vbb

$2

39
38
37
36
35
34
33

- 32

22

24

25
26
27
28
29
30
31

40

NRwn—=»

TABLE 1 (continued) - Panl
TMS 5501 PIN ASSIGNMENTS AND FUNCTIONS Y

DESCRIPTION
INPUTS
External inputs—These eight external inputs are gated to the data bus when the read-external-inputs
tunction is addressed. External input n is gated to data bus bit n without conversion.

External interrupt sensing — A transition from low to high at SENS sets a bit in the interrupt
register, which, if enabled, generates an interrupt to the TMS 8080.

OUTPUTS

External outputs—These eight external outputs are driven by the complement ot the output
register; i.e., if output register bit n is loaded with a high (low} from data bus bit n by a load-
output register command, the external output n will be.a low (high). The external outputs change
only when a load-output-register function is addressed.

Transmitter serial data output line—This line remains high when the TMS 5501 is not transmitting. AW

DATA BUS INPUT/OUTPUT

Data bus — Data transfers between the TMS 5501 and the TMS BOB0 are made via the 8-bit'
bidirectional data bus. D0 is the LSB. D7 is the MSB.

interrupt—When active {high), the INT output indicates that at feast one of the interrupt conditions
has occurred and that its corcesponding mask-register bit is set. '

POWER AND-CLOCKS -

Ground reference

Supply voltage (=5 V nominal}
Supply voitage (5 V nominal}
Supply voltage {12 V nominal}
Phase 1 clock

Phase 2 clock

B-6
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2.2 TMS 5501 COMMANDS

The TMS 5501 operates as input/output device for the TMS 8080. Func-
tions are initiated via the TMS B080 address bus and the TMS 5501

address inputs.

Address decoding to determine the command function

being issued is defined in Table 2.
TABLE 2
COMMAND ADDRESS DECODING
When Chip Enable Is High .
£2 %1
5501 5501
PORT PORT
NO. NO. A3 A2 Al A0 COMMAND FUNCTION PARAGRAPH
16 0 L L L L Read receiver buffer RBn =»Dn 2.2.1
17 1 L L _ L H Read external inputs XIn ==Dn 2,2,2
18 2 L L H L Read interrupt address RST ==Dn 2.2.3
19 3 L L H H Read TMS 5501 status (Status)=»Dn 2.2.4
20 4 L B L L 1Issue discrete commands See Fig.4 2.2,5
21 5 L H L H Load rate register See Fig.4 2.2.6
22 6 L H H L Load transmitter buffer Dn ——TBn 2.2.7*
23 7 L H H H Load Output port Dn =—e-X0On 2.2.8
24 8 H L L L Load mask register Dn =—s-MRN 2.2.9
25 9 H L L H Load interval timer 1 DheeTimer 1 2.2.10
26 10 H L H L Load interval timer 2 Dn==Timer 2 2.2.10
27 11 H L H H Load interval timer 3 Dn=sTimer 3 2.2.10
28 12 H H L 1L Load interval timer 4 Dn-sTimer 4 2.2.10
29 13 H H 1L H Load interval timer 5 Dn=sTimer 5 2.2.10
30 14 H H H L No function
31 15 H H. H H No function -
* Important
RBn Receiver buffer bit n
Dn Data bus 1I/0 terminal n
Xln External input terminal n
RST 11 (1Ag) (1A,) (1A,) 111 (see Table 3)
TBn Transmit buffer bit™n
XOn Output register bit n
MRn Mask register bit n
TABLE 3
RST INSTRUCTIONS
DATA BUS BIT INTERRUPT CAUSED BY #1 TMS 5501
0 1 2 3 4 5 6 7
H HHUL L L HH Interval Timer 1l Power Up
H HHHULTUL HH Interval Timer 2 User Timer
H HHUL HUL HH External Sensor Keyboard
H HHHUHTL HH Interval Timer 3 Repeat Key
H HHL L HH®H Receiver Buffer Rx RS-232
H HH HULH HH Transmitter Buffer Tx RS-232
H B HL HH HH Interval Timer 4 Bell Timer
H H HHHUH HH Interval Timer 5 of CRT Executive Loop

X17
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The following paragraphs define the functions of the TMS 6501 commands.

2.2.1 Read receiver buffer

Addressing the read-receiver-buffer function causes the receiver buffer cantents to be transferred to the TMS 8080 and
clears the receiver-buffer-loaded flag

2.2.2 Read external input lines

Addressing the read-external-inputs function transfers the states of the eight external input lines to the TMS 808O0.

2.2.3 Read interrupt address

Addressing the read interrupt address function transfers the current hlghest pnontv interrupt address onto the data bus
as read data. After the read operation is completed, the corresponding bit in the interrupt register is reset,

If the read-interrupt-address function is addressed when there is no interrupt pending, a false interrupt address will be
read. TMS 5501 status function should be addressed in order to determine whether or not an interrupt condition is
pending.

2.2.4 Read TMS 5501 status

Addressing the read-TMS 5501-status function gates the various status conditions of the TMS 5501 onto the data bus,
The status conditions, available as indicated in Figure 3, are deseribed in the following paragraphs.

BIT: 7 6 |- 8 4 3 2 | 1 0
START |FULL [INTRPT |xmiT |RCV SERIAL [OVERRUN | FRAME
BIT BIT PENDING [ BUFFER | BUFFER | RCVD [ERROR | ERROR
DETECT| DETECT EMPTY | LOADED

FIGURE 3-DATA BUS ASSIGNMENTS FOR TMS 5501 STATUS

Bit 0, framing error

A high in bit 0 indicates that a framing error was detected on the last character received (either one or both stop bits
were in error). The framing error flag is updated at the end of each character. Bit 0 of the TMS 5501 status will remain
high until the next valid character is received,

Bit 1, overrun error
A high in bit 1 indicates that a new character was loaqed into the receiver buffer before a previous character was read
out, The overrun error flag is cleared each time the read-1/0-status function is addressed or a reset command is issued.

Bit 2, serial received data
Bit 2 monitors the receiver serial data input line. This line is provided as a status input for use in detectmg a break and
for test purposes. Bit 2 is normally high when no data is being received.

Bit 3, receiver buffer loaded

A high in bit 3 indiciates that the receiver buffer is joaded with a new character. The receiver-buffer-loaded flag remains
high until the read-receiver-buffer function is addressed (at which time the flag is cleared}. The reset function also clears
this flag.

B8




Bit 4, transmitter buffer empty

A high in bit 4 indicates that the transmitter buffer register is empty and ready 10 accept a character. Note, however,

that the serjal transmitter register may be in the process of shifting out a character. The reset function sets the
transmitter-buffer-empty flag high.

Bit 5, interrupt pending
A high in bit 5 indicates that one or more of the interrupt conditions has occured and the corresponding interrupt is
enabled. This bit is the status of the interrupt signal INT.

Bit 6, full bit detected
A high in bit 6 indicates that the first data bit of a receive-data character has been detected. This bit remains high until
the entire character has been received or until a reset is issued and is provided for test purposes.

Bit 7, start bit detected
A high in bit 7 indicates that the start bit of an incoming data character has been detected. This bit remains high until

the entire character has been received or until a reset is issued and is provided for test purposes.

2.2.5 Issue discrete commands

Addressing the discrete command function causes the TMS 5501 to interpret the data bus information according 10 the
following descriptions. See Figure 4 for the discrete command format. Bits 1 through 5 are latched until a different
discrete command is received.

NORMALLY LOW

A
r N
BIT:| 7 6 5 4 3 2 1 0
INT.
NOT NOT TEST TEST INT. 7
ACK, . BREAK | RESET
USED USED BIT BIT ENABLE SELECT
H: Enables interrupt acknowledge tH: Reset
L: Inhibits interrupt acknowledge L: No action
. H: Selects X| 7 — —H: L Sets XMT output low
L: Selects interval timer 5 — —(.: H Sets XMT output high

FIGURE 4-DISCRETE COMMAND FORMAT
Bit 0, reset i
A high in bit 0 will cause the following:

1} The receiver buffer and register are cleared to the search mode including the receiver-buffer-loaded flag, the
start-bit-detected flag, the full-bit-detected flag, and the overrun-error flag. The receiver buffer is not cleared and
will contain the last character received.

2) The transmitter data output is set high {marking). The transmitter-buffer-empty flag is set high indicating that the
transmitter buffer is ready 10 accep1 a character from the TMS 8080.

3) The interrupt register is cleared except for the bit corresponding 1o the transmitter buffer interrupt, which is set
high.

4) The interval timers are inhibited. -

A low in bit 0 causes no action. The reset function has no affect on the output port, the external inputs, interrupt
acknowledge enable, the mask register, the rate register, the transmitter register, or the transmitter buffer,
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. Bit 1, break - '
A low in bit 1 causes the transmitter data output to be reset low {spacing). o £

e
i

N

&

It bit O and bit 1 are both high, the reset function will override.

Bit 2, interrupt 7 select _
Interrupt 7 may be generated either by a low to high transiticn of external input 7 or by interval timer 5.

PRI o Y . s iea- P
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A high in bit 2 selects the interrupt 7 source to be the transition of external input 7. A low in bit 2 selects the
interrupt 7 source to be interval timer 5.

- Bit 3, interrupt acknowledge enable
The TMS 5501 decades data bus (CPU status) bit 0 at SYNC of each machine cycle to determine if an interrupt

acknowledge is being issued.

A high in bit 3 enables the TMS 5501 to accept the interrupt acknowledge decode. A low in bit 3 causes the TMS 5501 .
to ignore the interrupt acknowledge decode.

Bit 4 and bit 5 are used only during testing of the TMS 5501. For correct system operation both bits must be kept low.

Bit 6 and bit 7 are not used and can assume any value.

B N U S P,

_ 2.2.6 Load rate register

Addressing the load-rate-register function causes the TMS 5501 to load the rate register from the data bus and interpret
the data bits {See Figure 5) as follows.

BIT: 7 6 5 a 3 2 1 0 -
STOP 9600 4800 2400 1200 300 150 110 '
BIT(s) baud baud baud baud baud baud baud

; ’ i |:H: One stop bit
| L: Two stop bits

FIGURE 5—DATA BUS ASSIGNMENTS FOR RATE COMMANDS

Bits 0 through 6, rate select .

The rate select bits {bits O through 6) are mutually exclusive, i.e., only one bit may be high. A high in bits 0 through 6 =
will select the baud rate for both the transmitter and receiver circuitry as defined below and in Figure 5:

Bit0 110 baud )
Bit1 150 baud
Bit2 300 baud
Bit3 1200 baud
Bit4 2400 baud -
Bit5 4800 baud
Bit 6 9600 baud

If more than one bit is high, the highest rate indicated will result. If bits O through 6 are all low, both the receiver and
the transmitter circuitry will be inhibited. '

a
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Bit 7, stop bits
Bit 7 determines whether one or two stop bits are to be used by both the transmitter and receiver circuitry. A high in
bit 7 selects one stop bit, A low in bit 7 selects two stop bits.

2.2.7 Losad transmitter buffer

Addressing the load-transmitter-buffer function transfers the state of the data bus into the transmitter buffer.

2.2.8 Load output port ' ]

Addressing the load-output-port function transfers the state of the data bus into the output port. The data is latched
and remains on XO 0 through XO 7 as the complement of the data bus until new data is loaded.

2.2.9 Load mask register

Addressing the load-mask-register function loads the contents of the data bus into the mask register. A high in data bus
bit n enables interrupt n. A low inhibits the corresponding interrupt.

2210 Load timer n

Addressing the load-timer-n function loads the contents of the data bus into the appropriate interval timer. Time
intervals of from 64 us (data bus = LLLLLLLH) to 16,320 us (data bus HHHHHHHH) are counted in 64-us, steps.
When the count of interval timer n reaches 0, the bit in the interrupt register that corresponds to timer n is set and
an interrupt is generated. Loading all lows causes an interrupt immediately,

3. TMS 56501 ELECTRICAL AND MECHANICAL SPECIFICATIONS

- 3.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
b ) (UNLESS OTHERWISE NOTED)*

Supply voltage, Voc {seeNote 1) . . . . . . . . . . . . ... .. v v ... =03VwL2V
Supply voltage, Vpp fseeNote 1 . . . . . . . . . . . ..o o e e e -03Vtwo20V
Supply voltage, Vgs{seeNote 1)~ . . . . . . . . . . . . . .ot =03VIO2V
- All input and output voitages fseeNote 1) . , . . . . . . . . . . ¢ v v v e s s+ ... =03VwO20V
Continuous power dissipation . . . . . . . .+ v v e e v e e e e e e e e e e e e s 1LIW
Operating free-air temperature range . . . . . = & + « + + « + s 4 e 4 e e 4w s e s e e 0°C 10 70°C
S1Orage tEMPErature raNGE . . . « « + .« + 4+« 4 et e e e e e e e e ... =—B65C10150°C

*Stresses beyond thoss listed under *Absoluts Maximum Rstingt’”’ may cause psrmanent damaege 1o the device. This is 8 stress rating only
snd functionst operation of the device at thess or any othsr conditions bovond those indicetsd ln the *Recommended Opasrating

Conditions™ section of this specification is not implied. E ¢ to absol ated ditions for extendsd periods may atfect
device reliability.
R NOTE 1: Undsr sbsolute maximum ratings voltage values ars with respect 10 the normally most negstive gupply voitege, Vap (substrate),
e Throughout the remsingsr of this cate sheet, voitage values are with respect t0 Vgg unless otherwiss noted.

32 RECOMMENDED OPERATING CONDITIONS

MIN NOM MmaX juniT
Supply voltege, Vgg -476 -5 -5625| V
Supply voltage, VC_C 4.75 5 B525| Vv
Supply voitage, Vpp 114 12 126]| V
Supply voltage, Vss ) ) v
High-leve! input voltege, V4 (8ll inputs except clocks) 3.3 Veett| vV
High-level clock input voitage, VMy VEQ" fioﬂ v
Low-tevel input voltage, Vyy (all inputs except clocks) (see Note 2) -1 08| V
Low-tevel clock input voltage, V) (e} {see Note 2) -1 06| V
Operating free-air temporature, T 4 0 70| °C

NOTE 2: The sigabraic convention where the most negative limit is designeted as minimum is used in this spacificstion for logic voitsge iaveis only,
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§
e . 35 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED
: OPERATING CONDITIONS (SEE FIGURES 6 AND 7)
; ' PARAMETER TEST CONDITIONS [ MIN  MaX [UNIT
] p2x Dats bus output eflabce time ' Cy = 100 oF. 200 ns
: pPX2 Data bus output disabie timeto high-mpedance state Ry = 1.3 k82 180| ns
' _! tPD External data output propagation delay time from 02 L 200 ns
P
o
i
. 3v
A
" RL =13«
| TMS 5501
! - QUTPUT i
: T CL =100 pF
C¢ includes probe and ji9 capacitance
: : LOAD CIRCUIT
i Y- tcio) -l —e pe—tiio)
" | ] | [
twrlo1) —te——sy trio)~el re— | I‘—':-‘dtol Lo2)
: o __ﬂ M !
b | : | twio2)T ! ' L e et N
: 02 td(@1H-02) =—ye T ﬂk—q— 'dlo2on | ! T
. |
X 130 (CE) mfmmremtny I
. CHIP
: ENABLE (
'w(svnc)-r—'-= i
SYNC A 1 |
' L
- tsu{da)te——aei thida) =) | 12X ! 1pXZ ot
! bomiz A } 2
Do m\ ! J——_( { OUTPUT DATA VALID N—
T | -t I I)-u.z
tu{da)te————el 'hlda)-p—-: : | i I
. Hi-2 . + -
; D1 | \.—'——KL OUTPUT DATA VALID =z
| $ + .
e ' N
D02:07 SXXXIXDONT CARECRIINNN - } OUTPUT DATA VALID ){'ﬁn 2
bo——et~tsu(ad) ! _e——etthta)
A0-A @( READ FUNCTION ADDRESS QRLDONT CARERY
:-—q-t,u(xn l.__.:.tmxn
EXTERNAL CARA RN AAX KN VRS ISR I O0D
INPUTS m EXTERNAL INPUT DATA "?0?0202020202 CARE SO0

NOTE: For (01 ar 02 inputs, high and Iow tLiming points are 90% and 10% ot ViH(em. Allother timing points are 1the S0% lavel.

FIGURE 6-READ CYCLE TIMING
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§

'SU‘CEH.—“

T

CHIP
ENABLE

SYNC
D0. D1
02.07

AQ-A3

fo———-ThICE)
..‘0’0‘0’0;0;0'0'0'

AYa%

- AV,

9000002020 20%0% 2020 20 s U TN 20670 %0 %% % Ve %% % %% % %0 %o*

‘hldiﬂ-'.—-’l

INPUT DATA i
1

roreree RIT
2R DON T CARE SN

X OO
9,

INPUT DATA !

WRITE FUNCTION ADDRESS

EXTERNAL
OUTPUTS

PREVIOUS EXTERNAL OUTPUT DATA

.

NOTE: For +»1 and 12 nputs, high and low timing ponts are 907 and 10% 6 V|4 All 0ther timing points ace the 507 level.

SENSOR

INTERRUPT

r— twisens H)-’t‘-‘w(sans Ll-':

¥~

FIGURE 7-WRITE CYCLE TIMING

td(sens-int}

RST INSTRUCTION
ON DATA BUS

{See Note 1}

NOTES:

2 AN timing points are S0% of V4.
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The RST instruction occurs during the cutput data vahid 1ima of tne resd cvcie

FIGURE 8-SENSOR/INTERRUPT TIMING
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is not required.

Appendix C

The 5048 CRT Controller is similar to the 5027.
is used for 50/60 Hz. Sync input rather than for camposite sync outputCRT 5027
The 5048-003 is masked for the 64 x 32 format as used by the 3600 o5 A
Series Intecolor units; thus loading of same registers at power-up 'reiminary Product Descripton
(The 5048-004 is masked for the 80 x 48 format.)

It differs in that pin 10

CRT Video Timer-Controller
VTAC

FEATURES
O Fully Programmable Display Format
Characters per data row
Data rows per frame
Raster scans per data row_
Raster scans per frame
O Fully Programmable Monitor Format
Horizontal Sync
Vertical Sync
Composite Sync
DO Programmed via:
Processor data bus
External PROM
Mask option ROM
O Standard or Non-Standard CRT
Monitor Compatible
O Scrolling
O Generation of Cursor Video
O Interlaced and Non-interlaced
Operation
D Vertical Data Positioning
D TTL Compatibility
DO High Speed Operation
O COPLAMOS® N-Channel Silicon
Gate Technology

General Description

PIN CONFIGURATION

W@ 2O N Ay =

The CRT Video Timer-Controller Chip (VTAC) is a user programmable 40-pin COPLAMOS? n channel MOS/LS| device

containing the logic functions required to generate all the timing signals for the presentation and formatting of interlaced and
non-interiaced video data on a standard or non-standard CRT monitor.

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not

recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters
per data row, data rows per frame, and raster scans per data row and per frame are totally user programmabte. The datarow
counter has been designed to facilitate scrolling.

Prograrnrmng is eftected by loading seven 8 bit control registers directly off an 8 bit bidirectional data bus. Four register

address lines and a chip selectline provide complete microprocessor compatibility for program controlled set up. The davice
canbe “self loaded" via an external PROM tied on the data bus as described in the OPERATION section. Formatting can also
be prograrmmed by a single mask option.

In addition to the seven control registers two additional registers are provided to store the cursor character and data

row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the
bus for update by the program.
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MAXIMUM GUARANTEED RATINGS®
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Operating Temperature RANGE . ... .. ..c.eueertreaerotsrnrnerusaoistatiriotasansntnssaseoss O:C to + 70:C _
Sl%rage ‘?emperature P eeeennes -55"C 1o +150°C /’\
Lead Temperature (SOIENNG, 1088C.) « .. .o vuurrurnunuuenenneronaetattseereeneastntnriiimenasssaen +325°C 2\;;
Positive Voltage on any Pin. wilh respectto ground .............ooitiiiiiiiiiiioeiniiiiiiiniiia, +18.0V 23
Negative Vollage on any Pin. with respectto ground ...........c.eiiiieeie i, -0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional cperation of the device at these or at any other condition above those indicated in the ¢perational
sections of this specification is not implied. ) .

~ ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V =5%, Voo= + 12V = 5%, unless otherwise noted)
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Parameter Min. Typ. Max. Unit - Comments
D.C. CHARACTER!ISTICS
INPUT VOLTAGE LEVELS
: Low Level. Vo 0.8 v
! High Level. Vin ' Vee-1.5 Vce v
OUTPUT VOLTAGE LEVELS
L Low Levei—Vou for R@-3 0.4 V lou=3.2ma
: Low Level—Va all others 0.4 V lot=1.6ma
High Level—Vow for R@-3 2.4 lon=80ua -
High Level—Vow all others 2.4 lox=40ua
INPUT CURRENT
Low Level. In
High Level. I
INPUT CAPACITANCE
o Data Bus. Cin pt
o Clock. Cin p! -
All other, Cin p!
DATA BUS LEAKAGE in INPUT MODE
loe
loe
POWER SUPPLY CURRENT . ) ﬂ .
lee - ma Iy~
loo : ma S
A.C. CHARACTERISTICS . Ta= 25°C
DOT COUNTER CARRY
frequency 0.2 4.0 MHz Figure 1
PWe 35 ns Figure 1 ;
PW. 180 ns Figure 1 -
r. 4 10 ns Figure 1
DATA STROBE
PW5S 150 ns Figure 2
-ADDRESS. CHIP SELECT
Set-up ime 100 ns Figure 2
Hold time ~ 50 ns Figure 2 -
DATA BUS—LOADING
Set-up ime 100 ns Figure 2
Hold time 75 ns Figure 2 }
DATA BUS~-READING
Toews 100 ns Figure 2, CL.=50pf
OUTPUTS: H@-7. HS. VS. BL.CRV,
CS-Toee- ' 100 ns  Figure 1, CL=20pf
OUTPUTS: RY-3. DRE-5 7 .
ToeLa 1.0 HS Figure 3. CL = 20pf
Restrictions

1. Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates arg therefore
{oaded into the chip by nresenting one set of addresses and outputed by presenting a different set of addresses. Therefore
the standard WRITE and READ control signals from most microprecessors must be “NORed™ externally to present a single
strobe {DS) signal to the device. -

2. An even number of scan lines per character row must be programmed in interlace mode. This is again due to pin count
limitations which require that the least significant bit of the scan counter serve as the odd/even field indicator.

3. Ininterlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical
sync occurs precisely between horizontal syric pulses.
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Operation

The design philosophy employed was 10 allow the device to interface effectively with either a microprocessor based or
hardwire logic system. The device is programmed by the user in one of two ways; via the processor data bus as part of the
system initialization routine, or during power up via a PROM tied on the data bus and addressed directly by the Row Select
outputs of the chip. (See figure 4). Seven B bit words are required to fully program the chip. Bit assignments for these words
are shown in Table 1. The information contained in these seven words consists of the following;

Horizontal Formatting:
Characters/Data Row A 3 bit code providing 8 mask programmable character lengths from 20 to 132.
The standard device will be masked for the following character lengths; 20, 32,
40,64, 72, 80, 86, and 132.

Horizontat Sync Delay 3 bits assigned providing up to 8 character times for generation of “front porch™.

Horizontal Sync Width 4 bits assigned providing up to 16 character times for generation o! horizontal
sync width. :

Horizontal Line Count 8 bits assigned providing up to 256 character times for total horizontal formatting.

Skew Bits A 2 bit code providing from a 0 to 2 character skew between the horizontal

address counter and the horizontal blank and sync signals to allow for retiming of
video data prior to generation of composite video signal. The Cursor Video signal
is also skewed as a function of this code.

- Vertical Formatting:

Interlaced/Non-interlaced This bit provides for data presentation with odd/even field formatting for inter-
laced systems. It modifies the vertical timing counters as described below. .

Scans/Frame 8 bits assigned, defined according to the following equalions: Let X = value of 8 .
assigned bits. i

1) in interlaced mode—scans/frame = 2X + 513. Therefore for 525 scans,

program X = 6 (00000110). Vertical sync will occur precisely every 262.5 scans,

thereby producing two interlaced fields.

Range = 513 to 1023 scans/frame, odd counts only.

2) in non-interlaced mode—scans/irame = 2X + 256. Therefore for 262 scans, -

program X = 3 (00000011).

Range = 256 to 766 scans/frame, even counts only.

In either mode, vertical sync width is fixed at three horizontal scans (= 3H).
Vertical Data Start 8 bits assigned providing scan line resolution in vertical data positioning with

respect to vertical sync. The Data Row Counter is reset at vertical sync and will
not begin counting until the scan line selected by these sight bits.

i

Dawm Rows/Frame € bits assigned providing up to 64 data rows per frame.
Last Data Row 6 bits to allow up or down scrolling via a preload defining the count of the last
displayed data row.
Scans/Data Row 4 bits assigned providing up to 16 scan lines per data row.
Additional Features

Device Initialization:

Under microprocessor control—The device can be reset under system or program control by presenting a #1@1 address
on Ag-3. The device will remain reset at the top of the even field page unti! a start command is executed by presentinga @111
address on A@-3. :

Via “Self Loading™—In a non-processor environment, the self loading sequence is effected by presenting and holding the
1111 address on A@-3, and is initiated by the receipt of the strobe pulse (DS). The 1111 address should be maintained long
enough to insure that all seven registers have been loaded (in most applications under one millisecond). The timing
sequence will begin one line scan after the 1111 address is removed. In processor based systems, self loading is initiated by
presenting the 111@ address to the device. Self loading is terminated by presenting the start command to the device which
also initiates the timing chain.

Scrolling—In addition to the Register & storage of the last displayed data row a "scroll” command (address 11d1)
presented to the device will increment the first displayed data row count to facilitate up scrolling in certain applications.
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Description of Pin Functions

Input/
Pin No. Symbol Name Output  Function =
25-18 DBg-7 Data Bus o] Data bus. input bus for control words from microprocessor or
PROM. Bidirectional bus for cursor address.
3 'cs Chip Select | Signals chip that it is being addressed
39,40,1,2 Ag@-3 Register T Register address bits for selecting one of seven control
Address registers or aither of the cursor address registers -
9 DS Data Strobe | Strobes DBg-7 into the appropriate register or outputs the
cursor character address or cursor line address onto the data bus
12 DCC DOT Counter } Carry from off chip dot counter establishing basic character
. Carry clock rate. _
38-32 HPY-6 Character o] Character counter outputs.
Counter Outputs
7.5.4 A13 Scan Counter o Three most significant bits of the Scan Counter; row select
Outputs - inputs to character generator.
AN H7/DR5 H7/DR5 o Pin definition is user programmable. Output is MSB ol
Character Counter if MSB of Characters/Data Row word is a
“1", otherwise output is MSB of Data Row Counter
8 RE Scan Counter LS8 o Least significant bit of the scan counter. Ininterlaced mode this
(Odd/Even Field) bit defines the odd or even field. In this way, cdd scan lines of
the character font are selected during the odd field and even
' scans during the even field.
26-30 DRg-4 Data Row o] Data Row counter outputs.
" Counter Outputs-
17 BL - Blank - o Defines non active portion of horizontal and vertical scans.
15 HSYN Horizontal Sync o Initiates horizontal retrace.
11 VSYN - Vertical Sync. - 0 Initiatas vertical retrace.
10 CSYN ) Composite Sync (o] Active in non-interlaced mode only. Provndes atrue RS-170
S composite sync waveform.
16 CRvV Cursor Video (o] Defines cursor location in data fietd.
14 Vce Power Supply PS +5 volt Power Supply
13 Voo . . Power Supply PS +12 volt Power Supply i
Timing Diagrams
HORIZONTAL TIMING
START OF LINEN STARTOFLINEN - 1
11 7777777777 777777777777770 1
ACTIVE VIDEQ -
- CHARACTERS PERDATA LINE
HORIZONTAL SYNC DELAY
. (FRONTPORCHI .
HORIZONTAL SYNC WIDTH
e HORIZONTAL LINE COUNT - H —_‘J
VERTICAL TIMING
STAHT OF FRAME M OR QDO FIELD ‘ START QF FRAME M 1t OREVENFIELD
SCAN LINES PER FRAME
_r—L jf///////////f/f//ll///////////l ﬁ 7777
—]
VERTICAL DA:I'AJ DAT:EE:'%\QEEQR‘“E ) I.Cl VERTICAL SYNC
START . M
- TABLE 1
. - BIT ASSIGNMENT CHART i
NOHIZON‘I’AIi LINE COUNT SKEWBITS DATA ROWSFRAME LAST DISPLAYED DATA ROW*
b | - r_—.h
wmeog[7] [ | | | | |#] mecsf7]6]5 mese| | ]s[ | [ | [o]
MODE: INTERLACED/  HSYNCWIDTH W SYNG DELAY SCAN LINESFRAME _ CURSORCMARACTER ADDRESS

wee [7]6] | [3]2] J#] ses(7] T 1T [ [ 1 To] neer(Z] T [ T [ Vo]

SCANS/DATA ROW CHARACTERSIDATA ROW VERTICAI.PATA START CURSCR ROW(ADDRESS

seoz[ T6] | o2 9] "eos[7] L L | ] | 18] s T I5T 1 1 [ [¢]
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A3 A2 A1 AD Select/Command

0 0 0O Load Contro! Register @

0 0 0 1 Load Control Register 1

0 0 1 0 Load Contro! Register 2

0 0 1 1 Load Control Register 3

0ot 0 O Load Control Register 4

0 1 0 1 Load Control Register 5

01 10 Load Control Register 6

o 1 1 1 Processor Self Load

1 0 0 O Read Cursor Character Address

1 0 0 1 Read Cursor Line Address

1 0 10 Reset

1 0 1 1 Up Scroll

1 10 0 Load Cursor Character Address
N 11 0 1 Load Cursor Line Address
\. e 1110 Start Timing Chain

11 1 1 Non-Processor Self Load

Register Selects/Command COdés

Description

See Table 1

Command from processor instructing CRT
5027 1o enter Self Load Mode

Resets timing chain to tb_og left of page. Reset
is latched on chip by and counters are
held until released by start command.
Increments address of first displayed data
row on page. ie; prior to receipt of scroll
command—top line = 0, bottom line = 23.
After receipt of Scroll Command—top line =
1, bottom line = 0.

Receipt of this command after a Reset or
Processor Self Load command will release
the timing chain approximately one scan line
later. In applications requiring synchronous
operation of more than one CRT 5027 the
dot counter carry should be held low during
the DS for this command.

Device will begin self load via PROM when
DS goes low. The 1111 command should be
maintained on A8-3 long enough to guaran-
tee self load. (Scan counter shouid cycle
through at lvast once). Self load is automati-
cally terminated and timing chain initiated
when the all “1’s” condition is removed, in-
dependent of DS. For synchronous opera-
tion of more than one CRT 5027, the Dot
Counter Carry should be held low when this
command is removed.

NOTE: During Self Load, the scan counter states corresponding to the nine load command addresses will load
the appropriate register. Therefore if reseting of the cursor X and-Y position registers is required via self
load the PROM words for address 1188 and 1181 should be programmed as all zeros.
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Figure 4. SELF LOADING SCHEME FOR CRT 5027 SET-UP
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APPENDIX D

50-PIN BUS
PIN DESIGNATION PIN DESIGNATION
1 +12V (to 250 MA) 26 D2 Bus
2 MR 27 A2
3 MW 28 D3 Bus
4 I/0 W 29 A3
5 p2  (+12V) 30 D7 Bus
6 p2 TTL 31 A4
7 gl (+12V) 32 D6 Bus .
8 179712 MHz 33 D4 Bus
9 SYNC 34 D5 Bus
10 RESET 35 A6
Il -5V (to 250 MA) 36 DO 8080
12 +5V (to 1 ampere) 37 A7
13 GND 38 D1 2080-
14 I/O0 R 39 A8
15 AlO ' 40 D2 2080
16 READY 4] Al
17 WR 42 D3 2080
18 DBIN 43 D4 8080
19 HOLD 44 A9
20 A5 45 Al3
21 All 46 D7 8080
22 D0 Bus 47 Al2
23 A0 . 48 AlS
24 D1 Bus 49 D5 8080
25 Al 50 D6 8080

No more than one TTL load per signal lead.
Maximum load on DC supplies as indicated,

Cable leads to interconnecting device should be
kept short -- no more than six inches for some
applications,

NOTE: The above list applies to the 3621 type
Logic Module. For the current X-bus and

other connections, see drawing 101815.
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FD1771

FLOPPY DISK FORMATTER/ICONTROLLER

~ FLOPPY DISK CONTROLLER . ' - -
APPLICATION NOTE .
' Index AddressMark Data 11111100 =FC
Clock 11010111 D7
Introduction

The FD1771 is a MOS/LSI device that performs the 0 AddressMark  Data 11 100" ,0 oFE
function of interfacing a processor to a flexible (Floppy)
diskette drive. This single chip replaces nearly 80% of the re- Data Address Mark gf‘;:k 1111010’01 101‘1‘ ::3
quired disk drive interface electronics. (See figure 1-1). It pro- ]
vides the data accessing controls and the bidirectional transfer 8°|3teAch Mark Dara 11111000 ©°F8
of information between the processor’s memory and the mag- ata ressMark Clock 11000 111 =C7
netically stored data on the diskette, The diskette data is stored ™/
in a data entry format compatible with the IBM 3740 specifi- _ These patterns are used as synchronization codes by the
cation (other formats may be used providing more data stor- FD1771 when reading data and are recorded by the formatting
age). In this format all information is recorded on tracks command, Write Track, when the FD1771 is presented with
(radial paths) in sectqrs {arc sections) defined by a program- data F7 through FE,
med header as shown below:

8vie L 2 3 o | ¢ 8 7 1-123
m“;’:ﬂ, . ,‘:;:' o :::; o m:_:;" w7 :;‘:u Oats g;‘; ;::a SECTION 1 FD1771 DESCRIPTION
A:t:u im0 o:: Chech (CRC) | Byiesd | Mok .
IDFIELD OATA FIELD 1.1 FD1771 — Flexible Drive Interface {(Refer to Figure 1-1
FD1771 Block Diagram)

The FD1771 handles single density frequency modulated] The FD1771 generates all controls to position the read/
(FM) data. Each data cell is defined by clock pulses. A pulse write head over the desired track. The FD 1771 has the capabi-
recorded between clock pulses identifies the presence of a lity of sending successive three phase pulses over the lines PH1,

P logic 1 bit; the absence of this pulse is interpreted as a logic @ PH2, and PH3 for 3 phase stepping motors or by sending a
\_ 7"\ The Address Marks for Index, 1D, and Data are identified level over the PH2 line and pulses over the PH1 lines to deter-
oy a particular pattern not repeated in the remainder of the mine direction and stepping rate for step-direction motors.
|10 field or Data field. This is accomplished by reading patterns The particular motor interface is chosen by hardwiring the ex-
that are recorded with missing clock bits (logic 0) as shown ternal pin, 3PM.
below:
ALL'REFERENCE TO FD1771 DENOTES FD1771-01 VERSION
/\_E ‘; FO Dﬁl’l\'n =
Fi LOCK
- Ot e i
e ag _\o— -5V -
0 LT] |_XYsE 7 F - s
H FLOPPY DISK "0 ¥ 6 e o ] E o] . =
[ P P Uan-'z'E 3 T o a I‘st-lm‘i;
O T 2 ¢ o : 2iglEBedoefadifsslEs
3 L . o slzlalalalsBalnlalalulalsBalalaNalsls)
T 25 S a2A8R 23 RALIRTA
1 ey F01771 : 2 823823 3%3as5a3 R R R R -
T AEADY K
5 18K ?“ TC49 o
F § PHL/STEP R )
I i e s R PHz/DiAG :
: ._Im__,{_1 e m e mnenme2zS23IaszzeR
’ __p;m_/__:_ pgoggogooogggguoouuuuy Juuy
cLe_cwa) : % glelgle o PRI EICIEG B ERIER &
LD OHE GHOT = ‘écnlgﬁ'géégs =
E:s'ee Yoo Yee LI i '_'?_ ) IE Ii 523
= A Suffix = Ceramic
6 +12 48 B Suffix = Plastic
™ FD1771 SYSTEM BLOCK DIAGRAM ’ FD1771 PIN CONNECTIONS
FIG 1 FIG 2
WESBTERN /1G/TAL 3128 RED HILL AVENUE, BOX 2180
NEWPORT BEACH, CALIFORNIA 92663
c o & P 0 A a4 1 + O N~ . 1 {714) 557-3550 TWX 910-595-1139 /
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DATA OUT
BUFFERS
DATA COMMANOD SECTOR __| Tracx STATUS
REG REG REG REG REG
l FO DATA
OATA DATA =
> SEPA.
REg  SHIFT 5 RaTOR L_FD CLOCK
| L
i Y Lz
AM
WRITE DATA | DETECTOR
{TO DISK)
CRC LOGIC we
1G43
DRQ WPRT
INTRQ COMPUTER PLA OISK +ﬂ
T INTERFACE CONTROL INTERFACE TRO
=€ — | CONTROL (190X18) CONTROL READY
e PHI/STEP
e _CONTROL CONTROL ST OIRE
A PH3
Al IPM
N
HLD
CLK (2MHz) ALY

FIGURE 1-1

The head is loaded against the recording media {diskette)
by the HLD (Head Load) signal from the FD1771. A read or
write operation does not occur until a logic high signal is sam-
pled at the HLT {Head Load Timing) input. This input is sam-
pled after a 10 msec internal delay. This input may be wired
high if 10 msec time is sufficient or a one shot may be used to
extend this time. If the head is already engaged from a pre-
vious operation the resetting of bit 2 in the Read or Write
Command (see Processor Interface} will disable the HLT
functions and the 10 ms delay.

When reading the serial data from the disk the FD1771
will look for the desired sector to be read, check its ID field
and locate its data address mark. All subsequent serial data is
assembled in parallel form and presented to the processor
interface. The serial data read from the Floppy Driver may be
input as composite data, both clock and data present at the
FDDATA input, or as separated data in which the data is input
to the FDDATA pin and the clock is input to the FD Clock

When writing, information is presented as composite of
serial clock and data pulses of S00 nsec periods. With data
present at the WD output the WG {Write Gate) signal is acti-
vated to allow current to flow in the Read/Write head.

The remaining interface between the FD1771 and the
Floppy Drive concerns status information. The TP (Index
Puise} and TROO (Track 00} signals are outputs of the drive
to indicate when the index mark is encountered {(once per
revolution of the disk) or when the Read/Write head is located
over Track 00 respectively.

The WPRT (Write Protect), DINT {Disk Initialization},
and Ready signals reflect the drive condition. The Write Pro-
tect signal, when a logic low, prevents the FD1771 from exe-
cuting a Write Command. The Disk Initialization input, when a
logic low, prevents a Write Track Command and essentially
disables the rewriting of a format over a previously formatted
diskette. The Ready signal indicates Floppy Drive readiness
and 3 logic low on this input prevents any Read or Write

pin. command from being exeouted.
WESTERN g DIGITAL 3128 RED HILL AVENUE, BOX 2180
NEWPORT BEACH, CALIFORNIA 92663
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FD1771

Other status interface signals are WF (Write Fault) from
—w2 Drive which signifies a write operation fault such as failure
\. ./™ect write current when WG is turned on terminating the
Cui..nt Write command; and the TG43 signal to the drive
indicating the track to be written on is located between Track
44 and Track 76. This latter signal is used by the drive to
lower the write current on inner tracks and compensate for the
higher density recording of these tracks.

1.2 FD1771 — Processor Interface {See figure 1-1)

All commands, status and data are transferred over the 3
state bidirectional DAL (Data Access) lines. These 8 lines pre-
sent an open circuit to the common processor peripheral bus
until activated by the CS (Chip Select) signal. An active CS
‘combined with RE (Read Enable) sets the DAL into the trans-
mitter mode while the CS combined with an active WE (Write
Enable) sets the DAL in the receiver mode. The information in
the FD1771 resides in 5 accessible 8 bit registers. These re-
gisters are: (1) The bidirectional Data Register which acts as
a parallel buffer for read or write operations, and receives the
desired track number to be accessed in seek operation. (2) the
Command register which receives and stores commands from
the processor, (3) The sector register which receives the de-
sired sector number to be accessed, (4) The track register which
f‘:;,ﬂa&_ps the present Track position, {5} The Status Register
\. .1 aing information about the present operation.

The accessing of the registers is accomplished by a com-
bination of active levels on the CS, RE, or WE, and the register
address lines A1 and AO. The Command Register can only.
receive information and the Status Register can only transmit
information.

Two signals are available to aid in program response to
the FD1771, The INTRQ (Interrupt Request) is activated by
the controller whenever an operation is completed successfully
or terminated by a fault. The DRQ (Data Request) signal is
available as an indication of the chips readiness to transfer a
byte of data during read or write operations.

A 2MHZ clock is required by the chip as a reference for
all timed signals such as motor controls and data transfers. The
WITT(Ma_ster Reset) clears the command register and initiates a
Restore (seek track 00) Command when the MR line is re-
turned to an inactive state.

1.3 FD1771 Instructions

The FD1771 can be consideréd a specialized micropro-
cessor with its 6wr) instructi_on repertoire. These are listed in
the Tables below,

The Restore, Seek, and the three Step commands position
the Read/Write head over the desired track. The Restore posi-
tions it over Track 00, the Seek poisitions it over the track
specified in the Data Register, and the Step Commands posi-
tion the head over an adjacent track to its present position.

The Step In moves the head inward toward the center of the
disk while the Step Out moves it outward from the center. The
Step Command moves the head one step in the same direction
as the previous command.

The Read and Write commands are the normally exe-
cuted commands when transferring information. The Read
command initiates a search for a track and sector code in the
ID field equal to that in the track and sector registers. When
found, the ‘data is formatted from serial to parallel and pre-
sented to the Data Register aiong with the setting of the DRQ
signal. By setting of bit 4 in the Read {or Write] command all
data records from the desired sector until the last sector on the
track are sequentially assembled. The setting of bit 3 allows
other combinations of byte count per sector than the stand-
ard 1BM format. '

The Write Command operates similar to the Read
Command in multiple sector and variable sector length. Alfl
received words in the Data register are transferred to the shift
register at which time the DRQ {ine is set. Four separate Data
address marks are selectable through bits 1 and O which are
written on the diskette prior to writing the sector data.

The Read Address command provides the next encountered
ID field (6 bytes) on the diskette to the processor. This can
be used to identify the track over which the head resides and
can be used if one were to multiplex between two or more
drives and wish to return to the first drive. This could also be
accomplished by storing the track register in memory and re-
turning it when reactivating the first drive.

The Write Track command is basically used for formatting.
Once the index position is located the FD1771 will request
data and transfer it to the disk including all ID fieids, gaps, and
Data fields. Special address marks and the CRC characters are
written by detecting certain data patterns. The Read track
command allows the reading of the entire recorded pattern on
a track including gaps. (Refer to Data Sheet for for-
matting details)

~
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WESTERN DIGITAL - FD1771

The final command is the Force interrupt which can be In general bit 1 reflects the state of the external DRQ sig-
loaded into the Command register at any time. This will ter- nal while bit:2 indicates lost data due to overrun or underrun
ﬁ,._gqinate any present operation and can also generate an inter- conditions. The Type 1 or head positioning instructions use bit{ . =
Jpt under four selectable conditions. 1 and 2 as a reflection of the IP and TROO inputs respectively.
1.4 Status Register {See Table 1, page 16) Bit 3 normally indicates the encounterance of a CRC

error in the 10 or Data fields except for Read Track and Write
Track commands in which the CRC is not checked. Bit 4 indi-
cates that the desirLdtrack or sector was not correctly located.
Bit 6 reflects the WP input on Seek and Write Commands and
combines with bit 5 to identify the encountered data address

This register contains status information associated with
each of the command instructions. Bit 7 always reflects the
Ready condition of the Drive while bit O (Busy) always defines
the status of the FD 1771 concerning present operations.

COMMAND SUMMARY mark on the Read command. Bit 5 also indicates the head
BITS engaged status on Seek commands and Write fault or Write
TYPE | COMMAND | 7 6 54 3 2 1 0 commands.
| | Restore 0000h V r1 ro TYPE Il
| Seek 0o h V r1 ro .
| Step 001uh V r ro m = Multiple Record flag {Bit 4)
=0, Single Record
I Step | 010uh V m=s
epin ¢ .o m=1, Multiple Records
| Step Out 01 1uh V r1rg
] Read Command| 1 0 O mb E O O b = Block length flag {Bit 3)
1 Write Command{ 1 0 1 mb E a1 3g b=1, IBM format (128 to 1024 bytes)
" Read Address 11000 1 0 b=0, Non-IBM format {16 to 4096 bytes}
H Read Track 11100 1 s a1ag = Data Address Mark (8its 1-0)
I Write Track 11110 1 0 0 atag=00, FB (Data Mark)
) =01, FA {Data Mark) C
v Force Inter- 110113 I2 17 | a1a0=>".
° ruptr 32 ajag=10, F9-(Data Mark)
ajag=11, F8 (Data Mark)
COMMAND FLAG SUMMARY
TYPE | TYPE 11l

s = Synchronize flag (Bit 0)

h=Head Load flag (Bit 3)

5=0, Synchronize 10 AM

h=1, Load head at beginning s=1, Do not synchronize to AM

h=0, Do not load head at beginning
TYPE IV

V = Verify flag {Bit 2) ]
ti = Interrupt Condition flags (Bits 3-0)

V=1, Verify on last track .
V=0, No verify 1g=1, Not Ready to Ready Transition
11=1, Ready to Not Ready Transition
12=1, Index Pulse

13=1, Immediate Interrupt

r1rg = Stepping motor rate {Bits 1-0)

r1ro=00, 6ms between steps
rirg=01, 6 ms between steps
r,ro:]O' 10ms between steps E'-‘Enable HLD and 10 msec De'ay
rirg=11,  20ms between steps E=1, Enable HLD, HLT and 10 msec Delay
E=0, Head is assumed Engaged and there
u= Update flag (Bit 4) is no 10 msec Delay
u=1, Update Track register
u=0, No update
™ )
— ~
B /
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1.5 Processor Programming

- Some examples of the software control of the Floppy Disk Formatter are shown in the following flow chart. The first ex-
mple {Figure 1-2) shows the writing of information onto a particular track and sector. The second example {Figure 1-3) shows

accessing of information from successive sectors. The third example shows how information may be sought by using Track 00 as
a table of contents (Figure 1-4)

SEND QESIRED
TRACK NO, TO
DATA REG

- 1148 8911

SEND DESIRED
SECTOR NO. TO
SECTOR REG
- 0801 PP

SEND SEEX CMOD

TRACK = A3
ADDR - 91 16
‘WE-¢

SECTOR - 16
ADDR - 10
WE=9

HEAD LOAD ACTIVATED
VERIFY AEQUESTS

ASSUMES
MEAD IS ENGAGED
TRACK IS LOCATED

DESIRED SECTOR IS LOCATED

t

FY
:gr:uv; :':c EMS STEP RATE R INTRQ ENGAGE HEAD LOAD AND MULTIPLE SECTORS
-0081 1181 _ADDR <28 EAD STATUS SEND READ CMOD EMAB'S 1BM FORMAT (128 BYTES/SECTOR)
e~ 0 REGISTER & TO THE CMO REG ADDR - 08, WE- 0§
MASK 0911 1000 - 1201 1808
ora
INTRQ
ADDA - op AEAD DATA -11. AE-
READ THE STATUS AE-9 Resnoata ADDR - 11. AE =9
REGISTER & MASK AEGISTER
-deoy 1098 }
STORE IN
MEMORY AND
s MEAD IS ASSUMED LOADED FROM INCA. ADOR
SEEK OPERATIQN WRITE SINGLE
REPEAT SEEK THERE AN SECTOR, 18M sqzcron FORMAT
OPERATION OR £RAOR {128 BYTES) DATA AQDRESS
190 OIAGNOSTIC MARK = FB., ADOR - 0. WE -9
NO. OF 8YTES TAANSFEARED

SHOULD ENCOMPASS TOTAL
SECTORS TO ALLOW VALID CRC
CHECKS AT THE END OF EACH
SECTOR,

ror'““ns

AL B

K TO Q€ res NOTE:
TRANSFERRED,

SEND WRITE .
COMMAND
- 1910 9929

READ STATUS
REG & MASK AQDDR -39
FOR ERROAS RE-@

- 0811 0390

E—

AEAD SYATUS oy
A BYTE FROM
REGISTER MEMORY AND AEREAD OR PERFORM

EAROR DIAGNOSTICS

INCREMENT ACDR

{ ADDR =11 '

PERFORM ERACA SEND THE BYTE Wi- 6 SEND FORCE )
BIAGROSTICS TO THE DATA frofznulouzzccuo %D:e 20
REGISTER oRa -1191 9066
INTRQ . i
READ STATUS FIGURE 1-3
REGISTER &
MASK 0413 1109

PERFORM ERRORA

DPERATION
DNAGNOSTICS COMPLETE
FIGURE 1-2
-‘/m
.
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AOOR=88, VE=@

N SN0 ResTORE. |. ennLE HEad Loao awo vERIFY
cuo 39 cuos ENABLE CUD STEP RATE
INTRO

READ STATUS
REC AND MASK
- @391 1800

ADOR~@#. RE-d

DO DIAGMOSTIC
SUCH AS REAO ADDRESS
cxsa

]

AEAD NULTIPLE
SECTORS 8-26
AS IN FIC B

COMPRARE LABEL
AND DER{VE

TRACK ANO SECTOR
LOCATION

PERFORM LOCATE RE-a
0aTa A8 IN FIG A

AND READ IN
asseusLEp pata

COWPLETE

FIGURE 14

SECTION {1 FD1771 INTERFACING

2.1 System Description — Programmed Control

Figures 2-1 to 2-3 demonstrate a possible system configur-
tion for interfacing 3 processor to a Floppy Disk drive utilizing
the FD1771. This configuration requires the proessor to han-
dle all data transfers which will occur as every 32 usec.

The chip is selected by addressing it through a pre-assigned
address. The lower two bits of this address selects which regis-
ter is to receive or send data. The Read Enable and Write En-
able strobes control the data exchange. The clock may be de-
rived on the board or taken from other processor circuits.

~

Generally the outputs of the FD 1771 must be interfaced with
drivers and receivers to provide proper matching circuits with
the drive. One $hots may be necessary to meet the drive’s
required control signal pulse widths. These circuits must be
derived from recommended . interfaces specified in Drive
manufacturers manuals.

A clock and data separator recommended by Motorola
is shown in Fugure 2-3A. This phase lock loop {PLL) circuit
operates with an internal clock operating at 8MHZ or thirty
two times the frequency of a received bit cell. The MC4024
is a Voltage Controlled Multivibrator that supplies the basic
clock frequency. The 74LS161 counter A provides a division
by 16 and supplies a carry to one side of the MC4044 phase
detector. The other input to the MC4044 comes from the
74LS161 counter E carry which is affected by incoming data.
The output of the phase detector is a signal proportional to
the differences between the incoming pulses. This is fed through
a low pass filter (for long term stability) to the input of the
4024 to control the system frequency.

The incoming raw data is shaped through a schmitt trigger
and creates a pulse via flipflops G and H each time a clock or
data bit is received. These pulses are stretched to 250 nsec
by the one shotJ and fed to nand gates. The signals are nanded
with a data window or clock window and result in separated °
data and clock outputs.

The separator windows are formed by counter E which
clocks the flip flop F at each 8 count and normally provides
a 50% window every 2 usec. Each time a bit is received it
will load a count of 9 into this counter. If the system clock
frequency is correct this will not alter the count. If the clock is
not concurrent with information the count will be advanced
or set back to alter the window and change the carry output
timing.

The function of the counter D and flip flop F is to
provide the proper phasing for separation of data and clock. It
accomplishes this task by looking for missing clocks and data.
If no clock is detected in four transitions of the OD output
of counter E the output OC causes the flip flop to reverse the
sampling windows. ’

Figures 2-3B and 2-3C illustrate two other methods of
clock and data separation. The method in 2-3B incorporates
a simple clock counter circuit and phasing logic. Figure 2-3C
incorporates a one-shot method.
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+5v
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‘ —_ FiLE INGPERABLE
8 12 .Jt. 14 33 | WF <]
2HMZ |mcag24) +5v
X 2
ym.e % DINT KTO53PM sa TRACK 60
cLX 37 25 18 TROO
24 +v
BATAUNES 8. Tl oa 7as WOEX
FD1771 =
35 P <]
ACDR 1 oy Alle +5v
ADOR 28]s
UNES
ADDR 9 >— READY
32 READY 4 ﬁ
¥5v 7416 WRITE GATE
70 INTERRUPT 'OXFE F10K o0 ] : S 7276 D°—>
RESPONSE TOW CURRENT
CIRCUITRY TR | 39 29 | 7643 5 >c o
OR OMA <} - 708 HEAD LOAD
28 HLD
ok 3
RAE| 4 RX
> D@ 1rf
~ ™ 23 [HU 7 ES S
. DATA OUT vz |, : .
STROBE wel 2 9602 [~ 7416 BIRECTION SELECT.
6 | oimecion—— - J‘>.a.srer IN)
19 3 Ty
— ax ———
:::SSE‘;’ER MR o 15 | sTep 1;51-’ Lo 1< STE
)
[ Dc S D@ >
J 2 2 ax
v}-’ 9602 | | . Ja18 WRITE DATA
31 | wD 45 alé >c o
SYNC
. | 172 v
) 9602
= a f7 v FODATA SEF. 45V : ‘UNSEPARATED DATA
27 DATA pATA;
ADDR LINES EX:La 4790, — scp | PHASE LOCK LOOP(——
A7-A4 4 MAG " FOCLK DATA +
i1 COMP |3 26 .~ CLK | separaTER
s L 8138 8197 SEP DATA
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As-up"‘— ::A:Sp 9 DEV SEL IN EXTERNAL
) C1£)) 6 oK DATA SEP
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| B ———: |
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FIGURE 2-1 FIGURE 2-2
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FIGURE 2-3A
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™ Circuit provided courtesy of Processor Applications Ltd, 2801 E. Valley View, West Covina, Ca. 91792 (213) 965-8865
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2.2 System Description — Sector buffered

In paragraph 1.1 a program controlied interface was de-
scribed for the FD 1771, This method uses the least number of
ﬂ,g{ternal IC’s but suffers in performance due to the necessity

the processor to service the FD1771 every 32 usec when
transferring data to or from the floppy. |t may not be possible
for some micro-processors to execute the program loop, within
32 psec, therefore an alternate method of data transfer must
be emploved. One such method is to buffer the data transfers
in a memory device, thereby requiring the processor to ser-
vice only interrupt requests.

The block diagram in Figure 2-4 shows the FD1771 inter-
face a FIFQ buffer. The buffer consists of 4 FR1502 devices
which provide 40 characters by 9 bits each for a total buffer
storage of 160 bytes. The select logic provides proper data and
command steering for biock transfers or program control. The
select Iogic will allow the processor to set a load FIFO mode,

speed, set the FIFO dump mode and send a write command to
the FD1771.,The data is then transferred at the rate requnred
by the FD1771. Figure 2-56 shows_the interface control and\
timing in the FIFO to FD interface.

When the floppy disk is to be read the processor sets the
load FIFO mode and sends a Read command to the FD1771,
The FD1771 then transfers data to the FIFO and interrupts
the processor when a sector of information has been loaded
into the FIFQ. The processor will respond to the interrupt by
setting the FIFO to the dump mode and then may read the
data from the FIFO at processing speeds. Figure 2.6 shows the
logic and timing for the FD 1771 to FIFQ interface.

Figure 2-7 shows the detailed logic for generating the
proper control signals to the FIFO and FD1771. Figure 2-8
shows the proper connection for the FR1502 FIFQ buffer
memory.

transfer a sector of information into the FIFQ at processor
’ ' MICROPROCESSOR 8us

CONTROLS
SELECT
2-8T26 LaGciIc
TRANSCEIVERS
170
™ CONTROLS C
‘FR1S®2
FIFO'S
4= 168 BYTES
OAL
FDI?fl 170 CONTROLS
FLOPPY DOISK CONTROLLER

INTERFACE CONTROLS

FIGURE 2-4
SECTOR BUFFER BLOCK DIAGRAM
oavsr DuMp
] |
e L — e " o[
[ . {] E
uz 74128 os u —t____]_
AN - e 7777 W oarn ven V77
— il
ACOR CaTA 1 0%
J— L1771 ontn vactn e
FIFO TO FLOPPY TIMING FLOPPY TO FIFO TIMING .
FIGURE 2-5 FIGURE 26
. C
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The format of the Status Register is shown below:

3 2 1

0

7
| s7

s6 | s5 | sa | s3|s2[s1 ] so}

Status varies according to the type of command executed
as shown in Table below.

YOUR LOCAL WDC REPRESENTATIVE IS:

STATUS REGISTER SUMMARY
ALLTYPE I READ READ WRITE
A BIT COMMANDS ADDRESS READ TRACK WRITE TRACK —
S7 NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY \
S6 WRITE PROTECT 0 RECORD TYPE 0 WRITE WRITE
PROTECT PROTECT
S5 HEAD ENGAGED 0 RECORD TYPE 0 WRITE FAULT WRITE FAULT
$4 SEEK ERROR 10 NOT FOUND | RECORD NOT 0 RECORD NOT 0
) FOUND FOUND
S3 CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA
S1 INDEX ORQ ORQ ORQ ORQ DRQ
SO BUSY 8USY BUSY BUSY BUSY 8USY
TABLE 1

ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS

Vpp With Respect to Vgg (Ground)

OPERATING CHARACTERIST

+20 to -0.3V

Max Voltage to Any lnput with Respect to Vgg +20 to -0.3V
Operating Temperature
Storage Temperature

ment interface method.

00C to 700C

-550C

to +1250C

ICS (DC)

TA =@°C to 700C, Vpp = +12.0V £ .6V, Vgg=-5.0+ .5V,
Vss = @V, Ve = +5V £ .25V
Vpp - 10ma Nominal, Vcc = 30 ma Nominal,
Vgg = 0.4 ua Nominal
* For complete electrical specifications see

FD1771 Data Sheet.
Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is as-
sumed by Western Digital Corporation of its use; nor any infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise under any patent or patent rights of Western Digital Corpora-
tion. Western Digital Corporation reserves the right to change said circuitry at any time without notice.

All diagrams within this application note are shown for illustrative purposes & may not necessarily refject the total logic to imple-

~
Printed in U.S.A. 10/77 3M \
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WESTERN DIGITAL
MOS/LSI

FEATURES

PIN CONNECTIONS

i

e SOFT SECTOR FORMAT COMPATIGILITY N\
s AUTOMATIC TRACK SEEK WITH VERIFICATION ne O a0 v ¢+ 12v1
o ACCOMMODATES SINGLE AND DOQUBLE DENSITY wE 2 0[] mNTRQ
FORMATS =d> =P oro
+ READ MODE wd. njm
Single/Multiple Record Read with Automatic Sector H
Search or Entire Track Read a s 3SLWPRT
Selectable 128 Byte or Variable Length Record a, ds spw
. V\{R!TE MOI;)E . ) . . Ao 7 211 7705
Slsneg;Iec/hMultlple Record Write with Automatic Sector saig e ohwe
r e .
Entire Track Write for Diskette Initialization pa2Q s 32[J ReaDY
* PROGRAMMABLE CONTROLS BaL3 n[Doroata
Selectable Track to Track Stepping Time Baca O n 20 [ w6
Selectable Head Settling and Head Engage Times ars g n 51 1643
*» SYSTEM COMPATIBILITY ol i S
Double Buffering of Data 8 Bit Bi-Directional Bus for
Data, Control and Status OALT s 27 ] INDATA
DMA or Programmed Data Transfers STEP [ 15 “ %[ nsTR
All inputs and Qutputs are TTL Compatible oIRC ] 16 250 AMIN
On-chip Track and Sector Registers Comprehensive orsta] 17 1B o
Status Information amor 18 Y
APPLICATIONS = z[TEST
FLOPPY DISK DRIVE INTERFACE IGND) Voo [] 20 2 Veet-W
x SINGLE OR MULTIPLE DRIVE CONTROLLER/FORMATTER
p NEW MINI-FLOPPY CONTROLLER
{ P T ~ [
N GENERAL DESCRIPTION ——‘ LI G OTDATA MCDD“:’“
The FD1781 is a MOS/LSI device that performs the fung- . 0811 L
tions of a Floppy Disk Controller/Formatter. The device is a & — 1
designed to be included in the disk drive electronics, and 3 :r‘ orsTa e 9
contains a flexible interface organization that accommo- s [T S S Sl ;
dates the interface signals from most drive manufactures. . L) contagLLEn ws °
When in the single density mode the FD1781 is fully ¥ - o wERY é
1BM-3740 compatible. in the double density mode, the ¢ ) 2—'—“3_ & .
type of encoding scheme is a function of the user's data : ™ s ] .
recovery circuits. In this manner both M2FM or MFM is i m? ¢ Aoy ¢
obtainable. _J g peiy
The processor interface consists of a 8-bit bi-directional bus e B L2
’ for data, status, and control word transfers. The FD1781 is
set up to operate on a muitiplexed bus with other bus- Ny e ot 50t
oriented devices. T mr s | ustor
" The FD1781 is fabricated in N-channel Silicon Gate MOS : ‘,—SS_O\P'LT
technology and is TTL compatible on all inputs and = oA
outputs. FIG. 1. 1781 SYSTEM BLOCK DIAGRAM
f FD1781-A 1— 3 FD1781-B LIIANAAAAAAAAANNAAA
Ym—— 1 VL v YoV -t
—INDEX DCT oo
LT e LLCREF - 1E VA - e 2LEC RET c—— —e - 75 eax
,—_--_ ----- i r - ] —E L.
thHla»'lI nmm , ! z‘—"F"""Fﬁ""‘"f"--r,,T iganeaaacy SR e .
r CERAMIC PACKAGE PLASTIC PACKAGE T
3 PRINTED IN U.S.A. 8.77 3K
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FD1781

serial data from the Read Data input {INDATA) dur-
ing Read operations and transfers serial data to the
Write Data output during Write operations.

'y ' - -
BAD (
/
A
DATA QUT
BUFFERS
3
A [ Y 3 3
) T ]
v h 4 h 4 h 4
DATA COMMAND SECTOR ‘_"_— TRACK STATUS
REG REG ] REG Y ] REG 1 REG
i -"—1
Iy
1 .
]
v
< INDATA
DATA
SHIFT
REG < A
R
WAITE DATA
{TO DISK) ol L. _J
INSTR
+ CAC LOGIC |«
ORQ ‘ wG .
: TG43
INTRQ —— > 3
- WPRT
MR — .
—
@ ) P
RE ) TROO
_E—’ COMPUTER PLA DISK READY
INTERFACE CONTROL INTERFACE -
20 CONTROL CONTROL 1190X16) CONTROL CONTROL STEP
A0 -
Al DIRC L
‘ AMIN
AMOT R
OEN
HLD .
CLK HLT
———— -
FIG. 3. FD1781 BLOCK DIAGRAM
ORGANIZATION Data Register — This 8-bit register is used as a
holding register during Disk Read and Write opera-
tions. In Disk Read operations the assembled data
The Floppy Disk Formatter block diagram is illus- byte is transferred in parallel to the Data Register
trated above. The primary sections include the from the Data Shift Register. In Disk Write opera-
parallel processor interface and the Floppy Disk tions information is transferred in parallel from the
interface. Data Register to the Data Shift Register.
7™ Data Shift Register — This 8-bit register assembles When executing the Seek command the Data

Register holds the address of the desired Track posi-
tion. This register -can be loaded from the DAL and
gated onto the DAL under processor control.
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Track Register — This 8-bit register holds the track
number of the current Read/Write head position. It
is incremented by one every time the head is stepped
in (towards track 76) and decremented by one when
the head is stepped out {towards track 0Q}). The con-
tents of the register are compared with the recorded
track number in the 1D field during disk Read, Write,
and Verify operations. The Track Register can be
loaded from or transferred to the DAL. This Register
should not be loaded when this device is busy.

Sector Register {SR) — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sector
number in the ID field during disk Read or Write
operations. The Sector Register contents can be
loaded from or transferred to the DAL. This register
should not be loaded when the device is busy.

Command Register {CR} — This 8-bit register
holds the command presently being executed. This
register should not be loaded when the device is
busy unless the execution of the current command is
to be overridden. This latter action results in an inter-
rupt. The command register can be loaded from the
DAL, but not read onto the DAL.

Status Register {STR) — This 8-bit register holds
device Status information. The meaning of the
Status bits are a function of the contents of the
Command Register. This register can be read onto
the DAL, but not loaded from the DAL.

CRC Logic — This logic is used to check or to
generate the 16-bit Cyclic Redundancy Check (CRC).
The polynomial is: G{x) = x'" + x' + x* +1,

The CRC includes all information starting with the
address mark and up to the CRC characters. The
CRC register is preset to ones prior to data being
shifted through the circuit.

Arithmetic/Logic Unit {(ALU} — The ALU is a
serial comparator, incrementer, and decrementer and
is used for register modification and comparisons
with the disk recorded 1D field.

Timing and Control — All computer and Floppy
Disk Interface controls are generated through this
logic. The internal device timing is generated from
an external crystal clock.

The FD1781 has two different modes of operation
according to the state of DDEN. When DDEN = 0
doubie density is assumed. When DDEN = 1, single
density is assumed. During disk read operations, the
user must provide both data recovery and address
mark detection circuits external to FD1781 in both

single and dguble density modes. Thus for disk read
operations, the user must provide as an input to the
FD1781 Data (INDATA) a strobe to indicate when the
data is valid {INSTR) and address mark detect
(AMIN). During disk write operations and in the
double density mode, the FD1781 provides as out-
puts Data {(OTDATA), a strobe to indicate validity
{(OTSTR) and Address Mark Out (AMOT). During
disk write operation and in the single density mode,
OTSTR becomes Write Data (WD) which is exactly
the same as in the FD1771.

PROCESSOR INTERFACE

The interface to the processor is accomplished
through the eight Data Access Lines (DAL} and
associated control signals. The DAL are used to
transfer Data, Status, and Control words out of, or
into the FD1781. The DAL are three state buffers
that are enabled as output drivers when Chip Select
{CS) and Read Enable (RE) are active (low logic
state) or act as input receivers when CS and

Wirite Enable (WE) are active.

When transfer of data with the Floppy Disk Con-
troller is required by the host processor, the device
address is decoded and CS is made low. The least-
significant address bits A1 and A0, combined with
the signais RE during a Read operation or WE during
a Write operation are interpreted as selecting the
following registers:

A1-AQ READ (RE) WRITE (WE)
00 Status Register Command Register
01 Track Register Track Register
10 Sector Register Sector Register

1 1 Data Register Data Register

During Direct Memory Access {DMA)} types of data
transfers between the Data Register of the FD1781
and the processor, the Data Request (DRQ} output is
used in Data Transfer control. This signal also
appears as status bit 1 during Read and Write
operations.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled serial input byte
is transferred in parallel to the Data Register. This bit
is cleared when the Data Register is read by the
processor. if the Data Register is read after one or
more characters are lost, by having new data trans-
ferred into the register prior to processor readout, the
Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is
reached.
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5 On Disk Write operations the Data Request is acti- tion begins ar the end of the 1Q millisecond settling
2 vated when the Data Register transfers its contents  time after the head is loaded against the media. The
i to the Data Shift Register, and requires a new data track number from the first encountered 1D Field is
) byte. It is reset when the Data Register is loaded compared against the contents of the Track Reg:ste_r.
1 with new data by the processor. If new data is not If the track numbers compare and the ID Field Cyclic
: loaded at the time the next serial byte is required by Redundancy Check (CRC) is correct, the verify
4 the Floppy Disk, a byte of zeroes is written on the operation is complete. If track comparison is not
3 diskette and the Lost Data bit is set in the Status =~ made but the CRC checks, an interrupt is generated,
. Register. the Seek Error status (Bit 4) is set and the Busy
‘ status bit is preset.
’ The Lost Data bit and certain other bits in the Status
Register will activate the interrupt request (INTRQ). TABLE 1
The interrupt line is also activated with normal com- STEPPING RATES
pletion or abnormal termination of alt controller
operations. The INTRQ signal remains active until CL_K 2MHz | 1 MHz | 1 MHz 11/2 MHz) 2 MHz | 1 MHz
" reset by reading the Status Register to the processor DDEN} O 1 Y 1
or by the loading of the Command Register. In addi- R1ROITEST=1| TEST=1|TEST = 1|TEST = 1| TEST=0|TEST =0
tion, the INTRQ is generated if a Force Interrupt
command condition is met. 00 Ims 3ms 6 ms 6 ms | Approx.| Approx.
0 1] 6ms 6ms | 12ms | 12ms |400us | 80O us
FLOPPY DISK INTERFACE 1 0l10ms! 10ms | 20ms | 20 ms
The Floppy Disk interface consists of head position- 1 1j20ms | 20ms | 0ms | 40ms
ing controls, write gate controls, and data transfers.
The Clock (CLK} input is normally a free-running
2 MHz +1% when in the double density mode and The Head Load {HDL) output controls the movement
- 1 MHz £1% when in the single density mode. How- of the read/write head against the disk for data
™ ever when using a mini-floppy, the CLK is normally recording or retrieval. It is activated at the beginning
1 MHz when in double density mode and 1/2 MHz of a Read, Write (E Flag On} or Verify Operation, or
when in the single density mode. a Seek or Step operation with the head load bit, h, a
) logic one remains activated until the third index puise
HEAD POSITIONING following the last operation which uses the read/
write head. Reading or Writing does not occur until
Four commands cause positioning of the Read-Write a minimum of 10 msec delay after the HDL signal is
head (see Command Section). The period of each made active. If executing the type 2 commands with
positioning step is specified by the r field in bits 1 the E flag off, there is no 10 msec delay and the
and Q of the command word. After the last direc- head is assumed to be engaged. The delay is deter-
tional step an additional 10 milliseconds of head mined by sampling of the Head Load Timing (HLT)
settling time takes place. The four programmable input every 10 msec. A high logic state input,
stepping rates are tabulated below. generated from the Head Load output transition and
delayed externally, identifies engagement of the head
The rates {shown in Table 1) can be applied to a against the disk. In the Seek and Step commands,
Step-Direction Motor through the device interface. the head is loaded at the start of the command
execution when the h bit is a logic one. In a verify
Step — A 2 us pulse is provided as an output to command the head is loaded after stepping to the
the drive. For every step pulse issued, the drive destination track on the disk whenever the h bit is a
moves one track location in a direction determined by logic zero. ’
the direction output. .
DISK READ OPERATION
Direction (DIRC) — The Direction signal is active
high when stepping in and low when stepping out. The normal sector length for Read or Write opera-
The Direction signal is valid 12 us before the first tions with the IBM 3740 format is 128 bytes. This
stepping pulse is generated. format or binary multiples of 128 bytes will be
adopted by setting a logic 1 in Bit 3 of the Read
7~ When a Seek, Step or Restore command is exe- Track and Write Track commands. Additionally, a
cuted an optional verification of Read-Write head variable sector length feature is provided which
position can be performed by setting bit 2 in the allows an indicator recorded in the ID Field to control
command word to a logic 1, The verification opera- the length of the sector. Variable sector lengths can
wes TE}?/I/Q OIGITAL 3128 RED HILL AVENUE, BOX 2180
NEWPORT BEACH, CALIFORNIA 92663
- ~ A~ A N e A T I N N (714) 557-3550 - TWX 910-595-113¢
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tion detected in disk drive electronics such as failure
to detect write current flow when the Write Gate is
activated. On detection of this fault the FD1781
terminates the current command, and sets the Write
Fauit bit (bit 5) in the Status Word. The Write Fault
input should be made inactive when the Write Gate
output becomes inactive.

Whenever a Read or Write command is received the
FD1781 samples the Ready input. If this input is logic
low the command is not executed and an interrupt is
generated. The Seek or Step commands are per-
formed regardless of the state of the Ready input.

COMMAND DESCRIPTION

The FD1781 will accept and execute eleven com-
mands. Command words should only be loaded in
the Command Register when the Busy status bit is
off {Status bit O). The one exception is the Force
Interrupt command. Whenever a command is being
executed, the Busy status bit is set. When a com-
mand is completed, an interrupt is generated and the
Busy status bit is reset. The Status Register indicates
whether the completed command encountered an
error or was fault free. For ease of discussion, com-
mands are divided into four types. Commands and
types are summarized in Table 2.

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-In, and Step-Out commands. Each of the
Type | Commands contain a rate field (rery), which
determines the stepping motor rate as defined in
Table 1, page four.

FLAG SUMMARY

TYPE |

h = Head Load Flag {Bit 3)

h 1, Load head at beginning
h = 0, Do not load head at beginning

V_= Verity flag (Bit 2

Vv 1, Verify on last track
\") 0, No verify

r,ro = Stepping motor rate {Bits 1-0)
Refer to Table 1 for rate summary
u = Update flag (Bit 4)

u = 1, Update Track register
u = 0, No update

TABLE 4
FLAG SUMMARY

TYPE Il

m = Multiple Record flag (Bit 4)

0, Single Record
1, Multiple Records

b = Biock length flag (Bit 3)

= 1, IBM format {128 to 1024 bytes)
= 0, Non-IBM format (16 to 4096 bytes)

a,a, = Data Address Mark (Bits 1-0)

It

33

b
b

a,8, = 00, FB {Data Mark}
a,a, = 01, FA {User defined)
2,30 = 10, F9 {User defined}
. a,8p = 11, F8 (Deleted Data Mark)
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be read or written in Read or Write commands . TABLE 2.

respectively by sefting a logic 0 in Bit of the com- GOMMAND SUMMARY ot

~mand word. The sector length indicator specifies the ‘

number of 16 byte groups or 16 x N, where N is BITS

equal to 1 to 256 groups. An indicator of all zerces is TYPE COMMAND 7654 3 2 1 0

interpreted as 256 sixteen byte groups. : Restore 0000 h V r, r

DISK WRITE OPERATION ' Seek 0001 h V. n f
| Step 001u h V. n o

When writing is to take place on the diskette the I tep | 0 h V I

Write Gate {(WG) output is activated, allowing current Step In 01 u nof

to flow into the Read/Write head. As a precaution to l Step Out 011u h V. n n

erroneous writing the first data byte must be loaded i Read Command 10 0 m b E 0 0

into the Data Register in response to a Data Request .

from the FD1781 before the Write Gate signal can be . Write Command 10 1 m b E a 32

activated. m Read Address 1100 0 1 0 O

Wl' s inbibited whon the WITESE i Read Track 11710 0 1 0 s

riting is inhibited when the Write Protect input is a .

logic low, in which case any Write command is I Write Track 111 01 00

immediately terminated, an interrupt is generated and v Force Interrupt 11 0 1 I, 1 § o

the Write Protect status bit is set. The Write Fault

input, when activated, signifies a writing fault condi- TABLE 3
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TABLE S5
FLAG SUMMARY

TYPE il
s = Synchronize flag (Bit 0)

$ = 0, Synchronize to AM
s = 1, Do Not Synchronize to AM

TYPE IV
li = Interrupt Condition flags (Bits 3-0)

10 = 1, Not Ready to Ready Transition
I 1, Ready to Not Ready Transition
12 1, Index Pulse
13 1, Immediate interrupt

E = Enable HLD and 10 msec Delay

1, Enable HLD, HLT and 10 msec Delay
0, Head is assumed Engaged and there is no
10 msec Delay

nn

E
E

The Type 1 Commands contain a head load flag (h)
which determines if the head is to be loaded at the
beginning of the command. If h = 1, the head is
loaded at the beginning of the command HLD output
is made activel. If h = 0, HLD is deactivated. Once
the head is loaded, the head will remain engaged
~until the FD1781 receives a command that specifically
disengages the head. If the FD1781 does not receive
any commands after two revolutions of the disk, the
head will be automatically disengaged {HLD made
inactive}. The Head Load Timing Input is sampled
after a 10 ms delay, when reading or writing on the
disk is to occur.

The Type | Commands also contain a verification (V)
flag which determines if a verification operation is to
take place on the destination track. If V = 1, a verifi-
cation is performed, f V = 0, no verification is
performed.

During verification, the head is loaded and after an
internal 10 ms delay, the HLT input is sampled.
When HLT is active ({logic true), the first encountered
ID field is read off the disk. The track -address of the
(D field is then compared to the Track Register; if
there is a match and a valid ID CRC, the verifica-
tion is complete, an interrupt is generated and the
Busy status bit is reset. If there is not.a match but
there is valid ID CRC, an interrupt is generated, the
Seek Error status bit (Status bit 4) is set and the
Busy status bit is reset. If there is a match but not a
valid CRC, the CRC error status bit is set (Status
bit 3), and the nex encountered ID field is read from
the disk for the verification operation. f an |D field
with a valid CRC cannot be found after two revolu-
tions of the disk, the FD1781 terminates the opera-
tion and. sends an interrupt, (INTRQJ).

The Step, Step-In, and Step-Out commands contain
an Update'flag (U). When U -= 1, the track register
is updated by one for each step. When U = 0, the
track register is not updated.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO}
input is samples. If TROO is active low indicating the
Read-Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is
generated. If TROO is not active fow, stepping pulses
{pins 15 to 17} at a rate specified by the r,ror field are
issued until the TROQ input is activated. At this time
the TR is loaded with zerces and an interrupt is
generated. If the TROO input does not go active low
after 255 stepping pulses, the FD1781 terminates
operation, interrupts, and sets the Seek error status

j

HaS
A TYPE 1 NO
SOMMAND BEEN
RECEWED
?

;vis

SET BUSY RESET CRC
SEEX ERAQR DRQ. INTRO

b

SET
DIRECTICN

AESET
CIRECTION

FF\ TO TR I

}

I 0 TO DA I

J

FIG. 4. TYPE 1 COMMAND FLOW
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bit. Note that the Restore command is executed
when MR goes from an active to an inactive state. A
verification operation takes place if the V flag is set.
The h bit allows the head to be loaded at the start of
command.

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read-Write head and the Data Register contains the
desired track number. The FD1781 will update the
Track register and issue stepping pulses in the
appropriate direction until the contents of the Track
register are equal to the contents of the data register
{the desired track location). A verification operation
takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the

command.

|
|

DOES s :
TA - TSR ]
b
&0

! ves .
} S
i

i :
@ I RESET DIRECTION J I SET CIRECTION I

18
DIAECT!OM
[

@ Tem ] [ o ]
{ } \

TRACK Q AND

CIAECTION

=0
7

FiG. 5. TYPE | COMMAND FLOW

STEP ..
Upon receipt of this command, the FD1781 issues
one stepping pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the r,r, field,
a verification takes place if the V flag is on. If the u
flag is on, the TR is updated. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the
command.

STEP-IN

Upon receipt of this command, the FD1781 issues
one stepping pulse in the direction towards track 76.
If the u flag is on, the Track Register is decremented
by one. After a delay determined by the r,r, field, a
verification takes place if the V flag is on. The h bit
allows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

NIRG RESET BUSY

INTAQ,RESET BUSY
SET SEEK EARQOR

1D A OLIM
CETICTED
)

$

THERE A

CAC LAROR
B

vEs

INTRQ FNTAQ. RESET BUSY
AESET QUSY SET SEEX ERAQR

NOTE ¢ TEST 0 TmERE 45 NO 1CMS DELAY
o TEST 1 450 €LYt Mmy. ThaS (S & 20 MS DULAY

FIG. 6. TYPE | COMMAND FLOW

WESTERN _@' 0/GITAL

€ 0 R P O R & 4 0 N

| 3128 RED HILL AVENUE, BOX 2180
NEWPORT BEACH, CALIFORNIA 92663
714} §57-3550 TWX 910-685-1138




R T I A PO I T

WIRNEAL R Y L S S SR

S et s BT

WESTERN DIGITAL

Spdl L . .-
it S SOV SUCUNPNN

¥

R e L SV S

FD1781

a. - ..

N N

)

STEP-OUT

Upon receipt of this command, the FD1781 issues
one stepping pulse in the direction towards track 0. If
the u flag is on, the TR is decremented by one. After
a delay determined by the ryr, field, a verification
takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the
command.

TYPE Il COMMANDS

The Type Il Commands include the Read Sector {s)
and Write Sector (s} commands. Prior to loading the
Type Il Command into the Command Register, the
computer must load the Sector Register with the
desired sector number. Upon receipt of the Type Il
Command, the busy status Bit is set. if the € flag =
1 (this is the normal case) HLD is made active and
HLT is sampled after a 10 msec delay. If the E flag is
0, the head is assumed to be engaged and there is
no 10 msec delay. The ID field and Data Field format
are shown below:

When an ID field is located on the disk, the FD1781
compares the Track Number of the ID field with the
Track Register. If there is not a match, the next
encountered |D field is read and a comparison is
again made. If there was a match, the Sector
Number of the ID field is compared with the Sector
Register. If there is not a Sector match, the next
encountered ID field is read off the disk and com-
parisons again made. If the ID field CRC is correct,
the data field is then located and will be either
written into, or read from depending upon the com-
mand. The FD1781 must find an ID field with a Track
number, Sector number, and CRC within two revolu-
tions of the disk; otherwise, the Record not found
status bit is set (Status bit 3) and the command is
terminated with an interrupt.

Each of the Type Il Commands contain a (b) flag
which in conjunction with the sector length field
contents of the ID determines the length (number of
characters) of the Data field.

For IBM 3740 compatibility, the b flag should equal
1. The numbers of bytes in the data field (sector) is
then 128 x 2" where n -0,1,2,3.

Forb=1 °‘_ . .
Sector Length Number of Bytes
Field (hex) in Sector {decimal)
00 128
01 256
02 512
03 1024

When the b flag equals zero, the sector length
field (n) multiplied by 16 determines the number of
bytes in the sector or data field as shown below:

.Forb =0
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
01 16
02 32
03 48
04 64
) [ ]
FF 4080
00 4086

Each of the Type Il Commands also contain a (m}
flag which determines if muiltiple records (sectors) are
to be read or written, depending upon the command.
If m = 0 a single sector is read or written and an
interrupt is generated at the completion of the com-
mand. If m = 1, multiple records are read or written
with the sector register internally updated so that an
address verification can occur on the next record.
The FD1781 will continue to read or write multiple
records and update the sector register until the sector
register exceeds the number of sectors on the track
or until the Force Interrupt command is loaded into
the Command Register, which terminated the com-
mand and generates an interrupt.

READ COMMAND

Upon receipt of the Read command, the head is
loaded, the Busy status bit set, and when an ID field
is encountered that has the correct track number,
correct sector number, and correct CRC, the data
field is presented to the computer. The Data Address
Mark of the data field must be found within 28 bytes
of the corrected fieid; if not, the Record Not Found
status bit is set and the operation is terminated.

ID | TRACK SECTOR | SECTOR |CRC | CRC DATA
GAP | AM | NUMBER [ ZEROS [NUMBER | LENGTH | 1 2 |GAP | AM | DATA FIELD} 1 2
1D FIELD DATA FIELD
IDAM 1D Address Mark — DATA = {FE),e CLK = {C7)y¢

Data AM = Data Address Mark — DATA

(F8, F9, FA, or FB), CLK = (C7)
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FIG. 7. TYPE Il COMMAND

When the first character or byte of the data field has
been shifted through the DSR, it is transferred to
the DR, and DRQ is generated. When the next byte
is accumulated in the DSR, it is transferred to the
DR and another DRQ is generated. If the Computer
has not read the previous contents of the DR before
a new character is transferred that character is lost
and the Lost Data- Status bit is set. This sequence
continues until the complete data field has been
inputted to the computer. If there is a CRC error at
the end of the data field, the CRC error status bit is
set, and the command is terminated (even if it is a
multiple record command).

At the end of the Read operation, the type of Data
Address Mark encountered in the data field is
recorded in the Status Register (Bits 5 and 6) as
shown below:

STATUS STATUS

BIT S BIT6 DATA 1 DATA2 DATA3
0 0 0 0 0
0 1 0 0 1
1 0 0 1 0
1 1 0 1 1

INTRO. RESET BUSY
SET RICORD NOT-FCUND

20¢s

ADDBESS OF 0
Hne

vES

BRAG IN SECTOR LENGTM FIELD
COMPUTE LENGT A0M 8 414G
STORE LENGT= 1% i TERNAL PEGISTER

'S

THERE A

CRC EARQR
.

N0
|
| . aeap

FIG. 8. TYPE Il COMMAND

WRITE COMMAND

Upon receipt of the Write command, the head is
loaded (HLD active} and the Busy status bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, and correct
CRC, a DRQ is generated. The FD1781 counts off
11 bytes from the CRC field and the Write Gate
{(WG) output is made active if the DRQ is serviced
(i.e., the DR has been loaded by the computer). If
DRQ has not been serviced, the command is
terminated and the Lost Data status bit is set. If the
DRQ has been serviced, the WG is made active and
six bytes of zeros are then written on the disk. At
this time the Data Address Mark is then written on
the disk as determined by the a'a® field of the com-
mand as shown below:

a' a2 DATA1 DATA2 DATA3
0 0 0 0 0
0 1 0 0 0
1 0 1 1 0
11 0 1 1
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The FD1781 then writes the data field and generates
DRQ’s to the computer. If the DRQ is not serviced in
time for continuous writing the Lost Data Status Bit
is set and a byte of zeros is written on the disk. The
command is not terminated. After the last data byte
has been written on the disk, the two-byte CRC is
computed internally and written on the disk followed
by one byte gap of logic ones. The WG output is
then deactivated.

TYPE Il COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the
head is loaded and the Busy Status Bit is set. The
next encountered ID field is then read in from the
disk, and the six data bytes of the ID field are
assembled and transferred to the DR, and a DRQ is
generated for each byte. The six bytes of the ID field
are shown below:

TRACK SECTOR | SECTOR|CRC|CRC
ADDR jZEROS|ADDRESS [LENGTH | 1 2
1 2 3 4 5 6

L DELAY 2 BYTES OF GAP |

¢

| SET DRQ I

{

r DELAY 8 BYTES OF GAP I

INTRQ, RESET BUSY
SET DATA

DELAY 1 BYTE OF GAP |

L]

TURN ON WG & WRITE
6§ BYTES OF ZEROS

-

WRITE DATA AM
ACCORDING TO Al AQ FIELD
OF WRITE COMMAND

!

1
]

1

l OR TO OSR SET ORQ J
1
I WRITE BYTE YO OISK ] .
i
1
1 ;
¥
|

Has TOATA

DR BEEN e

e o
2 OF 2EROS

HAVE

ALL BYTES

BEEN WRITTEN
)

[ WRITE CRC I
I WRITE 1 BYTE OF ONES I

l TURN OFF WG |

FIG. 10. TYPE | COMMAND

Although the CRC characters are transferred to the
computer, the FD1781 checks for validity and the
CRC error status bit is set if there is a CRC error.
The Sector Address of the ID field is written into the
sector register. At the end of the operation an inter-
rupt is generated and the Busy Status is reset.
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READ TRACK WRITE TRACK
Upon receipt of the Read Track command, the head Upon receipt of the Write Track command, the head
is loaded and the Busy Status bit is set, Reading is loaded and the Busy Status bit is set. Writing
starts with the leading edge of the first encountered starts with the leading edge of the first encountered
index mark and continues until the next index puise. index pulse and continues until the next index puise,
As each byte is assembled it is transferred to the at which time ‘the interrupt is activated. The Data
Data Register and the Data Request is generated for Request is activated immediately upon receiving the
each byte. No CRC checking is performed. Gaps are command, but writing will not start until after the
included in the input data stream. If bit 0 (S) of the first byte has been loaded into the Data Register. (f
command is a 0, the accumulation of bytes is the DR has not been loaded by the time the index
synchronized to each Address Mark encountered. pulse is encountered the operation is terminated
Upon compietion of the command, the interrupt is making the device Not Busy, the Lost Data Status
activated. Bit is set, and the Interrupt is activated. If a byte is
not present in the DR when needed, a byte of zeros
is substituted. Address Marks and CRC characters
are written on the disk by detecting certain data byte
patterns in the outgoing data stream as shown in the
—— table below. The CRC generator is initialized when
; any data byte from F8 to FE is about to be
RN transferred from the DR to the DSR.
M
oS BaTA Eratus
NS 4 S 6
Reser susy CONTROL BYTES FOR INITIALIZATION
DATA
PATTERN INTERPRETATION CLOCK MARK*
(HEX} {HEX)
F7 Write CRC Char. FF
F8 Data Addr. Mark c7
F9 Data Addr. Mark c7
FA Data Addr. Mark c7
FB Data Addr. Mark c7
FC Index Addr. Mark D7
FD Spare
FE ID Addr. Mark c7
— *Single density only
g i
No mo::,:‘S‘“ 2
DATA DATA DATA TYPE OF
e 1 2 3 ADDRESS MARK
s gg';;;sg; 20 0 0 0 Deleted Data mark
@ ’ @ 0 0 1 Data Mark {user defined)
o 0 1 0 Data Mark {user defined)
0 1 1 Data Mark
“OTE ::g?::;“c(;f-"g:f ‘v‘fg?fﬂ‘;',, ws oy 1 0 0 Index Address Mark
1 0 1 Undefined
1 1 0 1D Address Mark
FIG. 11. TYPE 1l COMMAND WRITE TRACK 1 1 1 Undefined
WESTERNV 3128 RED HILL AVENUE, BOX 2180

NEWPORT BEACH, CALIFORNIA 92663
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FIG. 12. TYPE Il COMMAND WRITE TRACK

TYPE IV COMMAND
FORCE INTERRUPT
This command can be l!oaded into the command

register at any time. If there is 2 current command
under execution {(Busy Status Bit set}), the command

.

. -

will be terminated and an interfupt will be generated
when the condition specified in the l, through |, field
is detected. The interrupt conditions are shown
below:

Not-Ready-To-Ready Transition
Ready-To-Not-Ready Transition
Every Index Pulse

Immediate Interrupt

huwwn

NOTE: If l,-l; = 0, there is no interrupt generated
but the current command is terminated and
busy is reset.

STATUS DESCRIPTION

Upon receipt of any command, except the Force
Interrupt command, the Busy Status bit is set and
the rest of the status bits are updated or cleared for
the new command. If the Force Interrupt Command
is received when there is 2 current command under
execution, the Busy status bit is reset, and the rest
of the status bits are unchanged. If the Force Inter-
rupt command is received when there is not a cur-
rent command under execution, the Busy Status bit
is reset and the rest of the status bits are updated or
cleared. In this case, Status refiects the Type |
commands.

The format of the Status Register is shown below:

{BITS)
7 6 5 4 3 2 1 0
S7 | S6 | S5 | S4 | S3 | S2 | &1 S0

Status varies according to the type of command
executed as shown in Table 6.

TABLE 6
STATUS REGISTER SUMMARY
ALL TYPE | READ READ WRITE

BIT{ COMMANDS ADDRESS READ TRACK WRITE TRACK
S7 INOT READY NOT READY NOT READY NOT READY NOT READY NOT READY
S6 JWRITE ' 0 RECORD TYPE 0 WRITE WRITE

PROTECT PROTECT PROTECT
S5 [HEAD 0 RECORD TYPE 0 WRITE FAULT | WRITE FAULT

ENGAGED
S4 |SEEK ERROR {ID NOT FOUND |RECORD NOT 0 RECORD NOT 0

FOUND FOUND

S3 |CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 [TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA
S1 INDEX DRQ DRQ DRQ DRQ DRQ
SO |BUSY BUSY BUSY BUSY BUSY BUSY

wesTean ) oiGiTaL

3128 RED HILL AVENUE, BOX 21
NEWPORT BEACH. CALIFORNIA 926
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&  STATUS FOR TYPE | COMMANDS

BIT NAME

S7 Not Ready
S6 PROTECTED
S5 HEAD LOADED

S4 SEEK ERROR
S3 CRC ERROR

S2 Track 00
S1 INDEX

S0 BUSY

MEANING

This bit when set indicates the drive is not ready. When reset it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR.

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input.

When set, it indicates the head is loaded and engaged. This bit is a logical “‘and” of
HLD and HLT signals.

When set, the desired track was not verified. This bit is reset to 0 when updated.

When set, there was one or more CRC errors encountered on an unsuccessful track
verification operation. This bit is reset to 0 when updated.

" When set, indicates Read Write head is positioned to Track 0. This bit is an inverted

copy of the TROO input.

When set, indicates index mark detected from drive. This bit is an inverted copy of the
IP input.

When set command is in progress. When reset no command is in progress.

STATUS BITS FOR TYPE Il AND Il COMMANDS

6’ BIT NAME

S7 Not Ready

S6 RECORD TYPE/
WRITE PROTECT

S5 RECORD TYPE/
WRITE FAULT

S4 RECORD NOT
FOUND
S3 CRC ERROR

S2 LOST DATA

S1 DATA REQUEST

S0 BUSY

¢

MEANING

This bit when set indicates the drive is not ready. When reset, it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and ‘ored” with MR. The Type
Il and Il Commands will not execute unless the drive is ready.

On read Record: In indicates the MSB of record-type code from data field address
mark. On Read Track: Not Used. On any Write: It indicates a Write Fault. This bit is
reset when updated.

On Read Record: it indicates the LSB of record-type code from data field address
mark. On Read Track: Not Used. On any Write: it indicates a Write Fault. This bit is
reset when updated.

When set, it indicates that the desired track and sector were not found. This bit is
reset when updated.

If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in
data field. This bit is reset when updated.

When set, it indicates the computer did not respond to DRQ in one byte time. This bit
is reset to zero when updated.

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read
operation or the DR is empty on a Write operation. This bit is reset to zero when
updated. .

When set, command is under execution. When reset, no command is under execution.

WESTERN _¢ p/GI/ITAL
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FORMATTING THE DISK-

{Refer to section on Type Il commands for flow
diagrams.)

Formatting the disk is a relatively simple task when
operating programmed 1/O or when operating under
DMA control with a large amount of memory. When
operating under DMA with limited amount of
memory, formatting is a more difficult task. This is
because gaps as well as data must be provided at the
computer interface.

Formatting the disk is accomplished by positioning
the R/W head over the desired track number and
issuing the Write Track command. Upon receipt of
the Write Track command, the FD1781 raises the
data request signal. At this point in time, the user
loads the data register with desired data to be written
on the disk. For every byte of information to be
written on the disk, a data request is generated. This
sequence continues from one index mark to the next
index mark. Normally, whatever data pattern appears
in the data register is written on the disk with a clock
mark of {FF),;. However, if the FD1781 detects a
data pattern on F7 thru FE in the data register, this is
interpreted as data address marks with missing clocks
or CRC generation. For instance, an FE pattern will
be interpreted as an 1D address mark (DATA-FE,
CLK-C7}. and the CRC will be initialized. An F7
pattern will generate two CRC characters. As a
consequence, the patterns F7 thru FE must not
appear in the gaps, data fields, or 1D fields. Also,
CRC’s must be generated by a F7 pattern.

Disks may be formatted in I1BM 3740 formats with
sector lengths of 128, 256, 512, or 1024 bytes, or
may be formatted in non-IBM 3740 with sectors
length of 16 to 4096 bytes in 16 byte increments.
IBM 3740 at the present time only defines two
formats. One format with 128 bytes/sector and the
other with 256 bytes/sector. The next section deals
with the IBM 3740 format with 128 bytes/sector and
the following section details non-IBM formats.

IBM 3740 FORMATS —128 BYTES/SECTOR

Shown in Figure 13, is the IBM format with 128
bytes/sector. In order to format this format, the user
must issue the Write Track command, and load the
data register with the following wvalues. For every
byte to be written, there is one data request.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
40 00 or FF
6 00
1 FC {Index Mark)
.26 00 or FF
[~ 6* 00
1 FE (ID Address Mark)
1 Track Number
1 00
1 Sector Number {1 thru 1A)
1 00
1 F7 (2 CRC’s written)
1 00 or FF
6 00
1 FB (Data Address Mark)
128 Data (IBM uses E5)
1 F7 {2 CRC’s written)
|27 00 or FF
247** 00 or FF

*Write bracketed field 26 times
**Continue writing until FD1781 interrupts out,
Approx. 247 bytes. :

NON-IBM FORMATS

Non-18M formats are very similar to the IBM formats
except a different algorithum is used to ascertain the
sector length from the sector length byte in the 1D
field. This permits a wide range of sector lengths
from 16 to 4096 bytes. Refer to Section V, Type Il
Commands with b flag equal to zero. Note that F7
thru FE must not appear in the sector length byte of
the ID field.

In formatting the FD1781, only two requirements
regarding GAP sizes must be met. GAP 2 li.e., the
gap between the 1D field and data field must be 17
bytes of which the last 6 bytes must be zero and that
every address mark be preceded by at least one byte
of zeros. However, it is recommended that every
GAP be at least 17 bytes long with 6 bytes of zeros.
The FD1781 does not require the index address mark

{i,e., DATA = FC, CLK = D7} and need not be
present.
REFERENCES:

1. 1BM Diskette OEM Information GA21-3180-1
2. SA300 IBM Compatibility Reference Manual —
Shugart Associates.
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ELECTRICAL CHARACTERISTICS

it WAl e ks aa SR e

EET A )

B R T e R R S T LD S A SR L RPN

MAXIMUM RATINGS
; Vpp With Respect to Vgg (Ground) +151t0 -0.3V
Max. Voitage to Any Input With Respect to Vgg +15to -0.3v
: Operating Temperature 0°C to 70°C
Storage Temperature -55°C to +125°C
OPERATING CHARACTERISTICS (DC)
TA = 0°C to0 70°C, Vpp = +12.0V .6V, Vgg = 0V, Voo = +5V £.25V
Vpp = 10 ma Nominal, Ve = 30 ma Nominal
SYMBOL CHARACTERISTIC MIN. | TYPE.| MAX. | UNITS | CONDITIONS
Iy Input Leakage 10 A |VIN = VDD
o Output Leakage 10 A |VouTt = Vop
ViH Input High Voltage 2.6 \
VIiL Input Low Voltage (All Inputs) 0.8 \Y)
VoH Output High Voltage 238 V |lgp = -100 uA
c‘\ VoL Output Low Voltage 0.45 V |lg = 1.6 mA

NOTE: Vol < .4V when interfacing with low Power Schottky parts (1, < 1 ma)
*except WG, where Vo =.5 volts.

Sew ..

WESTERN OIGITAL 3128 RED HILL AVENUE, BOX 2180
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TIMING CHARACTERISTICS

Ta = 0°C 10 70°C, Vpp = +12V .6V, Vgg = OV, Voo = +5 +.25V

-

NOTE: Timings are given for 2 MHz Clock. For those timings noted, values will double when chip is
operated at 1 MHz.

READ OPERATIONS

SYMBOL CHARACTERISTIC MIN. | TYP. MAX. UNITS CONDITIONS
TSET Setup ADDR & CS to RE 100 nsec
THLO Hold ADDR & CS from RE 10 nsec
TRE RE Pulse Width 500 nsec [C_ = 25 pf
TDRR DRQ Reset from RE 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec
TDACC Data Access from RE 350 nsec [Cy = 25 pf
TDOH Data Hold From RE 50 150 nsec [C_ = 25 pf
READ ENABLE TIMING
=16 usS 2
— l‘—Tonn
3 VOLT
L}
DRQ vOL — M
. . 1
~ IRR ]
INTRQ 2
voOoL
_..THLD}..
1
A0, Al, CS vIL
+~—Tge
RE VIH

=" TseT l"

DATA VALID (DAL)

READ DATA

{BUFFERS TRI-STATED}

NOTE: 1. TS MAY BE PERMANENTLY TIED LOW IF DESIRED.
2. FOR READ TRACK COMMAND. THIS TIME MAY BE

l“'TDAcc*

TooH

12° TO 32° uSEC WHEN S-0.
*TIME DOUBLES WHEN CLK-1 MHz.
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™\  WRITE OPERATIONS

l' SYMB0L CHARACTERISTIC MIN. | TYP, MAX. UNITS C-ONDITIONS -
TSET Setup ADDR & CS to WE 100 nsec
THLD Hold ADDR & CS from WE 10 nsec
TWE WE Pulse Width 350 nsec
TDRR DRQ Reset from WE 500 nsec
TiRR INTRQ Reset from WE 500 3000 nsec See Note
TDS Data Setup to WE 250 nsec
TDH Data Hold from WE 20 nsec
WRITE ENABLE TIMING
' 216 “52' !
l -~  —Toms ;
ORQ VOL —] 1 —]——
: "iRR l
INTRQ & :
Tm.oI
-
\ | P
ag A1 S ; ! vit
P !
_ ! — Ty
. l "
w _—\_!
—= Tsgr '—~
WAiTE DATA | i L
J e - |
- 0":
NQTE. ¢ C'S' MAY 8 PERMANENTLY TIED LOW 1# DESIRED
2 AREN WRITING DATA INTO SECTOR. TRACK OR
DATA REGISTER, USER CANNOT READ THIS
REGISTER UNTIL AT LEAST B8 SEC AFTER THE
ASING EDGE OF WE WHEN WRITING INTO THE
COMMAND REGISTER STATUS 1S NOT vaLiD
UNTIL SOME 12 SEC LATER THESE TIMES ARE
COUBLED WHEN CLK 1 My
*TIME COUBLES WHEN CLOCK 1 MMy
INPUT DATA TIMING )
! INES TYPE OF 1D FIELD——=
| OF ADORESS MARK OA DATA FIELD
(NDATA vy, OEROEABEROCA A L KNI AIA A A AL A L
__'{T___ DC = DON'T CARE
. —-] |—— e M nJjo
l° " l‘
b L
AMIN Vi J L
m‘ :‘,;‘mﬁ':)m:wm NOTE: INSTR MUST 8E FREE-RUNNING AS (NCICATED BY THE ¢
X0y SPECIKICATION ALSO. THERE MUST BE AT LEAST 2 INSTR
)~ 12, < PULSES DURING MASTER RESET
3128 RED HILL AVENUE, BOX 2180
WESTERN DIGITAL 17 NEWPORT BEACH, CALIFORNIA 92663
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OUTPUT DATA TIMING

o~ OEFINES TYPE  BEGINNING OF ID KiELO .
| oF aooress manc | or pata FiED ')
_.i a '—— l te o ' )
otoata vg, —L - JA__ LAIKIALAAL

—ﬂ L7y L-—

|
Vou

i , -
amo¥ €7 CLocK | |

OTSTR

| i You
i
27 CLCCK NAITE TRACK ONLYY I l l I VQL
BOEN -t BOEN - 0 NOTE
A SEE NOTE 2 v::gr:’siven OGEN =~ 0. OTSTA IS FREE RUNNING AS SHOWN
tg Tus WHEN COEN - 1 & WG - ¢ OTSTR 1S A SEAIES OF €M CLOCK
e Tus PULSES
fx _Imme IOV e CONTAING I CLOCK & OATA PULSEST
MISCELLANEOUS TIMING:
SYMBOL CHARACTERISTIC MIN. | TYP. MAX. UNITS CONDITIONS
TCD, Clock Duty 175 nsec |2 MHz £1% See Note
TCD, Clock Duty 210 ! nsec
TSTP Step Pulse Output 2000 nsec
TDIR Dir Setup to Step 12 usec These times doubled o
7~ TMR Master Reset Pulse Width 5 ‘pusec | when CLK = 1 MHz ¢ )
TiP Index Pulse Width 5 usec
TWEF Write Fault Pulse Width 5 usec

MISCELLANEOUS TIMING
: P }—___|—|_——jvm

Wt j——-——-|—,———-1 M
i fo— Tyr —|
p uR ’—\__’———]vm

F—tvr —~
|""ch"'|

"
i—— Teor

It
STEP IN J j_\
ome VOM I s1eP OUT

((
vou 27

berontisism ~disrbm beTomtsse i

- e TLTL, Tl

. ey AY e s e te

o v mea e me wwsl i e

e se mmssiamean.

S
~
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i) PIN OUTS -
N PIN .
NUMBER PIN NAME SYMBOL FUNCTION
20 POWER SUPPLIES Vss Ground
21 VCC +5V
40 Vpp +12v
19 MASTER RESET MR * A logic low on this input resets the device and
clears the command register. The Not Ready
(Status Bit 7) is reset during MR ACTIVE. When
MR is brought to a logic high a Restore Com-
mand is executed, regardless of the state of the
Ready signal from the drive.
COMPUTER INTERFACE:
7-14 CATA ACCESS LINES DALO-DAL7 s Eight bit inverted Bidirectional bus used for trans-
fer of data, control, and status. This bus is a
receiver enabled by WE or a transmitter enabled
by RE.
3 CHIP SELECT (o ¢ A logic low on this input selects the chip and
enables computer communication with the device.
5,6 REGISTER SELECT LINES AD,A1 * These inputs select the register to receive/transfer
data on the DAL lines under RE and WE control:
Al A0 RE. WE
0 0 Status Reg Command Reg
0 1 Track Reg Track Reg
‘@Q\ 1 0 Sector Reg Sector Reg
: 1 1 Data Reg Data Reg
4 READ ENABLE RE * A logic low on this input controls the placement
of data from a selected register on the DAL when
CS is low.
2 WRITE ENABLE 'WE * A logic low on this input gates data on the DAL
into the selected register when CS is low.
38 DATA REQUEST DRQ ¢ This open drain output indicates that the DR con-
tains assembled data in Read operations, or the
CR is empty in Write operations. This signal is
reset when serviced by the computer through
reading or loading the DR in Read or Write opera-
tion, respectively. Use 10K pull-up resistor to +5.
39 INTERRUPT REQUEST INTRQ « This open drain output is set at the completion or
, termination of any operation and is reset when a
new command is loaded into the command
register. Use 10K pull-up resistor to +5.
24 CLOCK CLK * This input requires 3 free-running square wave
clock for internal timing reference.
FLOPPY DISK INTERFACE:
— 25 ADDRESS MARK AMIN ¢ Indicates to the FD1781 that an address mark has
OETECT IN been detected. The FD1781 assumes the next
three data bits defines the type of address mark
encountered.
26 INPUT STROBE INSTR ¢ Indicates that INDATA is VALID.
27 INPUT DATA INDATA The external data recovery circuits present
INDATA as an input to the FD1781. INDATA
f“'\ must be valid when INSTR is active, see timing.
: 31 OQUTPUT DATA OTDATA e The FD1781 presents output data and is valid
when OTSTR is active.
3128 RED HILL AVENUE, 80X 2180
19 NEWPORT BEACH, CALIFORNIA 92663
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28
23

15

16

——17

— 18

29

30

32

33

34

35

36

- 37

22

. HEAD LOAD

HEAD LOAD TIMING

STEP

DIRECTION

OUTPUT STROBE

ADDRESS MARK OUT

TRACK GREATER
THAN 43

WRITE GATE

READY

WRITE FAULT

TRACK 00

INDEX PULSE

WRITE PROTECT

DOUBLE DENSITY

TEST

HLD

HLT

STEP
DIRC

OTSTR

AMOT

TG43

WG

READY

-—'I
m)
W
—

The HLD’gutput controls the loading of the Read-
Write head against the media the HLT input is
sampled every 10 nsec. When a logic high is
sampled on the HLT input the head is assumed to
be engaged.

Step and direction motor control. The step output
contains a 2 usec high signal for each step and
the direction output is active high when stepping;
active low when stepping out.

OTSTR when active indicates when the Output
data is valid. The leading edge of OTSTR is
centered about the data. (See timing} OTSTR
becomes Write Data (WD) when DDEN = 1.
AMOT when active informs the external data
recovery circuits to write a8 unique data mark in
double density mode. AMOT is valid for three
data bits if CLK mark = C7.

This output informs the drive that the Read-Write
head is positioned between track 44-76. This out-
put is valid only during Read and Write
Commands.

This output is made valid when writing is to be
performed on the diskette.

This input indicates disk readiness and is sampled
for a logic high before Read or Write commands
are performed. If Ready is low the Read or Write
operation is not performed and an interrupt is
generated. A Seek operation is performed regard-
less of the state of Ready. The Ready input
appears in inverted format as Status Register bit 7.
This input. detects writing faults indications from
the drive. When WG = 1'and WF goes low the
current Write command is terminated and the
Write Fault status bit is set. The WF input should
be made inactive (high} when WG becomes
inactive.

This input informs the FD1781 that the Read-
Write head is positioned over Track 00 when a
logic low.

Input, when low for a minimum of 10 usec,
informs the FD1781 when an index mark is
encountered on the diskette.

This input is sampled whenever a Write Com-
mand is received. A logic low terminated the
command and sets the Write Protect Status bit.
This pin selects either single or double density
operation. When DDEN = 0, double density is
selected. When DDEN = 1, single density is
selected.

This input is used for testing purposes only and
should be tied to +5V or left open by the user,

This is a preliminary specification with tentative device parameters and may be subject to change after final product characterization is

completed.

information furnished by Western Digital Corporation is believed t0 be accurate and reliable. However, no responsibility is assumed by
Western Digital Corporation for its use; nor any infringements of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation
reserves the right to change said circuitry at any time without notice.
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4/15/83
ADDENDUM

| 3650 Series User's idanuai -

Versions of the 3651 produced after January 1., 1983 incuiporate
significant design changes which are not reflected in the latest grinting
of the User's Manual. These changes include ‘the replacement of the
delta—-gun CRT used in earlier versions with an in-line gun CRT. the
addition of automatic degaussing equipment. the elimination of dynamic

convergence circuitry (not needed with an in-line tube)., and the

replacement of the original power supply and CRT deflection circuitry (on
the analog circuit board) with newly developed circuitry.

No changes have been made in the logic circuitry, except for that in
the keyboard. The new version of the 3651 is operated in the same manner
as the earlier versions, except that CPU RESET is a two key operation. The
Shift key must be held down while the CPU Reset key is struck to cbtain a
reset. The display capabilities of the new unit are the same as those of
the older unit. Chapters 1 - 14 and Appendices A - G of the User's Manual
renam apphcable.

bl

Append:.x H., concerning alignment, is not appl:.cable to the new version
of the 3651. A new alignment procedure is included in this addendum.

In addition, the schematic drawings for the original analog module
(101165) . convergence module (101162), video module (101174) and keyboard
(100878) included in the manual are not applicable. These drawings are
superceded by drawing 102350 (new analog module). drawing 101976 (new video

"module) and drawing 101893 (new keyboard). New units with built-in mini

disk drives have a voltage regulator shown on new drawing 102362. An
interconnecting wiring diagram is given on drawing 102428. Thte new
drawings are attached to this addendum.

A speciél CAUTION should be observed when installing the modified
3651. The new power supply circuitry includes a line voltage selector
switch (SW2) which should be checked for the proper setting before AC power

- is applied to the terminal. The switch is situated on the analog board and

"is accessible upon removal of the cabinet cover. The cover is held by two
screws situated below the front edge of the keyboard. After these screws
are removed, the front of the cover can be lifted straight up. The cover

-—~-will pivot on a flange at its rear edge until this flange is disengaged

from the unit frame. The cover can then be pulled forward and off the
unit.

(U
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Operating Instructions

The CRT Monitor displays real-time plots and
summary plots from data furmished by the Beck-
man MMC Horizon System. After setup, the monitor
operates automatically. Prompts on the MMC dis-
play will permit you to enter variables and scaling
information for the real-time plots through the
MMC keyboard; after setup, no further manipula-
tion of the CRT keyboard is needed.

After an MMC test has been run, when the MMC
is ready to begin printing summary plots, the CRT
display will tell you “PRESS SPACE BAR FORNEXT
PLOT.” Each time you press the space bar on the
CRT keyboard, the next graph in the sequence will
be generated. If you wish to cycle rapidly forward,
hold down the space bar and the graphs will cycle
until you release the space bar.

Set up the CRT Monlitor as follows:
a. Locate the Monitor on a table at a convenient
viewing height, alongside the MMC.

b. Install the interconnecting cable (P/N 760258)
between MODEM receptacle on the Monitor rear
panel and the I/O 3 receptacle on the rear panel of
the MMC.

c. Insert the power cord into the receptacle marked
“120 V, 50/60" on the rear panel of the Monitor.

d. Select a power outlet capable of supplying 120
Vac, 50-60 Hz at 2.5 A. Insert power plug into outlet.

e. The ON-OFF switch is located on the rear panel,
at the lower right (as seen when facing the rear
panel). Place switch to ON.

f. After a few seconds, the following message will
be displayed:
DISC BASIC V9.80 COPYRIGHT ©® 1980
MAXIMUM RAM AVAILABLE?
32049 BYTES FREE
READY

g. Should that message not appear, hold down the
COMMAND key and press CPU RESET key. This
should produce the desired message.

Note
See instructions for the safe handling
of diskettes in Part One of the MMC
Horizon Systems manual (P/N 761015).

h. Open the door on the disk drive at the right of the
screen.

i. Grasp the CRT Plot Program diskette (P/N 760163)
with your left thumb over the diskette label.

j. Carefully remove the diskette from its protective
paper envelopeand insert it into the disk drive with
the label facing to the right and the elongated slot
away from the operator.

k. Close the disk drive door.

L. Press AUTO key. After a few seconds delay, the
screen will display “BECKMAN.” The screen will
remain unchanged until an MMC test begins. At
this time, the display will construct graph axes and
begin to plot in real time those variables you have
selected in response to MMC prompts.®* No operator
intervention is required. To review summary plots,
see text at the beginning of these instructions.

To shut down Monitor operation:
m. Open disk drive door and remove diskette.

n. Replace diskette in its protective envelope.
o. Place ON-OFF switch to OFF.

To use the CRT Monitor as a separate stand-
alone computer, disconnect the MMC intercon-
necting cable and follow instructions in the “Inte-
color User's Manual” (P/N 999276) furnished with
the CRT Monitor.

Note

Should color convergence need to be
adjusted, instructions are included
in the “Intecolor User's Manual”
(P/N 999276).

*See Part Two, MMC Horizon System Operating Instructions.

BECKMAN

Beckman Instruments, Inc.

Physiolcgical Measurements Operations
1630 South State College Boulevard
Anaheim, California 92806

PME3047-483-25V

© By Beckman Instruments, Inc.

Printed In USA
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ATTENTION!11! ATTENTION!!! ATTENTION!11 ATTERTIONI! 1

A new keyboard is now being supplied with some Intecolor terminals and
microcomputer systems. The new unit has a light grey cover and dark grey
alphabetic and nuneric keys. Unlike the older keyboard, which has a beige
cover, the new unit has no speciallg colored keys in the mair.a keypad.

Check to see if vou have the new unit. If vou do. follow the inportant
dnstructions given below., Systems not using the new keyboard are not

affected.

The new keyboard is set up - at the factory to make CPU RESET a two-key
operation.

For reset, hold SHIFT down while CPU RESET is depressed.

This initializes a terminal or microcomputer in the CRT mode. In an FCS
microcomputer with BASIC, operation of CPU RESET with the COMMAND key down
still initializes the Intecolor in the BASIC mode.

Two-key reset helps avoid unwanted accidental -reset. However, the keyboard
may be modified quite easily for one—key reset if this is desired. Simply
remove the P(B assenbly from its enclosure and install a jumper at location
W2. In either configuration for reset a logic low is applied to edge
connector terminal 26.

In the User's Manual, disregard references to the colors of certain
alphabetic and numeric keys in the main pad. On the new keyboard these
keys are not specially color coded. In addition, note that the keys in the
small pad on the left of the unit have colored dots rather than being
conmpletely colored.
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PORNATTER

This progjram enables the user to format blank 5 inch mini-flopry* diskettes
for use wi.th the Camucalor II.

INSTROCTIONS:

load the formatter program % inserting the diskette and hitting the "AUTO"
key. Remove the tomttcr iately to aveid acecidently formatting it

After the program has loaded the fallowing will be displayed:

COMFUCCIOR DISKETTE FORMATTER
FORMAT OR READ CHECK?>

If "F" is entered the program will format a disk. Entering "R" performs a
gead check on a previocusly formatted diskette. The read check wi.l:l. not
destroy any information on the disk. Formatting a diskette will destroy
ALL previcus data. If you wish to return to BASIC, type "E".

» After "F" or "R" is entezed the program will display: .

DRIVE NUMBER?>

" Emter "8* to format and/er rezd cheek a disk on the internal drive o "1°

for an external drive. The format/read check will begin immediately afier
*e" oz "1" is hit. ~

A read check is alvays portomed regardless of the optien sslected. ANy
errors detected are displayed according to the fallawing format:

791501 or T26508

The numbers following "T® and "S" indicate the respective track and secter
(in hex) where an error accurred. There are many kinds of errors and it is
impossible for the user to determine which type occurred. Althouch the
system can tolerate same errors it is recammencded that the user re-format a
diskette if any errors occur. Cnce a disk has been successfully formatted
it can be initialized and used for progtammg and file storage in the

Campucolor 1I.

*The Compucolor II does not use the optical hole placed on diskeete!.
Therefore eithet soft or hard-sectored diskettes may be used. .



Instructions for Formatting and Initializing Blank Discs for Use with the

ISC 3560 Computer

1. Turr on computer power. If already on, type ESCape-W-Return.

- 2. Insert I§C Formatter disc in disc drive.

3. Press AUTO KEY.

4, Select option 1 (single sided S¥% inch MD discs) and press RETURN,

5. Type F (for format) in response to Format or Read Check prompt.

6. Remove the formatter disc from the disc drive. Insert the blank disc
to be formatted.

*ARAWARNING**** Failure to remove the formatter disc before this next
step will result in the formatter disc itself being
formatted, thus erasing the program on it and rendering
it useless for future formatting!

7. Type @ in response to Disc Drive prompt.

The blank disc in the disc drive will now be formatted. The process takes
about two minutes.

8. The disc is not yet ready for use. It needs to be initialized (given a
volume name) first. The procedure is as follows:

a. Press shift and CPU reset at the same time.

b. Press ESCape-D. The prompt FCS> should appear. This is the File
Control System operating system prompt.

c. With the previously formatted disc still in the disc drive, type the
following command:

INI Mp@: <volume name) and Return where { volume name)
is a word up to eleven characters with no spaces or
punctuation. This becomes the disc's volume name.

9, The disc is now ready for storage of programs or data files using the
SAVE command (see the ISC Intecolor user's manual).

()



MMC HORIZON CRT

Early model MMC Horizons (shipped prior to Dec. 1984) were sold
with the optional Intelegent Systems CRT (ISC). This portable
desktop computer was used to provide real time and summary report
plots.

The CRTs were shipped with a power cord, interface cable 760258,
Formater Diskette, and Sampler Program Diskette. To operate the
CRT with the MMC Horizon the operator utilized a special CRT
Plot Program Disk in the CRT disk drive. The part number for
one of these disks is 760163.

CRT operating instructions are enclosed for both the ISC CRT and
the Texas Instruments CRT.



FORMATTER

This proyram enables the user to format blank 5 inch mini-floppy* diskettes
for use with the Carpucolor II. ' -

INSTROCTIONS:

- Load the formatter program by inserting the diskette and hitting the "2UTO"
.-key. Remove the formatter immediately to avoid accidently formatting it.

After the program has loaded the following will be displayed:

QQMPUCCLOR DISKEITE FORMATTER
FORMAT OR READ CHECK2>

If "F® is entered the vrogram will format a disk. Entering "R" performs a
read check on a previously formatted diskette. The read check will not
destroy any information on the disk. Formatting a diskette will destroy
- ALL previous data. If you w.ish to return to BASIC, type "E".

.. . After °F" or "R" is entered the program will display: .
DRIVE NUMBER?> ' D

Enter "9" &9 format and/cr rexd check a disk on the internal drive or *1°
for an external drive. The fomat/read check will begin immediately after
“9" or "1" is hit.

A 'read check is always performed regardless of the option selected. Any
errors detected are displayed according to the fallowing fommat:

791501 or T26508 .

The numbers following “"T® and "S" indicate the respective track and sector
(in hex) where an error occurred. There are many kinds of errors and it is
Impossible for the user to determine which type occurred. Althouca the
system can tolerate saue zrrors it is recammenced that the user re-format a
diskette if any errors occur. Cnce a disk has been successfully formatted
it can be initialized and used for programming and file storage in the
Campucolor II. :

*The Compucolor II does not use the optical hole placed on diskettes.
Therefore either soft or hard-sectored diskettes may be used.

U
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ATTENTION!!! ATTENTION! ! ! ATTERTION!1! ATTENTION! !}

A new keyboard is now being supplied with some Intecolor terminals and
microcomputer systems. The new unit has a light grey cover and dark grey
alphabetic and numeric keys. Unlike the older keyboard, which has a beige
cover, the new unit has no speciallg colored keys in the main keypad.

Check to see if vou have the pew unit. If vou do, follow the important
instructions given below., Systems not using the new keyboard are not

affected.

The new keyboard is set up at the factory to make CPU RESET a two-key
operation.

For reset, hold SHIFT down while CPU RESET is depressed.

This initializes a terminal or microcomputer in the CRT mode. In an FCS
microcomputer with BASIC, operation of CPU RESET with the COMMAND key down
still initializes the Intecolor in the BASIC mode.

Two-key reset helps avoid unwanted accidental -reset., However, the keyboard
may be modified quite easily for one-key reset if this is desired. Simply
remove the PCB assembly from its enclosure and install a jumper at location
W2. In either configuration for reset a logic low is applied to edge
connector terminal 26.

In the User's Manual, disregard references to the colors of certain
alphabetic and numeric keys in the main pad. On the new keyboard these
keys are not specially color ccded. In addition, note that the keys in the

small pad on the left of the unit have colored dots rather than being
conpletely colored.
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MMC Horizon™ Systems

FM 761041-301
March, 1983

CRT Monitor P/N 760393

Operating Instructions

The CRT Monitor displays real-time plots and
summary plots from data furnished by the Beck-
man MMC Horizon System. After setup, the monitor
operates automatically. Prompts on the MMC dis-
play will permit you to enter variables and scaling
information for the real-time plots through the
MMC keyboard:; after setup, no further manlpula-
tion of the CRT keyboard is needed.

After an MMC test has been run, when the MMC
is ready to begin printing summary plots, the CRT,
display will tell you “PRESS SPACE BAR FOR
PLOT.” Each time you press the space bar on th
CRT keyboard, the next graph in the seque
be generated. If you wish to cycle rapidly fo
hold down the space bar and the graphs
until you release the space bar.

viewing height, alongside the
b. Install the interconnecting

the MMC.

at the lower right (as seg
panel). Place switch to

f. After a few seconds, the following message will
be displayed:

DISC BASIC V9.80 COPYRIGHT © 1980

MAXIMUM RAM AVAILABLE?

32049 BYTES FREE

READY
g Should that message not appear, hold down the
COMMAND key and press CPU RESET key. This
should produce the desired message.

BECKMAN

Beckman Instruments, Inc.

Note
See instructions for the safe handling
of diskettes in Part One of the MMC
Horizon Systems manual (P/N 761015).

h. Open the door on the disk drive at the right of the
screen.

i. Grasp the CRT Plot Program diskette (P/N 760163)
with your left thumb over the diskette label

J. Carefully remove thé diskette from its protective
paper envelope arrd insert it into the disk drive with
the label facing to the right and the elongated slot
'he operator.

ethe disk drive door.

pés AUTO key. After a few seconds delay, the
péen will display “BECKMAN.” The screen will
réemain unchanged until an MMC test begins. At
this time, the display will construct graph axes and
begin to plot in real time those variables you have
selected in response to MMC prompts.* Nooperator
intervention is required. To review summary plots,
see text at the beginning of these instructions.

To shut down Monitor operation:
m. Open disk drive door and remove diskette.

n. Replace diskette in its protective envelope.
0. Place ON-OFF switch to OFF.

To use the CRT Monitor as a separate stand-
alone computer, disconnect the MMC intercon-
necting cable and follow instructions in the “Inte-
color User's Manual” (P/N 999276) furnished with
the CRT Monitor.

Note

Should color convergence need to be '
adjusted, instructions are included
in the ‘“Intecolor User's Manual”
(P/N 999276).

*See Part Two, MMC Horizon System Operating Instructions.

Physiological Measurements Operations
1630 South State College Boulevard
Anaheim, California 92806

PMB3026-383-25V

© By Beckman Instruments. Inc.

Printed In USA
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8000/8300 PARTS REPLACEMENT CONTRACT
OPTION 60

The Parts Replacement Contract provides a ome-year warranty om all
assemblies and peripherals manufactured by Intecolor Corporation. Unit or
card sub-assembly replacements will be shipped from the factory within 24
hours. If you purchase the Parts Replacement Comtract, Optiom 60, on your
initial order, the cost is 12% per unit, minimum of $300. If Option 60 is
purchased after the unit has been shipped, but within 90 days, the cost is
152 per umit, minimm of $350. The Parts Replacement Contract may also be
purchased after the warranty period — the unit must be 1002 functional at
the time the contract is purchased. Pricing will be quoted from the
factory.

NOTE: The purchase price of a Parts Replacemant Contract is
non-rafundable. Subsequent remewals are the customer's responsibility and
must be purchased before the existing Parts Replacement Contract expires.

Upon notification of a problem, Intecolor will attempt to diagnose the
problem, suggest a solution over the phome, and agree to a course of action
to get the unit operational as scon as possible. Subassemblies that are
required to correct the problem will be shipped within 24 hours of the
customer's contact. This type turan~around should result in a 48-hour
maximum down-time. If the source of the problem canmot be found, a
replacement of the entire subsystem will be made. Under a Parts
Replacement Contract, shipping charges are paid one way by the customer and
one vay by Intecolor. All items mst be shipped prepaid.

Contract Period: From To

Intecolor Corporation

Authorized 3ignature: - Customer:

Signed Company

By Address

Title

Date Customer's Authorixzed Signature:
Signed

Please Print Name

Title

Phone

Data

\
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H. ALIGNMENT

Like other equipment made at Intelligent Systems Corporation. the 3651 is
thoroughly tested and aligned at the factory before it is shipped. It
generally requires complete realignment only after extensive repairs have
been made. However, there are several routinely encountered cituations
which call for minor adjustments. Among them are the following:

1) OUpon initial installation of the terminal, after its movement from
one place to another, or after physical changes have been made in
the area where it is used, irreqularities in performance are
observed which are attributable to a misalignment of controls
resulting from shocks received by the unit during transportation
or to the effects of changed environmental conditions.

2) After an extended period of use, minor performance irregularities
are noted which can be attributed to the effects of component

aging.

3) After the repair, replacement or modification of the legic board.
performance irreqularities are noted which can be attributed to
the effects of ‘a low supply voltage to the logic circuits due to
increased loading of the 5V supply.

The instructions given in this section of the manual are arranged to
facilitate both a complete realignment and a quick touch-up of the
controls. The complete alignment procedure is described beginning on the
following page. while all the instructions pertinent to a touch-up are
designated by asterisks.

IMPORTANT NOTE: Whenever a terminal is to be adjusted. whether
before being put in service for the first time, or after a period
- of service, it is good practice to make the following checks
before AC power is applied:

a) Remove the cabinet cover and make sure that the line
voltage selector switch, Sw2., is properly set for either
115V or 220V (single phase only). The cover is held by
two screws at the front edge of the unit below the
keyboard.

b) Verify that the proper fuse (1.5A, 250V, "Slo-Blo" for
115V or .75A, 250V "Slo-Blo" for 220V) is installed in
the line fuse holder on the rear panel of the analog
beard.

4.1



Tools and Equipwent Needed

Plastic alignment tool (universal type)

Multirange DC voltmeter (20K ohms/V or better. digital recomrennjled)
High voltage probe for meter

Oscilloscope (DC to 15 MEz)

0-1 DC milliammeter. insulated for 35KV (optional, for adjustment of
CRT beam current)

Preliminary Considerations

A complete alignment of the 3651 terminal begins with checks and
adjustment of the low voltage power supplies on the analog bcard. These
initial steps are taken with the horizontal and vertical deflection coils.
video, logic and high voltage circuits disconnected. Disconnection
prevents damage to these components due to improper supply wvoltages.

In some cases. the analog board will have been removed from the
cabinet -to facilitate repairs. It may be left out of the cabinet during
the tests described below in steps 1 - 6. provided that a sheet of
cardboard or other suitable material is placed under it to insulate it from
the work table. Subsequent steps require that it be installed in the
cabinet, unless the interconnecting cables are replaced with extended
cables, which can be made up in the shop.

When no repair work has been done and only a touch-up of the controls
is needed. it is not necessary to remove the board, since all the controls
are accessible upon removal of the cabinet cover. The cover is held by two
screws at the front edge of the unit below the keyboard. The three screws
along the top rear edge of the unit hold the cabinet's rear panel and need
not be removed.

WARNING: Under no circumstances should the boards be replaced in
the cabinet and allowed to rest on the rails at the sides of the
cabinet frame or on the inner surfaces of the cabinet while power
-is on. Short circuits and/or the appearance of dangerous
voltages on the frame could result. (The inside surfaces of the
unit’s plastic base pan and cover are sprayed with a conductive
paint.)

L]
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1)

2)

3)

4)

5)

6)

N

8)

Before applying AC power to the analog board, make certain that
the cables termimating at J10 (logic board power), J11 (sync), J6
(vertical deflection coil), J7 (horizontal deflection coil and
high voltage interlock), and J8 (video board power) are
disconnected. 1In addition, the black wires to the CRT ground
strapping, the CRT anode lead, the brightness control cable
(terminating at J9), the degaussing coil leads (terminating at
J2), and the fan leads (terminating at J13) may be disconnected.
Doublhe-check the position of SW2, the line voltage selector
switch.

Set R13 (5V 2DJ) and R19 (PWR FREQ) to their mid-range positions.

R22 (OVERCURRENT) should be turned full clockwise. 1In this
position maximum sensitivity of the protection circuit is
attained,

After applying power, use an accurate DC voltmeter to verify the
presence of

+12V, +/= .5V, at pin 1 J10 (@D ‘is pins 7 and 8)
=12V, +/- .5V, at pin 2 J10 .
- 5V, +/- .5V, at pin 6 J10

With a DC voltmeter, check for +70V, +/- SV, (in reference to
chassis ground) at the ungrounded end of R9.

With a DC voltmeter, check for +5.1V at pins 4 and 5, J10 (pins 7
and 8 are ground). Adjust R13 (SV ADJ) for exactly S.lV.

ROTE: The power supply frequency control, R19, must be
adjusted later, after the horizontal and high voltage
circuitry has been adjusted.

Remove AC power.

Make the appropriate connections of the cables terminating at J2,
Jlo, J11, J13, J6, J7, J8 and J9 on the analog board. The CRT
anode lead and the black wire from the CRT ground strapping to the
analog board must also be connected. These connections activate
the horizontal, vertical high voltage, logic and video circuits
and the degaussing coil.

WARNING: JS and J12 on the analog board are not used when this
board is installed in the 3601 terminal. Care must be taken to
avoid installing any cable at these points, since damage to
circuitry could result.
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9) If there is reason to believe that substantial misadjustment of
any or all of the controls has occurred, they should be set
initially as follows:

R31 High Voltage Adj. Mid-range
— Focus Mid-range
— Screen (CRT G2) See step 15
R115 Brightness | Full CW
RL Red Cathode Full CW
R3 Green Cathode Full OW
RS Blue Cathcde Full oW
R96 Bor. Freq. (Bold) VI We |
R106 Bor. Centering Mid-range
L4 - Hor. Linearity.r Arbitrary
15 Bor. Size Slug in
(;a\ . o | R67 : Vert. Size ‘ Mid-range
R68 Vert. Linearity Mid-range
RB9 Vert. Centering ‘ Mid-range
R84 Pincushion Full CQOv

JHigh Voltage Cirxcuitry

** 10) With AC power removed, connect a reliable DC voltmeter with high
voltage probe to the unit. This is done by first fixing the
ground clip of the probe to a suitable point on the chassis and

then slipping the tip of the probe under the anode cap of the CRT,
making certain that a good connection is maintained.

bkl NOTE: All instructions for giving keyboard commands suppose

that the terminal is operating in the Loccal mode. The

terminal is automatically placed in this operating mode at

power up unless a special feature has been installed. After

L™ power is applied, the terminal can be placed in the Local

: mode at any time by operating the CPU Reset key with holding
down the Shift key.

4.5
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** 11) After applying AC power, use the following sequence of keyboard ™
: operations to obtain a black screen (The cursor will remain
C visible in the upper left corner.) BN

"shift”™ and "CPU Reset", "Erase Page”

A black screen is coincident with minimum CRT beam current, at
which the high voltage should be set.

*  12) Adjust F31 for a reading of 25KV on the meter.

NOTE ON X-RADIATION: At an anode voltage of 25KV, X-ray
emissions from the CRT will average about .05 mRh/hr. Factory
tests of the tube at 30KV and higher indicate a radiation
level of .18 mRh/hr maximum, Thus, throughout the range of
adjustment of the high voltage supply, levels are well below
the .5 mRh/hr maximum prescribed by the Dept. of HEW.
Nevertheless, it is recommended that the tube not be operated
at higher ancde voltages.

** 13) A check of the high voltage circuitry under maximum locading is
made after obtaining a white screen with the following keyboard
operations: ' ~

C "BG ON FLG ON", "Control” together with "W (white)", "Erase Page” "

The anode voltage indicated by the meter should drop to around
24.2KRV,

** 14) Adjustment of the focus control is facilitated by placing a
pattern of white dots over a black background on the screen. The
sequence of keyboard operations given at the top of the next page
causes this display to appear:

®Shift" and "CPU Reset”, "Erase Page”, "ESC", "Y", ©.®

The focus control (adjacent to the flyback transformer on the side
of the analog board) is adjusted to maximize the sharpness of the
dot pattern.

15) The CRT control grid (G2) bias affects the overall beam current of
the tube. It is adjusted with the control labeled "screen®, which
is situated immediately below the focus control. There are two
possible methods of adjustment. The one to be described first is ™

L that used at the factory, which requires special equipment. The .
second method is suggested when this equipment is not available.

4.6
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a)

b)

At the factory, the control is set to give a CRT beam current
of 500 microamps with a white screen and the brightness
control full clockwise. A specially insulated DC milliammeter
is inserted in the CRT anode lead to indicate the beam
current. After adjustment this control is locked in place.
It should not require readjustment unless components in the
high voltage circuitry or the CRT itself are replaced.

If it is necessary to readjust this control and a properly
insulated meter is not available; it should be set initially
at a point about 1/8 turn in the clockwise direction from full
counter-clockwise. If this setting is too low it will not be
possible to obtain sufficient brightness with the brightness
control. If it is too high, a phenomenon known as overscan,
in which a raster ghost will appear when the screen should be
black, will be seen. This may be checked by switching from a
white screen to a black screen with the brightness control all
the way up and by trying to completely darken the screen with
the brightness control while a white raster is present.
Prolonged operation of the unit with the control set
excessively high will overload the power supplies, activating
the overcurrent protection circuit.

%

16) The horizontal oscillator frequency can be adjusted in either of
two ways. With both methods the aim is to make the oscillator
frequency somewhat lower than the frequency of the synchronizing
signal from the legic circuitry.

a)

b)

A DC voltmeter can be used to monitor the voltage at pin 9 of
U6 while R96, the horizontal frequency or "hold" control, is
adjusted for a reading of +6V to +6.5V.

The alternative is to adjust R96 while monitoring the waveform
of the signal at pin 2 of U6 with an oscilloscope. On an
oscilloscope, the signal will appear as shown in one of the
photographs at the top of the next page. Turn R96
counter—clockwise, if necessary, to obtain a signal similar to
the one at left. Turn R96 clockwise until the edges of the
signal appear sharply defined, as in the photograph at the
right. Continue turning the control clockwise another 30

degrees.
Qscilloscope
sync - Int Coupling - DC
Sweep - 10 microsec/div Vert - 10 V/div



Oscillator cut of sync
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17) Using an oscilloscope, measure the DC voltage at the collector of
Ql6 (tied to R74). It should be about +45V,

Qscilloscope
Sync - Int Coupling - DC
Sweep -~ Arbitrary Vert ~ 10 V/div

** 18) The power frequency control, R19, should now be adjusted to bring
~ the power supply oscillator into sync with the horizontal

oscillator. The aim of the adjustment is to make the power supply

frequency somewhat lower than that of the horizental oscillator.
Place an oscilloscope probe on the collector (tab) of Q6 and
menitor the signal. With the oscilloscope in sync, it will appear
either as a series of overlapping waves, as illustrated in the
photogragh on the left below, or as a single well defined wave, as
shown in the photograph on the right. Turn R19 clockwise, if
necessary, to obtain the waveform shown in the photograph on the
left. Then turn the control counter=clockwise until the waveform
shown in the photograph on the right is obtained. Continue
turning the control counter—clockwise another 30 degrees.

Qsgilloscope
Sync - Int Sweep - 10 microsec/div
Coupling - DC Vert- 5 V/div

Oscillator cut of sync ‘ Oscillator in sync
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19) Cbtain a green raster by the following keyboard operations:
"BG ON FIG ON", "Control” together with "R (green), "Erase Page"

20) Adjust R67, the vertical size control, for a raster height of 7.25
inches.

2l) Center the raster on the vertical axis by adjusting RE9.

22) Adjust LS, the horizontal size control, for a raster width of 9.5
imheso :

2Z3) Center the raster on the horizontal axis by adjusting R106.

24) Adjust the pincushion control, R84,to obtain a raster with
straight sides. The effects of this adjustment are illustrated in
the drawing below. .

~
v
[ I -
: | f
W
\—
25) Obtain a white raster using the following sequence of keyboard
operations: )

-

J

"BG QN FLG (N", "Control" together with "W" (wl;ite) ¢ "Erase Page"
Readjust R13 for exactly +5.1V, measured at pin 4 or 5, Jl0.

26) After changing the screen from green to black readjust the high
voltage., For details, refer to steps 13, 14 and 15.

27) Obtain a display of green horizontal lines on a black background
with the following sequence of keyboard operations:

"Erase Page"”, "BG ON FLG ON", "Control" together with "P" (black),
"FG ON FLG OFF", "Control" together with "R" (green), "ESC", Y%,
®_" (underline)

4.9
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Adjust R68, the vertical linearity control, for equal spacing of
the lir_ies. '

BErase the screen with the "Erase Page" key.

With the following sequence of commands, obtain a green diagonal
line on a black background:

"Control®™ together with "B", "Control" together with "shift" and
"Null", "Control®™ together with "Shift® and "Null", "Control"”
together with ®2", "Shift" together with "_", "Shift" together
with "_", "Control” together with "Shift® and "2?°

Adjust L4, the horizontal linearity control, for the straightest
possible line. Note that the control has a cam action. The full
range of adjustment is covered in a single revolution, and
continued turning of the control in either direction results in
the repeated traversing of the range.

NOTE: Because of interaction of the vertical, horizontal and
high voltage controls, it may be necessary to repeat the
adjustments in order to obtain the best results.

Yideo Circuitry

%

29) The gain controls for the video amplifiers, Rl (red), R3 (green)

and RS (blue), situated on top of the small board at the base of
the CRT, may be adjusted by the following method:

Obtain a white screen by the keyboard commands "BG ON FLG ON", "W*
(white) , "Erase Page”

Dim the screen with the brightness control, R115. With the
control set about 3/4 of full clockwise the raster should remain
visible and be of about the right intensity for the gain
adjustments.

Set R3 (green) about 15 to 20 degrees from full clockwise. Bring
Rl (red) and RS (blue) down in turn from full clockwise to the
points at which the screen is whitest. Rl should be set so that
the screen is neither too blue nor toco red. RS should be set so
that it is neither too blue nor tco yellow.

After setting all three gain controls, turn up the brightness.
There should be no loss of whiteness.

4.10
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. "Erase Page" to cbtain the rasters.

A final check is made by obtaining a raster in each of the colors
in turn. Use the command sequence "BG ON FLG ON®, "(color key) ",

Each color should be pure and
distinct.
I
i
! :
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