’ - §
4 a

Compucolor Corporation

P.O. Box 569
Norcross, Georgia 30071
Telephone 404/449-5996

TV G Y . ~ — —



Compucolor
11

Maintenance Manual

ISC 216 - 978 - 999208






PROPRIETARY STATEMENT

This document, submitted in confidence, contains pro-
prietary information which shall not be reproduced or
transferred to other documents or disclosed to others

or used for manufacturing or any other purpose with-
out prior written permission of Compucolor Corporation.

(€

”11975, 1976, 1977, 1978, 1979






SECTIONM

[

11

111

v

V

VI

VI

TABLE OFF CONTEMTS

Specifications
Installation

Standard
RS-232 Alodem
Add-ons

Operation
System Description

Software
Hardware

Subassembly Descriptions

CRT, Yoke and Cabinet
Power Board

Analog Board

Logic Board

Video Board

Disk Drive

Keyboard

Add-on PROM

Add-on RAM

AMaintenance

Safety Precautions
Servicing Precautions
Preventive Maintenance
Cabinet Disassembly
Alignment

Qperational Test

Trouble-Shooting Information

Parts List

PAGE
1.01
201

201
2,01
202

4,01
4.02

5.01
501
5.03
5.16
5.26
5.26
5.28
5.29
530

6.01
6.02
6.02
6.03
6.04
6.1
6.12



TABLE OF CONTENTS « continued

VIII Drawings

NOTE:

Memory Map

Block Diagram

Wiring Diagram

Power Roard Schematic

Analog Board Schematic  Rev.
Analog Roard Schematic  PRev.
Logic Board Schematic

Video Roard Schematic

Disk Controller Schematic
Keyboard Schematic

Add-on PROM Schematic
Add-on RAM Schematic

Power PCB

Analog PCB Rev.2
Analog PCB Rev.3
Analog Board Back Side Wiring
Logic PCB

Video PCB

Disk Controller PCB
Cabinet Assembly

Drawing Mo.

100991
100995
100990
100903
100902
100902
100961
100896
100873
100878
160979
100984
100904
100900
100900
100900
100962
100894
100871
A8CC23,24,25

See Section VII for Assembly Part Numbers,
PCRB Numbers shown above refer to bare PCB

only.



SECTION I
COMPUCOLOR II SPECIFICATIONS






Operating Conditions

Power
Temperature

Humidity

Physical Dimensions

Cabinet
Kevboard

Weight

Shivnping Weight
Screen Size

Performance

CRT Display

Keyboard

I.

SPECIFICATIONS

105-125 Volts, 50/60 HZ., 150 Watts

+ 10° C to + 40~ C' Operating

- 30%C to + 70-C for storage only
0 to 95% non-condensing

18.0" W x 13.6" H x 15.8" D

18.7" W x 2.8" Hx 6.9" D

37 pounds, including keyboard

45 pounds complete ’

13 inch diagonal, 90 square inches in area
Display normally uses 60 to 70 square inches.

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

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. Expandable to include
graphics of 128 x 128 and vector generating
software. Cursor is white blinking over-

score and underscore, non-destructive.

Standard ASCII 4 level, coded with 192 codes.
72 gold crossbar commercial key switches.
CPU Reset and Automatic disk loading in-
cluded.

Optional 10l-key and 117-key units include
color, numeric and function keys.



licrocomputer Central Processing Unit, 8080, 2 microsecor.!
CPU with total memory expandable to 64K bytes

Read Only Memory (ROM): 16K bhytes of non-
destructive read only. Memory sockets in-
cluded for 12K bytes of additional EPROM/
MROM memory. Includes DISK BASIC S001,
File Control System, and Terminal Software.

Random Access Memory (RAM): K bytcs for
screen refresh. 4K bytes for user work-
space. Room for 28K bytes of additional
user workspace.

Input/Output Ports: System is designed for
512 ports, with 25 ports implemented in

standard unit. Optional: one RS-232C

Serial Asynchronous Channel for a printer

or modem.

Editing: Page/Roll Mode, Erase line, Frasc «™
Page, Tab, Caps Lock, CPU Reset, and Cclor
Selection.

Language: DISK BASIC 8001 interpreter in
ROM memory includes: 27 statement tyvpes:
CLEAR, DATA, DEF, DIM, END, FILE, FOR, GET,
GOsuB, GOTO, IF, INPUT, NEXT, ON, OUT, PLOT,
POKE, PRINT, PUT, READ, REM, RETURN, RESTORF,
STEP, THEN, TO and WAIT.

5 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), SOR(X),
TAB(x) and TAN(x}). 9 string functions:

ASC (xS$) , CHRS (x), FFE(x$), LEFTS(x3,1),

LEN (x$), MIDS(x$,I,J), RIGHTS(xS,I),

STRS (x) and VAL(xS$S). Disk File commands:
COPY, DEVICE, DIRECTORY, INITIALIZE, LOAD,
PRINT, READ, RENAME, RUN, SAVE and WRITE.
Baud Rate: Independent Baud Rate generators
for one of 7 Baud rates from 117 Baud to .Gk
Baud.



Disk Drive

Uses 5.25" diskette.

Tracks: 40

Track Density: 48tpi

Access Time: average (40 tracks): 400ms
Average Latency: 200ms

Transfer Rate: 76.8 Kilobits/sec.
Performance specifications: Capacity
formatted 51.2K Bytes/Side. Both sides
usable by flipping diskette over.
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II. INSTALLATION

Compucolor IT isintended for use on a desk or table or any si- 'r vibration
free horizontal surface that is free from lint and dust. (How: -:, it is

best to avoid metal top desks and the vicinity of large metal aobjects. Their
presence may interfere with proper disk drive perform: . ir may be used
under normal room lighting conditions, although slig..@:: . “ued lighting
will improve the display appearance (as for a color =« .= i set) . The
Keyboard is usually placed in front of the CRT screer ., . the flat, flexible
cable running beneath the console to Jl of the Logic Bui:u, accessible
through the rear cover. (Note that terminal 2 of the plug goes up). A

space 19 inches wide by 24 inches deep is adequate. If the optional
additional Disk Drive is used, it may be placed alongside the console (in-
creasing space width by 6 inches) or in some other locar. -n within reach

of the connecting cable. While no special cooling provisziouns need be made
for Compucolor II, there must be free flow of air arcund tne console--do

not place anything on the cabinet that will restrict air flow.

Compucolor II may be used adjacent to most types of electrizal equipment and
appliances provided it is not within a strong magnetic {i<ls. (Operation
within a strong magnetic field may disturb operation of ti< display and
transfer of data to or from the diskette).

Unless used with a modem connection to a telephone line, tne only external
connection is the 6-foot 3 wire power cord to 115VAC pe: If connection
is to be made to an RS-232 compatible modem, the user uvrovides the necessary

cabling. The cable between the Compucolor IT and the moicm should nct ex-
ceed 50 feet in length. The terminals on connector J2 at the rear edge of
the Logic Board are shown in the table below. The usual mocdem connections

are indicated; however, the modem manufacturer's instructions should be
consulted.

1.OGIC BOARD MODEM

J2 TERM. NO. TERM. NO. S1:NAL
1 1 AA - Protective Ground
3 2 BA - Transmitted Data
5 3 BB - Received Data
7 4 ¢ CA - Request to Send
14 7 AB - Signal Ground

=
(67]

o

(@]

CD - Data Terminal Ready

For a quick check procedure, see "Operational Test" in the MAINTENANCE section
(following "ALIGNMENT") .



To connect the external Add-on Disk Drive (optional), first disconnect
the keyboard cable from the Logic Board. Then connect the add-on drive's
cable to the Logic Board's Jl1 (terminal 2 of the plug up). Now connect
the Keyboard cable to the additional connector on the Disk Drive cable
(rcar the Logic Board end).

For information regarding add-on RAM or ROM, see Section V, SUBASSEMBLY
NUSCRIPTIONS (near end of section).
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Compucolor i
Instruction Manual

The Compucolor Corporation thanks you for purchasing a Two describes the keyboard and tells you how to write and
Compucolor Il Although many precautions have been expand a simple program. Section Three summarizes
taken to assure that this material is received in good BASIC and various FCS and CRT commands. Section Four
condition. we ask that you take a few minutes to read the concerns handiing and care of diskettes as well as other
following material so that you may derive maximum enjoy- precautions. Section Five lists a variety of books on the
ment and use from your Compucolor II. market that deal with computers and programming.

The handbook has been divided into six sections. Section Six provides lists of port assignments, memory
Section One gives directions for operating the Compu- locations, the fifty pin bus and RS232C Interface. as well
color Il and describes a step by step procedure for loading as a complete character set.

a program into the Compucolor Il from a diskette. Section

SECTION l : Page =
How to Operate the Compucolor Il . ... 2
SECTION 1l
ComMPULEr BasiCs. . . oo 3
Keyboard Operation. .. . ... . 4
What 1S @ Program . . .. 6
Programscan be expanded. . . ... .. ... e 7
SECTION 1l
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CoNtrol COA S, . . .o 8
Escape Codes. ... .. enle ol sl ome ol ok ool e ol el o o el el ol el ol o el ek el ol oo ool o o e o e ol ool ool oo ool et el ool 9
Incremental Direction Codes. . . ... .. .9
Graphic Plot SubmoOdes. ... .. 10
2. DISK BASIC
BASIC Statements. . .. . 10
BASIC Operators. . ... 12
Standard Mathematical FUNCHIONS. . . ... .. . 12
Standard String FUNCHONS. . . . .. 12
BASICand FILE Error Codes. . . .. .. 13
3. FCS (File Control System) COMMANNDS. . . . ... 14
Statement Definitions. .. .. 14
COMMaANGS. . . ... 14
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SECTION IV
SO WaAr . . . 15
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Fifty PIN BUS inside back cover
BS282C [MtEIHACE .. . . [ it s i e e s B e R S S S T D6 S e G T [l e i ekt 5 4 o inside back cover
Character Set . inside back cover




Sectionl|
How to operate the Compucolor i

1. Place the Compucolor |l in a convenient location remembering that you will probably enjoy sitting and playing games on
the computer for hours at a time. Be careful not to obstruct the air flow through the vent on the back of the unit.

2. Now connect the keyboard cabletothe socket labeled “Keyboard™ on the back of the Compucolor Il. This connector
wili only fit one way, so if it doesn't fit, turn it over and try pushing in without forcing it. Find the CAPS LOCK key to the
left of the space bar on the keyboard. Make sure this key is in the down position (see page 4).

3. Next plug the power cord into the back of the computer much like you would plugin an electric frying pan. Then plug the
other end of the power cord into the wall socket. You may need an adapter if your socket cannot take a three-prong insert.

4. It'snow time to turn on the Compucolor |l by pushing to one side the “Power” (white) button on the back of the unit,
just above the cord.

5. The Compucolor Il will require 60 seconds for the tube to warm up before the message “DISK BASIC 8001 V6.78
COP/RIGHT© BY COMPUCOLOR" will appear.

6. If it does not appear then hold the SHIFT and CONTROL keys down and press the CPU RESET key. (Note: leave the
SHIFT and CONTROL keys down for at least 5 seconds after pressing
CPU RESET key.)

7. Take the diskette that came with your Compucolor || and slip it into
the right side of the computer. Make sure the diskette is inserted
correctly and then close the door. See illustration.

8. Push AUTO (brown key in upper left hand corner).

9. You will see alist or ‘"MENU" of programs on the screen. Select the
program by the number at left. Type in the number and press the
ENTER key.

10. The program you selected will be loaded into the Compucolor |l and
you will see directions on the screen on how to proceed with the
program you selected. Have fun.

11. If nothing appears on the screen after pressing AUTO key try turning
the diskette over and follow the instructions starting at step 6.

12. If it still doesn't work after trying it again, then simply press the CPU
RESET keywithno other keys held down. The display will now say,
"COMPUCOLOR Il CRT MODE Vv6.78." If this does not appear turn
the unit off for 15 seconds and then try from step 4.

13. After the "COMPUCOLOR Il CRT MODE" message appears, press
the (ESC) key and the (BASIC) or letter W key. The following message
should appear: “DISK BASIC 8001 V6.78 COPYRIGHT ©
BY COMPUCOLOR. “MAXIMUM RAM AVAILABLE?"

Now type “8192" and press the ENTER key. (If your Compucolor Il isa Model 4 type “16384." then ENTER. If a Model 5,
type “32768" then ENTER.) The unit will come back with the amount of free RAM memory available and the "READY"
message. Now go tostep 7. NOTE: if the ENTER key is pressed without entering a number the unit will search for the
maximum RAM in your Compucolor Il.

14. If the above does not provide the required results contact your local dealer for assistance, orcall Compucolor Corpora-
tion's toll-free HOT LINE: (800) 241-4310.




~ Sectionll

Computer Basics

Compucolor Ii is a microcomputer. Housed within your
Compucolor Il is a single integrated circuit chip called a
microprocessor. This is the very heart of your Compucolor
Il. The microprocessor is the computing device for storing
programs and for performing logical operations. The micro-
processor, called the Central Processing Unit, or CPU,
controls all operations of the Compucolor ll.

Compucolor Il is capable of storing and filing informa-
tion. Data is fed into the computer by means of typing on
the keyboard. This process called INPUT uses the keyboard
as its device. To view what has been fed into the computer,
Compucolor |l uses adisplay screen called a cathode-ray-
tube or CRT display unit, to show OUTPUT.

As soon as your Compucolor Il is turned on, you are
ready to play games, program, store and retrieve informa-

STANDARD

o o smon e o
AUTO e riaow. o | O

vim SR Moo maEs) icaT)

tion. You are in "DISK BASIC 8001." If you followed the
instructions on page 2 of this manual you were able to load
adiskette and run a program. Now we'd like to re-introduce
you to your Compucolor Il so that you can communicate
with it effectively.

Compucolor Il has within it a well defined set of rules
for communicating with you. Your taskis to learn what the
computer already knows. Together, you and Compucolor !
will communicate in such a way that Compucolor Il will do
as you say.

Communicating with Compucolor || means that you
will be feeding data or information into your unit by means
of a KEYBOARD. Let's take a few minutes to talk about
some of the keyboard's features.
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Keyboard Operation

CAPS LOCK
Typing words on the
Compucolor Il is only
doneincapital letters.
‘fo facilitate the use

of capitals, a CAPS
LOCK key is used.
Located on the left
next to the space bar.
the CAPS LOCK key
will stay depressed
and all letters typed
will be capitals. By
using the SHIFT key,
special characters can
be printed while the
CAPS LOCK key re-
mains depressed. To
unlock the CAPS
LOCK key, depress it
once. The key is now
flush with the space
bar and special char-
acters are now typed
when the SHIFT key is
not depressed. With
the SHIFT key de-
pressed capital letters
are typed. The num-
bers and punctuation
keyswork the same as
aregular typewriter.
SHIFT gives the top
character on a key
and unshift gives the
bottom character on
akey.

SHIFT KEY
Compucolor II's key-
board is much like an
ordinary keyboard
with some additions.
Like aregular type-
writer, the SHIFT key
is used to type upper
case charactersand in
some cases, special
characters. The
SHIFT key must be
depressed until the
desired character is
typed.

The following keys
must be depressed
while the desired key
is being pressed:

CONTROL
SHIFT
REPEAT
{COMMAND]

The fpllowing key
need only be pressed
and then followed by
pressing the desired

key:
(ESC)

-
thIEJ)TO ) " RETURN DIRECTION
= eyonthe  ENTER ARROWS
upperiefthasbeen — The RETURN-ENTER HOME
Sp?ﬁ'?‘: yr?rogramme keyison therightside  Tnree direction
f’ﬁ Aau¥v0?<n Youpress  ,ttne keyboard. By arrows and a HOME
a I dg‘)l/\AaEFIJ\IJ'CL)J- pressing thiskeywhen o\ arejocated on the
fg"ca||eb loaded you are in DISK right side of the
from the disketio aad  BASICyoucommand | &ihSard The HOME
rom d“;‘( ISke Ite a.ﬁ the Compucolor Il to key and the arrow
ul;atuse tho SRS W'” acceptthe mostrecent | o5 oniee the
iSTOn etsrc\:rteen ab instruction entered. If ¢ /sor Pressing
progra(rjns tha can be you are in the “CRT HOME brings the
ELI:/?EUI\TU?r ? MODE" then this will cursor to the upper
e only causeacarriage  |oft hand of the
{eturn 3,(5 ona screen. The direction
YREWriier: arrows are used for
correcting typing
mistakes or to carry
you to another spot
on the screen.
To correct a typing
error in DISKBASIC
press the « arrow
until you have erased
the error. This back-
space key erases all
|etters, one at a time,
that it touches. For
example, if you had
typed "NOW IS THE
TYME "« « «retype
“IME” -
[y | pe——
AUTO FG ON BG ON BLINK| || [BL/A7 A7 (v1s)
FLGOFF| || [FLG ON ON OFF ON [
! n #
(Escq ] 5 = 2
L———_ﬁ;_ —
(INS (BSC
TAB CHAR)| || [‘BASICY (i1 RsT)
W
PROT (DISK
CONTROL/ || (BLAD) “‘SS""” FCS)
[curso
SHIFT (45DW) XMIT Yoy
£ X *
CAPS
LOCK -




ERASE PAGE

To clear the screen
press the ERASE
PAGE key. This will
return the cursor to
its home position and
you areready to start
again in the CRT
mode. NOTE: in DISK
BASIC mode it has
erased the screen,
but it did not erase
your BASIC command
internally.

REPEAT

The REPEAT key
next to the space bar
allows you to type
one letter again and
again by typing a
letter and holding the
REPEAT key down at
the same time.

CPU RESET
The CPU RESET key,
on the far right of the
keyboard, when
pressed, takes you out
of the DISK BASIC
mode and puts you
intothe CRT mode.
The ESCAPE key
(ESC). located directly
below the AUTO key
(top left) permits you
to go into various
special modesby
pressing (ESC) and
the desired code key.
The keys with aname
enclosed within ()
are standard escape
codes. A detailed
listing of these codes
can be found in
Section I11.

-—
z4;up> (BLock)| (| |wser)| || [(cRT)
2 ] A o £ HOME =
; ( ) = ATTN
. 8 9 @ - v BREAK
_—
j (INS (CPU
esTh || | NR, opsys)f (| [NULL Y o erurn
Y U I @) @
(HALAY[ || [oown)| {| [iRoLwy| || [LocaLy + * EN
TER
_H J K L ) :
(TERM '
il MODE) < > ? SHIFT
N M ’ . /

ATTN/BREAK
(Attention/Break)
KEY

To temporarily sus-
pend operation when
runningor listing a
BASIC program, press
the BREAK key.

To continue, press
RETURN or any other
character except |.

The | orline feed
will cause BASIC to
break and halt
operation.

Use | followed by
RETURN to break
outofanINPUT
statement in BASIC.

ERASE
PAGE

ERASE
LINE

CPU
RESET

NOTE: Thereisa
difference between the
number @ and the letter
O. and between the
number 1 and the letter
L on all computer
keyboards.




What is a Program?

A series of instructions, stored by the computer is called a program.

Programs are written in a simple language called BASIC. The computer already knows this language and with the help
of this pamphlet. you will learn some of the BASIC language in order to communicate with Compucolor !1.

Let's begin. ¢

You're about to write a simple program.

First: Press CPU RESET key while holding down the SHIFT key andthe CONTROL key.

Screen display will look like this:
DISK BASIC 8001 V6.78 COPYRIGHT © BY COMPUCOLOR
MAXIMUM RAM AVA|LABLE?
7473 (or 15665, or 32049)
READY
Now type:
10 PRINT "HI!' THIS IS THE START OF SOMETHING WONDERFUL!"
Recheck your typed statement.
1. If wrong, use<« key (backspace) to retype.
2 If correct, press ENTER key.
3. Type RUN and then press the ENTER key.
4.1f you get an ERROR message. retype the whole line, beginning with 10.
5 Pressthe ENTER key.

6. Type RUN and then press the ENTER key.
Did Compucolor follow your instructions?

Congratulations! You have just written your first program!
True, it'sonly a one-liner, butitisthe start of something wonderful!

HIGHLIGHTS

In writing a program every line must have a number. The programislisted on the screen in numerical order,
from the smallest to the largest number. )
Always use the numeral 4'to type your program numbers. The letter O cannot be substituted fora number.

Type PRINT: The computer will print everything that is included within the quotation marks.
Press ENTER: Thisis acommand that telis Compucolor Il to remember the most recent instruction entered.

Type RUN: Any time you want Compucolor | to follow your instructions, you must type RUN and then press
X the ENTER key. This causes the Compucolor Il to execute the RUN command.




~ Programs can be expanded.

In the last section you wrote a one-line program. By adding a second or third line, your program can be expanded.
Type
20 PRINT "CAN YOU BELIEVE THAT | CAN WRITE A PROGRAM?"
Check your work for errors.
Press ENTER.
Type RUN and then press the ENTER key.
If all systems worked. the screen display should read:
THIS IS THE START OF SOMETHING WONDERFUL!
CAN YOU BELIEVE THAT | CAN WRITE A PROGRAM?
Let us assume that you want to answer the above question—
Type YES.
Hit ENTER
Screen display now reads:
SN ERROR.
SN ERROR is the computer's way of telling you that it is not programmed to understand your message. Unless the com-
puter gives you a choice between YE Sand NO, you cannot enter YES. Sometimes SN ERROR appears even if you do not
intentionally enter misinformation.

Type LIST. press ENTER. Behold! The computer has followed your command and has listed everything that you have
written.

IF YOUR LISTING HAS A MISTAKE

When you find a mistake. type the number of the line that has the mistake in it. Then retype it correctly and press ENTER.
The computer will now incorporate this new line into the program and the original line will be taken out automatically.

SN ERROR

The computer’'s way of telling you that it cannot understand your message.

LIST

This allows you to see what you have written up to this point.

REMEMBER
o~ Do not press SHIFT key. Letters are printed in capitals. Hold SHIFT key down to get special symbols.

Usually the line numbers in a program are written 10 numbers apart. This numbering system permits you to add new in-
formation to your program. Sometimesit is easiertoread a program output when there is a space between the lines. To put
a space between your program lines—

Type 15 PRINT

Press ENTER

Type RUN

When you type PRINT and write nothing after it, the computer willd o just that—it will print a biank line. Pretty neat!

By adding additional numbers and statements, you can expand your program further. Just type in the number and the
computer will automatically put it in the correct numerical sequence.

Now that you have taken partin the excitement of programming, you might want to find out more about it. Section 5 of
this handbook lists some books on programming and games that might interest you.

HIGHLIGHTS




Sectionlll

Summary of Commands

1. CRT COMMANDS
CONTROL CODES

CODE

EXPLANATION

0—NULL (control @)
1—AUTO (control A)
2—PLOT (control B)

3—CURSOR XY (control C)

4—(control D)
5—(control E)
6—CCI (control F)

7—BELL (control G)
8 —HOME (control H)
9—TAB (control )

10— (control J) or
LINEFEED

11—ERASE LINE (control K)
12—ERASE PAGE (control L)
13—RETURN (control M)

14—A7 ON (control N)

15— BLINK/A7 OFF (control O)
16—BLACK KEY (control P)
17—RED KEY (control Q)
18—GREEN KEY (control R)
19— YELLOW KEY (control S)
20—BLUE KEY (control T)
21—MAGENTA KEY (control U)
22—CYAN KEY (control V)
23—WHITE KEY (control W)
24—XMIT (control X)

25—CURSOR RIGHT (control Y)
26—CURSOR LEFT (control Z)

27—ESC (control ()

28 —CURSOR UP (control \)
29—FG ON/FLAG OFF (control ])

30—BG ON/FLAG ON (control A)

31—BLINK ON (control —)

Has no effect.
Loads and runs a BASIC program named “MENU," from the disk drive.

Enters graphic plot mode (see plot submodes), not allowed as a BASIC input
character.

Enters X-Y cursor address mode for either visible cursor or blind cursor, used to go
from BASIC to CRT MODE when typed as a BASIC input character.

Not used.
Not used.

The next character which follows provides the 8 bit visible status word. Specifies
Foreground, Background, Blink, and Plot. (See status word format, page 9.)

Not used.
Moves the cursor to top left corner of display.
Causes cursor to advance to next column—the tab columns are every 8 characters.

Causes a break in BASIC execution of a program, causes the cursor to move down
one line.

Causes the cursor to return to beginning of line and causes the complete line tobe
erased. Also causes the BASIC input line to be ignored.

Causes the complete screen to be erased and the cursor moves to the home position.
BASIC input ignores this character.

Causes the cursor to move to the beginning of the line it presently is on. Causes
BASIC inputtoaccept the typed line and process as a statement or input data.

Turns the A7 flag on. (2x character height and also 1 stop bit.)

Turns the blink bit and A7 flag off.

Sets foreground color black if flag is off and background blackif flag is on.
Same as above with color red.

Same as above with color green.

Same as above with color yellow.

Same as above with color blue.

Same as above with color magenta.

Same as above with color cyan.

Same as above with color white.

Causes data tobe transmittea from the visible cursor to the end of the page or until
FF, 00 sequence is found in refresh RAM. Sends text characters with a linefeed and
carriage return at end of each line. NOT E: color status is not sent.

Causes the cursor to move right 1 position. On BASIC input displays previous
character inputted.

Causes the cursor to move left 1 position. On BASIC input deletes previous character
from input buffer.

Provides an entry to the escape code table—must be followed by one or more codes
for proper operation.

Causes the cursor to move up one line.

Sets the flag bit off. If followed by one of the color keys it will set the foreground to
that color. In plot mode OR's "ON" bits.

Sets the flag bit on. If followed by one of the color keys, it will set the background to
that color. In plot mode XOR's "ON" bits.

Sets the blink bit on which will blink the foreground color against the background
color.



ESCAPE CODES

5 BIT CODE LETTER FUNCTION
0 @ Used for terminal control—not available for any other use.
1 A Blind cursor mode.
2 B Plot via color pad.
3 (o] Transmit cursor X, Y positionto RS232 PORT.
4 D Enters Disk File Control System (FCS) with CRT as output.
5 E Re-entry to DISK BASIC.
6 F Sets full duplex mode, not functional when in BASIC.
7 G Enters Disk File Control System (FCS) with RS232 PORT as output.
8 H Sets half duplex mode.
9 | Causes a program jump to location 36864.
10 J Sets write vertical mode
11 K Sets roll up and write left to right mode.
12 L Sets local mode.
13 M Sets all output to the RS232 PORT.
14 N Sets to ignore all inputs.
15 (0] Not used.
16 P Not used.
17 Q Not used.
18 R Baud rate selection mode. A7 on = 1 stop bit, A7 off = 2 stop bits. (See baud rate table j
19 S Causes a program jump to location 40960.
20 T Causes a program jump to location 33280.
21 U Not used.
22 \" Not used.
23 w Initializes and transfers control to DISK BASIC 8001.
24 X Sets terminal to page mode and write ieft to right mode.
25 Y Test mode—fill page with next character.
26 Y4 Not used.
27 [ Visible cursor mode.
28 \ Not used.
29 ] Not used.
30 A Causes a program jump to location 33275.
31 Transfer control to the CRT mode.

BAUD RATE SELECTION

Number 1 2 3 4 5 6 7
Baud rate 110 150 300 1200 2400 4800 9600
STATUS WORD FORMAT
Ar As A5 I A4 I A3 AZ ] Al ] A0
Plot Blink Background Color Foreground Color
Blue | Green | Red Blue | Green | Red
INCREMENTAL DIRECTION CODES
AX1 AY1 AX?2 AY?2
fBIT =1 A; As As Ad As A» Aq Ao
Direction + — + - + = + -
Value (Hex) 80 40 20 10 8 4 2 1




GRAPHIC PLOT SUBMODES

DISK BASIC plot value OPTIONAL
or PLOT FUNCTION
RS-232 INPUT CODE SUBMODE KEYBOARD CODE
255 Plot Mode Escape F15
254 Character Plot F14
253 X Point Plot F13
(252) Y Point Plot F12
251 X-Y Incremental Point Plot F 11
250 Xo of X Bar Graph F10
249) Y of X Bar Graph F9
(248) X max of X Bar Graph F8
247 Incremental X Bar Graph F7
246) Yoof Y Bar Graph F6
f245) X of Y Bar Graph F5
244 Y max of Y Bar Graph Fa
243 Incremental Y Bar Graph F3
242 Xo Vector Plot F2
(241 ) Yo Vector Plot FA1
240 Incremental Vector Plot FO

For incremental plot submodes see the format of the incremental direction codes (page 9).

2. DISK BASIC
BASIC Statements

The following summary of BASIC statements defines the general format forthe statement and gives a brief explanation

of its use

COMMAND EXPLANATION

CLEAR Sets the array and string buffers to nulls and zeroes.

CLEAR X Sets space for string variable to X characters (normally 50 characters).
CONT Continues execution after CTRL/J, orv.

DATA value list

DEF FN X (argument) =
expression

DIM variable (n), variable (n,m),
variable $(n), variable $(n,m)

END

FILE “N", “filename’, records,
rec. size, blocking factor

FILE “R", file number, “filename’,
buffers

FILE "A", file, current rec., records,
rec. size, blocking factor

FILE "C", file 1, -, file N
FILE "D, file 1, ---, file N
FILE “T", line number

FILE “E", file, error, line number
FOR variable = expression 1 TO
expression 2 STEP expression 3

GET file N, record, first byte;
numeric variable, string variable
[byte count]

10

Used in conjunction with READ to input data into an executing program.

Defines a user function to be used in the program.

Reserves space for listsand tables according to subscripts specified after variable

name. Up to 255 dimensions.
Terminates program execution.

Creates a new random file with the specified number of records (1-32767), record size
(1-32767 bytes), and blocking factor (1-255). File name is a string expression contain-

ing a valid FCS file name.

Opens a random file with the specified file number (1-127) and number of buffers

(1-255).

Finds the specified attributes for the currently open file: current record accessed,

number of records, record size, and blocking factor.
Closes the specified files and releases the buffer space.
Writes any modified buffers immediately for the specified files.

Causes file errors to trap to the specified line number. No line number turns the error

trapping off.

Lets the user determine the disk error number and location of the file error.

Sets up a loop to be executed the specified number of times.

Reads from the record in the file N starting at the specified first byte (1-255) into the
variables in the list. String variables must have a byte count (1-255).

P

.

-



BASIC Statements (Cont.)

COMMAND

EXPLANATION

GOSUB line number
GOTO line number

IF expression GOTO line number

iF expression THEN statement
INPUT list

INPUT “string’; list

LIST

LIST line number

LOAD '"PRGRM1"

LOAD "name.ARY"

NEXT variable
ON X GOSUB line number list

ON X GOTOline number list

OUT I.X
PLOT expression

PLOT list

POKE I, X

PRINT list

PRINT expression

PRINT expression, expression;

PRINT "string”
?

PRINT SPC (X)
PRINT TAB (X)

PUT file N, record, first byte;
numeric expr., string expr.
[byte count]

READ variable list

REM comment

RESTORE

RESTORE line number
RETURN

RUN

RUN line number
SAVE "PRGRM1”
SAVE "name. ARY"

WAIT X,1,J

Used totransfercontrolto the firstline of a subroutine.

Used to unconditionally transfer control to other than the next sequential line in the
program.

Used to conditionally transfer control to the specified line of the program.
Used to execute BASIC statements only when expression is true.

Used to input data from the terminal keyboard, prompts with “?".

Used to input data with the quoted string as the prompt.

Prints the user program currently in memory on the CRT display.

Prints the program from the line specified to the end.

Loads a BASIC Program named "PRGRM1" from disk into memory. Names cannot
exceed six characters (letters and/or numbers).

Loads the numeric array specified by name from disk. First two characters are the
array's name.

Piaced at the end of a FOR loop to return control to the FOR statement.
Multiple GOSUB statement. Will transfer control to subroutine on stated line.

However, the RETURN statement placed at the end of each subroutine will cause the

next statement following ON GOSUB to be executed.

Multiple GOTO statement, willtransfer control to stated line number, depending on
value of variable.

Causes the byte X to be output to port | (the range of | is 0 to 255).

Sends the one byte result of the expression to the terminal. The result must be
between 0 and 255.

Sendsthelistofdatatothe CRT. Example: PLOT 2,242,0, 0, 255.

Causes the byte X to be placed in memory location |, therange of | is 0 to 65535.
Used to output data to the terminal.

Prints results of expression.

The ; causes the carriage return and line feed to be suppressed. Use , for normal
spacing and ; for compressed spacing.

Prints a character string.

Equivalent to the word PRINT.

Prints the specified number of spaces.
Used to space to the specified column.

Writes the expressions in the list to the record in file N starting at the specified first
byte. String expressions must have a byte count.

Used to assign the values listed in a DATA statement to the specified variables.
Used to insert explanatory comments into a BASIC program.

Used to reset the data block pointer so the same data can be used again.

Used to reset the data block pointer to a specified line number.

Used to return program control to the statement following last executed GOSUB
statement.

Executes the program in memory.
Executes the program starting at line number specified.

Saves the BASIC program or data from memory into the disk and names it "PRGRM 1"

Saves the numeric array specified by name on disk. First two characters are the
array’'s name.

Causes theinput port X to be read, exclusive OR'ed with byte J. and then AND’ed with

byte |. The program will wait until the result is zero before continuing.

A colon is used to separate multiple statements per line.
Example10A=1:B=10:C= 111

11



BASIC Operators

SYMBOL  FUNCTION The precedence of operators is:

= Assignment, or equality test (DISK (1) Expressions in parentheses
5&8;58830)1 does notallowthe LET (2) Exponentiation (A A B)

- Negation or subtraction (3 i\legatlon (=X)

+ Addition or string concatenation (4)%/

. Multiplication (BIFus \

/ Divisien (6) Relational operators (=: <>, <, >, <=, > =)

A Exponentiation (7)NOT

NOT LogicalorOne's complement (2 byte (8) AND
integer) 9)0

AND Logical or Bitwise AND (2 byte integer)

OR Logical or Bitwise OR (2 byte integer)

=<, >, Relational tests (resultis TRUE = — 1

<=, =<, or FALSE =0)

> = =2,

<>

Standard Mathematical Functions
The Mathematical functions are of the following form: 10y = ABS (x).

NAME EXPLANATION

ABS(x) Returns the absolute value of X.

ATN(x) Returns the arctangent of x as an angle in radians in the range + or — pi/2. Where pi = 3.14159.

CALL(x) Call the user machine language routine at location 33282. D,E registers have value of X and A,.B
registers must have Y on return from machine language routine.

COS(x) Returns the cosine of x radians.

EXP(x) Returns the value of eXwhere e = 2.71828.

FNx(y) Returns the value of the user defined function x with argumentyy.

FRE(x) Returns number of free bytes notin use.

INT(x) Returns the greatest integer less than orequal to x.

INP(x) Returns a byte from input port x. Therange for x is 0 to 255.

LOG(x) Returns the natural logarithm of x.

PEEK(x) Returns a byte from memory address x. The range for x is 0 to 6 5535.

POS(x) Returns a value 0 to 6 3 of the print command column.

RND(x) Returns a random number between O and 1.

SGN(x) Returns a value indicating the sign of x.

SIN(x) Returns the sine of x radians.

SQR(x) Returns the square root of x.

TAN(x) Returns the tangent of x radians.

Standard String Functions
The string functions are of the following form A$ = CHR$(x) or A = ASC(x$)

NAME EXPLANATION

ASC(x$) Returns as a decimal number the eight-bit internal code for the first character of string (x$).
CHRS(x) Generates a one-character string having the ASCII value of x.

FRE(xS) Returns number of free string bytes.

LEFTS(xS,1) Returns left most | characters of string (x$).

LEN(xS) Returns the number of characters in the string (x$).

MIDS$(x$,1,J) Returns J characters of string (x$) starting at position I. .
RIGHTS(xS,1) Returns right most | characters of string (x$).

STRS(x) Returns the string which represents the numeric value of x.

VAL(xS) Returns the number represented by the string (x$).

12



BASIC and FILE Error Codes

After an error occurs. BASIC returns to command level and types READY. Variable values and the program text remain
intact, butthe program cannot be continued and all GOSUB and FOR context is lost.

When an error occurs in a direct statement, no line number is printed.
Format of error messages:

Direct Statement XX ERROR
Indirect Statement XX ERROR IN YYYYY

in both of the above examples. "XX " will be the error code. The "YYYYY  will be the line number where the error occured
for the indirect statement

The following are the possible error codes and their meanings:
ERROR CODE MEANING

BS Bad Subscript. An attempt was made to reference a matrix element which is outside the dimension of the
matrix. This error can occur if the wrong number of dimensions are used in a matrix reference. For
instance. A(1.1.1) = Z when A has been dimensioned DIM A{2.2}.

DD Double Dimension. After a matrix was dimensioned, another dimension statement for the same matrix
was encountered. This error often occurs if a matrix has been given the default dimension 10 because a
statement like A(l) = 3 is encountered and then later in the program a DIM A(100) is found.

CF Call Function error. The parameter passed toa math or string function was out of range. CF errors can
occur due to.
al A negative matrix subscript {A{—11=0)
b)An unreasonably large matrix subscript {>32767).
c) LOG-negative or zero argument.

d) SQR-negative argument.
e} A1 B with A negative and B not an integer.
f) A CALL (X) before the address of the machine language subroutine has been patched in.
g)CallstoMIiD$, LEFTS$. RIGHTS. INP, OUT, WAIT, PEEK., POKE. TAB, SPCor ON...GOTO/GOSUB
with an improper argument.
ID [llegal Direct. You cannot use an INPUT or DEF statement as a direct command.
NF NEXT without FOR. The variable in a NEXT statement corresponds to no previously executed FOR
statement.
oD Out of Data. A READ statement was executed but all of the DATA statements in the program have already
been read. The program tried to read too much data or insufficient data was included in the program.
oM Out of Memory. Programtoolarge, too many variables, toomany FOR loops. toomany GOSUB's. too
complicated an expression or any combination of the above.
ov Overflow. The result of a calculation was too large to be represented in BASIC's number format. If an
underflow occurs, zero is given as the result and execution continues without any error message being
printed.
SN Syntax error. Missing parenthesis in an expression, illegal character in a line. incorrect punctuation. etc.
RG RETURN without GOSUB. A RETURN statement was encountered without a previous GOSUB statement
being executed.
us Undefined Statement. An attempt was made to GOTO, GOSUB or THEN to a statement which does not
exist.
/0 Division by Zero. )
CN Continue error. Attempt to continue a program when none exists. an error occurred, or afteranew line
was typed into the program.
LS Long String. Attempt was made by use of the concatenation operator to create a string more than 255
characters long.
(OX) Out of String Space. Use the CLEAR X statement to allocate more string space or use smaller strings or
fewer string variables.
ST String Temporaries. A string expressionwastoo complex. Break it intotwo or more shorter ones.
SL SAVE/LOAD error. (From disk operation.) Other error messages may also appear from the FILE
CONTROLSYSTEM{FCS)
™ Type Mismatch. The left hand side of an assignment statement was a numeric variable and the right hand

side was a string. or vice versa: or, a function which expected a string argument was given a numeric one
orvice versa.

UF Undefined Function. Reference was made to a user defined function which had never been defined.

13



BASIC and FILE Error Codes (Cont.)

ERROR

ERRORCODE NUMBER MEANING

EV
BF
NO
AO
FS
RO
EF
co
cc
RE
WE

No error vector.

2 Bad file name.

4 File not open.

6 File already open.

8 File size error. \
10 Record overflow, *
12 End of file.

14 Can't open file (usually nonexistent file).

16 Can'tclose file (usually hardware problem).

18 FCS READ error (usually hardware problem).
20 FCS WRITE error (usually hardware problem).

3. FCS (File Control System) COMMANDS

File Control System is entered by pressing (ESC), then D from the keyboard, or PLOT 27,4 from BASIC.

(Only the first three letters of the command need to be typed in.) If (ESC), D is from the keyboard then BASIC is terminated
and must be re-entered by (ESC),E key sequence.

Statement Definitions
The following definitions will be used to describe the FCS commands:

()
(]

Means mandatory part.

Means optional part and if not-specified, will result in the default type.

(Device name:) = [Device typel [Number] ()

Device types are CD, MD, and FD for Compucolor Disk, Mini-Disk, and 8" Floppy Disk and number is either @or 1.
(Memory spec) = (Load address) (Byte count) or (-End address) all memory addresses are in HEX format.

(File spec) = (File name) [.Typel [;Version]

File name is any 6 characters. Type can be any three characters and PRG is default type. Version is @ to FF HEX
number.

NOTE: After a default device type has been selected only the number of the device is required. COMPUCOLOR ||

defaults to CD@.

COMMANDS
COPY [Device Name:] (File Spec) Will copy one file from one location to another location.
TO [Device Name:] (File Spec)
DELETE [Device Name:] (File Spec) All file spec options are required. Allows the user to delete any file.
DEVICE [Device Name:] Sets and displays the current default device name.
DIRECTORY [Device Name:] Lists directory of the default or specified device.
DUPLICATE (Device Name:) TO (Device Will duplicate all the files on the original diskette onto another diskette.
Name:) (Requires two disk drives.)
EXIT“FCS” (ESC)and (ESC) again or (ESC) and E toreturn to BASIC.
INITIALIZE [Device Name:] (Volume Name) Number of directory blocks will default to a normally adequate no.; NOTE:
No.OFDIR BLOCKS device name requires all options.
LOAD [Device Name:] (File Spec), Loads memory with a program. Defaults to LDA type files written by
Load Address Compucolor Il assembler.
READ [Device Name:] (Start Block No.) Will read into memory from anywhere on the diskette starting at any block
(Memory Spec) and ending where specified, without regard to program boundaries.
RENAME [Device Name:] (File Spec) . Allows the usertorename any file to any other name.
TO (File Spec)
RUN [Device Name:] (File Spec) Loads and executes program by name; normally a PRG type file.
SAVE [Device Name:] (File Spec) Start address defaults to LOAD address and actual address defaults to load
(Memory Spec), Start Address, address. Saves memory as a PRG type default file. «
Actual Address
WRITE [Device Name:] (Start Block Same as READ but writes memory to diskette. WARNING: it is possible to
No.) (Memory Spec) destroy the FCSdirectory and file information on adiskette with this command.

14
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FCS Error Codes

EBLF BAD LOAD FILE SPEC, 2 EIVU  INVALID UNIT, 2

EBLK INVALID BLOCK NUMBER, 2 EKBA KEYBOARD ABORT, 4

ECOP ERROR DURING COPY, 1 & 3 EMDV MISSING DEVICE NAME, 2

ECFB CAN'T FIND BLOCK, 3 EMEM MEMORY ERROR DURING READ, 4

EDCS DATA CRC ERROR, 3 EMFN MISSING FILE NAME, 2

EDEL DELETE ERROR, 1 & 3 EMVN MISSING VOLUME NAME, 2

EDFN DUPLICATE FILE NAME, 2 EMVR MISSING VERSION, 2

EDIR DIRECTORY ERROR, 1 & 2 ENSA NO START ADDRESS, 2

EDRF DIRECTORY FULL, 4 ENVE NO VOLUME ENTRY IN DIRECTORY., 5
EDSY DATA SYNC CHAR ERROR, 13 3 ERSZ FILE TOO LARGE TO READ INTO ALLOCATED
EDUP ERROR DURING DUPLICATE, 1 & 3 MEMORY, 2 & 4

S T e ESIZ DEVICE SIZES NOT SAME, 1

EFRD FILE READ ERROR, 3 ESKF  SEEK FAILURE, 1

EFWR FILE WRITE ERROR, 3 ESYN  SYNTAX ERROR, 2

o e e EVFY VERIFY FAILURE DURING WRITE, 3

S T AN EVOV VERSION NUMBER OVERFLOW, 4

EIVF  INVALID FUNCTION, 2 EWRF  WRITE FAILURE, 3

Evp (NVALDIDEVICE S EWSF  FILE TOO LARGE TO WRITE ON DISKETTE,

EIVP INVALID PARAMETERS, 2

Descriptions of Solutions to FCS Errors _
1.) Mechanical Problem—Jammed READ/WRITE head, loose disk drive internal I/O connectors. Refer to Compucolor
Maintenance Manual.

2.)Invalid User Input—Incorrect entry from user. Refer to FCS Commands, page 14.
3.) Diskette Failure—Try a different diskette.

4.) Error Message is self-explanatory.

5)

Diskette Not Initialized—You need to initialize the diskette and possibly purchase a formatted Compucolor blank
diskette.

SectionlV

"Software

Available Software o _ , N
Compucolor |l has an ever growing library of software designed to challenge, stimulate, educate, and facilitate. Check your
dealer for the latest available program diskettes.

Precautions/storage
Each 5%" diskette comes in a folder. For extended media life of your diskette, we suggest the following procedures.
1.) Do not put fingers on the precision surface.
2.) Insert the diskette carefully into the disk drive.
3.) Keep the diskette far from magnetic fields which will erase the diskette.
4.) Store the diskette in the jacket when not in use.
5.) Handle the diskette with care. Bending and folding will damage it.
6.) Diskettes are best stored at temperatures ranging from 10° to 52° C or 50° to 125° F.
7.) Do not leave diskette in disk drive while turning your Compucolor Il on or off.
Availability of Preformatted Diskettes —Diskettes are available at the rate of 2 diskettes for $19.95 and may be obtained from
Compucolor Corporation or your local dealer.

Precautions/Power Outages
Your Compucolor Il should not be operated during an electrical storm. Storms can cause power outages to your Compucolor
Il. If your machine has a power failure, all data and programs will be lost. If the disk drive is being used during power failure,
the diskette may be damaged.

Do not leave diskette in disk drive while turning your Compucolor |l on or off.

15



SectionV
Bibliography

Some introductory books on computers and programming available through your Compucolor dealer:

COMPUCOLOR BASIC Manual
AN INTRODUCTION TO MICROCOMPUTERS,

Adam Osborne

Volume O: The Beginner’'s Book
Volume 1: Basic Concepts

Basic BASIC,
James S. Coan

A Guided Tour of Computer Programming in BASIC,
Thomas A. Dwyer and Michael S. Kaufman

BASIC {New 2nd Edition),

Bob Albrecht

A Quick Lookat BASIC,
Donald D. Spencer

My Computer Likes Me...When | Speak BASIC
Whatto do After You Hit RETURN

Fun with Computers and BASIC,
Donald D. Spencer

Alsocheck these home-computer oriented magazines, each withits own flavor.

BYTE, Creative Computing, Interface Age, Kilobaud, People’s Computers, Personal Computing

Section VI

PORT ASSIGNMENTS

PORT #

TMS 5501 I/O CHIP

PORT # 1/0 PORT ADDRESS
Hex Dec
0—F TMS 5501
10 — 1F TMS 5501 Duplicate Addresses
20 — 5F Not assigned.
60 — 6F SMC 5027
70 — 7F SMC 5027 Duplicate Addresses
80 — FF Not assigned.
PORT # SMC 5027 CRT CHIP
Hex Dec
60 — 96 Load Register 0—Don't Load
61 — 97 Load Register 1 —Don't Load
62 — 98 Load Register 2—Don't Load
63 — 99 Load Register 3—Don't Load
64 —100 Load Register 4 —Don't Load
65 —101 Load Register 5—Don’t Load
66 —102 Load Register 6 —Roll Register #
67 —103 Processor Load Command—Don't Use
68 — 104 Read Cursor X Register
69 —105 Read Cursor Y Register
6A —106 Issue Reset Command—Don't Issue
6B —107 Scroll up 1 line
6C — 108 Load Cursor X Register
6D —109 Load Cursor Y Register
6E — 110 Load Start Timing—Don't Load
6F —111 Self Load Command—Don't Use.

Hex

0 —

MMOODPO® ~NONKWN
|
RN 0OO® ~NONHWN

—_

PR QU W G G Gy

Read Serial Data in from J-2.

Read Parallel Data from Keyboard
Connection J-1.

Read Interrupt Address on TMS 5501.
Read Status on TMS 5501.

Issue Discrete Command.

Set Baud Rate on J-2 Serial I/0.
Transmit Serial Data out to J-2.
Transmit Parallel Data on Connection
J-1(also controls Disk R/W).

Load Interrupt Mask Register.
Interval Timer #1.

Interval Timer #2.

Interval Timer #3.

Interval Timer #4.

Interval Timer #5.

No Function.

No Function.

16




KEY MEMORY LOCATIONS

28672 to 32767 = Screen refresh RAM.
32978 = Pointsto maximum RAM used by BASIC.

FIFTY PIN BUS

(Preliminary, subject to change.)

PIN DESIGNATION

PIN DESIGNATION

32982 = Points to end of source and start of variables. 1 +12V 26 D2 BUS
32984 = Points to end of variables and start of arrays. % _V% gg S% BUS
32986 = Points to end of arrays. 4 T/TOW 29 A3
33209 = 0 to 59 seconds of Real Time Clock. 5 @2(+12V) 30 D7BUS

_ . . 6 @®2TTL 31 A4
33210 = 0to 59 minutes of Real Time Clock. 7 ®1(+12V) 32 D6BUS
33211 = 0to 23 hours of Real Time Clock. 8 17.9712MHz 33 D4BUS
33215 = User ESCAPE T jump vector. 18 g—g—gg gg Eg BUS
33218 = User output FLAG jump vector. 11 -5V 36 D@8080
33221 = User input FLAG jump vector. 1% g?\lYD gg gq 8080
33224 = User timer no. 2 jump vector. 14 T OR 39 A8

= 15 A10Q 40 D2 8080
33238 = External output port buffer. 16 READY 41 Al4
33247 = Keyboard FLAG. 17  NO CONNECTION 42 D38080
33249 = FCS output FLAG. 18 NO CONNECTION 43 D48080

_ 19 HOLD 4 A9
33251 = Input port FLAG. 20 A5 45 A13
33265 = BASIC output FLAG. 21 A1 46 D78080
33272 = Output port FLAG. 220 DhEUS YN
33273 = LIST output FLAG. 24 D1BUS 49 D58080
33278 = Keyboard character. CERNY 50 D68080

33279 = Keyboard character ready FLAG.

33282 = Location of CALL(x) jump. RS 232C INTERFACE

_ : CPU EDGE RS232C SIGNAL NAME
33285 : BASIC output vector Iocapon. CONNECTOR# PIN # AND LINE
33289 = No. of characters on terminal output. ] ] AA Protective Ground
33433 = Start of BASIC source code. 3 2 BA Transmitted Data
65535 = Maximum amount of RAM. ? 2 EE Eggﬁl‘%%cigg%nd
14 7 i
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SECTION IV
COMPUCOLOR II SYSTEM DESCRIPTION






IV. SYSTEM DESCRIPTION

A. SOFTWARE

Compucolor II is organized with a software orientation, with excellent
versatility a result. All basic functions are under control of the micro-
computer.

The microcomputer is constructed around a general purpose micCroprocessor
that handles 8-bit words, has a repertoire of 78 instructions, and can
addressup to 64K of memory. It connects to a memory access data input/out-
put bus, to which the Keyboard, the Disk Drive, the CRT Display and the
telecommunications interface modem also are connected.

The microcomputer memory consists of random access read-only and read/write
semiconductor integrated circuits. The read-only segment of memory contains
the system operating programs. One part of the read/write segment is used
to store video display information that is repeatedly read out of the mem-
ory to refresh the CRT display screen. The remainder of the read/write
segment is used to store microcomputer programs and other data as an app-
lication requires.

ADDRESS
MODEL REFRESH RAM RAM ROM TOTAL
1 8K * 4K 16K 28K
2 8K 8K 16K 32K
3 8K 8K 16K 32K
4 8K 16K 16K 40K
5 8K 32K 16K 56K

*NOTE: Refresh RAM is 4K physically. However, it uses two 4K blocks of
addresses - - one 4K block for high speed access for certain operations
(such as page erase) and the other 4K block for lower priority functions.

Plug-in connectors are provided for increasing both RAM and ROM. Add-on
RAM or ROM may be used so long as the total address capability of 64K is
not exceeded. Address assignments are shown on the Memory Map. (See
Drawings Section.) )

A variety of consumer oriented programs are available on pre-formatted
5%" diskettes from Compucolor dealers.



B. HARDWARE

The Compucolor II unit includes seven major subassemblies, with major

functions as follows:

CRT & CABINET

POWER ASSEMBLY

ANALOG ASSEMBLY

LLOGIC ASSEMBLY

VIDEO ASSEMBLY

DISK DRIVE

KEYBOARD

8-color visual display and unit housing.

Conversion of 115VAC to unregulated DC,
low-voltage AC and 60 Hz. sync.

Regulated voltages for system; CRT sweep
and convergence currents; bias, focus and

anode voltages.

Data programs and processing for control
of video display; sync signals to Analog.

Amplification of video signals from logic;
CRT connections and bias adjustment.

Data storage and retrieval.

Manual data input and control.

The Block Diagram outlines the data and signal flow in the Compucolor II.
Interconnecting cabling is shown in the Wiring Diagram. Descriptions of
the subassemblies follow in the next section. The Block and Wiring
Diagrams are in the Drawings Section.
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SECTION V
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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 required voltages and signals for the CRT have sources as follows:

Filament voltage - 6.3 VAC from the Power Board via the
Video 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 ILogic 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 Analog 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. Its 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 F1

(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 1is 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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CAUTION: 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 is 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 T1l. 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 T1l. It is connected to the CRT through
the Video Board.

Vertical Sync Generator Ql is located on the Power Board. Low voltage
60 Hz. from transformer Tl is applied to the base of Q1 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 lv./div.

+5v. L

HE

. =
Pl-c
‘ 2v./div.
GND L==£====
60 |HZ, ISYN
5 ms./div.
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Waveforms at F2 and C7+, though not shown, are essentially DC with noise
and ripple normally 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.

Reqgulated low voltages are developed by a switching regulator from un-
regulated 150 VDC and 15 VDC 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 Q6 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 BR1 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 Q6 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 Q6 and Q7 is
decreased. Feedback from the +5V Regulated output at BR1l causes U2 and

05 to adjust the supply to Q6 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 (-). In 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 Regqulated output
at the correct level. The output variable-pulse-width waveform is avail-
able across collector-emitter combinations CA-EA (pins 12 & 11) and CB-
EB (pins 13 & 14). 1In the case of U2, the connection to the primary of
transformer T2 is from only the CA-EA combination.



+14v. A I U2-12

S5v./div.

GND = i JL— LF"

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 Q5 output
is a chopped DC waveform, which is filtered by L1 - C34.

m >
100v. /div.
20 us./div.

U3 also generates a rectangular waveform, with output connections at
terminals 11 through 14, but its circuit differs from that of U2 in two
respects:

1) Both output combinations CA-EA and CB-EB are used to drive trans-
former T3.

2) The feedback is fixed to yield a symmetrical square wave at the
output.

R44, R45 and R43 provide the references to obtain the square wave. R47-
C28 set the frequency to approximately 20 KHz.
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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.4; the newer PCB layout is Rev..

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.

l. 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 TL0O84 IC (U6) replace two 74l's for charging the
ramp capacitors. Two other sections in the TLO0&4 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 MC74] (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 +l1 volts. (Ql7, QI8 and
QI9 still use +11V.)

10. Vertical pincushion correction is fixed, eliminating one
potentiometer.

l1l. Voltage limiting diodes have been added at the +5V. and +l12V.
rectifier outputs for circuit protection.
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The 20 KHz. sqguarc wave 1is 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 Q6-C. This voltage, as described earlier,

is regulated by U2-Q5 to be the level required to keep the +5V Regulated
output constant.

100v. W Q6-E
) 20v./div.
10 us./div.
GND J L J

The regulated low-voltage DC outputs are obtained from rectifiers BR1,
BR2 and CR3-CR4, each with output filtering. Although 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. All of these voltages are referenced to frame ground.
They supply circuits as follows:

-48 V. Video Board driver amplifiers.
Analog Board horizontal and vertical ramp reset circuits.

+12V. Logic Board circuits

Analog Board horizontal and vertical ramp, parabola and
pincushion circuits.

+11-volt outputs through resistors R50 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 R91-R98 for
the convergence signal switches in US5.

+5V. Logic Board circuits.
CRT cathode bias



In addition to the voltages listed above, there are two other reference
voltages, with lower current capabilities, used in the Analog Board:

+5V. REFl From U2-pinl6. Referenced to frame ground. Used in
the horizontal sweep generator, the vertical sync gen-
erator (collector supply for Q1 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 E111 is biased off by the -48V. through R59 and
CR17. However, when the Horizontal Ramp Reset pulse from the Logic
Board causes Q12 to conduct, the resulting positive-going pulse at the
Q12 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-pin6 is a linear sawtooth with a period of
approximately 65 us.

+4v. E5
HORIZONTAL
RAMP REJET 2v./div.
GND
+6v.
//
GND P
-6v. —— - Sv./div.
HORIZONTAL
RAMH

10 us./div.
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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 1 and 6. Since the horizon-
tal ramp - call it "X" - is applied to both inputs, the output - call
it "Y" - then is erz/lO, 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
HORIZONTAL ]
GND RAMH // | sv./div.
k/,/" _—
//
-6V [—
+6v. U5-13
lh“msrr _
€1,.0 HORIZONTAL Sv./div.
RAMP
ZERD
DETECTOR
-8v. 10 us./div.
o HORTIZONI['AT, RAMP Y96
GND ] . iv.
’///’,r s5v./div
_6V. >_ /
§av. Ul7-4
\ / \
- // 2v./div.

GND ‘\\\“\-____f/////’ ‘\\\\\

HORIPONTRL .
[PARABOLA 10 us./div.




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 Q15 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. = E4
VERTICAI]
IRAMH REJET 2v./div.
GND
e : U10-6
/ .
GND el Sv. /div.
/,
_—1
E - |
-6v. VERI'ICAL RAMP
2 ms./div.

The vertical ramp is also passed through comparators in U8 to switches

in U5, 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. Adjustment of R103 equalizes
the heights of the parabola end points. Adjustment of R104 brings the
parabola center to ground level.
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+ov.

GND

-6v.

+6V.

GND

+6V.

GND

+4v.

GND

VERI'ICAL. RANP Ulo-6
—1 .
4/¢”’/ 5v./div.
L —]
]
e
Us-1
FIRET VERTI¢AL Sv./div.
RAMP ZERO
DETECTOR
2 ms./div.
VERTICAL RA
ERIIC NP — U10-6
// 1
—— 5v./div.
—”‘
-]
/ e
T*\ Ull-4
\\ ,/ 2v./div.
\\\~ /’//
VERTICAL PAHRABOIR
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Power supply for all four U5 switches is +8V. from R98-R91 to U5 pin

14, and -8v. from VRl to US pin 7.

The combination of square wave

and parabola waveforms at the switches result in the convergence

waveforms.

+4v.

GND

+4v,

GND

+4v.

GND

+4v.

GND

r CO

RGENCH|

RTIGH[ CONVERGENCH

TOP

CON"ERGJNCE

174

BOTT

DM C

DNVERGENJE
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U5-1

2v./div.

U5-4

2v./div.

10 us./div.

U5-8

2v./div.

U5-11

2v./div.

2 ms./div.



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 U13.

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 U1l3 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 Ul6 to produce the pincushion waveform used in the vertical
sweep generator.

+6v. Ul0-6
VERTICAL] RAMP
GND <‘,,/”’/" 5v./div.
/,
‘f”’/"
-6v.
+4v.
Ul6-3
2v./div.
GND
) ./div.
-4v. PINQUSHION L“u ms./dtv

(Horizontal Parabola multiplied
by Vertical Ramp)

Vertical Sweep 1is 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 HEIGHT 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 = Horizontal
Pincushion J

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 Q18-0Q19 have
the vertical deflection coil as load. Series protection against shorts
is provided by fuse F1A (1.5 A.).

+10v. L 1 Ul2-8
"|I|. " I e
GND -r"[m]w . I —‘l] Sv. /diV .
| I |
-10v. 5 ms./div.

VERTICAL SWHEP




Horizontal Sweep circuits are shown in lower left portion of Analog
Schematic 100902.

Sweep timing is furnished by the Horizontal Drive Pulse from the I.ogic
Board to E6. This signal, amplified by transistors Q9 and Q8 and coupled
through transformer T1l, drives power transistor Q1. 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 T1l-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.) Q1 pulses fly-back trans-
former FBT1 through C71. (Note: In earlier models Q10 is omitted.)

HOR{ZONTAL
+3v. DRIVE PULSE . E6
"1
] L — —I _ )
L~ f’ l 2v./div.
GND
+0.8v. 08-b
GND 0.5v./div.
10 us./div.
+0.8v. Q8-b
0.5v./div.
GND
A /\ i Q8-c
/ U Ul
GND 20v. /div.
10 us./div.




Supply voltage for Q9 is +5V REF1l and for Q8 and Q10 it's the +15V un-
regulated. Both are referenced to frame ground.

The voltage and current to FBT1 is regulated by the circuitry including
Q2, 93, Q4, 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 FBT1. The remainder of the regqula-
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-C11-kl5, 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 REF1l, referenced to frame
ground, as its supply voltage. However, the photo 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
03 is the unregulated 150V., reduced to approximately 140V. by R17, again
with reference to the "hot" common, not frame ground.

FBT1, with current through Q2 and pulsed by Q1l, 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 FBT1 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.
E1-E6 To Logic Board (Sweep and convergence sync
pulses)
E7-E10 To Power Board (Unregulated DC, 60
Hz. Sync)
E15-E18 To Video Board (DC voltages)
E19-E25 To Logic Board (Regulated DC voltages)
Jl To Yoke Assembly (Vertical Sweep and Con-
vergence)
J2 To Yoke Assembly (Horizontal Sweep)
-
-
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D. LOGIC BOARD

The Logic Board is mounted in the lower part of the cabinet. 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 multi-
function Input/Output Unit (UD2)Read Only Memory (UA4-UA7), CRT Refresh
Random Access Memory (UD4-UD1ll), user Random Access Memory (UB4-UBll), and
several other devices for selection and control of data processing func-
tions. A Data Bus and an Address Bus provide much of the interconnection.

The display generatcr, shown on the right one-third of the schematic draw-

ing, includes the 5027 CRT Controller (UF9), Character Generator (UF6-UF7),
Character, Status and Color Latches (UE6, UES5, UE4), 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-UD11)

also is part of the display generator.

Data is recieved through either the Serial I/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 generator circui-
try. Here the first of two memory words is processed into an ASCII charac-
ter or graphics dot pattern; the second word is processed simultaneously
into color, blink and graphics identifier information. The resulting
serial output of color video information -- red, green, blue -- is coor-
dinated with horizontal and vertical synchronizing signals to synchronize
the serial output information with the CRT horizontal and vertical sweep
signals generated in the Analog Board.

MICROPROCESSOR

The 8080 CPU and its associated 8224 Clock Generator, 8228 Bus Driver/
Controller and 5501 I/O Controller make up the heart of the Logic Board
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. See Appendix for more information.

The 8224 Clock Generator includes a 17.9712 MHz. oscillator, controlled
by crystal Y1, and generates timing pulses @1 and @2 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.)
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The 8-line data I/O port of the 8080 CPU connects in parallel to the 8228
Bus Driver/Controller and the 5501 I/O Controller. All data to or from
the 8080 CPU passes through one of these two units.

The 5501 I/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 Modem
is converted to serial form and transmitted through the 1488 Line Driver
(UG1l). Data bits 04 and 05 from the 5501, applied to a NAND gate in UF2
(74LS00) , enable transmission to the designated unit. Serial data from
the Disk or Modem comes through the 1489 Line Reciever (UDl), also con-
trolled by data bits 04 and 05 from the 5501. See Table below.

UF2 UD1 Built-in Add-on Modem
12 13 11 02 8 o)1 Disk Disk
L L H ON L OFF ON ON OFF
L H H ON L OFF ON OFF OFF
H L H ON L OFF OFF ON OFF
H H L OFF H ON OFF OFF ON

Thus when either of bits 04 and 05 is low, the Line Driver and Receiver
sections associated with 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 0@-07 from the 5501, passed througn the 81lLS95 Octal
Buffer (UFl) without inversion, serve both as controls for the Disk Con-
troller and as inputs to the Keyboard. The Keyboard returns 12 lines of
information to the Logic Board. Eight of these are multiplexed by the
7415157 Quadruple 2-line-to-1l-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 re-
set the microprocessor to its initial condition.

The operation of the 5501 I/O Controller is determined by address bits Ag-
A3 from the 8080 CPU. See Appendix for details of the TMS 5501 Multifunc-
tion Input/Output device.

The 8228 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 8228 reads the status off the 8080
I/0 Port data to determine the action to be taken.

As a bus driver, the 8228 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.
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The Main Driven Data Bus originates at the 8228 Bus Driver/Controller
terminals DB@-DB7. From there (Schematic Drawing 100961, upper left
corner) its eight lines, designated D@-D7, connect in parallel to the
following units:

Description Function

1) 50-pin bus J3 for add-on units I/0 Data

2) Connector J8 for add-on RAM I/0 Data

3) 8K (or 16K) RAM (UB4-UBL1) I/0 Data

4) 81LS95 Octal Buffer (UE7) Refresh RAM Output Data

5) 4K Refresh RAM (UD4-UD11) Input Data to Refresh RAM

6) 82S123 I/O PROM (UAl) 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 to CRT controller

(and I/0 for Cursor Data)

The CRT Refresh RAM output data, in addition to being connected to the
main data bus through Octal Buffer UE7, is connected to the 74LS377
Character Latch UE6 and Status Latch UES.

The Address Bus is the route over which the 8080 CPU addresses the various
memories. This 16-bit parallel data bus originates at the A@-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 A@-A15
2) 3242 Address Multiplexer/Refresh Counter A@-Al3

3)

4)

5)

6)

(UA3) (where 14 bits are multiplexed on
7 lines for addressing user RAM and add-

on RAM) .

825129 Address Decoder/Timer for RAM(UE?2) Al3-Al15
825123 I/O PROM (UAl) Ag-A4
825129 System Decoder (UF3) Al3-Al5
5501 I/0 Controllexr (UD2) A@-A3



7) 82S123 ROM/PROM Decoder (UB3) All-Al4

8) 8K ROM (UA4-UA7) Ag-Al2
9) A NAND gate in 74LS00 (UF2) A7 only
10) Connector J9 for add-on ROM Ag-All
11) 74LS153 Multiplexers (UDl2, UE9,UES8) A@-Al1l

(multiplexed with CRT controller out-

puts to form 6-line addresses to CRT

Refresh RAM)
12) 5027 CRT Controller (UF9) A8-All
13) 82S129 CPU & Horizontal Decoder (UF8) Al2 only

Some address inputs to the 82S123 and 82S129 PROM come from other
sources.

The Logic Board 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 out-
put from its memory enables certain Logic Board function:

D@ is the Chip Enable for the 5501 I/0 Controller UD2.

D1 is the DBIN signal to the 8228 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 1is part of the address to ROM/PROM Decoder UB3, directing use
of the Read-Only Memory.

D3 is the Chip Select signal to the 5027 CRT Controller and part
of the address to the CPU & Horizontal:Decoder UFS8.

The required 8-bit address to the System Decoder comes from several
sources:

A@ is the 8080 CPU DBIN signal.

Al is the I/0 R signal from the 8228 Bus Driver/Controller.

A2 and A3 are the D6 and D4 bits (advance I/O R and I/0 W) from
the 8228, passed through inverters in UCL.

A4,A5 and A6 are address bits Al3-Al5 from the 8080.

A7 is the MR signal from the 8228.

The 82S129 Address Decoder & Timer (UE2) is a 256x4 tri-state output PROM
which provides the decoding and timing functions for RAM. Part of its
8-bit address comes from the Address Bus (bits Al3-Al5). Two bits are the
Memory Read and Memory Write commands from the 8228 Bus Driver/Controller.
One bit is the @2 Clock (TTL level). -@ine is the 8080's WR signal. The
remaining bit is the Refresh Signal from the second flip-flop in 74LS74
(UG2, terminals 8-13). The 4-bit words from memory are involved in RAM
functions:
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Dy is passed through two Schmitt triggers in UD3 to yield the
Column Address Strobe to the resident user RAM UB4-UBll.

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 the user RAM UB4-UBll and to any add-on 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 add-on RAM.

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

the selected Random Access Memory.

The 3242 Address Multiplexer/Refresh Counter (UA3) receives 14 address
bits from the 8080 CPU. It mu’tiplexes these into seven outputs
(0g-06) . These outputs make up the row/column address inputs for

the user RAM (UB4-UBll) and/or the add-on RAM.

The Zero Detect output (terminal 15) is an input to one of the two mono-
stable multivibrators in 74LS123 (UG4), which times the Refresh Signal.
When the 64 (oi 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 refresh cycle with high at D1 and at D2.

The Count and Refresh Enable inputs for the 3242 come from the 82S129
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.

The User Random Access Memory is made up of eight one-bit-wide Dynamic
RAM (UB4-UBll). (4K RAM uses 4115, 8K RAM uses 4116 type chips.) Each
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.
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The Dynamic RAM memory cells require refresh within 2 ms. intervals.
Refresh occurs during each memory cycle. Refresh also occurs every mil-
lisecond 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.
(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.

The 82S123 I/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
8228 Bus Driver/Controller and the A7 bit from the Address Bus. The
negative I/OR transition causes an inverter in UCl to apply a high to
one input of a NAND gate UF2. If the A7 address bit also is high, the
gate output goes low to provide the CE for UAl. Address Bus bits A@-A4
cause the appropriate 8-bit word to be read onto the Data Bus.

The 82S123 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 add-on ROM at J9.

One of its five address inputs has an option connection to ground or +5V.
Normally it is connected to Address Bus bit All. The optional connections
are provided for possible shift from Basic to other software. Three inputs
are Address Bus bits Al2-14. The fifth input is from the System Decoder UF3.

When ROM is addressed by the 8080 CPU to read data onto the Data Bus, the
ROM/PROM Decod=r enables the selected ROM chip.

The Read Only Memory (UA4-UA7) normally resident in the Compucolor II has
storage capacity for 16K 8-bit words. Options are available to increase
this capacity to 24K. A change in the type of ROM chip used will require
changes in the option patches associated with power voltages, address
inputs and chip select leads. The table following shows the patches.

INPUT = | +12 | -5 [ Al2 Al0 CS GND | All
PATCH NO, —& 1 2 3 4 5 6 7 8 9 10
2708
2716
4732
9216
36000

ROM CHIP

When the required address bits are present on the Address Bus, the data
from the selected memory area is read onto the Data Bus when the Chip
Select signal is received from the ROM/PROM Decoder. Refer to the Memory
Map in the Software Description Section for ROM layout.



The CRT Refresh RAM (UD4-UDll) 1is similar to the user RAM. It has connec-
tions directly to the Data Bus for data to.be written into memory. Output
data from memory can be passed to the Data Bus through 81LS95 Tri-State
Octal Buffer UE7 when gated by lows at its terminals 1 and 19. Output

data from the CRT Refresh RAM is connected difectly to two 74LS377 latches,
Character Latch UE6 and Status Latch UE5.

The 6-line address comes from 74LS153 Multiplexers UE8, UE9 and UDl1l2. The
address sources include bits A@-All form the Address Bus, six character
counter outputs and five data row counter outputs from the 5027 CRT Con-
troller, and an output of CRT Timing PROM UG8. The Select signals for the
Multiplexer originate in the CPU & Horizontal Decoder PROM UF8 and the CRT
Refresh RAM Timing Multiplexer UG6. Thus the CRT Refresh RAM is addressed
by either the 8080 CPU or the 5027 CRT Controller.

The Refresh RAM, treated as a part of the microcomputer, is also very much
associated with the display generator, the description of which follows.

DISPLAY GENERATOR

The 5027 CRT Controller (UF9), under control of the microcomputer, generates
CRT frame formatting signals such as horizontal and vertical sync, characters
per data row, data rows per frame, row select data, blanking, and cursor
video data. (See Appendix 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 Strohe, which strobes
D@-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 1.4976 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.

Several PROMs of various types are used in display generation. The uses
of these PROMs are taken up next.

The 82S123 CRT Timing UG8 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 11 of the Counter is 17.9712 MHz.
divided by 12, or 1.4976 MHz (the character timing frequency, with a
period of 667 ns.).
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The 8-bit output from the UG8 memory is used as follows:

D@-D2 Clock inputs to Status, Color and Character Latches
UE5, UE4 and UE6. D1l is also the Shift/Load input
to Shift Register UF5.
D3&D7 1Inputs to CRT Refresh Timing Multiplexer UG6.
D4 Clock input to flip-flop in UG3.
D5 Clear input to Dot Counter UG7.
D6 One address bit to CRT Refresh RAM through Multiplexer UD12.

The 82S129 CPU and Horizontal Decoder UF8 is a 256x4 PROM. Five bits of
its 8-bit address are the H2-H6 Character Counter Outputs from the 5027
CRT Controller. One bit is the 5027 Chip Select from the System Decoder.
Another bit is theAl2 bit from the Address Bus (designating priority of
access to the CRT Refresh RAM -- a low gives immediate access). The
remaining bit is from a flip-flop in UG3.

The 4-bit output from memory is used for:

Dy RDYIN signal to Clock Generator UBl via an AND gate.
D1 Power Supply Sync to the Analog Board.

D2 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 the select A control for
the CRT Refresh RAM address multiplexers (74S153 terminal 14), determines
whether the 5027 or the 8080 address Refresh RAM. As the Select signal

to Multiplexer UG6 it causes UG6 to pass the appropriate set of inputs

MW, RES,TS and TAS to Refresh RAM. ("A" inputs when the 5027 is addressing
Refresh RAM and "B" inputs when the 8080 is addressing it.) Terminal 9 is
low to select 5027 addresses and associated control signals for CRT Refresh
RAM. It is high to select 8080 addresses and controls.

The 74LS157 Multiplexer UG6 has two sets of four inputs, one of which is
gated to the four outputs by UG3.

INPUT OUuTPUT
TERM SET SIGNAL SOURCE TERM SIGNAL USE
2 A +5V 4 One gate for Buffer UE7
3 B MR from 8228 (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 TAS to Refresh RAM
UF4
11 A +5v 9 MW for CRT Refresh RAM
10 B MW from 8228
14 A D3 from UG8 12 RAS and TS for CRT
13 B WR or MR via UF2 & UF4 Refresh RAM
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The 81LS95 Octal Buffer UE7 passes the CRT Refresh RAM output to the
System Data Bus only when the 8080 CPU addresses Refresh RAM.

The components in the upper right portion of Schematic 100961 are associa-
ted with the character generation. Each character is defined in a 6x8 ma-
trix, 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 in-
cludes foreground color, backgrouvnd 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 82S129 Scan Decoder UG9 is a 256 x 4 PROM that supplies the "Y" add-
ress inputs to the Character Generator with three of its outputs. (The
fourth output is Cursor information.) Its address bits include the 5027
CRT Controller's Scan Counter R@, Row Select Rl & R2, Data Row Counter
DRZ and Cursor Video. It also receives the D7 bit of the first character
word and a 1.875 Hz. signal from the Blink Counter.

The 74LS393 Blink Counter UGlO input is 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 I/O Device
(SENS, term.22). It is also used for the real time clock.

Three 74LS377 Octal Latches are involved in the processing of the infor-
mation for 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 0
outputs on the positive-going edge of the Clock pulse. The Clock pulses
are generated by the CRT Timing PROM UG8. Output data from the CRT Refresh
RAM is applied to the Character Latch UE6 input. The Character Latch out-
put, together with the Scan Decoder UGY9 and the R1-R2 outputs of the 5027
CRT Controller address the Character Generator UF6-UF7. An output of the
Status Latch enables either UF6 (for characters) or UF7 (for graphics).
The parallel 6-bit Character Generator output is changed to serial out-
put by the 74LS166 Dot Shift Register and applied as one input to 82S131
Color PROM U7.

The other word for character generation is, immediately following the in-
put 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 app-
lied 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 fore-
ground color information) are addressed directly to the Color Latch.
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The 74LS377 Color Latch UE4 is set by the seven input bits just described,
plus an 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 UF5.)

The 82S131 Color PROM UG5 is a 512x4 PROM. Three bits of its possible 4-
bit output from 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 Analog
Board to coordinate the sweep pattern with the video signals from the
Color PROM. Two of these are supplied directly:

Horizontal Ramp Reset from H SYN, UF9 term.15.
Vertical Ramp Reset from V SYN, UF9 term.ll.

The Horizontal Drive signal timing is determined by the D2 output of CPU
& Horizontal Decoder UF8 and by monostable multivibrator UG4. When D2
goes low, the Horizontal Drive goes hicgh 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 UG4, which applies a high
at the terminal 2 D input of the flip-flop in UGG2. The high at UG2-4
causes the flip-flop to follow its D input on the positive-going transi-
tions 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 UG4
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 H@ Character Counter output of the 5027 CRT Controller).
This is the Horizontal Drive signal used in the Analog Board.

+4v. HORTZONTAL UF9-15
RAMR REQET .
2v./div.
GND .
+3v, —
— - UG2-5
GND AJ’ 2v./div.
HORJZONTRI, DPIVE
10 us./div.




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 74537
gates UAl to three identical driver transistors Ql, Q92 and Q3 (Q4, 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 &.2volts in case of regulator
failure.

In the Red Drive circuit, transistor Q1 is a common-base amplifier. Its
emitter is driven by the signal from UAL-3. The emitter bias is from the

+5V Regulated and the collector supply from the -48V Regulated on the Ana-
log Board, both connected through Jl1. The collector load includes frequency
compensation to obtain the required bandwidth. Diodes 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 R1, R2 and R3 provide individual bias adjust-
ment for the Red, Green and Blue CRT Screen grids to control brightness and
color mix, 4200 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 ( dttached
to the Analog Board).

Cathode return for all :hree 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 Q1 has an amplitude of approximate-
ly 40 volts p-p. The waveforms at UA-1, UAl-3 and Ql-e are approximately 4 volts
pP-p.

F. DISK DRIVE

The Floppy Disk Drive uses the standard 5 1/4" diskette package. Each of 40
tracks used for data( &f 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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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 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 ampli-
fiers, drive motor speed control circuit, stepper motor drives, and control
circuitry. The built-in disk drive is connected to the Logic Board by a
flexible cable. Read and Write data are transferred to and from the Logic
Board in serial form. Control data for the drive assembly is the 8-bit
parallel output of the 5501 I/O Device (through an octal buffer) on the
Logic Board. ' Bits @-2 control the stepper motor, one of bits 4 or 5 con-
trols 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 Schematic Drawing 100873 shows the Reproduce Amplifier.
Signals induced in the R/W Head by the diskette magnetic fields are connec-
ted through a filter and clipping circuit to one section of Dual Preamp-
lifier UB2. Negative feedback is provided through R19 and amplifier phase
compensation by R24-C4. The reproduce signal is carried through emitter-
follower transistor Q1 and a noise reduction coupling circuit to the second
section of UB2. (CR9 and CR10 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,C27). Section two has diodes CR3, CR4, 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 buffer UA2. (See waveforms shown on Schematic Drawing
100873. The waveform shown for TP3 is inverted by UA2 and then inverted
again by the line receiver in the Logic Board to be compatible with positive
logic.)

Serial data to the Record Amplifier is passed through sections of invert-
ing Octal Buffer UA2 to drive two transistors in Transistor Array UBI.
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.

ERASE
—
R/W
DISK MOVEMENT
ERASE OVER HEADS

HEAD ALIGNMENT

Control of the Record Amplifier is by bit 3 from the output of the Logic
Board's 5501 I/0 Controller. When WRITE is low (and the SELECT bit also
low), it is passed through two sections of inverting Octal Buffer UA2 in
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series to be a low at UBl terminal 12 and enable the Record Amplifier.
(The low turns off transistor 14-12-13. The resulting high at term 4
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 an 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 UA4 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 con-
ducts to present a low at terminal 11 of UA4 and prevent current flow
through the drive motor. A SELECT low results in a high at terminal 11

to allow current flow through the motor. The output of the comparator in
UA4 then controls the conduction of the control transistors. This is
determined in part by the adjustment of R10 and in part by the output of
the Pulse Generator. A tachometer attached to the drive motor (connected
to UA4 terminals 3 & 4) 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 R10. If the motor should stall,
the Stall Timer portion of UA3 prevents high motor current for any exten-~
ded 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 @-2. A low at any bit results
in a high out of the inverting Octal Buffer section in UA2 to turn on the
associated Darlington in UA3. o

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. 74LS138 (not in earlier models) allows
passage of only one low bit at a time to UA2.

This gating also prevents flow of recording current. The SELECT high on
the gate A of UAZ2 section 2-3, causes a high at terminal 12 of UBl. Tran-
sistor section 14-12-13 turns on to cause a low at *erminal 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 dis-
abled until a low SELECT bit commands the drive motor to start.

G. KEYBOARD

Compucolor II has a detachable keyboard which is available in several mo-
dels. It is connected to Logic Board connector J1, through the cabinet



rear cover. There are four parallel 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 0@-03 from the Logic
Board's 5501 I/O Controller to the 74159 4-line-to-16-line Decoder in the
Keyboard. The 74159 decodes the four binary bits into 16 mutally exclusive
codes, @-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 pattern of lows from the 74159 Decoder. This
coded pattern is the input presented to the Logic Board.

The remaining five lines of the Keyboard's 12-1line output (shown in the
lower right portion of the drawing) alsa are connsacted 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 re-
sults in a RESET to the 8080 CPU to force it back to its initial condition
-- the condition initialized when the Compucolor II is turned on.

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.

H. ADD-ON PROM

The plug-in Add-On PROM has four IC's mounted on a printed circuit board
4.25x%2.07 inches. It is available as 4K, 8K or 16K.

Capacity IC Type
4K 2708 EPROM 1024x8
8K 2716 EPROM 2048x8
8K 9216 MASK ROM 2048x8
16K 4732 MASK ROM 4096x8

Several connections are dependent upon the type of IC used. Terminals for
appropriate strapping are mounted on the board.

INPUT —— || +12 | -5 | Al2| Al0 cs GND | All
PATCH NO. — || 1 2 3 4 5 6 7 8 9 10
= 2708 >
g [~ 2716 ~
© 4732 />/ . ol
zZ [ 9216 < | S
= 136000 = =




Capacitors for power source by-passing are included. "Connectors at each
end of the board mate with two J9 connectors on the Logic Board. Note
that the end terminals 1 through 14 mate with the connector nearest the
edge of the Logic Board. Power must be OFF when the Add-On PROM is mated
with the Logic Board.

Up to 12 address bits are received from the Address Bus. The 8-bit out-
put is connected to the External Data Bus. Chip Select is determined by
the ROM/PROM Decoder (UB3) on the Logic Board.

I. ADD-ON RAM

The plug-in Add--On RAM has eight one-bit-wide dynamic RAM chips mounted
on a printed circuit board. It is available as 16K, with 4116 type
IC's.

Capacitors for power source by-passing are included. Connectors at
each end of the board mate with the two J8 connectors on the Logic
Board. Note that the end with terminals 1 through 12 mates with the
connector nearest the edge of the Logic Board. Power must be OFF
when the Add-On RAM is mated with the Logic Board.

The Add-On RAM is addressed through the 3242 Address Multiplexer/Refresh
Counter (UA3) in parallel with the resident RAM. The output of the RAM
Address Decoder (UE2) provides the Row Address and the Column Address
Str¥obes to the External Data Bus in parallel with the resident RAM. 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.
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VI. MAINTENANCE

Gen::ral

This section contains information required for maintenance of the
Compucolor II. It covers preventive maintenance, adjustment procedures,
trouble-shooting sugguestions and narts replacemert instructions.

A thorough understanding of the system and sub-assembly descriptive

material, including the drawings, is essential for effentive maintenanca

Safety Preccautions

1. HAZATNOUS VOLTAGES are present within the Compucolor II. When the
rear cover is removed for adjustments and/or trouble-shooting,
exercise CAUTION especially to AVO1D CONTACT WITH THE CRT HIGH
VOLTAGES, THE INPUT 115 VAC, AND NIIMERQUS CIRCUITS IWN THE POWER,
ANALOG AND VIDEO BOARDS HAVING 150 vDC AND HIGHER.

o

Do not remove, install or handle the picture tube in any manner
unless shatterproof goggles are worn. Persons not so equipped
shiould be kept away while picture tubes are being handled. Keep
the picture tube away from the body while handling.

3. Always use the manufa. .rer'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 ¥-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 consktructed to
limit X-Radiation. For continued X-Radiation protection, the
replacement tube must be the same type as the original, including
suffix letter, or a Compucolor Corporation approved tyne.

The CRT high voltage must be maintained within specified
limits. The high voltage must never, under any circumstances,
excred 25 KV. The usual value is near 20 KV.

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" cormeon lead, several
volts from fram~ ground. Any instrumentation to be connected across
these circuits must be floating --- neither side grounded.

6.01



Servicing Precautions

1. Observe original lead dress, particularly in high voltage and
video areas.

[}

Always connect the common lead of a test instrument to the
circuit before connecting the positive lead; conversely, always
remove the common lead of a test instrument last.

3. Do not check for high voltage by drawing an arc. Use a high
.voltage meter or a high voltage probe with a VOM.

4. Do not bridge electrolytic or other large value capacitors
into a live circuit since resultant surges may damage solid state
devices.

5. Socme transistors are equipped with heat sinks. Do not operate
the transistor with the heat sink removed.

6. All soldering irons used where transistors and integrated chips
are concerned should be 35 watt irons and ungrounded so that no
voltage will be applied to the solid state device during the
soldering operation. This precaution is to prevent possible
damage to the device due to excessive heat or voltage applied
under no bias conditions.

Instrumentation

Performance of maintenance procedures requires a multiple trace oscillo-
scope with a bandwidth of 15 Mhz., a digital logic probe and a VOM. The
VOM must have a high voltage probe or a separate high voltage meter must
be used for measuring the CRT voltage (up to 25 KV). (Remember to "float"
the oscilloscope and any electronic VOM before connecting to certain
circuits in the Analog and Power Boards.)

Preventive Maintenance

The Compucolor II requires a minimum of preventive maintenance: periodic
cleaning of the outside surfaces of the equipment may be performed, along
with checks of the condition of the interunit cabling and internal components
of the chassis. To clean the CRT screen, display enclosure and keyboard

use a lightly moistened lint-free cloth or vacuum cleaner. A mild household
cleaner can be used to clean the outside surfaces of the cabinet and key-
board. Most of the circuit boards in the display unit and keyboard operate
at low power levels. Consequently their contacts are sensitive to dust,
nil, moisture, and corrosicn. When the circuit cards are removed, the
contacts should be cleaned before re-inserting. Use a lint-free cloth
moistened with trichloroethlylene or another suitable solvent; then remove
the film left by the cleaning fluid.



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 Logic 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 Analog Board in place. Furpher 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 enough 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. Rkemove the Disk
Drive through the front of the cabinet.



Alignment
Perform all adjustment procedures with the input power at 115 VAC.

Regulated Voltages: Using a DC Voltmeter with an accuracy
within 2% at 5 volts, check voltage between Logic J6-4 and frame
ground. If not 5.0 + 0.1 volts, adjust R22 to obtain an indica-
tion of 5.0 VDC. After this adjustment has been made, the
voltages between the following points and ground should be as

indicated:

From Analog To DC Voltage
E23 Ground -5.0 + 0.3
E20 ’ Ground -12.0 + 0.6
E19 . Ground +12.0 + 0.6
El6 Ground -48.0 + 2.0

Noise and ripple, as viewed on an oscilloscope will vary with the type

of opcration but should not exceed 3% peak-to-peak at any of these points.

Vertical Deflection: Erase the scresn with a background color
other than black.

1. Operate the "BG ON" key.

2. With "CONTROL" key depressed, strike a color key (e.g.,
"Q" for red).

3. Strike the "ERASE PAGE" key.

On the Analog Board, adjust VERT HEIGHT R196 and VERT CENT R105 for
a nattern height of approximately 6% inches, centered vertically on
the screen.

Horizontal Deflection: Adjust HOR WIDTH R109 on the Analog Board
for a pattern width of 9 3/8 inches. Then fill the screen with a
pattern of white dots on a black background.

Operate the "BG ON" key.

With "CONTROL" key depressed, strike the black color key "“P".
Then, strike the "FG ON" key.

With "CONTROL" key depressed, strike the white color key "W".
Strike the "(ESC)" key, "Y" key and "." key in succession.

(G2 I~ VS I O

On the Digital Board, near corner by keyboard cable, adjust R20 to
center the pattern horizontally. Note that the pattern moves in
discrete two-character jumps. Adjust the pot by touch to be half-way
between two jump points.



Focus: With the pattern of dots still filling the screen, adjust
the FOCUS potentiometer, mounted on the rear edge of the Analog Board
frame, for optimum focus over the entire screen. (When the cabinet
is fully assembled, a hole at the rear provides access to the FOCUS
control.)

Purity: With the pattern of white dots still on the screen, note the
convergence adjustment condition -- the dots in the center should
appear white, with little or no color-tinged edges. If the conver-
gence adjustment appears reasonably good, proceed with the purity
adjustment. Otherwise, first follow the convergence procedure detailed
later in this section, even though parts of it will have to be
repeated.

Erase the screen with background color Red (keyboard operation described
under Vertical Deflection adjustment.) Purity adjustment is needed if the
entire ypattern is not a uniformly red color.

The Comvucolor IT should always be facing either north or south during
purity adjustment. This assurecs that any effect of the earth's normal
mauynetic field upon heam landing will be negligible when the unit is
placed in its normal viewing location.

The unit should be at room temperature (E0°F or above) for at least 30
minutes before adjustments are made. It should be in operation for at
least 10 minutes before attempting purity or convergence adjustemnts.

Degaususing may be required. Move a manual degaussing coil (GC 9317 or
equivalent) slowly around the unit and back and forth in front of the
picture tube. Withdraw the coil slowly to a distance of at least six
feet before disconnecting the coil from its AC power source.

1. wWith the screen still erased with the background color Red, loosen
the yoke clamp and move the yoke to the rear as far as possible.

2. Rotate the purity rings by the two adjustment tabs (on rectangular
magnet assembly just behind yoke) to obtain a clean red area at the
center of the CRT screen.

3. Push yoke forward until a uniform red raster is obtained. The raster
should be slightly larger than 6 by 9 inches and not rotated from
the horizontal orientation. Tighten the yoke clamp.

4. Erase the screen with the background color white. The raster should
be uniformly white. It may be necessary to reconverge the center of
the screen by adjustment of the red and blue horizontal and vertical
thumbwheels on the rectangular magnet assembly. The Color Tempera-
ture and Brightness procedure (immediately following) may also be
required.

5. If the central area of the screen is not uniformly white, repeat the
purity adjustment and the red and blue convergence adjustments.
(Other adjustments, performed a bit later, take care of convergence
at top, bottom and sides.)



Color Temperature and Brightness: Fill the screen with white characters
on a black background. (The procedure is the same as that outlined in
the Horizontal Deflection paragraphs.)

On the Video Board, turn the three screen grid controls Rl (Red),

R2 (Green) and R3 (Blue) fully CCW. Turn the RED control Rl clockwise
until the red vertical retrace raster line at the top of the screen is
barely visible; then return it CCW slightly to render the retrace invisible.
Adjust GREEN control R2 and BLUE control R3 in similar fashion. Carefully
touch up the adjustment of the three controls to obtain white letters

with brightness at a comfortable viewing level.

Pincushion: With the screen still filled with a pattern of letters, note
whether top and bottom lines are straight horizontally. Adjust VERT
PINCUSHION R107 on the Analog Board to obtain straight lines horizontally
(see sketch). For straight lines vertically at the left and right sides,
adjust HOR PINCUSHION R108. (R108 omitted in early models.)

~ -~
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Convergence: Fill the screen with the convergence test pattern of dots
and five "+" symbols.
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1) Operate the "CPU RESET" key, then the "BG ON" key.

2) With "CONTROL" key depressed, strike the black color key "P".
3) Strike the "FG ON" key.

4) With "CONTROL" key depressed, operate the white color key "W".

5) Operate the " (ESC)" key, "Y" key and "." key ih succession.



6) Then operate " (ESC)" and "X" (for page mode) .

/) Operate the "HOME" key, then the "¢" key 16 times and the "<"
key once.

3) With the "SHIFT" key depressed, strike the "+" key two times.
("+" symbols should appear center right and center left.)

9) Operate the "TAR" key four times ta move the cursor to screen
center. Enter "+".

1)) Operate " i" Key 15 times and the "<-" Key once to bring the cursm
to bottom center. Enter "+".

11) Operate ”¢ " and "<«" once each to move the cursor to top center.
Enter "+".

12) Operate "HOME" key to return cursor to upper left.

If the Focus and Purity adjustments have been performed correctly,
the center "+" should be a well-defined white symbol .

On the Analog Board, adjust TOP R96 for best convergence at the top
"4+" (white symbol without color-tinged edges). Repeat with BOTTOM R97,
RIGHT R95 and LEFT R94 for best convergence in the bottom, right and
left areas of the screen.

If any of the last four potentiometers reach the end of the adjustment
range before satisfactory convergence is achieved, proceed as follows:

1) Return the four potentiometers to the center of their adjustment
range.

2) With the oscilloscope, monitor the Horizontal Parabola rattern at

Ul7-3 on the Analog Board. Adjust R102 to equalize the height of
the end points of the parabola.

GND

Make V
s

I
<
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Then adjust R101 to bring the bottom of the parabola to Ground

\/\ 4 /\/ GND

3) Monitor the Vertical Parabola pattern at Ull-3 and adjust R103 and
R104 in similar fashion.

4) Monitor the Pincushion pattern at Ul6-3. The center of the pattern

should be at Ground Level, the baseline horizontal and the right and
left end points equal in height.

Ground level % 1v.



¥ GND

Vse "tilt" less than 1V.
r
+Vye
_ LI __ GND
_“J. ~VHC '
1 Y

Height of pattern end points within 1V. of equal.

5) Monitor pattern at Ub-1 and tauch up R10l1 adjustment t¢ eliminate
any remaining offset.

Make Vhp = 0
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6) Monitor pattern at U5-8 and touch up R104 adjustment for zero offset.

Make V = 0
v

Vvp

1! should now be pos ibie to obtain convergence in all areas ot the screen.

Adiust R96,

R97, R95 and R94 for best convergence in the top, bcttom, right

and left areas of the screen. Then touch up adjustments, observing the

SAME ORDER

DISK DRIVE:

of potentiometer adjustment.

The Disk Drive Assembly has a strobe disk {on the side nearcsr

the CRT) for speed check. While viewing the strokbe disk under 60 lz.
fluorescent light, strike the keyboard "AUTO" key to cause the drive to
rur. (Note 1l: Be sure there is no diskette in the unit.)

While the drive is running, the outer pattern on the strobe disc should
appear Very nearly stationary. If the pattern drifts appreciakly in
cither direction, adjust R10 on the Disk Controler Board to "stop" the
pattern. It probably is best to remove the DlSk Drive from the Lomuacolor

II cabinet

to make this adjustment.

(Note 2: It is necessary to strike the "RESET" key to-stop‘thé;drive.)

(Note 3: If the Compucolor II is powered kty 50 Hz. 115 VAC, perform the

adjustment

strobe disk

TROUBLE-SHOOTING

under 50 Hz. illumination and observe the inner pattern on the

.)

In system-level
assembly as the
tution of major
any assembly or
in this section.

trouble-shocting the object is isolation of one major board or
cause of the malfurnction. One method of dcina this is substi-
assemblies. Always turn power off when removing or replacing
component. Refer to disassembly procedures described earlier

In addition, some deductive reasoning may be performed by observing the CRT
display screen under various system operating conditions. Information con-
tained in the system and subassembly description sections can be helpful in
signal tracing and trouble analysis.

The extent to which individual part replacement may be efficient is dependent
upon the user-skill level. Establishment of a maintenance policy is suggested--
©.g., "Attempt repair of Analog Board; return malfunctioning Digital Board to
Compucolor Corporation.



TROUBLE-SHOOTING TECHNIQUES

1. Check to see that all plugs and connectors are properly connected.
2. Make a visual check for broken connection or damaged components.
3. Check for any blown fuses.

4. If there is a convergence problem, see if it can be porrected by
alignment. See sect.ion on Alignment.

S. Always check low voltage power supplies before beginning other
trouble shooting.

6. Note symptoms and refer to block diagram and schematics.

7. Locate the circuit area in which the problem is believed to be contained.

8. Read circuit description of suspected circuit.

9. Follow check out procedure until defective component or components
are found.

TRANSISTOR CONNECTIONS

All connections are shown as viewed on the component side of the printed
wiring board.

C
0]
B O O E Analog Board: Ql, Q2, Q5, Q6, Q7
(Power transistors mounted on the Analoq Board
wrap connect into the component side of the board
as indicated at left.)
B Analog Board: Q13, Q15
(FET E111)
Q 2
1
E
c
B
or Analog Board: Q3, Q4, 08, Q17, Q18, Q19
E
0
| o ¢
ol



Power Board: Ql
Analog Board: Q9, Ql10, 011, Ql2, Q14

Logic Board: 01, 02

video Board: Q1, 04, 07

Disk Controller: Q1
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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.
) Strike the "FG ON" key.

) With "CONTROL" key depressed, operate the White "W" key.
)  Strike the "(ESC)", "Y" and "T" keys in succession.

w o

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) 123456789f. (Space)
[~ I~_(TAB)-(TAB)@;:,/(TAB)'.? » +* (TAB)NULL! "#$ (TAB) %& (=)

(Note: In order to check both "SHIFT" keys, use the right hand key for some
characters and the left hand "SHIFT" key for the others).



Depress "REPEAT" and "." keys simultaneously to add 6 or 8 dots. The line
of symbols should read:

OhIss = @;:,/ (2> +%  WIUHS & (=)........

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 operatad.
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 no:
blink. (Note: 1In 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
Compucolor 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.



SECTION VII
COMPUCOLOR II PARTS LIST






YIii. COUPUCCLOR IXI PATTS LIST

'odel 2, U encd & Asserblics

e CCITI n0. OUAN, DESCRIPTICH

1 100052 Cab., Sueck., tod.
= 10n08Yy Cavb. Front ilod,
2 120C8h 1 SR/ E fTelfton

) oanNaQl
B 110061
- annanoa
s 11enc
& 10nakz
Q 10111%
10 00023
11 100672

z 101107
e 120070
14 1T0110F

WL

CRT
Sline
Sprinn
U E RN R Gle L
Gab: Sun, Braels,
Yoire Moo,
Converrence

A
Disgl: FPrive Lsew,

) iyl = sy
a3 L)

e
=13 -3 3

»

(@]
—

Aoy,

MG PlolticiR I ISiE T
h-32 = /& T Do
Anelor Aosy.
Rce lchLe Telow
etainine Strip
Videc Triver
Cover Plate
Clarncso

3

—
q

RPN
v ) I

160088
1000fK
10000k

KK

D =
DD

2 101113 Video Cnd. Streor
21 101114 Vidrno Si~-. fnble
22 101114 Anzlos Stran

23 110CED Handle Pri.

2y 1100886 Eancle

25 116032 Fubber Tcat

26 126014 f=32 x 1/2 TV

27 1106067 Pzds féhezive

2L 1160054 Tie Vraps

26 110020 Powver Cciro

120C70
100000

100905

f~32 x T/8 TV
Hipdne Tigpcpear

Bleoek Diacrean

B Y SO o T G T ) YRS N W N W O G G -,g—ni,\)_:_x_.l_;_lf-.-l'\_\_a—l'\)—l_n

C) ) LA
N = O

Tters 1% is deftermrined by the l'iodel lo.:

HAI A CCIT U0, nuaLT, NESCTIPTION

3 100GR?2 1 Loriec Assy. &V
) 100062 1 Losic Assay 16¥
5 10006F 1 Lo~ie fssy. 22V



COMPUCOLOR II

Recommended Spare Parts List

CCII NO. DESCRIPTION

101107 Power Supply Assy.

101108 Analog Assy.

100963 Logic Assy. 8K

100964 Logic Assy. 16K

100965 Logic Assy. 3X

100986 Add-on RAM Assy.

100895 Video Drive Assy.

100973 Disk Drive Assy., Conplete
100& 72 Disk Controller Board Assy. Only
900004 12VAXP22 CRT

010047 Spare Parts Kit, Analog
010048 Spare Parts Kit, Digital

The above list presumes repair, other than minor, by replacement of
ma jor subassemblies, with the faulty subassemblies being returned to
Compucolor Corporation for repair and return.

If substantial in-house repair of subassemblies is contemplated, com-
plete parts lists are available. Repair parts not commonly available
from electronices supply houses can be ordered from Conmpucolor Corp-
oration., With the exception of the cathode ray tube, transformers,
cabinets and spare parts kits, ordering quantity is ordinarily five
and the minimum order total $100.00.
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1.1

1.2

1.3

TMS 8080 MICROPROCESSOR

ARCHITECTURE
INTRODUCTION

The TMS 8080 is an 8-bit parallel 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 intertace
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 facitate
stack location in the memory and to allow almost unlimited interrupt handling capability. The CALL and RST {:estart)
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 hy 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 output addresses and data.

ADDRESS DATA
BUS BUS (1/0)
8
8 1
£ 81
7 7
sy
A
16}
A
ya FLAG
7 REGISTER
> BCD
CORRECT sl
4 HIGH ORDER i
.ﬁ REGISTER 2
16 FILE 8 8
ya s L CONSTANT
| 8
- N—— v ACCUMULATOR 7 GENERATOR |—< N
8, REGISTER Aty
16 16 7
fl L
8 LOW-ORDER 8 X oprrator ¥ A
AP REGISTER -~
INCREMENTER FILE 8, g
DECREMENTER 8 =i REGISTER
.1 8
1 A
0
INSTRUCTION REGISTER
TIME AND
conTroL | STATUS

FIGURE 1-TMS 8080 FUNCTIONAL BLOCK DIAGRAM
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1.5

1.6

1.7

THE ARITHMETIC UNIT

Arithmetic operations are performed in an 8-bit parallel arithmetic unit that has both binary and decimal 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 arithmetic operation on BCD data as shown in Table 3.

STATUS AND CONTROL

Two types of status are provided by the TMS8080. Certain status is indicated by dedicated control lines. Additional
status is transmitted on the data bus during the beginning of each instruction cycle (machine cycle). Table 4 indicates
the pin functions 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 AO 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 OUT
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 request 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 is 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 condition until the READY line becomes true. When
the WAILT 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 pollsthe INT input to determine if an interruptrequest 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 interrupt 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 controlled by special instructions (El or
DI). 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 cycle of clocks ¢1 and ¢2. (NOTE: The exception to this rule is the DAD
instruction, which consists of 1 memory reference in 10 state times). The first machine cycle (designated M 1) 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) to 18 (XTHL).
The WAIT or HOLD conditions may affect the execution time since they can be used to control 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.



TABLE 1
TMS 8080 REGISTERS

NAME DESIGNATOR LENGTH PURPOSE
Accumulator A 8 Used for arithmetic, logical, and 1/0 operations
B Register B 8 General or most significant 8 bits of double register BC
C Register C 8 General or least significant 8 bits of double register BC
D Register D 8 General or most significant 8 bits of double register DE
E Register E 8 General or least significant 8 bits of double register DE
H Register H 8 General or most significant 8 bits of double register HL
L Register L 8 General or least significant 8 bits of double register HL
Program Counter PC 16 Contains address of next byte to be fetched
Stack Pointer SP 16 Contains address of the last byte of datasaved in

Flag Register

the memory stack
F 5 Five flags (C, 2, S, P, C1)

NOTE: Registers B and C may be used together as a singie 16 bit register, likewise, D and E, and H and L.

TABLE 2
FLAG DESCRIPTIONS

SYMBOL TESTABLE DESCRIPTION

Cc YES C is the carry/borrow out of the MSB (most significant bit) of the ALU (Arithment Logic
Unit). A TRUE conditioo (C=1) indicates overflow for addition or underflow for
subtraction,

z YES A TRUE condition (2 = 1) indicates that the output of the ALU is equal to 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).

C1 NO C1isthe carry out of the fourth bit of the ALU (TRUE condition). C1 is used only for BCD
correction with the DAA instruction.

" TABLE 3
FUNCTION OF THE DAA INSTRUCTION

Assume the accumulator {A) contains two BCD digits, X and Y

7 4 3 0
ACC X Y
ACCUMULATOR ACCUMULATOR
BEFORE DAA AFTER DAA

c |A7...Ag| c1 |A3...Ag| ¢ Az...As|C1 Az...Aqg
0 X <10 0 Y <10 0 X 0 Y
0 X <10 1 Y <10 0 X 0 Y +6
0 X<9 0 Y =10 0 X +1 1 Y +6
1 X <10 0 Y <10 1 X +6 0 Y
1 X <10 1 Y <10 1 X +6 0 Y+6
1 X< 10 0 Y =10 1 X+7 1 Y +6
0 X =10 0 Y <10 1 X +6 0 Y
0 X =10 1 Y <10 1 X+6 0 Y +6
0 X=>9 0 Y > 10 1 X+7 1 Y+6

NOTE: The corrections shown in Table 3 are sufficient for addition. For subtraction, the programmer must account for the borrow
condition that can occurand give erroneous results. The most straight forward method is to set A = 9946 and carry = 1.Then

add the minuend to A after subtracting the subtrahend from A.



TABLE 4
TMS 8080 PIN DEFINITIONS

SIGNATURE | PIN 1/0 DESCRIPTION

A15 (MSB) 36 ouT A15 through AO comprise the address bus. True memory or 1/O device addresses appear on

A14 39 ouT this 3-state bus during the first state time of each instruction cycle.

A13 38 ouT

A12 37 ouT

A1 40 ouT

A10 1 ouT

A9 35 ouT

A8 34 ouT

A7 33 ouT

A6 32 ouT

A5 31 ouT

A4 30 ouT

A3 29 ouT

A2 27 ouT

A1l 26 ouT

A0 (LSB) 25 ouT

D7 (MSB) 6 IN/OUT D7 through DO comprise the bidirectional 3-state data bus. Memory, status, or {/O data is

= 8 IN/OUT transferred on this bus,

D5 4 | IN/OUT

D4 3 | IN/JOUT

D3 7 IN/OUT

D2 8 IN/OUT

D1 9 | IN/OUT

DO (1.SB) 10 IN/OUT

Vss 2 Ground reference

Vgg 11 Supply voltage (-5 V nominal)

Vce 20 Supply voltage (5 V nominal)

VDD 28 Supply voltage (12 V nominal)

o1 22 IN Phase 1 clock.

02 15 IN Phase 2 clock. See page 19 for ¢»1 and @2 timing.

RESET 12 IN Reset. When active (high) for a minimum of 3 clock cycles, the RESET input causes the
TMS 8080 to be reset. PC is cleared, interrupts 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 tocation 0.

HOLD 13 IN Hold signal. When active (high) HOLD causes the TMS 8080 to enter a hold state and float
(put the 3-state address and data bus in a high-impedance state). The chip acknowledges
entering the hold state with the HLDA signal and will not accept interrupts until it leaves
the hold state.

INT 14 IN Interrupt request. When active (high) INT indicates to the TMS8080 that an interrupt is
being requested. The TMS8080 polls INT during a HALT or at the end of an instruction.
The request will be accepted except when 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 in the hold state. INTE is set to a high logic level by the EI (Enable Interrupt)
instruction and reset to a low logic level by the DI (Disable Interrupt) instruction. INTE is
also reset when an interrupt is accepted and by a high on RESET.

DBIN 17 ouT Data bus in. DBIN indicates whether the data bus is in an input or an output mode.

(high = input, low = output),



TABLE 4 (CONTINUED)

DESCRIPTION

SIGNATURE | PIN 1/0
WR ' 18 ouT
SYNC 19 ouT
HLDA 21 ouT
READY 23 IN

WAIT 24 ouT

Write. When active (low) WR indicates a write operation on the data bus to memory or to an
1/0 port.

Synchronizing control line. When active (high) SYNC indicates the beginning of each
machine cycle of the TMS8080. Status information is also present on the data bus during
SYNC for external latches.

Hold acknowledge. When active (high) HLDA indicates that the TMS8080 is in a hold state.

Ready 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 data bus. READY is used in conjunction
with WAIT for different memory speeds.

Wait status. When active (high) WAIT indicates that the TMS8080 has entered a wait state
pending a READY signal from memory.

TABLE 5
TMS 8080 STATUS
DESCRIPTION

SIGNATURE| DATA BUS BIT
INTA DO
WO D1
STACK D2
HLTA D3
ouT D4
M DS
INP D6
MEMR " D7

2, - TMS 8080 INSTRUCTION SET

2.1 INSTRUCTION FORMATS

Interrupt acknowledge.

Indicates that current machine cycle will be a read (input) (high = read) or a write (output)

(low = write) operation.
Indicates that address is stack address from the SP.
HALT instruction acknowledge.

Indicates that the address bus has an output device address and the data bus has output
data.

Indicates instruction acquisition for first byte.
Indicates address bus has address of input device.

indicates that data bus will be used for memory read data.

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
| D7 D6 D5 D4 D3 D2 D1 DO |

Two-Byte Instructions
| D7 D6 D5 D4 D3 D2 D1 DO |

| D7 D8 D5D4D3D2D1DO |
Three-Byte Instructions

| D7 D6 D5 D4 D3 D2 D1 DO |

| D7 D6D5D4D3D2D1DO |

| D7 D6 D5 D4 D3 D2 D1 DO |

OP CODE

OP CODE

OPERAND

OP CODE

LOW ADDRESS OR OPERAND 1

HIGH ADDRESS OR OPERAND 2



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 DESCRIPTION
<bo> Second byte of instruction
<bz> Third byte of instruction
I3 Register = Register Name
000 B
001 E
010 D
011 E
100 H
101 L
11 A
o Register = Register Name
00 BC
01 DE
10 HL
11 SP
re Register = Register Name
0 BC
1 DE
rd Register = Register Name
00 BC
01 DE
10 HL
rdL Least significant 8 bits of rg
rdH Most significant 8 bits of rg
f Flags True condition
Zero (2) Result is zero
Carry (C) Carry/borrow out of MSB is 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
M Memory address defined by registers H and L
() Contents of specified address or register
[1] Contents at address contained in specified register
- Is transferred to
© E xchange
Am Bit m of A register (accumulator)
i1 Flags affected
bo Single byte immediate operand
b3bo Double byte immediate operand
(nnn)g (nnn) is an octal (base 8) number



2.2.2 ACCUMULATOR GROUP INSTRUCTIONS

.

MCYCLES/
MNEMONIC OPERANDS BYTES STATES
ACI by 2 217
ADC M 1 2/7
ADC fa 1 14
ADD M 1 2/7
ADD s 1 14
ADI by 2 27
ANA M 1 2/7
ANA 'a 1 1/4
ANI by 2 217
CMA 1 1/4
CcmC 1 1/4
CMP M 1 217
cmP fa 1 1/4
cPI bo 2 217
DAA 1 1/4
DAD . 1 1110
LDA b3bo 3 4/13
LDAX fe 1 217
ORA M 1 217
ORA s 1 1/4
ORI by 2 217
RAL 1 114
RAR 1 1/4
RLC 1 1/4
RRC 1 1/4

DESCRIPTION
(A) — (A) + <bp>+(carry), add the second byte of the
instruction and the contents of the carry flag to register A and
place in A. {C,z,5,P,C1}

(A) = (A) + (M) + (carry). { C,2,5,P,C1 |

(A) — (A) + (rg) + (carry). {C,2S5P,C1 !

(A) — (A) + (M), add the contents of M to register A and place in
A. iCZ2SPC1]|

(A) — (A) + (rg).iC,Z,8,P,C1}

(A) - (A) + <bp>.{C,2,5P,C1}

(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,Z,S,P,Cﬂ
(A) — (A) AND (ry). {C,2,5,P,C1}

(A) — (A) AND <bp>.{C,ZSP.C1}

(A) — (A), complement A.
(carry) — lcarry), complement the carry flag. {C |
(A) — (M), compare the contents of M to register A and set the

flags accordingly.{C,2,S,P,C1}

(A)=(M)  Z=1

(A) # (M) Z2=0

(A) < (M) C=1

(A) > (M) C=0
(A) — (ry). {C.2,5,P.C1}
(A)-<by>. {C,zs,P.C1}
(A)«<-BCD correction of (A). The 8 bit A contents is corrected to
form two 4 bit BCD digits after a binary arithmetic operation. A
fifth flag C1 indicates the overflow from A3. The carry flag C
indicates the overflow from A7 (See Table 3). {C,2,SP,C1}
(HL) — (HL) + (rp), add the contents of double register ry to
double register HL and place in HL. {C}
(A)=[<bz> <by>]
(A)—llre)]
(A) «~ (A) OR (M), take the logical OR of the contents of M and
register A and place in A. The carry flag will be reset.
{c.z.spct)
(A) — (A) OR (ry).{c,zs,p,C1}
{A) — (A) OR <bjy>.|{C,Z,S,PC1}
Am+1—Am, Ag—lcarry), (carry)—(A7). Shift the contents of
register A to the left one bit through the carry flag. {C }
Am=Am*1, Az—lcarryl, (carry)«-Ag.{ C}
Am+1-Am, Ag—A7 (carry)—(A7). Shift the contents of register
A to the left one bit. Shift A7 into A and into the carry
flag. {C |
Am—Am+1. A7—Aq, lcarryl—(Aqg). {C |



MCYCLES/

MNEMONIC OPERANDS BYTES STATES
SBB M 1 2/7
SBB ra 1/4
SBI bo 2 2/7
STA b3bp 3 4/13

STAX re 1 2/7
STC 1 1/4
SuUB M 1 2/7
SUB ra 1 1/4
SuI bo 2 2/7
XRA M 1 2/7
XRA fa 1/4
XRI bo 2 2/7
2.2.3 INPUT/OUTPUT INSTRUCTIONS
M CYCLES/
MNEMONIC OPERANDS BYTES STATES
IN bo 2 3/10
ouT bo 2 3/10
2.2.4 MACHINE INSTRUCTIONS
M CYCLES/

MNEMONIC OPERANDS BYTES STATES
HLT 1 2/7
NOP 1 1/4

DESCRIPTION

(A)~(A)—(M)—(carry), subtract the contents of M and the

contents of the carry flag from register A and place in A. Two's

complement subtraction is used and a true borrow causes the

carry flag to be set (underflow condition). {C,Z2,S,P,C1}

(A)~(A)—(rz)—(carry). {C,2,5,P,C1}

(A)=(A)=<bp>—l(carry). {C,2,5,P,C1}

[<b3> <by>]+-(A), store contents of A in memory address

given in bytes 2 and 3.

[(re)1 —(A), store contents of A in memory address given in BC

or DE.

(carry)«<1, set 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 a true

borrow causes the carry flag to be set (underflow condition).

{czspcil

(A)=(A)—(ra).{C.2,5,PC1]

(A)—(A)~<bp>.{C,Z,5,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 will be reset.
{c.z,sp.cl

(A)-(A) XOR (ry). {C,2,5,P,C1)

(A)+-(A) XOR <bp>. {C,2,5,P,.C1}

DESCRIPTION
(A)—(input data from data bus), byte 2 is sent on bits A7-AQ
and A15-A8 as the input device address. INP status is given on
the data bus.
(Output data)—(A), byte 2 is sent on bits A7-A0 and A15-A8 as
the output device address. OUT status is given on the data b:s.

DESCRIPTION
Halt, all machine operations stop. All registers are maintained.
Only an interrupt can return the TMS 8080 to the run mode,
Note that a HLT should not be placed in location zero,

otherwise after the reset pin is active, the TMS 8080 will enter a
nonrecoverable 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 data bus.

(PC)—(PC)+1, no operation.



2.2.5 PROGRAM COUNTER AND STACK CONTROL INSTRUCTIONS

M CYCLES/
MNEMONIC OPERANDS BYTES STATES
CALL b3bo 3 5/17
Conditional call instructions for true flags:
(f) 5/17 (Pass)
CC (carry) bzbs 3 3/11 (Fail)
CPE (parity) b3b? 3
CM (sign) bgbs 3
CZ (zero) b3bo 3
Conditional call instructions for false flags:
(f) 5/17 (Pass)
CNC (carry) bzbo 3 3/11 (Fail)
CPO (parity) b3bo 3
CP  (sign) b3bo 3
CNZ (zero) b3bo 3
[o]] 1 1/4
El 1 1/4
JMP b3bo 3 3/10
Conditional jump instructions for true flags:
(f) 3/10
JC  (carry) bzbo 3
JPE (parity) b3bo 3
IM  (sign) " bzby 3
JZ  (zero) b3bp 3
Conditional jump instructions for false flaas:
(f) 3/10
JNC (carry) b3b? 3
JPO (parity) b3b2 3
JM  (sign) b3bo 3
INZ (zero) b3bs 3
PCHL 1 1/5
POP PSW 1 3/10
POP rd 1 3/10
PUSH PSW 1 3/11
PUSH rq 1 3/11
RET 1 3/10

DESCRIPTION
{((SP)-1] [(SP)—2]—(PC), (SP)«-(SP)—2, (PC)+<b3z> <bp>,
transfer PC to the stack address given by SP, decrement SP
twice, and jump unconditionally to address given in bytes 2 and
3.

tf (f) =1, [(SP)=1] [(SP)-2]—(PC), (SP)~(SP)-2, (PS)--<bgz>
<bj>, otherwise (PC)—(PC)+3. If the flag specified, f, is 1, then

execute a call. Otherwise, execute the next instruction.

If (f) =0, [(SP)=1] [(SP)—2]-—(PC), (SP)-=(SP}—2, (PC)-<b3~
<bj>, otherwise (PC)—(PC)+3.

Disable interrupts. INTE is driven false to indicate that no
interrupts will be accepted.
Enable interrupts. INTE is driven true to indicate that an

“interrupt will be accepted. Execution of this instruction is

delayed to allow the next instruction to be executed before the
INT input is polled.

(PCl«<bz> <bp>, jump unconditionally to address given in
bytes 2 and 3.

If (f) = 1, (PC)«-<b3z><by>, otherwise (PC)«~(PC)+3. If the flag
specified, f, is 1, execute a JMP. Otherwise, execute the next

instruction,

I (f) =0, (PCl--<b3z> <bp>, othewise (PC)«(PC)+3.

(PC)—(HL)

(F)«[(SP)], (A)«-[(SP)+1], (SP)«-(SP)+2, restore the last
stack values addressed by SP into A and F. Increment SP twice.
(rgL)<{SP)], (rgH)«=-[{SP)+1], (SP)«-(SP)+2.

[(SP)=1]«(A), [(SP)—2]«(F), (SP)«(SP)—2, save the contents
of A and F into the stack addressed by SP. Decrement SP twice.
[(SP)=1]«(rgr), [(SP)—2] ~(rgn), (SP)~-(SP)-2.

(PC)«{(SP)] [(SP)+1], (SP)«(SP)+2, return to program at
memory address given by last values in the stack. The SP is

incremented by two.



M CYCLES/

MNEMONIC OPERANDS BYTES STATES
Conditional return instructions for true flags:
(f) 3/11 {Pass)
RC (carry) (o 1 1/5 (Fail)
RPE (parity) P 1
RM (sign) S 1
RZ (zero) z 1
Conditional return instructions tor talse flags:
(f) 3/11 (Pass)
RNC (carry) C 1 1/5 (Fail)
RPO (parity) P 1
RP  {sign) S 1
RNZ (zero) z 1
RST 1 3/11
SPHL 1 1/5
2.2.6 REGISTER GROUP INSTRUCTIONS
M CYCLES/
MNEMONIC OPERANDS BYTES STATES
DCR M 1 3/10
DCR ra 1 1/5
DCX " 1 1/5
INR M 1 3/10
INR ra 1 1/5
INX b 1- 1/5
LHLD b3bp 3 5/16
LXI rpb3b2 3 3/10
MV M, b2 2 3/10
MV rabz 2 217
MOV Mry 1 2/7
MOV raM 1 2/7
MOV ra1raz 1 1/5
SHLD babp 3 5/16
XCHG 1 1/4
XTHL 1 5/18

L]

DESCRIPTION

If (f) =1, (PC)-[(SP}] [(SP+1], (SP)—(SP)+2. If the flag
specified, f, is 1, execute a RET. Otherwise, execute the next

instruction,

If (f) =0, (PC)--[(SP)] [(SP)+1], (SP)—(SP)+2.

[(SP)—1] [(SP)—2] - (PC) (SP). (SP)-2, (PC)--0000R0g where
Risa 3 bit field in RST (RST=3R7g). Transfer PC to the stack
address given by SP, decrement SP twice, 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)«=(ra)—1, decrement the contents of register ry. {Z,S,P,CH
{rp)<-(rp) —1, decrement double registers BC, DE, HL, or SP.
(M)«=(M)+1, increment the contents of memory location
specified by H and L.} 2Z,SP,C1 |
(ra)={ra)+1, increment the contents of register ry. iZ,S,P,Cﬂ
(rp)-—{rp)+1, increment double registers BC, DE, HL, or SP.
(L)=1<b3> <by™]; (H)~ [<b3z> <by>+1], load registers H
and L with contents of the two memory locations specified
by bytes 3 and 2.
(rpH)-<b3z>; (rp)+<b2>, load double registers BC, DE, HL,
or SP immediate with bytes 3, 2, respectively.
(M)--<bp>, store immediate byte 2 in the address specified by

HL
(ra)e-<by:~, load register ry immediate with byte 2 of the instruc-
tion.
(M)—(rg), store register r5 in the memory location addressed by
Hand L.
(ra)-—={M), load register ry with contents of memory addressed by
HL.
(raq1)+-(rap), load register ryq with contents of ryp, rap contents
remain unchanged.
[<b3>™ <by>]+—(L); [<b3> <bpy>+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
(L)=[(SP)), (H)—[(SP)+1], (SP)=(SP), exchange the top of the
stack with register HL.



2.3 INSTRUCTION SET OPCODES ALPHABETICALLY LISTED

MNEMONIC BYTES

ACI 2
ADCM 1
ADCr 1

ADD M 1
ADD r 1

ADI 2
ANA M
ANAr 1

-

ANI
CALL
CcC
CcM™m
CMA
(of Yo}
CMP M
CMP ¢

D m - W W W N

=

CNC
CNZz
cpP
CPE
CPI
CPO
cZ
DAA

- W W N WWWwWw

DESCRIPTION

Add immediate to A with carry‘r
Add memory to A with carryt

Add register to A with carryt

Add memory to AT
Add register to AT

Add immediate to AT
AND memory with At
AND register with At

AND immediate with At
Call unconditional

Call on carry

Call on minus
Complement A
Complement carry ¥
Compare memory with AT

Compare register with A

Call on no carry

Call on no zero

Call on positive

Call on parity even

Compare immediate with at
Call on parity odd

Call on zero

Decimal adjust At

REGISTER
AFFECTED

> I mMmOO®

> T I MmOO®

> I mMOO @

> I mMmQgO0O®

*Two possible cycle times (11/17) indicate instruction cycles dependent on condition flags

Al flags (C, Z, S, P, C1) affected.

+Only carry flag affected.

A-12

\D7-D4/,
C

HEX OPCODE
\ 03;00/
8 E
8 8
8 9
8 A
8 B
8 C
8 D
8 F
8 6
8 0
8 1
8 2
8 S
8 4
8 5
8 7
€ 6
A 6
A 0
A 1
A 2
A 3
A 4
A 5
A 7
E 6
C D
D C
F C
2 F
3 F
B E
B 8
B 9
B A
B B
B C
B D
B F
D 4
c 4
F 4
E C
F E
E 4
C Cc
2 7

POSITIVE-LOGIC

CcLOCK -,

CYCLES*

7
7
4

17
11/17
11/17

11/17
11/17
1117
11/17

1/17
11/17



MNEMONIC BYTES

DAD B
DADC
DAD H
DAD SP
DCR M
DCR

DCX B
DCX D
DCX H
DCX sP
DI

El

HLT
IN

INR M
INR r

INX B
INX D
INX H
INX SP
JC

JM
JMP
JNC
JNZ
JP

JPE
JPO
JZ
LDA
LDAX B
LDAX D
LHLD
LXIB
LXiI D
LXI H
L X1 SP

WWWwWw= = =WL0WwWwWwwwwwuw-—"—= = =

w

:E:Omy carry ftag affected.
S All flags except carry affected.

DESCRIPTION

Add B&C to H&L ¥

Add D&E to H&L

Add H&L to H&L

Add stack pointer to H&L ¥
Decrement Memory ¥

Decrement Register ¥

Decrement B&C
Decrement D& E
Decrement H&L
Decrement stack pointer
Disable interrupts
Enable interrupts

Halt

Input

Increment memorv§

Increment register N

Increment B&C register
Increment D &E register
Increment H&L register
Increment stack pointer

Jump on carry

Jump on minus

Jump unconditional

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

REGISTER

AFFECTED

> I mOoO0O®

> I mp O®

POSITIVE-LOGIC
HEX OPCODE

\D7-D4,

o

W N = ON—= 0O WOMM™MTOOO MO WN-= 0 WRNNH-== 00 w0iOHONTTwN-=920WNN-= =00 WMWN =

\D3-D0,

4 8 a s DD PDPDPNDNNNW™DOWWWWOO0SNSO0NO0NDdDDoO D ®m®OOOO0 0O o oo oo

CLOCK

CYCLES

10
10
10
10
10
5



POSITIVE-LOGIC
REGISTER HEX OPCODE CLOCK

MNEMONIC BYTES DESCRIPTION AFFECTED \D7-Dp4/ \Q}\—’D_Q/ CYCLES

@

MOV M,r 1 Move register to memory 7

MOV r,M 1 Move memory to register

r I mMmoO @ » r IT MQaO

>

MOV rq,r2 1 Move register to register

D DO oo w
r T m OO w

s
>

c.B
c.c
c.D
CE
C.H
c.L
C.A
D,B
D,C
D.D
D,E
D,H
H,L
D,A
E.B
E.C
E,D
E,E
E,H
E.L
E.A
H,B
H,C
H,D
H,E

HH

H,L
H,A

L.B

mmmmmmmmmmmmmmmmmmmmmmbb.e..e.'bbAbbbbbbb\:mmmmbb\,\,\,\,\,\.\,
oo\:mbww—-o-nor)co)>cooo\|uw4>ww—-omonm)woo\:mbwm—‘ommmmmmm\:mawmao

A-14



POSITIVE-LOGIC

REGISTER HEX OPCODE CLOCK
MNEMONIC BYTES DESCRIPTION AFFECTED \D7-D4, \D3-DO/ CYCLES*
MOV rq, rp 1 Move register to register (continued) L.C 6 9
L,D 6 A
LE 6 B
LH 6 C
L.L 6 D
LA 6 F
A.B 7 8
AC 7 9
A,D 7 A
AE it/ B
AH 7 C
AL 7 D
AA 7 F
MVI M 2 Move immediate memory 3 6 10
MV r 2 Move immediate register B 0 6
(& 0 E
D 1 6
E 1 E
H 2 6
L 2 E
A 3 E
NOP 1 No operation 4 0 0 4
ORA M 1 OR memory with At B 6
ORA r 1 OR register with AT B B 0
€ B 1
D B 2
E B 3
H B 4
L B 5
A B 7
ORI 2 OR immediate with AT F 6 7
ouT 2 Output D 3 10
PCHL 1 H&L to program counter E 9 5
POP B 1 Pop register pair B&C off stack C 1 10
POP D 1 Pop register pair D&E off stack D 1 10
POP H 1 Pop register pair H&L off stack E 1 10
POP PSW 1 Pop A and flags off stack F 1 10
PUSH B 1 Push register pair B&C C 5 1
PUSH D 1 Push register pair D&C D 5 11
PUSH H 2 Push register pair H&L on stack E 5 11
PUSH PSW 1 Push A and Flags on stack F 5 11
RAL 1 Rotate A left through carry 1 7 4
RAR 1 Rotate A right through carry | 1 F 4
RC 1 Return on carry D 8 5/11
RET 1 Return C 9 10
RLC 1 Rotate A left 0 7 4
RMm 1 Return on minus F 8 5/11
RNC 1 Return on no carry D 0 5/11
RNZ 1 Return on no zero (& 0 5/11
RP 1 Return on positive F 0 5/11

*Two possible cycles times (11/17) indicate instruction cycles dependent on condition flags.
TAll flags (C, 2, S. P, C1) affected.
L Only carry flag affected.

A-15



MNEMONIC BYTES

RPE

RPO
RRC
RST

- e e

RZ 1
SBB M 1
SBBr 1

SBI
SHLD
SPHL
STA
STAX B
STAX D
STC
SUB M
SUBr

,

e T =N\ RS U

SUI
XCHG
XRAM
XRA r

- e N

XR1 2
XTHL 1

DESCRIPTION

Return on parity even
Return on parity odd
Rotate A right
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 pointer

Store A direct

Store A indirect

Store A indirect

Set carryiZ

Subtract memory from Al

Subtract register from AT

Subtract immediate from AT
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

PC+00001¢
PC+00081¢
PC+-00101¢
PC—00181¢
PC+-00201¢
PC--00281¢
PC+-00301¢
PC+—00381¢

> I mgog O ®m

> - I mMmOO®

> I mOO®

*Two possible cycles times (11/17) indicate instruction cycles dependent on condition flags.

TAll flags (C, Z, S, P, C1) affected.
£ Only carry flag affected.

A-16

POSITIVE-LOGIC

HEX OPCODE
7-D4 \D3-D0 /

E 8

E 0

0 F

mmD>» > > > P> > > P MO OO O©O©©O©© O W=0wWTNO®®I®O®®®O®®©oO©OTIAMmMOOOO

WMTOO ® P O©OOM®BPBONAD WN= OO NNNNONMTOIOO®DD» © 0MOTNTuT < T w

CLOCK
CYCLES*

5/11
5/11
4
11

5/11

16

13

~

AN D

BN

A



3. TMS 8080 ELECTRICAL AND MECHANICAL SPECIFICATIONS

3.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)*

Supply voltage, Vcc (see Note 1) —-03Vto20V
Supply voltage, Vpp (see Note 1 —-0.3Vto20V
Supply voltage, Vgs (see Note 1) —-03Vto20V
All input and output voltages (see Note 1) —03Vto20V
Continuous power dissipation . 1.5W
Operating free-air temperature range 0°C to 70°C

Storage temperature range —65°C to 150°C

*Stresses heyond those listed under “"Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions beyond those indicated in the ‘“Recommended Operating
Conditions’’ section of this specification isnot implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

NOTE 1: Under absolute maximum ratings voltage values are with respect to the normally most negative supply voltage, V gg (substrate).

Throughout the remainder of this data sheet, voltage values are with respect to Vgg unless otherwise noted.

3.2 RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX [UNIT
Supply voltage, Vgg —4.75 -5 -525| V
Supply voltage, Ve 4.75 5 525 V
Supply voltage, Vpp 114 12 126 | V
Supply voltage, Vgg 0 \
High level input voltage, V| (all inputs except clocks) (see Note 2) 3.3 Veet!| Vv
High-level clock input voltage, V|H;o) Vpp-1 Vpptl| V
Low-level input voltage, V| (all inputs except clocks) (see Note 3) -1 08| V
Low-level clock input voltage, V|| () (see Note 3) -1 06| V
Operating free-air temperature, T o 0 70 (5

3.3 ELECTRICAL CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(UNLESS OTHERWISE NOTED)

PARAMETER TEST CONDITIONS MIN TYPT mAaX |uNIT
Input current (any input except
' clocks and data bus) Vi=0Vievee =10 uA
(o) Clock nput current Vit@) =0V toVpp +10| uA
l1(DB) Input current, data bus Vi(pB) =0V to Ve —-100| uA
Address or data bus input Vi(ad) or VI(DB) = VcC 10
lI(hotd) HA
current during hold Vi(ad) or V(DB) =0 V -100
VoH High-level output voltage oy = 100 kA 3.7 \
VoL Low-level output voltage 'oL(DB) = 1.7 mA, 045| V
loL =0.75 mA (any output except DB)
IBB(av) Average supply current from Vgp —0.01 -1
IcClav) Average supply current from Voo Operatins attc() = 480 s 60 75| mA
IDD(av) Average supply current from Vpp Taz25¢C 40 67
(eF Capacitance, any input except clock Veec = Vpp=Vss =0V, 10 20
Cilp) Clock input capacitance vg = —4.75t0 =5.25 V, f = 1 MHz, 5 10| pF
Co Output capacitance All other pins at 0 V 10 20

tan typical values are at T, 25 C and nominal voltages.
NOTES: 2. Active pull up resistors of nominally 2 k{2 will be switched onto the data bus when DBIN is high and the data input voltage is
more positive than Vy min.
3. The algebraic convention where the most negative limit is designated as minimum is used in this specification for logic voltage

levels only,
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3.4 TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(SEE FIGURE 2)

MIN  MAX |UNIT
te(o) Clock cycle time (see Note 5) 480 2000 | ns
tr (o) Clock rise time 5 50 [ ns
tf (o) Clock fall time 5 50 | ns
tw(p1) Pulse width, clock 1 high 60 ns
tw(e?2) Pulse width, clock 2 high 220 ns
td(41L-02) Delay time, clock 1 low to clock 2 0 ns
td(e2<1) Delay time, clock 2 to clock 1 70 ns
td(¢1H-02) Delay time, clock 1 high to clock 2 (time between leading edges) 130 ns
tsu(da-p1) Data setup time with respect to clock 1 - 50 ns
tsu(da-»2) Data setup time with respect to clock 2 150 ns
tsu(hold) Hold input setup time 140 ns
tsulint) Interrupt input setup time 180 ns
tsulrdy) Ready input setup time 120 ns
th(da) Data hold time (see Note 6) tPD(DBI) ns
th(hold) Hold input hold time 0 ns
th(int) Interrupt input hold time 0 ns

\ th(rdy) Ready input hold time 0 ns

NOTES: 5 tg(o) = td(o1L-902) * tr(02) * twi(®2) * 1H(p2) * td((p2-91) T tr(p1)- 480 ns < te() < 2000 ns.
6. The data input should be enabled using the DBIN status signal. No bus conflict can then occur and the data hold time

requirement is thus assured.

3.5 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS
(SEE FIGURE 2)

PARAMETER TEST CONDITIONS MIN MAX |UNIT
tPD(ad) Propagation delay time, clock 2 to address outputs : 200 ns
tPD(da) Propagation delay time, clock 2 to data bus 220 ns

- - CL =100 pF,
tPD(cont) Propagation delay time, clocks to control outputs R = 1.3 ke 120 ns
tpD(DBIY) Propagation delay time, clock 2 to DBIN output = ’ 25 140 ns
tPD(int) Propagation delay time, clock 2 to INTE output 200 | ns
DI Time for data bus to enter input mode tpp(DBI)| NS
Disable time to high-impedance state
tPXx2z . 120 | ns
during hold (address outputs and data bus)

.

The time that the address outputs and output data will remain stable after \/ﬁ goes high, tyya and tywp = tg(Q1H2)-
The time between address outputs becoming stable and WR going low, tay < 2 te(o) —td(o1H -02)—tr(o)~ 120 ns.

The time between output data becoming stable and WR going low, tpyy # te(o) —td(p1H-2) —ti (@) — 150 ns.

The following are relevant when interfacing to devices requiring V| min of 3.3 V:

a)  Maximum output rise time (tT ) from 0.8 V to 3.3 V is 140 ns with C_ as specified for the propagation delay times above.

b) Maximum propagation delay times when measured to V ef(H) = 3 V (instead of 2 V) will be 60 ns more than as specified above with
Cy_ asspecified.

3V

RL =1.3kQ

ICL:TOODF

C_ includes probe and jig capacitance.

TMS 8080
OUTPUT

LOAD CIRCUIT
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3.6 TERMINAL ASSIGNMENTS

TMS 8080
At0(1 | | 40[]AM
vss(l2 391 A14
D4[]|3 38|]A13
D5l 4 37|, A12
D6/ 5 36/ A15
D7 |6 35(|A9
D37 34|, A8
D278 33| A7
D1']9 32|[ A6
DO0']10 31|.A5
VBBﬂ n 30’ A4

RESET[]|12 29(,A3
HOLD 13 28(VpD
INT 1114 27|' A2
02(]l15 26 A1
INTE[]16 25|, A0
DBIN[}17 24 wAIT
WR |18 23| READY
SYNC|[19 22|1e1
Vce 20 21|/ HLDA

3.7 MECHANICAL DATA

40-PIN CERAMIC PACKAGE

2020 MAX

INDEX
DOT

O OO OO O O OO OO OO OO0 O OO QO OO OO O OO O

=TIV

¥
0.185 MAX

“PLANE T

0018 + 0.003-.{ - | 0.032NOM
0.010 NOM— PIN SPACING 0.100 T.P. [¢—0.050 £ 0.020

(See Note A) le—0.050 +0.010

NOTES: A. The true-position pin spacing is 0.100 between centerlines. Each pin centerline is located within 0.010
of its true longitudinal position relative to pins 1 and 40.
B. All dimensions are in inches unless otherwise noted.

0.150 *+ 0.030
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TMS 5501 MULTIFUNCTION INPUT/OUTPUT CONTROLLER

INTRODUCTION

DESCRIPTION

The TMS 5501 is a multifunction input/output circuit for use with T1’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 |/O buffers, interrupt control logic, and interval timers.

SYNC ce x| X0

8
l J ‘ 8
INT
<+~ INPUT ouTPUT
CONTROL STATUS PORT PORT
AGA3 sed
4 8
8 L 8
8 8
DO.D? BUFFER ~
8
/'
8 8
y
INTERRUPT |3 d
ADDRESS 1
8
:
8
‘f
4
INTERVAL g | PRIORITY RECEIVER RATE ;Tﬁbﬁq -
TIMERS LOGIC BUFFER REGISTER BUFFER
- 8
A L (
48 4
Ly ‘
INTERRUPT MASK RECEIVER REN XM IL?TATNESH
REGISTER 8 REGISTER [¢® >
] REGISTER GIS CONTROL REGISTER
SENS ooy 3

ev XMT

FIGURE 1-TMS 5501 BLOCK DIAGRAM

The /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 baudrate register

- load the transmitter buffer
- load the output port
--- load the mask register
--- load an interval timer



1.2

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 I/0 operations by letting
the systems programmer use a variety of instructions.

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 following 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
shifts it out.

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
from 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 Output 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 particular timer by an address to the
TMS 5501 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 8-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.
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1.3

Servicing Interrupts

The TMS 5501 provides a TMS 8080 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 8080. An external interrupt is received on pin 22, SENS. An additional
external interrupt can be received on pin 32, XI17, 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 determines 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 8080. The TMS 5501 prioritizes interrupts in the order shown below:

1st — Interval Timer #1

2nd — Interval Timer #2

3rd — External Sensor

4th — Interval Timer #3

5th — Receiver Buffer Loaded

6th — Transmitter Buffer Emptied

7th  — Interval Timer #4

8th — Interval Timer #b or an External Input (XI 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 gelationships.

The TMS 5501 provides two methods of servicing interrupts; an interrupt-driven system or a polled-interrupt system. {n
an interrupt-driven system, the INT signal of the TMS 5501 is tied to the INT input of the TMS 8080. T he 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 unlock 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 8080 and storage for the access category information. TTL circuits control 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 to 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 8080 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 8080 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.

2. 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.
2.1 INTERFACE SIGNALS
The TMS 5501 communicates with the TMS 8080 via four address lines: a chip enable line, 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.
TABLE 1
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 AQare the lines that are addressed by the TMS 8080 to select a particular
A2 16 " TMS 5501 function.
Al 15
AQ 14
SYNC 19 Synchronizing signal—The SYNCsignal is issued by the TMS 8080 and indicates the beginning of a
machine cycle 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 (WO, data output
function).
RCV 5 Receiver serial data inputline—RCV must be held in the inactive (high) state when not receiving

data. A transition from high to low will activate the receive circuitry.



SIGNATURE PIN

X0
XI1
Xl 2
X13
Xl 4
XI5
X1 6
X7

SENS

X0 0
X0 1
X0 2
X0 3
X0 4
X0 5
X0 6
X0 7

XMT

Do
D1
D2
D3
D4
D5
D6
D7

INT

Vss
VBB
Vee
VbD
o1
$2

39
38
37
36
35
34
33
32

22

24
25
26
27
28
29
30
31

40

WN = b

20
21

TABLE 1 {(continued)
TMS 5501 PIN ASSIGNMENTS AND FUNCTIONS

DESCRIPTION
INPUTS
External inputs—These eight external inputs are gated to the data bus when the read-external-inputs
function 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 of 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 alow (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.

DATA BUS INPUT/OUTPUT

Data bus — Data transfers between the TMS 5501 and the TMS 8080 are made via the 8-bit
bidirectional data bus. DO is the LSB. D7 is the MSB,

Interrupt—When active (high), the INT output indicates that at least one of the interrupt conditions
has occurred and that its corresponding mask-register bit is set.

POWER AND CLOCKS

Ground reference

Supply voltage (—5 V nominal)
Supply voltage (5 V nominal)
Supply voltage (12 V nominal)
Phase 1 clock

Phase 2 clock
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TMS 5501 COMMANDS

The TMS 5501 operates as input/output device for the TMS 8080. Func-
tions are initiated via the TMS 8080 address bus and the TMS 5501

address inputs.

being issued is defined in Table 2.

TABLE 2

Address decoding to determine the command function

COMMAND ADDRESS DECODING
When Chip Enable Is High

#2 #1
5501 5501
PORT PORT
NO. NO. A3 A2 Al AO 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 H L L Issue 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 =—X0On 2.2.8
24 8 H L L L Load mask register Dn =—+MRn 2.2.9
25 9 H L L H Load interval timer 1 Dn—eTimer 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 L Load interval timer 4 Dn-sTimer 4 2.2.10
29 13 H H L H Load interval timer 5 Dn=+Timer 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 I/O terminal n
X1ln External input terminal n
RST 11 (lA5) (lA4) (1A)) 1 1 1 (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
0O 1 2 3 4 5 6 7
H H H L L L HH Interval Timer 1 Power Up
H H H H L L HH Interval Timer 2 User Timer
H H H L H L HH External Sensor Keyboard
H H H H H L HH Interval Timer 3 Repeat Key
H H H L L H HH Receiver Buffer Rx RS-232
H H H H L H HH Transmitter Buffer Tx RS-232
H H H L H H HH Interval Timer 4 Bell Timer
H H H H H H HH Interval Timer 5 of CRT Executive Loop
X17
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The following paragraphs define the functions of the TMS 5501 commands.

2.2.1 Read receiver buffer
Addressing the read-receiver-buffer function causes the receiver buffer contents 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 8080.

2.2.3 Read interrupt address

Addressing the read interrupt address function transfers the current highest priority 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 described in the following paragraphs.

BIT: 7 6 5 4 3 2 1 0
START | FULL INTRPT | XMIT RCV SERIAL|OVERRUN | FRAME
BIT BIT PENDING|[BUFFER | BUFFER [ RCVD |ERROR ERROR
PN DETECT| DETECT EMPTY LOADED

FIGURE 3—DATA BUS ASSIGNMENTS FOR TMS 5501 STATUS

Bit 0, framing error

A high in bit O 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 loaded into the receiver buffer before a previous character was read
out. The overrun error flag is cleared each time the read-1/O-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 detecting 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 loaded 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.
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2.25

Bit 4, transmitter buffer empty

A high in bit 4 indicates that the transmitter buffer register is empty and ready to accept a character. Note, however,
that the serial transmitter register may be in the process of shifting out a character. The reset function sets the
transmitter-buffer-empty flag high.

Bit5, 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 areset 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.

Issue discrete commands

Addressing the discrete command function causes the TMS 5501 to interpret the data bus information according to 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

/\
!/ \
BIT: 7 6 5 4 3 2 1 0
NOT NOT TEST TEST INT. INT. 7
ACK. ) BREAK | RESET
E E
USED USED BIT BIT ENABLE SELECT
H: Enables interrupt acknowledge :I tH: Reset
L: Inhibits interrupt acknowledge L: No action
H: Selects X1 7 H: L Sets XMT output low
L: Selects interval timer 5 L: H Sets XMT output high

FIGURE 4—DISCRETE COMMAND FORMAT

Bit O, reset
A high in bit O 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-cletected 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 to accept a character from the TMS 8080.

3) The interrupt register is cleared except for the bit corresponding to 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).

Ifbit 0 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 transition of external input 7 or by interval timer 5.

A high in bit 2 selects the interrupt 7 source to be the transition of external input 7. A low in bit2 selects the
interrupt 7 source to be interval timer 5.

Bit 3, interrupt acknowledge enable
The TMS 5501 decodes 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.
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 4 3 2 1 0
STOP 9600 4800 2400 1200 300 150 110
BIT(s) baud baud baud baud baud baud baud

\:H: One stop bit

L: Two stop bits

FIGURE 5—DATA BUS ASSIGNMENTS FOR RATE COMMANDS
Bits O 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:

Bit 0 110 baud
Bit 1 150 baud
Bit 2 300 baud
Bit 3 1200 baud
Bit 4 2400 baud
Bit 5 4800 baud
Bit6 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.



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 Load 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.

2.210 Load timer n

3.1

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.

TMS 5501 ELECTRICAL AND MECHANICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE
(UNLESS OTHERWISE NOTED)*

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . ... ... 4&. .. —=03Vto20V
Supply voltage, Vpp (see Note 1 i % s @ m v o8 v o8 B E v ¥ s & E % s &8s wmae ss s —0:3Vto20V
Supply voltage, Vgg (seeNote 1) . . . . . . . . . . . . . . . . .« .. ... ... —03Vto20V
All input and output voltages (seeNote 1) . . . . . . . . . . . . . . ... .. .. .. —=03Vto20V
Continuous power dissipation . . . . . . . . . . . . . .. e e e e e e e e e s oW
Operating free-air temperature range . . . . . . . . . +« . . . v . . . . . . . ... .. 0°Cto70°C
Storage temperature range . . . . . . . . . .« . . v e . e e e . . . . . .... —65Cto150°C

*Stresses beyond those listed under ‘*Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only

and functional operation of the device at these or any other conditions beyond those indicated in the ‘*‘Recommended Operating
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

NOTE 1: Under absolute maximum ratings voltage values are with respect to the normally most negative supply voltage, Vgg (substrate).

Throughout the remainder of this data sheet, voltage values are with respect to Vgg unless otherwise noted.

3.2 RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX [UNIT
Supply voltage, Vgg —4.75 -5 -525| V
Supply voltage, Ve 4.75 5 525| V
Supply voltage, Vpp 1.4 12 126 | V
Supply voltage, Vgg ! 0 \Y
High-level input voltage, V (all inputs except clocks) 3.3 Veet1| V
High-level clock input voltage, V|H(¢) Vpp—1 Vpp+1 V
Low-level input voltage, V| (all inputs except clocks) (see Note 2) -1 08| V
Low-level clock input voltage, Vi (¢) (see Note 2) -1 06| V
Operating free-air temperature, T o 0 70 | °C

NOTE 2: The algebraic convention where the most negative limit is designated asminimum isused inthis specification for logic voltage levels only.
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3.5 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED

OPERATING CONDITIONS (SEE FIGURES 6 AND 7)

PARAMETER TEST CONDITIONS | MIN MAX |UNIT
t Data bus output enable time 200 [ ns
E2X B __ CL - 100 pF,
tPXZ Data bus output disable time to high-impedance state Rl = 1.3 k&2 180 | ns
tpD External data output propagation delay time from »2 - T 200 ns
3V
R = 1.3k
TMS 5501
OUTPUT
T CL =100 pF
CL includes probe and jig capacitance
LOAD CIRCUIT
53 telo) | — e ti()
| | | [
tw() —be——y tre) = re— i !‘—":—‘d(q‘ﬂ L<2)
1 ' ' ! |
4 . A
by | tW(rt>2)':‘——_’: | Lot(o) ™ e ;‘_tf(“)
L] I X !
®2 td(p1H-02) +—e i o A Kk e tdip2) | | |
1 |
1 r
tsu(CE) —a——ay th(CE)4 [ I ! !
CHIP TSI | b
ENABLE XXX |

tsu(sync)-lq—.{

I }
SYNC 7( I
[

tsu(da) de—of th(da)-{-—d
| |

' Hi-2 ' t
DO | ! J———G OUTPUT DATA VALID

|
|

D1

OUTPUT DATA VALID

Lt

T

tsu(da) ' i th(da) ye——l . I
|
|
|

1
D2-D7 OUTPUT DATA VALID
1
ke——et tsulad) . le——slth(ad)
I ] v ‘V N/ \/ \/ \/ v"
AD-A3 | READ FUNCTION ADDRESS KKDON'T CARE X)
; ) AVAVAVAVAVAVAVAV AV
le———tsu(X1)

I
AR m EXTERNAL INPUT DATA
INPUTS

NOTE: For © or @2 inputs, high and low timing pointsare 90% and 10% of V(). Allother timing pointsare the 50% level.

FIGURE 6—READ CYCLE TIMING
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PRl

FrARLE
SYNC
Nno, D1
o R R o T cAnE QR RRRER 9307070302070%0%0%,
T SRR BN T CARE SRLEHRRRKKLS : 020%20%% %% %%
bo— —wl— 15 (ad)

A0-A3 @( WRITE FUNCTION ADDRESS

EXTERNAL |
oty B PREVIOUS EXTERNAL OUTPUT DATA )@EW DATA

NATE S For 01 and 02 inpuats, high and 0w timing points are 90° and 10 of V5 All other timing points are the K0 leval,

FIGURE 7-WRITE CYCLE TIMING

Ib_ twisens H)-‘t‘-‘w(sens Li—

|
SENSOR m
|

- td(sens-int) “'
INTERRUPT + 1
T - ‘
t N
RST INSTRUCTION Ih— dlrstint)—d
ON DATA BUS m
{See Note )
NOTES I The RSTinstruction occurs during the output data valid nme of tne read cycre

2 Al timing porints are 50" of V4.

FIGURE 8—SENSOR/INTERRUPT TIMING
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APPENDIX C
5027 CRT CONTROLLER






CRT 5027

Preliminary Product Description

CRT Video Timer-Controller
VTAC

FEATURES
O Fully Programmable Display Format PIN CONFIGURATION
Characters per data row
Data rows per frame -
Raster scans per data row a2f] 1 s0[] A1
Raster scans per frame égE : s %Q:
O Fully Programmable Monitor Format Ra[] 4 37 Hi
Horizontal Sync Gf}gE ; c 3 .
Vertical Sync Rl 7 34 gm
Composite Sync gg . o - ne
O Programmed via: cstE 10 31[] H7/0Rs
Processor data bus bt b 2 %g‘;“a
External PROM anE 13 28[JoR2
Mask option ROM vec 14 27 %Dm
HSYN[] 15 26 ] DRE
O Standard or Non-Standard CRT crv[]1s 251 oBg
Monitor Compatible e ! R = %gg‘z
O Scrolling oBs[] 19 22[7 o3
O Generation of Cursor Video bBs (] 20 21 ] o84
O Interlaced and Non-interlaced
Operation

O Vertical Data Positioning
O TTL Compatibility
O High Speed Operation

O COPLAMOS® N-Channel Silicon
Gate Technology

General Description

The CRT Video Timer-Controller Chip (VTAC) is a user programmable 40-pin COPLAMOS® n channel MOS/LSI device
containing the logic functions required to generate all the timing signals for the presentation and formatting of interlaced and
non-interlaced 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 programmable. The data row
counter has been designed to facilitate scrolling.

Programming'is effected by loading seven 8 bit control registers directly off an 8 bit bidirectional databus. Four register
address lines and a chip select line provide complete microprocessor compatibility for program controlled setup. The device
canbe “self loaded" via an external PROM tied on the data bus as described in the OPERATION section. Formatting can also
be programmed 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 vndeo signal. The contents of these two registers can also be read out onto the
bus for update by the program.



MAXIMUM GUARANTEED RATINGS*

Operating Temperature BanNge . ... ... ..ot 0°Cto + 70°C
Storage Temperature Range ... ... ... —-55°Cto +150°C
Lead Temperature (Soldering, 10 SEC.) . .. ..ottt e e e e e e e e e +325°C
Positive Voltage on any Pin, withrespecttoground ........... .. i i +18.0V
Negative Voltage on any Pin, with respecttoground . ... .. ... ... . . i -0.3Vv

* Stresses above those listed may cause permanent damage tothe device. Thisis a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (Ta=0°Cto 70°C, Vcc= +5V +5°%, Voo= + 12V = 5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level, Vi 0.8 \
High Level, Vin Vce—-1.5 Vce \
OUTPUT VOLTAGE LEVELS
Low Level—Vou for R@-3 0.4 V  lot=3.2ma
Low Level—Vou all others 0.4 Vv oL =1.6ma
High Level—Von for R@-3 2.4 lon=80ua
High Level—Von all others 2.4 low=40pna
INPUT CURRENT
Low Level, I
High Level, I+
INPUT CAPACITANCE
Data Bus, Cin pf
Clock, Cin pf
All other, Cin pf
DATA BUS LEAKAGE in INPUT MODE
los
Ios
POWER SUPPLY CURRENT
Icc ma
loo ’ ma
A.C. CHARACTERISTICS Ta= 25°C
DOT COUNTER CARRY
frequency 0.2 4.0 MHz  Figure 1
PWw 35 ns Figure 1
PWL 190 ns Figure 1
tr, tf 10 ns Figure 1
DATA STROBE
PWss 150 ns Figure 2
ADDRESS, CHIP SELECT
Set-up time 100 ns Figure 2
Hold time ’ 50 ns Figure 2
DATA BUS—LOADING
Set-up time 100 ns Figure 2
Hold time 75 ns Figure 2
DATABUS—READING
ToeL2 100 ns Figure 2, CL=50pf
OUTPUTS: Hg-7. HS. VS, BL, CRV,
CS-Toets 100 ns Figure 1, CL=20pf
OUTPUTS: R@-3. DRE-5
ToeL3 1.0 753 Figure 3. CL=20pf
Restrictions

1. Only one pin is available for strobing data into the device via the databus. The cursor X and Y coordinates are therefore
loaded 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 microprocessors must be “NORed" externally to present a single
strobe (DS) signalto 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 to 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 PROMtied on the data bus and addressed directly by the Row Select
outputs of the chip. (See figure 4). Seven 8 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, 96, and 132.

Horizontal 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 of 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 equations: Let X = value of 8
assigned bits.
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 twointerlaced fields.
Range = 513to 1023 scans/frame, odd counts only.
2) in non-interlaced mode—scans/frame = 2X + 256. Therefore for 262 scans,
program X = 3 (00000011).
Range = 256t0 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 eight bits.

Daw Rows/Frame 6 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 datarow.

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 @131 address
on A@-3. The device will remain reset at the top of the even field page until a start command is executed by presentinga @111
address on Ag@-3.

Via "Self Loading"—In a non-processor environment, the self loading sequence is effected by presentingandholding 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 processorbased systems, selfloadingis initiated by
presenting the 111@ address to the device. Selfloading is terminated by presenting the start command to the device which

also initiates the timing chain.

Scrolling—In addition to the Register 6 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@g-7 Data Bus 110 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 | Register address bits for selecting one of seven control
Address registers or either of the cursor address registers
9 DS Data Strobe | Strobes DB@-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 H@-6 Character o] Character counter outputs.
Counter Outputs
7,54 R1-3 Scan Counter (0] Three most significant bits of the Scan Counter; row select
Outputs inputs to character generator.
31 H7/DR5S H7/DR5 o Pin definition is user programmable. Output is MSB of
Character Counter if MSB of Characters/Data Row word is a
“1", otherwise output is MSB of Data Row Counter
8 Ry Scan Counter LSB (0] Least significant bit of the scan counter. In interlaced mode this
(Odd/Even Field) bit defines the odd or even field. In this way, odd scan lines of
the character fontare selected during the odd field and even
scans during the even field.
26-30 DRg-4 Data Row 0 Data Row counter outputs.
Counter Outputs
17 BL Blank (0] Defines non active portion of horizontal and vertical scans.
15 HSYN Horizontal Sync 0o Initiates horizontal retrace.
" VSYN Vertical Sync 0 Initiates vertical retrace.
10 CSYN Composite Sync 0] Active in non-interlaced mode only. Prowdes a true RS-170
composite sync waveform.
16 CRV Cursor Video 0 Defines cursor location in data field.
14 Vcce Power Supply PS +5 volt Power Supply
13 Vop Power Supply PS +12 volt Power Supply

1
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Register Selects/Command Codés

A3 A2 A1 Ad Select/Command

0 0 0 O Load Control Register @

0O 0 0 1 Load Control Register 1

0O 0 1 O Load Control Register 2

O 0 1 1 Load Control Register 3

0 1 0O Load Control Register 4

o 1t 0 1 Load Control Register 5

o 1 1t 0 Load Control Register 6

o 1 1 1 Processor Self Load

1 0 O Read Cursor Character Address

0O 0 1 Read Cursor Line Address

1 0 1 0 Reset

1 0 1 1 Up Scroall

11 0 O Load Cursor Character Address
1 1 0 1 Load Cursor Line Address

11 1 0 tart Timing Chain

11 1 1 Non-Processor Self Load

Description

> See Table 1

Command from processor instructing CRT
5027 to enter Self Load Mode

Resets timing chain to top 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 A@-3 long enough to guaran-
tee self load. (Scan counter should cycle
through at least 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 11088 and 1181 should be programmed as all zeros.
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AC TIMING DIAGRAMS
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