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OPERATION

COMMAND SUMMARY

This section of the Manual is intended for those who
are experienced in using computers. You should be
familiar with BASIC programming and the Heath
Disk Operating System (HDOS; if the H88-1 Floppy
Disk Accessory is installed) before you proceed.

This summary is a list of the commands that your
computer will respond to and the responses that it
will make. You may enter commands in either upper
or lower case characters. In all cases, pushing the
DELETE or RUBOUT key prior to pushing the RE-
TURN key (which terminates the command) will can-
cel the current command and cause the Computer to
respond with the prompt (H: ). All byte entries are in
octal, and all address entries are in split octal. NOTE:
Split octal is two 3-bit bytes as shown in Figure 6-1.

1. Boot HDOS:

After you see the prompt (H: ), enter “B”’. The
Computer will complete the “Boot” message
and then wait for a Carriage Return. Then it
will transfer control to the BOOT ROM at
030000.

Insert a diskette in the floppy disk drive and
close the door.

Comply with the on-screen message “Type
spaces to determine baud rate,” and type sev-
eral spaces. Then press the RETURN key and
enter the date. Then, once again press the
RETURN key.

2. Load cassette tape:

Place the cassette to be read in the recorder
and press the PLAY button.

After you see the prompt, enter “L”. The
monitor will complete the “Load’” message
and wait for a Carriage Return. The recorder
will then start and the address into which the
data is being loaded will be continuously
displayed on the screen.

3.  Dump cassette tape:

NOTE: Prior to dumping the first copy of an
original cassette tape, the user Program
Counter value must be set to the program
entry point (see 4 on the next page and be-
low).

Place the cassette in the recorder with the
leader past the recording head. Then set the
recorder to RECORD), and enter ‘D" following
the prompt (H: ) The Computer will complete
the dump message.
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At this point you have two options:

A. [If a cassette has been previously
loaded or dumped and a copy of
the same memory locations and
the same program entry point is
to be made, simply enter a Car-
riage Return.

B. If an original tape is to be made,
note that the user program
counter must have already been
set up using the “P” command
below. At this point, enter the
first address of memory to be
dumped in split octal notation.
Then enter a hyphen (-) and the
last memory address to be
dumped. To start the dump,
enter a Carriage Return.

After you enter the Carriage Return, in step A
or B above, the user program counter will be
displayed during the time the cassette motor
is allowed to come up to speed. Once the
motor is up to speed, the address of the data
being currently dumped will be continuously
displayed.

4. Go to user routine:

After the prompt, enter “G”. The Computer
will complete the “Go” message and wait for
either a Carriage Return or a new address and
a Carriage Return. If you entered only a Car-
riage Return, control will be given to the
routine at the address specified by the user
program counter (such as after loading a cas-
sette tape when the user program counter is
set to the address specified by the tape). How-

ever, if you entered a new address and a Car-
riage Return, control will be given to the ad-
dress you specified.

5.  Set user Program Counter value:

After the prompt, enter “P”’. The Computer
will complete the “Program Counter” mes-
sage. Now you may enter a mew program
counter value (in split octal) and terminate it
with a Carriage Return. If no new value is
entered and you enter a Carriage Return, the
current contents of the user Program Counter
will be displayed. Again, a new value may be
entered and terminated with a Carriage Re-
turn, or just entering a Carriage Return will
cause a return to the prompt and the current
value to be unaltered.

6.  Substitute memory:

After the prompt, enter “S”’. The Computer
will complete the “Substitute”” message and
wait for an address to be specified (in split
octal notation) and ended with a Carriage Re-
turn. The address specified will then be dis-
played, followed by its contents. At this
point, the contents may be changed by enter-
ing the octal value to be placed into memory.
If no change is desired, or after the new value
has been entered, there are three options.

A. To view the contents of the next
address; enter a SPACE.

B. Toviewthe contents of the previous
address; enter a minus sign (—).

C. To exit the Substitute mode; enter a
Carriage Return.

KEYBOARD OPERATION

Pictorial 6-1 (Illustration Booklet, Page 10) shows the
keyboard of the Computer. The power ON/OFF
switch is located on the right rear corner of the back
panel. Whenever you turn on the Computer, allow the
tube about 30 seconds to warm up. You should then
see a flashing line (cursor) or block cursor (if it was
selected) in the upper left-hand corner of the screen.

The keyboard allows you to send data to the computer
or the screen. Most of the keys are the same as they are
on most typewriters; they type the same al-
phanumeric characters. A clicking sound tells you
that each keystroke has been processed. You cannot
electrically damage the Computer by typing on the
keys.
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PICTORIAL 6-2

The screen contains 1,920 normal character posi-
tions; 24 lines of 80 characters. Only one character
can occupy a character position at any given time and
it will remain there until it is erased or replaced.

When the Computer is initially turned on, it clears the
screen by placing spaces in all character positions.
The cursor is the blinking horizontal line that appears
at the home position. It underlines the character posi-
tion where the next character will be written. (The
block cursor will fill the character position.)

As shown in Pictorial 6-2, the Computer can be used
in any one of three different modes; full duplex, off
line, or half duplex. (However, half duplex is not a
normal Heath mode.)

When the Computer is on line, the keyboard can
transmit any one of the 128,, ASCII characters (see the
“ASCI Characters” chart on Page 12-1) to the
computer section. However, some of these characters
will not be displayed if the computer sends them back
to the Terminal section. (See the chart.)
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In the off line mode, the keyboard is effectively dis-
connected from the computer and controls the screen
directly. This way, you can position the cursor (4, v,
—, «-, and HOME), insert or delete characters or lines
(IC, DG, IL, and DL), or erase (ERASE), without send-
ing the codes to the computer — which could other-
wise disrupt a program, etc.

Another way of controlling the screen without send-
ing code to the computer is to use the CTRL key.
Example: you want to erase the screen, but you do not
want to transmit a code to the computer. Press and
hold the CTRL key and then type SHIFT ERASE. This
tells the terminal section to erase the screen, but not to
send the code to the computer section. Again, you can
use this procedure with the cursor keys (4, y, —, <,
and HOME), the Insert Line, Delete Line, Insert
Character, and Delete Character keys, and ERASE.

Whenever you use the special escape codes to enter
and exit the special modes, make sure you enter the
lower-case and upper-case letters just as they are cal-
led for in this Manual. For instance, type ESC p, not
ESC P to enter the reverse video mode. See “‘Special
Modes” on Page 6-7.

The “ASCII Characters” and ‘‘Escape Sequences” {see
the “Appendix,” Page 12-1) show the commands and
special escape sequences that the terminal section
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sends and responds to. Your computer must contain
the proper software for it to respond to and generate
the codes that use these special features. Different
versions of software may support different features.

The Computer has a 128 character input FIFO (first in,
first out buffer) for receiving and holding characters
until the terminal sectin can process them. In some
cases (such as when the terminal section is operating
at 9600 baud in the ‘““insert character’” mode), the
FIFO can be filled faster than the terminal section can
process the characters. In this case, the terminal sec-
tion will send X OFF (control S} when the FIFO has
received 112 characters. After the terminal section
has processed enough characters so that only 96
characters remain in FIFQ, it will send X ON (control
Q) to the computer section to indicate that it is ready
to accept more characters.

When the terminal section sends X OFF, this is only
an indication that the buffer is nearly full. Characters
will not be lost until after the FIFO has received a full
128 characters. At this point more incoming charac-
ters will be lost and the bell will sound.

Three BASIC demonstration programs are included
in the “Appendix” to show you how some of the
Computer features are implemented in BASIC. Enter
and run them if you wish.

NORMAL MODES AND KEYS

The following descriptions are for switch S402 set to
all zeros. For the operation of special functions, refer
to “Special Modes and Keys” on Page 6-7.

ALPHABETIC KEYS

The Computer has the standard 26 letters of the al-
phabet. These keys can transmit either lower-case or
upper-case codes as well as display them on the
screen. You can either hold the SHIFT key down or
you can push the CAPS LOCK key to obtain upper-
case letters.

NONALPHABETIC KEYS

The nonalphabetic keys are those with double mark-
ings. These include the numbers 0 through 9, punctu-
ation marks, and special characters. The lower mark-
ing is generated when both of the SHIFT keys are
released, while the upper marking is generated when
either (or both) SHIFT key is held down. The CAPS
LOCK key will not shift these keys.
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MISCELLANEOUS

RETURN -— Moves the cursor to the first character
position of the line that it is currently in. If the cursor
is already at the first character position, it remains
there. RETURN is a nondisplayable character.

LINE FEED — Moves the cursor down one line. LINE
FEED is a nondisplayable character. If the cursor is at
the bottom line, a LINE FEED causes it to remain
there, but all of the data on the screen moves up one
line. Data on the top line is lost as it is scrolled up and
off the screen.

SPACE BAR — Causes the cursor to move one charac-
ter position to the right. A Space is a nondisplayable
character. If you type the Space Bar when the cursor is
positioned below a displayed character, the character
is replaced by a space and the cursor moves one
character position to the right. If you type the Space
Bar when the cursor is at the right end of a line, the
cursor will remain there since neither a carriage re-
turn nor a line feed is generated.

BACK SPACE — Moves the cursor one space to the
left. If the cursor is at the start (left end) of a line, it will
not move when you type a BACK SPACE.

DELETE — Transmits the ASCII code 177. It is a
nondisplayable character. Heath software uses this
key to cancel the last character that was input.

TAB — Moves the cursor to the next tab stop (eight
character space) to the right. The tab stops are fixed at
9, 17, 25, 33, 41, 49, 57, 65, and 73 (columns are
numbered 1 through 80). If the cursor is at character
position 73 through 79, it will only move one charac-
ter position to the right each time you type the TAB
key. If the cursor is at character position 80, it will not
move when you type the TAB key (unless the
wraparound feature has been selected).

ESC (Escape) — A non-displayable character that
transmits the ASCII code 033. This key is used in
combination with other keys to enter and exit special
modes. See ‘“‘Special Modes and Keys” on Page 6-7.

For a complete listing of Heath and ANSI codes using
escape sequences and their definitions, refer to the
Appendix (Pages 12-10 and 12-17).

REPEAT — When you hold this key in, along with
another key, it will repeat the function of the other key
as long as both keys are held down. The repeat rate is
approximately 8-characters per second. However, if
the baud rate that has been selected is less than the
repeat rate, the repeat function will operate at the
slower rate.

SHIFT — When you use this key in conjunction with
another key, the character printed on the upper por-
tion of that key will be displayed. When you use the
SHIFT keys in conjunction with the alphabetic keys,
the upper-case character is displayed.

CAPS LOCK — When this latching key is down, the
terminal section will transmit the ASCII code for, and
display, upper-case (capital) alphabetic letters. It
does not shift the keys with the double markings.

OFF LINE — When this latching key is down, the
terminal section is inhibited from transmitting or re-
ceiving data. However, any displayable characters
that you type on the keyboard will appear on the
screen and any control codes will be responded to.

BREAK — When you type this key, it generates a
continuous space at the output of the terminal sec-
tion. It is generally used to tell the computer that you
wish to interrupt execution.

RESET — Allows you to reset the Computer to its
preset condition; it exits all escape modes and resets
the baud rate to the rate selected by the switches on
the logic circuit board. To use this key, you must press
only the right-hand SHIFT key and the RESET key at
the same time. This two-key combination prevents
you from inadvertently resetting the Terminal.

SCROLL — When this is used with Heath software,
when in the Hold Screen Mode, you can type the
SCROLL key to instruct the Terminal to display
another line of information onto the screen. You can
simultaneously press the SHIFT and SCROLL keys to
display another 24 lines of information onto the
screen.
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CONTROL KEY

The CTRL key is held down while you push one of the
other keys to send the 32 ASCII control codes to the
Computer. Refer to the “ASCH Characters” chart in
the “Appendix” (Page 12-1) of this Manual for a list-
ing of the control keys. These are non-displayable
characters. The Terminal responds to only seven of
the control characters from the keyboard or from the
serial input port. These seven characters are:

BELL (BEL or CTRL G} — Causes the Terminal to
sound an audible tone through an internal
speaker.

Back Space (BS or CTRL H) — Duplicates the
BACK SPACE key.

Horizontal Tab (HT or CTRLI) — Duplicates the
TAB key.

Line Feed (LF or CTRL ]J) — Duplicates the LINE
FEED key.

Carriage Return (CR or CTRL M) — Duplicates
the RETURN key.

Escape (ESC or CTRL [ } — Duplicates the ESC
key.

(CTRL X) — Cancels the current escape se-
quence.
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SPECIAL MODES AND KEYS

Escape sequences allow you to use two or more keys
together to provide a certain function or to get your
unit to operate in a particular manner. This provides a
maximum of operation with a minimum of keys.

NOTE: The following descriptions give Heath mode escape sequences. For ANSI escape
sequences, refer to the “Appendix.” Also, HDOS must be set to NOMLO before the
example programs will run properly. See Page 12-50.

CURSOR FUNCTIONS

Cursor Home — ESC H — [ Shift 5 (HOME) of keypad]
Moves the cursor to the first character position on the first line {home).

Cursor Forward — ESC C — [ Shift 6 (—) of keypad]
Moves the cursor one character position to the right. If the cursor is at the end of the line,
it will remain there.

Cursor Backward — ESC D — [ Shift 4 (<) of keypad]
Moves the cursor one character position to the left (backspaces). If the cursor is at the start
(left end) of a line, it will remain there.

Cursor Down — ESC B — [ Shift 2 () of keypad ]
Moves the cursor down one line. If the cursor is at the bottom line, it will remain there;
however, a scroll will not occur.

Cursor Up — ESC A — [ Shift 8 (#) of keypad ]
Moves the cursor up one line. If the cursoris at the top line, it will remain there; however,
a scroll will not occur.

Reverse Index —ESC 1— Thisis areverse line feed. It causes the cursor to move upward
one line. If the cursor is at the top line it will remain there. However, any text on the
screen will be scrolled downward one line.

Cursor Position Report — ESC n— Reports the position of the cursor in the form of ESCY
line# column#. The following BASIC program gives an example of its use.

00010 PRINT "PRESS RETURN";CHR$(27):'n"
00020 LINE INPUT :A$

00030 B$=LEFT$ (A$, 1)

00040 A$=RIGHT$(A$,LEN(A$)—1)

00050 PRINT ASC(B$),

00060 IF LEN(A$)>0 THEN 30

00070 END
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When you run the program and push the RETURN key, the computer will respond with
the following decimal numbers:

27 89 55 44

Here the 27 equals ESC, 89 equals Y, 55 is the line# (55—31=24), and 44 is the column#
(44-31=13). (See “‘Direct Cursor Addressing” below.) Therefore, the reported cursor
position is:

ESCY line# 24 column# 13

Save Cursor Position — ESC j— The present cursor position is saved so the cursor can be
returned there later on the ““Set to previously saved position” command. ‘“Demonstra-
tion Program #2” in the “Appendix” of this Manual gives an example of this feature in a
BASIC program.

Set To Previously Saved Position — ESC k — Returns the cursor to the position where it
was when it received the last “Save cursor position” command.

Direct Cursor Addressing — ESCY — Allows the computer to control the position of the
cursor on the screen by entering the escape code, the ASCII character which represents
the line number, and the ASCII character which represents the column number.

The first line and the left column are both 32,y and increase from there. The number 32,,
isused because it is the smallest value of the printing characters. All values less than 32,,
are control cedes, which can interfere with operating sequences of some computers.

Since the lines are numbered from 1 to 24 (from top to bottom) and the columns from 1 to
80 (from left to right), you must add the proper line and column numbers to 31y. Then
convert these decimal numbers to their equivalent ASCII characters and enter them in
the following order:

ESC Y line# (ASCII character) column# (ASCII character)

For example, to place the cursor at line 20, column 40, you will first have to add 31 to
the line number to find the value of the line#.

31 + 20 = 51y
Then use the “ASCII Characters” chart (in the “Appendix”} to find the ASCII character
that corresponds to 51,,. In this case, it is the number 3. Next, add 31,, to the column
number to find the actual value of the column #.

31 + 40 = 71,,

Again, use the ASCII chart to find the ASCII character that corresponds to 71,,, which is
the symbol G.

To demonstrate this example, make sure the OFF LINE keyisdown. Thentype ESCY 3G.
The cursor should move to line 20, column 40.
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If you specify a line# that does not exist on the screen, the cursor will remain in the line it
is presently in. If you specify a column# that does not exist on the screen, the cursor will
move to the right-most column.

“Demonstration Program #1” in the “Appendix” of this Manual shows you how this
feature is used in a BASIC program.

ERASING AND EDITING

Clear Display (SHIFT ERASE) — ESC E — Erases all the information on the screen. The
screen is filled with spaces and the cursor is placed in the home position.

“Demonstration Program #1” in the “Appendix’’ of this Manual shows you how this
feature is used in a BASIC program.

Erase Beginning Of Display — ESC b — Erases the display from the start of the screen to
the cursor position, and includes the cursor position.

Erase To End Of Page (ERASE Key) — ESC ] — Erases all the information from the cursor
(including the cursor position) to the end of the page.

Erase Entire Line — ESC 1 — Erases the entire line, including the cursor position.

Erase Beginning Of Line — ESC o — Erases from the beginning of the line to the cursor
position, and includes the cursor position.

Erase To End Of Line — ESC K — Erases from the cursor (including the cursor position)
to the end of the line.

Insert Line — ESC L. — [ Shift 1 (IL) of keypad]
Inserts a new blank line by moving the line that the cursor is on, and all following lines,
down one line. Then the cursor is moved to the beginning of the blank line.

Delete Line — ESC M — [ Shift 3 (DL) of keypad]
Deletes the contents of the line that the cursor is on, places the cursor at the beginning of
the line, moves all the following lines up one line, and adds a blank line at line 24.

Delete character — ESC N — [ Shift 9 (DC) of keypad]
Deletes the character at the cursor position and shifts any existing text that is to the right
of the cursor, and on the same line, one character position to the left.

Enter Insert Character Mode — ESC @ — [ shift 7 (IC) of keypad ]

Lets you insert characters or words into text already displayed on the screen. The first
time you type IC, the Terminal enters the Insert Character Mode. You can then use the
cursor controls to place the cursor at the point where you want to insert characters. As
you type in the desired characters, any existing text directly above and to the right of the
cursor is shifted to the right. This feature lets you add letters or words to existing text
without having to re-type the whole text. When you finish inserting characters, type IC
again to exit the Insert Character Mode. The Terminal transmits an ESC@ to enter, and an
ESC O to exit the Insert Character Mode.

Exit Insert Character Mode — ESC O — Exits the Insert Character Mode. See “Enter
Insert Character Mode’ above.
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CONFIGURATION

Reset To Power-Up Configuration — ESC z — Nullifies all previously set escape modes
and returns to the power-up configuration set by switches S401 and S402 on the terminal
logic circuit board.

Modify The Baud Rate — ESC r — Initially, the baud rate is set by the switches on the
terminal logic circuit board. However, you can change the baud rate from the keyboard.
To do this, type ESC r followed by the appropriate letter given below:

A=110 G=2000
B=150 H=2400
C=300 1=3600
D=600 J=4800
E=1200 K=7200
F=1800 L=9600

Example: If the baud rate switches on the terminal logic circuit board are set to 4800 baud
and you want to communicate with the computer at 9600 baud, just type ESCr L.

The baud rate reverts back to the baud rate set by the switches on the circuit board when
you RESET the Terminal (RESET and right-hand SHIFT keys) or when you turn the
Terminal off and then back on.

Set Mode — ESC x — Certain operating modes can be enabled and disabled from the
keyboard. To enable the functions, type ESC x followed by the appropriate number given
below:

1 = Enable 25th line. The 25th line is available as a line that is totally separate
from the normally-used 24 lines. You might use this line, for example, to
identify the user function keys with labels which correspond to the function
that your computer provides when it receives these function key escape
codes. Or you might use it to display information concerning the status of
your computer while a program is running.

The only way to place the cursor on the 25th line is to enable the 25th line and
then use “Cursor Addressing.” Once on the 25th line, the terminal acts like a
1-line terminal (“‘erase in display”’ commands only operate on the 25th line)
until you use cursor addressing to place the cursor on one of the other 24 lines
of the Terminal. This is a good place to use the “Save Cursor Position” and the
“Set Cursor To Previously Saved Position” routines. With these routines, the
current cursor position can be saved, your routine can address the 25th line,
write information on the 25th line, and return to the “remembered” cursor
location without your program having to remember that location. “Demonst-
ration Program #2” in the “Appendix” of this Manual gives an example of
these features in a BASIC program.

Also, when the cursor is on the 25th line, all erase functions affect only this
line and a line feed will not cause a scroll.

2 = No key click. This function turns off the key click.

3 = Hold screen mode. See “Enter Hold Screen Mode” (Page 6-11) for a descrip-
tion of this function.
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4 = Block cursor. Produces a cursor that fills the entire character position.
5 = Cursor off. Turns off the cursor so there is no cursor at all.

6 = Keypad shifted. See “Enter Keypad Shifted Mode” for a description of this
function.

7 = Alternate keypad mode. See ‘“Enter Alternate Keypad Mode” for a descrip-
tion of this function.

8 = Auto line feed on receipt of CR. A line feed is automatically performed (in
addition to a CARRIAGE RETURN) when a CARRIAGE RETURN is received.

9 = Auto CR on receipt of line feed. A CARRIAGE RETURN is automatically
performed (in addition to a line feed) when a line feed is received.

Example: If you want to turn off the cursor, type ESC x 5.

These functions default back to their initial states (as set by switches S401 and S402 on
the terminal logic circuit board) when the Terminal is reset (RESET and right-hand
SHIFT keys) or when you turn the Terminal off and then back on again. You canalsoreset
these functions using the Reset Mode escape codes (ESC y). See below.

ResetMode — ESC y— Resets the “Set Mode” functions to their power-up default states.
To reset a function, type ESC y followed by the appropriate number given below.

= Disable 25th line

= Enable key click

Exit hold screen mode
Underscore cursor

Cursor on

Keypad unshifted

Exit alternate keypad mode
No auto line feed

= No auto CR

I
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1

See “Set Modes” above.

Enter ANSI Mode — ESC < — Enters the ANSI mode. See the “Appendix” in the rear of
this Manual for the definition and descriptions of the ANSI mode escape codes.

MODES OF OPERATION

Enter Hold Screen Mode — ESC [ — The Hold Screen Mode allows you to control when
new information is printed on the screen. This is especially useful when you are reading
lists or looking for a particular part of a program. Push the OFF LINE key to its down
position and then type ESC [ to enter the Hold Screen Mode. Then after you release the
OFF LINE key, each time you type the SCROLL key, a new line of text will appear on the
bottom line and the top line of text will scroll up and off the screen. If you type SHIFT
SCROLL, a whole new page (24 lines) of text will be scrolled onto the screen. Press the
OFF LINE key to its down position and type ESC \ to exit the Hold Screen Mode.
Remember, that when the cursor is at the start of a line of text, the Terminal is probably
waiting for a scroll command when in this mode.
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This mode requires that the host computer respond to XON and XOFF.

Exit Hold Screen Mode — ESC\ — Exits the Hold Screen Mode. See ‘‘Enter Hold Screen
Mode” above.

Enter Reverse Video Mode — ESC p — The characters displayed on the screen can also
be displayed in reverse video, a black character on a white background. Type ESC p to
enter the Reverse Video Mode, and ESC q to exit the Reverse Video Mode.

The following BASIC program shows you how to send the escape codes to the Terminal
to enter and exit the reverse video mode.

00010 REM Reverse Video Demonstration

00020 PRINT "This is a demonstration of the ';
00030 PRINT CHR$(R7);"P";

00040 PRINT '"reverse video'";

00050 PRINT CHR$(27);"q";

00060 PRINT ' feature."

00070 END

Exit Reverse Video Mode — ESC q — Exits the Reverse Video Mode. See ““Enter Reverse
Video Mode” above. '

Enter Graphics Mode — ESC F — The graphics mode lets you display 33 special
symbols. Refer to the “Graphic Mode Symbols” in the “Appendix” of this Manual. Type
ESCF to enter the Graphics Mode. Then type any of the 26 lower-case keys or the seven
other symbol keys that correspond to the graphic symbols. Type ESC G to exit the
Graphics Mode. You can place the Terminal in the Reverse Video Mode while itisin the
Graphics Mode to increase the number of graphic symbols.

“Demonstration Program #1” in the “Appendix” of this Manual shows you how this
feature is used in a BASIC program.

Exit Graphics Mode — ESC G — Exits the Graphics Mode. See “‘Enter Graphics Mode”
above.

Enter Keypad Shifted Mode — ESC t — The shifted functions that the keypad transmits
normally require you to press and hold the SHIFT key when you type one of the keys.
You can type ESC t to enter the Shifted Keypad Mode so that you do not need to hold the
SHIFT key to obtain the unshifted functions. However, if you place the Terminal in the
Shifted Keypad Mode and you need to use the unshifted functions (numbers), you will
have to press and hold the SHIFT key to obtain them. Type ESC u to exit the Shifted
Keypad Mode.

Exit Keypad Shifted Mode — ESC u — Exits the Keypad Shifted Mode. See “‘Enter
Keypad Shifted Mode” above.

Enter Alternate Keypad Mode — ESC = — The codes sent to the computer from the
Terminal Keypad normally include the numbers, period, ENTER, and (when shifted)
some special cursor movement and editing functions. You can change these keypad
codes using the Alternate Keypad Mode to transmit specific escape codes that your
computer may respond to.
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Type ESC = to enter and ESC > to exit the Alternate Keypad Mode.

The following chart lists the escape codes sent by the Terminal in the Alternate Keypad
Mode.

KEY HEATH ANSI
ESCAPE ESCAPE
CODE CODE
0 ESC?p ESCOp
1 ESC?q ESCO g
2 ESC?r ESCOr
3 ESC ?s ESCO s
4 ESC 7t ESCOt
5 ESC 7 u ESCOu
6 ESC ?v ESCOv
7 ESC?w ESCOw
8 ESC 7 x ESC O x
9 ESC?y ESCOy
. ESC?n ESCOn
ENTER ESC?M ESCOM

Exit Alternate Keypad Mode — ESC > — Exits the Alternate Keypad Mode. See ““Enter
Alternate Keypad Mode” above.

ADDITIONAL FUNCTIONS

Keyboard Disabled — ESC { — Inhibits the output of the keyboard. WARNING: After this
function is entered, the keyboard can only be turned back on by your program or a master
reset.

Keyboard Enabled — ESC { — A computer-sent code that enables the keyboard after it
was inhibited by a “Keyboard Disabled” command.

Wrap Around At End Of Line — ESC v — 81st character on a line is automatically placed
in the first character position on the next line. The page scrolls up if necessary.

Discard At End Of Line — ESC w — After the 80th character in a line, the characters
overprint. Therefore, only the last character received will be displayed in position 80.

Identify As VT52* (ESC/ K) — ESC Z — The Terminal responds to interrogation with
ESC / K to indicate that it can perform as a VT52.

Transmit 25th Line — ESC ] See “Transmit Page” below.

Transmit Page — ESC #

The transmit functions (Transmit 25th Line and Transmit Page) are the same except for
the source of the data transmitted. Your computer may have a special routine (which is
required for this function to work) so it can accept the transmitted codes.

*Registered Trademark, DEC Corporation
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Basically (assuming that the mode has not changed), the data is transmitted the same as it
appears on the CRT. This includes all 1920 characters (24 lines of 80 characters), or the 80
characters of the 25th line. However, it is possible that the actual number of characters
transmitted will be more than 1920. If graphic characters, reverse video characters, or
both are encountered, the proper escape sequence for entering the respective modes will
be transmitted. When one or both of these parameters no longer apply, the appropriate
escape sequence will then be sent to exit the mode.

The escape sequence which is sent is determined by whether the Terminal is in the Heath
mode or the ANSI mode. The sequence will be the same as that which was sent to the
Terminal (or entered from the keyboard) to cause the Terminal to enter and/or exit the
reverse video and graphic character modes.

Other than the above required escape sequences, the only characters sent are the dis-
played characters.

Following the transmission of the last character, a CARRIAGE RETURN is sent and the
bell will sound.

If a transmit page is executed (ESC #), only lines 1 through 24 are transmitted. If you
want to transmit the 25th line, you must ask for that specifically (ESC 1). This operates
the same as the transmit page except that only the 80 characters of the 25th line (and any
necessary escape sequences) are transmitted and followed by a CARRIAGE RETURN. In
the event that the 25th line is not enabled, only a CARRIAGE RETURN will be transmit-
ted.

Special Function Keys

The eight special function keys (f1, f2, f3, 4, f5, Blue, Red, and Gray) on the top row of the
keyboard transmit two-character escape codes to the computer. You can define the
meanings of each of these keys to suit your particular application (your software program
must recognize the particular escape codes associated with the keys). See the “Appen-
dix.”

SUMMARY OF KEYPAD FUNCTIONS

The keypad can operate in any one of four modes: normal unshifted, normal shifted,
alternate unshifted, and alternate shifted. Then, within each of these modes, you can use
the SHIFT key shifted or unshifted as a toggle. (See “Enter Keypad Shifted Mode” and
“Enter Alternate Keypad Mode.”)
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Normal Unshifted — This is the normal operating mode.

Example: TYPE TERMINAL
TRANSMITS
3 3
SHIFT 3 DL (Delete Line)

Normal Shifted — ESC t to enter; ESC u to exit — The normal functions are inverted.

Example: TYPE TERMINAL
TRANSMITS
3 DL (Delete Line)
SHIFT 3 3

Alternate Unshifted — ESC = to enter; ESC> to exit— This isthe normal alternate mode.

Example: TYPE TERMINAL
TRANSMITS
3 ESC ? s (Heath escape code)
SHIFT 3 DL (Delete Line)

Alternate Shifted — ESC t ESC = to enter; ESC u ESC > to exit — The normal alternate
functions ae now inverted.

Example: TYPE TERMINAL
TRANSMITS
3 DL (Delete Line)
SHIFT 3 ESC ? s (Heath escape code)

See the “Appendix” for actual codes sent and for ANSI codes.
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DISK OPERATION

DISKETTE

PICTORIAL 6-3

DISKETTE LOADING

Refer to Pictorial 6-3, open the front panel door, and
insert the diskette, label towards the screen. Then
close the door.

DISKETTE HANDLING

The diskette can be easily damaged. Handle it care-
fully as follows:

1. Keep the diskette in its storage envelope
whenever it is not in the Floppy Disk drive.

2. Keep the diskette away from magnetic fields.
Magnetic fields can distort the recorded data on
the diskette.

3. Replace damaged or worn storage envelopes.

4.  Write on the plastic jacket only with a felt-tip
pen. Do not use a lead pencil or ball-point pen.

5.  Keep the diskette away from hot or contaminat-
ing materials.

6. Do not expose the diskette to sunlight.

7. Domnot touch or clean the surface of the diskette.
Abrasions can alter stored data.

WRITE-PROTECT

This diskette can be write protected so that it cannot
be written on. To do this, cover the side notch with a
tab or opaque tape. See Pictorial 6-4.

SPEED TEST

See ‘“Rotational Speed Test” on Page 4-9.
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CASSETTE OPERATION

COPYING TAPES

The Cassette Interface provides the greatest reliability
when tapes are played back by the same machine on
which they were recorded. Therefore, it is recom-
mended that you make a copy of the H8 software tape.
This will give you maximum reliability when loading
tapes and the original can be used as a backup copy if
something happens to the work copy. See Pictorial
6-5 (Illustration Booklet, Page 10).

Data is stored on magnetic tape one bit at a time as the
tape moves past the record head. The data rate is 1200
bits per second. Since the tape moves at 1-7/8" per
second, at 1200 bits per second, there will be 640 bits
on each inch of tape. This means that each bit is only
.0016 inches long. If a single bit is lost, the program
will not run. Obviously, small defects in the tape
which are not noticeable on audio recordings will be
disastrous to a data storage tape. Tape defects, dust,
smoke, and improper tape handling will all cause loss
of data. Therefore, be very careful with your tapes.

To keep from accidentally erasing a tape, use a screw-
driver or other suitable tool and break out the write-
protect tab. See Pictorial 6-5.

Choose a good recorder. One of the two biggest factors
in reliability is the recorder you select. It will need an
external speaker or earphone output jack and an aux-
iliary, radio, or microphone input jack. A motor con-
trol jack will make your system easier to operate but it
is not essential. Preferably, choose a recorder that is
designed to record music. Clean the tape head regu-
larly and be sure it is free of dust.

Tape is the other biggest factor in reliability. Choose
top quality tape in a well-designed housing. Use the
type of tape your recorder was designed for,
chromium dioxide if possible. Choose one of the shor-
ter tapes (C-30); the tape is thicker.

WRITE-PROTECT
TAB

PICTORIAL 6-5
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To protect your tapes, follow these precautions:

1. Always rewind a tape before you remove it from
the recorder. This prevents contamination and
scratching.

2. Always store a tape in its protective case.
3. Do not touch the tape or the leader.

4. Never place tapes near magnetic fields, as gen-
erated by motors, magnets, or TV SETS.

5. Do not expose tapes to direct sunlight or high
temperatures.

6. Always have duplicate copies of all valuable
tapes; like system software tapes.

All Heath computer hardware and software products
were designed to work together as a complete system.
Proper operation can be assured only when the com-
puters are used with Heath designed or approved
accessories. Heath does not assume the responsibility
for improper operation resulting from custom inter-
facing, custom software, or the use of accessories not
approved by Heath Company.

When you set up your system, you may have to exper-
iment to find the best settings for the volume control,
tone control, or both. The tone control is normally set
to midrange or toward the treble end. The volume
control is not critical on playback once the minimum
level is reached. Increasing the volume will some-
times be helpful when using poor recordings.

If your recorder has an automatic level control, defeat
it if possible. Use the record level control to set the
level to the highest level before overloading.

If you want to use a cassette deck that does not have a
power amplifier, remove programming jumper JP705
from the cassette interface circuit board.

If you have two tape machines, you can use one for
playback while you record on the other. To do this,
use the audio cable and the 2-wire cable with black
tubing for the playback machine. Use the other two
cables for the recording machines. See the inset draw-
ing on Pictorial 6-5.

USE AS A TERMINAL

To use your Computer as a Terminal, refer to Pictorial
6-6 (Illustration Booklet, Page 11) and:

() Disconnect the cable from P404 on the back of
the terminal logic circuit board.

( ) Disconnect cable #134-1070 from plug P605
(the bottom one) on the serial interface circuit
board.

( ) Plug the cable into P605 on the back of the
terminal logic circuit board (brown wire up).
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READJUSTMENT

This section contains several adjustments that you
may need to make to properly maintain your Comput-
er. You will have to remove or tilt back the cabinet
shell in order to reach the controls, coils, and adjust-

ments called for in this section. To do this, refer to the

inset drawing on Pictorial 3-1 and carefully remove
the cabinet shell back.

{ ) On the terminal logic circuit board (see Picto-
rial 5-1, Illustration Booklet, Page 8), set section
2 of switch S402 down to its 1 position.

NOTE: When power is turned on, do not touch the
flyback transformer, the high voltage lead, or the
anode socket at the back of the CRT, as it is possible to
receive an electrical shock from these areas. Also, to
lessen the chances of an electrical shock whileyou are
making adjustments, keep your other hand away from
this unit and all other metallic objects.

( ) Plugintheline cord and set the POWER switch
to ON.

Refer to Pictorial 7-1 (Illustration Booklet, Page 11) for
the locations of controls on the video circuit board.

( ) Afterashort warm-up time, a lightraster should
appear on the screen. If it does not, adjust G1
control R268 counterclockwise (as viewed from
the left side), to cause the raster to appear.

( ) If the display is slanted, loosen the yoke clamp
screw slightly and slowly turn the yoke to prop-
erly line up the raster on the screen. See Picto-
rial 7-2 on Page 7-2.

( ) Adjust the VERT SIZE control R226 (on the

video circuit board) so the raster is approxi-
mately 6" high.
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() Refer to Pictorial 7-2 and rotate the ring mag-
nets on the back of the yoke to center the display
on the screen.

{ ) Adjust BRIGHTNESS control R216 until a
blinking cursor (underline) appears at the top
corner of the screen.

( )} Setthe OFF LINE and CAPS LOCK keys to their
down positions.

( ) Hold the “Z” key and the REPEAT key down
and fill the screen with characters.

( ) Adjust HORIZ CENTERING control R253 to
center the display horizontally within the ras-
ter.

( ) Adjust VERT LINEARITY control R228 so that
the top and bottom rows of characters are of
uniform size.

NOTE: You should make the next adjustment in a
darkened room.

() Turn G1 control R268 clockwise (as viewed

from the left) until the raster just disappears.

Ifthe display width is not approximately 8-1/2",
adjust WIDTH coil L204 to correct the width
size.

Adjust BRIGHTNESS control R216 to obtain the
brightness that is most suitable to you.

Adjust FOCUS control R271 for the best focus.

Recheck the display for proper alignment of the
screen. If necessary, rotate the yoke a small
amount. Then tighten the yoke clamp screw
only enough to hold the yoke from turning.

Set the POWER switch to OFF and disconnect
the line cord.

Set section 2 of switch S402 (on the terminal
logic circuit board) up to its 0 position.

Resecure all parts in your Computer and replace
the cabinet shell.
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TROUBLESHOOTING

IMPORTANT NOTICE

All Heath computer hardware and software products were designed to work togetherasa
complete system. Proper operation can be assured only when the computers are used
with Heath designed or approved accessories. Heath does not assume the responsibility
for improper operation resulting from custom interfacing, custom software, or the use of
accessories not approved by Heath Company.

Factory wired circuit boards have been wired and tested at Heath Company. If one
malfunctions during the 90-day warranty period, return the complete circuit board
assembly to Heath Company or a Heathkit Electronic Center. It will be promptly repaired
and returned. Individual replacement parts are not supplied under warranty. DO NOT
attempt to service this circuit board assembly yourself during the warranty period; to do
so voids the warranty.

For out-of-warranty circuit boards, you can have them repaired by Heath Company (or a
Heathkit Electronic Center), or you can purchase individual replacement parts to do your
own service.
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This section of the Manual is divided into two parts.
The first part titled “General Troubleshooting Infor-
mation,” pertains to your Computer only if you built
it from a kit. It describes what to do about difficulties
that may occur during or right after you assemble the
Computer.

The second part, titled “Troubleshooting Charts,”
lists problems or conditions that might occur. The
“Possible Cause” column lists the components as-
sociated with the problem. This will help you relate a
problem to the Schematic and Circuit Description.

Refer to the “Circuit Board X-Ray Views” (Illustration
Booklet, Pages 16 thru 21) for the physical location of
parts on the circuit boards.

Due to the complexity of the factory wired circuit
boards and the closed loop configuration of the con-
trol and interface circuits, we recommend that you
return these parts for repair if necessary. Refer to the
“Customer Service” information inside the rear cover
of this Manual.

GENERAL TROUBLESHOOTING INFORMATION

This section of the Manual applies to your Computer
only if you assembled it from a kit.

NOTE: The following checks will be most effective if
you apply them to one part of the kit at a time.

1. Recheck the wiring. Trace each lead in colored
pencil on the Pictorial as it is checked. It is
frequently helpful to have a friend check your
work, Someone who is not familiar with the unit
may notice something you have consistently
overlooked.

2. About 90% of the kits that are returned for repair
do not function properly due to poor connec-
tions and soldering. Therefore, you can elimi-
nate many troubles by carefully inspecting the
connections to make sure they are soldered as
described in the ‘‘Soldering” information at the
beginning of the Assembly Manual. Reheat any
doubtful connections. Be sure all wires are sol-
dered at places where several wires are con-
nected.

3. Check each circuit board foil to be sure there are
no solder bridges between adjacent connec-
tions. Remove any solder bridges by holding a
clean soldering iron tip between the two points
that are bridged until the excess solder flows
down onto the tip of the soldering iron.

4. Check each resistor value carefully. A resistor
that is discolored, or cracked, or shows any sign
of bulging would indicate that it is faulty and
should be replaced. .

5. Besureeachdiodeis carefully installed with the
banded end positioned correctly.

6. Check all component leads connected to the cir-
cuit boards. Make sure the leads do not extend
through the circuit board and come in contact
with other connections or parts.

7.  The components listed in the ‘“Possible Cause”
column of the “Troubleshooting Chart”” are the
most likely causes (but not necessarily the only
cause) of a problem. When you check these
components, look first for the following items:

— Parts installed incorrectly or backwards.
This pertains especially to diodes, elec-
trolytic and tantalum capacitors, and integ-
rated circuits.

— Unsoldered or inadequately soldered parts.
Reheat the connections in the area of a prob-
lem.

— Incorrect or interchanged parts. Check the
part numbers on the diodes and integrated
circuits.

8.  Check the set-up switches on the logic circuit
boards to be sure that they are in their proper
positions. See Pictorials 5-1 and 5-2 (Illustration
Booklet, Pages 8 and 9).

NOTE: In an extreme case where you are unable to
resolve a difficulty, refer to the “Customer Service”
information inside the rear cover of the Manual. Your
“Warranty” is located inside the front cover.
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TROUBLESHOOTING CHARTS

The following charts list conditions and possible
causes of several specific malfunctions. If a particular
part is mentioned (Q213 for example) as a possible
cause, check that part and other components con-
nected to that part to see that they are installed and/or
wired correctly. Also check for solder bridges and
poor connections in the surrounding area. It is also
possible, on rare occasions, for a part to be faulty and
require replacement.

WARNING: Measure the anode voltage only with an approved
high voitage probe.

CAUTION: Never operate the Computer unless the short black
ground wire coming from the corner of the video board is
connected to the CRT ground.
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POWER SUPPLY PROBLEMS

CONDITION

POSSIBLE CAUSE

Nothing happens at turn on.

O qh o=

Not plugged in.

Fuse F1 blown.
Primary/line cord wiring.
Switch SW1 wiring.
Fuseholder wiring.
Power transformer T1.

Fuse blows.

QoOoNOOALON >

Check primary wiring.

Short circuit on power supply circuit board.

Short circuit across transformer secondary.

Diodes D101-D112, and BR1.

C1; C102-C104.

U401-U405.

Short between collector of Q213 and video board heat sink.
Incorrect fuse.

Power transformer T1.

No output from 5 V supplies, or voltage(s) too high or too low.

“N =

U401, L402.
D105-D107.
C103.

No +12 V, or is too high or too low.

W=

U403.
D101-D104.
c102.

No —12 V, or is too high or too low.

W=

U404.
D101-D104.
C104.

No —5V, or is too high or too low.

AL~

U405. R

U404 (—12 V source supplies =5 V regulator).
D101-D104.

C104.

No +53 V, or is too high or too low.

Q213, Q211, Q209.
D203, D204..

No unregulated voltages (+65, +8.5, +/-16) on
power supply board.

Check appropriate secondary of T1, diode bridges or filter
capacitor.

No anode voltage when other voltages are OK.

@O RN~

No sync pulses coming from terminal logic board.
Q217, Q216.

Deflection yoke, L204, L205.

C229, C233.

D208.

U201, U202.

+500 V supply is too high or too low.

N -

D211.
Cca32.

—90 V supply is too high or too low.

PON =

D209.

‘R266.

C231.
Q218.

—6 V supply is too high or too low.

A

D205.
R212.
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VIDEO RELATED PROBLEMS

CONDITION

POSSIBLE CAUSE

No video (blank screen).

PRy

tTOooNOGTA WM

Brightness control (R216) turned down.
Anode voltage incorrect.

Grid voltages incorrect (G1, G2, G4).

No cathode drive.

Q214, Q215.

No video signal coming from terminal logic board.
U479. -

Video circuits on logic board.

D206. )

No sync pulses coming from logic board.
D212.

Screen all white (raster).

ahON

Grid voltages.

Q214, Q215.

Video circuits on terminal logic board.
Anode voltage incorrect.

Q218.

Insufficient brightness.

o kL=

Q214, Q215.
D205.
C205, C206.

R216 (brightness control), R214, R218, R219, R217.

Grid voltages.

One bright horizontal line on screen.

NoOoohs~LN

Vertical amplifier (Q203-Q208).

D202.

Deflection yoke (vertical).

Vertical sweep generator (Q201, Q202).

D201.

No vertical sync pulses coming from logic board.
U479.

Too much or too little height.

O b LN

Vertical amplifier or sweep generator.

C215.

R248.

R226 (vertical size) misadjusted, open, or shorted.
C213.

Too much or too little width.

oo hwN =

Adjust width coil L204.

C229, C233.

Deflection yoke (horizontal), L204, L205.
+53 V supply not correct.

Flyback transformer T2.

Q217.

Picture tube filament does not glow.

W~

No horizontal sync pulses coming from logic board.

Filament winding of T2 (brown wires).
R264.

Horizontal centering does not work.

wn =

u201.
R253.
c221.

No horizontal sweep, but sync pulses are present at P202-1.

©XNO GO RN

D207.

U201, U202.

Q216, Q217.

T201.

+6 V supply not correct.
C227.

D208.

+53 supply not correct.
Deflection yoke, L204, L205.
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SHIPPING INFORMATION

In an extreme case where you are unable to resolve a
difficulty, you may want to take your Computer to
your local Heathkit Service Center or ship it to the
Heath Company.

If you can isolate the problem to a particular circuit
board, take (or send) only that circuit board for repair.
This will save shipping cost and service expense.

Whenever possible, take your Computer {or circuit
board) to your local Heathkit Electronic Center for
service. Consult your Heathkit Catalog for the loca-
tions of the Electronic Centers.

However, if it becomes necessary to ship the complete
unit to the Heath Company, refer to the “Customer
Service” information inside the rear cover of the
Manual and securely pack the Computer. Be sure to
close the cabinet shell and latch it securely.

IMPORTANT: Include the following information
with your Computer. It will be helpful in diagnosing
and repairing your unit.

A. The problem you are having.

B. Name and model of your computer system.

C. Baud rate.

D. System configuration.

E. Any additional information that will help
describe your system.
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CIRCUIT DESCRIPTION

Refer to the Schematic Diagram (fold-in) and the
Terminal Block Diagram (Illustration Booklet, Page
14) while you read this “Circuit Description.”

To help you locate parts in the Computer or on the
Schematic, the circuit component numbers (R1,
C101, L301, etc.} for resistors, capacitors, coils, trans-
istors, and integrated circuits are in the following
groups.

0-99 Parts mounted on the molded chassis
base or bezel.

100-199 Parts mounted on the power supply
circuit board.

200-299 Parts mounted on the video circuit
board.

300-399

400-499

500-599

600-699

700-799

800-899

Parts mounted on the keyboard circuit
board.

Parts mounted on the terminal logic
circuit board.

Parts mounted on the CPU logic circuit
board.

Parts mounted on the serial interface
circuit board.

Parts mounted on the cassette interface
circuit board.

Parts mounted on the floppy disk inter-
face circuit board.
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POWER SUPPLY CIRCUIT BOARD

The primary circuit of the power supply consists of
slow-blow fuse F1, ON/OFF switch SW1, 120 V/240 V
switch SW2, HIGH/LOW line switch SW3, and the
primary windings of transformer T1.

Thered secondary windings of transformer T1 supply
AC to diode bridge rectifier D109-D112. The 65-volt
rectified output of the bridge is filtered by capacitor
C1. It is used to power the video circuits.

The yellow secondary winding of T1 supplies AC to
the diode bridge rectifier BR1. The rectified output of
the bridge (approximately 9 VDC) is filtered by
capacitors C101 and C103 and is used on the logic
circuit boards.

The green secondary windings supply center-tapped
30 VAC to diode bridge rectifier D101-D104. The re-
ctified outputs of the bridge (+ 16 VDC) are filtered by
capacitors C102 and C104. These outputs are used on
the logic circuit board.

INTERCONNECTION AND GROUNDING

The three power supplies (+65, +9, and + 16) are not
interconnected on the power supply circuit board.
Instead, they pick up their appropriate grounds at the

circuit boards they power. The +65-volt video supply
connects to + and ground points on the video circuit
board. The external conductive coating of the CRT
and the CRT socket arc-ring both connect directly to
the video circuit board ground.

The +9-volt and *16-volt supplies connect directly
to the logic circuit boards with no common grounds
until they meet at the terminal logic circuit boards.

This grounding method produces two independent
operating systems that do not interact with each other
except through the signal ground and sync/video in-
puts. In the event of a CRT arc, the arc discharge
current is confined to the video circuit board and it
does not induce transients into the logic circuits.

The logic/video system is also floating with respect to
the ground wire of the power cord. The protective
ground input (pin 1) of the EIA RS232 connector
connects to the power cord ground, along with all the
exposed metal surfaces.

The signal ground input (pin 7) of the EIA RS232
connector connects to the logic circuit board ground.
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VIDEO CIRCUIT BOARD

POWER SUPPLY

The unregulated 65-volts DC from the power supply
circuit board enters the video circuit board at plug
P202, pins 2 and 3. Assume that the Computer has just
been turned on and the output of the +53-volt reg-
ulator is at zero volts. The base current of Q209 is
supplied through resistors R201,R202, and R203. The
collector current of Q209 causes Q211 to turn on and
supply current to the base of Q213. As the output
voltage at the emitter of Q213 rises, D204 begins to
supply current to zener diode D203 through resistor
R202. D203 stabilizes at 12.8 volts and provides a
reference for the output voltage. The divider formed
by resistors R207 and R208 samples the output volt-
age as it continues torise, and applies a fraction of the
voltage to the emitter of Q209. When the emitter volt-
age of Q209 reaches 12.15 volts (12.8-.65), its collec-
tor current is reduced to a value that keeps the output
voltage stabilized at +53 volts.

Resistor R211 samples the current supplied to the
load by Q213, and generates a voltage that is applied
to the base of Q212. If the current exceeds about 1.1
amperes, Q212 turns on and shunts current from the
base of Q211, which, in turn, prevents the output
current from exceeding 1.1 amperes.

D205 and R212 form another zener regulator that
supplies 6.2 volts DC to the video amplifier and 6
volts DC to the horizontal section through R213.

VIDEO AMPLIFIER

The video amplifier is a conventional cascode
amplifier. The video signal enters the circuit board at
plug P202, pin 4. The level of this video signal is set
by Brightness control R216. It is then applied through
R217 to the base of Q215. The base of Q214 is biased
by the 6.2-volt supply. The signal at the collector of
Q214 is coupled through resistor R1 to the cathode of
the CRT. L201, which is in series with collector load
resistor R215 provides high frequency compensation.

VERTICAL SECTION

The vertical portion of the video circuit board con-
sists of two sections, a sweep generator and an
amplifier.

The sweep (or ramp) generator consists of C211,
C212, R227, and Q201. Capacitors C211 and C212
charge to +53 volts through resistor R227 to generate
the ramp. This ramp voltage is applied to the anode of
201, a programmable unijunction transistor. The
gate of the unijunction is biased at a voltage deter-
mined by R222, R223, D201, and R224. When the
anode voltage charges to the gate voltage, Q201 con-
ducts and discharges C211 to ground through L.202.
As the discharge current decreases to zero volts, the
unijunction stops conducting and the capacitors start
to charge again through R227.

The ramp voltage is applied to the base of Darlington
voltage follower Q202. The emitter voltage of Q202 is
fed back to the junction of C211 and C212 to linearize
the exponential ramp. Resistor R229 and Vert Linear-
ity control R228 determine the amount of correction
applied to the ramp. The amplitude of the ramp is
determined by R225 and the Vert Size control, R226.

The free-running frequency of the oscillator is
slightly less than 60 Hz, the normal sweep rate. Verti-
cal sync pulses, which enter the circuit board at plug
P202, pin 6, are coupled through R221, C208, and
D201 to the gate of transistor Q201. The negative-
going pulse lowers the gate voltage below the anode
voltage and Q201 immediately conducts, discharging
C211 and C212 before the free-running trip point is
reached. Each succeeding sync pulse keeps the oscil-
lator synchronized with the vertical sync signal gen-
erated by the CRT controller on the logic circuit
board.

The amplifier portion of the vertical circuitry is com-
posed of Q203, Q204, Q205, Q206, Q207, and Q208.

Under steady-state conditions, with no ramp signal
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applied to the base of transistor Q204, the collector
currents of Q203 and Q204 are determined by bias
string R232, R233, R234, R235, and emitter resistors
R236 and R241. The collector current of Q203 is nom-
inally 3 milliamperes, and the collector current of
Q204 is nominally 2 milliamperes. The difference (1
milliampere) between the two, supplies base current
todriver transistor Q205, which drives output transis-
tors Q207 and Q208. Diode D202 and resistor R244
bias transistors Q207 and Q208 so that there is enough
idle current to eliminate crossover distortion. Trans-
istor Q206 is a current source that provides base cur-
rent for Q208 and the bias network, D202 and R244.
The output voltage at the junction of R246 and R247 is
fed back to the bias string through R239 to keep the
output stable at about 25 volts.

When the ramp signal is applied to the input of the
amplifier through C213, the collector current of Q204
is varied as a function of the amplitude of the ramp
voltage. The difference between the currents of Q203
and Q204 drives the outputs through Q205. The out-
put voltage is fed through C217 to the vertical deflec-
tion yoke. Resistor R248, which is in series with the
yoke, generates a voltage proportional to the yoke
current. This voltage is fed back to the base of Q203
(negative feedback), which changes its collector cur-
rent to keep the yoke current directly proportional to
the input ramp voltage.

HORIZONTAL SECTION

The horizontal portion of the video circuit board con-
sists of three sections:

Time delay and pulse shaping.
Horizontal deflection.
High voltage supplies.

The time delay and pulse shaping circuits are
triggered by the horizontal sync pulses that come
from the terminal logic circuit board. They generate a
time delay that provides horizontal centering and a
pulse of the proper width to drive the horizontal
sweep system.

The horizontal deflection system transfers energy
from the power supply to the yoke in order to sweep
the beam across the face of the CRT. The hi gh voltage
supplies generate the anode and grid voltages that
operate the CRT.

TIME DELAY AND PULSE SHAPING

The horizontal sync pulses enter the circuit board at
plug P202, pin 1. These pulses are then coupled
through R249, C218, and D207 to U201, The trailing
edge of each pulse triggers U201, a monostable mul-
tivibrator, causing the output (pin 3) to go high. The
width of the output pulse is determined by C221,
R254 and Horizontal Centering control R253. When
the output pulse from U201 goes low, it triggers
monostable U202. The 20 microsecond output pulse
of Q202 (pin 3) is determined by C224 and R256. This
pulse drives horizontal driver transistor Q216.

HORIZONTAL DEFLECTION

Transistor Q216 and driver transformer T201 drive
horizontal output transistor Q217, which, in turn,
drives the horizontal output transformer (flyback
transformer) and the yoke. The positive-going pulse
from U202 is coupled through the parallel combina-
tion of R257 and C225 to the base of Q216. During the
time the pulse is high, the collector current of Q216
flows through the primary of T201. The phasing of the
transformer is such that the secondary output voltage
during this time is negative and keeps Q217 turned
off. While Q216 is turned on and current flows
through the primary, energy is stored in T201.

When the output pulse from U202 returns to zero
volts, Q216 turns off, its collector current decreases to
zero, the secondary voltage of T201 goes positive, and
Q217 starts to conduct. The energy stored in the trans-
former is converted to base current and keeps Q217
turned on for the rest of the cycle. The transformer
inductance, R261, R262, C227, and L203 control the
base current decay and insure the best efficiency of
the output transistor.

Transistor Q217 is a switch that controls the flow of
energy through the deflection components, When
Q217 is turned on, current flows from the power sup-
ply through the primary of horizontal output trans-
former T2 and through the horizontal yoke, 1204,
L205, and C233 to ground. During this time, the yoke
current increases linearly and the beam is deflected to
to the right of the screen. When it reaches the right
edge, driver transistor Q216 turns on and output
transistor Q217 turns off. The energy that was stored
in the yoke (along with the energy stored in the prim-
ary of T2) is transferred to G229 in the form of a
half-wave voltage pulse with an amplitude of 550
volts. During this cycle, the current through the yoke
goes to zero and the beam returns to the center of the
screen.
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Capacitor C229 now discharges into the yoke, induc-
ing a current in the opposite direction, and deflecting
the beam to the left side of the screen. As the voltage
across G229 decreases to zero volts, the resonant cir-
cuit of C229, the yoke, and the primary of T2 tries to
oscillate in a negative direction. The energy transfer-
red to the yoke by C229 now provides the sweep
current for the first half of the scan and charges C233
through damper diode, D208.

Shortly before the beam reaches the center (before the
yoke current reaches zero), transistor Q216 is turned
off by U202 and Q217 is turned on. For a brief period,
both D208 and Q217 are conducting in opposite di-
rections. D208 is conducting the yoke current and
Q217 is conducting the primary current of T2. Trans-
istor Q217 turns on early to guarantee a smooth transi-
tion from negative to positive yoke current.

The value of C233 is chosen to provide “S” shaping of
the current waveform through the yoke. This com-
pensates for stretching at the left and right edges of
the screen. Since the deflected beam sweeps a wider
area at the edges than it does at the center for a given
deflection angle, the current is decreased slightly at
the left and right edges.

Width coil L204 is in series with the yoke and its
reactance can be adjusted to change the total current
through the yoke. If its reactance is high, the yoke
current is slightly decreased and the scan width is
reduced. If its reactance is low, the scan width is
increased.

Horizontal linearity coil L205 is a nonlinear inductor
that provides further linearity correction that cannot
be provided by C233 alone.

HIGH VOLTAGE SUPPLIES

The flyback voltage pulse developed at the collector
of Q217 during the horizontal retrace is rectified by
D211 and C232 to provide approximately 500 volts
DC. This voltage, which is filtered further by R276,
C236, C237, and C238 is coupled through R4 to the
CRT grid 2 (G2).

The same flyback pulse is transformer coupled to the
secondary of T2 and rectified by D209 and C231 to
generate a —100-volt DC supply.

Resistor R272 and Focus control R271 form a voltage
divider between the +500-volt and the —100-volt
supplies to provide a bias voltage for grid 4 (the focus
grid). This voltage is coupled through R275 and R3 to
the CRT.

Another voltage divider consisting of D212, R267,
and G1 control R268, between the +55-volt and
—100-volt supplies, provides a bias voltage for grid 1
of the CRT.

The flyback pulse is also coupled to another secon-
dary of transformer T2, the high voltage winding. The
output pulse from this winding is about +15,000
volts. It is rectified by D1 (in the anode lead) and
filtered by the internal capacitance of the CRT to
provide the anode (or accelerator) voltage for the CRT.

Occasionally, the voltage stored in the internal
capacitance of the CRT arcs over to the other elec-
trodes. An arc ring built into the tube socket, and
(234 (a capacitor with a parallel spark gap), in con-
juction with series resistors R1, R2, R3, and R4, limit
the amount of arc energy on the video circuit board to
a safe value.

The video circuit board also has a discharge circuit
that shorts the —~100-volt supply to ground when the
Computer is turned off. This increases the beam cur-
rent and discharges the high voltage so that a spot
does not appear after the Computer is turned off. A
spot at the center of the tube could damage the phos-
phor.

When the Computer is turned on, C235 charges
through R274 and D213 to +53 volts. When the
Computer is turned off and the + 53-volt supply starts
to decrease, C235 applies a negative voltage to the
base of Q218. This turns Q218 on and discharges the
—100-volt supply.

Flyback transformer T2 also has a filament winding
that supplies 6.3 volts AC at 450 milliamperes to
power the CRT filament.
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TERMINAL LOGIC CIRCUIT BOARD

The terminal logic board consists of seven functional
blocks:

1. ~Power supplies.

2. Keyboard encoder and configuration logic.
3.. Processor/CPU.

4. Master clock and system logic.

5. Communications.

6. CRT and memory.control.

7. Display memory, character generator, and
~ - video-control logic.

The integrated circuits in each block are numbered as
follows:

U401-U405 Power supplies.
U411-U419 Master clock and system logic.
U421-U429 Processor, ROM, RAM, pro-
cessor control logic.
U430-U437 Keyboard encoder and config-
uration logic:
U451:1J453 Communications and
I/O drivers.
U461-U466 CRT and memory control.
U467-U479 Display memory, character

generator,
and video control
logic.

POWER SUPPLIES

Integrated circuits U401 and U402 provide two regu-
lated 5-volt supplies. U401 supplies 5-volts DC for the
left half of the circuit board, while U402 supplies the
right half of the circuit board. U403 supplies +12
volts DC, U404 supplies —12 volts DC, and U405
supplies.—5.2 volts DC. These integrated circuits are
internally protected against short circuits, overloads,
and high temperatures. Capacitors C401, C403, G405,
and C407 at the inputs of the regulators stabilize the
supplies,; while capacitors C402, C404, C406, C408,
C409, and C440 improve the transient response of the
reguiators. C408 serves as the input stability capacitor
for U405 and as the output capacitor for U404.

MASTER CLOCK AND SYSTEM LOGIC
Clock And Scalers

The master clock is a 12.288 MHz crystal-controlled
oscillator. Crystal Y401, with C411, C413, and U411E
form the oscillator. The series combination of C411
and C413 serve as the load capacitance for the crystal.
U411E is the gain stage. Resistors R404 and R405 bias
U411Eintoits linear region, while C412 bypasses any
AC feedback through the two resistors. The output of
the oscillator is buffered by U411D to prevent loading
on the output from changing the oscillator frequency.
This output is the ““dot clock” and it is used by the
shift register-to shift dot information to the screen.

The dot clock also drives divide-by-eight scaler U412,
which generates 1.536 MHz pulses. This is called the
character clock. Each pulse corresponds to one
character on the screen. U412 is a synchronous pre-
settable counter that is loaded with a binary eight
(1000). It counts dot clock pulses until its output
reaches binary fifteen (1111). During the fifteenth
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count, the ripple carry output (pin 15) goes low. This
pulse, which isinverted by U411F, putsalogic one on
the load input (pin 9). The next positive-going clock
cyclereloads a binary eight back into the counter and
the cycle repeats. The Q- output (pin 12) generates a
1.536 MHz pulse that serves as the clock for the CRT
controller. It is inverted by U466D. These two signals
are referred to on the Schematic as C and C. The Qg
output generates a 3.072 MHz signal that drives the
clock input (pin 16) of the ACE (U451).

The dot clock also drives U413 through U475C. U413
is a divide-by-six and divide-by-two scaler. The clock
drives the B input (pin 1), and the Q, output (pin 8)
generates a 2.048 MHz clock signal for CPU U421.
The Qg output (pin 11) also drives the A input. The Q4
output in turn drives the input of binary scaler U414.
The output of U414 provides a 128 kHz clock (pin 6)
for the keyboard encoder, U431, and a 1 kHz signal
(pin 14) for the audible bell signal.

System Control Logic

The system control logic consists of 1/O and memory
decoding, power-up and manual reset circuits, and
the bell and key click circuits.

I/O and memory decoding are accomplished by
three-to-eight line decoders U418 and U419, respec-
tively. U418 decodes address bits 5, 6, and 7 to gener-
ate eight I/O addresses:

1. Keyboard encoder .......... ... .00 200
(80x)
2. Keyboard status ......... ..o 240
(AO)
3. CRTcontroller .................oinn.. 140
(60x)
4, Power-up configuration (primary) ........ 000
(00y)
5. Power-up configuration (secondary) ...... 040
(204)
6. ACE (communications) ................. 100
(405)
7. Bellenable ......... . o i 340
(EOx)
8. Keyclickenable ........................ 300
(Coy)

Decoder U418 is enabled only during an I/O read or
write operation to eliminate the possibility of false
decoding on a refresh address coming {from the Z80.

U419 decodes address bits 14 and 15 to generate three
memory addresses:

1. Program ROM .................... 000.000
(00 00y)
2. Scratchpad RAM .................. 100.000
(40 00y)
3. Display memory .................. 370.000
(F8 00y)

Whenever the Z80 performs a read or a write opera-
tion it will either write to or read from one of these
memory or I/O addresses.

When the Computer is first turned on, the CPU, CRT
controller, ACE, and keyboard control logic are
cleared by the master reset signal. U415A, R407,
C414, and D401 form the power-up reset circuit.
When power is first turned on, C414 has no charge
and temporarily holds pin 2 of U415A at logic zero.
The output of U415 goes high and is inverted by
U415B. The two outputs are true and the com-
plimented reset pulses. As C414 charges through
R407, it pulls the input of U415 high, turning off the
reset pulses.

A manual reset can also be accomplished if you
simultaneously press the Reset and right-hand Shift
keys on the keyboard. U435E and U435B are con-
nected to those keys and they drive the inputs of
U415D. The output of U415D (pin 11) is coupled
through R408 to pin 1 of U415A. R408 and C415 form
a de-bounce circuit for the Shift and Reset keys. When
the output of U415D goes low, the input of U415A is
also pulled low. This generates a reset pulse.

The CPU, under the control of the ROM program, can
cause a bell tone or a key click to sound through the
speaker. When the CPU addresses I/O port 340, pin 7
of U418 triggers one-half of monostable U417. Its
output goes low for about 200 milliseconds, causing
the output of U415C to go high. This logic 1 is
NANDed in U416C with the 1000 Hz signal coming
from U414. The output of U416C drives speaker SP1.
Diode D402 keeps the output of U416C from being
driven above 5-volts at turn-off by the inductive reac-
tance of the speaker.

When the CPU addresses 1/O port 300, pin 9 of U418
triggers the other half of U417. Its output (pin 7) goes
low for about six milliseconds and turns on the 1000
Hz tone. This short duration causes the tone to sound
like a click.
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PROCESSOR

The processor section of the terminal section consists
of the Z.80 processor (U421), or the CPU (central pro-
cessing unit), ROM (read only memory), RAM (ran-
dom access memory), and processor control logic.

Processor/CPU

The heart of the terminal logic circuit board is the Z80
CPU. It acts as a scheduling or dispatching service for
the data coming into or originating from the terminal
section. It examines the data it receives and deter-
mines what, if anything, it should do with it. If the
data comes from the ACE (U451}, for example, the Z80
will compare the ASCII word with a set of conditions
determined by the ROM program, and then write the
word into the appropriate memory or I/O port. If the
ASCII word is a bell signal, the CPU addresses I/O
port 340, and the bell tone sounds through the speak-
er. If the word is the letter “B”’, the CPU performs a
memory write to the current cursor position in the
display memory. If the data from the ACE is a non-
valid character or a string of characters, the CPU sim-
ply ignores the data and does nothing.

The ROM program that directs the CPU israther long
and complex, but the mechanics of the process are
easy to follow. The 2.048 MHz clock signal drives the
clock input (pin 6) of the CPU through U411A. This
steps the CPU through an internal “machine” cycle
that starts with a fetch instruction. It executes the
remainder of its instructions by stepping through a
precise set of a few basic instructions. These include
memory read, memory write, I/O read, 1/O write, and
interrupt acknowledge. The basic thing to remember
is that the ROM program directs the Z80 to make
decisions and move data from place to place within
the circuit board. Without the CPU and ROM, the
decisions and data movement would have to be ac-
complished with hard-wired logic packages.

ROM

The read only memory, U422 and U423, is made up of
a pair of 2 k by 8-bit (16384 bit) ROMs. Its eleven
address inputs connect to A0 through A9 of the ad-
dress bus and its eight data outputs connect to DO
through D7 of the data bus. U429A, U429B, and
U416D decode the ROM select line coming from
memory decoder U419 and address A11 for the CPU
togenerate a new address for eithera2 k ora4 kROM.

RAM

The random access memory for the Z80 scratchpad
consists of U424 and U425, 256 X 4-bit RAMs. This
scratchpad RAM provides temporary data storage for
the Z80. The address inputs to each IC connect to A0
through A7 on the address bus. The lower four bits of
data (D0-D3) are provided by U424; the upper four
bits (D4-D7) are provided by U425. The select signal
comes from U419.

Processor Control Logic

The processor requires some additional circuitry to
control the interrupt process, and to provide a wait
cycle for the keyboard encoder, which is slow in re-
sponding to a read cycle.

U427C is a 2-input NOR gate that monitors the
INTRPT output of the ACE and pin 4 of U436B (the
keyboard INTRPT). When either INTRPT output goes
high, the output of U427C goes low and signals the
INT input (pin 16) of the Z80 that data is available
from the ACE or keyboard.

U426, U427A, and U427B form a counter that drives
the WAIT input (pin 24) of the Z80. Whenever the Z80
performs an 1/O read at the keyboard encoder, pin 11
of U418 drives the “reset to zero” inputs (pins 12 and
13) of U426. The A and B outputs (pins 9 and 5) of
U426 drive the inputs of U427B, a 2-input NOR gate.
The output of U427B holds the Z80 WAIT input low
whenever the A or B outputs of the counter are high.
This generates a total wait of four clock cycles (one
wait cycle is automatically inserted by the Z80 on an
1/O instruction) to allow the output buffer of U431 to
turn on. When the C output (pin 4) of counter U426
goes high, it drives the input of U427A high. This
forces the output low and turns on the clock input
(pin 10) of U426. The A and B outputs now go low and
the wait signal is no longer present. The Z80 then
finishes up the I/O read cycle (pin 11 of U418 goes
high) and the counter is reset to zero and held there
until the next keyboard read.

U428 provides a nonmaskable-interrupt (NMI) that
operates under the control of the ROM program. The
NMI routine is used when the program wants to read
something into the display memory during the verti-
cal blanking period. The data input of U428A is dri-
ven by A2 of the address bus. The T, or clock, input is
driven by the complemented CRT controller 1/O
select that comes from pin 12 of I/O decoder U418.
U466C provides the complemented signal. When the
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program wants to write during vertical retrace, it
addresses the CRT controller while holding A2 high.
The Q output of U428A is clocked high and drives the
reset input of U428B high. The vertical sync signal
drives the T input of U428B and clocks the Q output
low as soon as the sync signal begins. The NMI input
of the Z80 goes low and the program immediately
jumps to the “write during retrace” routine. Part of
that routine will write a zero to the data input of
U428A to clear the NMI signal. :

KEYBOARD ENCODER AND
CONFIGURATION LOGIC

Keyboard Encoder

The keyboard of the Computer consists of single-pole,
single-throw switches in a matrix that is scanned by
keyboard encoder U431. Outputs X1 through X9 go
high, in sequence, and drive one of the Y1 through
Y10 inputs if one of the switches is depressed. The
encoder uses the X and Y information to generate a
unique binary code for each matrix intersection, and
this code is latched internally when a key is depress-
ed. The encoder generates a data strobe (DS), which
comes from pin 13 of U431, for each key closure. It
also clocks the T input (pin 3) of U432A and the Q
output of U432A goes low. The Q output drives and
input of U436B. The output of U436B generates an
INT signal, which is coupled to the Z80. When the
780 services the interrupt at I/O port 200, pin 11 of
U418 clears U432A (through U436C and U435A) and
the INT signal is defeated. Pin 36 of U431 is also a
binary data output and it is latched in U432B by the
I/O read at 200. The keyboard interrupt routine also
checks the keyboard status in another I/O read opera-
tion. The keyboard status check reads the state of the
following:

1. Control key.

2. Shift keys.

3. Repeét key.

4. Break key.

5. Off-line key.

6. Caps Lock key.
7. Data Strobe.

8. Data bit latched in U432B.

The ROM program uses this information in conjunc-
tion with the encoder data to determine the routing of
the data within the Computer. Pin 10 of I/O decoder
U418 drives enable inputs (pin 19) of buffers U433
and U434 to put the status information on the bus.
The Caps Lock, Break, Off Line, Control, Repeat, and
Shift (left) keys are connected directly to the inputs of
these buffers. The outputs of U432A and U432B are
also connected to the inputs of the buffers.

The binary data outputs of the keyboard encoder
drive the address inputs (A0-A7) of ROM U430. U430
converts the binary data from the keyboard encoder to
ASCII data. The data outputs of U430 drive the D0-D7
bits of the data bus. The chip select input (pin 18) of
U430 is driven by pin 11 of U418 (the I/O decoder).

When the Repeat key is held down, the input of
U435D is low and its cutput is high. This enables the
repeat rate oscillator, U436A, R414, and C418. The
repeat frequency, which is approximately 15 Hz, is
determined by R414 and C418. When the Repeat key
is released, the output of U435D goes low, forcing the
output of U436A high and disabling the repeat func-
tion.

The two shift keys are ORed together in U436D. Its
output drives the shift input (pin 21) of U431. When
the Control key is typed, it forces the output of U435F
high, which drives the control input (pin 19) of
keyboard encoder U431.

Configuration (Power-up) Logic

When the system is first turned on, the ROM program
must program the ACE for the baud rate and parity
that you selected on switches S401 and S402. The
program addresses I/O port 000 and pin 15 of I/O
decoder U418 drives enable inputs of U433 and U434
to put the information selected by the switches on the
bus. The program then interprets the data and confi-
gures the ACE accordingly. /O address 040 is used in
a similar manner. Pin 14 of the /O decoder (U418)
enables buffer U437 and puts the data from S402 on
the bus.

COMMUNICATIONS AND 1/O DRIVERS

The Computer talks to the outside world through an
Asynchronous Communications Element (ACE) and
EIA RS-232C compatible line drivers and receivers.
The AGE (U451) converts parallel ASCIIdata to serial
data and drives the communications line through line
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driver U452. The ACE also converts serial data com-
ing from line receiver U453 into parallel ASCII data.
The ACE puts this data on the bus when the ROM
program requests it.

ACE/UART

U451 is an Asynchronous Communications Element
that performs the following functions:

1. Converts data from parallel to serial and
vice versa.

2. Divides a master clock frequency by a pro-
grammable divisor to generate a desired
baud rate. '

3. Programs the data characteristics, parity,
stop bits, and character length.

The characteristics of the ACE must be programmed
into the internal registers of U451 by the ROM pro-
gram through the address and data busses. Bidirec-
tional data bits (pins 1-8) of U451 connect to the
system data bus. The address inputs (pins 28,27, and
26) connect to the system addressbits A0, A1, and A2,
When the ROM program addresses 1/0 port 100, pin
13 of I/O decoder U418 selects the CS2 input (pin 14)
of the ACE. The Z80 can then read or write data by
enabling the data input and data output strobes at

pins 21 and 18 (DISTR and DOSTR]).

When the ACE receives a complete serial word from
the EIA interface, it signals the Z80 that there is data
available by pulling the Z80 INT input (pin 16) low.
The Z80 then examines the internal status and data
registers of the ACE, reads the data word, and routes it
to the proper device within the terminal section.

For a further description of the ACE and how to pro-
gram it, refer to Page 14-1 in the “Appendix.”

1/O Drivers

The standard EIA interface communicates by means
of a serial stream of voltage levels that correspond to
logic ones and zeros. A logic one (or mark) on the data
lines is a voltage between —5 and —15 volts. A logic
zero (space) on the data lines is a voltage between +5
and +15 volts. On the control lines (DTR, RTS, RLSD,
DSR, CTS), a voltage between +5 and +15 volts is
considered to be ON, and a voltage between —5 and
—15 volts is considered to be GFF.

U452 is a standard EIA line driver. A logic one on the
input of U452C drives the serial data outline to an EIA
logic one, or “mark”. A zero on the input forces the
line to an EIA zero, or “space.” U452B and U452D
drive control lines DTR (Data Terminal Ready) and
RTS (Ready To Send) in a similar manner.

U453 isastandard EIA linereceiver. The serial datain
line drives the input of U453A, which converts the
EIA voltages to TTL levels and drives the serial input
of the ACE. Likewise, the RLSD, DSR, and CTS line
signals drive the inputs of U453B, U453D, and
U453C, respectively. The outputs drive the approp-
riate control inputs of the ACE.

CRT AND DISPLAY MEMORY CONTROL

The heart of the video logic system is the CRT control-
ler. This device generates all of the sync and blanking
signals and display memory addresses for the video
system. The memory: control is used to select either
the address coming from the CRT controller or the
address bus, and to synchronize read and write
pulses.

CRT Controller

The CRT controller, U461, is a fully programmable
device that is set up by the ROM program during
power-up. Its bidirectional data bits (pins 33-26) con-
nect to system data bits D0-D7. Its address or pro-
gramming inputs come from the following four input
pins:

Read/Write (R/W) — Determines

Pin 22,
whether the controller’s internal re-
gister file is to be written to or read
from. A write is a logic zero.

Pin 24. Register Select (RS) — Selects either
the address register (RS=0) or one of
the data registers (RS=1) of the inter-
nal register file.

Pin 25.  Chip Select (CS) — A zero sets the
CRT controller to read or write the
internal memory file.

Pin 23.  Enable (E) — Enables the 1/O buffers

and clocks data to and from the CRT
controller. Data is clocked on the fal-
ling edge of the enable signal.
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The internal registers are written to or from by means
of the address register. The Z80 sets up the pro-
grammable registers by first writing a register number
into the address register when the register select
input is low. It then performs a write operation when
the Register Select input goes high.

Each of the CRT controller’s registers is programmed
at power-up with appropriate data to generate the
SYNC, timing, and refresh signals. The memory ad-
dress outputs (MA0-MA10) drive the address of the
display RAM through multiplexers U463, U464, and
U465. The scan row address outputs {RAO-RA3) drive
the address inputs of character generator U473. The
display enable output (EN) is a logic one whenever
the CRT controller, U461, is addressing a port of the
RAM during the time it should be displayed. This
serves as a blanking output whenever itisalogic zero.
The cursor output goes to a logic one when the RAM
location being. addressed is equal to the address
stored in the vursor address registers.

Controller Read/Write Logic

The CS and EN inputs of the CRT controller must be
selected in a particular sequence to perform read and
write operations to and from the controller. The en-
able input pulse (pin 18) must always be inside the CS
pulse. When the I/Orequest for address 140 appears at
pin 12 of U418, the clear input of U462A goes low,
and the Q output immediately drives the CS input
low. The Q output drives the data input of U462B to a
logic one. At the same time, U466C puts the Clear
input of U462B at a logic one.

The next CPU clock pulse at pin 11 of U462B clocks
the logic one at the data input through tothe Q output.
This delays the leading edge of the enable pulse until
approximately one clock cycle after the leading edge
of the CS pulse. When the /O request at address 140
goes away (returns to logic one), the output of U466C
immediately clears U462B and its Q output drives the
ENinput of the CRT controller to zero. The clear input
of U462A goes high at the same time, but the Q output
remains low until the next CPU clock pulse at pin 3
clocks the logic one at the data input through to the
output, terminating the CS. This delays the trailing
edge of the CS pulse until after the trailing edge of the
EN pulse.

Display Memory Control

The display memory control consists of an address
bus multiplexer, a bidirectional bus buffer, and some
gates that control the display memory write enable
(WE) and chip select (CS) inputs.

The address bus multiplexer consists of quad 2-input
multiplexers U463, U464, and U465. Their select in-
puts are tied together and controlled by memory de-
coder U419. When no read or write operations are
being performed on the display memory, the select
inputs are at a logic one, and the memory addresses
(MAO-MA9) generated by the CRT controller drive
the address inputs (A0-A9) of RAMs U467-U470.
When the Z80 addresses the memory, pin 9 of U419
pulls the select input to a logic zero, CRT controller
memory addresses MA0-MAS9 are disconnected from
the display RAM, and address bus bits A0-A9 are
connected to the RAM address inputs. The Z80 can
then read from or write into the display RAM.

Bus buffer U471 isolates the main data bus from the
secondary or refresh, bus. During the screen refresh
period, the data outputs of the display RAM drive the
data inputs of the character generator continuously.
This would prevent the processor from having access
to the bus except during retrace times. However, by
isolating the refresh bus from the main bus, the Z80
can have continuous access to the main bus and the
display RAM and character generator can have con-
tinuous access to the secondary bus (refresh bus).
When the Z80 needs access to the display RAM, it
addresses the memory, which enables U471 through
pin 9 of U419, and connects the main bus directly to
the secondary bus.

U466A and U466B provide the CS signals for the
display RAMs. During the screen refresh cycle, pin11
of U465 is driven by MA10 and pins 1 and 4 of U466
are logic one. The output of U466A provides the CS
for RAMs U469 and U470, and drives input pin 5 of
U466B. The output of U466B is the complement of the
CS signal and it drives the CS input of RAMs U467
and U468. During a display RAM read or write cycle,
pins 1 and 4 of U466 are driven by the R/W signal
coming from pin 3 of U416A. This eliminates the
possibility of a contention problem on the secondary
(refresh) bus between the display RAMs and buffer
U471.
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The write (WE) inputs of the RAMs are connected
together and they are controlled by U429C. The WE
(pin 8 of U429C) cannot go low unless pin 9 of U419 s
low (memory is selected) and the Z80 WR output is
low.

DISPLAY MEMORY, CHARACTER
GENERATOR, AND VIDEO CONTROL LOGIC

This section of the terminal logic circuit board essen-
tially runs by itself (in conjunction with the CRT
controller) after being programmed by the Z80. The
CRT controller continually provides refresh addres-
ses for the display RAM, while the output of the RAM
continually provides data for the character generator
and the video shift register.

Character Generator

Character generator U473 is a 2048 x 8 (16384 bit)
read only memory that converts the ASCII data stored
in the display memory into dot information for the
video shift register. Address inputs A0-A3 (pins 5-8)
are driven by the scan row address outputs of the CRT
controller (RA0-RA3) to select a particular row of dots
within a character space. Address inputs A4-A10
connect to the secondary data bus through 8-bit latch
U472. These inputsuse ASCII data to address the dot

data stored in the ROM. The data outputs (01-08) of
U473 supply video dot data to the parallel inputs of
video shift register U474.

The inputs of 8-bit latch U472 connect to the secon-
dary data bus. Data bits D0-D6 are latched into U472 A
and drive the character generator. Data bit D7 is the
reverse video bit. It is latched in U472H and drives an
input of U479A. '

Video shift register U474 latches parallel dot data
from the character generator at inputs A-H and shifts
it out of output QQ, in synchronism with the dot clock
(the dot clock drives the clock input, pin 7). The shift
register is loaded (the dot data is latched) on a
positive-going transition of the dot clock while the
shift/load input is held low by the character clock
coming from pin 12 of U411F. The dot data at input H
appears immediately at output Q. The next leading
edge of the dot clock shifts the data that was latched at
Qg. The next edge of the dot clock will shift the data
that was latched in Qr, and so on. After the data from
Q, is shifted to the Q4 output, theload input goes low,
and the next character cycle begins.

Video Control Logic

The video control logic consists of two sections: a
series, or chain, of gates and latches associated with
video,.cursor, and reverse video data; and a chain of
gates and latches associated with blanking data.

The display enable (blanking) and cursor data from
pins 18 and 19 of the CRT controller is coincident
with MA0-MA10, which address the display RAM.
The display enable bit is latched in U476D (after pas-
sing through AND gate U477C) by the complemented
character clock pulse coming from pin 11 of U466D.
The cursor bit is latched in U476F. This delays the
two signals by one character time. They are delayed
for one more character time by being latched in
U476E and U476G, respectively. The two character
delays are necessary to compensate for the delays in
the display RAM/character generator “pipeline”.

When MA0-MA10 address the RAM, it takes approx-
imately 450 nS for the data to be valid at the outputs.
Once it settles down, the next character clock latches
it in U472. The data at the output of U472 then ad-
dresses character generator U473. The data at the
output takes another 450 nS to settle, and it is latched
in the shift register by the following clock pulse.
(Since the character clock pulses are 650 nS apart, the
RAM and character generator outputs have plenty of
time to settle.) This two-character delay matches the
delays for the cursor and display enable, so that every-
thing is synchronized.

The reverse video bit (D7) in the display RAM is
latched first in U472, and then in U476H (after pas-
sing through AND gate U477A), so that it too arrives
coincident with the video, blanking, and cursor data.

The video dot data from pin 13 of the video shift
register and the cursor data coming from pin 16 of
U476G are exclusive-ORed in U475A. This causes the
cursor dots to reverse when the cursor happens to be
coincident with video information, and keeps the
cursor from disappearing when it occupies the same
space as a character.

The video/cursor information coming from pin 3 of
U475A is then exclusive-ORed in U475B with the
reverse video data coming from pin 19 of U476H.
When pin 19 is logic zero, the video/cursor data pas-
ses through U475B just as it is entered. If pin 19 of
U476H is logic one, the data is reversed, and the
character appears on the screen as black dots on a
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white background. The reverse video function can be
disabled under the control of the ROM program when
alogiczerois written intolatch U478B via the address
bus. Address bit A3 drives the data input of U478B,
and its clock input is clocked when the CRT control-
ler is addressed (I/O address 140). If the reverse video
is to be defeated, the Q output (pin 9) of U478B puts
pin 1 of AND gate U477A at a logic 0 and disables the
reverse video bit coming from pin 19 of latch U472,

The video/cursor/reverse data coming from pin 6 of
U475B is ANDed in U477D with the display enable
data coming from pin 12 of U476E. If the display
enable is logic 1, the video data goes to the video
circuitboard;ifitisalogic zero, the videois blanked.

When the Z80 performs a read or write operation on
the display RAM, it disturbs the pipeline, and the data
on the secondary (refresh) bus does not coincide with
what should be written on the screen. Consequently,
the video is blanked during a read or write. When pin
9 of memory decoder U419 goes low to select the
display RAM, it also drives the clear input (pin 1) of
U476. The Q output (pin 6) of U476C drives pin 9 of
AND gate U477C to a logic zero and disables the
display enable. At the same time, the Q output (pin
12) of U476E drives pin 12 of AND gate U477D to a
logic zero, blanking the video information coming
from the video chain. The screen will blank as long as
the RAM is selected.

"When pin 9 of U419 goes high to deselect the RAM,

U476 is no longer held cleared. The logic one at the D
input of U476C is clocked through to its Q output on
the next character clock pulse, and it is clocked
through U476D and U476E on the next two pulses.
This three-character delay gives the pipeline time to
reload with valid information before the video is ena-

bled.

The propagation delays through the various gates and
latches (U474, U475A, U475B, and U476) from the
edge of the character and dot clocks to their various
outputs is not always constant, so anocther delay is
used. Latch U478A acts as a mini-pipeline, clocked at
the dot rate. The data input to U478A is the composite
video/cursor/reverse/blanking data, and its T input is
clocked by the dot clock. This 80 nS delay lets all data
settle to valid states before it is sent to the video
circuit board.

The sync and video signals are buffered before they
leave the Terminal logic circuit board. U479A inverts
and buffers the video data. U479B inverts and buffers
the vertical sync signal coming from pin 40 of the CRT
controller. U479B buffers the horizontal sync signal
coming from pin 39 of the CRT controller.
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CPU LOGIC CIRCUIT BOARD

Refer to the CPU Logic Circuit Board Block Diagram
(Ilustration Booklet, Page 15) as you read the follow-
ing material.

SYSTEM CLOCK

Crystal X501, in conjunction with U501A, form a
crystal oscillator which operates at 12.288 MHz.
Capacitors C501 and C503 provide the load for the
crystal, while R501 and R502 force US501A to operate
in its linear mode. C502 acts as a low-pass filter to
insure that the crystal will determine the operating
frequency of the circuit rather than the delay time of
U501A.

U502 operates as a divide-by-6 divider with a sym-
metrical output and, as such, provides the 2.048 MHz
clock signal. U503 operates as a divide-by-1024 di-
vider and provides the 2 mS clock signal.

POWER-UP AND RESET

When power is first applied, capacitor C506 is dis-
charged. Asthe +5 Vrail becomes active, C506 begins
to charge. Approximately 150 mS after the +5 V rail

reaches +5 volts, pin 6 of U508B goes low and pin 8 of

U501D goes high and terminates the power-up reset
operation.

As long as the reset and shift keys are held down on
the keyboard, pin 3 of U506A is held low and the
display electronics are continuously reset. However,
the Computer is not reset until the keys are released.
This insures that the display will complete its reset
function before the Computer resets; thus resulting in
a proper indication on the display.

The rising edge of the KBRST L signal toggles U506 A
and causes its Q output (pin 5) to go high. This signal
is coupled to an 8 uS one-shot (U507A) by U508A,
and is the trigger signal for the one-shot. U507A’s
output is the reset signal used by the Computer and is
coupled to the Computer by U508B and U501D.

U508A and U508D form an R-S flip-flop which
guarantees that a reset will occur only during the op
code fetch portion of an M1 cycle. Therefore, the
refresh for dynamic memories will not be disturbed
and no information will be lost.

CENTRAL PROCESSING UNIT (CPU)

The CPU is a Z-80 microprocessor which runs at 2.048
MHz. Pictorial 9-1 shows the timing during an M1
cycle (instruction fetch). Notice that refresh occurs at
the end of the instruction fetch. Pictorial 9-2 shows
the timing of a memory read and a memory write
cycle, Pictorial 9-3 shows the timing during an I/O
cycle, and Pictorial 9-4 (on Page 9-18) occurs only at
the end of an instruction cycle and that both an M1
and an IORQ are generated.

CONTROL LOGIC

U509 is a non-inverting buffer, while U562D com-
plements BM1 L to produce BM1 H. U515A OR’s the
I/O request and memory request signals to produce
the latch address signal (LA L). U562A and U562B
form a 100 nS delay for the memory request signal;
thus DMERQ) L is the delayed memory request. This
delay occurs only on the leading edge and not the
trailing edge of the signal.

ADDRESS LATCH

U510 and U511 are transparent latches. Any data at
their inputs is transferred to their outputs when LA L
is high. When LA L is low, the last data pattern to
occur just before the LA L high-to-low transition is
retained at their outputs.

MEMORY MAP DECODER

U517 and U516 are PROMs which decode the latched
address lines and determine which memory chips are
tobe enabled. Specifically, U517 determines which of
the eight 8k banks is to be enabled, and U516 deter-
mines which of the 1k pages within bank 0 is to be
enabled. However, the address lines are not the only
criteria used to determine memory selection.

Jumpers JJ501, JJ502, ]J503, and JJ504 select various
memory configurations. That is, if only 16k of user
RAM is installed, then JJ501, JJ502, and JJ504 are
jumpered for 0 and JJ504 is a “don’t care”. As a result,
only RASO L will be selected (coincident with the
selected address being within banks 1 and 2). At no
time will RAS1 or RAS2 be selected. In addition,
NOMEM L will be asserted low whenever banks 3, 4,
5, 6, or 7 are accessed. This results in U521 being
enabled and all 0’s being forced onto the data bus
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(required by some software memory sizing routines).
If, however, 32k of user memory is installed, JJ501 and
JJ503 will be jumpered for 0 and JJ502 jumpered for a
1. JJ504 is again a “don’t care”. Now, when banks 3
and 4 are addressed, RAS1 L will be asserted instead
of NOMEM L, while RASO L requires the same condi-
tions as before.

The write enable line (WE L) will be asserted low
whenever there is no read (BRD L is high), no refresh
(BRSH L is high), memory is selected (DMERQ L is
low), and the bank selected contains writeable mem-
ory. Thus, since NOMEM L contains no writeable
memory, WE L cannot be asserted if NOMEM L is
asserted. However, bank 0 contains both writeable
and non-writeable memory. Therefore, WE L will be
asserted for bank 0 if the first three conditions are met
regardless of the fourth condition. It is up to U516 to
either enable or not enable the page select lines
(MC5001 L, MC5023 L, MC505 L, and MC5067 L),
depending on whether the memory addressed is
writeable or not.

Write enable line 0 {(WE 0 L) is used with the 1k of
RAM associated with the floppy disk. It is only as-
serted when WE L is asserted, MC505 L is asserted,
and FMWEN H is asserted. It is controlled by bit 7 of
I/O port 177.

If the refresh line (BRFSH L) is asserted low, then WE
L is not asserted. In addition, RASO L, RAS1 L, and
RAS2 L will be asserted (consistant with the position
of jumpers JJ501, JJ502, ]J503, and ]JJ504) regardless of
the bank address. This insures that all applicable
dynamic RAM will be refreshed.

DYNAMIC RAM MULTIPLEXER

U513 and U514 multiplex the 14 address lines re-
quired for 16k of memory into the 7 lines available on
the memory chips. U512A is used to clock the row
and column addresses into the memory chips in the
proper sequence and at the proper time. Assume that
amemory cycle has just begun (DMERQ H is high). At
this time, the row addresses are multiplexed onto the
memory address lines (MAO0-6 L) and the applicable
RAS line (RAS0-2 L) is asserted low; thus, latching
the row address into the memory chips. One half
clock cycle later, U512A is toggled. This causes the
row addresses to be removed from the memory ad-
dress lines (MAO0-6 L) and the column addresses to be
multiplexed in. A short delay later (determined by
R513 and C519), the CAS L line is asserted and the
column address is latched into the memory.

The multiplexer will be returned to its normal state
(RAS address selected) when either a refresh cycle is
initiated (clears U512A) or after the first clock cycle
following the memory cycle (DMERQ H is low, caus-
ing the Q output of U512A to go low).

SYSTEM ROM

U518 is the systermn ROM which resides in the bottom
2 pages of memory (0, 1). An additional 2k of ROM
can be added to the system at Pages 2 and 3 by instal-
ling jumper JJ508 at “A”. Jumpers JJ505, ]J506, and
J]507 are used to switch between the 3-voltage
EPROMs and the single voltage ROMs. When the
jumpers are installed in their 0 locations, then the
3-voltage EPROMs are used.

FLOPPY DISK ROM

U520 is the floppy disk ROM which resides in the
address map at Pages 6 and 7. It isrestricted toa single
voltage ROM. However, by moving jumper JJ508 to
‘B’, U519 will serve as the floppy ROM and a 3-voltage
EPROM can be installed. It is now no longer possible
to use 4k of system ROM.

FLOPPY DISK RAM

U523 and U525 are used by the floppy disk and reside
in Page 5 of bank 0 of the memory map. They are
organized as 1k X 4 static RAMs. Provisions are made
for an additional 1k of static memory at Page 4. How-
ever, it cannot be write protected as the memory at
Page 5 can.

SYSTEM RAM

The system RAM is organized as 16k X 1 dynamic
RAMSs and reside in banks 1, 2, 3, 4, 5, and 6. U526
through U533 comprise banks 1 and 2, U534 through
U541 comprise banks 3 and 4, and U542 through
U549 comprise banks 5 and 6. Bank 7 is reserved for
ROM.

I/O MAP DECODER

U550isa 256 X 8 PROM, and decodes the various I/O
ports required by the Computer. I/O 362 L is the gen-
eral purpose port. I/O NMI L is used by the system to
trap all accesses to ports 360, 361, 372, and 373. This.
enables the system to run previous software de-
veloped for the H8 Computer. That is, accesses to the
H8 front panel are rerouted to the system console.
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Since the interrupt acknowledge generates a BIORQ L.
signal, this could cause anI/Orequest to1/0 362 or I/O
NML. The effect would be to either cancel the inter-
rupt before it could be processed or to generate an
NMI request. In either case, the Computer will get
lost. Therefore, since the interrupt acknowledge also
generates an M1 signal, M1 is used to deselect U550
during the interrupt acknowledge cycle.

INTERRUPT LOGIC

U557 detects that an interrupt request has occurred. It
transmits this information to the processor by the INT
L line. The interrupt priority is also determined by
U557, and is available on output pins 6, 7, and 9. This
information is transmitted to the data bus during the
interrupt acknowledge cycle by U558.

The highest priority is interrupt level 5, while the
lowest priority is the 2 mS clock at level 1. In proces-
sing the interrupt, the CPU is operating in the 8080
mode. Therefore, the data on the data bus at acknow-
ledge time is an instruction (U558 incodes the data
from priority encoder U557 such that the processor
sees arestart instruction). This instruction directs the
processor to execute the instruction at ROM address
10 for the 2 mS clock, at address 20 for the single step,
at address 30 for the INT 3L, etc.

SINGLE STEP AND 2 mS CLOCK

The 2 mS clock is controlled by U506B. It is enabled
by writing a ‘1’ on data line D1 H at I/O port 362. Once
enabled, the next positive transition of the 2 mS clock
will trigger U506B and cause its output (pin 8) to go
low; thus enabling interrupt level 1. The clock hand-
ler must, as part of its routine, disable the clock inter-
rupt (clear U506). Otherwise, another interrupt will
be generated as soon as an El instruction is executed.
This occurs because U506B is operating as a latch. It
will be cleared whenever a write to I/O port 362 oc-
curs. If D1 H is low when this write occurs, then the 2
mS clock will be disabled. If D1 H is high when the
write occurs, then U506B will only be cleared and the
2 mS clock will still be enabled; thus allowing
another interrupt to occur at the end of the next 2 mS
period. At power-up or keyboard reset, U506B is ena-
bled. Consequently, a 2 mS clock interrupt will occur
immediately after an EI instruction has been exe-
cuted.

The single step is enabled by D0 H and I/O port 362.
With bit 0 of port 362 low, U555A and U555B are held
in their initialized state. When bit 0 of port 362 is
high, the single step is enabled.

U556A synchronizes the 2.048 MHz clock with the
M1 cycle and valid data on the data lines. U515B and
U554 decode the EI instruction for U555A. Thus, an
El instruction causes the D input of U555A {pin 2) to
be asserted low. U555A is then toggled by U556A;
thus, setting the T input of U555B (pin 11) low. At the
end of the next M1 cycle, U555B is toggled, which
latches its output (pin 9) low. Another M1 cycle is
executed, which now toggles U556’s output (pin 8)
high. This generates the interrupt at level 2 (restart
20). The software sequence is:

Enable single step

Wait for keyboard

EI instruction

RTI instruction

Execute single program instruction
Interrupt out of program

Disable single step

Enable single step (step 7 and 8 are required
to reinitialize single step logic)
Wait for keyboard

10. Etc.

PN AR WN e
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GENERAL PURPOSE PORT

The general purpose port is located at I/O address
362, and is comprised of U551, U552, U553B, and
DS1. A read from this port puts the dip switch (DS1)
status on the data lines. A write to this port controls
the single step and 2 mS interrupt logic. In addition, 4
other lines (MEMO H, MEM1 H, 100 H, and 101 H) are
available. These lines are routed to the accessory con-
nectors on the CPU logic circuit board and are not
presently used.

CONSOLE SERIAL PORT

This port, at I/O locations 350-357, is used to com-
municate with the console terminal. U559 and U560
convert the TTL levels from and to the ACE (U561)
into standard EIA signals. U515D acts only as an
inverter for the reset line, and Q1 provides both inver-
sion and the WIRED-OR function for interrupt level 3
(restart 30).

The clock for the ACE is supplied by logic inside
U561, and is crystal controlled by X502. C522 and
C523 provide the load for the crystal, and R515 and
R516 provide the proper bias for the internal devices.
The clock thus generated is routed to the 1/O acces-
sory connectors for use by the Serial Interface Acces-
sory circuit board.

For a description of the ACE and how to program it,
refer to Page 14-1 in the “Appendix.”
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ACCESSORY CIRCUIT BOARDS

SERIAL INTERFACE CIRCUIT BOARD

The first port on this circuit board is located at 1/O
340-347 and is used as the line printer port. Its output
is standard EIA with a DCE connector. The second
port is located at I/O 330-337 and, again, is used as the
standard EIA output. However, this port is terminated
with a DTE connector for communication with a
MODEM. The third port is located at I/O 320-327 and
is configured for EIA with a DCE connector. All three
ports can be jumpered for interrupt levels 3, 4, or 5
and use the 1.8432 MHz clock generated by the con-
sole serial port.

The main logic device for each port is the 8250 ACE.
For a description of this device and its programming
instructions, refer to Page 14-1 in the “Appendix.”

CASSETTE INTERFACE CIRCUIT BOARD

U707 converts parallel data coming from the data bus
to the NRZ {non-return-to-zero serial data) format for
writing to the cassette tape machine, and converts
NRZ format data to parallel data for reading from the
cassette machine. However, although the cassette
handles the data in a serial format, it is not NRZ. The
actual cassette is tone encoded with two tones: one at
2400 Hz which corresponds to a logic ‘1’, and one at
1200 Hz which corresponds to a logic ‘0°. U704A,
U708B, U708C, U709, and U710 convert the tone en-
coded data from the cassette to the NRZ format.
U715A, B, C, and D change NRZ data to tone encoded
data.

U713 and U714 divide the 1.8432 MHz clock into the
two tones required by the tone encoder, while U706C
buffers the 1.8432 clock signal as it enters the circuit
board. The 1200 Hz (pin 13 of U714)-clocks the NRZ
data from U707. (See Pictorial 9-5, Illustration Book-
let, Page 12.) This data is available on pin 19 of U707
and turns gates U715C and U715D on and off as re-
quired. When U715C is on, 2400 Hz (logic 1) is re-
corded; and when U715D is on, 1200 Hz (logic 0) is
recorded. The timing is such that two cycles of 2400
Hz are recorded for each logic ‘1’ bit, and one cycle of
1200 Hz is recorded for each logic ‘0’ bit. The outputs
from U715C and U715D are OR’ed by U715B and used
as the composite tone encoded output.

The tone encoded data from the tape is clamped by
diodes D704 and D705; after which U711D amplifies
and shapes it into TTL level signals. The signal is now
ready to be decoded into NRZ data.

Refer toPictorial 9-6 (Illustration Booklet, Page 12) for
the following discussion of the decoding. One-shot
U709 has a timing period of 521 1S, and clocks each
bit of the NRZ data into U707 on its rising edge.
One-shot U710 has a timing period of 313 uS, and
toggles U704 A through U708B. U708B inverts U710’s
output so that U704A toggles when U710 times out.
Due to the timing of U710 with respect to the ‘1’ and
‘0’ tones, the ‘D’ input of U704A will be low for the
2400 Hz tone when U710 times out and high for the
1200 Hz tone. The NRZ data is thus reconstructed at
U704A’s output (pin 6).
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The above techniquerequires that U707 operatein the
X1 mode for serial data transfers. This is done by
forcing the X1 whenever U707 requests a mode word.
After reset, the first operation which must be per-
formed is to set U707 by writing in the mode word.
The reset forces U704B’s output to the following
states: pin 9 low and pin 8 high. Consequently,
U702C’s output (pin 8) islow (BRD L is high since it is
a write operation) and U702B’s output (pin 6} is high.
Therefore, U703A and B are enabled and U705A and
D are disabled so that an X1 is written into U707.
When the write operation terminates, U704B is tog-
gled; thus enabling U705A and U705D and disabling
U703A and U703B. The data bus is now permitted to
arrive at U707 unmodified. If bit 6 is set in the com-
mand word, then U707 is forced into the mode word
state. U704B is also returned to the mode word state
since D6 H is asserted and AND’ed with pin 9 of
U704B to force the ‘D’ input of U704B low if the
previous state was the command state. Completion of
the write operation toggles U704B such that its out-
puts are the same as if a reset had been executed. A
read operation allows data to be transferred to the data
bus unmodified and also disables U703A and U703B,
and U705A and U705D.

Relay K702 turns on the tape recorder for the playback
mode, and K701 turns on the recorder for the record
mode. The outputs of the two relays can be jumpered
together by JP701 and JP702 for single recorder opera-
tion. When U707 turns K701 on, pin 1 of U711 goes
high. This causes the output (pin 10) of the U712 to
turn off; thus allowing C1 to charge toward +5 volts
through R1. When C1 reaches +2.75 volts (in approx-
imately three seconds), U711’s output (pin 14) goes
low. Since the software is testing for this, a 3-second
wait after recorder turn-on occurs before any data is
recorded.

FLOPPY DISK INTERFACE CIRCUIT BOARD

The floppy disk uses a storage format similar to a 45
rpm record. Each diskette is divided into 40 concen-
tric tracks, with the outermost track labeled track 0
and the innermost track labeled track 39. This is
shown in Pictorial 9-7 (Illustration Booklet, Page 13).
Each track is further divided into ten sectors. Each
sector stores 256 bytes of data plus checksum and
address information to prevent data errors. The check
character allows the system to be confident of the data
integrity. The address information confirms that the
head was moved to the desired track and that the
correct sector has been found for aread or write opera-
tion.

There are eleven holes spaced around the center of the
diskette for sector and index identification. Ten of the
eleven holes are evenly spaced to indicate the start of
a sector. The eleventh hole (the index hole) is spaced
halfway between the sector 9 hole and the sector 0
hole. This uneven spread is recognized by the con-
troller and informs the controller that the next sector
hole corresponds to sector 0. This method of sectoring
is known as hard sectoring. Since the diskette rotates
at 300 rpm, the index hole is encountered every 200
milliseconds.

Information is stored on the diskette as serial magnet-
ic flux changes. To prevent variations in rotational
speed from impairing data accuracy, each serial bit is
bracketed by a synchronizing bit. (See Pictorial 9-8.)
A data pulse occurs if the data bit equals one and does
not occur if the data bit equals zero. As mentioned
previously, the data is recorded as a flux reversal.
This is also shown in Pictorial 9-8.

A byte of serial data written onto or read from a sector
is defined as eight consecutive bit cells. See Pictorial
9-9 (Illustration Booklet, Page 13). The most signific-
ant bit cell is defined as bit cell 0 and the least sig-
nificant as bit cell 7. When a specific data bit is refer-
red to (such as bit 3), it is with respect to the corres-
ponding bit cell (bit cell 3).
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PICTORIAL 9-8

During a write operation, bit cell 0 of each byte is
transferred to the disk drive first; while bit cell 7 is
transferred last. Whenever data is read back from the
drive, bit cell 0 of each byte is transferred first and bit
cell 7 last. Pictorial 9-10 (Illustration Booklet, Page
13) shows the information written on a sector.

USART U802 converts the serial data to parallel data
and parallel data to serial data. However, the serial
data format required by U802 is NRZ. Thus, it is
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necessary to convert the NRZ data to (to write) and
from (to read) the bit cell format required by the
floppy drive. This is accomplished by U812A, C, D;
U813; and U816 for a write and U808; U815; U806D:
U811A, B, C; and U812B for the read.

For the write operation, U816 divides the 2.048 MHz
clock by 16. Its binary outputs are used by U813
which decodes the binary information into a 1-of-8
output. Each output is 0.977 us in duration. (See
Pictorial 9-11 Ilustration Booklet, Page 13.) Output
Q2 (pin 3) of U813 is the bit cell clock pulse and
output Q6 (pin 7) is the data pulse. The QD output
(pin 11) of U816 clocks the NRZ data from USART
U802 and occurs every 7.678 us. This defines the bit
cell. The NRZ data is therefore, synchronized with the
2.048 MHz system clock, and, consequently, the bit
cell clock.

The data bit pulse is AND’ed with the NRZ data by
U812A to produce a pulse (pin 3 of U812A) if the NRZ
is a ‘1’ and no pulse if the NRZ data is a ‘0’. This
information is OR’ed with the bit cell clock by U812D
to produce the composite bit cell data pattern re-
quired by the floppy drive. U804 gates the write data
with the write gate in order to prevent any extraneous
writing to the diskette unless the write gate is on.

The read data signal is conditioned by U806C and
U808 to produce a very short (50 ns) active high pulse
which occurs at the leading edge of both the bit cell
data and clock pulses coming from the drive. U815 is
a divide-by-12 counter that separates the data from
the clock pulses.

Assume as a starting point that U815 has counted to
12 and the ENT and ENP inputs (pins 7 and 10) are
low, preventing any further counting. At this point,
the output of U806D is high. This allows the next
pulse from the drive toreset U815 by U811D. Since all
data strings start with a number of consecutive zero

bytes (no data pulse), the counter will synchronize on
the clock bit and not on the data bits. During the time
between reset and count 12 (5.859 us), data pulses are
accepted. Therefore, the pulse is assumed to be a
clock pulse.

When a valid data pulse is received, the R-S flip-flop
(U811A and U811B) is set (pin 6 goes high). This
signifies that the data bit was a ‘1’. If no pulse was
received within 5.859 us after a clock pulse, then the
R-S flip-flop is not set and the data bit was a ‘0’. At this
time, a 12 count has been reached and the data is
toggled into the USART (U802). The next pulse from
the drive is a clock pulse which resets counter U815
and the R-S flip-flop; thereby starting a new cycle.

U802, in addition to converting serial bytes to parallel
during a read operation and parallel bytes to serial
during a write operation, also searches for a syn-
chronizing byte at the beginning of each data and
address block on each sector. A read from port 176
resets U802 to the search character mode and forces a
‘0’ on the output (pin 3) of R-S flip-flop U809A and
U809B. The USART now compares each byte as it is
input to the special character in its sync character
holding register. When a match is made, the USART
receiver returns to the byte mode and R-S flip-flop
U809A and U809B is set to a ‘1’, This informs the
processor that the proper match was made.

Port 177 reads the floppy disk status and sync charac-
ter match and controls the floppy disk with respect to
its motor, track position, and write gate. Port 176
resets the USART to the search character mode and
writes the search character to the USART. Port 175
reads and sets the USART status. Port 174 receives
and transmits the data characters to the USART. The
decoding for these various ports is accomplished by
UB14A, U814B, and U801. U803 latches the floppy
control signals and U805 latches the floppy status
signals.





