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ENCYCLOPEDIA PROCESSOR TECHNICA

Foreword to the Encyclopedia
by Stanley M. Sokolow, B.A., D.D.S.

Since August, 1977, I have been the de facto Executive
Director of the organization for owners of Processor Technology
Corporation Sol computers, Originally, we called ourselves
"Solus" (pronounced 1like "solice"), a name coined by Bill
Burns, the founder of the group. The name represented "SOL
Users Society," but it really had a double meaning since the
early Sol users actually needed a lot of solice to cope with
Processor Technology Corporation's growing pains,

Later, I changed the name to "Proteus" (for PROcessor
TEchnology USers) to indicate a broader scope, covering all of
the Processor Technology product 1line, not 3just the Sol,
Proteus has continued to be the primary focal point for
communication among Sol owners, mainly through our newsletter,

This Encyclopedia represents the accumulation of
information which Proteus has been able to gather on Processor
Technology products. It is envisioned as a living resource
which will be updated as new information becomes available,
Any reader who has information or literature on anv Processor
Technology hardware or software product is requested to subnit
this material to Proteus for inclusion into future editions of
the Encyclopedia and its supplements. (The oriacinal documents
will be returned to you if requested.)

I also urge all owners of Sol computers to subscribe to
our newsletter, called Proteus News, This has been an
invaluable source of practical information about the Sol and
other Processor Technology products, Our hope is that the
organization will continue to keep the Sol a viahle computer as
long as there is interest in it, and even far into the future
when it is an antique.

Proteus's address is Proteus, c/o Stanley M. Sokolow, 1690
Woodside Road, Suite 219, Redwood City, California 94061,

EXPLANATION OF PAGE NUMBERING

Since the material in the Encyclopedia has come from manvy
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sources, the original page numbering is out of secuence,
Instead, we refer to new pace numbers at the top of each page,
They have this form:

5 EPT 7 - 123

where "EPT" means Encyclopedia Processor Technica, the number
before it means the volume number, the number following is the
chapter number, and the number after the hyphen is the new page
number, We left the old page numbers intact so that references
to them in the body of the text could be found.
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Copyright (C) 1982 Proteus
1690 Woodside Road
Redwood City, California 94061

DISCLAIMER

The information presented in this and other volumes of the
Encyclopedia Processor Technica is published in the interest of
the owners of Processor Technology Corporation products. The
publisher assumes no liability for the accuracv of the content
presented, although we have done our reasonable best to include
only accurate information, It is assumed that the reader will
use due care in utilizing the information, especially with
regard to suggested modifications to products.,
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This first vo_urne of the Encvclopecia Trocecssor Technica
is intended to provide a general intreoduction to the Scl
computer ar.d its manufacturer, Prccessor Technology
Corporation. The history is sketchy because whern <he
corporition went out of bus;ress the records were mostly all
discarded and the emp ovee: scattered as thev went on to new
grojects, As more information is uncovered, we will publish it
in our annual supplements to the Encyclﬂ"=81a. e 10-e that
reacers who have something of value to add ;111 contact Proteus
ané help us fill in the gaps,

In addition zo this volume, historical information cza be
gleaned from back issues cf Proteaus News, the newsletter cf the
Proycessor Technology Users, publisher of thi Encycloved:ia.
Thiese back lssues are available in a separate volume,

Stanley M. Sokolow,
Editor
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NEW!:

@
feafures-
o ultra high speed intelligent display

=~ generates 16, 64 character lines
of alpha-numeric data
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. VDA\-1#

= displays upper and lower case
characters

= full 128 ascii characters
= single printed circuit card
=~ Standard video output

l. °
- $160.90-
SPECIAL FREE OFFER!
Scientific Notation Software Package with Formatted Output
The floating point math package features 12 decimal digits with e exponents from +127 to —127

handles assigned and unassigned humbers. With it is a 5 function calculator package: + — X ~ &
sq. root. It includes 3 storage and 3 operating memories and will handle chain and column
calculations.

With the purchase of (1) VDM-1 and (1) 4KRA-4 Memory:

Just $299.00 (Offer expires 2-1-76)

from-
Processor Technology

c i em - e o
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BYTE's Audio Cassette
Standards Symposium

Manfred and Virginia Peschke

BYTE Magazine sponsored a symposium
on November 7 and 8, 1975 in Kansas City
MO regarding the interchange of data on
inexpensive consumer quality audio cassette
drives. These drives may be used as one of
the mass storage devices in the first genera-
tion of personal computers, and will retain
importance for some time to come as a
means of interchange of software between
computer enthusiasts who purchase products
of the small systems industry. In order to
promote the growth of the industry, BYTE
sought to achieve an industry standard on
audio cassette data interchange through a
working conference.

We extend our greatest appreciation to
the 18 people who worked very hard until
late Friday night and Saturday morning to
discuss the multitude of problems and solu-
tions associated with digital recording on
auto cassettes. The names of the participants
are listed in table 1. In spite of the short
time available, the participants were able to
draft a set of provisional standards which
seems to promise great reliability and is
rather inexpensive to implement; implemen-
tations may be entirely in hardware, or may
require a mix of software and some minimal
hardware. Considerations were given to the
problems of speed variation among recorders
and playback equipment, start and stop
delays, recording density (or speed) versus
reliability, and recording frequencies to
avoid interference with the telephone net-
work in case some users plan to transmit the
tones of the cassette over the phone lines.

On Saturday afternoon, Mr. Felsenstein
and Mr. Mauch volunteered to write up the
consensus among the participants as to a
provisional standard which has been repro-
duced below.

Provisional Audio Cassette Data
Interchange Standard

The consensus among the participants of
the audio cassette standards symposium at
Kansas City MO sponsored by BYTE Maga-
zine is as follows:

72

The proposed standard centers around
the use of a frequency shift modulation
method from which serial clock data can be
extracted at rates of up to 300 baud. The
system is intended to be used with low to
medium cost cassette recorders incorpora-
ting electrical stop and start capability which
may be operated under program control.

The technique proposed provides for long
and short term tape speed variation, limita-
tions in bandwidth due to effects such as
tape misalignment, and the necessity to
retain low cost and low complexity of the
hardware. The technique allows for potential
operation at higher tape speed than the
nominal 1.875 inch/s (4.75 cm/s).

A mark (logical one) bit consists of eight
cycles at a frequency of 2400 Hz.

A space (logical zero) bit consists of four
cycles at a frequency of 1200 Hz.

A recorded character consists of a space
as a start bit, eight data bits, and two or
more marks as stop bits.

The interval between characters consists
of an unspecified amount of time at the
mark frequency. In this respect the data
format is similar to that of asynchronous
data communication.

The eight data bits are organized least
significant bit first, most significant bit last,
and followed (optionally) by a parity bit.
The total number of significant bits and the
parity bit cannot exceed 8.

Where less than eight data bits are used,
the unused bits (following the optional
parity bit) at the end of the character are
mark bits (2400 Hz).

Data will be organized in blocks of
arbitrary and optionally variable length,
preceded by a minimum of five seconds of
marks.

To avoid errors due to splice and wrinkle
problems common at the begining of tape,
the beginning of the first data block will
occur no sooner than 30 seconds from the
beginning of clear leader.

The contents of the data block are not
specified.
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The data block ends after the stop bits of
the final character.

Bit clocking information may be ex-
tracted from the recorded waveform, which
is always an integer multiple of the bit rate,
regardless of tape speed. This permits the
recovery and retiming of data by means of a
UART, which requires a clock of sixteen
times the bit rate, although other simple
circuitry may be used.

A reliable bandwidth of 3000 Hz was
assumed in choosing mark and space fre-
quencies due to the head misalignment
expected between various cassette recorders.
The recording technique is a redundant form
of Manchester or bifrequency code which
has a long history of reliability in the
computer industry. In its present form it was
proposed by three independent manu-
facturers at the conference. One cited reli-
ability rates of one error in 10**7 characters
for 200 passes. ®

Table 1: Participants at Audio Cassette
Symposium.

Ray Borrill, 1218 Prairie Dr, Bloomington IN

Hal Chamberlin, The Computer Hobbyist, P O Box
5985, Raleigh NC 27607

Tom Durston, MITS, 6328 Linn NE, Albuquerque
NM

Lee Felsenstein, LGC Engineering, 1807 Delaware
St, Berkeley CA 94703

Joe Frappier, Mikra-D, 32 Maple St, Bellingham
MA

Bill Gates, MITS

Gary Kay, Southwest Technical Products Corp,
219 W Rhapsody, San Antonio TX 78216

Bob Marsh, Processor Technology, 2465 Fourth St,
Berkeley CA 94710

Harold A Mauch, Pronetics, 4021 Windsor, Garland
TX 75042

Bob Nelson, PCM, San Ramon CA

George Perrine, HAL Communications Corp, Box
365, Urbana IL 61801

Ed Roberts, MITS

Richard Smith, The Computer Hobbyist, P O Box
5882, Raleigh NC 27607

Les Solomon, Popular Electronics, 1 Park Av, New
York NY 10016

Michael Stolowitz, Godbout Electronics, Box
2355, Oakland Airport CA 94614

Pau! Tucker, HAL Communications Corp

Mike Wise, Sphere, 791 S 500 W, Bountiful UT
84010

Bob Zaller, MITS

1 EPT1 -5

1K 475ns all orders shipped
STATIC RAM SIGNETICS postpaid and
$4.25 for one 2602-1 insured. Mass
$4.00 each for residents add 3%
eight sales tax
$3.75
each for 32

WHY PAY FOR BEING SMALL?

Centi-Byte is a new source of memory components
and other necessary items for the computer hardware
builder. Our function is to be a voice to the
manufacturing companies representing you, the
modest volume consumer of special purposc com
ponents. Centi-Byte brings you this special intro-
ductory offer of fast memory chips, chips fast cnough
to run an MC6800 or 8080 at maximum specd. These
2602-1's are new devices purchased in quantity and
fully guarantced to manufacturer’s specifications.

Centi-Byte works by concentrating your
purchasing power into quantity buys of new
components. Let us know what you need in the way
of specialized components and subsystems for future
offerings. With your purchasing power concentrated
through us, together we will lower the cost of home
computing.

! V#ntrTEu

L

@
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POBOX312

l BELMONT, MASS. 02178

0S1 MODEL 300 COMPUTER TRAINER

THE MODEL 300 IS A COMPLETELY ASSEMBLED AND TESTED, READY TO USE,
COMPUTER DESIGNED YO "BOOTSTRAP" THE STUDENT, HOBBYIST, AND ENGINEER
INTO THE MICROPROCESSOR WORLD. THE UNIT 1S BUILT AROUND THE MOS 6502
8 BIT MICROPROCZSSOR AND USES A 128 WORD RAM. I1TS CONTROLS INCLUDE
8 DATA SWITCHES, 7 ADDRESS SWITCHES, MEMORY LOAD, PROCESSOR RESET,
PROCESSOR RUN, INTERRUPT, AND MEMORY WRITE PROTECT. THE DISPLAYS
INDICATE DATA, ADDRESS, AND PROGRAM EXECUTION. TWO INPUT LINES AND
ONE OUTPUT LATCH ARE PROVIDED FOR 1/C PROGRAMMING. THE MODEL 300
COMES COMPLETE WITH A LABORATORY MANUAL WITH 20 EXPERIMENTS STARTING
WITH SIMPLY LOADING AND READING MEMORY AND FINISHING WITH OUTPUTING
TO A TELETYPE.

MO[EL 300 COMPUTER TRAINER COMPLETELY ASSEMBLED WITH LAB MANUAL
(REQUIRES +5VDC AT 500MA) 3B

THe 6000 SERIES COMPUTER FAMILY  (SUPERBOARD)

A COMPLETE MINICOMPUTER PC BOARD (DOUBLE SIDED EPOXY) WHICH
ACCEPTS ANY 6000 SERIES PROCESSOR, SYSTEM CLOCK, 2- 1702
TYPE ROMS, 1k X B RAM (2102 TYPE), 1 P1A, 1ACIA, CURRENT LOOP
AND PARALLEL INTERFACES AND HAS BUS EXPANSION CAPABILITIES.
EACH SUPERBOARD COMES COMPLETE WITH DOCUMENTATION.

MRQ BARE WITH MANUAL
MICROPROCESSOR AND SUPERBOARD ..

M]CROPROCESSOR AND SUPERBO.RD
M]CROPROCESSOR AND SUPERBOARD FEATURES
INTERNAL CLOCK

ALSO AVA l}ﬁ[ :
ALL SYSTEM SUPPORT PARTS
RAM - ROM MEMORY [XPANDER BOARD

SUPERI/0 BOARD CONTAINING CASSETTE INTERFACE; X, Y DISPLAY
AND A/D CONVERTER.
V1DED GRAPHIC BOARD

COHING
FIRMY RE BASIC BOARD (USES ROM AND CALCULATOR CHIP)

CALL (216) E53-6484 OR WRITE TODAY FOR QUR COMPLETE INFORMATION PACKAGE

D i I OHIO SCIENTIFIC INSTRUMENTS

PO BOX 374 HUDSON OHIO 44236
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Want Details?

Most important,
and keep on working! Processor Technology has four 8800

The Processor Technology 4KRA-4 is the fastest, most
reliable and yet, least expensive read/write memory mod-
ule on the market today. The 4KRA-4 is the only
memory available of any kind that can be powered by
two ‘D’ size batteries for up to ten (10) hours. (Ask for
our TB-101 technical bulletin on back-up Lattery operation
of the AKRA-4).

Don’t be mislead by ‘“‘undirected’’ statements on the
subject of memory power consumption. All RAM'’s used
in the 4KRA-4 consume typically 1/3 the power of 8101
or 2102 type memories. Under absolute worst case con-
ditions our RAM's require only 30% more power than the
“typical”” consumption of any 4K dynamic memory.
Remember that dynamic memories use three power sup-
plies, but static memories only one.

It's time to clear the air of any confusion anyone
might have about memory speed. In any 8080 system,
all memories with access times between 50 and 520 nano-
seconds are the same speed! Access time alone is not a
valid indicator of speed unless it is greater than 550
nanoseconds, thereby requiring slow-down “‘wait’’ states.
However, two other factors affect overall system speed.

1) Dynamic memories must refresh themselves period-
ically, slowing down the micro processor. In a well designed
dynamic memory system refresh siows the processor by
a few percent. Static memories do not require any re-
freshing. When our 4KRA-4 memories are used in the
Altair 8800 the “wait’' light goes out, indicating maximum
speed operation.

2) Long cycle times can slow the system down during
critical operations such as Direct Memory Access. DMA s
used by most disk memories and by such devices as a soon
to be announced color graphics generator. Most dynamic
memories now on the market have a 1500 nanosecond
cycle time, about three times that of our 4KRA-4. This
longer cycle time can slow down the DMA device by at
least 33%!

our 4KRA-4 Static Memories work,

computers, each using at least 32K Bytes of 4KRA-4
memory. We use these machines heavily for program
development and product testing. We have yet to lose a
single bit in normal operation! Reports from our customers
confirm our experience and indicate that we have one of
the lowest failurc rates in the industry.

Frankly, we have done everything we could to make the
best read/write memory around, because, after all, memory
is the most important part of any computer.

SPECIFICATIONS: 4KRA-4
Maximum capacity: 4096 eight bit bytes
Ope-ating mode: Static
Access time: 520 nano-seconds, worst case maximum
Cycle time: 520 nano-seconds max:mum, read or write
Bus Pinout: Plug-in compatible with Altair 8800 Bus
Edge contacts: Gold plated, 100 pins (dual 50) on .125"
centers
Power requirements, operating: +7.5 to +10VDC at 1.0A
maximum (0°C). 0.8A typ-
ical at 25 C.
+1.6 to +2.5VDC at 0.5A
maximum worst case, 0.4A
typical
5.3" x 10.0” (13.46¢cm x 25.4cm)

standby:

Dimensions:

139 2195

KIT FORM ASSEMBLED
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VIDEO DISPLAY MODULE
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Please don’t think of the VDM-1 as an ordinary TV
typewriter! The VDM-1 is an intelligent display whose
capabilities are limited only by your imagination! All cursor
and display formations are fully programmable — there are
very few hardware limitations inherrent in the design.

The VDM-1 can be used as a terminal when running
BASIC or our Resident Assembler using the FREE software
drivers included with every kit.

The VDM-1 contains 1024 bytes of low power high
speed RAM memory which can be directly accessed by the

computer as any 1K segment within its normal 65K address
range. The VDM-1 is a single pc card and is plug-in
compatible with the Altair 8800 bus. Multiple cursors are
possible, each fully programmable. The display can be black
on white, white on black, or both simultaneously. Output is
standard EIA video with a signal bandwidth of 7 Mhz,
compatible with any video TV monitor. The VDM-1 is so
fast, efficient, and powerful we think it will soon become
the standard against which other displays must be
compared.

SPECIAL FREE OFFER!

Scientific Notation Software Package with Formatted Output

The floating point math package features 12 decimal digits with exponents

P from +127 to —127; handles assigned and unassigned numbers. With itisa 5
il function calculator package: + — X & sq. root. It includes 3 storage and 3
q i operating memories and will handle chain and column calculations.
& With the purchase of 00 . E
(1) VDM-1 and (1) 4KRA-4 Memory: 5299 (Offer Expires April 1, 1976)

Please write for detuails
on these and other Altair
bus compatible modules

T = Processor
‘vt Technology

2465 Fourth Street Berkeley CA %710 (415) 549 0857

SRR .,-».
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Watch Your

With Help, Of Course, From
Line of Compatible Plug-in

All our products are compatible with the 8800 — they
just plug in to become an integral part of your system.
Each card can be used in the widest range of
applications, giving maximum versatility to your Altair.
Our “no compromise” philosophy assures you the
highest possible quality. We use a conservative thermal
design to provide for long life and reliable operation.
We've also put hysteresis bus receivers on noise prone

high-speed inputs, giving you maximum noise immunity.
And. finally. we cover it with a full six- month warranty.

Video Display Module

Your Altair already has the intelligence, so
let us provide the display module. This is not a
limited "TV Typewriter”, but an ultra-high speed
computer terminal built into your computer. The
VDM.-1 generates sixteen 64-character lines from
data stored in the 1K Byte on-card memory. Alpha-
numeric data is shown in a 7 x 9 dot matrix with
a full 128 upper and lower case ASCII character
set. The VDM-1 features EIA Video output for any
standard video monitor. (Your TV set can be
easily modified at your local television repair
shop.) Multiple programmable cursors, automatic
text scrolling and powerful text editing software
are included free. Kit Price, $160.

A Versatile I/0 Card

Just one 3P+ S card will fulfill the Input/
Output needs of most 8800 users. There are two
8-bit parallel input and output ports with full
handshaking logic. There is also a serial 1 /O using
a UART with both teletype current loop and EIA
RS-232 standard interfaces provided. The serial
data rate can be set under software control
between 35 and 9600 Baud. You can use your
models 15, 28 or 33 TTY! This module gives you all
the electronics you need to interface most
peripheral devices with the 8800. And, should you
decide to buy a 3P+S, we'll be happy to advise
you on the best way to implement your system
with our module. Kit Price, $125.

FOCAL!

Get a full 8080 implemen-
tation of 8K FOCAL® (including
the game of Lunar Lander). It's
now at your local Processor
Technology dealer. Object tape
is available for the copying
charge only; complementary
source listing available with
minimum purchase.

(*® Digital Equipment Corp.)

An EPROM Module

Read Only Memories do
not lose their stored data when
power is removed. Thus, they
have an advantage when used
in stored program applications.
Some ROM's, called EPROM's,
are both erasable and repro-
grammable. Our 2KRO module
will accept up to eight EPROM's,
providing the user with up to
2048 eight bit words of non-
volatile storage for monitor,
executive, loader, and other
programs. (We recommend the
use of 1702A and MM5203
EPROM types. They are not
included, but are readily avail-
able for reasonable prices on the
industrial and surplus markets.)

Kit Price, $50.

»
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Altair Grow!

- Processor Technology’s Growing

Low Power, Plus!

The 4KRA is a 4096
word read /write static
memory module. It provides
faster, less expensive, lower
power, and more reliable
operation than any compa-
rable memory module sold
today. The static memories
don't need refreshing, so
the result is faster speed in
actual operation. Lower
power does not mean
decreased reliability. All
RAM's used in the 4KRA are
91L02A's by Advanced
Micro Devices. These RAM's
typically require one-third
the power of standard 2102
or 8101 types, and, even
under worst case conditions,
draw only 30% more than
any currently available
dynamic memory. Each
RAM is manufactured to
military specification. Since
our module draws so little
standby current, memory can
be maintained using a
battery back-up, in case of
power failure, allowing long
term retention of data. Kit
Price, $139.

Software

Our Assembly Lan-
guage Listing (Package #1)
is $3, and includes the
source listing with hexideci-
mal object code. Each com-
mand is described and six
pages of sample use are
included. Paper tapes of this
system are available from
many Computer Clubs
throughout the country.

» Hardware and Software.

Turn-On-The-Switch Power

W ith our ALS-8, the full power of your computer is available at
the instant you turn the switch. It provides 6K of PP.OM s, pre-
programmed with an expanded version of our Software Package =1,
including advanced file management capabilities. Files can be
appended together, re-numbered, moved, or taken apart . .. all the
features you'd expect from a company willing to prac“c=”y g
Software #1. We include a manual which explains the use of the
program (with examples), each routine of the system, and how t
these routines from other programs you've written. You won't be lock
into a ROM version - - you'll be able to customize your ALS-8 tc ycour
individual needs. The ALS-8 Firmware includes a module with al!
compenents capable of holding 8K of ""turn-on-the-switch" program, sc
it will be upward comratible with future software developments. And
two of these are up and running now. Kit Price, $250.

An Interpretive Simulator...
Qur SIM-1 Expansion Firmware rum 8080 progrc,r“Q in an
interpretive mode, on the same 80 !

i)
(915

an 8080! A complete broc
from Processcr Technology. Price, 595.

nd, A Text Editor!

Every ALS-8 includes the edit command. This command
combined wi b our Expansion Firmware #2 (Text Editor) and the
adds the world c‘ t xt editing to your system. Single charact
lines, po'ncnc cof lines can be inserted, deleted, moved an
printed out. The aac iticn of Firmware =2 to your ALS-8 will g
text editing capability equivalent tc systems selling for $30 € r” 1
few short yea's ago. It's been running at Processor Technclogy since
January, and 1t's ready for shipment now. Price, $95.

T

e=n=

Write us for complete specifications on these and other
compatible plug-in products: Our single-piece Mother Boards will give
you 16-card capacity in one installation. A Wire Wrap Board. to help
you do your own wire wrap prototyping, creating custom interfaces.
An Extender Board, which allows accessibility in servicing any 8800
compatible module.

All items postpaid if full payment accompani
orders must include 25°c deposit. Master Charge {m

on orders over $375.

6200-B Hollis Street
Emeryville, CA 94608
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TheBO&OExpa

Let Processor Technology expand

Your Altair already has the intelligence,

so let our VDM-1 Display Module make the
best of its capacity to communicate. This is
not a limited "TV Typewriter.” The VDM-1 is
an ultra-high speed output device, built
right into your 8800 system.

The VDM-1 generates sixteen 64-
character lines in a large easy-to-read font
with both upper and lower case lefters.

It contains 1K (1024) bytes of random
access memory, to which the processor can
read or write, just as though the memory
were an integral part of the system. As the
information is written in, contents of the
on-card memory are displayed instantly
without interrupting the operation of the
processor.

Once the processor provides the
display status parameters, the VDM-1 can
be made to “scroll” its display upwards or
downwards. A built-in timer allows scrolling
af about 4 lines per second, eliminating
complicated timing program routines.

At top speed, the display scrolls through a

and reliable plug-in modules

dump of 65K of memory in ftwo minutes;
that's about 1000 lines per minute!

Multiple programmable cursor cir-
cuitry is built in. All 1024 cursors can be
displayed at one time or begin anywhere
in the display. Thus, the VDM-1 can display
white-on-black or black-on-white — perfect
for many video games! The VDM-1 also
features EIA Video output for any standard
video monitor, or a television repair shop
can easily modify your own TV seft.

The VDM-1 comes with free terminal
mode software, designed for teletype
replacement when used with BASIC or our
own Resident Assembly system. (Powerful
text editing software and various game
packages are also available from Processor
Technology Corp.) ‘

Our detailed VDM-1 Owner’'s Manual !
is available for $4.00, refundable with
purchase of the VDM-1.

Kit Prices, $179 (premium grade, low
profile IC sockets included).

o - - e = = e e ————— S —— - o et = &
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rnsion Principle.

Processor Technology’s new
8KRA Static Memory Module will add
double-capacity, lower power, and
greater efficiency to your Altair or
IMSAI system. We've actually improved
on our already popular 4KRA board,
by doubling the capacity (8192
eight-bit bytes!) and lowering the
power-per-bit.

The 8KRA uses full speed, low
power static RAM's—our prime
supplier is AMD (91L02A’s). These
RAM'’s are manufactured to stringent
military specification, MIL STD-883A,
to insure reliability. The 8KRA uses less
power-per-bit than any other true
static memory module —requirements
so low, that two "D flashlight cells
will retain datfa for 4-5 hours.
(Recharging circuitry for Ni-Cad cells

Processor Technology manufactures
a full line of plug-in modules compatible
with the Altair and IMSAI minicomputers.
Write us now—we have a lot to tell you!

and battery connectors are on the
card.) Also, unlike dynamic memories,
static memories do not require
periodic refreshing, allowing them to
run at the processor's maximum speed.
The 8KRA occupies any 8K
segment at 1K intervals within the
8080 addressing range (for example,
from 3K to 11K, nof just 0-8K). Card
address is selected by a DIP switch,
located conveniently at the top of
the card. Each of the 76 Integrated
Circuits has its own premium grade,
low-profile IC socket. We've included
this special feature to increase
reliability, and to make assembly,
testing and repairs many times easier.

8KRA 8192-word Static Memory Module $295 (all sockets
4KRA 4096-word Static Memory Module $154  included)

Processor
Tech

6200-L Hollis Street
Emeryville, CA 94608
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BY ROBERT M. MARSH
AND LEE FELSENSTEIN

An Intelligent

omputer Ierminal

Based on an 8080 MPU, this hobbyist's
computer terminal can compete with

most commercial units
JULY 1976

HERE are essentially two types

of video computer terminals in
common use. The “dumb’’ terminal—
little more than a “'‘glass Teletype* '—
1S a simple data transmitter receiver
whose only stand-alone function is its
use as a TV typewriter. The "intelli-
gent” (also known as "'smart’’) termi-
nal.onthe other hand, offers powerful
stand-alone features. Built around a
sophisticated microprocessor, intelli-
gent terminals allow you to write,
store. and edit programs for transmis-
sion to a computer or a hard-copy de-
vice It also provides very powerful
word processing at relatively low cost.
The SOL video terminal project pre-
sented here 1s one of the most ad-

vanced of intelligent terminals It can
interface with any mini- or microcoms-
puter via its buiit-in RS-232 cr 20-mA
current-loop interfaces. in either seria!
or parallel format It can also tieinto a
time-sharing computer via a tele-
phone line and a modem (such as the
Pennywhistle described in the March
1976 i1ssue of POPULAR ELECTRON-
1ICs). In fact. it i1s even possible for two
SOL terminais to communicate with
each other without human supervi-
sion.

The key to SOL s versatility 1s its in-
tegral 8080 microprocessor (pP) chip.
The pP operates on instructions
stored 1in PROMs (programmable

35
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Fig. 1. Terminal accepts data from keyboard, parallel port, and RS-232 or 20-mA serial port.
Output is 1 volt p-p for conventional TV requirements. Memory can be externally expanded to 65 k.

C1—10-pF disc capacitor

C2, Cil, C21, C22—0.001-uF disc
capacitor

C3, C7, C15, Cl6, C17, CI18, C20, C27
through C63—0 [-uF disc capacitor

C4. C3—680-pF mica capacitor monolithic

C6b—1.5-pF, 25-volt ceramic capacitor

C8, C13—1-uF, 35-volt dipped tantalum

PARTS LIST

IC28, IC50, IC89, IC9%6—T74L.S04N hex in-
verter IC
IC34, IC35. IC36—74LSI157TN quad

2-input data selector IC
1C37—74HOON high-speed quad 2-input
NAND gate IC (do not substitute)
IC38—74SO4N Schottky hex inverter IC
(do not substitute)

R51—200 ohms

R59. R63—33.000 ohms

R61. R62, R66—1000 ohms
R69—15,000 ohms

R70. R71. R113—100.000 ohms
R7S, R88—3.3 megohms

R85—75 ohms
R103, R105, R107, R109, R110, RIIL,

capacitor 1C41—MHO0026P MOS clock driver IC R112—8200 ohms
C9, C10—15-yF, 20-vol! dlpped tantalum 1C43, IC87, IC90—74LS74N dual D flip- R 106, R108—39.000 ochms

capacitor flop IC ) RI11, R12, R13—100-ohm I-watt, 10 tol-
C12—0.01-pyF disc capacitor IC44, JC83, IC86—74LS00ON gquad 2-input erance resistoy

C14, C23—680-pF disc capacitor

C19—100-uF, 16-volt 'upnght aluminum
electrolytic capacitor

C24—0. |-yF Mylar tubular capacitor
25—0.001-puF Mylar tubular capacitor

C26—0.01-uF Mylar tubular capacitor

Di, D2, D4 through D3—IN4148 diode

D3—5.1-volt, I-watt zener diode

N gate IC
lC49 lC88—74L508N quad 2-input AND

te 1C
lCSZ—G)4046AE CMOS phase-locked

loop IC
ICS4—TR1602B, AY-5-1013, or S1883

UART IC
IC55, IC56—74173N quad tristate latch 1C

R86—330-ohm, 2-watt. 109 tolerance re-
sistor

R102, R104—50.000-ohm trimmer poten-
tiometer (Bourns No. 3352-1-503 or
similar)

S| through S4—Four-position dual in-line
switch

SS—Momentary-action spst switch

(INS231B or similar) IC58 through IC61—21L0! or 91LOIPC S6—Sipgle-pole. seven-position rotary
IC1, IC8, IC11, ICI2, IC23, IC39, ICT73, 256 x 4 MOS RAM IC switch
~_IC74—74LS175N quad latch IC IC62. 1C63, IC64, IC65—S5204A or $7. S8, S3—Spst switch
IC2, IC79—74L.S20N dual 4-input NAND MMS2040) 512 x 8 MOS erasable S$10—Spdt switch
gate 1C : PROM IC (optional; write to address ~ XTAL—14.318-MHz, 0.01% or better tol-
IC3—74L.S86N quad exclusive-OR gate IC below for details) erance, series-resonant crystal in
KC4, 1C42, IC45, 1C47, ICT71, IC72, 1IC94  1C65—8080, 8080A, or 9080A micro- HC 18U case

—74LSO2N quad 2-input NOR gate IC
ICS, IC51—7406N open-collector hex in-
verter IC
IC6—DC4049AE CMOS hex inverter IC
IC7, IC14, IC25, IC26, ICS3, IC57—
74LS 161 or 74L.S163 4-bit synchronous
counter IC
IC9—6575 MOS character generator IC
lClO—léMbGN 8-bit parallel-in shift regis-
ter

processor IC
1C70, 1C77, IC84, 1C91—T74L.S253N dual
4-input tristate data selector IC
IC76—DM8836N quad 2-input NOR gate

-1C
IC85, 1C92—74L.S155 dual 2-to-4 line de-
coder IC
J1—Rught-angle PC mount (AMP206584-1
or DB25S)
81, Q2, Q3—2N2907 transistor

Misc.—Two 40-pin. five 24-pin. 54 16-pin,
and 31 14-pin IC sockets (optional);
75-ohm coaxial cable. TV monitor;
ASCIl keyboard: power supply: suit-
able chassis: mounting hardware;
hookup wire; solder: etc.

Note: The following items are available
from Processor Technology Corp.. 6200
Hollis St.. Emeryville, CA 94608: Com-

IC13, IC24—(CD4029AE 4-bit up/down following resistors are %-watt, 10% plete SOL-PC kit of parts (does not in-
counter IC ‘» tolerance: i clude case, power supply, or keyboard)
IC15—74L161, 741163, or 93L16 4-bit R1, R2—330 ohms for $297.00. Available separately are

synchronous counter IC (do not substi-

R3.R9,R10, R2I, stinroughmo R80—

SOL-PCB etched and dnlled pninted
circuit board for $40.00; SOL-SS set of

tute) 10, (NX) ohms
IC16, 1C93—74LSION triple 3-input R4. RS, R6, R14 through R20, R22. R3i IC sockets for $40.00; and SOL-FAN
NAND gate IC through R35, R37, R39, R41. R43, R4S, fan for $20.00. A complete kit that in-
lCl?—CD“K)lAE CMOS quad 2-input R46, R48, RS2, R56, RS7, RS8, R6S, cludes all parts. pc board, power sup-
NOR gate IC R72, R73, R74, R76, R77. R78, R79, ply. ASCIl keyboard. all cables and

gat
IC 18 through IC21t, 1C29 through IC32—
21LO0I-1 or SILO2APC MOS 1024-bit

RAM IC

IC22, IC33, IC40, IC46, IC66. IC67. IC68,
IC75, KC80. IC81, 1C82—S8T97 hex tni-
state buffer IC

IC27, IC48, IC78, IC95—T74LS109N dual
JK flip-flop IC

R82, R83, R84, R89 through R98, R100,
R101—1500 ohms

R7, R8—47 ohms '

R36, R67, R68, R99—4700 ohms

R38, R40, R42, R47, R49, R53. R55—2200

ms ,
R4, R60. R81—3300 ohms
RS0, RS54, R64, R87—100 ohms

plugs, and a case is available for
$497.00; specify kit SOL-!. Free copies
of the complete schematic, etching and
drilling guide, and component placement
guide are availabie from the same source
on request when accompanied by a self-
addressed stamped (26¢) envelope (% X
127).




read-only memories). In its basic con-
figuration. the SOL terminal consists
of a printed circuit assembly that con-
tains the pP, 512 eight-bit bytes of
PROM, 2048 eight-bit words of RAM
(random-access memory), 1024-
character video display generator,
keyboard interface, serial and parallel
interfaces for connection to external
devices, and an edge connector for
memory expansion. All you add are a
power supply, TV receiver or video
monitor. ASCII keyboard. and a case.

Since the SOL terminal is 8080
based. its memory capability can be
expanded to 65k bytes. Hence, one
might ask, is the SOL an intelligent
terminal or a powerful microcomput-
er? In essence. it is both.

How It Works. The complete
schematic diagram for the SOL termi-
na!lis muchtoo large to be reproduced
in this article Therefore, a complete
schematic, an etching and drilling
guide and componentiayoutdiagram
for the printed circuit board are avail-
able on request simply by sending a
self-addressed stamped (26c¢) en-
velope (9" x12") to the source given in
the Parts List.

The biock diagram shown in Fig. 1
wiil be used to explain circuit opera-
tion. Notice the similarity of this dia-
gram to that of a conventional 8080
microcomputer. The 8080 (or 8080A or
9080A) microprocessor. /IC69, is the
“heart” of the terminal. It s supported
by /IC66 through /C97, which inciude
address and data line drivers and
selectors: "'wait state’ timers. flag
latches for data ports. and partial ad-
dress decoding. Both address and
data i O (\nput output) ports are avail-
able for expansion using currently
available 8080-type memory cards.

As many as four PROMS (/C62"

through /C65) allow up to 2048 bytes
-of program to be installed in the ter-
minal Upto 512 bytes of RAM can also
be instalied and are designated /IC58
through /C671.

1"EPT = 11;4

x SOL TERMINAL
§ SPECIFICATIONS

 Display: 16 lines of 64 characters per
¢ line. Black characters on white
' background or reverse.
_Character set: 96 printable AsCII
g upper-and lower-case characters.
Pius 32 control characters (option-
al).
" Display position: Continuously adjust-
: able both horizontally and vertically.
, Cursor: Solid video inversion (switch
selectable blink), cursors are pre-
grammable. i

Serial interface: RS-232 and 20-mA cur-
rent loop, 75 to 9600 baud, syn-
chronous.

Parallel interface: Eight data bits for
input and output; output bus is tri-
state for bidirectional interfaces;

® levels are standard TTL.

Koyboard interface: Seven-level ASCII

: encoded, TTL levels; requires
strobe pulse with data stabie for
approximately 100 ps following
positive edge.

- Microprocessor: 8080, 8080A, or 9080A.

On-card memory: 512 bytes PROM (ex-

: pandable to 2048 bytes), 1280 bytes
RAM (expandabie to 1560 bytes).

External Memory: Expandable to 56k
bytes total ROM, PROM, and RAM.

. Signal output: 1.0 to 2.5 volits pgak-to-
peak with composite negative sync;
nominal bandwith is 7 MHz.

Power required: +5 volts at 2.5 amperes,
+12 volts at 150 mA. and —12 volts
at 200 mA; all buses must be well
regulated.

The heart of the video display sec-
tion 1s character generator ROM /C9.
The generator provides both upper-
and lower-case charactersina7 x 9
dot matrix format. Descenders on
lower-case characters g. J. p, q. and y
go below the base line to provide true
typewriter character formatting. The
remainder of the IC s in the video sec-
tion (/IC7 through /C36) produce the
horizontal and vertical sync, cursor
options, video inversion (black
characters on white background) and
all video "handshake  requirements.

The video output has a maximum
bandwidth of 7.15 MHz. It contains a
composite sync to allow operation
with any conventional video monitor
or monochrome TV receiver con-
verted forvideo input (Fig. 2). Color TV
receiver CRT's may not be capable of
providing the resolution required for a
clean video display, although the au-
thors have obtained acceptable re-
sults using a type-approved r-f mod-
ulator to feed color receivers through
the antenna input. (CAUTION: Do not
use a transformerless video monitor
or TV receiver unless a line-isolating
transformer is instalied.)

The /C54 UART is used in the termi-
nal for data transmission and recep-
tion. It 1s supported by /IC48 and iC51.
Clock pulses for the UART are pro-
vided by the baud-rate generator
made up of /C52, IC53, and IC57.
Phase-locked loop /C52 operates with
dividers to produce the required clock
signals. A switch 1s provided for set-
ting the baud rate for 75, 110, 150. 300,
600, 1200, 2400. 4800. or 9600 baud
(data bits per second). The serial port
has both RS-232 and 20-mA current-
loop provisions.

The parallel port consists of an
eight-bit latch made up of /C55 and
/IC56. These IC s have tristate outputs
that enable their use with a bidirec-
tional parallel data channe! if desired.
Signals are eight cata bits wide at
standard TTL levels at the input and
output.

The ASCll keyboard connects to the
main terminal board by a single con-
nector that provides power to the
keyboard and accepts signals from
the keys. The interface requires
seven-level ASCIl at TTL levels and a
strobe pulse with the data stable for
approximately 100 ps following the
positive edge.

"Power for the main board must be 5
volts dc at 2.5 amperes. - 12 volts at
150 mA, and - 12 volts at 200 mA. The
power bus lines must be well regu-
lated.

Construction. Since the printed cir-
cuitboard measures 13" x 11" (33 x 28

f— VIDEO —
mErrT orp fuh _'“'"_:;V Fig. 2 Video output 1s cm) and has numerous traces and
{1l § s U |‘u‘ Q2 Vee concentional with negatice pads that require careful registration,
‘ - R X T sync and 1-volt p-p signul home fabrication of the board is not
—— 64 s —— lecel. recommended unless you are highly

experienced in making complex
double-sided boards. Once you have
the board and are ready to start
mounting components, save IC instal-
lation for the last.

Start wiring the board by mounting
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IC sockets (recommended for all IC's
to make removal and replacement
easy) in place. Next, mount and solder
into place the resistors, capacitors,
diodes, and transistors. Then mount
the baud rate switch and connectors
lush to the surface of the board; make
sure they do not sit askew after solder-
ing them down.

Once the crystal is mounted and
soldered into place, pass a length of
bare hookup wire over its case and
into the holes flanking the case. Sol-
der the wire to the crystal's case and
board pads. install and solder into
place the coaxial cable for the termi-
nal's output.

Carefully check the board assembly
for poor soldered connections, solder
bridges between closely spaced pads
and traces, and proper polarization of

diodes and capacitors and basing of

the transistors.

Checkout. Before installing any IC’s,
power up the circuit board assembly
to verify that no short circuits exist.
Measure the potential across zener
diode D3; it should be —5 volts. Check
the fine foil traces near R85 (at the
video output) for short circuits on the
+12-voltline. If everything checks out,
turn off the power.
— Insert /C37 through IC471 in their
Jckets, making sure you properly
orient them. Install jumpers from pad
A to pad B and pad D to pad E (next to
/C37). Turn on the power and use an
oscilloscope to check the 47-ohm re-
sistors next to /C4! for the clock

2Q
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pulses. When you obtain the pulses,
turn off the power.

install /C1 through /C36. Be particu-
larly careful when handling /C9 to
avoid static discharges. After remov-
ing this IC from its protective foam
carrier, be sure to touch the pc board
with your other hand before bringing
the IC imto contact withits socket. Seat
the IC carefully in its socket and gently
press it home. (Note: If you encounter
excessive resistance when trying to
install /C9, replace the IC in its foam
carrier. Then loosen the socket pin re-
ceptacles by repeatedly inserting and
removing a non-MOS IC or piece of
bare 24 gauge wire.) Install /C9.

Set horizontal and vertical sync con-
trols R104 and R102 to midposition
and the four-position dual in-line
switchsothatS7 and S4 are offand S2
and S3 are on. Connect SOL's video
output cable to the video monitor and
turn on the power to both monitor and
terminal board. Displayed on the
screen should be at least one line of
rarfdom characters and white cursor
blgcks. Adjust the v and H controls on
the terminal board for proper sync and
the contrast and brightness controls
on the monitor for the best display.

SetS3tooff and S4 to on: the cursor
should flash at a slow rate. Set S2 to
off; the background should change
from black to white. Set S7 to on; the
control characters (symbols or ab-
breviations, depending on the type of
character generator being used)
should disappear. Turn off the board'’s
power supply

-'.1_105

Large connector at left
rear of assembled
circuit board assembly
is for external
memory, coax cable i3
for composite video
output. All imput and
output connectors are
on rear edge.

Install /C42 through /C50 and /C66
through /C97. Practice the same pre-
cautions for /C69, the microprocessor
chip, that you took for /C9 above.
Connect the "wait state”” jumper at
IC771 from pad W to pad 1.

With the video monitor still con-

nected to the terminal and operation-
al, turnon the board's power. The CRT
screen should display one or more
lines of alternating 9 and ""null” char-
acters and should flicker every few
seconds. This indicates that the uP is
working. If there is any doubt, briefly
operate the ReseT switch. If you ob-
serve no activity on the screen, turn oft
and remove power from the board and
check that all IC's are in their proper
sockets and properly oriented.

Install /C52 through /C671 and pro-
gram PROM /C62. Use the same pre-

.cautions detailed above for /C9 and

IC69 when handling and installing
IC54, IC58 through /C61, and /C62.
Make sure that the socket for UART
/C54 is not too tight. If you encounter
difficulties during insertion, use a
non-MOS IC or 24 gauge wire to
loosen the socket pin receptacles.

Once everything seems to check
out, power up the board. If the prog-
ram is running properly, the monitor
screen should display a blanked
screen with the proper '"message’ at
the bottom.

This completes construction of the
SOL video terminal. You can now add
an ASCIl keyboard and hook up to the
outside world via the serial and/or
parallel ports @
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ALTAIR 8800 USERS !

® That all our modules are 100% compatible with the Altair 8800
computer, NO modifications necessary!

® That our 4K RA Static Read/Write Memory module doesn’t have
to lose it’s data when you pull the plug!

® That our 3P+S Input/Output module will fully interface two TV
Typewriters with keyboards and a modem or teletype at the
same time!

® That we make the most powerful aiphanumeric Video Display
module anywhere!

® That our software is FREE, or close to it!

® That all our modules are truly high quality, computer grade, but
that our prices are the iowest in the industry!

® That we have aiready shipped hundreds of modules on time, and
we will continue to deliver what we promise, FAST!

CHECK THE SPECS:

4KRA Static Read/Write Memory

This 4096 word STATIC memory provides faster, more reliable
and iess expensive operation than any currently available dynamic
memory system. The 4KRA permits Altair 8800 operation at
absolute top speed continuously. All RAM’s (Random Access
Memories) used in the 4KRA are 91L02A’'s by Advanced Micro
Devices, the best commercial memory IC on the market today.
91L02A’'s require typically 1/3 the power of standard 2102 or
8101 type RAM’s and each one is manufactured to military
specification MIL STD-883 for extremely high reliability. Taest
memories can be operated from a battery backup supply in case
of power failure with very low standby power consumption. (Ask
for our technical bulietin TB-101 on power down operation.) n
short we have done everything we could to make the best 4.{
memory module in the computer field, and cecause we buy in
large quantity, we can make it for a verv reasonab.e price
Available now.

2KRO Erasable Reprogrammable Read Only Memory Module

With this module the Altair 8800 can use 1702A or 5203 type
Erasable Reprogrammable ROM's. The 2KRO accepts up to eight
of these IC’s for a capacity of 2048 eight bit words. Once
programmed this module will hold its data indefinite',* whether
or not power is on. This feature i1s extremcly use‘u! when
developing software. AIll necessary bus interi.cing logic and
requlated supplies are provided but NOT the E’ROM 7'« Both
1702A and 5203 PROM’s are available from other advert' ¢ . in
this magazine for well under $25. Available now.

3P+S Input/Output Module

Just one 3P+S card will fulfill the Input/Output needs of most
B800 users. There are two 8-bit paralie! input arc output ports
with full handshaking logic. There s also a serial i/O using a
UART with both teletype current loop and EIA RS-/37 L.andard
interfaces provided. The serial data rate can be set unde software
control between 35 and 9600 Baud. You can use your o'd roodel
19 TTY! This module gives you all the electronics you ne2d to
interface most peripheral devices with the Altair 8800, it's rzally
the most useful and versatile I/O we’ve seen for any co.nputer.
Available now.

MB-1 Mother Board

Don’t worry any more about wiring hundreds of wires in your
Aitair to expand the mainframe. Our single piece 1/8-inch thick,
rugged mother board can be installed as one single repiacement
for either three or four 88EC Expander cards, so you don’t have
to replace your already instailed 88EC card if you don’t want to.
The MB-1 has very heavy power and ground busses and comes
with a piece of flat ribbon cable for connection to the front panel
board of the 8800. Available now.

VDM:1 Video Display Module

This module is the first real computer terminal display in kit
form. Under software control the VDM-1 displays sixteen 64
character lines to any standard video monitor. Characters are
produced in a 7x9 dot matrix, with a full 128 character set, upper
and lower case plus control characters. Data is accessed by the
VDM as a biock from any 1K segment within the 65K address
range of the 8800 computer. Multiple cursors are compietely
controlled by software and the display can begin anywhere on the
screen (this is great for many video games). When the last line is
filled the display scrolls up a line. Powerful editing capabilities are
provided with the FREE software package included in every
VDM-1 kit. Available in September ‘75.

SOFTWARE

Our As-mbler, Tezg “‘ior and System Executive is being
WURE ceve T as sofoveve panvage gives you very powerful
= 0t .+ juage capability in tnz Altair 8800. The Executive
.. Euii. allow you to call prnyrams by name (inciuding
ZAS7: . .d then add, delete, char.yz, or list programs by line
r.umb# . Trie Assembler provices a8 “arm Tied ¢y 1abolin mnemonic
listing .s 'vell = octal o7 binary obect code from Assembly
Language programs wricten using the Editor. The Assemhler also
gives valuzble error messages to help in debu'yging those inzv:table
errors. The Assembler, Editor, Executive Package No. 1 will be
available in read only memory along with »n expanded Executive
and a pcwerful Interpretive Simulator by October or November
of 1975.

We are working on two BASIC Language packages wh'ch should
be ready by October. One will be a basic BASIEC nee Jing abo*
8K of memory as a minimum and the other will be ar. Extendeo
version with additional string manipulation, matrix ~perations
and double precision arithmetic capal ' i'e: requiring coout 12K,
Both these packages will be available 11 <=5d Only Memory ‘or a
reasonable price

PRICE LIST
Item Kit Aszembled Delive:v
2KRO EPROM module $ 50. S 75. 2 weeks ARO
3P+S 1/0 module 125. 165. 3w ks ARO
4KRA-2 RAM module
w/2048 8-bit words 135. 185. 2 ...eks ARO

4KRA-4 w/4096 8-bit

words of RAM e 280 2 weeks ARO
RAM only, AMD 91L02A

500n sec low power 8/540 - 2we- . ARD
MB-1 Mother Board 35. - 2 w2zks ARD

VDM-1 Video Display module 160. 225, Sep-. ¢5,'75
than 3week: ARC

Send for our FREE fiyer fo- r:ore complete ¢, nicatinng @ ~d
for pricing on additional items.

TERMS: All items posinaid if fui! payment a. comau er oriar,
COD orders must include ?25% c. i Uasertharge of Gy
accepted, but please serd us ¢ rder with *ouT signcture o0t
DISCOUNTS: Orders ovsr .'""5 m: « subt:act 5%, oru~ic over
$600 may subtract 10%.

2465 F~urth £ -
Berkeley Ca.947‘|0 (415) 5490857

Proces:~ %
oo (§sn & -
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|l ) 2465 Fourth Street "PAID 1 0z P
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REQUESTED INFORMATION

Could you use a Resident Assembler,
Editor and Monitor for the 88007

‘We have them!
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GET TO KNOW THE FULL POWER
OF YOUR ALTAIR!

PROCESSOR TECHNOLOGY CORP. provides the hardware
AND the soﬂwum really need to accomplish things
with your Altair

Want specifics?

® The only CRT terminal display module ever offered that is actually part of the computer

® A reasonably priced, LOW POWER, 4K Memory

® A versatile input/output module designed to meet most common |/O requirements with one card

® A reprogrammable read only memory (EPROM) module

® A rugged full length mother board with improved power distribution and integral bus terminator and card cage
e FREE SOFTWARE, or close to it!

® Firmware ROM modules containing our Software programs

FEATURES:
® Full 8800 hardware and software compatibility: JUST PLUG IN!!
® Maximum versatility: each card can be used in the widest range of applications.
® Conservative thermal design for long life and reliable operation.
® Maximum noise immunity: hysteresis bus receivers on noise prone high speed inputs.
® Highest possible quality: No compromise design!
® 100% Guaranteed: six month warranty.

READON...

Each of our kits contains all necessary parts including double sided epoxy PC board with plated through holes and gold
contacts, all IC's, voltage regulators, massive heatsink, and mounting hardware. Complete instructions are included for easy asser
and checkout. Every kit and assembled unit also includes information on how to use the module most effectively, covering soft
programming considerations as well as hardware connections.

THE DETAILS...

FAMILY SPECIFICATIONS:
Bus connection: Fully 8800 compatible, electrically and mechanically. Outputs to the 8800 bus are three state, standard TTL le

Storage temperature range: —40 to +85° C

Operating environment: 0 to 50° C, humidity to 95%, non condensing.

ALS-8

Ever dream of just turning on your computer and having its
full power available instantly? The ALS-8 Firmware Module
gives you that kind of ““turn on the switch’’ system with 4K of
PROM'’s pre-programmed with a greatly expanded version of our
Software Package No. 1.

This powerful file oriented package is the finest Resident
Assembly Language Operating System available today. 8080
assembly language programs can be stored as named files (5
letter names) and called at will to be assembled, edited, or listed
by line number. Six files can reside in memory at once, or, they
can be stored in either source or object code on paper tape,
cassette or any other form of storage medium for re-input at a
later time. Assembly of the source file can take place from a
memory file or from any input device you choose.

The assembler converts the mnemonic codes and labels of the

=embly source language program to object code at any address

. choose. (The run address can be different from the location

re the code is placed.) Symbolic addressing includes the

*y to chain common symbols from one program to another
though the other program was assembled long ago. Fea-
of the assembler include labels, comments, expressions,
ants, relative symbolic addressing ... in short a profes-
" system just made for assembly language work.

Input/output for the program is so versatile that it defies
imagination, the driver software can even change the
configuration under program control. That'sright . ..apr-
can output one batch of information to one port and a ditrer
batch to another port, each seemingly at the same time with
human intervention. The system can handle any 1/O config:
tion you can hook up and will call to any driving software °
wish to implement for the 1/0.

Also, if you are new to computers, the manual included v
each module not only explains how to use the program (v
examples), but goes on to explain each routine of the Syst
and how to call these routines from other programs you h
written. This combined with the 1/0 handling along wit!
custom ‘“‘command table’’ allows every ALS-8 to be customi
within your system to your individual needs. You don’t hav¢
worry about being locked into a ROM version, this one
designed with your expansion and creativity in mind.

The ALS-8 Firmware comes complete with a module with
components capable of holding 8K of TURN ON THE SWIT
program. So why 8K? Because we wrote this system to
upward compatible with future software developments and
first of these, an interpretive simulator, is up and running nc
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LOW POWER ... yes and don’t be fooled by ‘‘undirected’’
statements about this subject. All RAM’s used in the 4KRA are
91L02A’s by Advanced Micro Devices (AMD). 91L02A’s re-
quire typically 1/3 the power of standard 2102 or 8101 type
RAM’s and under worst case conditions draws only 30%. more
than any currently available dynamic memory. In addition each
RAM is manufactured to military specification MIL STD-883.
This all adds up to low power and reliability, notice ... we're
the ones who publish the maximum worst case power required
by our memory.

Plus, our memory draws so little standby current that they
can be operated from a battery back up in case of power failure.
This aliows long term retention of data under loss of power
conditions. Our TB-101 illustrates how to add a few simple

~—n~nents to implement this feature and is shipped with every
.1 sold. In short we've done everything we could to make
-inis the best 4K memory module in the computer field.

SPECIFICATIONS: 4KRA

Maximum capacity: 4096 eight bit words

Operating mode: Static

Access time: 520 nsec. maximum

Cycle time: 520 nsec. maximum, read or write

Bus pinout: Plug-in compatible with Altair 8800 bus

Edge contacts: Gold plated, 100 pins (dual 50) on .125" centers

Power requirements: +8 to +10 VDC, 1.2 A Max, at 0°C, 0.9 A:
Typical.

Dimensions: 5.3 x 10.0” (13.46cm x 25.4cm)

2KRO EPROM MEMORY MODULE

Read only memories (ROM’s) do not lose their stored data
when power is removed and thus have an advantage (we
specialize in understatements) when used in stored program
applications. Some ROM'’s, called PROM’s, are user program-
mable, and some PROM’s, called EPROM’s, are erasable and
reprogrammable as well. The most common and least expensive
types of EPROM’s in use today are the 1702A and MM5203;
both are organized as 256 x 8 bit arrays. Our 2KRO module will
accept up to eight of these IC’s, providing the user with up to
2048 eight bit words of non-volatile storage for monitor,
executive, loader, and other programs.

Each 2KRO module is jumper selectable to fit any one of
thirty-two 2K segments within the 65K addressing range of the

8800 computer. Additional jumpers are provided to select the

appropriate number of ‘‘wait’’ states as determined by the
access time of the EPROM’s used. The EPROM’s are not
provided (everything else is) but are readily available for
reasonable prices on the industrial and surplus markets. The
module will accept either of two types of EPROM: the 1702,
1Z02A, MM5202 or 9702 _made by AMD, Intel, MIL and
Nati I, or the MM5203 made by National. However, both
17;02%___Wfbe used at the same time.
Erasing and programming services for the 1702, 1702A or
72 will be provided by Processor Technology Company. A
‘ly printed or typewritten listing in octal (base 8) code of
© pro~-xm or data must be submitted along with address
orr There will be a charge of $5.00 per EPROM
gr For additional information and pricing on our
RC for our programming bulletin.
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SPECIFICATIONS: 2KRO

Maximum capacity: 2048 eight bit words

Operating Mode: Static

Access & Cycle Time: Dependent of EPROM used, logic on card
will work over an access time range of 30 to 2500 nsec.
Number of ““wait’’ states jumper selectable from zero to four.

Voltage Requirements: +8 to +10VDC, —15 to —18VDC

Power Requirements: 10W max., 8W typical at 25°C with 8
1702A's. Replacement transformer available for full negative
supply power (see price list).

Bus Pinout: Plug-in compatible with Altair 8800 bus

Edge contacts: 100 pins (dual 50) on .125" centers, gold plated

Dimensions: 5.3 x 10.0"" (13.46¢cm x 25.4cm)

3P+S INPUT/OUTPUT MODULE

Getting data into and out of a computer can be one of the
most difficult and expensive tasks in bringing up a working
system. Our 3P+S module was designed to provide maximum
versatility to allow this one card to meet all the |/O needs of
most 8800 system users. For example, one teletype and two TV
Typewriters with keyboards can operate simultaneously with
the 8800 via one 3P+S module; or, one TV Typewriter, an EIA
RS-232 modem, a teletype and another parallel data device can
be fully interfaced at the same time.

In addition, one parallel output port is available to be used
for setting up control conditions for both parallel and serial
ports, as well as to set the serial 1/O baud rate under program
control. The Baud rate can be set between 35 and 9600 Baud
and the module is the only one available that will allow 1.5
stop bits as required by the old model teletypes that are
available at such low cost.

Also, one parallel input port is available for polling the
Input Data Available flags and External Device Ready flags, as
well as for checking the serial 1/0 error flags. Full handshaking
with both input and output peripherals can be implemented
with these provisions.

Interfacing to the 8800 vectored interrupt bus is provided on
the card as a jumper selectable option, allowing any of the
UART (Universal Asynchronous Receiver Transmitter) error
flags or handshaking signals to be used to generate interrupts.
The Vectored Interrupt Module is required for this purpose.

Addressing of the module is jumper selectable to any one of
64 four address segments within the 8800 range of 256 1/0
addresses. Additional flexibility allows either the UART and
control port, or the two parallel ports to occupy the lower two
relative addresses..

Complete information on each of the options available is
included with each 3P+S sold. In addition, a letter to us
describing your system configuration will be returned illustrat-
ing the best way to implement the system with our module.
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SIM-1 EXPANSION FIRMWARE
INTERPRETIVE SIMULATOR????? Yes, an interpretive
<imulator that runs 8080 programs, in an interpretive mode, on
e same 8080 that contains the Simulator. This isn't just a

—_.ebug program, because the program thinks it's an 8080! That's

right, all registers, flags, program counter, and stack are SIMU-
LATED! Breakpoints are in the simulator program, not a jump
to a restart location. (How else would you debug a program that
needed the restart location?) Also, when a call or jump instruc-
tion is encountered, full control remains with the simulator.
This is the only system that will not lose control if a program
error is made on this type of instruction.
All registers, flags, program counter, stack and memory
contents can be changed at all times and there is even a single
‘ep mode that allows full printout of all the registers, flags,
after each instruction is executed.
tnput instructions within the simulated program can be
handled three ways: Real Time, Simulated, and Pre-Set. In the
simulated mode the simulator stops and asks ‘‘what input for
input port X."” You input from your regular input port for any
of the 255 other input ports! Output instructions are also
simulated directly to you from the simulator. The output to
your regular output port identifies the data output as well as the
port it would have been output to. Again, don’t mistake this for
a simple program that handles breakpoints, this simulator
actually gets each instruction and runs it under simulator
control.
The SIM-1 comes pre-programmed and ready to plug into the
ALS-8 module. The ALS-8 is an integral part of the simulator

/ and must be available for its operation. (It would have been a

6K program if the customizing power of the ALS-8 hadn’t been
there.)

As you can see, this without a doubt is the most powerful
~rogram development tool that has ever been resident on an

)80 to this day. {t's running now at P r Technology and
~_sample print~0Lm$:—:hmaJe on
request ——m™ ™™™
-~ Will paper tapes of the ALS-8 software be available? We
imagine they will appear but ... using 8K of RAM to receive a
paper tape that takes the better part of a half hour to load each
time a power glitch occurs just doesn’t make a real system.
Using this module, loaded with the ALS-8 “PERMANENT
PROGRAM" will save that expensive RAM for data and devel-
opment programs as well as giving the true convenience of a
‘“turn-on-the-switch’’ system.

SOFTWARE NO. 1 FIRMWARE

We have had a number of inquiries about providing Software
No. 1 as a PROM Module, so we decided to provide one. The
Software No. 1 Firmware Module is the ALS-8's little brother.
Software No 1, as we call it, contains the basic resident
assembler, system monitor, and line oriented text editor. It has
these features: 1) Teletype oriented /O (i.e. only one I/0O
device permitted). 2) RAM resident files, perfect for small
“ograms, but difficult for files larger than about 1K Byte. 3)
‘tware No. 1 Firmware cannot assemble from files not in
1. 4) It is not upward compatible with Disc or Cassette

rat -+ ©sstems or the Simulator.

|
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SPECIFICATIONS: ALS-8, SIM-1, & SW1F
MEMORY TYPE: 4096 word Erasable PROM's
CYCLE TIME: 1.0 micro-second worst-case
ACCESS TIME: same as cycle time
POWER REQUIREMENT: +8 to 10 VDC at 300 Ma maximum,
—14 to —17 VDC at 300 Ma maximum.
BUS PINOUT: Plug-in compatible with Altair 8800 bus.
EDGE CONTACTS: 100 pins (dual 50) on .125" centers
DIMENSIONS: 5.3"” x 10.0” (13.46 x 25.4 cm)

R o
D Tl Ry

P VDM-1 VIDEO DISPLAY MODULE
uild a smart terminal into your Altair! Your Altair already
h/ the intelligence, we provide the display module. This is not a
limited “TV TYPEWRITER" but an ultra-high speed computer
llterminal built into your computer. The VDM-1 generates six-
| teen 64 character lines from data stored in the 1K Byte on-card
| memory. Alphanumeric data is shown in a 7x9 dot matrix with a
{ full 128 upper and lower case ASCI| character set. The VDM-1
; features EIA Video output for any standard video monitor. (A
| TV set can be easily modified at your local TV repair shop.)
- Multiple programmable cursors, automatic text scrolling and

powerful text editing software are included FREE! _

SPECIFICATIONS: VDM-1

CHARACTER SET: 96 character ASCII, plus control characters
7 x 9 matrix with descending lower case.

DISPLAY FORMAT: 16 lines, 64 characters per line.

DISPLAY MEMORY: 1024 8-bit Bytes LOW POWER Static
Read/Write memory

DISPLAY POSITION: Continuously adjustable, horizontally
and vertically

1/0, DATA: Addressable as a 1K page of memory, Read or
Write.

CURSOR: Solid video inversion (blinking optional) appears at
all character positions when bit 7 is high.

1/0, CONTROL: Output from CPU is one 8-bit Byte. The lower
four bits control Beginning Line Address; the upper four
bits control Beginning Display Offset. Input to CPU is a
one bit (DI), Parameter Change Ready flag.

BLANKING CHARACTERS: CR (octal 015) blanks test, ex-
cept cursor, to end of line. VT (octal 013) blanks text,
except cursor, to end of screen.

SIGNAL OUTPUT: 1.0 to 2.5 VP-P video composite, negative
sync

MONITOR BANDWIDTH: 6.0 MHz (at —3dB) required video
BW.

\\

4KRA LOW POWER STATIC MEMORY MODULE

This 4096 word read/write memory module provides faster,
less expensive, more reliable and lower power operation than
any comparabie memory module sold today.

Faster speed in actual operation results because static
memories don’t need periodic refreshing. Dynamic memories
require a refresh period at least 500 times per second. During
this period no data can be written or read from the memory and
the computer must sit idle in a “‘wait’’ condition.
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SPECIFICATIONS: 3P+S WWB — WIRE WRAP BOARD
Outputs: Two 8-bit paraliel ports, standard TTL levels, relative This is the card for all of you who do wire wrap prototyping.
addresses at 0 & 1, or 2 & 3. Now you can easily create your own custom interfaces or
One Teletype 20mA current loop output. strange “‘Kluges’’ of any kind. The WWB has a “universal”
Four EIA RS-232C outputs for serial transmit data and/or pattern of seven rows of pads on .3’ centers, so that standard
control signals. 14, 16, 24, and 40 pin DIP IC sockets can be plugged in. Power
One Peripheral Interface Control driver (PIC) 50mA current and ground are dedicated to pins 16 and 8 respectively (i.e. for
source for paper tape reader control or cassette recorder 16 pin DIP’s) but the layout is designed for fast conversion of
control. Jumper selectable to control port output. each position to other IC sizes. Up to 62 sixteen pin DIP IC’s
Inputs: Two 8-bit parallel ports, standard TTL voltage levels, can be used. An extra six wire wraps socket positions have been
input current is 0.36mA max. set aside for connections to the 8800 bus.
One Teletype 20mA current loop receiver for UART data Each WWB Kit comes with one 5 volt regulator, a heat sink,
input. and decoupling capacitors. Space is reserved on the card for two
Four EIA RS-232C receivers for received serial data and/or more regulators for positive or negative supplies.
control signals. Dimensions: 5.3" x 10.0” (13.46 x 25.4 cm)
Control: One 8-bit output port, relative card address Contacts: Gold plated, 100 pins (dual 50) on .125" centers
selectable as 0 or 2. Lower four bits for baud rate control Board Materials: 1/16"” G-10 glass-epoxy, plated through holes,
and/or EIA control outputs and/or PIC driver. 2 oz. copper: solder plated.

Upper four bits for UART control, i.e. word length, parity,
and number of stop bits. Control conditions can be
strapped on, off or to software controlled, iatched output
bits.

One 8-bit input port, relative card address selectable as O or EXB — EXTENDER BOARD

2. Bits selectable with jumpers to read UART error flags, This Extender Board makes troubleshooting and servicing of
i.e. parity, overrun, and framing errors, and/or EIA | .. 8800 compatible module much easier. With the EXB you
control inputs, and/or Data Available flags for parallel can plug in a troublesome module five inches above the Mother
;:pultl lpor:s, tandr/tor External Device Ready flags for Board so that both sides of the Board can be reached easily with
aralie! OULPUL POTLS, an oscilloscope, VTVM, or logic probe.

interrupt Control: Any control input, status flag, or UART Dimsnsiens: %e'3x 10.0” (139.46px 25.4 ¢m)
output may be jumpered to the Interrupt Bus Driver. ' contacts: Gold plated, 100 pins (dual 50) on .125” centers.

Interrupt operation requires use of a Vectored Interrupt Edge Connector: Viking 3VH50/1CV (one included).
Module to gate the Restart instruction to the processor.

Bus Pinout: Plug-in compatible with Altair 8800 bus
Edge Contacts: Gold plated, 100 pins (dual 50) on .125"

centers.
Voltage Requirements: +8 to +10VDC, +15 to +18VDC, —15 to
—18vDC
Power Requirements: 7.0W maximum, 5.5W typical at 25°C
1/0 connection: Two standard 44 pin (dual 22) edge connec- Wre

tors, .156"' centers

Package No. 1: This is the self contained Assembly Language
Dimensions: 5.0” x 10.0” (12.7cm x 25.4cm) 9 1S ! y Languag

Operating System developed and distributed by Processor
Technology for an “almost free” $3.00. The $3.00 package
includes the source listing with hexidecimal object code and
ample comments throughout. Each command is described and
six pages of sample use are included. Paper tapes of this System
were sent to Computer Clubs across the nation and are available
from them on request. Get the listing and the tape and you will
be running one of the finest Assembly Language Systems

MB-1 MOTHER BOARD
/ Don‘t worry any more about wiring hundreds of wires in
your Altair to expand the mainframe. Our single piece 1/8-inch ~ developed to date. .
thick, rugged mother board can be installed as one single Package No.2: We are working on two BASIC Language
replacement for either three or four 88EC Expander cards, so packages which should be ready by December. One will be a basic
you don’t have to replace your already installed 88EC card if BASIC needing about 8K of memory as @ minimum and the
you don’t want to. The MB-1 has very heavy power and ground other will be an Extended version with additional string manipu-

/

busses and comes with a piece of flat ribbon cable for connec- lation, matrix operations and double precision arithmetic capa-
tion to the front panel board of the 8800, a built-in bus bilities requiring about 12K. Both these packages will be
terminator, and card guide cage for sixteen plug-in slots. available in fjgad Only Memory for a reasonable price.

Specify MB-12 for replacement of three 88-EC's, or MB-1 for

nlacement of four 88-EC’s. Both are the same price. Available UU’D{Q 74,\ /%g%ﬂ
" X % Q¢
’\‘_ _

rensincs 125" x 11" 'x 145" (0.32cm x 27.94cm x
3€

R
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Up & Coming

THE NEWS IN A NUTSHELL!
The last edition of Nutshell produced an overwhelming
stream of input to our product development department. This
input did not go to thin air as you see.

MASS STORAGE

We have always wanted a low cost, reliable, fast access
storage device using standard Phillips cassettes (we bet you have
too), so we got to work and designed one — here it is! With the
CDS-Vill Cassette Data System you have computer controlled
access to 128K bytes of data within 20 seconds when using C-30
cassettes. We provide read/write electronics and transport con-
troller, Altair interface, a case and power supply, and one or
two multiple motor cassette transports plus FREE driving
software! Yes, up to two cassette drives! Two drives provide
much more powerful file handling and copying capabilities as
well as, of course, twice the storage capacity. Data can be
written and/or read asynchronously at any transfer rate up to
150 bytes/sec: at this rate 8K BASIC can be loaded in about 50
seconds! We have also included provision for use of any
read/write electronic plug-in section so that tapes using HIT,
Computer Hobbyist or Digital Group formats may be read at
lower data rates. Full details will be available in November,
1975.

PTCOS

What is PTCOS you may ask? It stands for Processor
Technology Cassette Operating System and it means a real
Operating System program based around our CDS-VIII dual
Cassette Data transport System. When operating under this
program you have true file handling power to create, delete,
edit, relocate, and copy all kinds of files (e.g. BASIC and
programs written in BASIC). PTCOS can handle multipie 1/0O
devices using a special type of file and suitable small driving
routines. At last an integrated system concept for the 8800 is a
reality! PTCOS is devilishly similar in its basic operation to an
FDOS and is upward compatible with future software devel-
opments from Processor Technology.

TTK

The True Time Keeper is alive and well but had to take lower
priority than the VDM & CDS. It will be ready about December
or January and will include standby power. Complete facilities
for vectored interrupt and the very necessary functions of a real
time clock will be included along with the month, day, hour,
minutes, seconds. . . . We're sorry it takes so long but this one is
well worth waiting for. | WANT ONE, anyone?

MMM-1
Everyone was so firm about the CDS and VDM that the
MMM’s received hardly a mention. Our business guy insists on
seeing the I WANT ONE’'S!"" before he cuts us loose. Remem-
ber these modules really will play honest music under program
control. Two tones on the first module with full program
control of amplitude and frequency. Any other ideas?

PPM PROM PROGRAMMING MODULE
Did we really ask if you wanted both or “just’’ one or the
other. We will make one of these as soon as we know the way
pricing is going to go on the 5203 and 1702A’s.

11.12

Warranty

PROCESSOR TECHNOLOGY COMPANY, in recognition of
its responsibility to provide quality components and adequate
instruction for their proper assembly, warrants its products as
follows:

All components sold by Processor Technology Company are
purchased through normal factory distribution and any part
which fails because of defects in workmanship or material will
be replaced at no charge for a period of 6 months following the
date of purchase. The defective part must be returned postpaid
to Processor Technology Company within the warranty period.

Any malfunctioning module, purchased as a kit and returned
to Processor Technology within the warranty period, which in
the judgement of P.T.Co. has been assembled with care and not
subjected to electrical or mechanical abuse, will be restored to
proper operating condition and returned, regardless of cause of
malfunction, with a minimal charge to cover postage and
handling. (This is really a good deal, we think.)

Any modules purchased as a kit and returned to P.T. Co.
which in the judgement of P.T. Co. are not covered by the
above conditions will be repaired and returned at a cost
commensurate with the work required. In no case will this
charge exceed $20.00 without prior notification and approval of
the owner.

Any modules, purchased as assembled units are guaranteed to
meet specifications in effect at the time of manufacture for a
period of at least 6 months following purchase. These modules
are additionally guaranteed against defects in materials or
workmanship for the same 6 month period. All warranted
factory assembled units returned to P.T.Co. postpaid will be
repaired and returned without charge.

This warranty is made in lieu of all other warranties
expressed or implied and is limited in any case to the repair or
replacement of the module involved.

Processor Technology
2465 Fourth Street

Berkeley,Ca.94710
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PRICE SCHEDULE effective December 1, 1975

ITEM DESCRIPTION KIT PRICE ASSEMBLED, TESTED AVAILABILITY
2KRO Erasable PROM Module $ 50.00 $ 75.00 NOW
3P+S Three Port Input/Output Module 125.00 175.00 NOW
4KRA4 4096 Word Low Power, Static RAM Memory 139.00 195.00 NOW
RAM only, 1024 x 8 25.00 —
SW1F Software No. 1 Firmware 189.00 245.00 NOW
ALS-8 Assembly Language Operating System Firmware Module 250.00 350.00 DEC. 15
SIM-1 Simulator Expansion Module 95.00 100.00 DEC. 15
VDM Video Display Module 160.00 225.00 DEC. 15
EXB Extender Board Module 35.00 45.00 NOW
B Wire-Wrap Prototyping Module 40.00 - NOW
MB-1/CC  16-slot Mother Board with Bus Terminator and
Card Cage (includes BT-1 & CC 16) 70.00 - NOW
CC-16 16-slot Card Cage for MB-1 20.00 - NOW
44PC Dual 22 pin edge connector (.156"), two required for
use with 3P+S 3.00 e NOW
100PC Dual 50/50 pin edge connector (.125"’ centers)
ONE REQUIRED FOR EACH MODULE TO
PLUG INTO 88EC or MB-1 8.50 - NOw
DB25S Socket, 25 pins for |/0 connections on 8800 rear panel 4.50 - NOwW
DB25P Plug and hood, 25 pins for cables plugging into DB25S 4.50 - NOw
TRF-1 High current transformer for PROM module replaces
T3 in 8800 5.00 — NOwW

DELIVERY: From stock to 3 weeks after receipt of order. :
TERMS: All items postpaid to U.S. and Canada if full payment accompanies order. COD orders must include 25% deposit.
DISCOUNTS: Prepaid and COD orders over $375 subtract 5%; orders over $600 subtract 10%.

Prices, specifications, and delivery subject to change without notice.

PROCESSOR TECHNOLOGY CO., 2465 Fourth Street, Berkeley, Ca. 94710 Phone: (415) 549-0857
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INCLUDE 25% DEPOSIT.

MASTER CHARGE ACCEPTED. (MINIMUM $25.00)

NUMBER AND EXPIRATION DATE:

SIGNATURE
NAME

ADDRESS

STATE

CITY

i

ZIP,

5

PRODUCTS ON REVERSE SIDE.

PLEASE COMMENT ON
PRESENT AND FUTURE
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HowFarCanYouGo

3P+S Input/Output Module

Our 3P +S5S isa simple inexpensive answer
to handling a variety of peripheral devices.
It has two 8-bit parallel I/O ports, with full
handshaking togic. Plus, it has a serial I/O
port, with a data rafte range from 35 to
Q600 Baud. Smultaneously handle a paper
tape reader, a keyboard, a TV terminal, a
tape punch, and a telephone coupler!
Available with premium grade low-profile
IC sockets, $149. Owner's Manual, $4.95*

Just turn on the switch, and instantly you
have the power to write, edit, assemble,
de-bug, and run your own programs.

The ALS-8 is the most useful software
development tool available today. Optional
firmware indudes SIM-1, an interpretive
simulator, that simulates programs without
running them in real time. Thus, errors
encountered during testing do not endanger
your entire system. The TXT-2 firmware adds
the dimension of text editing. Insert, delete,
move entire lines or single characters, and
much more! ALS-8 (assembled only), $425.
SIM-1, $95. IXT-2, $95.

VDM Video Display Module
If you're sefting up just the system you really
want, don't fall short by limiting its com-
municating ability. The VDM-1 is an ultra-
high speed video output device. Its 16 display
lines have 64 characters each, upper and
lower case. 1024 bytes of random access
memory are on the card. It scrolls up or
down, even to 2000 lines per minute! Any
combination of the 1024 cursors can be
displayed as black-on-white or vice versa.
Free terminal mode software is included,
along with premium grade, low-profile
IC sockets. $199. Owner's Manual, $4.95?

8KRA Static Memory Module
We now offer a low-power static memory
module, with a full 8192 bytes of memory.

Find out-by adding 8080 compatibl.

It has an exclusive KSET™ address selection
DIP switch, so you can conveniently set
address boundaries in increments of 1K
Our low-power RAM's typically require one-
third less power than those commonly used
by our competitors. They'll even retain
memory for 4-5 hours when powered by
two "D" flashlight cells. On-board recharging
circuitry and battery connectors malke it
possible to protect your data against sudden
power loss. Each RAM has its own IC socket
too, for easier assembly and repair. $295.
Owner's Manual, $4.95*

2KRO EPROM Module
The 2KRO Read Only Memory will accept
up to eight 1702A or 5203 EPROM's (not
included), providing 2048 eight-bit words
of non-volatile storage for monitor,
executive, loader and other programs.
Programming services available from your
dealer or write us for details. $65.
Owner's Manual, $4.95*

4KRA Static Module
The 4KRA (4096 bytes) was our first static
memory module. It’s still very popular, and
uses the same low-power static RAM's as the
8KRA. Plus, we've added a DIP switch, and
every RAM now has its own premium grade,
low profile IC socket. On-board recharging
circuitry (with battery backup) makes it
possible to retain memory for 8-10 hours
during power failure. $159.
Owner’s Manual, $4.95*

MB-1 MotherBoard
Qur single piece Mother Board for the Alrair 8800
gives you 16-card capacity in one single instaliarion

Availoble with 12 (MB-12) or 16 (MB-1) slots. $70.
(Discontinued; imited to stock on hand.)

Wire Wrap Board
Do your own wire wrap prototyping with the WWD

Wire Wrap Board. Up to 62 16-pin sockets or vorious
combinations of 14. 16. 24 and 40-pin sockers. $40.

EXB ExtenderBoard

The EXB Extender Board allows accessibility in servicing
any 8080-compatible module. $35.

*Fully descriptive Owner's Manual available
separately. Price refundable with purchase of kir
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Whether your minicomputer system
is Sol, IMSAI, or Altair, its real
capabilities depend on what
goes inside. Processor Tech-
nology Corp. now offers a
full line of 8080-compat-
ible components. From

fine static memories ~
to @ unique assem- %
bly language
operating
system. We
also have a
variety of
useful
software
packages, SRR, M N : : S L T -
available BT TN, : e o U ¢ WWB
for little N, N S 121" i8] ;

more
than
copying
costs.

Kit Prices
are shown,
and they
include the
Owner’s Manual.
Assembled units
available af slightly
higher prices.

Write Us for further details on all our
8080-compatible products, and for the
dealer nearest you.

6200-V Hollis Street
Emeryville, CA 94608
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! The first

As you thumb through this maga-
zine, you'll see a lot of ads for small
computers. For $600 you can find a pretty
good box with a power supply, four slot
mother board, CPU module, and all the
expected lights and switches.

But you know what? It won’t work.

That's because in order to make the
computer go you have to buy memory —
normally both read-write (RAM) and read-
only (PROM), interfaces to the outside
world (parallel, serial, and cassette),
keyboard, video display module, and
software.

Add this all up and it's going to cost
you at least $1,400 for a complete system.

Got the picture?

Now listen to this. The remarkable
new Sol-20 Terminal Computer will give
you all of the above...plus more!...as
standard equipment for just $995, in kit
form. This is because the Sol-20 —like no
other small computer—was designed
from the ground up to be complete.

Here’s what the Sol-20 includes as
standard equipment:

e 8080 microprocessor.

 Video display circuitry.

» 1024 words of static, low-power RAM.

e 512 words of preprogrammed PROM.

e Custom 85-key solid-state keyboard.

» Audio cassette tape interface.

e Both parallel and serial interfaces and
connectors.

e Power supply.

» A beautiful case with solid walnut sides.

e« Software that includes a preprogrammed

N PROM personality module and a cas-
sette with BASIC-5 language plus two
sophisticated computer video games.

o Full expansion capability with all $-100
bus (Altair/IMSAI/PTC bus) products.

complete small
computer.

It's a handsome terminal or
computer that will even look good in your
living room or office. Small systems start
at just $475.

Full expansion capability

The Sol-20 system can be tailored
to your applications using the complete
line of peripheral products from Processor
Technology. These include the video mon-
itor, audio cassette and digital tape sys-
tems, dual floppy disc system, memories,
and interfaces. .. plus all other peripherals
compatible with the S-100 bus.

The Sol-20 greatly simplifies the
computer-buying process. It's a splendid
package that will excite both present and
prospective computer owners.

Our brochure tells all. Write for
it today.

Processor Technology, 6200 Hollis
Street, Emeryville, CA 94608.

(415) 652-8080.

---------

,,,,,,

The W82
Sol-20 expandable
system.

(D=8
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Introducing Sol Systems

A complete computer/terminal
concept with dll the | |
standard features, software
and peripheral gear you

want in your

personal computer.

BYTE December 1976
PP. 71-76
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Sol Systems put it all together.
One source for hardware and software.

One source for

engineered compatibility
of computer and peripherals.

That’s the Sol plan.

Though the microprocessor made the
powerful small computer possible, a lot of
folks found out early efforts in the market-
place were selling the sizzle a lot more than
the steak. After an initial investment of sev-
eral hundred dollars, you ended up with
some nice parts, but no memory of any kind,
no I/O devices or interfaces, no display, print-
out or software.

The Sol plan ends all that. Processor
Technology takes the position that it's far
better to be right than first. So let's get down
to the Sol no tricks plan.

For $995 in kit form, the first complete
small computer

Standard is a basic word at Processor
Technology. The Sol-20 has more standard
features than any other small computer we
know of. Here's what you get.

8080 microprocessor* 1024 character
video display circuitry* 1024 words of static
low-power RAM* 1024 words of prepro-
grammed PROM* a custom, almost sensual
85-key solid-state keyboard* audio cassette
interface capable of controlling two record-
ers at 1200 baud* both parallel and serial
standardized interface connectors* a com-
plete power supply* a beautiful case with
solid walnut sides* software which includes
a preprogrammed Prom personality module
and a cassette with Basic-5 language plus
two sophisticated computer video games*
the ability to work with all S-100 bus
(Altair 8800/IMSAI/PTC) products.

There are no surprises. Everything
you need to make it work is here. In kit
form, nominal assembly time from our fully
documented instructions is four to seven
evenings.

Or start with the Sol-PC for just $475
You can begin your Sol system with the
all on one board Sol-PC kit. It has all the

memory and interface electronics including
video display, keyboard interface, audio
cassette interface, all necessary software
and the ability to accept the full Processor
Technology line of memory and interface
modules. Use the Sol-PC as the basis of a
microcomputer, low cost CRT terminal or
editing terminal

And these specs are standard

Display: 16 lines of 64 characters per line.
Character set: 96 printable ASCII upper
and lower case characters plus 32 select-
able control characters.

Display position: Continuously adjustable
horizontally and vertically.

Cursor: Selectable blinking. Solid video
inversion. Programmable positioning standard.
Serial interface: RS-232 and 20-mA current
loop, 75 to 9600 baud, asynchronous.
Parallel interface: Eight data bits for input
and output; output bus is tristate for bidirec-
tional interfaces; levels are standard TTL.
Keyboard interface: Seven-level ASCII
encoded, TTL levels.

Microprocessor: 8080, 8080A, or 9080A.
On-card memory: 1024 bytes PROM (ex-
pandable to 2048 bytes), 2048 bytes RAM.
External Memory: Expandable to 65,536
bytes total ROM, PROM, and RAM.

Video signal output: 1.0 to 2.5 volts peak-
to-peak. Nominal bandwidth is 7 MHz.
Power required (£5%): +5 volts at 2.5
amperes, +12 volts at 150 mA, and —12
volts at 200 mA.

The Sol plan, completely expandable.

By filling the basic main frame with
tailor made Processor Technology plug-in PC
boards, you can really expand the computing
power and flexibility of your Sol-20 Personal
Computer.

New items are being announced fre-
quently, but right now, here are some of the
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things you can add to your Sol-20. The

ALS-8 Firmware module is an assembly
language operating system to give you the
power to develop and run programs. Use

't to quickly write, edit, assemble, de-bug
and run your own programs. Some say it's
the most useful software development on the
market today, but modesty prohibits.

And when it comes to add-on memory
boards, you've come to the right place.
We’'ve probably got more than anyone else.
Choose from 2K ROM or 4, 8 or 16K RAM
(read all about the 16KRA board on the last
page of this ad). The PT 2KRO will accept
up to eight 1702A or 5203Q erasable,
reprogrammable memories (EPROM’s) with
the ability to store in a non-volatile fashion
up to 2048 eight-bit words.

Our read/write memories are the
industry standards for high reliability. We
know, because we have literally scores of
customer letters saying “Your memory
modules work and keep on working.”

To help you solve additional interfac-
ing problems, add the 3P+S 1/O module.
Here's a board with two 8-bit parallel 1/0O
ports with full handshaking logic and a serial
data rate that can be set anywhere between
35 and 9600 baud. Set up control conditions
for both parallel and serial ports. Data and

rror flags can be polled.

A full line of Sol-20 tailored peripherals

No computer can do the full job with-
out the right set of peripheral gear. PT has
sought out the best manufacturers of periph-
eral equipment and worked with them to
give you a choice of quality so you can get
the most out of your Sol-20. Choose from
line and serial printers, perforated tape
readers and punches, floppy disk memories,
black and white or color graphics displays,
A/D, D/A converters and more.

Software, the Computer
Power Essential

A big part of making the first complete
small computer is providing you with a wide
range of easy to use, easy to obtain, low cost
software. For the Sol-20, we’ve developed a
whole group of offerings. And more are on
their way.

TREK 80
Based on the NBC television series
~olARTREK, this 8K assembly language pro-
gram uses the VDM graphics capability for
real time war with the Klingons. No holds

barred, they're out to get you from each of
the 100 quadrants. TREK 80 resides and
runs in 8K of memory and requires the PTC
Sol or VDM-1.

New PT 8K Basic

Processor Technology has the fast new
BASIC you've needed for so long. Using our
superior BCD math, the speed of the new
language is double that of our own fast
BASIC-5. To multiple program capability,
we’ve added strings, multidimensional arrays
and multi-line, multi-variable, user functions.
This is the BASIC for full capability systems. -
Look at the BUSINESS ANALYSIS program
example in the manual to find out how PT 8K
BASIC gives you more while using less
memory for the working program.

Five reasons why it's so good

1. Strings are not limited to a length of 256
characters and can extend to the bounds
of memory.

2. Renumbering of lines with full gosub, etc.
updating. Also EXAM and FILL allow for
direct memory operations while IN and OUT
provide direct I/O capability.

3. Every statement is fully implemented.
RESTORE, for instance, restores the data
pointer as usual. BUT, with PT 8K BASIC,
RESTORE 100 will set the pointer to the
data located at line 100.

4. Fully implemented string and math func-
tions include all of the standards — VAL,
STR, ASC....EXP and LOGI and LOG. Also,
the more advanced statements such as ON-
GOTO and IF THEN ELSE along with a loop
EXIT are provided.

5. PT 8K BASIC has a ‘perfect’ implemen-
tation of PRINT USING which saves program
memory space while still providing more
capability than the usual PRINT USING.

The new PT 8K BASIC is similar to the
version we're developing for ROM. You use it
here before buying the more expensive ROM.

You'll find your PT 8K BASIC also
includes both a built-in VDM driver and
special editor. The cassette version also
includes named program SAVE and LOAD for
the CUTS Cassette interface or Sol.

New 8080 FOCAL™™¢

8080 FOCAL has been updated to
include operator precedence and all other
standard FOCAL conventions. It also has a
driver for VDM-1 display and PT Cassette
program SAVE and LOAD This version is
available only on CUTS Cassette and resides
in 8K of memory.
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GAMEPAC 1 to entertain family and friends
Show off your VDM-1 and computer
with this lineup of video games. Each
is included on the cassette or paper tape.
TARGET keeps track of your hits and
misses while you blast away at the moving
target. You and your family can get together
for whole evenings at a time with this one.
ZING. Learn hexidecimal arithmetic
fast with this VDM game as two players keep
the five balls in the air. If both of you get too
good . .. ZING, of course, will make it harder.
LIFE. The Sol or VDM makes a good dis-
play for the game of life and this version
allows two modes of operation. The universe
can be flat or wrapped around on itself.
The real meaning of life we’ll leave to you

but it's fun to watch.
PATTERN. We haven’t figured this one

out ourselves but it's sure nice to have your
computer doing it. You choose the geometric
design and how rapidly it changes.

Sol Systems Price List

(prices are net, etfective Dec. 1,1976)

SOFTWARE
CUTS Paper

ITEM with manual Source cassette tape
BASIC 5 software

#2 yes **  $19.50
8K BASIC no $29.00 $37.00
New 8080 Focal no $1450 N/A
TREK 80 video

game no $ 9.50 $14.50
GAMEPAC 1

video games no $ 9.50 $14.50
MATHPACK video

calculator yes $1450 $19.50
ASSEMBLER

software #1 yes $14.50 $19.50

**CUTS cassette of BASIC 5 is included FREE with oll orders for So!
units or CUTS cassette interfoces. Additional cassettes availoble
for $14.50.

Sol system owners be sure to note Sol
system on your order. These special versions
use less code and provide easier loading
along with more convenient operation.
SOLOS, SOLED and CONSOL all have provi-
sion for the special versions.

All Processor Technology software is
distributed on an individual sale basis for
personal use. No license to copy, duplicate
or sell is granted with this sale. Each software
package has been copyrighted by Processor
Technology and all rights therein are reserved.
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Sol Terminal Computers

SOL-PC SINGLE BOARD TERMINAL
COMPUTER™

Kit Price

$475.*

SOL-10 TERMINAL COMPUTER™
Sol-PC with case, power supply
and 70 key solid state keyboard.  $795.*

SOL-20 TERMINAL COMPUTER™
all features of Sol-10 with larger

wer supply, 85 key solid state
eyboard, fan, and five slot
expansion backplane.

*Sol prices include CONSOL
Personality Module. If SOLED Intelligent
Editing Terminal Module or SOLOS Stand-
alone Operating System Module is desired
instead, add $100. If ordered separately,
personality modules are $150 each.

$995.*

Memory Modules Kit Asmbid.
ALS-8 PROM Resident Assembly

Language Operating System — $425
SIM-1 Interpretive Simulator :

add-on option for ALS-8 — $ 95
TXT-2 Text Editing add-on

option for ALS-8 — $ 95

2KRO Erasable PROM module $ 65 $ 89
4KRA 4096-word Low Power

Static RAM $159 $195
8KRA 8192-word Low Power

Static RAM $295 $375
16KRA 16384-word Dynamic

RAM — $529
Interface modules
3P+S Parallel, Serial 1/0

module $149 $199
CUTS Computer Users Tape

System cassette interface $ 87 $119
VDM-1 Video Display Module  $199 $295

Mass Storage Systems

Helios Il Disk System™
includes dual PerSci 270
floppy disk drive, cab-
inet, fan,S-100 bus compatible
controller, power supply, sys-
tem diskette with complete

PTDOS software $1895 $2295
Misc.
EXB Extender Board $ 35 $ 45
WWB Wire Wrap Board $ 40 —_

Prices, specifications and delivery
subject to change without notice. Please allow
up to two weeks for clearance of personal
checks. Mastercharge accepted. All orders
amounting to less than $30 must include $3
for handling.
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fully assellnbled,

$529

More bits per buck than ever before on a
fully burned in and tested board uncondi-
tionally guaranteed for one year.

Processor Technology made the first
4K static RAM modules for the home com-
puter market. Now in a price performance
breakthrough we offer you a 16,384 byte
dynamic memory module assembled, tested
and burned in. Not a kit—and at $529
who'd want to build it from scratch?

Processor Technology gives you the features
to make 4K dynamic RAMS work for you.

¢ Invisible refresh, no waiting while
CPU is running.

» High speed 400 usec access time worst

case Z-80 and 8080 compatible.

Processor Technology Dealers

CALIFORNIA

The Byte Shop
1514 University Ave
Berkeley CA 94703

The Byte Shop
2559 South Bascom Ave
Campbeil CA 95008

The Computer Mart
624 West Katella #10
Orange CA 92667

The Byte Shop
2227 E! Camino Rea!
Paio Alto CA 94306

The Computer Center
8205 Ronson Road
Scn Diego CA 92111

The Computer Store

of San Francisco

1093 Mission Street
San Francisco CA 94103

The Byte Shop
509 Francisco Bivd
San Rofoel CA 94901

The Byte Shop

3400 El Camino Real
Santa Clara CA 95051
The Byte Shop

2989 North Main St
Walnut Creek CA 94596

FLORIDA

Microcomputer
Systems Inc

144 So. Dale Mabry Hy.
Tampo FL 33609

GEORGIA

Atlanta Computer Mart
5091-B Buford Hwy.
Atlanta GA 30340

ILLINOIS

The Numbers Rocket
518 East Green Street
Champaign IL 61820
ity bitty

machine co, inc
1316 Chicoge Ave
Evanston IL 60201

The Chicago
Computer Store

517 Tolcott Road
Park Ridge IL 60068

INDIANA

The Dota Domain
111 South College Ave
Bloomington IN 47401

MICHIGAN

The Computer Store
of Ann Arbor

310 East Washington
Ann Arbor M| 48104

1 =21

* Versatile addressing, each 4096 byte
segment is individually addressed to
any of the sixteen available 4K
segments.

* Low power —typically 5 watts when
running — the same as most 4K
memory modules.

* BATTERY BACKUP capability built-in
for standby operation.

* IMPORTANT NOTICE—No 16K
memory module available is fully,
truly static. 4200/4402 type “static”
RAM’s have high level, high current
clocks with high transient power
levels. Any RAM with 12 volt 30 mA
clock pulses should not be called

“STATIC" just because each memory
cell is a flip-flop.

Specifications

Access Time

400 nsec max

Intel 2104 or Mostek 4096

+7.5t0 10 VDC at 0.4 A typical

Cycle Time 500 nsec max
Rams Used
types
Capacity 16384 8-bit bytes
Memory
Protect standard on card
Addressing each 4096 byte page
addressable
Operating
Power

+15t0 +18 V at 10 mA typical
—15to —18 VDC at 20 mA max

The new Processor Technology 16K
board is available for immediate delivery.

See your nearest dealer listed below or

contact us directly. Address Processor Tech-
nology, 6200 Hollis Street, Emeryville CA
94608, Phone 415/652-8080.

NEW JERSEY
The Computer Mart

.of New Jersey

151 Kline Boulevard
Colonia NJ 07067

Hoboken Computer Works
56 Second Street
Hoboken NJ 07030

NEW YORK

Audio Design Electronics
487 Broadway, Ste. 512
New York NY 10013

The Computer Corner

200 Homilton Ave

White Plains NY 10601

The Computer Mart

of Long Island

2072 Front Street

East Meadow, L.I. NY 11554

The Computer Mart
of New York

314 Fifth Ave

New York NY 10001

Synchro Sound Enterprises
193-25 Jomaica Ave.

Hollis NY 11423

OREGON

The Rec! Oregon
Computer Co

205 West 10th Ave
Eugene OR 97401

RHODE ISLAND

Computer Power, Inc.
M24 Airport Mall
1800 Post Road
Warwick RI 02886

TEXAS

The Micro Store

634 South Central
Expressway
R:chcrdson TX 75080

WASHINGTON

The Retail Computer Store
410N E. 72nd
Seattle WA 98115

WISCONSIN

The Milwaukee Computer Store
6919 W North Ave

Milwaukee Wi 53213

CANADA

The Computer Piace

186 Queen St West

Toronto, Ontario M5V 121 .
Trintronics

160 Elgin St

Ortawa, Ontario

[OptE=
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DESIGNING CONIUMLER-

SYSTEM PERIPHERALY

INTELLIGENT-TERMINAL DESIGNERS
OPT FOR 8080-COMPATIBLE CIRCUITRY

by Lee Feisenstein and Robert Mersh

Because the “home computer™ serves a consumer market,
both it and the peripherals designed for use with it must ex-
hibit high-volume production and adequate customer sup-
port. With these fundamental requirements in mind, we
designed the Sol product line to simultaneously meet the
needs of two applications. Both Sol-10 and Sol-20 function

as intelligent termunals—each unit lacks only a CRT monitor.
Additionally, Sol-20 incorporates a power supply and expan-

sion chassis, which with adequate memory allow it to oper-
ate as a stand-alone computer. And the system’s basic elec-
tronics, housed on one board and designated Sol-PC, serves
OEM applications that require a single-board computer.

To provide Sol with the required customer support, we
developed Basic and Focal language packages as well as ap-
plication and game programs. We also developed two ROM-
resident programs—Solos, which optimizes Sol-20 functions
for stand-alone computer applications, and Soled, which im-
plements the functions of an intelligent terminal on either
Sol-10 or Sol-20.

Lee Feisenstein /s the founder of LGC Engineering,
Berkeley, CA, and a consultant to Processor Technol-
ogy, Emeryville, CA. Robert Marsh /s vice president
of Processor Technology.

All of these actions hinged on one major development in
the hobby-computer market. Withun the past year, several
peripheral-interface and memory kits have appeared, each
of which utilizes the “hobbyist,” or S-100, bus structure
used in several 8080-based computers. To take advantage
of such kits, we decided to design the Sol farmuly around
this same S-100 bus structure. In essence, Sol is the combi-
nation of a microprocessor circuit with several S-100 peri-
pheral modules.

implementing the design
As initially conceived by one of us (Marsh), Sol consists of
a typewriter-sized cabinet on whose flat top a video monitor

can rest (Fig 1). One 10" x 16" PC card contains all elec-
tronics except the unit’s keyboard and power supply, and
the video signal generated by the device serves any EIA-
standard monitor. A PC edge connector on the board ac-
cepts a backplane daughter board that holds as many as five
S-100 cards. All I/0 connectors, also available on the rear
edge of the PC card, are accessible from the cabinet’s rear.

To implement this basic structure (Fig 2), we buffered
the system’s 8080 address and data lines to the circuit and
bus connector through tri-state drivers, much as do other
S-100-type processors. Next, we paralleled two unidirection-
al data buses to form a bidirectional bus and thereby elimi-
nated the need to run eight additional lines around what
promused and proved to be a very crowded card. We also
connected a 4-input multiplexer to select data input to the
processor from the keyboard port, the paralle] port and an
internal data bus, as well as from the external data bus.

We created the internal bus as a umidirectional circuit
for low-drive, on-card memory and I/O devices that cannot
meet the heavy dnive requirement of the full external data
bus; it allows maximum utilization of the tri-state capabili-
ties of the universal asynchronous receiver/transmitters
(UARTSs) used in the senal and tape channels. The flag and
status outputs of these devices arrive in paralle] at the 8080
chip: port addresses from the board’s address decoder sec-
tion enable the outputs. The decoder also controls the mul-
tiplexer’s switching: default direction comes from the sys-
tem’s external bus. We defined the 4K bytes of memory in
Page C (hugh-order hex digit of the address) as on-card mem-
ory, divided between 2K of ROM, !K of RAM and 1K of
*“visible RAM” 1n the video display circuit.

The display section treats its RAM as 2-port memory:
the processor has the highest prionity. We placed the second
port under control of the screen refresh circuitry, which calls
up data as required for conversion by the character-genera-
tor ROM into video signals for display. We didn’t connect
the video display section to the internal bus because we felt
we had to allow for its being loaded directly from an exter-
nal DMA device, which can gain control of the data bus but
not the internal bus. We made the data bus the source of all
data fed to memory and 1’0, both on-ard and off, the only
other data input to the processor from on-card circuitry
through the data bus comes from the sen:e switches, an 8-
wide DIP array that lets the CPU sense an alterable para-
meter byte under program contro! through input port FF

We derived board timung from a 14.31818-MHz crystal
oscillator, the frequency, four times that of the NTSC color
burst, provides compatibility with color video graphics de-
vices. This **dot clock™ goes to an external connector and
feeds the output shift register and character divider of the
video display section as well as the 8080 clock divider. We
configured the clock circuit using MSI and SSI TTL chips
rather than the Inte] 8224 LSI chip to allow for several se-
lectable microprocessor clock rates; that way, we can retro-
fit hugher-speed processor chups into the same board. When
designing the clock. we took care to ensure non-overlapping

Fig 1 Housed in 3 typewriter-sized csbinet on
which 8 CRT monitor can sit, Sol-20 contains

all circuitry necessary to function either as an
intelligent terminal or a stand-alone computer.
The system’s designers chose to tigure it
around the "‘hobbyist,” or S-100, bus structure
used in several 8080-based computers; Sol is
besically the combination of several S-100
peripheral modules with 8 microprocessor circuit.
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This is the first issue of our new newsletter distributed solely to

retail computer stores.
fide retail computer stores.

PCR will be mailed monthly and is free to bona
In the newsletter we will try to give you

advance notice of all Processor Technology ads in national magazines as

well as the latest dope on new products.

We will use PCR as a medium for

discussion of detailed specifications, selling points, competitive compar-
isons, price changes, and special promotions as well as for quasi philo-

sophical diatribes on business policy
We believe you will find the PCR

whether or not you are a Processor Technology dealer.

welcomed and encouraged since we hope
communication.
where we will gladly respond in print
and policies. Yes, we'll even answer

and general P.R.

an invaluable source of information

Your responses are

to make PCR an interactive medium of

In this vein take note of our Q &€ A column on page 7

to your questions about PTC products
the nasty ones!

SOLOS?-
CUTER?-
GPM?

What Is Going On?

Many of the PT dealers have long
ago seen most of the software pack-
ages we recently advertised. Each
package, in one form or another, has
been fully implemented and essential-
ly ready for delivery for a number of
months. Why then have we created the
two month void by not delivering?
Quite simply the answer is: Real Sys-
tem Thinking.

The advent of the So0l-20 and
CUTS cassette board opened an oppor-
tunity to at long last provide a

~ftware configuration that allows
~ a major step forward in standard-
._ation. Think about it.

Someone using a parallel output

keyboard with the 3P+S had a hard

time getting status at port @ and data
at port 1.

Bootstrap loaders for paper tape
had to assume the user had memory at
some location outside of the area re-
quired by the program. (For the
paper tape version of TREK 80 we put
the loader on the VDM screen!!)

The Sol System, however, has
clearly defined I/0.

# for Keyboard and Display

1 for Serial IN and out

2 for Parallel

3 for user defined
These numbers are used with the SOLOS
"SET" commands to dynamically deter-
mine I/0. And, the Sol System always
has available memory (1K worth) at
C8P@. In addition, the Sol System
has a cassette tape interface ready
and willing to load or save programs.

As SOLOS became a reality, we
discovered a method of using the CUTS
board and CUTER software to make the
"other" brands' mainframes almost as
easy to use as the Sol.

CUTER defines the 3P+S Ports in
a manner similar to the Sol I/O0.
CUTER allows the user to have key-
board, serial and parallel I/0 on the
3P+S just as with the So0l-20.

(cont. on page 2)
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Going On?

But, more important, CUTER al-
lows our software to run on any
machine even though we designed it
for the Sol System running SOLOS!!

Was it worth the delay?? Yes,
indeed!

Now for the Important Details

In case you haven't received it
yet, SOLOS (CUTER, too) features 18
commands to provide super-convenient
operation of the computer. Standard-
ized Input/Output, Variable Display
Speed and complete tape load and
store provisions are some of the
highlights. And, buried deep within
the code are routines that provide
BYTE BY BYTE access to the cassette
tape data. SOLOS handles two buf-
fers to read blocks of tape while the
user calls for data one byte at a
time!

Using this feature, Sol BASIC-5
allows the user to:

10 READ #1; A,B,C

20 PRINT #23; A*2, B/C
But the "other brand" user must have
CUTER to use these features.

CUTER is provided on a cassette
tape for $11.00 with each CUTS pur-
chase. It loads to ANY selected
memory address using a short boot-
strap loader. Then, when the user
loads a P.T. program he places his
selected address into the loaded pro-
gram. (We assume address C@@P and
the programs are provided with this
address.)

CUTER assumes I/0 is provided by
a 3P+S but can be modified for less
conventional boards. A very new good
VDM-1 driver is also resident in
CUTER.

Wouldn't it be nice if everyone
had a 3P+S, VDM-1 and CUTER IN ROM at
CPpp? Well....the March issues of
the magazines will announce the

Processor Technology GPM (General
Purpose Memory) in a very special

way. Here's how it goes.
The GPM has space for ROM, PRC(
and RAM. The GPM is given FREE wit.

CUTER in ROM right at C@@@2 and 1K of
RAM starting at C8@82.

Have we lost our bananas?

Actually, we lost them a long
time ago but the GPM is FREE only
with the purchase of a SUBSYSTEM "B"
and the SUBSYSTEM "B" is the keynote
of our forthcoming ads.

The user buys a 3P+S, VDM-1,
CUTS and any one of the PTC Memory
Boards as a SUBSYSTEM "B". The total
price is exactly the sum of the in-
dividual prices. The GPM, CUTER ROM
and 1K of RAM is then absolutely
FREE.

The March ads for the Subsystem
will create a little confusion be-
cause they refer to a "bootstrap"
loader instead of CUTER. CUTER is
provided!! This error is corrected
in the April '77 issue.

If the entire Subsystem "B" is
not needed, the price of the GPM with
CUTER AND RAM is $129.00 Kit or
$169.00 assembled.

The GPM can be ordered without
CUTER and RAM for $89.00 Kit, $100.00
assembled for use in Sol Systems.

About Deliveries

Delivery of the GPM is solely
dependent on our receipt of the CUTER
ROM. For this reason each SUBSYSTEM
"B" will be shipped with a mailing
card for the buyer to receive his
ROM. We have been promised 5-week
delivery on the ROM's so please ex-
pect at least seven weeks per the
usual.

The GPM is general purpose for
another very special reason. The
ALS-8 ROMS are now available and they
reside on the GPM right along with
CUTER.

The ROM's are sold separate of
the GPM and are priced as follows:

ALS-8 $159.00 6144 bytes of RCM
SIM-1 &
TXT-2 60.00 2048 bytes of ROM

2)

™

(cont. on pag



1 EPT 1 =' 25

What Is
Going On?

Thus the price for the ALS-8, SIM-1,
TXT-2, CUTER and 1K of RAM is $348.00
when not purchased with Subsystem
"B", but for use in NON-Sol main
frames.

Note: Subsystem "B" purchasers
need only buy the ROM's. The GPM is
free with their Subsystem purchase.

The GPM module will fit in the
S0l-10 cabinet without a backplane,
as well as into all other S-100 com-
puters. Don't forget the Sol version
GPM is $40 less than the Subsystem
"B" version.

The First Issue Of

Processor Technology

ACCESS
Is InThe Mail

This is the "technical news-
letter" we referred to in our Fall
'76 new product flyer. We think you
will find the ACCESS an extremely
valuable information source. Yearly
subscriptions are $4.00 for 8 issues.
The order of distribution will be as
follows:

1) paid subscribers

2) complimentary copies to
retailers and trade press,
simultaneous with No. 1
newsstand copies to re-
tailers, about one week
after Nos. 1 and 2
Newsstand copies are distributed free

Y Processor Technology dealers to
sold for 75¢ per copy. Other re-
tail computer stores or suitable out-
lets may purchase the ACCESS from us
for 30¢ each--minimum order $30.00,
i.e., 100 copies.

3)

New Small Computer

Catalog Available -
22 Pages!

PTC's new color catalog is cur-
rently being distributed to all of
our retail outlets. You should find
these beautiful catalogs more than
helpful in explaining the features of
PTC equipment and software. We do
not charge stores for these catalogs.
The decision whether or not to charge
customers for these catalogs is left
up to each individual store owner,
but we recommend that they be given
out free to "qualified" customers.
Initially we will be quite liberal
with the number sent to each store.
Expect us to get "uptight", however,
when you have distributed 1000 cata-
logs, sold only three Sol-20's, and
want more catalogs.

The March-April issue of PERSON-
AL COMPUTING MAGAZINE will contain
the entire PTC catalog. Since most
present personal computer owners get
a copy of PERSONAL COMPUTING one way
or another, the demand for actual
catalogs from retail stores will be
somewhat reduced.

TV/Monitor

The new catalog announces for
the first time our PT-872 Video Moni-
tor/TV Set. This is a Panasonic TV

- modified for selectable Monitor or

Televigion operation. We added the
unit to our line as a customer serv-
ice to provide an excellent quality
monitor at $199.00. Because of the
Customer Service aspects and because
$199.00 is very close to the retail
price, the net discount for P.T.
Dealers has been set at 25% regard-
less of quantity. Also, to limit our
processing costs further, please
place your PT-872 TV/Monitor orders
along with regular orders.
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Diatribe Department

You too can have your name in
print when you become the famed
author of a PCR Diatribe. This
month we will monopolize the column,
but we would really enjoy printing
guest Diatribe editorials written by
you. Send your double-spaced type-
written manuscript to PCR's Robin
Content, Diatribe Dept.

Real System Thinking-
This Month’s Diatribe

A wise o0ld sage named Anon once
said "A mess of parts doth not a com-
puter make." Anon was once also
heard to utter the timely phrase

neither do working hard, firm, or
soft-ware a Real System make."

Real Systems are more than a
stack of different modules plugged
into a main frame. Real Systems are
more than a consistently interfaced
and reliably connected group of peri-
pherals. Real Systems are more than
a series of different debugged pro-
grams that run on a given set of
hardware.

So far the personal computer in-
dustry and the "movement" as a whole
have shown a decided lack of system
thinking. Home computers typically
grow erratically and contain an ec-
lectic blend of modules and programs
from many sources that rarely work
together without substantial modifi-
cation. Usually the modification
process is ongoing and continuous SO
that pever is one guy's rig com-
pletely cdmpatible with another's.

Much of the incompatibility
problem has been created by manufac-

urers, PTC among them, who have not
peen able to get together with their
competitors to agree on standardiza-
tion of I/0 or software. The prob-
lem derives though, not from this

seemingly inevitable inability to
standardize, but from non-system
thinking.

What is system thinking? Syster
thinking's number one principle is
"All system elements must always be
compatible with all other elements."
To the system owner and user this
principle implies that his system
should be:

1) consistent and reliable

2) easy to operate

3) easy to expand (or reduce)

4) easy to repair and maintain

5) easy to link to ether
systems

To the system designer and manufac-
turer this principle implies that his
system should be:
1) conservatively rated,
software too!
2) designed with strong
user input and feedback
3) modular
4) pluggable, unpluggable,
as simply as possible
5) conventionally interfaced
whenever possible

What makes a Real System? Rea’
Systems, i.e., real Computer system
always have these five elements:

1) Human Being(s) for and

with whom the computer
is working--the most
important element

2) Hardware, everything you

can touch, even if you
shouldn't

3) Software, everything you

can't actually touch
that must be there for
the system to function
4) Manufacturer(s) and De-
signer(s), they've got
to support Nos. 1 and 5
as well as crank out
Nos. 2 and 3 in volume

5) Sales and Service people,
hopefully they will be
organized and take prime
responsibility for solv-
ing No. 1's problems.
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Notice that most of these sys-
tem elements are people not products.
Real Systems must have organized
people backing them up. The people

hat made the machine had better be
\_capable of fixing it or you will cer-
tainly never be able to fix it. The
people who wrote the systems soft-
ware had better be able to listen to
you and -maintain and improve their
programs or you won't be able to
adapt, not even if you have a rare
source listing. In general, they
had better be able to help you solve
your problems.

As for the hardware, all ele-
ments including CPU, memory, input/
output, expansion interfaces, key-
board, and power supply must be de-
signed together in as simple a man-
ner as possible without sacrificing
versatility and the virtually certain
necessity of future expansion. All
of these elements must be both simple
to operate and simple to build, test
and repair. External peripheral de-
vices should always be "plug-in-able"
using commonly available connectors
ind cables. Keyboards are critical
>lements! Real Systems never scrimp
~n keyboard costs since this is the
“first place the user will discover
the results of a cheap design.

As for software: rule No. l--
Real System software designers must
talk to the hardware designers. Both
designers should even ask each other
for advice fairly often. This would
be an unusual situation in the com-
puter business, to say the least, but
it is a very important principle. As
an example of hard/software interac-
tion, commonly used housekeeping pro-
grams should be accessible to all
programs that run on the system. Ac-
cessibility should imply also that
the whole works should run as soon as
it is turned on.

Rule No. 2--System software must
be modular and expandable, very much
as the hardware must be. For ex-
ample, a 4K BASIC program has got to
run in a 12K BASIC system without
odification.

The author recommends the pre-
ceding ideas as guidelines to be fol-
lowed by both computer owners and
makers when considering buying, modi-
fying or expanding a computer system.
Whatever the application problems, if
we can all direct our thoughts and
energies toward integrating the mult-
itudinous available pieces and parts
into one systems package we will have
taken a giant step toward eliminating
the threat of the creeping Kludge.

CONSOL
Update

All standard PTC software is de-
signed around CUTER and SOLOS ROM's.
Normally these ROM's reside at C@@#%
to C7FF (hex) on either a Sol person-
ality module or GPM board. CONSOL,
since it is a temporary introductory
package, has its I/0 routines in non-
standard locations. Therefore such
programs as BASIC-5 will not work
properly with CONSOL. PTC will be
glad to reprogram without charge CON-
SOL modules to standard I/0 locations
if customers or retailers return them
to us. However, we strongly recom-
mend replacing the CONSOL module with
SOLOS. ONLY SOLOS has the sub-
routines which permit cassette write
operations, dynamic port switching
and BASIC file manipulation.
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Module Department

16KRA

PTC's new 16KRA module is just
about the lowest price per bit, high
quality S-100 RAM module available.
At $529 the 16KRA is a memory that is
fully assembled, burned-in (for 12
hours at maximum rated temperature)
and thoroughly tested. Only highest
quality premium grade parts are used.

The Intel 2104-6 or Mostek
MK40396-11 RAM's used are spec'd at
350 nanosec. access time and 500
nanosec. cycle time worst case.
[NOTE: we can get faster RAM's--down
to 150 nsec. If you need them, let
us know right away.] The S-100 bus
interface circuiting is fully asyn-

hronous and uses the latest low
power Schottky and integrated Schott-
ky delay time technology. There are
no "one shots" in critical timing
paths and refresh is automatic and
invisible to the CPU. Each 4096 byte
page is individually addressable, us-
ing four of the 16 DIP switches on
the card, conveniently placed at the
top edge. A connector is provided
for optional battery backup during
power failures.

The 16KRA is guaranteed compat-
ible with Sol, IMSAI 8080 and Altair.
8800 mainframes as well as the Helios
II DMA disk controller. The 16KRA is
the perfect high density memory since
the Sol has a limited number of ex-
pansion slots.

Important: Phantom, pin 67 in
the S-100 bus is recognized by the
16KRA and is required for proper
operation of Sol's and ALS-8.

Deliveries: First deliveries of
16KRA modules to retailers are now

cheduled for late March with our
large current order backlog elimin-
ated in April. As is usual at PTC
once this product is in production,
we will be stocking it in depth!

CUTS

We will start delivering CUTS
modules to all those with current
back orders on March 8, 1877. The
demand for this product has far ex-
ceeded our expectations so we expect
it will take another month to elimin-
ate our backlog.

CUTS, the Computer Users Tape
System, is hardware, the key element
required to make full use of our many
systems software packages. The CUTS
module is compatible with the built-
in tape interface in Sol Systems and
can read and write at either 300 bits
per second, pure "Byte/Kansas City
standard,”" or 1200 bits per second.
All PTC CUTS cassettes are recorded
at 1200 baud and cannot be read at
300 baud. Cassettes recorded with
SWTPC, Poly 88, or Morrow boards can
be read at 300 baud by CUTS or Sol
hardware but the software in CUTER,
CONSOL or SOLOS requires a specific
data header format not used by these
suppliers. So far as we know, Tar-
bell cassettes are not CUTS compat-
ible.

Once PTC software is in your
stores in volume, every S-100 bus
computer owner will find the CUTS
module indispensable--That i1s a prom-
ise!

Memories--4KRA, 8KRA, 16KRA

All three PTC RAM modules incor-
porate circuity which disables any
RAM at location zero during power-on
start up. This feature, called
PHANTOM, is mandatory with Sol sys-
tems and only PTC memory modules
have it! ALS-8's and GPM modules
can generate PHANTOM for auto-start
up operation in Altair and IMSAI
mainframes.
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‘Sol Department

T S O V) e
o We hardly need say that the Sol
Terminal Computer is the highest
quality and most cost effective Real
System available in the small com-
puter field. Inventories of Sol-20
in particular are being built up by
PTC to-meet the quick turn around
needs of your store. Once the SOLOS
personality modules and Sol software
are in the field in quanti‘ty we ex- e W S i S
pect to see another surge in demand.
We urge all PTC retail dealers to

place realistic orders for Sol Sys- Q: Can a customer trade in his CONSOL
tems soon (for up to three month's module when upgrading to SOLOS?
needs) to eliminate the possibility

of demand exceeding our ability to A: Yes--PTC will credit the customer
supply retailers quickly. If you $30 for a returned CONSOL module
order Sol Systems for a two or three in working condition.

month period, we will allow you to

schedule shipments with reasonable Q: What is the expansion power sup-
minimum quaptities per shipment. Be ply capacity of the So0l-207?
advised: be accurate--we will ship

the numbers you request. A: The Sol-20 can supply +8VDC un-

regulated at 8A and % 17VDC at

. 9A unregulated. These are con-
e servative ratings for the five
SOL POSTERS' slot backplane only. The Sol-PC
@ and keyboard supplies are separate

from the backplane.

PTC still has a good number of Q: How do I add more slots to my Sol?
beautiful Sol-20 color posters. If .
you would like moye of these posters A
to decorate your retail store or com- s r :
puter repair shop or to give to Sol space for an additional optimal 10

buyers as a "freebie," let us know. slots. We have not yet announced
' price or availability of this
Yhey~ge offpthe Rheld, option to the Helios system.

One way is to add a Helios II disk
system. The Helios cabinet has

Q: Why do we advertise before prod-
ucts are ready?

A: In the past we were forced to
give in to that unfortunate
temptation because of intense
competitive pressure in an ex-
panding marketplace.

We want you to know that we are
committed to avoiding this prac-
tice in the future. Our goal is
to have products on the dealers'
shelves when the new announce-
ments appear.
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Subsystem "B” makes the

wor
a new Sol-20.

Add it now, and for a limited time
we'll throw in @ new module with 2048
bytes of preprogrammed PROM or ROM
and 1024 bytes of RAM memory free!

Processor Technology’s Subsystem “B”™
puts together the major system elements you need
to get your Altair or IMSAI up and running.

You get both RAM and PROM memory.
parallel. serial. cassette and video display inter-
faces. and software. Software includes a boot-
strap loader program so you can load any
Processor Technology CUTS ("Byte/Kansas
City™ 1200 BAUD cassette tapes. Standardized
subroutines in ROM. similar to those in a Sol
personality module. are used by many Processor
Technology software packages to improve
program efﬁmencx You'll find vou rarely need to
touch your front panel switches. With our
Subsystem "B” you are up and running as soon
as vou turn on the power.

Three subsystems are available. depending
on your memory requirements. Each Subsystem
“B" includes five S-100 bus compatible modules
as listed below. Each is dependent upon our new
GPM module (GPM = General Purpose Memory)

which provides 1024 bytes of low power static
RAM and 2048 bytes of preprogrammed ROM or
EPROM as well as space for up to 8192 bytes
more of ROM or 2708 type EPROM. The GPM
module accepts the new ROM version of our well

known ALS-8 Editor’Assembler software package.

With Subsvstem "B” you have guaranteed
compatibility with all Processor Technolos_\
software and hardware products.

comEuter you already have
almost as well as

Subsystem Model | B70
Total memory

provided (bytes) 7168
Display 1'O VDM-1
Parallel. Serial /O 3P—+S
Tape Cassette /0 CUTS
Memory 4KRA
Price $5394

B110

11264
VDM-1
P8
CUTS
8KRA
$730

B190

19456

VDM-1 |

IP+5
CUTS

16KRA |

S964

|

|
|
J

NOTE: The GPM module with both RAM and PROM

1s included FREE in all the above subsystems. The GPM kit

is $129 if purchased separately.

The ALS-8 'ROM chip set is SI3Y. SIM-1 & TXT-2' ROM
add-on set is $60 and requires both GPM and ALS-& ROM

o e ey

IMSAI vp and running.

| want Subsystem "B’ to get my Altair or

6200 Hollis Street. Box B

Emeryvville. CA 94608 (4151 632-80K()

|

|

I

| U Enclosed is a check for § I want:
California residents add 6% sales tax - -

I No shipping charge O B70 at S394

| U Mastercharpe = D BHOar s730

I tinclude Interbank No. and O BI190 ar Susd

I expiration date!

| O Send more information

= Name

l Address

= City State Zip

|

| [ Brocessor

l l@ hnology

l poranon

|

|

r
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
L
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The new Sol-20 is unique.
It’s the first small computer de-
~signed as a complete system.

\_/ Most small computers simply “grew
like Topsy” — a memory here, an expan-
sion module there. They weren't
conceived or integrated to provide maxi-
mum efficiency at lowest possible cost.

Sol-20, a true breakthrough in
small computer systems, includes all the
essential elements as standard equipment
— central processor, memory, keyboard
and display, software, a power supply,
and appropriate packaging.

There are no “surprises.” You
don’t have to buy expensive peripheral
equipment to make it run. Its own key-
board and “smart” terminal are built-in.

Use it without being a program-
ming expert.

In fact, you can operate it efficiently
without any prior computer experience.

Unlike other small computers,
Sol is already programmed to receive

'__your commands the moment it’s turned

on, thanks to Sol plug-in Personality
Modules.

And Sol systems are supported
in depth by extensive software and
additional peripherals — such as flexible
disk memories — so it’s appropriate for
more sophisticated applications.

Sol computer systems never grow
old. Add new modules to update and
expand your computers power.

Sol is easy to use

Sol operates like a typewriter so
many applications require no special
programming. Packaged in handsome
cases with solid walnut sides, Sol compu-
ters look good in the living room, office
or lab. Sol computers come in kit or fully
assembled form.

: Sol-20 is a scaled-down big
—computer system
Use Sol in a variety of applications.

In the home. Home uses are
limited only by your imagination. Regu-
late heat and light to save fuel. Run a
complex model railroad. Compute taxes.
Play a variety of TV games, not only
computer hockey and tennis, but more
interesting, more complex games such as
TREK-80, where your starship takes on a
whole fleet of Klingons. Several sophis-
ticated TV games come with the Sol-20.
And you can even design your own.

At the office. Use it as a full-
fledged business computer. Use it to
compose and edit letters electronically,
store and retrieve mailing lists, process
orders, maintain journals and general
ledgers, and produce statements and
reports.

In the lab. Use Sol to reduce and
analyze data statistically, control lab
equipment, prepare graphics, and fit
curves. Sol-20 frees your time and
expands your overall capability.

In schools and universities.
Use Sol-20 to teach computer program-
ming. Use it for computer-aided instruc-
tion. Use it for notes, records and sorting.

So much is standard

Here’s the computer with a micro-
processor, display and input/output
circuitry, memory, full alpha-numeric
keyboard, big power supply, handsome
cabinet, and software.

Add extras for more power

Extras include a module to help
write, edit, assemble, de-bug and run your
own programs. Theres no better collection
of add-on memories anywhere...up to
16,384 words per module. Solve additional
interfacing problems with our I/0 module.
Get big system performance with our
Helios II “floppy” disk system. Display re-
sults on our video monitor. Output on line
or serial printer. Other peripherals include
joysticks, paper tape readers, A/D and
D/A converters, and PROM programmers.
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Sol Computers

Sol computers are currently offered in
three forms: the Sol-20, Sol-10, and Sol PC.

The Sol-20 Stand Alone Computer

Sol computer systems are currently offered
in three forms: the Sol-20, Sol-10, and Sol PC.

Sol 20 is the most complete and sophis-
ticated of the three packages, a fully contained

“personal” computer able to take on an infinite

variety of tasks. Sol-20 comes with:

* 8080 microprocessor, still the most sophisti-
cated computer-on-a-chip available and the
“brains” of the Sol-20.

e 1024-character video display circuitry. View
your output on any standard video monitor or
specially adapted TV.

¢ 1024 words of static low-power read/write
memory (RAM) for program storage.

¢ 1024 words of static low-power, prepro-
grammed permanent memory (ROM) takes
care of important system “housekeeping™
chores. ROM memory automatically readies
the computer for your commands as soon as
the Sol is turned on.

* a custom designed, beautifully laid-out 85-key
solid-state upper and lower case keyboard
with cursor keys and arithmetic keypad.

e an audio cassette interface capable of con-
trolling two recorders at 1200 bits per second.
Store and retrieve programs and large amounts
of data at very low cost.

e both parallel and serial standardized interfaces
with connectors on card.

* a complete rugged power supply and quiet
cooling fan.

¢ a handsome case of walnut and metal.

e software including a preprogrammed PROM
personality module and a cassette with BASIC-5
language, plus two sophisticated computer
video games.

e a design compatible with all S-100 bus products. -
e a back plane capable of accepting five
expansion modules.

The Sol-10 Terminal Computer

Sol-10 comes in the same handsome pack-
age as the Sol-20, but because of limited
memory, it is designed more specifically for
“smart” terminal applications. Price of the Sol-10
includes case, power supply, and 70-key solid
state keyboard. A fifteen key arithmetic pad
is optional.

Later you can upgrade to a Sol-20 by
adding an expansion backplane, extra power
supply, fan and keypad.

Sol-PC Single Board Terminal

Computer

Here’ the heart of the Sol system. The

Sol-PC is a single printed circuit board with

microprocessor, memory, display and interface

electronics, and plug-in personality module
that is fully compatible with our complete line
of memory and interface modules.

The board comes in kit or fully assembled
form with all of the following:

e Display: 16 lines of 64 characters per line.

e Character set: 96 printable ASCII upper and
lower case characters plus 32 selectable
control characters.

e Cursor: Selectable blinking. Solid video inver-
sion. Programmable positioning standard.

e Serial interface: RS-232 and 20mA current
loop, 75 to 9600 baud. asynchronous. 25 pin
female “D-type™ connector on card.

e Paralle] interface: Eight data bits for input
and output; output bus is tristate for bidirec-
tional interfaces: levels are standard TTL. 25
pin male “D-type™ connector on card.

e Keyboard interface: Seven-level ASCII en-
coded. TTL levels.

® Microprocessor: 8080. 8080A, or 9080A.

® On-card memory: 1024 bytes PROM (expand-
able to 2048 bytes); 2048 bytes low power
static RAM.

e External Memory: Expandable to 65,536
bytes total ROM, PROM and RAM.

e Video signal output: 1.0 to 2.5 volts peak-
to-peak. Nominal bandwidth is 7 MHz. Power
required (=5%) : +5 volts at 2.5 amperes,
+12 volts at 150 mA, and —12 volts at 200 mA.
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Sol Personality Modules allow you to choose
three different levels of operation. Software
in each module optimizes Sol for a particular
application and at the same time provides
a measure of general purpose capability. For cus-
tom applications and for volume OEM users
personality modules are available without
memory for three different types of EPROM and
.wo types of factory-mask ROM.

SOLOS, the most popular module, optimizes
the Sol for stand-alone computer applications.
Choose SOLOS if you intend to use your Sol
system to store and retrieve business or personal
records, control electronic instruments, perform
independent calculations for business, science
or education, or any other application where the
Sol system will be “on its own™ operating
independently of other computers.

A. Personallty Modules

SOLOS is oriented around use of the Sol’s
built-in CUTS audio cassette data interface.
Programs such as Sol-BASIC and ALS-8 can make
extensive use of the cassette handling and
screen-cursor manipulation routines contained
in SOLOS. Commands included are: Dump.
Enter, Execute Terminal (i.e. enter Terminal
mode), Tape Load (reads CUTS format cassette
tapes into memory), Tape Save (stores memory
contents on CUTS tape) and Set 1/0O (permits
dynamic switching of input and output devices
under manual or program control). With SOLOS
the Sol can also be used as a “smart™ terminal
in conjunction with other computer systems, but
ordinarily the SOLED module is the better choice
when the Sol system is often used as a terminal.

With the SOLED personality module installed
the Sol becomes an advanced editing terminal
system. Like SOLOS, SOLED uses the full 2048 byte
capacity of its module. It contains programs
and routines which allow remote direct cursor
addressing and file and cassette tape editing.
Data and text can be edited on or off-line and
transmitted in blocks under local or remote con-
trol. Large cassette data files or text messages
can also be transmitted and received automati-
cally from remote locations.

SOLED has the ability to dynamically change
input and output device assignments. Stored
information can be transmitted via modem.
printed on one of several printers or stored on
additional cassettes or flexible disks.

CONSOL is a 1024 word low cost personality
module which gives minimal capability to the
system. Commands include Enter, Dump.
Execute, Tape Load, and Terminal. CONSOL per-
mits operation as a low level CRT terminal and
is useful for simple stand-alone applications. Full
keyboard cursor control, up, down, right, left.
home, clear is provided. CONSOL is not needed
with SOLOS or SOLED modules because its
functions are duplicated.
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B. Software
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Software is the sine qua non of any
computer system. It's the computer power essen-
tial. No computer can be more powerful than
the software that goes with it.

That's exactly why Processor Technology
has devoted more effort to the development of
software than other small computer makers.
Maybe that's why some of our worthy competitors
have taken our source listings, added a few
twists and taken title. But the truth will out.

All Sol systems software is designed to
make full use of the routines and programs
permanently stored in all Sol personality modules.
User programs such as BASIC require less
memory space, because personality module rou-
tines are called up whenever needed for
functions such as keyboard input, screen format-
ting. and cassette tape storage operations.
Interface with the user is straightforward and
consistent because keyboard commands and
control sequences are standardized for all
Sol software.

s THE A — = DE—— 1L N T
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Sol BASIC

Processor Technology offers three versions
of BASIC language. each suited to a different
application. BASIC-5 is a small version of this
versatile language designed for applications
requiring just mathematical manipulation without
extensive processing of text. BASIC-S is the
perfect language for an introduction to computer
programming because it’s easy to learn and
requires a small amount of memory storage.
Many hundreds of programs already written in
BASIC work with Sol BASIC-5 and our 8K
BASIC as well.

Processor Technology 8K BASIC is a very
high speed full function language with all the
virtues of BASIC-55 multiple program capability
and BCD floating point math. Speed is at least
double that of the already fast BASIC-5. For even
greater power, we've added strings. multi-
dimensional arrays and multi-line. multi-variable.
user functions. Heres the language for full
capability systems. For instance, in our instruc-
tion manual, take a look at the Business
analysis program. See how you get more power
while using less memory for the working program.

Advantages of Sol BASIC

Processor Technology 8K BASIC offers
several unique and unusual features. Versatile
print statements provide fully formatted output to
multiple devices. from CRT screen to teletype
to line printer. Multi-dimensional arrays permit
powerful fast processing of any data that can
be organized graphically or in tabular form.
Several statements are provided to give complete
and direct high level language control over
system memory and input/output channels. Ful’
capability string functions simplify manipulation

\
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and processing of text and alphabetic materials INP(X).Y  from inport x % 4
_s0 they are more straightforward and easy to use INPUT + + +
“than ever before. In short, with this BASIC. no INPUT,~ " suppress CRLF + + v
effort has been spared to bring you high level LET o + 3
problem solving power. ON ON...GOSUB + +
Extended Disk BASIC has all the powerful OPEN disk file g
features of the 8K memory-resident version OUT(N), to out port N ¥ 2
and includes disk commands and big system file PAUSE + +
handling capability. Disk BASIC is perfect for PRINT S + +
such complex applications as inventory control PRINT
and payables-receivables accounting. e < 2
READ + + +
READ#®N read file + + +
BASIC CHART REM + + +
s RESTORE + + =
Disk RESTORE with line * + +
Commands: BASIC-5 8K BASIC BASIC RETURN r " n
REAKE  anGIDIBRIBAVE T REWIND  rewind file pointer %
SOt Gontinue s £s SETI1/0 for peripherals + + +
CLEAR + -+ + BTOR " n "
gEt o el w2 a o WAIT for input port bit(s) % +
KILL delete file + WRITE disk >
LIST - - + BDASIC
MEM multiple programs + + + Functions BASIC-5 8K BASIC DISK
NULL for printers + + ABS absolute value B + +
RESAVE + ARG 16 bit conversion + + +
RNUM Renumber + + ASC ASCII value + +
RUN + + + ATN Arctangent + +
SAVE tape or disk + + + CHR Decimal value
SCR Scratch + + = of character + +
XEQ Get+ Run 2 + + Ccos Cosine + =+ R
Sistements: EOF End of file +
CALL call machine EXF e + +
subroutine + + + INT Integer + + +
CLEAR + + LEN String length + +
CLOSE disk file + LOG Natural logarythm + +
DATA + ~ + LOG10 LOG base 10 + +
DEF define function + + RND Random number + + -+
DIM(X) + + + SEARCH Search string
DIM(X,Y,Z,) : + + for string + +
ELSE if then, else + + il 2190 gl DpmREl i o T
END + + i SIN Sine + + +
EXAM memory “dump’” e i SQR Square root + + +
EXIT + + + STR Cosnt\r/ﬁ\rgt; no. to 3 ()
FILL “deposit” memory =+ + TAB PrintTAB(X) + + +
FOP?EXT ' ¥ o 5 TAN Tangent ' + + +
FREE free space + + Rk Cotrévsg. string + 4
GOsuB 4 4 +
GOTO + + +
F...THEN + - +
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The ALS-8 Program
Development System

Applications with very high speed data
manipulations or critical timing elements demand
"custom fit" programs and subroutines. High
level languages written for microprocessors such
as FOCAL. BASIC or FORTRAN cannot always
handle these assignments. In these cases the best
solution is programs written in assembly
language. a language much more closely related
to actual real-time computer operations.
Assembly language is easy to learn and, with
either of our two assemblers. quite easy to use.

To simplify the development process as
diagrammed on the right both Processor
Technology assembler programs organize user
programs as files.

Processor Technology’s much imitated
Software #1 package is a small assembler-monitor
system designed for development of small to
medium length programs which must be stored
in system RAM memory for assembly. The
ALS-8 is a more versatile and expanded
development package with many additional
powerful features.

With the ALS-8 up to six source programs
can be stored in memory as named files and
called at will to be listed. edited, assembled or
simulated. Files may also be stored on tape or
disk and can be assembled from any selected
input device.“Files can be appended, moved,
re-numbered. taken apart or linked together.
Using the FCHK command. crashed files can
be restored.

Assembly language source programs are
entered using line numbers from paper or mag
tape, keyboard or disk. All editing is done by line
number but with the TXT-2 Text Editing
software, it becomes possible to automatically
add line numbers to un-numbered text.

The Assembler includes labels, comments,
expressions and constants, along with relative
symbolic addressing, which gives you the
ability to chain common symbols from one pro-
gram to another (even if the other program was
assembled at some other time). Also, various
assembly error messages are provided to help
vou eliminate program bugs.

40

TYPICAL PROGRAM DEVELOPMENT
PROCEDURE

Write Assembly Language
Source Program

ep

Enter Source Program
into System
Step 2

t

Yes Correct/Edit ]
.ﬁ!&i;.ﬂ’ﬂﬂﬂ_}
tep 3
No l

[ Assemble Program
into Memory

Step 4

Assembly
Errors?

y

Run
Errors?

1

! | emcmme= t-

[ N | L] . [}

U Print | Store Source Program | Simulate ;
e | orAssembled Codeon | | Program |
: ptiona Paper Tape, Disk, ; Operation |
: or Mag Tape | 5"39 5

i Optional

1

E ! Run Program |

! (Real Time) |

! Step 6

]

1)

1

1

]

‘

1

]

1

1

]

ALS-8, a powerful, new
development procedure

ALS-8 has the unusual ability to dynamically
adjust the system’s I/O handling configuration.
The system includes an 170 driver table accessi-
ble through use of three resident commands
or the drivers themselves. I/O device driver
routines may switch themselves on and off or
transfer I/O control to a different device driver
under program control.

Your development system might have a CRT
terminal, a high speed line printer. paper tape
reader/punch and a teletype. The System can
print a listing to the line printer, then input from
the paper tape reader and return console control
to the CRT terminal or teletype. all under
program control.

Up to 20 custom commands can be entered
by the user and called in exactly the same wa)
as the standard resident commands. With the
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custom commands, I/0 driver table, dynamic 1/0
switching capability and common symbol
tables, you can change your systems configura-
tion and operating modes at any time.

Resident commands are:

ASSM  CUST ENTR FIND MOVE SYME
ASSME : CUSTD EXEC FMOV NFOR SYML
ASSMI CUSTE FCHK FORM SIMU  SYSIO
ASSMX- DUMP FILE IODR STAB SWCH
AUTO EDIT  FILES LIST SYMD TEXT

Custom commands: Up to 20 specified by
by user.

The ALS-8 requires 2048 bytes of random
access memory (4096 is recommended) for
symbol tables and system global area, addressed
at D000 (hexidecimal).

The SIM-1: The siM-1 Interpretive
Simulator is a program that actually thinks its an
8080! With the SIM-1/ALS-8 combination,
simulate 8080 programs on your Sol, IMSAI, or
Altair computer without actually running them
in real time. All registers, flags. program counter,
and stack are simulated. Try out programs with
no fear of crashing your system if something
goes wrong. The system doesn't lose control if
a program error is encountered (e.g., an
incorrect jump or call).

With SIM-1. you can set breakpoints, enable
or disable register/memory content printout.
I/0 instructions can be run in real time. simu-
lated from the system console. or set to pre-
determined values for any 170 port address.

SIM-1 is a powerful de-bugging tool for
8080 programming.

TXT-2, Text Editor

Adds the world of text editing to your
system. Using TXT-2, insert. delete and move
single characters, entire lines or portions of lines.
Complete text files can be scanned at several
user controlled rates, up to almost 2000 lines per
minute when used with our VDM-1 Video
Display Module.

Both ALS-8 and Software #1 packages are
available on “CUTS™ 1200 bps cassette or paper
tape. The ALS-8 is also available preprogrammed
into permanent ROM memory to provide
“Instant-on™ efficiency and speed.

TREK 80

Based on the NBC television series
STARTREK, this machine language program uses

8K of memory and the VDM graphics capability
for real time war with the Klingons. No holds
barred, theyre out to get you from each of

the 100 quadrants. You can warp through hyper-
space, fire phasers, photon torpedos or
experimental rays, or if you just can’t go on, self-
destruct. TREK 80 resides and runs in 8K of
memory and, if not used with a Sol, requires

a Processor Technology VDM-1 Video

Display Module.

New 8080 FOCAL (™ DEC)

FOCAL is a high level math language
originally written for the PDP-8 minicomputer.
Many thousands of FOCAL programs are in
existence and now they can run in the Sol. Our
original 8080 FOCAL has been updated to
include operator precedence and all other
standard FOCAL conventions. It also has a driver
for VDM-1 or Sol displays and CUTS cassette
program save and load. FOCAL is available only
on CUTS 1200 bps Cassette and resides in 8K
of memory.

Gamepac 1

Show off your Sol system with this line up
of video games. Each is included on the CUTS
cassette or paper tape.

TARGET — Keeps track of your hits and
misses while you blast away at the numerous
flying objects. Includes sound effects. You and
your family will spend whole evenings at a time
with this one.

ZING — Learn hexidecimal arithmetic fast
with this video game as two players keep the five
balls in the air. If both of you get too good. ..
ZING of course. makes it harder.

LIFE — The Sol or VDM-1 make a good
display for the game of LIFE and this version
allows two modes of operation. The universe can
be flat or wrapped around on itself. The real
meaning of life we'll leave to you. but its
fun to watch.

PATTERN — We haven' figured this one out
ourselves, but it’s sure fun to have your computer
doing it. You choose the geometric design and
how rapidly it changes. The computer dazzles
you with its artistic genius.

All Processor Technology software is
distributed on an individual sale basis for
personal use. No license to copy. duplicate or sell
is granted with this sale. Each software package
has been copyrighted.
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B
’ THE HOME COMPUTER THE LEARNING MACHINE

Research data stokage

' el and retrieval
: Tax form preparation i
: Financial records keeping \ '
S o Thesis preparation
Electronic diary
Sol-20 Sol-20 with SOLOS

personality module

\

Solos Personality Module Y
16000 words memory

\ 8000 words memory

3 B/W TV-Monitor
) B/W TV-Monitor
|

Cassette recorder Cassette recorder

BASIC-5 language PT 8K BASIC language

various games FOCAL language
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THE LEGAL LIBRARY

" Time keeping
Automatic billing

. - SokPC : Sol-20 with SOLOS module
J‘—
32,000 words memory

* Cassette recorder -
Color graphics interface

i j Helios Il disk system
|
/

A/D-DAC converter(s)
© ALS-8ROMsystem - j Printer
!‘ '\v . s i
BASIC-5 language
o sl 3 PTDOS 1.4 System Disk
r FOCAL language

| . Disk BASIC




C. Memories = -

As your computing needs grow you will
inevitably need more memory for storage of
larger programs. Processor Technology offers
one of the most complete lines of memory
modules for small computers available. Choose
either the 4096 word or the 8192 word static
read/write memories in kit or assembled form. Or
add the completely assembled 16.384 word
dynamic module. A 2K erasable PROM module
for permanent storage is available in kit or
assembled form. A powerful software develop-
ment tool. the ALS-8 firmware module, with its
optional firmware SIM-1 and TXT-2, gives you the
power to write, edit, assemble, debug and run
your own programs the moment power is
turned on.

All Processor Technology memory modules
include our exclusive “Phantom Disable™ feature
which is necessary for proper power-on
operation of the Sol mainframe. The ALS-8
firmware module also generates this signal as an
option when used in Altair or IMSAI computers.

Two low power, highly reliable
RAMS — 4K and 8K

Now you can have fast static random
access memories with 4K and 8K capacity with
all the bells, whistles you need plus Processor
Technology quality.

The 4KRA Static Memory Module
Here’s a 4096 word read/write static
memory which gives you better operation for
lower cost than any other 4K memory on the
market today. Run it at max MPU speed all

the time.

Processor Technology uses only low power
static RAM Integrated circuits. So you know
you're getting outstanding reliability.

In fact our module draws so little power,
you can use standard “D” cells to give you long
term back up data retention. We've even built
in a battery connector, and recharge circuitry.

The 8KRA Static Memory

PT’s 8K memory gives you all the advantages
of our 4K with twice the capacity and more
flexible addressing circuitry. The 8KRA uses less
power than two 4KRA memories.

All address and data lines are fully buffered.
Noise immunity circuitry is built-in. The 8KRA
has PT's exclusive built-in KSET switch giving you
card address offset in 1K increments. Address
is set by a dual inline switch easily accessible
at the top of the PC board.

Each IC — all 76 of them — has its own top
quality IC socket so that assembly, test and
repairs are far easier.

16KRA Memory

Fully burned in, tested and assembled,

PT's new 16,384 byte memory offers a better price
performance ratio than anything remotely
comparable. Its the quality. reliable low-cost way
to add high density memory to your system.
Every board is “burned in" at high temperature
for twelve hours before test to insure reliability
in the field.

This PT memory offers invisible refresh.
There's no waiting while the CPU is running.
Worst case access time is 400 nsec. Each 4096
word block is independently addressable for
maximum system flexibility. Power is typically
5 watts, the same as most single 4K memory
modules. It's got back-up battery capability
built in.



2KRO Erasable
Programmable Memory

Accepts up to 2048 bytes erasable program-
mable read-only memory. Stores data even when
power is off. Great for your custom loader or

monitor programs.
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The 2KRO is jumper selectable to fit any
one of thirty-two 2K segments within the 65K
addressing range of the 8080. Additional jumpers
select the appropriate number of “wait" states,
determined by the access time of the EPROMs

In use.

The 2KRO was designed for either the
1702A or MM5203 EPROMs. EPROMS are not
included. but both are readily obtainable for
reasonable prices on the industrial and

surplus markets.

The ALS Firmware Module for fast
software development

The ALS-8 is a low power “turn-on-the-
switch” program developer. Quickly write, edit,
assemble, de-bug and run your own programs.
Heres an easy to use, easy to understand soft-
ware development tool you can begin to use

with only 15 minutes instruction.

Two firmware options are available, the
SIM-1 Interpretive Simulator, a program that
thinks its an 8080. and TXT-2 text editing firm-
ware which adds the world of text editing to your
system. For more details on this equipment
please turn to the section in this brochure on
software. The ALS-8 is only available factory
assembled and tested.

PTC MEMORY MODULES

4 KRA 8 KRA 16 KRA 2 KRO GPM/ALS-8
Maximum Capacity 4096 8192 16,384 2048 5120 to 8192 bytes
(8-bit words) ROM
RAMS used 91L02A or 91L02A or Inte!l 2104 or Mostek 1702A EPROM 92168 ROM
2102LPC 2102LPC 4096 types
Operating Mode Static Static Dynamic Static Static
Access and Cycle 520 nanoseconds Same 400 nsec access Dependent on 450 nsec
Time worst case maximum. 500 nsec cycle EPROM used. Works
Typical 400 over range of 30 to
nanoseconds. 2500 nsec
Bus Pinout Plug in compatible Same Same Same Same

with Sol, Altair 8800
and IMSAI 8080 bus

Power: Operating

+75t010VDC @
1.0A max (0°C), 0.8A
typical at 25°C.

0.8A typical, 1A max.

+7.5to +10 VDC at
1.4A typical (25°C);
1.9A max (0°C to
70°C)

+7.5t0 10VDC @
0O.4A typical, 0.8A
max. ~15 to +18
@100mA typical,
150mA max. =15 to
-18 VDC @20mA
max.

+8to—-10VDC @
0.6 max. =15to0 =19
VDC @350mA max
with 8 1702As
installed. (Replace-
ment transformer
available for full
negative supply in
Altair 8800)

+7.5t0 ~10 VDC €@
600 max. =14 to 19
VDCE 200mA max.
(with SIM-1 and
TXT-2 options
installed)

Power: Standby

+1.6t0 2.5 VDC at
0.5A max worst case.
0.4A typical

+1.6v to 2.5 VDC
typical; 0.9A max
(power connector
provided for battery
connection)

Address Selection

Dual in line switches

Dual inline switch

Each 4096 byte page

Jumper selectable

Fixed at E0OO to

at top of PC board addressable with to any 2048 byte FFFF (hex)
allows manual dual in line switches block of the 32
selection of any 8K at top edge of PC available.
segment on 1K board
increments
Dimensions 5§.3"x 10.0" 5.4"x 10.0" 54"x 10.0" 5.3"x 10.0" 5.3"x 10.0"
(13.46 cm x 25.4 cm)
Phantom RAM Yes Yes Yes No Yes

(for Sol and ALS-8)
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Disk Storage

Every computer owner longs for all the
advantages of fast random access memory. We're
ready when you are to put big system disk
memory power at your command. The new
Helios II is more than just a floppy disk drive and
controller. It's more than just scattered pieces
of wire and patches of software. Helios II is
a complete, integrated disk storage system which
should meet every program and data storage
requirement your system is likely to have. The
Sol-Helios pair forms a cost effective, high
performance system without equal.

Helios Il gives you
BIG SYSTEM PERFORMANCE

Big system performance is unique to the
Helios II. Used in any application requiring
manipulation of large data files, Helios II will out-
perform all other microprocessor based systems
by a factor of at least 10 to 1.

Big system performance means all disk and
memory buffer space allocation, all file
management, all device interaction, comes from
the system.

D. Disk Storage

Big system performance means extended
DISK BASIC, DISK FOCAL, and Processor
Technology software support. DISK FOCAL is
provided free on the system diskette and
extended DISK BASIC is offered on a separate
diskette for $50. Using these simple languages
you can immediately write programs for any
application you have in mind. The file operations
include random byte or block access as well as
update and rewrite in place of standard sequen-
tial files. Other application packages are under
continuous development at Processor Technology.
And in line with our basic software philosophy,
each will reach the market at the lowest
possible cost.

Helios II comes complete with dual drive,
controller, system diskette with DOS, power
supply, case, all necessary cables and full
systems documentation. A 12K assembly lan-
guage program to test and report on every
aspect of your unit is included too.

Helios II loads an 8000 byte program with
a look up in the system directory in 0.3 sec....a
speed which becomes truly significant when
you are working on two 100K source files to
create a third, adding up to a total of
200,000 bytes.

"Firm sectored’’ Controller raises
disk storage to 386,000 bytes
per diskette

The Helios controller is a genuine
performance breakthrough, increasing formatted
data capacity per diskette surface to over
386,000 bytes and at the same time assuring
higher reliability than the older IBM format.
Standard Helios II storage capacity is over
750,000 bytes. With two dual drives, capacity can
be doubled to 1.5M bytes.

Asynchronous data transfers are made
directly to memory at an effective rate of
one-half million bytes per second. A sixteen byte
fifo memory accumulates the data to or from
the drives, freeing the computer for useful work.
A standard hardware CRCC error test is
performed on each transfer of data and an
optional read-after-write verification mode is
easily selected. The controller requires at least
one S-100 bus slot and is fully compatible with
Sol, Altair or IMSAI systems.
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No need to buy special, expensive diskettes
— the controller will pre-format any standard
32 hole “floppy™ diskette.

Software

PTDOS 1.4.0 is a proven disk operating
system with total file and memory management.
Features include:

Complete management of static, dynamic
user buffers.

Device files for generality of input/output
operations.

System calls for complete file operations
from external programs.

Three level, triple option error handling/
trapping.

Random/Indexed Files for direct
positioning to any word of a file. anywhere on
the disk(s).

Command Line Interpreter accepts and
executes a string of commands from you or a file.

System utility call performs a random
search to the utility operation of your choice.

Helios II can be configured and recon-
figured for any size buffer area. Over 40 files can
be open at one time. System calls provide stand-
ardized access for all file operations from
external programs and routines.

The Command Interpreter accepts input
from the current command input file to provide
direct file operations from the keyboard or
another file. Support program calls are identical
to commands. but executed outside of the system
area (e.g. in low memory).
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Want more information

A full product description of Helios II is
available for S1. We are also making the PTDOS
1.4.0 portion of the Helios II System Manual
available for $20. (which we credit toward your
purchase of the system). But, if you are already
familiar with the consistent quality, features
and support given to all Processor Technology
products. order your Sol-Helios system today.
You'll have Big System Performance working
for you that much sooner.

New extended DISK BASIC

Further increasing the value of your
Helios 11 is our extended DISK BASIC. This
powerful language offers advanced string and
math functions plus direct commands (SAVE.
RESAVE, ASAVE, KILL and XEQ) and program
statements. DISK BASIC is the only available
small computer BASIC with powerful disk file
handling commands. statements and functions.
These features make complex application
programs for inventory control, data reduction
and general accounting run ten times more
efficiently on the Helios system.
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E. Interfaces

When we talk about making the complete
small computer. we mean interfaces, too. Nothing
is left out. Theres a video display module
designed to work with computing equipment you
may alread\ have or auxiliary equipment you
may need. There’s the Computer Users Tape
System so you can add additional audio cassette
tapes for expanded program and data storage/
interchange. There’s a wire wrap extender board
for anyone who does prototyping. If you're
troubleshooting. you can see what you're fixing
with Processor Technology's Extender Board.
You can handle any additional input/output
needs of your system with our 3 P+S Input
Output Module.

In sum, Processor Technology has
built every basic element you need into Sol for
integral operation. And we have generated the
extra equipment for use with peripheral devices
or other existing computer you may have.
Processor Technology is dedicated to helping you
get optimum computer performance.

VDM:-1 Video Display Module

We call it the communicator. It provides
almost Sol-like performance for Altair and
IMSAI computers. Its a high speed module which
has 1024 bytes of random access memory,.
scrolling and multiple programmable cursor
circuitry. Sixteen 64-character lines are generated
in a large easy to read upper and lower case
font. Data handled by the read/write on-card
memory is displayed instantaneously with no
interference to the processor. Top display scroll
speed is 2000 lines per minute!

VDM-1 lets you display white on black or
black on white. VDM-1 offers EIA video output.
Terminal mode software comes with the
module at no extra cost so you can use it with
your existing programs. Most Processor
Technology softw are packages already include
versions of these display driver routines. so
no time comsuming software patching is neces-
sary. The VDM-1 can be used in Sol systems
to add a second display output for expanded
special applications.
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CUTS: The computer users
tape system

Here's the low cost high speed audio cassette
interface for computer program and data
storage interchange.

Operate at 300 bits per second or 1200 bits
per second in the new Processor Technology
CUTS format, upward compatible with the
“Byte/Kansas City" standard. (see Popular
Electronics, p. 86, March 1976)

Using CUTS you can load programs ten times
faster than with a teletype paper tape reader.
You can load Processor Technology BASIC in 58
seconds. There are no critical adjustments.

Just about any ordinary cassette recorder will do.
CUTS has AGC in both read and write modes.
So you won't lose bits at 1200 or 300 baud.

Software on CUTS cassettes costs less than
equivalent paper tape.

The following software for the CUTS module
is available for $11, all on one cassette.

A. CUTER™ — Computer Users Tape Entry and
Retrieval monitor program.

B. BASIC-5 with CUTER compatible
commands implemented.

C. Lunar Lander written in BASIC-5.

Many more programs are under develop-
ment. You can reasonably expect a new one
every few weeks.

Wire Wrap and Extender Boards

Wire wrap boards are designed for
prototyping. Create custom interfaces or what-
ever your fancy dictates.

WWB has a “universal” seven-row pattern
of pads on .3" centers, so standard 14. 16, 24

and 40 pin DIP IC sockets can be plugged right in.

Power and ground are dedicated to pins 16
and 8 respectively (for 16 pin DIPs). Converts to
other IC sizes easily. Use up to 62 sixteen-pin
DIP ICs; six extra wirewrap socket positions have
been set aside for wire wrap connections to
any S-100 bus computer (Altair or IMSAI).

Use the Extender Board to help you trouble-
shoot any S-100 bus compatible module. Plug
in a glitchy module 5" above the mother board
for easy scope. VTVM or logic probe. Sol-20
systems already have a built-in extender
connector on the back plane assembly.

3P+S$ Input Output Module

Processor Technology’s 3P+S input/output
module offers a low cost way to handle virtually
all the 1I/0 needs of any S-100 bus compatible
computer system.

The 3P+S has two 8-bit parallel 1/0 ports.
with full handshaking logic, plus a serial 1/O
port with a data rate that can be set anywhere
between 35 and 9600 baud.

One parallel output port can be used to set
up control conditions for both parallel and
serial ports, as well as for setting the serial I/O
baud rate under program control. One parallel
input port is available for polling Input Data flags
and External Device flags, and for checking
the serial 1/O error flags. You can implement
full handshaking with both input and output
peripherals.

Interfacing to the Sol System. Altair 8800.
or IMSAI 8080 vectored interrupt bus is provided
by a jumper selectable option which allows any
of the UART (Universal Asynchronous Receiver
Transmitter) error flags or handshaking
signals to generate interrupts. (A Vectored
Interrupt Module is also required for this mode
of operation.)

Addressing of the module is selectable to
any of 64 address segments within the range of
256 1/0 addresses.



F. Periph

Peripherals

Processor Technology has selected a
number of quality peripheral devices from other
manufacturers to help you put complete
systems together for many different applications.
All these devices are only available factory
assembled and tested.

TV-Monitor

Heres an 11" diagonal completely solid state
black and white television specially modified
for use with the Sol or VDM-1 units. A switch
allows use as either a standard UHF/VHF
television or as a video monitor. These units
provide extremely crisp and stable displays and
are fully grounded for safety. Manufactured
by Panasonic.

High Speed Paper Tape Reader

All programs produced on paper tape for
the 8080 may be loaded into Sol at up to 1000
characters/second with this handy low cost
paper tape reader. The OP-80 is completely solid
state and has no moving parts. The unit comes
with a cable for plugging directly into the Sol
Parallel Data Interface connector. Made by
Oliver Audio Electronics.
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erals

PROM Programmer

The Bytesaver™ PROM programmer gives
you two powerful features:

1) fast easy programming of
2708 Erasable Programmable Read-Only
Memories (EPROMS).

2) Sol-bus compatible non-volatile
storage of up to 8192 bytes of program.

The Bytesaver can be used to permanently
store programs for use on custom application
Sol personality modules or for expanded
permanent storage.

Use the Bytesaver in any application where
your special programs need to be permanently
stored yet instantly accessed by the computer.
Complete driving software included at no
extra cost. Manufactured by Cromemco.

Multi-channel Analog Interface

The D+7AI/O™ module is the low cost
efficient way to interface the Sol Systems digital
computer with the analog world. Use this
module when joysticks, instruments and ampli-
fiers, voltage and temperature sensors or any
other analog device needs to be controlled or
monitored by the Sol Computer.

Provided are:

e 7 multiplexed analog input channels for
Analog to Digital conversion with 8 bit
resolution and 5.5 microsecond conversion time.

e 7 Digital to Analog output channels with
8 bit resolution.

e 8 bit parallel interface post for digital
control applications.

e +2.56 to —2.54 vDC input and output signal
range (20mV monotonic increments).

The D+7AI/0 is software compatible with
the ALS-8 development system and PT8K

BASIC language. Manufactured by Cromemco.

JS-1 Joystick

The Joystick is the fastest data entry
method for interactive prompted programs and
games. The JS-1 has both two axis analog outputs
and four on-off switches. Requires D+7AL O
module. Manufactured by Cromemco.



See Sol

ALABAMA

¢'P. Computerland
{330 Montgomery Hwy
Birmingham, AL 35226
12051 979-0707

ARIZONA

Byte Shop Tempe
K13 N. Scottsdale Rd.
Tempe. AZ 85281
(6021 894-1129

Byte Shop Phoenix
12654 N. 28th Dr.
Phoenix. AZ 85029
1602) 942-7300

Byte Shop Tucson
2612 E. Broadway
Tucson, AZ 85716
1602) 327-4579

CALIFORNIA

The Byte Shop
1514 University Ave.
Berkeley. CA 94703
14151 845-6366

Byte Shop Computer Store
6041 Greenback Lane
Citrus Heights. CA 95610
19161 961-2983

Computer Center

1913 Harbor Bivd.
Costa Mesa. CA 92627
(714) 646-0221

Data Consultants. Inc.
2350 W. Shaw. Suite 114
Fresno. CA 93711

2091 431-6461

3its ‘N Bytes

679 S. State College Blvd.
Fullerton. CA 92631
(714) 879-8386

The Byte Shop

16508 Hawthorne Blvd.
Lawndale. CA 90260
(213) 371-2421

The Byte Shop

1063 El Camino Real
Mountain View. CA 94040
(415) 969-5464

Digital Deli

80 W. El Camino Real
Mountain View. CA 94040
(415) 961-2828

The Computer Mart
624 West Katella #10
Orange, CA 92667
(714) 633-1222

The Byte Shop
2227 El.Camino Real
Palo Alto, CA 94306
(415) 327-8080

Byte Shop

496 South Lake Ave.
Pasadena, CA 91101
(213) 684-3311

The Computer Store

of San Francisco

1093 Mission Street

San Francisco. CA 94103
(415) 431-0640
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now at your nearby dealer

Byte Shop

321 Pacific Ave.

San Francisco. CA 94111
(415) 421-8686

The Byte Shop
2626 Union Avenue
San Jose, CA 95124
(408) 377-4685

The Computer Room
124H Blossom Hill Rd.
San Jose. CA 95123
(408) 226-8383

The Byte Shop

509 Francisco Blvd.
San Rafael, CA 94901
(415) 457-9311

The Byte Shop

3400 El Camino Real
Santa Clara. CA 95051
(408) 249-4221

Recreational Computer
Centers

1324 South Mary Ave.
Sunnyvale, CA 94087
(408) 735-7480

Bg;‘le Shop of Tarzana
18424 Ventura Bivd.
Tarzana, CA 91356
(213) 343-3919

The Byte Shop

2989 North Main St.
Walnut Creek. CA 94596
(415)933-6252

Byte Shop

14300 Beach Blvd.
Westminster, CA 92683
(714) 894-9131

COLORADO

Byte Shop

2040 30th St.
Boulder. CO 80301
(303) 449-6233

FLORIDA

Sunny Computer Stores
University Shopping
Center

1238A S. Dixie Hwy.
Coral Gables. FL 33146
(305) 661-6042

Delta Electronics

2000 U.S. Hwy. 441 East
Leesburg. FL 32748
(904) 357-4244

Byte Shop of Miami
7825 Bird Road
Miami. FL 33155
(303) 264-2983

Microcomputer
Systems Inc.

144 So. Dale Mabry Hwy.

Tampa, FL 33609
(813) 879-4301

GEORGIA

Atlanta Computer Mart
5091-B Buford Hwy.
Atlanta, GA 30340
(404) 455-0647

ILLINOIS

The Numbers Racket
623'2 South Wright St.
Champaign. IL 61820
(217) 352-5435

itty bitty machine co.
1316 Chicago Ave.
Evanston, IL 60201
(312) 328-6800

Reeves Communications
1550 W. Court St.
Kankakee, IL 60901
(815) 937-4516

itty bitty machine co.
42 West Roosevelt
Lombard. IL 60148
(312) 620-5808

INDIANA

The Data Domain

406 So. College Ave.
Bloomington. IN 47401
(8121 334-3607

The Byte Shop

5947 East 82nd St.
Indianapolis. IN 46250
(317) 842-2983

The Data Domain
7027 N. Michigan Rd.
Indianapolis. IN 46268
(317) 251-3139

The Data Domain

219 West Columbia

West Lafayette. IN 47905
(317) 743-3951

KENTUCKY

The Data Domain
3028 Hunsinger Lane
Louisville. KY 40220
(502) 456-5242

MICHIGAN

The Computer Store
of Ann Arbor

310 East Washington

Ann Arbor, M1 48104
(313) 995-7616

Computer Mart

or Royal Oak

1800 W. 14 Mile Rd.
Royal Oak, MI 48073
(313) 576-0900

Genral Computer Store
2011 Livernois

Troy. MI 48084

(313) 362-0022

NEW JERSEY

Hoboken Computer Works
No. 20 Hudson Place
Hoboken. NJ 07030

(201) 420-1644

The Computer Mart
of New Jersey

501 Route 27

Iselin, NJ 08830
(201) 283-0600

NEW YORK

The Computer Mart
of Long Island

2072 Front Street
East Meadow, L.1.,
NY 11554

(516) 794-0510

Synchro Sound
Enterprises

193-25 Jamaica Ave.
Hollis, NY 11423
(212) 359-1489

The Computer Shop!
444 Middle Country ﬁed
Middle Island. NY 11953
(516) 732-3086

Audio Design Electronics
487 Broadway. Ste. 512
New York, NY 10013
(212) 226-2038

The Computer Mart
of New York

118 Madison Ave.
New York. NY 10001
(212) 686-7923

The Computer Corner
200 Hamilton Ave.
White Plains. NY 10601
(914) 949-3282

OHIO

Cybershop

1451 S. Hamilton Rd.
Columbus. OH 43227
(614) 239-8081

OKLAHOMA

High Technology

1020 West Wilshire Bivd.
Oklahoma City. OK 73116
(405) 842-2021

OREGON

Byte Shop Computer Store
3482 S.W.

Cedar Hills Blvd.
Beaverton. OR 97005
(503) 644-2686

The Real Oregon
Computer Co.

205 West 10th Ave.
Eugene. OR 97401
(5031 484-1040

Byte Shop Computer Store
2033 S.W. 4th Ave.
Portland. OR 97201

(503) 223-3496

RHODE ISLAND

Computer Power. Inc.
M24 Airport Mall
1800 Post Rd.
Warwick, RI 02886
(401) 738-4477

SOUTH CAROLINA

Byte Shop

2018 Green Street
Columbia. SC 29205
(803) 771-7824

TENNESSEE

Microproducts & Systems
2307 E. Center St.
Kingsport, TN 37664
(615) 245-8081

TEXAS

Byte Shop

3211 Fondren
Houston, TX 77063
(713) 977-0664

Computertex

2300 Richmond Ave.
Houston. TX 77098
(713) 526-3456

Interactive Computers
7646' 2 Dashwood Rd.
Houston. TX 77036
(713) 772-5257

The Micro Store

634 So. Central
Expressway
Richardson. TX 75080
(214) 231-1096

VIRGINIA

The Computer Systems
Store

1984 Chain Bridge Rd.
McLean. VA 22101

(3011 460-3634

Media Reactions Inc.
11303 South Shore Dr.
Reston, VA 22090
(703) 471-9330

WASHINGTON

Byte Shop Computer Store
14701 N.E. 20th Ave.
Bellevue, WA 98007

(206) 746-0651

The Retail Computer Store
410N.E.72nd

Seattle. WA 98115

(2061 524-4101

WISCONSIN

The Milwaukee
Computer Store

6916 W. North Ave
Milwaukee. W1 53213
(4141 259-9140

CANADA

Trintronics

160 Elgin St.

Place Bell Canada
Ottawa, Ontario K2P 2C4
(613) 236-7767

First Canadian Computer
Store. Ltd.

44 Eglinton Ave. West
Toronto. Ontario M4R 1Al
(416) 482-8080

The Computer Place

186 Queen St. West
Toronto. Ontario M3V 171
(416) 598-0262

Pacific Computer Store
4509-11 Rupert St.
Vancouver, B.C. V3R 2J4
(604) 438-3282
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All components sold by PROCESSOR
TECHNOLOGY CORPORATION are
purchased through normal factory distri-
bution and any part which fails because
of defects in workmanship or material will
be replaced at no charge for a period
of 3 months for kits, and one year for
assembled modules, following the date of
purchase. The defective part must be
returned postpaid to PROCESSOR
TECHNOLOGY CORPORATION within the
warranty period.

Any malfunctioning module.
purchased as a kit and returned to
PROCESSOR TECHNOLOGY within the
warranty 3 month period, which in the
judgement of PTCO has been assembled
with care and not subjected to electrical or
mechanical abuse. will be restored to
proper operating condition and returned.
regardless of cause of malfunction, with
a minimal charge to cover postage
and handling.

Any modules purchased as a kit and
returned to PTCO which in the judgement
of PTCO are not covered by the above
conditions will be repaired and returned at
a cost commensurate with the work
required. In no case will this charge
exceed $20.00 without prior notification
and approval of the owner.

Any modules, purchased as assem-
bled units are guaranteed to meet
specifications in effect at the time of
manufacture for a period of at least one
year following purchase. These modules
are additionally guaranteed against
defects in materials or workmanship for
the same one year period. All warranted
factory assembled units returned to PTCO
postpaid will be repaired and returned
without charge.

CONDITIONS and EXCLUSIONS

This warranty is made in lieu of all
other warranties expressed or implied
and is limited in any case to the repair or
replacement of the module involved.

The warranty herein extends only to
the original purchaser-user and is not
assignable or transferrable.

Processor Technology Corporation
is under no obligation to extend this
warranty to any product for which
a Warranty Registration Card has not
been completed and mailed to Processor
Technology Corporation within fifteen
(15) days after date of delivery.

[Opi==2Y

6200 Hollis Street
Emeryville. CA 94608

415/652-8080
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“I designed the Sol!”

These words are made to be spoken
from a pinnacle of technical authority,
preferably by a gimlet-eyed Herr
Doktor who pursues exact solutions to
the nineteenth decimal place and who
reigns over a limitless sea of subordi-
nates slaving away over rows of
drafting boards.

Or they could come from a furry
little gopherlike creature with a piece
of string for a belt who sleeps all day
and occasionally surfaces to deposit a
few dog-eared pages of scrawled dia-
grams with his custodians.

Since 1 fit neither of these descrip-
tions, 1 hesitate to make that claim
(except as part of a put-ddwn), for i1t
is only partly true. Besides, as I look
over the reasons for making certain
design decisions along the way, I am
struck by the fact that most of those
reasons had little to do with the ult-
mate advantages of the decisions.

The Sol, therefore, got designed —
partly by me, partly by Bob Marsh,
and -partly by chance and circum-
stance. My description of that process
is intended to instill confidence in
those who feel that there are great se-
crets involved in the design of products
and that mastery of most of the uni-
verse is a prerequisite to successful de-
sign. It is also intended as a warning to

ROM

60 July 1977

—a

1 EPT 1 = 53

Sol: the ﬁsmsaél@'

)y Lee Fdwastcm

those who think that the design process
is deterministic and uncomplicated.

WHAT IS THIS THING
SOL?

CALLED

For the benefit of future historians,
I shall state that the Sol is a single-
board computer built around the 8080
microprocessor and the S-100 bus
structure. It incorporates an integral
video alphanumeric display circuit,
serial and parallel interfaces, and
random-access and read-only memory
on the board along with an audio cas-
sette tape interface. A keyboard plugs
into a connector on the board, and a
video signal comes off through a coax-
ial cable. Regulated DC power is
supplied to the board through another
push-on connector, and that’s all that
is needed to make it compute.

Sol's main feature is a 100-pin edge
connector that provides all the signals
of the S-100 bus to any number of
memory, 1/0, or other peripheral
cards available from different sources.
An important secondary feature is the
“personality module,” a tiny (3-by-
1%-inch) printed circuit card on
which sits the ROM. The personality
module plugs into a small edge con-
nector on the Sol board. By this means
the personality of the Sol can easily be

_-.a..._..u—;..‘....___-_._ it b——aﬁd—-x--‘-—‘“.
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changed without technical skill. Also,
all the serial, parallel, and audio con-
nectors are mounted along one edge of
the card, requiring no external harness
or connector assembly.

The Sol-10 and the Sol-20 both put
this card, along with a power supply,
into a metal chassis with walnut sides
and a typewriter-style keyboard. The
Sol-20 has a five-slot “daughter board”
that plugs into the 100-pin edge con-
nector and itself provides five more
similar connectors, so that cards of the
S-100 type can be plugged in within
the cabinet. It has additional power
supply capacity to feed these extra
cards.

BEFORE THE BEGINNING

In 1974 T was helping to run a
public-access “computerized bulletin
board” system (called Community
Memory), which was essentially a
labor of love for me and several other
people. It had two terminals in public
where people could come in off the
street and enter information items 2s
well as search for them. Since the
terminals were unattended, hardware
reliability was an obvious problem, es-
pecially when we postulated much
larger systems.

My way out of this future problem

PP



was to design an all-purpose “convivial
~vbernetic device” as a terminal/con-

ntrator/processor—in such a way
that amateurs would be encouraged to
get their hands on it. In theory, each
place where one of these “Tom Swift
Terminals” was installed would devel-
op a computer club. Then, when a
terminal broke down, relief would be a
local matter, and people would not
have to place their trust in a remote
maintenance structure.

It was by placing a notice about this
conceptual design on the system and
inviting respondents to form a discus-
sion group that I met Bob Marsh for
the second time. (The first had been
during our college days when we lived
in the same co-op residence hall at
Berkeley. We did not share many
interests then.)

Now, however, Bob had raised
himself to the state of an unemployed
electronics engineer (self-taught) who
had nearly won an encounter with a
glorified version of Don Lancaster's
TV Typewriter that he had built, im-
proved, and fixed from scratch. After
a while Bob suggested that I go in with
him on the rental of a workshop. I
greed, and we signed a three-year
lease on a garage in industrial Berke-
ley, commencing from January of
1975. I moved my workshop out of my
living room, and Bob took up resi-
dence in the upstairs office, trying to
find a product to manufacture. A plan
to produce a limited-edition digital
clock with a fancy wood case never
materialized, which was a disappoint-
ment both for Bob and for Steve, a
friend of his who did woodworking (we
shall hear more of this later). Bob
spent much time investigating the pos-
sibilities for a logic analyzer similar to
others then available, doing much
design before he gave it up as
impractical.

In March 1975 I took Bob to the
second meeting of the Homebrew
Computer Club, where about twenty-
five people stood around the first
Altair 8800 to reach the area and
watched it blink its front panel lights.
That was all it could do, since it had
no I/0 circuitry and only 256 bytes of
memory. There was a lot of empty
space inside that cabinet.

Processor Technology was founded
as a partnership in April of that year
(I was not one of the partners) and
began designing ROM, RAM,and 1I/0

cards for the Altair. Incorporation
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followed in July, and I began to get
bits and pieces of work —redrawing
schematics, writing preliminary man-
uals, and other minor chores.

In July Bob finally got to me. He
had a proposition: he would pay me to
design the video display section of the
Tom Swift Terminal. In October the
VDM-1 video display module first saw
Revision A. The Tom Swift Terminal
never did get designed exactly as I
dreamed it. But, as the hordes of am-
ateur computer enthusiasts swarmed
out of the woodwork, its purpose was
being fulfilled.

THE SOL SOLUTION

I like to say that, in the process
leading to the birth of the Sol, Leslie
Solomon, technical editor of Popular
Electronics magazine, performed the
act equivalent to that of the male. I
still don’t know who solicited whom,
but Les agreed to carry a construction
article on “an intelligent terminal” on
the cover if a working model could be
supplied in thirty days. This proposal
was made in the middle of November
1975. I was summoned to Bob's office.

Bob tactfully asked me if I thought
such a project was impossible. I reluc-
tantly admitted that I did not but
strongly suggested that an unintelli-
gent terminal be designed, mainly be-
cause I wanted badly to excrcise the
features designed into the VDM-1 for
such an eventuality. Besides, I had
already turned down an offer from
Bob to design an 8080 CPU board for
Processor Technology.

Alternate designs were roughed out
and prices compared. Both were for
terminals using the basic circuitry of
the VDM-1. His had an 8080 thrown
in, mine had decoders and counters.

Mine was cheaper, but only by about"

ten dollars. Gradually I came to realize
that if the inevitable were to happen, it
would be better to be on the inside
than on the outside. After a day or two
of discussions, I agreed to contract to
do the design. I pulled out of a volun-
teer project on the grounds that “the
roof was about to fall in again.” And
somewhere in the midst of all this I
looked up at Bob and said: “Let’s ad-
vertise it as having ‘the wisdom of
Solomon.’” From the comment came
the name Sol, which is meant to be
written in biblical-movie-poster letters
chiseled out of stone. Les will never
live it down.

Single Board Computer: Elec-
tronic devices are built nowa-
days on “printed circuit cards”
of fiberglass with patterns of
copper foil instead of wires. In
the old days, ten years ago,
computers had hundreds of
these boards, each containing
a tiny portion of their elec-
tronics. Now things have
shrunk so much that an entire
computer can fit on one
printed circuit board.

Microprocessor: the ‘“thinking”
section of a computer is called
ithe central processing unit
(CPU) or just the processor.
If it’s so small that you need a
microscope to examine it, it'’s
called a microprocessor.

S-100 bus structure: a bus is a
wire connected to many
places. Usually 1it's used to
carry electricity for pouwer,
but, in a computer, very fast,
low-power electrical impulses
are sent between sections on
buses. Since there are a lot of
these signals happening at
once, computer buses have a
lot of wires in them. The §-100
isa 100-wire bus used by many
persona[ computers Beca:.ie
they all have the same pattern
of four interconnections, the
plug-in board from one will
work (usually) when plugged
into another S-100 machine
The S means standard

Integral video alphanumeric
display circuit: electronic cir-
cuitry which produces a signal
that can be connected toa TV
set and that causes the set to
display letters and numbers on
the screen. It is integral be-
cause it s built into the
computer.
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61




A A i

oo

e i

Read Only Memory:

Scrial and parallel interfaces:

An interface is the diwiding
line between two electronic
devices. A wire or cable usual-
ly goes across an interface
carrying electrically-coded in-
formation. If the cable carries
scveral different signals at
once, it's a parallel interface.
if the information moves in a
sequence through a single wire
the interface is serial.

Random-access Memory: mem-

ory like a set of pigeon-holes,
into any of which the com-
puter can put new informa-
tion or from any of which it
can read old information. The
computer can choose any
pigeon-hole (or address) at
any time.

memory
like a telephone directory
which can only be read by the
computer and not wriiten in.
It’s used to hold instructions
for the computer (the

program).

Push-on Connector: a set of

metal posts wired or soldered
to electrical circuitry. A set of
spring clips held in a plastic
block can be pushed down
onto these posts in order to
make an electrical connection
to a cable.

Edge Connector: a socket built

as a long thin slot in a plastic
block. A number of spring
fingers are held in the block.
Ifa printed circuit-board edge
is pushed into the slot the
spring fingers will  “wipe”
against both sides of the
board and make contact with

the copper foil patterns.

1/0: Input/Output. The elec-

- trical channels through which
the computer moves informa-
tion to and from the outside
world.
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“Who, me?” Leslie Solomon, Technical Editor of Popular Electronics, looks
startled as the first Sol speaks its words of wisdom.

In the process leading to the birth of
the Sol, Leslie Solomon performed the
act of the male. I still don’t know who

solicited whom.

Bob had already developed an
architecture for the device. It involved
taking the on-card memory and 1/0
devices, disconnecting the $-100 “DI”
data input bus, and creating a
separate low-drive “internal bus” that
would get data to the CPU through a
four-way data selector or multiplexer.
One input of this would be the regular
S-100 DI bus, another the internal
bus, and the other two would be used
for keyboard and parallel data inputs.
The reasoning behind this was to
minimize the need for high-power tri-
state drivers on the card and to allow
the low-power tristate output features
of the RAMs, ROMs, and UARTs to
serve their intended functions.

I should explain here that designing
for Bob Marsh can be somewhat of a
trial. At least at that time, when he
had little else with which to concern
himself, he was continually turning up
with new fcatures and economies that
he suddenly wanted incorporated in
the design. He would explain the
problem or opportunity and then

preface his technical solution with an
inevitable “All's ya got to do is...."
This would be forgivable if he were not
so often right and possessed of a truly
useful and valuable idea. Were the
designer a prima donna, the relation-
ship would terminate after the second
such incident, with the designer
fuming about “professionalism” and
“interference.” Of course, since my
workshop was in the same room as his,
1 could not have gotten very far if 1
had wanted to stamp out in a rage.
The situation did, however, call heav-
ily on my sense of futility, absurdity,
and ultimate irrelevance.

A few days after I started on Sol,
Bob had another idea. He wanted all
clocks on the card derived from a sin-
gle crystal. The VDM-1 had been
using a 18.4784-Mhz crystal, and Bob
had been doing some division prob-
lems with his calculator. It seemed to
him that not one but three relevant
clock speeds could be extracted from
this frequency, allowing operation
with 2.5-Mhz and 3-Mhz 8080 chips if




desired. I protested, but without
-ounds, and very soon gave in and
csigned a simple clock generator
which allowed (through a variable-
modulo flip-tail ring counter, if you
must know) the kind of clocks Bob
wanted.
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bly MITS’s) boards did not use the
DBIN signal and were thercfore useless
with Sol, unless modified, is still a
source of defensiveness in discussions
of the design. I take the position that
Bob made me do it, and he takes the
position that history will absolve him.

Bob taétfully asked me if I thought
the project was impossible.

After a decent interval Bob
informed me that he would like to in-
crease the crystal frequency to
14.31818, which would be necessary if
color video peripherals were to operate
with it. Please to redesign all relevant
circuits accordingly. I fumed and
grumbled but found a way out
eventually. After all, the clock fre-
quency to the 8080 would be of a 488-
nanosecond period, a whole 1.8 per-
cent shy of the spec sheet minimum!
Why worry?

The biggest upset actually had the
flimsiest reason. Bob wanted to be able
~ extend the S-100 bus of the Sol to an

.ternal cabinet through a flat ribbon-
style cable, which came in 50-
conductor maximum widths. With my
avid agreement, Bob wanted to ensure
that there were plenty of ground
return lines sprinkled through this
cable—a practice that had been
neglected on the Altair and that prob-
ably caused many of the noise prob-
lems associated with it. To do this
would require more than 100 wires.

Bob and I did some figuring while
driving down to a Homebrew Club
meeting, and he reached the conclu-
sion that it would be permissible to
take the DI and DO buses and connect
them in parallel, making one single
DIO bus. We assumed that every
manufacturer who was anybody was
doing the same as Processor Technol-
ogy, using the DBIN signal from the
8080 as an enabling signal for data to
the DI bus. DBIN could therefore be
used at the Sol as a “direction signal”
for the DIO bus and data could be sent
both ways on one set of wires. Think of

'l the cable you'd save!

As it turned out, those eight extra
traces saved on the Sol board nearly
made the difference between a build-
able board and an impossible one. The
fact that some manufacturers’ (nota-

As the design progressed, we real-
ized that we were building a general-
purpose computer rather than just “an
intelligent terminal,” but the decision
was made to coft-pedal the fact until
the last possible moment. Once pub-
lished, all the fuss possible was to be
made about its gencral-purpose na
ture; but unul it actually saw print, it
was to be treated first as a terminal.

To jump ahead a bit, when I finally
delivered the working prototype to Les
Solomon’'s desk and pointed out its
salient features, his eycbrows began
twitching. Why couldn’t he, he wanted
to know, plug in a ROM board with
BASIC burned in (as he could do with
a Bytesaver) and run stand-alone? I
smiled my blandest smile and
muttered, “Beats me.”

THE BIG PUSH

Originally I had been given to be-
lieve that I would be required by the
terms of the contract only to provide a
schematic diagram and to help inter-
pret it for the benefit of the layout
artist. When it came time to start lay-

mw-m‘; sl | et
Lee Felsenstein after the deed.

Multiplexer: an electronic cir-
cuit which can choose one of
several inputs and route the
signals at that input to its
output.

Internal Bus: Eight bus-type
wires which are connected to
most of the devices on the Sol
which feed information to the
processor. The information
moves in eight-bit units
(bytes), one wire for each bit.

Tri-State Drivers: electronic cir-
cuits used for feeding signals
toa bus. They can either force
the bus wire to a high voltage
or a low voltage, or they can
let the bus ‘float” at whatever
voltage other drivers decree.

Variable-modulo flip-tail ring
counter: an electronic worm
continually chasing its tail.
The worm's back s black and
its belly i&s white. Each time
around, it makes a half twist.
A line of ants does close-
order drill using the color of
the worm as a cadence (clock
signal) . Since worms travel at
a steady rate, the cadence can
be changed by changing the
length of the worm (variable-
modulo).

DI Bus: Eight bus-type wuires
which carry electrical data
signals from S§-100 boards
into the processor. Short for
Data Input Bus.

DO Bus: Data Output Bus
Same as DI Bus, except that
the electrical signals are car-
ried out of the processor board
to all of the S-100 boards.

DBIN Signal: Data Bus In. A
timing signal which the mi-
croprocessor uses to tell any-
one who cares that it can
accept electrical data (one
byte only) going in

DAL b olis YT

[ % )




Bonfield Associates

ing tape, 1 discovered that I was ex-
pected to pitch in with a will and help
stick down the many miles of crepe
tape that would be required to pro-
duce the printed circuit artwork. Time
was of the essence, as I agreed, and the
layout artist who had been engaged
was somewhat out of his depth with a
110-package layout to be done at
four-to-one enlargement. Besides, he
apparently didn't believe in making

4 L4 4 0= O/

with needle-point X-acto knives,
which we constantly had to hand, were
the main hazards of working there.
In addition, there was the chill at
night and the heat that accumulated
during the day. People downstairs
never had the same opinion about a
comfortable temperature as we did.
We soon settled into an insane sched-
ule of fourteen- to scventeen-hour
days, scven days a week. I kept going

The crowning moment came when
Bob changed his mind for the last

time.

preliminary pencil sketches to test
possible routings.

Steve the woodworker had built a
large light table to Bob's specifica-
tions, and this was set up in the only
available space in the now crowded
garage - a loft above some offices that
Processor had installed. I personally
made sure that an electrical conduit
running at forehead level was padded
and tried to get someone to put up a
fence to prevent one of us from
stepping backwards off the edge of the
loft. That, the knocking of heads
against rafters, and the sticking or
scratching of various parts of the head

on orange juice, the younger layout
man used Coke. He succumbed at the
very end and I had to finish up alone.
The task took almost three weeks of
standing up looking down into a
fluorescent-lit white background on
which crawled worm tracks of
black tape.

The crowning moment came when
Bob changed his mind for the last time
about which side he wanted the 100-
pin connector to emerge from (this
was determined by whether the S-100
boards were to mount above or below
the Sol board). Layout had already
started, and fortunately that connec-
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Bob Marsh with the Sol up and running. All's well that ends well —though in this
case it seems to be only the beginning for Processor Technology.

64  July1977  ROM

— P

tor lay in the other guy's area of con-
cern. He had to cross over about
seventy-five traces in order to flip the
connector, and he did not succeed.
Some traces were brought out to dead-
end pads with no hole through them,
leaving some of the pins to be con-
nected by tack-soldered jumper wires
later during assembly.

1 should point out that this printed
circuit board was the prototype; no
wire-wrap or other version had been
made. Only two boards were ultimate-
ly produced (by a specialty shop run
by a work addict), and one of them sits
on my window ledge at home to re-
mind me of how rough things can be-
come. Besides, I like to point out my
half of the layout and how obviously
superior was my technique compared
with the other half.

The other board 1 loaded with
parts, tack-soldered with almost a
hundred jumper wires out of sight on
the rear side where traces were incom-
plete due to the hasty layout, checked
out, and presented to the software
pcople to see what they could do. I
have no recollection whether that was
before or after Christmas of that year;
I think it was before.

IN THE BAG

Bob had laid out the basic outlines
of the cabinet and had patched to-
gether a power supply and a sample
keyboard. One of his design criteria
from the absolute beginning was that
the cabinet have walnut sides of a cer-
tain height or less. Steve had told him
of a great bargain to be had from
center-cut pieces of walnut, which
were ordinarily almost thrown away.
There is some cause to believe that the
primary reason for the existence of the
Sol was to provide an outlet for this in-
expensive wood. At any rate, Steve is
now in the wilds of Wisconsin running
a mill to make walnut Sol sides.

As the project proceeded, Bob was
undecided as to whether a cassette in-
terface or drive would be included in
the production version. As photo-
graphic deadlines approached, he
decided to put a dummy cassette drive
in the cabinet. This was to symbolize
the fact that cassette tape would ulti-
mately be available in one way or
another —how he did not know. The
text of the article, when it appcared,
mentioned nothing about it, and the
mysterious tape deck has proved to be
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Carrying the Sol

shrouded in two

paper bags, we embarked for the
big-time world of New York.

the biggest single source of questions
from the readership of that article.

The printed circuit board was ready
forty-five days after the start of the
project. About sixty days from the go-
ahead, the cabinetry, power supply,
and software were coming down the
home stretch. Bob scheduled a night
flight to New York, to save money, and
informed me that I was coming;
everybody went into a final home-
stretch panic lasting the better part of
twenty-four hours.

We made the helicopter only be-
cause my watch was fast. Bob forgot to
bring his tickets to the heliport and
broke numerous traffic laws going
back to get them. Carrying the Sol
shrouded in two paper bags, we em-
barked for the big-ume world of
New York.

Of course we got no sleep on the
plane and arrived an hour too early for
our purposes. We went directly to Les
Solomon's home and shared breakfast
with him, discovered that the Sol
wouldn't work (you could see it trying
behind a veil of “snow™), then took the
train to Les's offices on Park Avenue,
where we met the boss and everyone
else. Leaving behind a trail of excuses,
we emplaned for Boston, where the
folks from Byte magazinc took us to
dinner and drove us up to Peter-
borough, New Hampshire to sec the
snow. I conked out on this last trip,
after attempting to stay awake by
gorging myself at every available op-
portunity. I fear that I made a poor
impression by so doing.

Back at the workbench a day or so
later, I traced the trouble to a tiny
speck of wire obviously loosed from the
shield braid of the coaxial cable as it
was stripped. This crumb had been
captured underncath a socket, where
it had plainly stayed during all the
checkout without causing mischief. In
transit it had shifted to the worst
possible position —shorting two ob-
scure but critical traces together.
Murphy's Law confirmed!

After that it was bundle up again,
this time mysclf alonc —but carrying
my oscilloscope and tool kit as well as

the Sol. An hour or two of demonstia-
tion in the offices of Popular
Electronics convinced them that Sol
would indeed work. Then it was back
home directly, where I passed “Go"
and collected the balance of my
lump payment.

DEBUT

A great deal of work remained to be
done after the prototype Sol was fin-
ished. Bob wasn't through with sug-
gesting new things and better ways—1
suspect he never will be. One major
change in the design bears pointing
out, though.

The personality module, which owes
its name to Don Lancaster, came
about as a result of unpredictable
EPROM supplies. Some way had to be
found to plug in three different
EPROMs without taking up extra
area. The first suggestion was for a
“piggyback” card with upright pins
that plugged onto a row of socket con-

nectors on the board. I take credit for -

extending this idea to one of a minia-
ture printed-circuit plug-in card with
a row of edge-connector “fingers” that
would mate with a right-angle PC
connector and be guided by rails so it
could be changed from outside the
cabinet. This leads to fantasies of em-
ployees swapping in game personality
modules during lunch time and
returning to the business modules
when the whistle blows.

Almost everything except the circuit
was redesigned between prototype and
production, and even the circuit was
the object of much straightening out of
wrinkles. The printed-circuit board
was totally re-laid out, and the layout
was digitized for computerized photo-
plotting. More expediting, twenty-
four-hour days, and dead runs from
plane to plane.

In late August the Sol, in its pro-
duction form, had its debut at the
Atlantic City Personal Computing
Show. I understand the cocktail party
was splendid. Personally, I spent the
time trying to trace down a bug that I
was later told was in software.” v

BASIC: A computer program
which allows anyone to use the
computer and get instantane-
ous feedback as to whether
they are doing OK or making
a mistake.

Bytesaver. An S-100 plug-in
board which can write infor-
mation supplied by the pro-
cessor into special read-only
memory chips. Once written,
the information cannot be
erased by the computer but it
can be read. A trademark of
Cromemco.

EPROM: Erasable Programma-
ble Read-Only Memory. Used
on things like the Bytesaver. A
chip which will hold informa-
tion indefinitely after being
written, but which will forget
the information if exposed to
ultraviolet light (the cover of
the chip is clear quartz).

Right-angle PC Connector: A
printed circuit edge-connector
with pins bent 90 degrees so
that once it's soldered down to
its own board the slot is paral-
lel to the board. Now a
printed circuit card pushed
into the slot will be parallel to

the “mother board” rather
than perpendicular.
RO\ luly 1977 hAS
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The Scl-20
Computer
Teriminal

By Rudolf Hirschmann

Rudy Hirschmann has written
a review of the Sol computer.
Rudy is a professor of German at
the University of Southern Cali-
fornia, where he is using micro-
computer based systems for type-
setting and for teaching.

The Sol-20 terminal computer from
Processor Technology certainly makes
a good first impression. It has the
general appearance, shape and size
of an electric typewriter with a full
keyboard, attractive blue metal case
and genuine walnut end plates. These
would make it seem more at home
in a modern office somewhere down-
town rather than in my less elegant
computer shack at home.

But beneath that sleek exterior
lurks a genuine microcomputer that
is capable of doing most everything
that a state-of-the-art microcomputer
ought to do. A fully operational
Sol-20 consists of five circuit boards,
namely the main circuit board, the
plug-in personality board, the key-
board, the bus extender board and
the power supply. I will discuss
each of these in turn.

The main circuit board is by far
the largest and most complex of the
subassemblies for this computer. It
combines the functions of several
conventional S-100 plug-in boards,
namely that of an 8080-based CPU
board and a video display generator
for sixteen lines of 64 characters
each. In addition, it also provides
a very useful combination of functions
that are normally available only on
several additional boards, namely one
serial and one parallel I/0 port, a
reliable cassette 1/O port that uses
the “Kansas City/Byte” standard at
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either 30 or 120 characters per
second, a modest amount of RAM
and address decoding as well as a
connector for up to 2K bytes of
ROM. This ROM is actually held
on a small board that plugs into the
main board. A power-on-jump is
also provided to this ROM, and for
that reason this board is known as
the personality module. More on that
below.

The layout of the main board
seems to be straightforward, logical
and well executed. All features of
this board worked as they are sup-
posed to, although three errors in
trace routing had to be corrected.
This problem should be solved in
boards marked Rev. E and beyond.
The physical quality of this and the
other boards is first rate. All traces
and plated-through holes conducted
properly, and a solder mask and parts
labeling are provided.

Four sets of DIP switches are
included on this board to allow easy
selection of certain options. One
switch allows changing the character-
istics of the video display (which is
virtually identical to Processor Tech-
nology’'s VDM-1), another selects the
baud rate, while the third changes
the word format for the serial 1/0
port. The final DIP switch is a
thoughtful concession to those of us
who have grown accustomed to a
front panel, namely a set of eight
sense switches connected as input
port 255. While the location of these
switches is a bit awkward (the cover
has to be removed to get at them),
it is nevertheless possible to run
programs that depend upon the use
of the front panel sense switches of
an Altair or IMSAI system. It should
be noted that the single step and the
memory protect/unprotect functions
are not provided for. This means
that your memory boards must always
go to the unprotect mode when
power is turned on and then stay
there. An easy modification circuit
for this purpose appeared in SCCS
Interface vol. 1, no. 4 (March, 1976),

‘page 43. that will take care of any

problems in this regard.

In order for you to assess other
potential hardware/software incom-
patabilities with your present system,
let me give you the port and memory
locations implemented on the main
board. Port F8 functions as a control
and status port for serial 1/0, F9 is
the serial data channel, FA is the
control and status port for parallel,
cassette and keyboard 1/0, FB is the
cassette data port, FC is keyboard
data, FD is parallel data, FE is
status and control for the video
display and FF is sense switch input.
So far as memory allocation is con-
cerned, personality ROM is from C000
to CFFF, system RAM is C800 to
CBFF, and video display RAM is
CCO00 to CFFF.

Turning now to the personality
plug-in module, this is available in
several different implementations. As
a CONSOL module it consists of a
small plug-in board with two 5204
PROMs and space remaining for two
more. In other words, 1K of firm-
ware is implemented and space for an
equal amount is left empty. As a
SOLOS module, this same board is
supplied with four 5204s. Presumably
the SOLED will be supplied in the
same form when it becomes available.
Plug-in modules using other PROMs,
such as the 2708, are also supposed
to be in the works. That way all of
us Bytesaver owners can implement
our own firmware.

I had a chance to work with one
CONSOL and two different SOLOS
modules. Each of them has drivers
for all I/0O ports and the video dis-
play system as well as some very
useful file handling firmware for the
cassette 1/O channel. When you
record a section of memory onto
tape, you must specify a starting
address, a length and a name: you
also have the option of specifying
an execution address. All of this
information is automatically stored as
a header on the tape before the
specified block of memory is stored.
The beauty of this system becomes
apparent when retrieving stuff from
tape. because, although you could
specify everything manually, you can




also simply specify the name men-

tioned above, and the firmware will -

then ignore all data on the tape until
it encounters the same name in a
header. It then transfers the block to
the address that is also specified in
the header. This may not be as
convenient as a floppy disk, but it is
a big step upward from systems that
have no firmware support.

The keyboard is custom designed
for the Sol terminal and is made up
of high quality parts throughout. The
keys feel solid and durable, and a
good selection of special-function
keys is included. The keys of the
numeric pad (not included in all
models of the SOL) are not simply
connected in paralle! with the corres-
ponding keys on the main section of
the keyboard. Instead, they are en-
coded separately, and the output
code of the numeric pad has the
eighth bit turned on, even though
this bit is not used in the ASCII
standard. It is easy enough to ignore
this bit for most applications, but in
special situations, that extra bit can
be used to implement special control
functions via the numeric pad. An
application I am presently working
on will have these keys control a set
of cursors in a fairly complicated
text editor.

A little quirk of this keyboard is
that the key used for the backspace
function does not generate the
standard ASCII backspace code. This
may not become a problem until
you try to interface existing software
with this system, but even then the
solution will be straightforward. The
time | found this anomaly disturbing
was when [ used the Sol as a remote
terminal connected to a large com-
puter over the telephone lines. In
this situation it is necessary to trans-
mit a control-H in order to have the
large computer understand. This,
however, shows up as a displayed
character on the screen instead of an
actual backspace. Moreover, the
character that is used as a backspace
in the terminal is blocked in firm-
ware from being transmitted. In short,
there is no way of implementing a

satisfactory backspace in this situation.
In addition, the firmware allows most
(but not all) control characters coming
from the large computer to be dis-
played on the screen. For those who
will use the Sol as a remote terminal,
these may be regarded as annoying
factors; but they can surely be solved
in firmware. Processor Technology,
are you listening? .

So far | have been talking about
the basic components that make up
many good terminal computers.
What makes the Sol particularly
noteworthy, however, is the inclusion
of a bus extender board that adopts
the essential conventions of the S-100
bus. That means that virtually all
plug-in modules available for the
IMSAI and Altair 8800 computers
can be used in the Sol, and this
shows the great advantage to the
hobbyist (and manufacturer) for
adopting some sensible standards.
Are the other manufacturers listening?

The bus extender board plugs
vertically into the main circuit board,
it has plug-in positions with card
guides for five horizontally oriented
boards and an additional test position
on top. This board has good large
traces for power distribution and is
double sided with plated through
holes. Why all that trouble on a simple
board like this? It allows for shielding,
because little fingers of grounded con-
ductors are placed between all the
other bus conductors. I couldn’t test
them for their actual effect, and one
might question their necessity on such
a small backplane. But this type of
design is also being adopted by
others, and it is certainly indicative
of fine engineering practice and is a
step in the right direction.

| have saved the power supply
for the end, because this is where a
tendency that was evident through-
out the entire machine was evident
most clearly, namely the tendency to
overdesign. This power supply is
gutsy and will never have to be
upgraded unless you somehow double
or triple the size of that bus extender
card.

There are two separate +8 V

supplies, one supplying power only
to the main mother board, and the
other only to the bus extender board
The first of these is filtered by
18,000 ufd., regulated with discrete
parts and protected by a crowbar
circuit! It is normally called upon to
supply about 1.5 A, but | loaded it
down to twice this value, and every-
thing looked fine even after an hour.
The other +8 V supply is filtered
by a capacitor of 54,000 ufd., and
according to my measurements it
can safely supply more than 10 A and
still not run very hot. That translates
to over 2 A per bus-extender slot,
and that is certainly adequate. The
+ and — 16 V lines are hefty enough
to handle any reasonable load.

All of these components are put
together in an attractive case. The
metal is fairly heavy gauge steel
throughout, and everything has a
very solid feel to it. The only thing
I can quibble with is that in order
to get at certain components, many
others must first be removed. Some
additional thought on this score, such
as splitting the subassembly that
holds the card guides in two, would
make disassembly easier.

My overall impression is that the
Sol-20 is a well designed machine
and that many potential problems
have been solved before releasing the
product, a practice that should be
more widely observed. As it stands,
this machine still has a few problems
as mentioned above, but they seem
to be small ones that can either
be solved in firmware or in slight
adjustments in packaging.

There are a few other machines
that have characteristics similar to
those of the Sol-20, but none of the
other single-package terminal com-
puters presently on the market uses
the 8080 and the S-100 bus. These
factors alone should make the Sol-20
an attractive machine for many. The
fact that the cost is relatively modest
($475 for the main circuit board
only in kit form, $995 for the whole
machine as a kit and $1395 assembled
with the CONSOL module) should
serve to add to its popularity
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SOL SYSTEM SUGGESTED RETAIL PRICE LIST (september 1,1977)

I. Sol Systems Order No. Price
Complete systems are available from Processor Technoiogy to fulfill the
application requirements outlined on the Sol Solution Chart in our catalog.
These systems include all necessary connecting cables and manuals.
A. Sol System | includes Sol-20/8 with 8192-byte memory and SOLOS Assembled/Tested 400100-01 $2129
module, PT-872 monitor, RQ-413A cassette recorder, and BASIC 5 tape Kit 400100-02 $1649
B. Sol System Il includes Sol-20/16 with 16,384-byte memory and SOLOS  Assembled/Tested 400200-01  $2283
module, PT-872 monitor, RQ-413A cassette recorder, and BASIC 5 tape Kit 400200-02 $1883
C. Sol System Il includes Sol 20/16 with 32,768-byte memory and SOLOS  Assembled/Tested 400300-01 $5450
module, Helios Il Disk System with DISK BASIC, and PT-872 monitor Kit 400300-02 $4750
D. Sol-20/8 Terminal Computer with 8KRA 8192-byte Memory Module and  Assembled/Tested 400400-01 $1850
SOLOS Personality Module Kit 400400-02 $1350
E. Sol-20/16 Terminal Computer with 16 KRA 16,384-byte Memory Module  Assembled/Tested 400500-01 $1975
and SOLOS Personality module Kit 400500-02 $1550
Il. Sol Components
A. Sol-PC Single Board Terminal Computer with SOLOS Personality Assembled/Tested 101036-01 $745
Module y Kit 101036-02 $575
B. UGKPC-20 Sol cabinet, 85 key keyboard, fan, power supply and
backplane expansion. Upgrades Sol-PC to Sol-20 Kit 101035 $675
C. Sol-KBD 85-key solid state Keyboard as used in Sol-20 series units Assembled/Tested 104000 $230
D. PM 2708 Personality Module for use with 2708 EPROMs (does Assembled/Tested 107000-01 $40
not include EPROMSs) Kit 107000-03 $30
E. SOLOS Personality Module Assembled/Tested 107000-02 $90
Kit 107000-04 $75
F. 220-Volt Transformer for all Sol-20 series units. Kit 105034 $50
Note: All Sol-20 series units and Sol Systems are available for
220 Volt, 50 Hz operation. Contact factory for pricing and delivery
information.
ll. Mass Storage Systems
Helios |l, Model 2 Disk System. Includes dual PerSci 270 floppy
disk drive, cabinet, fan, S-100 bus compatible controlier, power Assembled/Tested 300000-01  $2685
supply, system diskette with complete PTDOS software Kit 300000-02 $2395
IV. Subsystem B for all S-100 Bus Mainframes other than Sol
A. Subsystem B70. Includes 4KRA memory, VDM-1 Video Display
Module, 3P + S Parallel, Series I/O Module, CUTS Computer Users
Tape System cassette interface and GPM General Purpose Assembled/Tested 406000-01 $829
Memory Module : Kit 406000-02 $594
B. Subsystem B110. Includes 8KRA memory, VDM-1 Video Display
Module, 3P + S Parallel, Series I/0O Module, CUTS Computer Users
Tape System cassette interface and GPM General Purpose Memory Assembled/Tested 406100-01 $998
Module Kit 406100-02 $730
C. Subsystem B190. Includes 16KRA memory, VDM-1 Video Display
Module, 3-P + S Parallel, Series I/0 Module, CUTS Computer Users
Tape System cassette interface and GPM General Purpose Memory Assembled/Tested 406200-01  $1095
Module Kit 406200-02 $895

ProcessorTechnology Corporation 7100 Johnson Industrial Drive, Pleasanton, CA 94566
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V. S-100 Bus Compatible Modules Order No. Price
Memory
A. GPM General Purpose Memory Module with 1024-byte Read/Write Assembled/Tested 210000-01 $169
memory and 2048-byte CUTER program on ROM Kit 210000-02 $129
B. GPM-Sol. Same as GPM without Read/Write or ROM memory. These Assembled/Tested 210000-03 $119
memories are included with the Sol. Kit 210000-04 $89
C. ALS-8 ROM Resident Assembly Language Operating System with
Interpretive Simulator (SIM-1) and Text Editor (TXT-2). For use with
GPM or GPM-Sol. If purchased together, price includes assembly and Assembled/Tested
testing. (ALS-8, SIM-1 and TXT-2 programs are copyrighted.) or Kit 900014 $190
D. 2 KRO Erasable Programmable Read Only Memory Assembled/Tested 204000-01 $89
Module Kit 204000-02 $65
E. 4KRA 4096-byte Static Read/Write Memory Assembled/Tested 201000-01 $150
Module Kit 201000-02 $125
F. BKRA 8192-word Static Read/Write Memory Assembled/Tested 202000-01 $250
Module Kit 202000-02 $225
G. 16KRA 16,384-word Dynamic Read/Write Memory Module Assembled/Tested 203000-01 $399
Semikit—assembled & inspected but not tested 203000-03 $369
Interface Modules
H. 3P+ S Parallel Serial I/O Assembled/Tested 209000-01 $199
Module Kit 209000-02 $149
I. CUTS Computer Users Tape System cassette interface Assembled/Tested 207000-01 $140
(includes CUTER tape) Kit 207000-02 $110
J. VDM-1 Video Display Assembled/Tested 208000-01 $295
Module Kit 208000-02 $199
K. WWB Wirewrap Prototyping Module Kit 211000-02 $40
L. EXB Extender Board Kit 212000-02 $35
VI. Peripherals
A. PT-872 TV-Video Monitor by Panasonic 722016 $199
B. RQ-413A Cassette Recorder by Panasonic 722019 $85
Minimum Memory CuUTS
VIi. Software (including manual) Required cassette
A. BASIC/5 10K 727000 $14.50
B. 8K BASIC 12K 727017 $29.00*
C. New 8080 FOCAL 8K 727024 $14.50"
D. TREK 80 Video Game 8K 727009 $14.50
E. GAMEPAC-1 Video Games 4K 727006 $14.50
F. MATHPACK Video calculator 4K 727020 $14.50
G. ASSEMBLERS: Software #1 Resident Assembler Package 8K 727022 $14.50
H. ALS-8 Resident Assembler, Simulator and Text Editor 12K 727012 $35.00
I. Software Technology Music System cassette 8K 727015 $24.50

Attention
All listed software products require CUTER or SOLOS programs.

All Processor Technology and Software Technology software is distributed on an individual sale basis for personal use.
No license to copy, duplicate or sell is granted with this sale. Each software package has been copyrighted by
Processor Technology or Software Technology and all rights therein are reserved.

Prices and specifications are subject to change without notice.
*Available soon at your dealer.

ProcessorTechnology Corporation 7100 Johnson Industrial Drive, Pleasanton, CA 94566
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Why Sol
Should be
your Small
Computer
Choice.

Sol-20 Terminal Computers are
complete. You don't spend an
extra penny for necessary interfaces.
Sol computer systems start at $1350
in kit form.

We've done the software job. Only
Processor Technology offers a fully
implemented disk operating system for
small computers: PTDOS. Our high
level languages include Extended
BASIC. FORTRAN?* FOCAL. PILOT*
and Assembler.

You can expand the Sol to handle
business. engineering and research
problems. Today's Sol can handle 65.536
bytes of memory and operate with
a three megabyte on-line disk memory.
S-100 bus compatibility means you can
use a big group of standard peripherals.

Sol systems are conservatively rated.
They won't quit on you. With over 5,000
in the field. we know the track record
for reliable performance is outstanding.

We back Sol with the best docu-
mentation in the industry plus a factory
support team to give you caring
counse! by phone or letter. What's more.
on site maintenance and service folks
are located in over 50 cities throughout
the U.S. and Canada.

So when you are shopping for a small
computer. see your Sol dealer last.
Then you can take your Sol with you!

For more information, please address
Processor Technology Corporation.
Box G, 7100 Johnson Industrial Drive,
Pleasanton, CA 94566. (415) 829-2600.

*available soon

Technolsoy
Processori=chnoiom
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When you want big system performance
from vour small computer. turn to Processor Technology's
Helios 11 Disk Memory System. Helios II brings
vour small computer up to a level fully comparable and
frequently superior to many mini-computer systems.
Perhaps best of all. you can reach this point for thousands
of dollars less than the tvpical mini-computer installation.

Today. Sol Svstems using Helios II and PTDOS

Processor Technology Disk Operating System) are on line
doing a variety of business. industrial. engineering.
educational and scientific jobs.

A school system has replaced their time share
terminals with our stand alone computer. A pharmacy
system. specially configured for the Sol Helios 11
combination. handles the complex and previously error
prone task of prescription processing. Business firms
use this powerful system for inventory control. invoicing
and payroll. A small college stores the student-faculty
directory. course requests. accounts receivable and student
schedules on their system.

In the West. an advertising agency is using the
system for media analysis while'an astronomer plans to use
the system to program astronomical observations.

A university reports the Sol System with Helios
Il provides superior performance for computer assisted
and computer managed instruction.

Other applications are continuously under
development by Sol/Helios II users everywhere.

Powerful software.

PTDOS 1.4 is a proven disk operating system with
total file, device and memory management. Since the
prototype was developed in 1975, PTDOS has undergone
continuous expansion and refinement.

PTDOS increases the all-important throughput
of your computer.

With the command interpreter as a convenient
interface to the system, the user can type short commands
which perform complex tasks. The powerful DO

command provides a facility for editing and executing
command procedure files.

Over 4 commands span from simple file
management primitives to complex editors. assembler
and other data management utilities.

~ PTDOS 1.4 System Commands
MAJOR SUBSYSTEMS

EDIT Video Display Text Editor

EDT3 Standard Text Editor

ASSM 8080 Assembler

DEBUG 8080 Program Debugging Aid

DO Command Interpreter Macro Facility

DISK MAINTENANCE
DISKCOPY  Disk to Disk Copy

RECOVER  Reclaim lost space on disk
INFORMATIVE

FILES List Information About Files
EREE? List Remaining Free Space

SYST List Configuration Information
OPEN? List Names of Currently Open Files

FILE MANIPULATION COMMANDS

COPY Move Data Between Files

IMAGE Save Memory Contents

BLDUTIL Build Utility File

EXTRACT  Modify or List Image File Structure

KILL Kill a file

RENAME Change the name of a file

RETYPE Change the type of a file

REATR Change File Protection Attributes

DATA MANAGEMENT

XREF Assembly Language File Sort und
Cross Reference

DUMP Dump a file in Hex or ASCIl

PRINT Print ASCII contents of text lile

RNUM Renumber an Assembly Language File

SAVE Create Archive Copy of Files ‘

GET Load SAVE files or COPY from « Disk
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FILE PRIMITIVES — LOW LEVEL
FILE MANIPULATION

CREATE Create a new file

OPEN Open a file

READ Read a file into memory

WRITE Write data into a file

CLOSE Close a file

SPACE Move File Cursor

RANDOM Make a file randomly accessible
SEEK Position the cursor of an indexed file
ENDF End file at current cursor position

CONFIGURATION AND CONTROL COMMANDS

SETIN Set CI input file

SETOUT Set CI output file

SET Set various miscellaneous parameters
EXEC Begin execution at some address

ZIP Set Memory

CONFIGR Change System Configuration

oLT Change Console Output Drive

LANGUAGES. PROCESSORS AND GAMES

BASC3 Small BASIC Interpreter

FOCAL The FOCAL language

TREKX0 A video Star Trek game
Languages.

Several high level languages are available. BASIC/5
and FOCAL come with the system. Low cost options include
Extended Disk BASIC. Disk PILOT and a FORTRAN
compiler extended to support all PTDOS operations.

PTDOS supports device-independent files.

Device files turn any peripheral, such as a printer or
tape drive. into a “file.” The device file then performs
necessary manipulation of the device, for instance. reading
a block of data or rewinding a tape mechanism. In this
way the device can be accessed as a PTDOS file.

Easy interface at the assembly language level.
System calls provide an easy interface to PTDOS
services from any assembly language program.
FORTRAN available March 1978. PILOT available mid-1978.

Memory management provides complete system
management of static or dynamic buffers. Fullv protected
system memory area helps prevent inadvertent
destruction of the system or managed data. For added
flexibility, the user can manage his own file butfers
as well as instruct the system to protect a specified block
of memory.

The system utility call provides a powerful
path to virtual memory with simple. fast program and
data overlays.

Hardware interrupt speeds system operation and
allows fast response to device requests for service.

Check these unique features.

Random indexed files offer direct. rapid positioning
to any byte or block in a file. anywhere on the disk(s).

BOOTLOAD. a small bootstrap program. loads
PTDOS in one simple command. BOOTLOAD. included
with the system on a CUTS cassette. is also available
as an optional Sol personality module.

A start-up file lets you run any sequence of
commands automatically on a bootstrapped svstem.

Each individual diskette may be named and dated
for easy identification.

A disk password with system lock secures vour data.

As requirements change. the user can reconfigure
the system.

Two drives...a must for any disk system.

The Helios Il dual drive disk system uses inexpensive.
widely available floppy disks for high speed data
storage and retrieval. Two drives means you can have two
floppy disks on line at all times. The Disk Operating
System (PTDOS) resides on part of one diskette — the
System Disk. A second diskette provides additional
user space and also allows fast and easy production of
backup copies to protect critical data.

Helios II uses a unique recording technique known
as “firm" sectoring. Under optimum conditions each
diskette can store 384,000 bytes of information. That's
over 3/4 million bytes on line with each Helios dual
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new dimension
of small
computer power,

the Helios I

Floppy Disk Drive and
ProcessorTechnology
Disk Operating System.
Software includes
Extended BASIC,
Assembler, PILOT,
Extended FORTRAN
and FOCAL.
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drive. Firm sectoring also allows faster data access and
variable block sizes.

Up to four dual drives (R diskettes) can be accessed
by the system so that over 3.000.000 bytes of data are
on line.

Fast access.

Helios 11 is fast. with a tvpical access time of
33 thousandths of a second. Large block size allows
programs and data to be transferred very quickly.
A 4K block can be read from the disk to RAM computer
memory in the proverbial blink of an eve.

Reliable performance.

Helios II was designed for system reliability using
proven technology. No compromises are made nor chances
taken with your data. Standard single sided diskettes
store data using 77 tracks on each &-inch diskette. Such
data formatting has been used over the vears for
consistent. reliable storage. Helios I1 uses direct memory
access (DMA) to asynchronously transfer data to and
from memory. Data transfers are made at an effective rate
of over 660.000 bytes per second. Data integrity is
assured with a standard hardware CRC error test performed
on each transfer to or from the diskette. In addition.
an optional read-after-write verify mode can be selected
to handle crucial data requirements. Three level.
triple option error handling and trapping allows up to nine
different ways to handle errors on every system call.

Helios 11 comes complete with dual drive. cabinet.
controller. PTDOS System Disk. power supply. case.
all necessary cables. and full systems documentation. A 12K
program that tests and reports on every aspect on your
disk system is included.

PTDOS Users Group.

HELIUM is an independent organization of
HELIOS users. It publishes a newsletter with useful hints,
systems support and updated PTDOS information.

To join. write to HELIUM. ¢ /0 Ian Kettleborough. P.O.
Box 9269. College Station. TX 77840.

68

HELIOS Il SPECIFICATIONS

Electrical Power Requirements
17 Volts. 60 Hz AC
Controller 7.25 VDC min
8 VDC at 1600 ma typica!
Formatter 7 25 VDC min
8 VDC at 600 ma typica
PerSci Mode! 270 Drive
+ 5VDC 1.7 amps nominal
— 5VDC 0 15 amps nomina
+24 VDC 1 0 amp nominal — seeking
0 2 amp nominal — not seeking
Operator Controls and Indicators
Locking power switch with key
Motorized disk eject switches — one for each grive
LED indicators Unit Ready Write Seex Power

Physical Dimensions

Height 9.5in 24 13cm
Width 14 1n 3 o Cm
Depth 211n 583 3L cm
Weight 53 Ibs 23 8Z kg
Shipping weight 70 Ibs 315 ke

Temperature Requirements

Operational 50to 100°F

Non-operationa! ~20to 120°F —-2¢@

Head Positioning

Servo-controlied voice coif — 77 tracks

Head Positioning Times

Track to track. including settling tme — 10

Track Ototrack 76. including settling — 10C mseZ ;max mum

Miscellaneous

Cooling — forced air with filter

Direct- Coupled DC Spindle Motor - 360 RPI!

Head Engage Time — less than 40 miliseconds

Read’Write Data Transter Rate - 250 xilobits per seconc

Recording Capacity — Unformatted 3 1 mega
Actual data storage capacity 384.000 byt
diskette [maximum’

msec Maximum
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ProcessorTechnology

Processor Technology Corporation
7100 Johnson Industrial Drive
Pleasanton. CA 94566
(415) 829-2600

See it at your Processor Technology dealer
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Your key to
effective, economical
computer power.

If you ever wished to gain the force of a powerful
general purpose computer operating with the simplicity
and ease of ordinary office equipment. you can.

Now ascant year after the early 1977 introduction of the
Sol * computer system. over 7.000 Sol’s are on the job.

Their tasks are varied. Users all over the world are
analyzing the stock market. tracking prescriptions.
keeping the books. doing chemical. mathematical and
physical research. controlling industrial processes.
handling the payroll and profit and loss statements.
correlating market research. analyzing product
design and countless other tasks.

In aword. they are a working tool never before available
to the average person or small business. They are
saving time and earning money for lots of people like
vourself. And they are doing all these things for a
remarkably low investment!

Sol systems don't go out of date either. They were
designed from the ground up to build on as newer
memories. more powerful languages and more advanced
peripheral equipment come along. As your needs for
more computer force grow. no matter what Sol system
vou start with. you'll own a set-up bevond the
_ dictates of the calendar. You'll know why vou bought
the best.

Processor Technology customers often tell us
their original intent was to use a Sol small computer
system at home or as a hobby. Sooner than you
might believe. they were using the Sol system in their
business. profession or education.

“Processor Technology Corporation
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So by simply adding a disk memory system. the
Helios II. a printer or other peripheral. perhaps putting
one of several easy to learn languages to work. our
users were solving routine, sometimes very complex.
problems with amazing ease and speed. And solving
them profitably.

Compare Sol to any other small computer

As the first totally integrated system in the small
computer field. Sol has had imitators. None has
matched Sol’s high quality engineering and all around
flexibility. No wonder it’s the number one choice.

Notice the keyboard. Letters are positioned for
standard touch typing. The key tops are contoured for
comfort. When depressed. they respond with a
resilient. springy touch. You can use the computer for
hours without tiring. For extensive text editing. word
processing. order entry. and similar continuous keyboard
tasks. the Sol kevboard quality is unmatched.

Inside. the keyboard circuitry is non-contacting
(capacitive). There are no contacts to wear out.

A sturdy metal cabinet protects Sol. A 200 pound
person can stand on the top of it without damage. The
wood sides are solid. hand-finished walnut.

Inside Sol. Processor Technology has taken some
special pains. Engineers call the main motherboard
“beautiful"— conservatively designed and rugged. No
corners were cut.

Processor Technology paid particular attention
to the video circuitry. Notice that the cursor block on the
video screen (the spot that shows you where you are
when entering text) surrounds the character completely
leaving it still legible. All the characters on the
screen are crisp and legible. They don't wobble or swim
as vou look at them. As vou scroll the text up and
down on the screen. the image moves smoothly without
strobing or flashing. Theres little eve fatigue from
long time viewing.

Few wires are strung around on the main board.
Connectors are mounted at the rear to plug in other
electronic components. just like a hi-fi amplifier. No
modifications are needed to plug in Teletype * machines.
cassette recorders. tv monitors. telephone couplers
(modems). and ASCII standard terminals (EIA & current
loop). You can hook up a Sol computer system as
easily as a home stereo system.

“Teletype Corp.
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S-100 bus compatibility
Significantly. Sol systems are compatible with other

§-100 bus products. The S-100 bus is a standard connecting

configuration used by more than 100 manufacturers

of small computer equipment. Many of these products can
be easily plugged inside a Sol system when you need
special hardware for voice input. control of electrical
appliances elsewhere in the building. analog to

dizital conversion. or video graphic capability.

Another important feature unique among micro-
processor systems is Sol's flexibility. It can switch in a
moment from a stand alone computer to an intelligent
terminal. Many people have access to large computers
vii telephone hookup. You can use the Sol as a
computer to develop vour program and reduce the data.
Then switch to terminal mode to use it as a time-
<haring terminal with a large computer.

Easy to use. the Sol is ideal for learning. Adults find
hours of intellectual challenge and stimulating
mvolvement. Kids enjoy the Sol. They start with games
but quickly pick up the elements of programming.

Sol's rugged construction is kidproof so you don't have
Lo WOTITY,

All Sol systems come with excellent, understandable
documentation. Schematics and instructions are
geared to learning. You don't have to be an electronic
engineer to understand them. Even if you purchase
« Sol fully assembled and factory tested. Processor
Technology's instruction manuals will help keep
vour Sol up and running. Sol is easier to service. You'll
have less down time and lower maintenance costs.

Factory Guarantee

Sol svstems are backed by a factory warranty.
Processor Technology guarantees assembled and tested
products for one vear (parts and labor). Kit products
have a three month guarantee on parts. Any authorized
Processor Technology dealer can service Sol systems.
and many offer maintenance contracts.

Sol's flexible

Change operating software quickly and easily.

The operating system is preprogrammed on ROM (Read
Only Memory) chips located on a small personality
module inside. You can change the Sol's “personality™
in one minute. The transformation requires no technical
skill at all.

There are now two personality modules. SOLOS gears
the computer for stand alone operation. It automatically
readies the computer for vour commands as soon
as the Sol is turned on and controls the cassette. kevboard
and video operations. SOLOS has terminal mode
functions to switch the computer between stand alone
and terminal operation.

BOOTLOAD personality module works with our
Helios 11 Disk Memory System. We've replaced the
terminal mode functions with a special loading
program for the Disk Operating System. In other respects
1t 1s identical to SOLOS.

Additional personality modules are in development.

Sol small computer
systems with the

add on power
of $40,000 mini’s.

The Sol-20/16 Terminal Computer

The Sol-20 16. our basic computer. features the
SOLOS personality module. 16.384 byvtes of memory and
BASIC ‘5 cassette plus a complete 300 page manual.
It’s available either fully assembled and factory tested or
as a kit. A single. low power module carries the 16K
dynamic memory.

BASIC ‘5 is a small version of the very versatile

BASIC language. It is designed for applications requiring
primarily mathematical manipulation without extensive
processing of text. BASIC/S is the perfect language for an
introduction to computer programming because it's
easy to learn and requires only a small amount of memor
storage. Hundreds of published programs alread
written in BASIC work with Processor Technology's
BASIC 5.
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The 300 page Sol manual carries the most complete
set of instructions. theory of operation. software
information. drawings and operating information offered
by any small computer manufacturer. And after you
get it. we send vou periodic updates. Many of our users
also file their copies of ACCESS. the Sol users journal.
in this handsome sturdv 3 ring binder.

You will need to add some device for storage
and retrieval of data and programs. A standard cassette
recorder will do this. Plug it directly into the back
of the Sol. You will also need some means of visually
displaving data — a tv monitor. teletype or similar
device. These also plug into the back without special
adaptors or modifications.

The Sol-20-16 offers the option of using equipment
vou have or selecting peripherals of your choice.

It's an excellent low cost starting system.

Here are a few of the features of the Sol-20.16.

e RUX0A microprocessor. a sophisticated computer-on-
a-chip and the “brains™ of the Sol.

¢ 1024 character video circuitry which displays 16
lines of 64 characters on a video monitor or suitably
adapted tv.

e a custom designed. comfortable to use 85-key
capacitive (non-contacting) kevboard with cursor kevs
and arithmetic kevpad.

e an audio cassette interface capable of controlling
two recorders (one read. one write) at 1200 bits per
second. Store and retrieve large amounts of data
on low cost. standard cassettes.

e parallel and serial standard interfaces with connectors
permit a teletvpe and many other devices to plug
directly into the back of a Sol.

e a complete rugged power supply and quiet cooling fan.

® a handsome case of walnut and metal.

e 16.384 byte dynamic RAM module.

e software on cassette with BASIC/S language and
two sophisticated computer games.

e a back plane capable of accepting five
expansion modules.

Sol-20/32 Terminal Computer

Sol-20/32 offers all the features of the Sol-20,16
with twice as much memory. A single low power module
carries 32.768 bytes of dynamic random access
memory. Four slots remain open in the back plane for
hardware additions.

Fully configured
Sol Systems.

Presently four fully integrated Sol Systems with all the
hardware. peripheral equipment. documentation
and software are available. Depending on the complexity
of your tasks. one will give you the kind of computer
power vou need now and still let you add more later.
All offer the best price/performance value on the
market today. All integrated systems come with Processor
Technology's new Extended BASIC. This new language
is one of the fastest and certainly the most complete for
the personal small computer on the market today.

Extended BASIC

Extended Cassette BASIC features string and advanced
file functions. special screen commands. timed
input. complete matrix. logarithmic and trigonometric
functions. exponential numbers. & digit precision.
and advanced mathematical functions including log.
natural log. sine. cosine. tangent. arc tangent and
square root. Using this BASIC. you can do all of the
mathematics needed to solve 5 equations with 5
unknowns in a matter of 4 seconds using just 2 lines
of code.

Extended Cassette BASIC handles serial access
files. It has provisions for tape rewind. Cursor control
gives you some graphic abilities.

Extended Disk BASIC has all the number crunching
talents of Extended Cassette BASIC plus almost
instant access to data and programs on floppy disks. It has
random as well as sequential files and a unique ability
to update sequential data in place. It takes advantage of
the powerful Processor Technology Disk Operating
System and Helios II.

In sum. when vou purchase a Sol system. vou get real
computer versatility. You can do the general ledger.
the payroll. or engineering and scientific problems. You
can display and print out the results. You can edit
text. You can use it for computer aided instruction. You
have computer power. not computer-like power.
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Sol System I-A

Sol System I-A. offered in assembled form only.
includes the Sol-20/16 Terminal Computer with 16.384-
bvte memory and SOLOS module plus PT-872 video
monitor. RQ-413A cassette recorder. Extended Cassette
BASIC. cables and the Sol svstem manual.

The PT-872is a specially modified 11" Panasonic black
and white TV set. It is switchable from the video
display mode to the standard UHF VHF television mode.
Fully isolated for safety. this unit provides
extremely crisp and stable displays. The cassette recorder
is a standard Panasonic unit.

Sol System I1-A

Sol System 11-A is exactly the same as Sol System
I-A except for a larger memory. 32.768 bytes (eight bit
words). The memory is contained on a single dynamic
RAM module. using only one slot of the back plane. Sold
fully assembled and tested. it includes the Sol-20 32
Terminal Computer with 32K of memory and SOLOS
personality module plus PT-872 video monitor.
RQ-413A cassette recorder. Extended Cassette BASIC.
cables and Sol System manual.

For serious business,
you need a disk.

Cassettes are a convenient low cost way to store
programs and data. but it takes time to wind and rewind
the tape. For most business uses. the fast retrieval time
of a disk is the way to go. With a Helios 11 Disk Memory
System you can bring your Sol System up to a level
fully comparable and frequently superior to many
mini-computer systems. Helios II is fully supported by
the most advanced disk operating system in the small
computer field. It is a system under development since
1975 designed to make full use of the up to 1.5 million
bytes of memory that are available to the user.

PTDOS offers total file. device and memory
management. Add to. delete or edit files. List. copy
or combine the files on any disk. Over 40 commands span
from simple file management primitives to complex
editors. assembler and other data management utilities.

Sol System Il|

Here's the system that stands up to the mini’s.
It includes the Sol-20 with 49.152 bytes of memory and
BOOTLOAD personality module. Helios II Model 2
Disk System with Extended Disk BASIC. PT-872 video
monitor. cables and documentation.

Sol System III comes assembled. burned-in and |
tested. Inclusion of Helios I1 brings this system up to a
level fully comparable and frequently superior
to many mini-computer systems. And. vou reach this
operational level for thousands of dollars less than
typical mini-computer installations. A separate brochure
on the Helios 11 and PTDOS is available on request.

Newest member of the Sol family, Sol System IV

Sol System IV consists of the Sol-20 with 49.132
bytes of memory and BOOTLOAD personality module.
Helios I1 Model 4 Disk System with two dual drives.
Extended Disk BASIC. PT-872 video monitor. cables and
Sol System manual.

It comes completely assembled. tested and
burned-in. Except for the larger data storage capacity.
1.3 million bytes. it is like Sol System II1. Obvioushy
with so much memory available the scope of problems and
the amount of data that can be manipulated become
much greater. Suitable for larger business applications.
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Software.

Languages on both cassette and disk include
BASIC/5. Extended BASIC. FOCAL." FORTRAN* and
PILOT* ALS-8 is an “assembler™ for program devel-
opment which includes text editing and 8080 simulation.
(t is available either on cassette or on preprogrammed
ROM (Read Only Memory) chips which mount on the
Sol General Purpose Memory module. A variety
of games and other special programs are
also available.

Using one of these languages. you can program
vour Sol to perform a wide variety of tasks. Thousands
of special programs have already been written in
these languages. You will find many of them in readily
available books and periodicals.

Processor Technology has devoted more effort
to the development of software than any other small
computer manufacturer. We are the first small
computer company to offer a fully implemented disk
operating system: PTDOS with over 40 major
commands. several languages and numerous utilities.
New programs are in development.

FOCAL

FOCAL is a math language originally written for
the PDP-8 mini-computer. Many thousands of FOCAL
programs exist and now can run in Sol. 8080 FOCAL
includes “operator precedence™ and all other standard
FOCAL conventions. FOCAL is available on CUTS SOLOS
compatible cassette. It is also included on the PTDOS
system disk that comes with Sol Systems III and IV.

DEC

75 FORTRAN

FORTRAN is a high level language which includes
the following functions:

e Explicit run time error comments during compilation
and at run time

e Eight significant digits of precision

e String manipulation

e Cursor plot function

¢ Hexadecimal constants

e Direct in-line 8080 assembly language mnemonics
accepted by the compiler.

Processor Technology FORTRAN is identical to
FORTRAN IV except for the extensions and lack of
COMMON and Double Precision statements. It is
available on CUTS cassette or disk. The disk version
interfaces well with PTDOS.

PILOT

Processor Technology PILOT. available in mid 1978,
is offered on both disk and cassette.

PILOT is a string-oriented interactive language
well suited to the applications of educators. educational
institutions and psvchologists. It is excellent for
testing and computer aided instruction.

Custom tailored for Processor Technology by the
creator Dr. John Starkweather of the University
of California. PILOT runs on the Sol using the SOLOSI O
with direct screen cursor positioning. program
and data files.

And for fun

8080 CHESSY Here's a wonderful way to improve
vour chess skills. Operating at a healthy level 3. the 8080
chess program is the finest available for microprocessor
computers. Under development for less than a vear.
the program has already proved its mettle in competition
against the truly big computers.

Offered in cassette form. and accompanied by a
complete instruction manual. it gives education and
delight to both the novice and the expert plaver.

TREK 80. Based on the NBC television series
STARTREK. this machine language program uses 8K of
memory for real time war with the Klingons. No
holds barred. they're out to get yvou from each of 1(X)
quadrants. You can warp through hvperspace. fire
phasers. photon torpedos. or experimental rays. If you
just can't go on. self-destruct.

GAMEPAC 1. Show off vour Sol system with this line
up of video games.

MATH PACK. Processor Technology floating Math
Pack is a self contained five function calculator
designed to run on any system using the 8080 code. The
following functions are offered: addition. subtraction.
multiplication. division and square root.

All Processor Technology software is distributed on
an individual sale basis for personal use. No license
to copy. duplicate or sell is granted with this sale. Each
software package has been copyrighted.

*available soon.
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See your Sol dealer
for a demonstration.

Sol stores are located conveniently throughout
the U.S. and Canada. Your Sol dealer has been carefully
«elected on the basis of his computer knowledge
and ability to meet your needs. Not every store carries
the Sol line. The dealers who do are the best in

the world.
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Sol Specifications

e Keyboard: 85 key upper‘lower case with separate
numeric keypad. Upper-case shift. shift-lock. cursor
control and repeat keys provided. Svstem reset
performed by simultaneous depression of control
kevs. Indicator lights (LED) for local. upper
case and shift.

e Character set: 96 printable ASCII upper and lower
case characters plus 32 optionally displavable
control characters.

e Cursor: Switch-selectable blinking. Block video
inversion. Program controlled positioning standard.
Cursors may exist at any or all character locations.

e CPU: 8080A. Uses same machine language as other
8080 svstems. 2 MHz clock cycle time. 78instructions.

e Cassette interface: 120 character per second CUTS
format or 30 character per second Kansas City format.
selected by software. Uses audio cassette function
of microphone start-stop switches. AGC for level
insensitivity. Phase-locked data recovery tracks with
speed variations. Software performs CRCdata integrin
check each 256 characters.

e Serial interface: RS-232 and 20 mA current loop.

75 to 9600 baud. asynchronous. 23 pin female
"D-tvpe” connector on card.

e Parallel interface: Eight data bits for input and output:
output bus is tristate for bidirectional interfaces:
levels are standard TT1.25 pin male "D-type” connector
on card.

e External memory: Expandable to 63.336 bytes total
ROM. PROM. and RAM. Uses S-100 standard modules.

e Video signal output: 1.0 to 2.5 volts peak-to-peuk.
Nominal bandwidth is 7 MHz.

e Power requirements: 117 volts AC 60 Hertz. 230
Watts. 220 Volt 30 Hertz option available.

Sol SMALL COMPUTER SYSTEMS

Soi-20/16 Sol-20/32 Sol System |-A Sol System I1-A Sol System IlI Sol System IV
Mainframe Sol-20 Sol-20 Sol-20 Sol-20 Soi-20 Sol-20
Personality Module SOLOS SOLOS SOLOS SOLOS BOOTLOAD BOOTLOAD
(Operating System) & PTDOS & PTDOS
Random Access 16K bytes 32K bytes 16K bytes 32K bytes 48K bytes 48K bytes
Memory (RAM)
(8-bit words)
Language BASIC/5 BASIC/5 Extended Extended Extended Disk Extenageg Disk
Included Cassette Cassette BASIC FOCAL BASIC FOCAL

BASIC BASIC BASIC 5 BASIC 5

Video Monitor — — PT-872 PT-872 PT-872 PT-872
Cassette Recorder - — RQ-413A RQ-413A — —
Disk Memory - — - — Helios 11 Helios 1
System Mode! 2 Aode! 4
Available - - - — 750K bytes 1500K bytes
Disk Memory
(8-bit words)
Number of - — - — 2 4

Disks On-line
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Teachers meet
Sol in San Diego

Elementary and high school tea-
chers are generally familiar
with small computers but do not
yet realize their potential as
teaching aids.

Our marketing staff had the op-
portunity to learn more about
this virtually untapped market
at the National Council of
Teachers of Mathematics annual
convention in San Diego on
April 13, 14 and 15. Processor
Technology was the only small
computer manufacturer repre-
sented.

More than 7000 teachers and ad-
ministrators were on hand to
look over what was new. The
teachers were especially en-
thused by our demonstration of
a computer-aided instruction
program written in PILOT.

PILOT USEFUL
AND EASY TO PRCGRAM

Brett Bullington, dealer sales
rep, commented, "PILOT is very
useful for teachers because it
is text- and string-oriented,
yet versatile and easy to pro-
gram. You don't have to be a
programmer to use this language
effectively."

Based on teachers' questions
and responses, Ralph Palsson,
also of our marketing staff,

P

—

Sit back,
phone visit the typesetter
for Youssissssin s story page 4

relax...let your

dealer.....ccceeeeeceece page 3

the 16KRA.. . it eeneann page 5

found that most instructors

were interested in using small
computers as aids in teaching
mathematics and science. There
was also interest in teaching
programming to junior and senior
high school students.

Both Ralph and Brett distributed
dealer lists and referred many
teachers to local Processor
Technology dealers.

"It's usually inexpensive (around
$60) for a dealer to rent a de-
monstration booth at a regional
educators' conference. The local
market exposure is great," says
Ralph. "Once you get your name
on the mailing lists of local
school districts and community
colleges, you will receive infor-
mation about upcoming conventions
and trade shows. You can then
make your reservations early.

>

Copyright (© 1978, by Processor Technology Corporation.

All rights reserved.
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NEW PRODUCT UPDATES

Item Begin Shipping

HARDWARE

ParaSol Debugger week of April 24

HyType I week of May 26
HyType II week of May 8
SOFTWARE

within the next
30 days

SHRBE PARTS

8080 FOCAL

The kit contains a sampling of

You want it when?!

b~

Change ‘ <:;f
/

shipment has begun
on schedule

moved back one »
week —

)

//l\‘ “11N

Spare Parts Kit (#900050). These kits are in
stock and available for immediate shipment.

the various

components, particularly integrated circuits,
used in our product line. Dealer price is $400.

ality in their April issues.

"Putting the Microcomputer to Work"

Whodunnit

Editor..... .....Dottie Wanat
GraphiCsS:«ssmessuns Lois Esser
Ray Oleson

General Input.....Rick Meyer
Chuck Rosas

Elizabeth Fairchild

Brett Bullington

Loren Willey

Ralph Palsson

-

April FORTUNE, BYTE picture Sol

Both Fortune and Byte magazines picture the Sol's versatile person-

(Fortune, April 24, 1978, page

54) features the Sol in

use by "Big Brother Biasi-
otto" at the Franciscan Friars
Provincial Headquarters in
New York City.

On page 126 of the April

'78 issue of Byte, the Sol

is pictured enjoying life

in a Victorian parlor. The
accompanying article, "User's
Report: The So0l-20", records
the author's favorable im-
pressions of the Sol.

Page 2, Vol.2 No.3
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TVadvertising pays off
for Maryland dealer

by Elizabeth Fairchild

"Dollar for dollar, television advertising has paid off for our store
more than any other media,"™ says Dave Gardner, partner and manager of
COMPUTERS, ETC...in Towson, Maryland.

Undaunted by the high cost of video production and TV time, Dave ex-
perimented with producing his own ads. He kept costs down by writing
the copy himself and selecting an inexpensive though effective format.
Total production cost for two 30-second spots was only $230.

In each ad, a written message "crawls" across the screen one letter

at a time at an average reader's pace. A voice in the background
describes current sale items and special services offered by COMPUTERS,
ETC... The description frequently ties in with the store's current
newspaper ads. Sometimes business applications are emphasized, some-
times hobby uses. This format

appeals to potential computer L
buyers without appearing obviously LOW h&SSle
"low-budget."

warranty cards
The spots have been running on a D 3r
Washington D.C. independent Comlng Soon

station in bursts Thursday through
Sunday, one week per month. Dave Beginning soon new warranty reg-

spends approximately $1400 per istration cards will accompany
weekend. He selects programs all hardware manuals. These
which appeal ‘to his target audi- " cards are stamped and self-

ence: men ages 18-45 with med- addressed--no envelopes, postage,
ium incomes. To Qetermlne whlgh glue, staples or tape is required.
shows are appropriate, he studies The customer can simply fill it,
the rating guide provided by the fold it, seal it, and send it to
station. So far he has used Processor Technology.

sports specials, a program about _
the movie GREASE, the 0dd Couple, We require a separate card for

Perry Mason, and late movies. each product purchased. For ex-
ample, if a customer purchases a

The response has been so good, Sol System III, he should send

Dave is planning to expand to a us warranty registration cards

UHF station which broadcasts to for the Sol, the Helios, and each

both Washington and Baltimore. 16KRA board.

(COMPUTERS, ETC... has a second

store in the Baltimore area.) Please pass this information

- along to your customers.
Summing up his experience with
media so far, Dave says, "I
would rank TV #1, newspapers #2, SEE YOU AT NCC
and radio a poor third. Radio ey et
has only worked for us at Christ- .
mas time to advertise video games."

.® 6 _ 6 » o

Vol.2 No.3, Page 3
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® ( How we typeset the new 16KRA and FOCAB
' manuals witha 1little help from Sol

¢

by Rick Meyer

A Sol System III,assisted by
special electronic word proces-
sing and typesetting equipment
produced the new 16KRA and FOCAL
manuals which you will receive
soon.

This small computer application
allows a small staff in our
publications department to pro-
duce more and better quality
work. The new manuals are easier
to read, more compact, and more
professional in appearance. I'm
guite excited by the results and
believe you will find the pro-
cedure of interest.

It begins when one of our techni-
cal writers enters his or her
original draft into a Sol System
III using a special word proces-
sing editor. The new Sol-HyType

Interface prints the intermedi-
ate drafts on a HyType Printer
and the manuals are stored on
Helios floppy disks which allow

for rapid revisions and additional
drafts.

When the text for a manual is
complete, we can transmit it out
the serial port of the Sol through
a 300 baud acoustic-coupled
modem via telephone to a comput-
erized photo-typesetting firm in
San Francisco forty miles away.
By inserting additional commands
in the file, we give detailed
instructions for type face and
point size, pagination and con-
struction of tables.

The typesetter sends the edited
file through special software
which drives the photo-typesetting
machine and produces the camera-
ready pages. In just a few days
the copy is mailed to us ready

for printing.

If you have any questions about
the system, or would like further
details, please feel free to
contact me in the Technical A

Publications Department. {"

Ii*ii 10 |I
1
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When a 16KRA has a serious headache and you want
a systematic treatment to give it fast,
relief (before you get a headache), try this

approach:

Check voltages

:L- We recommend using a dual
trace oscilloscope capable of
triggering at .2 microseconds.
Instructions are given below for
a single trace scope also.

23- Set the scope at an amplitude
of 5 volts per division and check
the 7 pin J2 connector. (J2 is
located on the bottom lefthand
corner of the board.) Starting
from P2-1, you should read approx-
imately +16v, -16v (unregulated)
and +8v on P2 pins 1, 2, and 3
respectively.

:5. If no voltage is present,
there is probably an open connec-
tion on J2. You can test this

by checking the incoming voltages

Troubleshooting
- - tips for 16KRA

BExcedrin
headache
number 16

fast

on P2-5, 6 and 7, which should
read +8v, -16v and +16v respec-
tively. If you get no voltage
here, see page 7.3 of the 16KRA
manual for further instructions.

41. Next, check the on-board
voltages. Select any RAM chip
and measure the voltages at pins
l, 8, 9 and 16. You should read
-5v, +12v, +5v and ground respec-
tively. An extra hot heatsink
indicates a short.

ES- If, when powering up, the
monitor is grossly distorted with
large dark areas across the screen,
+12v is shorted to ground. Fre-
guently such a short is caused by

(continued on page 6)

Vol.2 No.3, Page 5
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(continued from page 5)

the socket pins of U29, 30 and 31
glicing into the insulation of the
Rev J jumper and shorting either
+12v or +5v to ground. Simply
bend this insulation away from the

. Troubleshooting tips...

pin. Please DO NOT use a soldering
iron because this voids the war-
ranty. If you still cannot lo-
cate the short, send the board back
to the factory for repair.

Check delay lines

:Lo The delay line in socket U71
is vital to the board's operation.
A failure (whether hard or inter-
mitent) is often due to the soc-
ket itself. Often a simple dump
command will clue you into the
problem. Type in the command "DU
g EF <cr>." If a dump does not
occur, the delay line is a likely
source of trouble.

230 To troubleshoot U71, tempor-
arily remove the D to DN jumper
in area D. The board is now in
an undefined state; this condi-
tion is sufficient for testing
the delay line. Another approach
is to put the board into a wait
state by grounding U68-11. 1In
the wait state, pin 72 of the
S-100 bus should be at ground
potential.

5. The delay line determines the
pulse widths of MC and RC. 1If
you are using a single trace

scope, check the signal at U61-8.
Whenever it goes high or low, the
delay line should follow it. A
floating signal (+2 volts) at
U57-5, 2, 4 or 1 indicates a bad
delay line. The pulse out of the
delay line should be a crisp 350
nsec long. Any variation indi-
cates a defective delay line.

41. With a dual trace scope, set
the sweep to 100 nsec per division.
U61-8 should have a stable pulse
of 300 to 350 nsec. Due to the
output of NAND gate U57-6, there
will be a 100 nsec delay relation-
ship between U61-8 and U57-5.

Trigger on U61-8 to observe the
timing relationships. The result

should be:

a. a 50 nsec delay between U57-5
and U57-2.

b. a 100 nsec delay between U57-2
and U57-4.

c. a 100 nsec delay between U57-4
and U57-1 with a pulse width
of 300 to 350 nsec.

More tips later

Another set of problems can occur on the address

lines.

I'1]1 discuss these in a future article.

'Til then, take two aspirin and get plenty

of rest.

=-=Chuck Rosas
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Build an dll-in-one

home
compuier

Arithmetic keypad (far right) on Sol 20
microcomputer simplifies entry of long data
lists. For clear readouts, TV atop computer

is modified to accept video signals.
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By JOHN FREE

Home-computer kits can be a has-
sle if you discover that several “op-
tional” plug-in boards and accesso-
ries are needed to make your
computer perform adequately. 1
built Processor Technology Corp.’s
(PTC) Sol 20 Terminal Computer
because video, memory, computing,
input, and output circuits are all
included. PTC (Pleasanton, Calif.)
markets its computer separately or
in complete systems: computer, 11-
inch TV modified to accept non-
RF video signals, plus a cassette
recorder for loading and storing
programs.

The Sol 20 is called a terminal
computer because it has a built-in
keyboard and functions that could
enable you to communicate with
other computers. PTC’s computer
uses the popular 8080 microproces-
sor, which means there are many
programs around that you can use.
It also accepts S-100 boards [PS,
Nov. ’77] that can play music, talk,
listen, and do other amazing
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Plug-in module carries the system monitor, a microcircuit
with thousands of permanently stored instructions that regu-
late basic operations of the microcomputer.

things. The computer has a trim,
low silhouette, however, and room
for only five boards.

I spent about 58 hours putting a
Sol 20 together, and made only one
blunder: A bridge rectifier in-
stalled backwards in the power
supply shorted several components.
Lesson learned: Since the manual
has few step-by-step drawings, ex-
tra-careful reading is a must.

The computer displays 16 lines
of 64 black characters, or white
readouts on a black background.
Compared to displays I've seen
from some microcomputers, the
system’s Panasonic TV gives an
exceptionally clear readout. Data
for upper- and lower-case charac-
ters are stored in permanent mem-
ory.

The Basic 5 computer-language
cassette included in the kit can run
many programs listed in magazines
and other sources. Basic 5 works
with the 16K memory board in-
cluded with the $1850 Sol 20-16 kit.
A “brainer” $45 extended-Basic cas-
sette requires either 15K or 12K of

stores 16,384 bytes (16K of computer words). A quiet fan
cools the power supply (left) and other circuit boards.

memory, depending on whether you
load matrix capability or not. With
extended Basic and more memory
you can tackle virtually all Basic
programs. PTC’s $2495 System I-A
(Sol 20, cassette recorder, TV ex-
tended Basic, 16K memory) is now
sold only in assembled form.  » B

Master circuit board for Sol 20 kit cov-
ers over half the chassis. Keyboard sec-
tion and 100-pin memory boards are
assembled and tested at the factory.
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Sol SYSTEMS Order No. Price (SUS)
1. Sol-20/16 Terminal Computer with SOLOS personality module and 17,408 Factory Assembled/Tested 400500 $2095
bytes of memory, includes BASIC/5 cassette and Sol System manual Sol Kit/16GKRAA&T 400502 $1850

2. S0120/32 Terminal Computer with SOLOS personality module and 33,792 Factory Assembled/Tested 400600 $2395
bytes of memory, includes BASIC/5 cassette and Sol System manual Sol Kit/32ZKRAA&T 400601 $2150

3. Sol System I-A includes Sol-20/16 with 17,408 byte memory and SOLOS module,
PT-872 video monitor, RQ-413A cassette recorder, Extended Cassette BASIC,
cables and Sol System manual Factory Assembled/Tested 400700 $2495

4. Sol System 11-A includes Sol-20/32 with 33,792 byte memory and SOLOS module,

PT-872 video monitor, RO-413A cassette recorder, Extended Cassette BASIC,
cables and Sol System manual Factory Assembled/Tested 400800 $2795

5. Sol System Il includes Sol-20 with 50,176 bytes of memory and BOOTLOAD
module, Helios || Model 2 Disk System (stores 769,000 bytes) with Extended Disk
BASIC, PT-872 video monitor, cables and Sol System manual Factory Assembled/Tested 400300 $5995

6. Sol System 1V includes So!-20 with 50,176 bytes of memory and BOOTLOAD
personality module, Helios || Model 4 Disk System (two dual drives store 1.5
million bytes) with Extended Disk BASIC, PT-872 video monitor, cables and Sol Factory Assembled/Tested 400340 $7995
System manual
Note: All Sol-20 series units and Sol Systems are available for 220 Volt, 50 Hz operation.
Contact factory for pricing and delivery information.

Sol COMPONENTS
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