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‘PREFACE

What we and Dr. Suding have tried to accomplish with this packet
is provide:
l. significant hardware modifications for usability
2. A small 1K operating system to help you get started
3. A reliable cassette medium to allow loading of all
software in one step
4. As many comments, recommendations, etcetera that
we thought might also help people get going.

If you use a point-to-point wiring apporach, you should be able
to build directly from the schematics as pin number callouts are

included. Please do it slowly and carefully, as this method is
very error-prone.

We have tried to be as accurate as possible in reproducing Dr.
Suding's documentation but there are bound to be some errors or
unclear areas. As you discover the errors or make improvements,
please let us know so we can pass them on to others and update
future copies. If you have questions on the packet, send them
to us and we will try to answer them as quickly as possible or
refer them to Dr. Suding. Dr. Suding requests that you write
him through us rather than directly as he is not set up to handle
any volume of mail and we are.



RIGHTS RESERVATION AND DISCLAIMER

The digital group and its contributing authors reserve all rights
to any commercial use of the material herein. All reproduction
in any media by any method for any purpose is specifically

prohibited without written permission of both the digital group
and the contributing author.

X

The digital group assumes no liability or responsibility for the
accuracy of the contents or the infringement on other copyrights
or patents by its contributing authors. The digital group also
does not represent that the use of the circuits contained herein

is free from patent infringement.
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MARK-8 ENHANCEMENTS

Some have claimed that the Mark-8 Microcomputer is a toy. It
definitely isn't. It is almost unlimited in potential applications.
However, its original capabilities can be vastly enhanced. This
pPack of information and schematics presents the modifications and

enhancements made to the original Mark-8 as well as some additional
units.

Several enhancement categories have been investigated and implemented.
First, improved abilities to get data and software in and out of the
Mark-8 were investigated. Next, better methods of displaying the
software and data handling hardware were designed. Finally, software
was written which would provide effective support of these enhance-
ments, as well as provide a core of operations subroutines.

The initial modification was the use of pPlug-in sockets in place of
those board-to-board wires which were breaking after many fold-
opens. I had some old 47-pin second generation computer cards and
sockets. After cutting off the top part of each card, leaving only
about 1" of card bearing the pins, I epoxied these 47-pin stumps to
each original microprocessor card. #30 Teflon wire was used to
connect the new pins to the old lines, maintaining the same numbering
sequence. Since the output and the input card have 7 to 8 ports,
each port containing 8 bits, a dual set was used on these cards.
These dual sets were made by bolting a second 47-pin stub to the
original, spaced the socket spacing away. The input and output
cards now have 94 pins, eliminating the need for those clumsy Molex
connectors. The extra pin set is noted by an "x" following the pin
number on the schematics.

The output card was modified by adding another 7402 and six 7475's

in the unused card areas near the pin end of the card. This provided
a total of seven 8-bit output ports from this card. The eighth
output port (Port 7) is included on the LED readout pegboard. A
similar number of ports extension on the input card was implemented.

A pegboard mounted set of twelve 7-segment LED's (MAN-1) and 7447
drivers is mounted behind the window formerly occupied by the LED
lamp boards. The six address LED's are wired for leading zero
blanking except for the least significant LED. The three memory
LED's do not have leading zero blanking. Output port 7 is now
used for the front panel output port instead of the original port
g. The port 7 LED's are wired for complete leading zero blanking
so that a @PF can be outputed to port 7 and completely blanked

to reduce readout clutter.

A surplus desk top style l6-key calculator keyboard was purchased
for key input of functions and data. Nine of the keys were assem-
bled in a 3 x 3 block for Octal code entry. The rightmost column
has a 1, 2, and 4 key, corresponding to the bit valué of the least
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significant digit of the Octal number. The middle column also has
al, 2, and 4 key, corresponding to the bit value of the middle
digit. The leftmost column contains a 1 & 2 key with a common
clear key at the bottom. Operation of this key set consists of
punching the needed bits while watching the accumulating value in
three 7-segment LED readouts above the keyblock. Eight R-S flip-
flops made from four 7400's hold the value as entered. After a
given value is utilized to load address or data, the CLEAR key is
pressed to reset the eight flipflops to @@@ Octal. Three more
keyswitches are mounted to the left of the Octal number block.
These three are INTERRUPT, EXAMINE, and DEPOSIT, reading from
top to bottom. To the right of the Octal number block are four
more keyswitches: LOAD HIGH ADDRESS, LOAD LOW ADDRESS, RUN, and
SINGLE STEP. Notice that the JAM switch is no longer used since
JAM is logically generated in the switch pulse forming circuitry.

The address latch card has been radically changed due to the use
of the very "bouncy" SPST keyswitches. Everything except the
74193's was stripped off the address latch board. The new cir-
cuitry shown on the address latch schematic was then added in the
card area immediately above the 74193's. The 1/3 of the card to
the side of 74193's is used for cassette interface logic now.

The cassette interface consists of four IC's. A 566 voltage con-
trolled oscillator (VCO) is used to convert the # and 1 output of
the least significant bit of output Port 1 to a frequency shift
output. A 1 output gives 2125 HZ output and @ output results in
2975 HZ from the VCO. The triangular wave output of the VCO is

fed through a 47K resister to the microphone input of a $30
cassette recorder. A special program, LOAD CASSETTE (included),
serializes the 8-bit parallel bytes and outputs them to Port 1
asyncronously at a rate of 1lK/25 seconds. The receive portion of
the cassette interface consists of a 741 limiter, a 5558 dual band-~
pass active filter for 2125 and 2975 HZ, and 741 output comparator
giving the TTL compatible serial output to the least significant
bit of input Port 1. After attaching the limiter's input to the.
phone jack output of my cassette, I start my recorder and a special
deserializer program called DUMP CASSETTE (included). The cassette
then loads the prerecorded operating system and operational program
into storage. The cassette interface circuits were designed to
operate on standard Teletype frequencies which allows them to be
also used for sending and receiving Teletype signals. Since the
programming establishes the encoding and decoding, almost any

850 HZ shift RTTY station can be copied, whether ASCII, BAUDOT, etc.,
at any speed.

Finally, a special TV readout circuit was built on the former LED
board after completely stripping off the previous circuitry. This
TV readout is built around a special character generator, the

MCM 6571L from Motorola, which gives both upper and lower case
alpha characters, as well as numbers, special characters, math
symbols, and even the Greek alphabet. Cost is $27.50 from a
distributor, and the characters are generated with & 7 x 12 dot
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matrix format vastly easier to read than the 5 x 7 upper case-only
R & E Typrwriters. The remaining IC's should cost about $32.00

at current surplus prices. The character memories are seven 1101's
which result in 8 lines with 32 characters in each line. While
this is less than the R § E TV Typewriter 1's 512 characters, it
loads the screen apparently instantaneously, instead of taking 17
seconds. The circuit is much simpler, and the large line-to-line

spacing is great for keeping the characters apart in such things
as storage dumps, etc.

The TV readout has a few unusual features. All output is via a
single output port, in my case, Port 6. The most significant bit
is used as a data strobe line. Bits g - 6 define which of the 128
possible characters are to be printed, with one important exception.
The solid block character (M) consists of all ones. I don't need
this character, so when a bit pattern of all ones (including the
strobe line) comes from Port 6, the 7430 detects this, and presets
the 74193 address counter. The next character entry is then loaded
at the upperleftmost screen position controlled by the RAM's. Each
character will increment the address counter when entered, also
eliminating the need for another port for address output. If you
need the capability of random addressing, an output port could be
used instead of the 74193 address latches.

My keyboard uses a re-encoded Microswitch keyboard with Hal Effect
keyswitches, giving the 128 potential characters. Other 64-
character ASCII keyboards could be used if special shifting key(s)
and logic are added.

The power supply should have considerably greater potential on the

+5 supply when running these modifications. Being rather conser-
vative, and hating to blow CPU chips, I have built in a supply which
can easily supply the required voltages. The +5 pass transistor
dissapates considerable heat, so use as large a heat sink as possible.

Packaging is inside of a CO-1 LMB cabinet which is horrible over-
priced, but looks nice. The output ports are available through some
16-pin second generation IBM computer card sockets (SMS), although
17 or slightly more pins would be better since at least a ground

pin is generally needed. I use a separate bananna plug for common
grounding.

Several basic software routines were required to support my enhanced
Mark-8. First, routines for loading and dumping the cassettes

were required. Since the data are stored serially on the cassettes,
the loading and dumping routines were designed as parallel/serial
and serial/parallel converters. Several short subroutines were
designed to support the TV readout hardware by a "Erase/Home"
subroutine, "Space Over" subroutine, and a "Write Long Character.
String" subroutine. Basic operational routines have been written
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such as a "TV Storage Dump" which diéplays the memory contents in
Octal code.

After evaluating the enclosed circuits and hardware, you can pick

those improvements which would seem most worthwhile yourself. You
may not feel any need for the modified front panel as well as the

TV readout and keyboard entry. You may have already built the TVT
circuitry and wish to use it instead of the enclosed circuitry.

I would strongly recommend that you build the cassette hardware
and software, however.

Some port reassignments have taken place. Port @, input and

output, is now dedicated to the keyboard, although presently only
port @ input is used. Port 1, input and output, is dedicated to
serial devices, presently using only bit @ for the cassette recorder's
interface. Ports 2, 3, 4, and 5 are brought out to the rear for
external usage. Port 6 output is used for interfacing to the TV
readout board. 'Port 7 output is used to drive a set of 7-segment

readouts on the front panel in place of the Mark-8 use of port §
output.

Dr. Robert Suding
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