FEBRUARY 1977 VOLUME 2, Number 2 $1.50

UTk

the small systems journal










In This

page 34

The computer was created 1o free
mankind from the drudgery of doing
tiresome chores best left to an auto-
maton. In most computers, there is
4an extremely helpful monitor program
such as the SYS 8 program  avail-
able in versions by IMSAI and Proces-
sor  Technology.  Sometimes,  the
writers of such programs leave the user
with a few residual chores 1o do, like
enlering line numbers for cach com-
mand or operation. Bill Nico wasn't
satisfied with that, and proceeded o
palch in an automatic line numbering
feature for SYS 8, described in his
article on Sweet Auto Line.

A key component of a usable sys-
tem concepl is the mass storage sub-
system. |In this issue, Jack Breimeir,
one of the engineers on the Phi-Deck
design, and Ira Rampil of the Univer-
sity of Wisconsin begin a4 two part
article on The Digital Cassette Sub-
system. In part | you'll find some
background information on digial
recording, and details of the problem
of head interface electronics for digital
recording.

Mass storage is the critically impor-
tant component of a personal com-
puting system which is often passed up
on grounds of price or complexity.
Pcople tend 1o have preconceived ideas
that a controller which is a compli-
cated technological nightmare  will
doubje the price of a drive alone.
However, demonstrations of accom-
plishment arc a way to dispel precon-
ccived biases. Dr Kenncth B Welles
shows in his article on the Economy
Floppy Interface that buying just a
couple of drives and building a rela-
tively inexpensive homcbrew control-
ler can give anyone the advantages ol
over 200 K bytes on line per drive. His
circuit takes just 17 common inte-
grated circuits {one of which is an LSI
communications processing  device),

BUTL

Color television interlaces are start-
ing to become poptlar. However, not

everyone has a color television silting
around idly. Is it possible to have a
color terminal and not have o use a
color television set? Subjective color is
a possibility that is explored by Steve
Bain in his article Color Displays on
Black and White Television Sets. Read
Steve's article and lind out how you
oo may be able to add a color
modulation eflect 1o a black and white
tefevision set.

Setial storage media are widely used
in low cost compuler systems. They
range in performance from paper tape
through cassette  tapes with manual
controls Lo high performance program-
mably controlled cassettes, wape cdr-
tridge drives and full industry standard
magnetic tape drives. Find out some of
the hackground information pertinent
to use of most magnetic tape serial
media in Brian D Murphy's article,
Serial Storage Media: An Introduction
and Glossary.

Human interactions with computers
go both ways. For computer oulputs,
most people think in terms of visual
displays. This completely ignores the
use of other senses like hearing (or
touch or smell for that matter), In
Audible  Interrupts  for Humans,
Charles F Douds describes a simple
circuit which can take advantage of
the audio channel of the human
system,

Here you are, a4 novice or experi-
enced flier, cruising along in your an-
cient Cub under VFR conditions when

. all of a sudden, VFR becomes IFR
and you can’t sce. If you had an inex-
pensive Omega navigation system in a
portable package in your copilot’s
seat, you’d at least know where you
are on the map with an accuracy of
about I mile. In his article Cub 54,
Where Are You? (Or How to Navigate
Using Mini-O), Ralph Burhans begins a
multiple article discussion on Omega
navigation, design  of an Omega
receiver for use with a small computer
as & personal navigaltion system, and
software for determination of position
information. Aviation centhusiasts and
boating enthusiasts who are into
microcomputers will be able to use
this information to help make an
experimental robot navigator.

Is it an impossible dream? s it
conceivable to make an audio cassette
10 port with only a single bit line in
cach direction? Well, if you ignore the
need for connecting wires, clipping
diodes and isolation capacitors, then
you can usc a “hardwareless” software
technique such as that described in
Daniel Lomax’s The Impossible Dream
Cassette Interface.

Most of today's microprocessors
have all of their functions centralized
without a single device. The F8 micro-
processor by Fairchild Semiconductor
is unique in that it divides the system
functions among several basic circuits.
In his article, Microprocessor Update:
The F8 System, Robert Baker de-
scribes this rather unique way of ap-
proaching the development of a micro-
processor system.

Upon receiving that tirst micro-
processor, the budding  computer
hobbyist is often confronted with dis-
dainful stares and must endure such
comments as, “Well now, fet's see it do
something.” 11 you have a Moto-
rola 6800 based  system  with
MIKBUG, John Rathkey's article, A
MIKBUG Roadmap . . ., will aid you
in getting your system to Vdo some-
thing” that will satisly cven the most
doubting of your critics.

In severdl manutactured  products
which have been appearing lately, u
hexadecimal input  Kkeyboard is one
feature of  the compuler processor,
Joseph Hoegerl describes how this sort
of Calculator Keyboard Input for the
Microcomputer can be wired up and
used to replace toggle switches, His
version is for an 8008 sy stem, but the
sdme hardware is applicable 1o other
computers as well.

If you arc interested in designing
your own 1TL circuits you should
be aware that there is a definite
limit to the number of gates that
can  be interconnected. In TTL
Loading Considerations Greg
Tomalesky  explains  how  these
limits are determined by circuit
designers and  gives advice on what
pitfalls 1o waich out for when
designing your own TTL circuits.

Charles Howerton bhas  come up
with an interesting and tightly coded
package of 8080 routines to perform
utility functions for applications soft-
ware. The design goals of fitting into
256 bytes yet providing a wealth of
extensions 1o the machine's instruc-
tion set are well met, as can be seen
from his article’s documentation of
the package.
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Guest Editonal

Portia Isaacson, PhD
University of Texas at Dallas
Richardson TX 75080

It is clear that we are en-
tering a dramatic new era
in which information pro-
cessing power will be
abundantly available for
use by the individual con-
sumer...

This month, for the first time, we run a guest editorial. The writer of this
essay is Portia Isaacson, who is chairperson of the 1977 National Computer
Conference which will be held in Dallas TX June 13-16 1977. (The conference
this year for the first time recognizes the existence of our new trend in
computing, personal computing, by creating a special theme for that purpose
and taking the unprecedented step of adding a special exhibit hall for
personal computing displays.) Here is an interesting view of the history and
state of personal computing by un individual who has been enthusiastically
participating right from the start. Portia is a professor of computer science al
the University of Texas at Dallas and a principal in the Micro Store, a retuil
compulter outlet located at 634 S Central Expressway, Richardson TX 75080,
which is run by her husband David Wilson.

Several vyears ago we knew that com-
puters were going to become very small and
very inexpensive, However, predictions of the
effect of inexpensive computers did not
begin 1o cover the strength of today’s
personal computing movement, where we
find enthusiasm at a very high pitch. It is
clear that we arc entering a dramatic new cra
in which information processing power will
be abundantly available for use by the
individual consumer.

The only thing one could be sure about
during the past year when writing about the
personal computing movement is that by the
time the article was printed it would cer-
tainly be antiquated. Every month there are
several new computer clubs, several new
computer stores, hundreds more computers
owned by individuals, and a noticeably
higher level of excitement among insiders to
the movement. To most of us the whole idea
of personal computing is so delightfully
intoxicating that we can’t quite believe its
time has really come — but it has!

The personal computing movement
started quietly enough when MITS an-
nounced a computer kit for under $500.
Soon afterwards kits were available from
several different manufacturers featuring the
computer, a keyboard, a TV display inter-
face, audio cassette interface, and the BASIC
language; all for little more than $1,000.
Wow! A really operational system for about
the price of a good TV or stereo — clearly in
personal range. So the hardware and BASIC
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softwarc were available. The other needed
ingredient was imagination.

There was no shortage of imagination. In
fact, almost everyone who has ever worked
with a computer has, at some time or
another, been stricken with computeritis —
the infection of the imagination with ideas
about “what neat things could be done with
a computer if only | had access.” For years
we've known that students many times
substitute the computer center for other
forms of recreational activity. Also, that
many programmers can be found in the wee
hours with their company computer, doing
their own thing.

Applications of a personal computer are
as far ranging as the individuals who imagine
them. Personal accounting, music genera-
tion, library maintenance, language analysis,
stock market analysis, game playing, model
train control, household control, and tutor-
ing are only a few of the known applica-
tions. The computer has few inherent
limitations.

A “movement” can be characterized by
the people involved. What kinds of people
are “‘into’’ personal computing? And how
many? Based on the circulation of the major
personal computing publications and the
attendance at conventions, 100,000 is surely
a very conservative estimate of the rapidly
growing number of involved people. What
are these people like? True, at first, they

Continued on page 140









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 ASCIl 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 F080A.
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



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

it 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 fo 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 I/O module.
Here's a board with two 8-bit parallel 1/0
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
error 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 tfo
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
STARTREK, 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 |/ 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.



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, effective Dec. 1,1976)

SOFTWARE cuts Paper
ITEM with manual Source cassette tape
BASIC 5 software

#2 yes o $19.50
8K BASIC no $29.00 $37.00
New 8080 Focal no $14.50 N/A
TREK 80 video

game no $ 9.50 $14.50
GAMEPAC 1

video games no $ 9.50 $14.50
MATHPACK video

calculator yes $14.50 $19.50
ASSEMBLER

software #1 yes $14.50 $19.50
ALS 8 no $35.00 $45.00

**CUTS cassette of BASIC 5 is included FREE with all orders for Sol
units or CUTS cassette interfaces. Additional cassettes available
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.

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
power supply, 85 key solid state
keyboard, 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  Asmbld.
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 I/O

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-
tern diskette with complete
PTDOS software

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.

$1895 $2295






Letiens

SAVE THE COMPUTERS
FOUNDATION?

As a regular reader of the articles in
BYTE magazine | have noticed the ab-
sence of any columns on computer
nostalgia and antique computers. An-
tique computer interest appears to be
growing because it is perceived in per-
spective to and in contrast with micro-
processors, Nostalgia discussions would
compare old computers with micro-
computers in the area of first cost,
computing power, logical organization,
speed, electricity consumption, size,
weight, reliability, etc.

Antique computers include the desk
size drum and vacuum tube machines of
the 50s, carly magnetic core minis of the
60s, and the first Wang and HP desk top
calculators of the late 60s. The oldest
antique computers include the Royal-
McBee LLGP-30, Bendix G-15, Burroughs
E101, IBM 650, Elcon 125, Alwac,
Monrobot VI, Univac | and I, and the
IBM 700 and 7000 series.

Since only a few of these machines
were ever built, and many have already
disappeared, there is a real danger they
may become extinct. We can help pre-
serve our computer heritage by publish-
ing interesting articles on computer
nostalgia and antique computers.

Don Nyre
305 Lajolla Dr
Newport Beach CA 92663

Only problem: You can only look at
‘e, because the power bills will be sky
high, und who hus used vacuum tubes for
spure paris? Interested readers are urged
to contdct Don, orwrite up commentary
on heir favorite unliques so we can
occasiondally  publish — some  history,
Who'tl write un uccount ol Bubbage's
engine?

ARE WE SCHIZOPHRENIC
PLUGGED-IN EXPERIMENTALISTS?

| just scanned issue No. 14 and am
well pleased! BYTE seems to give the
same schizophrenic, plugged-in, ex-
perimentalist joy of ham radio’s old
days before commercial (yawn) avail-
ability of 2000 watt PEP linear amnli-
fiers. This is the impetus, battered and
bruised by a nasty electrical engineering
curriculum, jaded by very large scale
integration, which has largely failed me
these days.

Before | go back to working on my

business and law school applications, let
me give you a rcason for joy: money!
Please note the gift subscription form
and the address label upon this sleeve.
I'd like to buy a year’s subscription for
my friend and three years for myself.

Jeffrey S Wilson
POB 30113
Parma Heights OH 44130

The ubove Jetter was written on u
battered BYTE wrupper.

I DON'T LIKE YOUR PRODUCT

Please do not! send me any more
issues of BYTE. | got the first two issues
and did not like it. | got the impression
the magazine was intended for computer
hobbyists. Instead, it seems to me more
dreary and boring than any textbook or
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trade journal today. | have been a
computer professional for fifteen years,
and your publication is by far the dullest
I've seen. Let me know if your format or
content changes in the future. Mean-
while, no more issues please.

Ray Lawrence
120 Roseland La
East Patchogue NY 11772

Congratulations, Ray. You've just
exercised your right to vote your pref-
erances in a free market, by what you
buy und what you don't buy. We'll
collect our votes from the remaining
73,000 or so people (circa January 1977
issue) who don’t seem to feel the way
you do.

TELE SELECTRIC CONVERSIONS?

Recently | have a project in mind to
build an intelligent teleprinter. The
system will consist of aconverted electric
typewriter which will be controlled by a
8080A microprocessor, 8 K memory and
3 programmable 1O ports which includes
RS232 interface. The advantage of this
teleprinter is that it can be used as a
stand alone computer or as a computer
terminal.

The typewriter | intend to use is the

Continued on page 76



How come the master of
this machine has to be
relegated to such a menial
task as remembering to
enter line numbers?

. Sweet Auto Line

& . e

S. ;T\'ay[‘m

Modified SYS8

must be made to the
SYS 8 monitor input logic

in order

to determine

whether or not the auto

line
wanted.

indexing feature

s

Willard | Nice

DELTA t

11020 Old Katy Rd, Suite 204
Houston TX 77043

I was writing a program the other day,
using the editor and assembler provisions of
the SYS 8 self-contained operating system.
For the N to the ith time, | forgot to type in
a new line number before entering the
instruction code and got the familiar
WHAT? response from the monitor program.
If there was a market for WHAT?, I'd be
rich!

Anyway, the thought hit me like a brick,
““How come the master of this machine has
to be relegated to such a menial task as
remembering to enter line numbers?”” After
all, my IMSALI is supposed to be the kind of
a servant who doesn’t mind that type of
work. | should be free to think creatively.
That’s when | decided to put SAL on the
payroll: my Sweet Auto Line automatic line
numbering program.

SAL Patch

READ: LXi H,IBUF PATCH: SHLD ADDS
JMP PATCH JMP
BACKIN: MVIE,2 [:] D
NEXT: CALL INS
ONOFF,
a switch location
with address of AUTOL
if SAL is on, address of
BACKIN if SAL is off
Change that thus if SAL is on the code is

PATCH: SHLD ADDS
JMP AUTOL

thus if SAL is off the code is

PATCH: SHLD ADDS
JMP BACKIN
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Microcomputers are highly
complicated devices. When you
buy one you want to make sure
the manufacturer has a solid repu-
tation for reliability and support. You
want to make sure he’ll be in your corner

a year or two down the road.

The AIltair8800 from MITS was the first
general-purpose microcomputer. Today, there are
more Altair computers up and running than all the
other general-purpose microcomputers combined.
Today, Altairs are successfully used for literally hun-
dreds of personal, business, scientific, and industrial
applications.

Because we are so popular, many people have tried
to copy us. The pages of microcomputer magazines
are full of advertisements for Altair compatible devices
and Altair imitation computers.

Because we are NUMBER ONE,
we offer a much broader range of
products and services than any of
our competitors. One manufacturer
might be able to copy one of our
computers. Another might be able
to produce a working memory card.
But no one can copy the overall
Altair concept.

The Altair concept is a system
concept aimed at practical, cost
effective applications. That's why
we offer three mainframes includ-
ing the Altair 680b, Altair 8800a,
and Altair 8800b; ten peripherals
including a multi-disk system; and
over 20 plug compatible modules
including our new, low power 16K
static memory board. That's why we
are the only microcomputer manu-
facturer to go to the extra expense
of providing our customers with
quality, higher language software.

When you buy an Altair, you're
not just buying a piece of equip-
ment. You're buying years of reli-
able, low-cost computing. You're
buying the support of the NUMBER
ONE manufacturer in the micro-
computer field.

0“ TR ES

2450 Alamo SE/Albuquerque, NM 87106/505-243-7821







ALL WE
GANTELLYOU IS
THAT MEN WHO
DON'T SMOKE
LIVE ABOUT

6 YEARS LONGER
THAN MEN WHO

DO SMOKE.

I[f you want someone to help you
stop smoking cigarettes,
contact your American Cancer Society.

AMERICAN CAPiCER SOCIETY

* This fact taken from a research study is based on the smoker who at age 25 smokes about a pack and a half of cigarettes a day.
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Listing 4: Equate Table with monitor rouline addresses for using the Sweel
Auto Line program with the Processor Technology version of the SYS 8
program. This assembly was started at hexadecimal memory location 5000.

S0cC?
S0C?
Soca
SOCE
EQOOQ
0008
0804
nosA
F293
FO1F
Foz2n
Faia
FoCc3
no5o

i THIS 1S THE AREA WHERE [ME FROFER ANDNRESSES

7 ARE STNRED

FOR THE VARIOUS [LOCATIONS

i REFERENCED IN THF AUTOL FRUGRAM

3
LINE?
SAVE:
NUMER:
ILNCR$
CRTOUT
BRNGFA
RHDIEN
ARUF
VCHK
EOR
NEXT
WHAT
COMH
ADDS

ns

ns

ns

0s

EQU
EQL
Fau
Eau
Equ
EQL
EqQu
EqQu
Eny
EQu

P OSTASH FOR CORRENT LLINE NUHEE R
1 ¢ GTORAGE FOR KREYROARD TNEDIT
4 P OGTASH FNOR AGCTLE LINT ND.

o

B STASH FOR INCREMENT VAl UF
OEOOOH

F VIDED DRIVER PROGI:AM

08H 3 BACKRSFACE UNDNE DE VINEO DRTVEER
oOna04sH ¢ ANDRESS KREYHOARD TNET) RDITINE
ONOSAR ¢+ ASCIT RUFFER ADDKESS

OF793H 3 VEHR ROUTING IN MONTINK

OFO1TH &+ MONITOR INTIIALTIZATION

OFO2NH ¢+ MONTTOR REFNIRY FOITNT

OFatAl 3 FRKRAK MESSAGE

OFOUZH & MONITOR COMMAND SEARCH

ONOSOH sOMUONTTOR STORAGE LOCATTHN

i END OF FROGRAM

ENDI

is used. This valuc is loaded into the HL
register pair and stored at INCR at the start
of SETL. If a later test shows that a
different value is desired, INCR is changed
accordingly.

Next, the monitor's VCHK routine is
used to determine if a beginning line number
was specified. VCHK exits to the WHAT?
error routine if it finds no line number was
chosen. If a line number is found, the HL
resister pair is set to the LINE storage area
and the DE register pair is loaded with the
address of the monitor’s ASCII buffer,
ABUF. The Tlirst four ASCII digits in ABUF
are converted to simple binary values and
then packed two to a byte by the PACK
routine. Each digit is lested to make sure it
is a valid number by TEST. The two bytes
arc then stored at LINE.

SETL then checks the next ABUF entry
for an increment value. If none is present,
the 5 initially stored is used. If an entry is
found, the next four ABUF characters are
packed into two bylces as before and stored
in INCR.

The SWITCH routine fetches the starting
address of the AUTOL routinc and stores it
as the second and third bytes of the jump
instruction in PATCH, thus turning SAL on.
Each time the monitor enters its READ
routine, the program is diverted to SAL’s
PATCH. If SAL is on, the program goes
through AUTOL to generate a line number.

As the flowchart of figure 3 shows,
AUTOL saves the data in the HL register
pair on the stack so that those registers are
available for use. They are then set to the
address of the NUMBR storage area. Register
pair DE is set to the LINE memory address
and the next line number is retrieved from
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that area and unpacked into four ASCII
digits. The UNPACK routine stores the
ASCI1 digits in the NUMBR stash and, as
cach digit is stored, it is also displayed on
the console device.

After displaying the line number, the
program waits for an input from the key-
board which it stores in the SAVE memory
byte. This input is tested for a space and il it
is any other character, a jump to the
ABORT routine cancels the entry of the line
number into the monitor’s input buffer. if a
space is detected, the ASCII digits in the
NUMBR stash are entered into the monitor’s
input buffer, IBUF., The value stored in
INCR is then added to the line number in
LINE and the new value restored in LINE
for use the next time through.

The E register is used by the monitor to
point to the place in IBUF just after the last
valid character. Since we have added a four
digit line number plus a keyboard entry
character, we set register E to 6 so that the
monitor knows what we have done. Lastly,
the keyboard character is retrieved from
SAVE and carried back to the monitor for
input of the rest of the line.

In the ABORT portion of the program,
four rubout commands are gencrated to
wipe out the line number printed on the
control console. Since the number had not
been entered into IBUF or increased by the
increment value when the nonspace key-
board entry was detected, no further proces-
sing of the line number is necessary. The E
pointer register is set 1o 2 to indicate that
onc character is in IBUF, the SAVEd char-
acter retrieved and the monitor reentered.
The PACK routine extracts the binary equiv-
alents of ASCH numbers and combines two
of them into one byte. This packing facil-
itates adding the increment value to the line
number by allowing use of the DAA, Deci-
mal  Adjust  Accumulator instruction.
PATCH, SWITCH and UNAUTO have al-
ready been cxplained in sufficient detail.

A program listing of the Sweet Auto Line
is shown in listing 3. The addresscs of the
monitor routines given in the Equate Table
arc for the IMSAI version of the SYS8
program, If you are using the Processor
Technology version of this program the
appropriate addresses can be found in listing
4.

Well, there you have it! Sweet Auto Line
is an example of sane, moderately intricate
computer programming which goes to work
and makes life easier for you. You will find
it convenient to use, and after a short while,
you'll wonder how you ever got along
without SAL on the payroll.

Now if she could just type .. .m
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The

Digital Cassette

Subsystem:

When people first acquire a small com-
puter of traditional design, they are usually
content for some time with using the con-
sole lights and switches for 0. If the proud
new owner has any software aspirations, he
or she will soon begin to crave some sort of
device to raise the level of intelligence of the
man-machine interface. For many, an
ASR 33 Teletype or its equivalent makes an
ideal first peripheral for a computer system;
it gives one a keyboard, a hard copy printer,
and paper tape bulk storage for program
libraries. There comes a time, however, when
the incessant clatter of a 10 character per
second paper tape reader is no longer music
to one’s ears. The fact of the matter seems
to be that as the ambition of a programmer
grows, so does that programmer’s restless-
ness and impatience to see things being
done. There is something irksome about
sitting and watching one’s 10 machine take
longer to read a program than it took to
code it. The obvious answer is a high speed
random access store, like a disk or drum.
However, no matter how elegant it might be,
not everyone has $5 K for a cartridge disk.
Floppy disks are not yet the answer in terms
of cost, reliability and media life. Perhaps
the best answer for today's amateur may lie
with the ubiquitous Philips cassette. There
are many alternatives when dealing with
cassettes from which to make design choices.
Therefore, this article is meant as a reference
for ideas, rather than as a construction
article.

The theme of this article refers to the use
of high performance digital cassettes, so {et’s
define terms. High performance is intended
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to mean better than the amateur’s common
forms of automatic program loading, namely
Teletypes and low speed audio cassettes.
One important performance factor that is
easy to improve upon is speed. A Teletype
clatters along at 110 bits per second, and an
audio cassette at up to 2400 depending on
whose system you use, but a digital cassette
system begins hitting mechanical limits at
32,000 bits per second (for NRZ1 = 1600
bpi X 20 ips = 32 kbs). A conservatively and
therefore more reliably designed system will
loaf along at 7,000 to 8,000 bits per second.
That's about one thousand characters per
second, or 100 times the speed of a Teletype.
Imagine a 4 kilobyte program being loaded
into main memory in less than 5 seconds. An-
other, perhaps more important feature pos-
sible in an electronically controlled cassette
system is a concept known as block replace-
ability. This means that a block of data on
the tape can be erased and overwritten with
different data, without disturbing any other
preexisting data on the tape. This technique
obviously requires very accurate computer
control and synchronization of tape motion.
Block replaceability is not an easy goal to
achieve in the design of a cassette system. In
fact, most cassette peripheral system manu-
facturers do not offer it, and audio cassette
drives never have it. Amateurs, however, can
do things that professional designers cannot
or will not do because amateurs are not as
concerned with markets, cost and reliability
optimization. Block replaceability is a
worthy goal of amateur experimenters in
spite of additional hardware requirements
because, in conjunction with the proper
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Figure 1: The magnetization curve of the
typical magnetic tape medium. The applied
magnetic field, H, results in a residual
magnet of strength B after the tape has
passed the head. The linear regions A to A’
and B to B' are used by audio recorders via
the trick of using a bias signal which rapidly
switches through the A to B region and
allows reconstruction of the analog signal
intensity based solely on the linear segments.
A digital recorder, in contrast, drives the
head to saturation (and beyond) at C and D,
giving the maximum magnetization possible

in either direction.

Part 1, Digital Recording Background

software device handler, a cassette memory
system can simulate a random access device
like a disk or DECtape. Although obviously
much slower, such a cassette system would
enable indigent personal computer usecrs to
run the equivalent of a disk operating
system, with all of its attendant advantages
and features.

Magnelic tape systems of one form or
another have been a mainstay of commer-
cially designed computer systems for several
decades. As such, there is a fairly large body
of information in the engineering literature
on the thzory and practice of digital magnet-
ic recording. Until now, analog magnetic
recording with audio cassettes has been used
in the majority of amateur computer appli-
cations. A brief look at the physics of analog
and digital magnetic recording should con-
vince the reader of the vast superiority of
digital techniques.

The fundamental difference between
audio and digital recording is in the method
and degree of magnetizing the tape. For
audio recording, low distortion is a primary
requirement. Looking at the B versus H
curve (magnetic intensity versus magnetizing
force) for tape, figure 1, we see that the
curve is mostly nonlinear. Only the linear
portions of the curve can be utilized if low
distortion is of importance. There are two
linear regions from A to A’ and from B to B’
in figure 1. The high frequency bias typical
of audio recording is used to insure opera-
tion in the two linear regions for the full
range of the audio signal level. However, for
digital recording as in almost all digital
systems, we are interested in only two

and Head Interface Electronics

states: O or 1, on or off, true or false or
whatever names are convenient for distin-
guishing two separate states. Two such states
are readily available for digital recording,
these being points C and D on the B versus H
curve of figure 1. Each of these two points is
in the saturation region of the curve where a
further variation in the magnetizing force
results in a negligible variation of magnetic
intensity in the tape and both points are in
regions of opposite polarity. These then are
the two states used for saturated digital
recording.

There are several advantages to operating
in the saturation regions of the magnetic
media which we shall examine now. During
readback of magnetic tape, the signal in the
magnetic data transfer head is proportional
to the rate of change of the flux or

do
CR = N E
where ep = instantaneous read head
voltage
N = number of windings
around head core
do .
T change of magnetic flux

per unit time
For a given magnetic head and a given

tape speed, the maximum readback voltage
is obtained by recording a transition of the
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signal from point C to D or D to C of
figure |. In other words, use the maximum
possible change of flux in order to take
advantage of the full amplitude capability of
the magnetic media. This results in the
maximum readback signal which in turn
gives the highest signal 1o noise ratio.
Secondly, since the tape is being saturated
there are no critical bias levels or record
current levels to maintain. All that is re-
quired is that the current through the record
head be of sufficient value to operate at or
above the knee of the B versus H curve. Most
digital systems operate at record head cur-
rent levels of 125% tape saturation or above,
Because this level is well above saturation,
the exact value is not critical and, therefore,
no adjustments are required in the recording
electronics during manufacture or during
maintenance.

As previously mentioned, the manner in
which the signal is used to designate ones
and zeros for digital systems is different
from the techniques used for audio. In audio
the high frequency bias switches between
the two lincar regions of the tape while the
audio is superimposed on the bias lor record-
ing the information. When audio recording
techniques such as frequency shilt keying
(FSK) arc used for storing digital informa-
tion, typically 4 to 8 cycles of an audio tone
are recorded in combination with the 50 to
100 kHz high frequency bias. During read-
back, the audio tones arc recovered and
converted back to digital information.

Figure 2: Timing and tape positioning in u digital recording. At (u) is shown
an example of a square wave applied to some tape heud, ulternuting between
two saturation current levels arbitrarily called +1 and —1. The resull is a
pattern of magnetized regions on the tape, with bounduries at euch transition
point. The passage of the magnets over the head during a reud operation
induces a current pulse proportional to the rate of change of the magnetic
field’s direction. Here we’ve arbitrurily given NS as the designation for a +1
current state, and SN as the designation of the —1 current state ut wrile time.,
The trace at (c) shows the voltage integral of currents due to the field
transitions of (b) when the tape is read. The key to recording digitul data is
the creation of a time format for the transitions of the fields (which don’t
have to have the reqular pattern shown here).

WRITE +1

Saturated digital recording systems require
no such complication. Each excursion from
onec saturation polarity to the opposite is of
significance.  These magnetic  polarity
reversals are called flux transitions or flux
reversals and, generally, less than one to a
maximum of two are required per bit of
digital information,

Let us now take a closer look at what the
saturated digital signal looks like on tape.
The head drive current is switched between
the saturation currents as shown by the
squarc wave in figure 2a. The result is that
cells of magnetization are recorded on the
tape as shown in figure 2b. The magnetic
cells alternate in polarity corresponding to
the direction of the recording current. When
the tape is read back, the read head will have
a voltage induced only at the cell boundarics
where there is a large change of flux. The
resulting input head waveform is shown in
figure 2c. Notice that the head has an output
only at the locations where the flux changes
occur and no output between flux changes
where the remanence magnetism is constant.
The magnetic head output when reading is
obviously much different than the recorded
current waveform. This situation is quite the
opposite of the requirements for audio
systems where the playback voltage must be
a faithful reproduction of the record cur-
rent.

Another difference between audio and
digital recording worth noting is in the
method of erasing tape. Audio tape must be
erascd with a high frequency signal to
replace the recorded signal with a com-
pletely random jumble of magnetic cells, or
domains, that produce no signal. If this prior
erasing is not done, then the new audio
signal is simply added to the previously
recorded signal, achieving a ‘“sound on
sound” effect. Saturated digital recording
eliminates the need for an erase head, and a
separate erase process. Since saturated re-
cording forces the tape to comply com-
pletely with the new data, the previous state
of tape is irrelevant. Digital recording erases

HEAD
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Figure 3: A typical head drive circuit for suturation recording. The 709 operutional amplifier
here is used to drive the muagnetic tape head to saturation in either direction by upplying a 10V
signal with respect to ground. A magnetic recording head winding resistance of typically 100
ohms in the digital cassette case results in a current of 10/3400=0.003 A (3 mA).

the old data automatically with cvery writc.
Some digital rccorders do have an crasc
head, usually called a tunncl crase head.
These crase heads are only used to insurc
compatibility  between different  decks.
Because different decks have different mech-
anical head to tape relationships, the tunncl
erase heads erase a track much wider than
the head records on. This wide swath of
erasurc insures data recorded on a different
machine can be crased completely, in spite
of a slight head misalignment. The conven-
tion when purposefully recording a blank
piece of digital tape is to simply saturate the
head in one direction for the entire blank
section,

In digital systems, the data or informa-
tion is determined by these flux transitions
rather than by any continuously varying
analog signal. Therc arc many different
combinations in which the transitions can be
used to designate a 1 or 0. The polarity,
position, or relative spacing of the transi-
tions arc all possibilities. The process of
assigning information to the flux transitions
and recovering it is termed encoding and
decoding. The more popular methods of
encoding and decoding are covered later in
this article.

Recording or writing flux transitions onto
tape is relatively straightforward. Digital
cassette magnetic heads typically require 4
to 10 mA peak to peak current for satura-
tion of the tape. This amount of current
drive is easily available from a general
purpose operational amplifier. Figure 3 is a
circuit diagram of a typical write amplifier

that delivers plus and minus 3 mA current
drive o the magnetic head. The circuit
consists of a 709 operational amplifier with
back to back zcener diodes providing bipolar
limiting. TTL logic level inputs are applied
to the write data input, inverted and then
supplicd to the inverting input of the op
amp. The noninverting input of the op amp
is referenced at 1.4V positive, thus the
output will switch polaritics when the input
changes from onc TTL level 1o the opposite.

|
|
|
[
|
|
!
|

|
|
|
er—I
* ppak |
smFT—-: }.- |
|
1 =T
pe—T'—oy

Figure <: Merging of transitions. When two
transitions come close together on the tape,
the response curves (see figure 2c) upon
reading the datu can overlup significantly.
This crowding of flux changes tends to cause
interference such that the amplitude of the
signul is reduced, und the time coordinate of
the peak of the curves will shift slightly.
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or lape to head interface. Digital grade
casscttes are certified to have no more than
50% loss of amplitude of a signal recorded at
1600 flux reversals per inch (FRPI). Audio
grade casscttes generally are not certified
and it is up to the manufacturer’s discretion
as Lo the amount of dropout permitted in his
product.

What the preceding two paragraphs mean
in terms of digital tape signals is that, instead
ol constant amplitude readback signal, there
will always be random amplitude variations
in the signal and shifting of the pulse pecaks
depending on the flux transition pattern
written. The pulse crowding peak shift and
dropout rate limit the maximum flux den-
sity that can be utilized for digital tape if
crror free data storage is a requirement. The
maximum flux density for cassctie tape is
normally 1600 FRPI. In addition, the design
of the read amplifier is a key clement in
minimizing the cffects of the above tape
characteristics.

Figure 5 is a block diagram of a typical
read amplifier. The signal from the magnetic
head is amplified in two stages by a low
noise preamplifier and amplifier. The analog
signal at the output of this block is about
4V peak 1o peak. The signal is then applied
to the peak detector and plus and minus
threshold detector. The threshold detectors
accept analog signals as inputs and have logic
level outputs. When the input signal is below
a preset reference level, the output of the
positive threshold detector is a logic low.
When the analog signal at the input exceeds
the positive reference or threshold value, the
output is a logic high. The negative threshold
detector opcerates in the same manner except
that it detects negative pulses. These signal
relationships are illustrated in figure 6. The
threshold detectors effectively isolate the
low level noise and the amplitude variations
from the read signal while supplying logic
level  pulses as an output for further
processing.

Even  though the threshold detectors
remove amplitude variations from the read
signal, there will be time jitter in the outlputs
duc to these variations as illustrated in
figurc 7. This cffect can be eliminated by
detecting the peak of the analog read signal,
then combining the result with the threshold
information. This is the function of the peak
detector block in figure 5. The scquence of
events and resulting outputs is shown in
figure 8. Note that we now have logic level
information that accurately locates the cen-
ter of the flux transition at a logic signal
cdge with no timing or amplitude variations
due to amplitude fluctuations in the read
signal.

(a) ZI / \ N

(b)

L

Figure 7: A superimposition of u strong
signal und a weak signal (a) shows how there
can be considerable jitter in the threshold
detector outputs. Al (b), the strong signal
quicRly reaches the threshold when it is
rising, and remuins above the threshold for u
longer time, thus resulling in o wider pulse
than at (c) where the lower umplitude signal
is read. In the normal operution of the tape,
crowding effects such us seen in figure 4 and
the dropout eftect together require that the
input circuitry  be tolerant of umplitude
varialions.

READ VOLTAGE (V) / /\

+ THRESHOLD

CHIF V> VryReskoLD )
- THRESHOLD

UIF V< VryresHoLD )

PEAK DETECTOR
(SIGN OF dv/dT)

+FLUX
TRANSITION —| [*WIDTH
VARIES
QuTPUT
LINES
-FLUX
TRANSITION
ACTIVE ACTIVE ACTIVE ACTIVE
EDGE EDGE EDGE EDGE

Figure 8: Decoding begins using u peuk detector, which chunges its logic stale
at the time the derivative of the voltuge with respect Lo time chuanges sign.
The peak detector outpul is then guted with the threshold detectors resulting
in u pulse which has a negative transition al the peak, und a width dependernt
upon the amplitude of the signal. The negutive edge of the flux transition
lines is the derived clock reference used for input operations.
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Figure 9: Details of a dig-

ital recording read head

signal processor.

This cir-

drawn from the

is

cuit

YL gL
£L£ 838
SAQ oo X
“ W
Wv,nmm
TS
3-8
QE o “
23028«
Clwaem
.mymSSM
s5egse
£S . =%
S @ TS
V3 O S o
T oY ST S
SWwQ 2HQ

1t

SSITINN SAVHVIOHIIW NI 3PV S30110VdVD

NOILISNYYHL XN7d -

NOILISNVHL Xn14 + <EO-€1]

b * 10-1r> ano
ASH- ol o1 == 1
. == 000!
nm\ M 022'63 = 623 [ w
e - %0-IT > J0AGI-
Mg
2bY 9
L L AO! N MI
oss v Y Annd
pED N A 2a AOI L
bl 14l J * z 8 1 ooon_ *
»ObL 00bL 1pivn HEWT $OSIOW
€10l 191 ¢ 0121 oI ¢ 99 Z5-ir) (23NN
[El NS 2101 JaA8i-
1191 2 1
* 60€WT - SO-IF> DAAGI+
3 & IED &
M 934NN}
A ASE |!|.'_o% Sonait
1a
{So > 2aAs+
v ONINOILIONOD ¥3IMOJ
AGI+
35IMHIH1L0 JILON
%Ol% ‘Mb/t 38V SHOLSIS3IY o nh\
-S3LON
302
> by
AAA 0" )
MOLb Py Hezg
e1y ]| A \ ] 154 9
< Yz \
03173130 L < 0zz S
QIOHSIHHL- ¢ gol V€ 194 ¢
Hgeg <l ASI-
81y HOLD S 10 L N
isnrav wm# % 87 Iﬁ 22027
QI0HSIYHL L<] c0-2r >
AG+
N oL nsi- nzz's
9€2 8cy e
»0Z [~
¢y 10 |-
€2 302 =1
Q3153130 , 183 ¢
QIOHSIHHL + a3 avaH | § 1
L4OJSNVEL | ¢ |
2 AAA ﬁ AGI+ L.
por e #Ot s 2
L 2¢y NP 2'2Z$
- ANA- woLbS 96H 9ty
b1y MOLY 8y
Sy 1 so-ar >
nG+ syoidarza  NS®
QIOHS3IYHL 4d00t 4400/
4 22 b p 34 9
MV3IdF
O.u_“v ﬁ
>
o2H AEES ¥00! Nivo| %001
92y ¢ 8by 302 Svd
MG 00! < 6¢y
ovy i 82y H3I4ITdAY
B
6 h/ o] 2
g1o1 1ol mokuu.ruo N_o A * 5
[ L 14
5e wv3d 919 aes gociow 7] DN
2121
44089
AG+ €22

30






Some letters to BYTE are
technical in nature and are
best served by some form of
response. We will try to
answer as many such letters as
possible. If you have a puzzle
concerning some aspect of the
personal computing field,
write down a clear statement
of your question and send it
to:

Ask BYTE

Byte Publications Inc

70 Main St

Peterborough NH 03458.
We will publish names and
addresses of individuals
making inquiries unless you
specifically request us to omit
the reference.u

AskBYIL

Got my first issuc of BYTE yesterday and
was much impressed by content and format.
I was especially interested by Dr Suding’s
article on a TV interface [August 1976, puye
66/ since I’d like a demand terminal to our

L SIN(T)+ SIN(3xT)/3
SN

__———SIN(3T)/3

[Note: This letter was
recefved from a person
who signed it “Steve’’ with
no return address; as some-
times happens, the en-
velope was discarded be-
fore the discovery that
there was no return ad-
dress or other identifica-
tion on the letter itself.
This problem of identifica-
tion is the reason for re-
questing our authors to
record their names redun-
dantly in packages sent to
BYTE.]

NOTE :
SECOND HALF OF CYCLE DUPLICATES
FIRST BUT WITH (-1) ALGEBRAIC
SIGN MULTIPLYING EACH VALUE

U1108 computer. It needs 80 char/linc, so
his bandwidth comments grabbed my atten-
tion to say the least.

In the hope that | didn’t really under-
stand what he said, could we review? With 8
bits/char (7 in the matrix + 1 space) and 32
chars/line it looks like you have 256 bits/
line. At standard deflection rates, yielding
53.34 us trace time, that works out to about
4.8 Mbits/second. Since the worst case pat-
tern is alternate ones and zeros, it looks like
bandwidth for the fundamental frequency
must be at least 2.4 MHz. Did | miscalculate
or do you really neced to pass the third
harmonic?

Steve
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First, note that with a 256 bil pattern of
alternating light and dark, the worst case for
bandwidth purposes, the actual frequency of
the video data is found by dividing 128 (a
two segment pattern is involved) into
53.34 us, not 256. Thus the frequency of
the fundamental in the 256 element display
is 2.4 MHz worst case (417 ns per 2 bits). In
order to make a passable (first) square wave
appoximation, Fourier analysis from an
elementary mathematics course shows thut
the first two terms are the fundamental and
the third harmonic, in a ratio of | to 1/3in
amplitude. Thus the amplifiers for a first
order representation of u digitul signul on the
scan line should be able to puss 2.4 * 3 =
7.2 MHz if no distortion of the first order
approximation is to occur, in fuct somewhat
fess than a flat response will still allow un
image to be seen und understood, as is
demonstrated by the fuct that TV displuys
on standard sets work at all. The results of
low bandwidth are a smearing together of
the picture elements.

The same considerations apply when
thinking about the typical commercial dis-
play monitor with its nominal (flut) response
bandwidth extending in the 15 to 25 MHz
range. Take the example of an 80 character
display with 8 picture elements per churuc-
ter. The number of picture elements per scan
line is then 640; and keeping the same scan
time, this gives 83.33 ns per picture element.
In the worst case alternate state display, (wo
elements, or 166.7 ns, are required for each
cycle, giving a frequency of 5.99 MHz. The
third  harmonic of this frequency s
17.97 MHz. Thus on a monitor with 15 MHz
nominal bandwidth there might be some
smearing or loss of definition due to less
than unity gain for the third harmonic, and
on monitors with higher bandwidth, a
sharper picture would be obtained. For
reference, accompanying this nole is a pic-
ture of the third harmonic approximation to
a square wave and the first and third
harmonic terms in isolation.m
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Figure 1: This diagram,
redrawn from the Innovex
Series 200-M Maintenance
Manual, shows all of the
TTL level signal lines that
must be passed between
the disk drive and the con-
trolling interface.

The signals sent to the drive from the interface
are:

Device Select: When this line is high, all
commands from the interface are ignored by the
drive, and all signals from this drive unit are put
into a high impedance state. If several drives are
used, all of the input and output signals may be
tied together on a common bus with the exception
of the device select lines. By pulling only one of
the several device select lines low, the interface
selects that particular disk drive to send commands
to and receive data from.

Step: A low going pulse on this line causes the
head positioning motor to move the data transfer
head in or out one track.’

Direction: During a step pulse, if this line is
high then the head moves out one track (towards
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track 0). If this line is iow, then the head will move
in one track.

Head Load: When this line is low, the pressure
pad brings the spinning disk in contact with the
data transfer head.

Write Current Select: Because the surface veloc-
ity of the disk relative to the head varies from the
outermost to the innermost track, the density of
the data on the disk will also vary. To compensate
for this variation, the write current select line
varies the amount of current used to write data as a
function of the track being written. This line must
be low when writing data onto tracks O to 43, and
high for tracks 44 to 76.

Write Gate: Pulling this line low enables the
data on the write data line to be sent to the head
and recorded onto the disk.

Write Data: Data to be written on the disk must
be serialized and sent out on the write data line as
a series of low going clock pulses {one pulse every
4 us) separating the presence (a 1 data bit) or
absence (a 0 data bit) of a low going data pulse.
Figure 2 shows the write data signal used to send
the data bit string 10100 .

File Unsafe Reset: This line is pulsed low just
before a write operation is to take place. The pulse
resets the file unsafe status to a safe (write
enabled) condition, thereby allowing the write
operation to be performed.

The signals sent to the interface by the disk
drive are:

File Unsafe: A low signal on this line indicates
that an error condition existed when a write
operation was attempted. When file unsafe goes
low, no writing can be done on the disk, preventing
the loss of previously written data due to some
error condition.

Track Zero: When the data transfer head is
positioned at track 0, this line goes low, enabling
the computer to calibrate the head position. When
the head is at tracks 1 to 76, this line is high.

Index: A 500 us low going pulse appears on this
line to signify that the index hole has just come
into position under the photodetector. This pulse
is used by the computer to determine which sector
is sector 0.

Sector: A 500 us low going pulse appears on
this line each time a sector hole (not an index hote)
passes under the photodetector. 32 pulses occur
every ravolution, and these pulses are used to
determine the approximate starting positions of
the various data sectors.

Ready: When AC and logic power are present at
the disk drive and a disk is loaded, the ready line
goes low.

Separated Clock: When previously written data
is being read from the disk, the clock is recovered
from the data stream, and is presented on this line
as a series of 200 ns low going pulses. The
recovered clock pulses come approximately every
4 us with variations due to the changes in drive
motor speed.

Separated Data: The serial data coming from
the disk during a read is indicated by the presence
{a 1 data bit) or absence (a O data bit) of a 200 ns
low going pulse on the separated data line, between
adjacent separated clock pulses.

Write Protect is an optional signal that is not
used in this interface. On a disk drive with this
option added, the user can write protect the data
on a disk by punching out or uncovering a write
protect hole in the disk jacket. A write protected
disk cannot be written onto.



3. Sufficient settling time is allowed for
the head movement and pressure pad
loading to fully stabilize.

4. Delay until the start of the sector
pulse which corresponds to the desired
sector.

5. Turn on the WRITE GATE of the disk
drive to allow data to be written.

6. Write 64 O bits (16 bytes of 0).

7. Write a single synchronizing byte (sync
byte}.

8. Write the desired data bytes.

9. Write 64 0 bits.

10. Turn off the WRITE GATE to prevent
any more data from being written.
11. Unload the pressure pad.

Because the disk drive records data seri-
ally, steps 7 and 8 requirc that each byte
being written must be sent out as a series of
8 bits, with one bit being sent out every
4 us, and with no skipped bits between bytes.

Reading data from the disk requires a
similar series of operations:

1. The head is moved to the desired
track.

2. The pressure pad is loaded.

3. Settling time is allowed for movement
and loading.

4, Wait for the start of the sector pulse
corresponding to the desired sector.

S. Search for the first occurrence of the
sync byte.

6. Read in the desired data.

7. Unload the pressure pad.

Searching for the sync byte entails shift-
ing the incoming serial data into a 8 bit byte
and comparing the result of each shift with
what the sync byte should be, every time
that a new bit is read (every 4 us). When a
match is found, then the data bit stream that
follows is broken into bytes on every eighth
bit, using the sync byte boundary to define
the data byte boundaries that come atter the
sync byte.

From the proceeding lists of read and
write procedures, two things become appar-
ent: First, the speed required for shifting
data in and out (1 bit every 4 us) is too fast
for most microprocessors to handle under
software control (and searching for the sync
byte is more time consuming still!}). Second,
all of the other operations (stepping the
head from track to track, loading the head,
searching for the proper sector pulse and
turning the write gate on and off) are easily
within the capabilities of microprocessor
software control. Thereforc a minimum
hardware interface should control all of the
functions which are not time-critical,
through software and a simple input and

- A pus — ol 2usS e
DATA DATA DATA DATA DATA
l | ] | o} o]
CLOCK CLOCK CLOCK CLOCK CLOCK

Figure 2: The timing of data cells on the disk. Each bit cell is frumed by a
clock pulse on either side. If the data is 1, a pulse appears in the middle of the
4 us cell width; if the data is 0, no pulse appeurs in the middle of the cell. The
waveform in this example hus 5 cells with the puttern of data needed for the
string 10100.

latched output port. The remaining func-
tions then determine the major portion of
the design.

The disk drive we used for this interface
is an Innovex 220 hard sectored flexible disk
drive, and the signal lines required to operate
the drive are typical of most floppy disk
drives. There are 15 standard TTL level
signals required to operate the model 220
drive, 8 from the interface to the drive, and
7 from the drive to the interface. The signal
names and functions for the interface are
summarized in figure 1.

Figures 3 and 4 show the circuitry of the
floppy disk interface. The circuit has 6
major sections: processor 10 instruction
decode, instruction latch to disk drive, status
load from disk drive, head load-unload,
USRT transmit, and USRT receive.

Table 1: Semantics of the OUT 243 instruction. This table lists each
accumulator bit, along with its meaning when used to transfer data to the
disk interface in the OUT 243 instruction of an 8080. {In a different wiring
of the 10 instruction decoder, or in a different computer, the same format
could be used for the actual data transfer.)

QUT 243 INSTRUCTION

Bit Signal Name Polarity in Accumulator

0 Write Current Select 1 for tracks 0 to 43, 0 for track 44 to 76

1 File Unsafe Reset 0 to 1 to O transition causes reset

2 Direction 1 for step in, O for step out

3 Write Gate 1 enables the drive to write

4 Step Track 0 to 1 to O transition steps one track
56,7 Drive Select 000 selects drive 0, 111 for drive 7

Table 2: Semantics of the IN 241 instruction. This table lists the status bits
read by the IN 241 instruction of an 8080 using this interface.

IN 241 INSTRUCTION

Bit Signal Name Polarity in Accumulator
0} Track Zero 0 means the head is at track O
1 File Unsafe 0 means file unsafe condition exists
2 Ready 0 means disk drive is ready
3 Sector Hole 1 to O transition marks start of each sector
4 Index Hole 0 means that the next sector is sector 0
5 Head Loaded 1 means that the head is still loaded
6,7 Unused Always 1
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Figure 3: This diagram shows the major portion of the disk drive interface. IC1 and IC2 form the output command decoder. /C3
and 1C4 form the input command decoder. 1C10 sets up the data from the disk into a format acceptable to the USRT. /C1] and

IC12 put the data from the USRT into the proper format for the disk drive. A list of all integrated circuits with power

connections is found in table 3.
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lines DIO to D15. Table 2 shows the alloca- second pulse width. Executing an OUT 245

tion and polarity of these bits as they are instruction initiates this pulse and loads the
loaded in the accumulator. The two most disk drive head, regardless of the contents of
significant bits are unused, and will always the accumulator. If another OUT 245 in-
show Ts. struction is executed within 2 seconds of the

first OUT 245, then the head will remain
Head Load-Unload loaded for a further 2 seconds. The head will
IC9 is a retriggerable one shot with a 2 unload 2 seconds after the last OUT 245

Figure 4. This diagram shows the circuitry used to perform all of the low speed functions of the disk drive. IC8 is a 6 bit input
port, and I1C5 and 1C6 are an 8 bit latched output port. [C7 selects one of up to 8 disk drives on the system, and 1C9 controls the
loading of the disk’s data transfer head for a read or write operation.
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(load head) instruction. This 2 second
pause allows the head to stay loaded during
successive reads and writes to the disk, but
will automatically unload the head after 2
seconds without any disk activity. Alter-
natively, an OUT 246 instruction will cause
the head to be unloaded immediately if and
when that is desired. This automatic head
unload feature minimizes wear on the floppy
disk. If it were not present in some hardware
or software form, the head would be con-
tinuously in contact, wearing out disks quite
quickly if your machine ran 24 hours a day.

TDS Transmit Data Sirobe

An OUT 240 instruction of this interface puts a
pulse on the TDS line which loads the accumulator
into the USRT transmitter buffer through proc-
essor data output lines TDO to TD7. The USRT
then shifts this data byte out onto TSO (Transmit
Serial Out). One bit is shifted onto TSO for each
pulse on TCP (Transmit Clock Pulse).

TBMT Transmit Buffer Empty

Whenever the transmitter buffer is ready to
receive another byte (from an OUT 240 instruc-
tion), the TBMT line goes high. -

TFS Transmit Fill Strobe

An OUT 241 puts a pulse on the TFS line
which loads the accumulator into the USRT fiil
buffer. If new data is not sent to the transmit data
buffer by an OUT 240 soon after a TBMT signal,
then the USRT has no data to send out on the TSO
line. in this case, data from the transmit fill buffer
is sent out in place of the missing data.

RSS Receiver Sync Byte Strobe

An OUT 242 pulses the RSS line which loads
the accumulator into the USRT sync byte buffer,
for use at the beginning of a data read operation.

RR Receiver Reset

An IN 243 causes the receiver section of the
USRT to be reset into the “’Search for Sync Byte'
mode. The received serial data stream enters on
RSI (Receive Serial Input), and is clocked into the
raceived data buffer by the RCP {Receive Clock
Pulse) line. When the data byte in the received data
buffer matches the byte in the sync byte buffer,
the RDA (Received Data Available} line goes high.
After this happens, a new byte is put into the
received data buffer after every eight clock pulses
on RCP.

RDE Received Data Enable

An IN 240 ihstruction pulses the RDE line.
This puts the data in the USRT received data
buffer onto data lines RD0Q to RD7, and it is
loaded into the accurnulator./in- this-manner, the
8080 brings in the data read from the disk.

SWE Status Word Enable

An IN 242 pulses the SWE line which loads the
USRT status word into the accumulator to ex-
amine for data ready, or to find possible errors.

The USRT

The abbreviation USRT stands for Uni-
versal Synchronous Receiver Transmitter;
this chip really is quite universal. Although it
was originally developed for data trans-
mission over phone link, wire link, and some
types of tape drive, the $2350 USRT per-
forms all of the needed high speed data
transfers to and from the disk with almost
no modification. Before discussing the
operation of the USRT transmit and receive
sections of the interface as a whole, take a
look at the functions of the USRT itself, as

Figure 5: This is a block diagram of the USRT integrated circuit, the AMI
52350, The information here is redrawn from the original contained in AMI’s
data sheet on the device. The USRT integrated circuit is the heart of this
inexpensive floppy disk interface, performing all of the high speed data
manipulations needed to read and write data from and to the disk drive, The
USRT was not intended to be used as a floppy disk interface when it was
originally designed. But as demonstrated by this article, a little ingenuity can
oftenn come up with surprisingly versatile applications of standard integrated
circuits for use in high speed data communications.
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A printed circuit board is
available for the advanced
hobbyist to construct his or
her own interface. The printed
circuit board fits into a single
Altair (or generic equivalent)
slot, and supports the circuit
described in this article with
two additions:

1. Eight head load cir-
cuits allow multiple
drives to load heads
simultaneously,

2. Space is provided for
a 1702 type PROM,
to allow the user to
load the operating
system from the disk
without toggling in
any data.

The printed circuit and
documentation only (no ICs
or sockets) are available for
$35 from KB Welles, 2623
Fenwick Rd, University
Heights OH 44118.

denoted by the various signal lines. Figure 5
shows a block diagram of the S2350, along
with captions detailing these lines and their
relation to the interface as a whole.

USRT Transmit

After the disk drive head has been loaded
and the desired track and sector found, the
write gate is turned on and data from the
processor may be sent to thc transmit
section of the USRT through an OUT 240
instruction. 1C11 divides the Altair 2 MHz
clock by 8 to give the 250 kHz clock
required by the disk drive. This clock is fed
into TCP, and IC12 combines the data from
the transmitter serial output linc and an-
other clock phasc into the proper write data
format required by the disk drive as seen in
figure 2.

USRT Receive

IC10 is simply used as a pulse stretcher
for the separated data and separated clock
from the disk drive. The data pulse is
expanded to overlap the falling edge of the
clock pulse. This overlap allows the data to
be read properly by the USRT. When a byte
of data has been received (as denoted by the
receiver data available line), an IN 240 in-
struction will load the received data into the
accumulator.

Software Timing

The article to this point has shown how
data can be transferred between the proc-
essor and the disk drive in the correct
format, but nothing has been said about the
ability of the 8080 to send or receive data at
the proper rate. A 250 kHz bit rate is one
byte of data in or out every 32 us under
ideal conditions. If the drive motor speed
variations are taken into account, this figure
can be as low as 30 us per byte on a read
operation. Since 8080 instructions take from
2 to 7us to execute {assuming a 2 MHz
clock and fast memory), this restricts the
read loop to very few instructions. If it is
desired to transfer more than 256 bytes in or
out at any one time, the read loop might
look like:

Symbolic Execution
Instruction Time
LOOPA: INSTATUS 5.0 us
ANI DATAREADY 3.5us
JZ LOOPA 5.0 us
IN DATA 5.0 us
MOV M A 3.5 us
INX H 2.5 us
DCX B 2.5 us
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MOV A,B 2.5 us
ORAC 2.0 us
JNZ LOOPA 5.0 us

36.5 us

In the above example the HL register is
uscd to point to the data buffer, and the BC
register is the number of bytes to be read.
The total time of the loop, 36.5 us, is 6.5 us
too long for the worst case data read.
Obviously this program will not read data in
properly.

By eliminating two lines of code the loop
is reduced to a total time of 28 us as shown
in the following example. This is quite ample
for the interface and allows additional lee-
way for the possibility of dynamic memory’s
introducing a wait state during the loop.

Symbolic Execution

Instruction Time
LOOPB: IN DATAWAIT
(IN 244) 5.0 us
IN DATA

(IN 240) 5.0 us
MOV M A 3.5us
INX H 2.5us
DCX B 2.5 us
MOV A B 2.5us
ORAC 2.0us
JNZ LOOPB 5.0us
28.0 us

Obviously this version of the routine will
not work without some special “trick.” In
this case, the trick is that the first three lines
of LOOPA have been replaced with the first
line of LOOPB and some special hardware.
The first three lines of LOOPA prevented
the IN DATA statement from reading data
before data was available. In LOOPB, the IN
DATAWAIT is an IN 244 instruction. This
triggers 1C13b, a one shot, which puts the
8080 into a slow memory wait state by
pulling the Altair’s PRDY line low. When
data is ready for input, the RDA line of the
USRT resets IC13b and allows the LOOPB
routine to continue. During normal execu-
tion of a read operation, the 8080 does a
4 us wait between lines 1 and 2 of LOOPB.
This wait state serves to synchronize the
reading of the disk data with its availability.
Any amount of data from a partial segment
to an entire track may be input with this
routine.

If some hardware failure should occur,
and data stops coming into the USRT, then
RDA will never go high. If no data arrives
after 3 ms, then IC13b completes the one
shot cycle and releases the 8080 wait state.
This feature prevents a hardware failure in
the disk drive or interface from hanging the



processor up in an endless wait state.
Whether a read operation is successful or
not, the end of the loop is reached when the
BC register pair’s count is decremented to
zero and the |NZ condition no longer
pertains.

In order to write data, a software output
loop similar to LOOPB is employed:

Symbolic Execution

Instruction Time
LOOPC: OUT DATAWAIT
(OUT 244) 5.0 us
MOV A M 3.5 us
OUT DATA

{OUT 240) 5.0 us
INX H 2.5 us
DCX B 2.5 us
MOV A, B 2.5 us
ORA C 2.0 us
JNZ LOOPC 5.0us
28.0 us

With this output loop, the 8080 can
maintain the data rate required to transmit
data to the disk properly. A similar hardware
synchronization trick is also used in this
case.

Final Hardware Notes

The circuit shown in figures 3 and 4 was
developed for use with an Innovex 220
drive. The 220 has multiple options which
can be sclected by jumpers on the circuit
board. The options required for use with this
interface are:

1. Radial Interrupt Disabled (Link E

installed)

2. Radial Rotation Sensing Disabled

(Two Link Es installed)

3. Read Data Option Disabled (Link A

installed)

4, Write Protect Option Disabled {Link H

installed)

5. Stepper Power Option (Link E

installed)

6. Radial Head Load Disabled (Link E

installed)

The sclected options allow multiple drives
to be used with the interface. While up to
ecight disk drives can be connected in parallel
(with the exception of the device select
lines), the shorting clip on the PO7 line must
be removed from all but the last disk drive
on the bus {(PO7 connects the bus termina-
tion resistors to +5 V). In addition, the user
must provide power supplies for the follow-
ing voltages and currents:

+5V, 800 mA for each drive

-5V, 75 mA for each drive

+24 V +/—2 V, 1.4 A for the first drive,

0.1 A more for each additional drive

Conclusion

The small number of ICs in this circuit
(17) and their low cost and easy availability
puts the construction of this circuit within
the abilities of many intermediate and ad-
vanced computer hobbyists and experi-
menters. The addition of a disk drive to the
average home system will increase the overall
system usefulness many times. By reducing
the time required for software generation to
a fraction of that on a cassette or paper tape
system, software throughput and sophistica-
tion of the typical personal computing user
(and professional) will typically double or
triple.

I currently have two drives running on
an Altair system, and a complete disk
operating system existing in 2 K of PROM
that allows operating with up to 240
different named files on each disk. Loading
BASIC takes only 6 seconds, and loading
STARTREK using CLOAD takes only 3
more seconds. The disk drive and operating
system has increased software generation at
least fourfold, and made the system much
more enjoyable to use.m
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Figure 1. The Benham
Disk. When rotated clock-
wise al 5 to 10 revolulions
per second, the black arcs
nearest the center appear
to be red, the middie arcs
appear lo be green, and
the oulter arcs appear to be
blue, If the direction of
rotation s reversed, so is
the order in which the
colors appear.

Add Subjective Color to Your
Video Interface

Interest has been growing in the idea of
using standard color television receivers as
microcomputer outlput devices. At least onc
color television interface is alrcady com-
mercially available and more are on the way.
In addition, many homebrew projects are
ongoing.

There are, however, problems with using
home color televisions as output devices for
microcomputers. Most hobbyists’ color tele-
visons are dedicated 1o pastimes such as
Walter Cronkite and “The Waltons.” The
family may not enjoy relinguishing its vicw-
ing rights while that new program is being
debugged.

More serious are the technical problems
involved. National Television System Com-
mittee standards were designed to compact
the maximum amount of wuseful color
information into the minimum bandwidth.
The standards accomplish this goal well, but
they require that the color information in
the video signal be highly encoded. Hence
the hobbyist must either encode his color
data or extensively modify his set. Also
there are the traditional color television
bugaboos of convergence and excessive
X-ray exposure to consider, since the average
viewer to screen distance for most computer
1O applications is likely to be less than the
viewer to screen distance for conventional
viewing.

One can also brood over the inherent
resolution limitations of National Television
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System Committee color television. The
National Television System Committee, as
you may recall, was the engineering group
which developed US color television specifi-
cations. If high speed memory prices con-
tinue their expected decline, the cost of
storing a high resolution picture will become
insignificant when compared with other
system costs. The personal computing
experimenter may find that the resolution of
his computer graphics is limited only by the
construction of his CRT and the bandwidth
of its driving circuitry. For standard color
televisions the chrominance bandwidth is
much less than the luminance bandwidth
and thus the color change rcsolution is
rather limited. Even if the color picture tube
were to be driven by high bandwidth cir-
cuitry, color change and intensity change
resolution would still be limited to about
500 X 500 = 250,000 points by the shadow
mask inherent in the tube. Of course, it is
possible to build a higher resolution shadow
mask tube, but one must remember that
color picture tubes are affordable only
because they are mass produced. There is
currently little demand for high resolution
color tubes.

The preceding discussion is not an
attempt to quench the reader's desire to
have his microcomputer spew data in living
color. A look at the impressive outputs from
the Cromemco or Intecolor devices would
rekindle this desire anyway. The discussion
is intended only as an effort to legitimize the
search for an alternative. Is there a viable
alternative to standardized shadow mask












The Color Code . . .

Just how does one go about adding
subjective color to a video display? Unfor-
tunately, the large number of varying video
display interfaces and television typewriters
which are now available make it impossible
to give a single cookbook approach. Thus, it
will be explained rather precisely what the
effects of the modifications must be and
then some general suggestions will be given
as to how to implement these effects. The
rest is up to the reader. Suggestions will only
be directed toward the goal of implementing
the primary colors. Nonprimary colors can
be produced, but the results are less impres-
sive and the price is a considerable increase
in  the complexity of the necessary
modifications.

American computer hobbyists are fortu-
nate in that the 30 frames per second NTSC
standard supports subjective color almost
optimally. The European standard of 25
frames per second is much less attractive.

The code which produces subjective color
can be read from a Benham disk. Think of
the television display in terms of subjective
color cycles. Each such cycle lasts for one
fifth of a second and comprises six complete
video frames, each lasting one thirtieth of a
second. One cycle corresponds to one
revolution of a Benham disk. For the first
three frames of each subjective color cycle,
the entire CRT display must be black.
During the fourth frame only those portions
of the display that you want to appear as red
should be black. The rest of the display must

0.2 SECONDS, ONE SUBJECTIVE COLOR CYCLE
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Figure 3: Subjective color timing pulses.
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be white. During the fifth frame, those areas
of the screen that you want to appear as
green should be black and the surrounding
display should be white, including the areas
that were black during the fourth frame.
During the sixth frame those areas that you
want to appear as blue should be black. The
rest of the display should be white. A new
cycle should then begin with the start of the
very next frame.

There is one exception to the code given
above. Those portions of the display that
you want to appear as black should be black
during all three of frames four, five, and six
of each cycle.

.. .And Its Implementation

Now for some suggestions as to how to
implement the subjective color. Comments
will be directed toward some idealized
reader who is familiar with television ter-
minology and who has a video interface
which produces typical television display
functions. That is, it produces dot matrix
characters on a conventional black and white
television from ASCIl coded input. How-
ever, many of the suggestions will be useful
in graphics oriented applications as well.

It is possible that some currently available
of soon Lo be available video interface is so
versatile that subjective color can be imple-
mented using software alone. Our discussion
will be directed toward its implementation
with hardware.

Most video interfaces are set up to pro-
vide white dot matrix characters against a
black surround. Subjective color requires
black characters against a white surround.
This requirement suggests that interfaces
which support interlacing are to be preferred
for this application over those that do not.
Unfortunately, the popular low cost inter-
faces such as Southwest Tech's TVT Il and
Processor Technology’s VDM-1 do not inter-
lace since doing so would greatly complicate
their timing circuits. Luckily, a lack of
interlacing is not a serious problem in the
creation of subjective color for typical
viewer to screen distances. Use of a small
monitor minimizes the effect of dark spaces
between lines.

VDM-1 can provide a black on white
image under software control. With other
interfaces, providing this feature may be as
simple as inverting the output of the charac-
ter generator’s shift register. However, it is
conceivable that doing so could affect the
generation of the vertical and horizontal
sync pulses so check the circuit diagram of

Continued on page 116
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of the desired tone burst. The high fre-
quency bypasses, C11 and C12, keep the
circuit from being triggered or modulated by
RF noise that is present on VCC and ground.

The up and down trigger is formed from
two operational amplifiers: ICTa connected
as an inverting amplifier and IC1b connected
as a noninverting one. Their outputs are
differentiated by C2 and R8 or C3 and R9
to form a negative going spike when the
input level goes up and again when it goes
down. These spikes are ORed by D1 and D2
into the oneshot’s trigger input.

This gives us a circuit that emits a tone
whenever the input changes state. The two
different tones are achieved by changing the
input voltage to pin 5 of the tone generator.
Connecting R12 between one of the opera-
tional amplifier's output and this pin causes
the tone to shift.

The circuit worked well on 5 V. However,
the volume from the speaker was less than |
wanted. | had a poorly regulated 12 V avail-
able, so | filtered it with R1 and C1. You
may not need them. The small loudspeaker
can be connected in many ways. | had a
small, inexpensive Radio Shack audio output
transformer that | used with a current
limiting resistor in series connected directly
to pin 3 of the tone generator. Volume can
be increased by putting a 10-100 uF electro-
lytic capacitor across R24.

Almost any operational amplifier can be
used. | used a quad LM3900, so | had two
sections left over. On the breadboard version
I wired these together as a mixer, then
fed in an audio signal from a microphone
and an interesting sounding audio frequency
signal from the system controller. These

Figure 1: One way of pro-
ducing audible tones on
command. The input s
shown as a switch, ST, at
the left but could just as
well be a signal derived
from a single bit computer
output.
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were eliminated in the final version, but you
might have a use for similar ideas. The total
cost of the complete circuit including the
speaker was under $5.

But what is this system that | built? Itis
a complicated one compared to the 16
toggle switches it now replaces in a
model railroad layout. In its final version,
the system will replace approximately 600
toggle switches. More importantly, it saves
many months of learning on the part of
eight or ten people as they attempt tlo
coordinate their actions in running trains on
a schedule at a large model railroad club.
Toggle switches are ordinarily used to direct
the electrical power from each engineer's
throttle to the section of track in which
his train is running. The logic system takes
over this job. Even after people learn which
toggle switches to turn on, and when, they
still forget to turn some of them off. Sooner
or later this fouls everything up, sometimes
in the most mysterious ways. The hardwired
fogic system breadboard has been working
for about two years, but we are about to
change over to a microprocessor system
for installation in the G-C Model Railroad
Club in Chicago.

Take a look at your system design. How
could it be better designed for people? Is
there an action required by the operator
at random times? Could you use an audible
interrupt? Perhaps you have a long program
on a cassette and you could use an audible
signal when the 10 minute loading is com-
plete. Or perhaps you have a data link
that requires attention. There are many
possible uses for an audio signal to provide
good human engineering.m


















would be cxpected, for the extreme edges of
the hyperbolic contours.

In practicc the usual Omega receiver
works by measuring the phase between cach
station and a local clock reference. Phase
differences are then obtained by subtracting
these readings for scelected station pairs. The
phase differences convert directly to relative
position and distance readings on a map. In
Omega jargon, a centicyele is 1/100th of a
cycle and directly convertible to 1/100th of
alane, called a centilane. One lane represents
a 360° phase difference or equivalent 1o a
one cycle change in the phase as used in this
hyperbolic mode of navigation. Thus a navi-
gator in a boat or aircraft can plot his or her
course on a map rclative to the Omega lines
of position grid, and observe the crossings of
these lines, called lane changes, as he pro-
ceeds to move along this course as in figure
2. The time it takes 1o cross a lane can be
converted with simple arithmetic and trigo-
nometry into a direct estimate of the aircraft
or boat velocity. The position of the vehicle
with respect to the Omega grid can be
estimated by measuring the lane crossing
points for two or more lines of position. A
continuous measure of relative velocity and
position between lanes can be obtained by
eye, sampled every 10 scconds, by observing
a strip chart record ol two station puirs
chosen for the best grid geometry relative 1o
the receiver’s current position.

The Omega system has cight stations
throughout the world. Signals may be
reccived up 1o 8000 nautical miles {about
14,800 km). In theory at least three of the
Omega stations can be received any place on
carth, The system is synchronized with
atomic clocks at each station. In 1976, the
time for the start of the 10 second sequence
of figure 1 was set so that station A in
Norway will start its cycle about 5 seconds
before the least significant digit of universal
time is zero, or station D will start its
sequence when the least significant digit of
universal time is zero. (Universal time is the
current version of what used to be called
Greenwich Mean Time, an international time
standard, formerly derived from astronomi-
cal observation, now derived from atomic
clocks.) For an observer in any of the
standard time zones, where local time is “n”’
hours removed from universal time, when-
ever the local time is xx:xx:x5 he or she
would find the beginning of the sequence lor
station A, with a burst of 10.2 kHz lasting
1.0 seconds. Incidentally, an Omega receiver
can also operate as a time reference source
for checking clocks since a single Omega
station ““ticks” at a 10 sccond rate, when
measured on a single frequency such as
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10.2 kHz. In the most clementary Omega
monitor receiver the amplitude of the “tick”
can become a direct check on time. How-
ever, because of the atmospheric noise and
the rise time limitations of both the trans-
mitter and receiver, it is not possible to
obtain precise timing by mecasuring signal
amplitudes. What is possible is the measure-
ment of the phase of the Omega carrier with
respect 1o a local reference oscillator, after
the station turns on. Stations are transmit-
ting for 0.9 to 1.2 second intervals with a
gap of 0.2 seconds between cach trans-
mission. The gap insures that there is abso-
lutely no overlap regardless of how far away
the observer is from a particular transmitter.

An “Omega Users Handbook” is being
prepared by the US Coast Guard Omega
Navigation System Operations Detail (USCG
ONSOD), and will be available shortly.
[Write  US  Coust Guurd Heudquarters,
(G-ONSOD/43), 2100 Second St SW, Wash-
ington DC 20590.] ONSOD also supplies a
daily Omega status report on a taped mes-
sage which can be heard by dialing the
phone numbers (202) 245-0298, Washington
DC, or (808) 2352181, Hawaii. The
National Burcau of Standards station WWV
broadcasts an Omega status message at 16
minutes past the hour within a 42 second
time slot, on the shortwave frequencies of
2.5,5,10, 15, and 20 MHz.

Omega has been in experimental develop-
ment for 30 years and has just recently
become operational. Most receivers in pres-
ent use are expensive, in the $5k to $50 k
class. As yet there is a lack of worldwide
demand for lowcost sets, mainly because
hardly anyone has heard about Omega. It is
possible to reccive Omega signals with rela-
tively simple hardware involving a parts cost
of $100 or so, including a reference clock
oscillator, sequence timer, and interface for
phase measurements with a microprocessor
system. A complete hardwired digital sensor
processor can be built for under $500 in
parts including data display on a strip chart
recorder.

The advent of lowcost microprocessors
and all the digital interfacing hardware alter-
natives is an obvious choice for Omega
receiver  systems.  Commercial  Omega
receivers arc starting to use these methods
although they still command a high price
($11,000) because of the low volume of
production. | wrote this article in the inter-
est of reducing this cost and complexity
problem to the bare essentials for the do-it-
yourself electronics buff. There are many
possible methods to consider. At our lab we
have chosen what wc believe 1o be the
simplest methods, not necessarily the best.






As others become aware of Omega, it is very
likely that further improvements and simpli-
fications can be achieved.

VLF (Very Low Frequencies)

Frequencies in the 10kHz to 20 kHz
region propagate in a mode where the earth
and its ionosphere form a cavity which acts
as a spherically symmetric waveguide. At the
low cnd of the range the ionosphere is only
about 2 wavelengths (60 km) high and single
mode transmissions may be received over
very long ranges.

For the simplest Omega propagation
monitor or computerized do-it-yourself navi-
gation aid, the single channcl frequency of
10.2 kHz is desirable. The higher frequency
of 13.6 kHz will give somewhat morc signal
strength but more problems are created due
to multimode transmissions. The ideal VLF
frequencies which minimize diurnal changes
in the received phase would be about
11.9 kHz for daytime paths and 12.2 kHz
for nighttime. It is interesting to note here
that the USSR has an “Omega like” naviga-
tion  system  which uses  11.905 kHz,
12.649 kHz and 14.881 kHz. The reason
that these VLF methods use several different
frequencics is to resolve the lane ambiguity
to much greater than 8 nautical miles for the
10.2 kHz casc. Thus a difference frequency
like 3.4 kHz can be gencrated from 13.6 —
10.2 with a suitable complex receiver and
processor system. For Omega, the 3.4 kHz
would result in a 24 mile lane. However, a
single frequency recciver can be used to
provide correction on position when good
dead-reckoning data is available from the
navigator who keeps track of his/her course
direction and indcpendently estimates veloc-
ity (or guesses it from wind drift, pitometer
readings, air specd-tempcerature corrections,
etc). Thus a single Omega frequency used
completely without reference to anything
else can only resolve position-velocity to
within onc Omega lines of position grid
“square,” and the problem is to decide
which of many possible grid locations (sepa-
rated by 8 mile intervals at 10.2 kHz) is the
correct one. Of course the navigator should
know from where he started and his destina-
tion, so that at least the initial conditions for
navigation are available. Then the Omega
recciver along with dead-reckoning data can
be combined to give a better estimate of the
true position after starting along a known
course line. In effect the Omega recciver can
give an independent estimate of the vehicle
velocity and the microprocessor or even the
pocket calculator can help in manipulating
the numbers involved in the computations.

Because of atmospheric noise and other
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uncertainties in the propagation caused by
sunspots or polar cap absorption, the typical
Omega receiver resolves position to some-
thing like = 1 nautical mile (1.8 km) when
the diurnal correction tables are applied. For
local area users, starting from a known
point, a single frequency receiver should be
able to resolve Omega positions to within
% mile (0.3 km) in the absence of gross
interference to the reccived signals, over a
short duration mission {one hour or so) that
is not near sunrise or sunset.

Another technique for improving the
precision of Omega is 1o compare the navi-
gator’s received phase with a known ground
station’s received phase over a 100 mile
radius for differential corrections. The local
ground monitor has to transmit an almost
continuous data stream of its Omega read-
ings to insure that some short duration
propagation anomalies did not cause a “lane
jump’ or some other error. The ground data
is transmitted to the remote user via another
radio link. Differential corrected monitor
systems have been used to determine the
position of weather balloons by having the
Omega signals modulate a UHF carrier fre-
quency retransmitting the data to ground
stations where the data is processed.

As with most radio communications
systems, Omega suffers from the usual
signal-to-noise  problems for the ultimate
resolution. The general atmospheric noise
level caused by thundershowers on a world-
wide basis creates field strengths of 10 to
100 uV per meter in a 30 Hz bandwidth at
the Omega receiver antenna. The lowest
detectable Omega signals may be only
10 uV, often buried in 100 4V of noise.
Local thundershowers and 60 Hz harmonic
interference also plague Omega users. Wire
antennas arc best for picking up strongest
signals, but also respond just as well to all
the noise. A loop antenna can discriminate
against some noise due to directional nulls
but suffers from the problem that the phase
of the Omega station signal reverses when
the loop is rotated through 180°. A much
more complex receiver system is required
when using a loop antenna system.

Some Fine Points on the Omega System

The suggested range for usable reception
of Omega signals is 600 to 6000 nautical
miles (1,000 to 10,000 km) from the trans-
mitter. When a receiver is close to a station
the phase measurement to that station will
be in error because of multiple mode propa-
gation. Another problem near a transmitter
is that the receiver may need to reject the
unwanted signal from the local transmitter
in order to receive a desired signal of some
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Figure 3: Block diagram of the Mini-O system. The system is shown here in
outline; details of the hardware are found in part 2 of this article. The
microprocessor is a key element in the processing of Omega information,
making it possible to save thousands of dollars relative to the least expensive
commercial equipment.

other transmitter on a different frequency.
Thus the skirt selectivity or adjacent channel
rejection capability of the recciver is of some
importance. An example would be North
Dakota transmitting on 11.333 kHz when
trying to receive Argentina on 10.200 kHz,
where the 11.333 signal might get into the
10.200 front end.

In the USA many observers will have
trouble receiving the A channel from Nor-
way. The path of the propagation over the
Greenland icecap is severely attenuated. The
ice acts like an absorber (similar to a giant
size carbon wedge as often used in micro-
wave waveguide attenuators). Omega is also
affected by sunspot activity or any radiation
that disturbs large blobs of the ionosphere.

Omega signals may be received under-
water. The ‘“‘skin depth” of sea water at
10 kHz is appreciable so a submarine or
underwater explorer with a trailing wire
antenna can in theory use Omega for naviga-
tion purposes. Reception in airborne systems
is usually quite good except for a phenome-
non known as precipitation static when
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charged rain or snow particles hit the
antenna in sufficient quantity to obliterate
the signals. Loop antennas tend to reject this
type of interference and are found in many
commercial or military airborne receivers.

The choice of the spacings between
channels and length of transmissions, varying
from 09 to 1.2 seconds in 0.1 second
increments, was made so that an observer
might use the station on times to uniquely
determine which combinations of stations
are being received. This is a nonredundant
sequence of time intervals. Nowadays we can
also do this with an automatic synchroniza-
tion software routine which first has to
monitor a hundred or so seconds of Omega
frames and decide where the usable signals
are, before starting up a sequence generator
at some point in the frame. However, a
much simpler synchronization method may
be used when a strong station signal is
available.

For North American users (Mexico, USA
and Canada) the D channel at North Dakota
will usually provide a positive identification
based on signal amplitude only without any
fancy software required. This saves us a lot
of trouble, particularly in the early stages of
experimenting with Omega sensor systems.
Observers in other parts of the world, for
example in Europe, might use the A station
at Norway for an easy way of identifying
where the Omega system is synchronized to
the local reference. Similarly the African
nations can use Liberia or LaReunion Island,
South America can use Argentina, and the
Northern Pacific Ocean area can use either
Japan or Hawaii. Temporarily, G channel is
assigned to Trinidad, but this will be moved
to the South Pacific area at some future
time.

A few words about the concept of fre-
quency offset are needed to help in under-
standing Omega systems. We discuss the
offset of one clock with respect to another
in terms of how many cycles they are apart.
Thus two 1TMHz oscillators turned one Hertz
apart in frequency might be said to be offset
from each other by 1X 10°® which means
that one clock will “beat” with the other at
a rate of 1 cycle every million cycles with
respect to whichever one we call the stan-
dard. We can talk about an Omega clock
which appears to be changing (drifting) 1
lane (1 cycle) in, say, 60 seconds. The offset
here would be expressed as the time of one
Omega cycle divided by the time taken to
change one cycle or: 1/10200/60 seconds =
9.8 X 10°5/6 X 101 =1.63 X 10" Here the
clock itself appears to be giving a one lane
change every 60 seconds. However if we use
this clock with respect to Omega stations C
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DMA — The Fastest Display Technique
Free Format Display (Saves Money)
160 X 100 Graphics Display (320 X 200 Optional)
Parallel and Serial 1/0 for KYBD and Cassette
Software Programmable (24 Bit Program Register)
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e Expandable by transfers through 256 X 8 RAM
¢ Includes Monitor / Editor / Graphics / 1/0 Control
e Turns your S100 BUS Computer into an 8080/Z80 development system
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Figure 4: Signal envelope from the Mini-O receiver at 10.2 kHz. This is a
photo reproduction of a strip chart recording made from data taken at
8:00 AM EST on April 11 1976.

and D which are only about 1 second apart,
and, we subtract the two readings (D vs
clock from C vs clock), then only about 1
second elapsed between the measurements.
The error in the measurement is thus about
1/60th of a lane which is negligible. Further-
more, this is a constant error which does not
change appreciably with time or from sta-
tion to station.

Still another factor involved here is the
fact that the vehicle may be moving with
respect to the fixed positions of the Omega
stations. This is, of course, what we are
trying to measure; that is, how fast are we
moving with respect to a particular station
pair? The Omega receiver oulput gives a
reading or plot on a strip chart recorder
which is the line of position desired. The
rate at which this reading changes or moves
across the chart with a repeat at every “lane
change” in a sawtooth fashion, is the basic
data of the Omega system. Two such records
specify where the receiver is located pro-
vided we knew from where we started and
did not loosc count of the number of lane
changes (sawteeth lane count) made. Many
marine navigators like to usc the filtered
Omega lines of position phase differences in
this manner because il gives them a rapid
idea of wherc they have been and how fast
they are going in a graphical display as
opposed to reading out numbers on a digital
display. Thus most digital Omega processors
can also provide digital to analog conversion
outputs which can be programmed for lines
of position data, or with more sophistica-
tion, even plot a course with a “bug’’ on an
X-Y moving map display. But a boat is by
nature slow,
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In contrast, the general aviation pilot
doesn’t have time to watch these interesting
displays and is usually supplied with data in
the form of a computed miles to go to some
waypoint and a heading error indicator
which is obtained from some kind of digital
data processor. Simplified software for this
is in the development stage at the present
time. Most of the software for the filtered
lines of position display has been worked
out and will be detailed as part of this series
of articles on Minj-O.

There are a great many problems for a
microprocessor experimenter to study. In
particular, the output of data in coordinate
systems like latitude and longitude instead
of Omega lines of position; the correction of
lines of position estimates with diurnal
lookup tables or ionosphere models; and the
use of multiple frequency Omega channels,
are fruitful areas for some simplified soft-
ware data reduction methods.

An area of interest using microprocessor
software techniques is that of providing
velocity aiding loops which estimate the rate
of change of the received phase and incre-
ment the memory ahead or predict where
the phase should be for the next time slot.
In a moving vehicle using only three stations,
we can directly track at general aviation
velocities (<150 knots or 277 kph). How-
ever, at jet velocities a more sophisticated
mathematical technique called a second
order loop is of some value. A second order
loop also improves the signal-to-noise
because it tends to correct for clock error
although the clock drift is not easily deter-
mined independent of the vehicle motion
when using only three stations on a single
frequency. With four or more stations being
reccived or when using more than one
frequency in several different receiver front
ends, the clock error may be estimated and
the system used in the direct ranging mode.
This doubles the lane distances to 16 miles
measured as concentric circles surrounding
each transmitter instead of the hyperbolic
station pair difference mode. These methods
require more software, and about double the
complexity of the receiver front end.

In the longer range future we might
contemplate that BYTE readers could
exchange information on “DX” reception of
Omega signals at very long ranges such as
from Japan or LaReunion Island for USA
observers, using super software tracking
loops able to dig signals out of a lot of
interfering noise. Software methods of
improving the reception for weak signals
would be of value for the future utility of
Omega.

Hardware areas also need some improve-






ment. In particular someone needs lo invent
a single op amp (single +5V power supply
using one section of a quad) noise cditor
that will blank out wide band noise pulses
without generating transients driving the
narrow band filters. Noise blankers are a well
known art, but what this world rcally needs
is a simple one that does not double the
front end complexity of the present Mini-O
system.

Omega Sensors

All Omega receivers involve some analog
radio frequency circuitry in the front end to
amplify the microvolt signal levels up to

values sufficient to operate digital processing
systems. It is highly advantageous to use a
lot of sequential narrowband filtering to
improve the resolution of the resulting
square wave edges. A typical Omega receiver
will have a preamplifier, a set of narrow
band filters, some type of limiter, and finally
a comparator to generate edges for phasc
processing. Preprocessing bandwidths in the
30 to 100Hz range are found in most
commercial systems. The advent of quartz
tuning forks and mechanical filters operating
in the 10 kHz region makes it possible to
have a relatively simple system with 4 to
15 Hz bandwidth. Very narrow radio fre-

GLOSSARY OF OMEGA TERMINOLOGY

This is terminology frequently found in Omega
literature, some of which is used in these articles.
Readers will find this glossary a useful guide to
detailed study of Omega navigation.

Frame One complete 10 second Omega

sequence of transmissions.
Time Slot The time within a frame when one
station transmits on a single fre-
quency according to the table in
figure 1; simultaneously several oth-
er stations will be transmitting on
the other frequencies in the same
time slot.

Lane Spacing between adjacent LOPs
which are 360° apart electrically,
but measured over the earth surface
usually in nautical miles. Note that
this distance will vary from 8 miles
in the center of the hyperbolic pat-
tern to 25 miles or so at the ex-
treme baseline extensions of the
station pair in question.

Centilane One hundredth of a lane (1/100).

(Abbreviated CEL.)

Cycle Phase difference of 360° between
two transmitters as measured at the
receiver,

Centicycle One hundredth of a cycle (1/100).

{Abbreviated CEC.)

Line of
position

Path of constant phase difference
fusually at 0° or 360°) between
two transmitters as measured over
the earth surface. (Abbreviated
LOP in literature.)

Epoch of A Start time of the A transmitter
{(NORWAY station on 10.2 kHz)
with respect to UTC {(Universal
Coordinated Time as referenced to
atomic cesium clock time).

Difference
Omega

Use of two or more frequency
channels to generate longer range
LOPs as 136 — 10.2 = 3.4 kHz.
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Differential
Omega

Corrected line of position measure-
ments using a nearby fixed ground
reference receiver,

Composite
Omega

Mathematical weighting of received
phase on 10.2, 11.33, and 136 to
generate pseudo frequencies such as
119 or 122 kHz for reducing
effects of diurnal changes,

Diurnal Day to night changes in the posi-
tion of particular station pair lines
of position as measured over the
earth surface.

Offset Frequency difference between two
clocks usually expressed in frac-
tional cycles where cycles are de-
fined in terms of UTC seconds
(Hz), may be expressed as Af/f or
At/ft,

PCA Polar cap absorption associated
with solar radiation which causes
Northern Lights type of display —
may last for hours or days and dis-
turb signals which propagate over
the polar regions.

SID Sudden ionosphere disturbance,
changes in the height and density of
the ionosphere caused by showers
of solar radiation particles associ-
ated with sun spots,

Prop Propagation of VLF signals as it
refers to Omega, such as ‘‘prop
error.”

Precip or
P-static

Precipitation static due to charged
water, snow, ice, fog, rain, clouds,
striking conductive surfaces and
antennas. Most pronounced in air-
craft “E-field”’ antenna systems,
but also observed in marine and
ground monitors, particularly dur-
ing very cold dry blowing snow,
or sudden rain showers underneath
thunderheads.

PPC Predicted propagation corrections
as obtained from tables, or compu-
ter programs built in to Omega
navigation systems.
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speed.

quency bandwidths like 0.5 Hz cannot be
used because the filter bandwidth is less than
the “on time” of the signal. Other typcs of
filters involve ceramic and mechanical
magneto-restriction  devices.  Anothet
method that has sometimes been used is the
superheterodyne receiver wherc a local oscil-
lator is mixed with the Omega signal to
generate an intermediate frequency such as
1 kHz or lower where the bandwidth of the
intermediate frequency is inherently nar-
rower than the incoming signal amplifiers.
The receiver local oscillator or reference
oscillator used for phase comparison must
have good stability and a frequency offset of
less than 5 X 10-6 to insure that the phase
difference over a several second gap does not
drift more than a few centicycles. Quartz
crystal oscillators can provide this. Most
receivers use what is called a TCXO (tem-
perature compensated crystal oscillator)
which can be set to an offset of 1 X 10-7
and will maintain this low offset within
1X 106 over a reasonable operating tem-
perature range (the short term stability over
several hours is usually much better). The
low frequency quartz oscillators used in
digital watches (215 Hz) can provide better

than 1 second per week (about 5X 10'6)
low offset capability when treated with
some care. The most expensive Omega re-
ceivers sometimes use an atomic clock refer-
ence and can operate in the dircct ranging
mode, comparing cach station to the atomic
clock without subtracting station pair
differences.

The receiver clock system (housekeeping
timer) should provide some means of gener-
ating the desired Omega sequence intervals
and a suitable reference for the phase com-
parison. It is convenient to choose a crystal
oscillator frequency which has some direct
and simple relation to the Omega frequency
desired. A TCXO clock on 2.6112MHz is
often used (28 X 10200 Hz). Other receivers
may use a standard 5 MHz reference and a
complex frequency synthesizer to provide
equivalent references. If we think in terms of
binary systems, it is possible to devise
intermediate frequency tvpes of digital proc-
essors which use 2N Hz as the basic reference
or BCD equivalents like 1 kHz, 100 Hz,
10 Hz, 1 Hz and 0.1 Hz. The Mini-O system
to be described uses a 219 Hz clock to
provide all the reference frequencies includ-
ing the Omega sequence timing rate.
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The second part of this
series of articles by Ralph
Burhans and his associates
at Ohio Unijversity will fol-
low in next month’s
BYTE. In part 2, you'll
find details of the hard-
ware of the Mini-O re-
ceiver, which can be built
by the advanced experi-
menter with interests in
navigation problems. Part
3 by Richard Salter fol-
lows with information on
processing software.,

Another feature common to all Omega
receiver systems is some form of multiplexed
phase locked or recursive filtering applied to
the phase information following the com-
parator. Digital hardware sensor systems arc
one method where a suitable clock system is
advanced or retarded in phase by adding or
deleting pulses to a countdown chain. An
up-down counter system can also be used
with a digital comparator. Software based
digital filters have been devised which are
basically recursive low pass filters operating
at a relatively low sample rate. The sampling
rate of the original edges is controlled by the
analog radio frequency bandwidth used in
the front end. Thus a 30 Hz bandwidth
system might require a digital sampling rate
of something like 100Hz for optimum
detection in the Nyquist sense where the
Nyquist Sampling Theorem requires the sam-
pling rate to be at least twice the input
bandwidth. Some systems combine both
software and hardware fiftering of the phase
information to generate final output band-
widths of the information down to 0.01 Hz.
With this narrow effective bandwidth, the
receiver requires a long time (2 minutes) to
lock up on the signals and correspondingly
can hold lock through a lot of transient
noisc where the signal drops out momen-
tarily. These digital systems are inherently
sample and hold types where a shift register,
counter, or latch holds the data for each
Omega time slot in a multiplexed operation.

Current rescarch  effort among micro-
processor Omega researchers is involved with
the development of software based sampling
systems at a suitable low interrupt rate
where the microprocessor itself becomes the
equivalent of the voltage controlled oscil-
lator as it is used in analog phase focked
loops. These are still in the development
stage in our laboratory.

Mini-O Receiver Concept

The simplified Omega recciver methods
which have been used for a basic digital in-
terface are shown in block form in figure 3.
This consists of a short whip antenna, a
radio frequency preamplifier, a 10.2 kHz
narrow band filter and limiter, zero crossing
and amplitude gate detectors, clock and
housekéeping timer, and finally a binary
sampled phase output module. The output
consists of 4 to 8 bit words which are
processed after interrupts which occur at a
40 Hz rate. The master crystal clock labelled
HKT in figure 3 supplies all the timing
functions necessary to operate the Mini-O as
an independent monitor receiver or as an
interfacc for a microprocessor system. The
modules may also be used to drive hardware
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digital filters or analog type signal processors
depending on the user’s interests.

4 Bit Raw Data Recordings

The Mini-O receiver is a digital super-
heterodyne design which indirectly mixes a
10240 Hz local oscillator with 10200 Hz to
gencrate a 40 Hz intermediate frequency
difference. Because the local oscillator is on
the high side of the signal, the phase change
of the 40 Hz intermediate frequency is
reversed in direction with respect to Omega.
In the first work on this system a sampling
ratc of 8 Hz or 40/5 was used because of
convenience. By averaging 5 cycles of the
8 Hz samples, a binary count was generated
with 4 bit precision. Example recordings of
this raw data for measurements averaged
over single time slot intervals are illustrated
in figures 4 and 5.m
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Continued from page 11

1BM Selectric series. | would like to have
some suggestions and comments on this
proposed project from other readers.
Any readers who can give any informa-
tion on how to convert the 1BM Selectric
to a teleprinter will  be greatly
appreciated.

Ronald K S Chan

Engineer, Engineering Laboratory
Canadian General Electric Co Ltd
3-397 Reid St

Peterborough, Ontario

CANADA K9H 4G4

FLEXOWRITING

Kui
Dear Sirs,

In recent gonths the Friden Flexowriter has begun to turn up in
numerous claseified listings end surplus catalogs ss s pew possibllity
for a relatively inexpensive herd copy output device. To those con~
templating purchasing one of these unita, thia letter stands as evi-
dence that they can indeed be interfaced to e micro's output port
without too much difficulty. This letter was typed by a model 2301
Flexowriter interfeced to my homebrew 8080-based aystenm running Besic.

The interfacing of the 2300 serics of Friden Flexowriters la similar
in many respects to interfacing old Baudot-code machines, but there
are many edvantsges to the Flexowriter, First is obviously having both
upper and lower case, This plus the typewriter-type font on most
models make the unit very spplicable to text-editing and typing pro-
grams, Second, the Flexowriter types st a practical l2codes/sec, (The
sctual number of cherscters/sec depends on the cumber of case shifts
necessary in the text.) Third, the stardard l6-inch cerriege provides
more than 160 columns of output, and if you're lucky enough to get the
optiopsl 20-inch carrisge, well......

There are many different Flexowriter wmodels and sany varistions of
each, 80 the prospective buyer mway find the following information of
belp. The 2200 and 2300 series of automatic typing machines are the
most spplicable of the commonly sevailable models, While like must
Flexowriters, they have a non-standard B8-level code (which is very
easily reduced to s 7-level code) they usually feature a standard
8-level paper tape punch and typevriter-type font, The 2304 even
boeata proportionsl specing and secretary-shift, which might make in-
terfacing easier,

The 2200 series usually has a larger character aset and meny models
have the 20-inch carTiege.,

¥While the above units usually include s mechanical tape reader and
code output from the keyboard the necessary code conversions make it
much more practical to use m separate sacii-encoded keyboerd smd op-
ticel tape resder for the system input.

In short, the Friden Flexowriter cen provide a very »suitable hard
caopy device. Certainly the price of moet of them alone makes them
quite attractive. 1 obteined two such units through rather fortunate
circusstances for free. They can be interfaced to a parallel ascii
port for leas then $50, much lesa if you're a good scsvenger.

Apyone contemplsting, or actually attempting to interface s Flexowri-
ter to his micro may write me at the below address and 1 will be glad
to help in eny vay 1 can.

Stncerely,

Bob Rindfusa

2367 Yeager Rd. $115
West Lafeyette, IN
47906

0K

The letter is reproduced here photo-
graphically  to  show the type font
and demonstrate  the practicality of
Flexowriters.

REGARDING BAR CODES,
CONTINUED

I read with great interest your article
“A Proposed Standard for Publishing
Binary Data in Machine Readable Form”’
in the November 1976 issue of BYTE. |
am very much interested in the problem
ol publishing software in cheap and
casily transmitted form. Cassette tapes
require an expensive (~$100) interiace
as well as a not so cheap (~$3) tape.
Your method requires only a picce of
paper and a light pen hooked up 10 a
single input bit of a microcomputer. The
software is relatively simple, and doesn’t
take up that much room. (Remember,

once the program has been read success-
fully, it can be transferred to your own
cassette system, il needed.)

I am worried about one aspect of the
standard that you discussed in your
article. | think that refiability is the key
issuie — more important than either
people, readability or density. Further-
more, this reliability should be conserved
through muaking at least one Xerox copy.
| do not know the characteristics of a
Xerox machine (hat well, but | can
conceive that they consistently cither
make the black bars narrower or wider.
This might cause all ones to be mapped
into seros or vice versda. | think that in
addition 1o a longitudinal parity check,
there should be a parity bit on cach
character. This method allows single bit
correction instead of single bit detection.

I have done a little experimentation
with your code format 2, which seems to
have the most reliability built in. It
seems that 1/5 inch is probably more
than necessary lor the length of the bars
— /7 inch looks good. 1 also think that
whether the code is published in col-
umns or rows is not so important (unless
someone is  planning 1o build page
readers).

| include the first paragraph ol this
letter which has been coded into bar
code and produced by the MIT Artilicial
Intelligence  Laboratory  Xerographic
Printer. This printer has 200 dotsfinch
resolution, and cach character is 28 dots
high and 48 dots wide. All ol our
software is line oriented, so | have taken
the liberty of muaking the bars vertical
instead of horizontal. Since the charac-
ters use format 2, each zero is 2 black
lines followed by 4 white lines and each
one is 4 black lines Totlowed by 2 white
lines. {The lines are only 1/200 inch
wide, so that they merge together into
bars.) Using this format, we can put 28
characters on a 7 inch line, 66 lines on a
10 inch page. This gives a total of 1848
by tes/page. No synchronization or parity
characters have been used, although they
could easily be added.

Henry G Baker |r

MIT Laboratory for Computer Science
545 Technology Sq

Cambridge MA 02139

This is the complete text of a letter
printed ity bur code form in lust month’s
BYTE, See january BYTE lor the bur
code lext referenced,

APL INTEREST?

Inspired by the APL article in the
November BYTE, | would like to get
together with some other people who
have access to an APL system or are
looking ahecad to their own micropro-
cessor based APL system and would like
to build or modify a CRT or dot matrix
impact  terminal  to display  the
APL/ASCII character set.

I have some ideas which | will share
on how 1o incorporate oversirike capa-
bility in a CRT terminal inexpensively;
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but the character generator is the prob-
lem. APL character generator ROMs are
nearly impossible to acquire and | would
like to have one manufactured.

If anyone is interested please send me
your name and address along with any
comments vou may have. For example,
would you prefer 5 by 7 {similar to the
APL Decwriter) or 7 by 9 character
matrix? I1f 1 perceive sufficient interest |
will have the chip encoded and send you
information. | expect cost per chip to be
about $30.

Phillip Apley
Hampshire College Box 9
Ambherst MA 01002

DELIVERY COMMENTS

In December 76 BYTE you included
a product review by D Anderson of our
VDM-1 Video Display Module, He did a
good job on the technical side; however,
I am pleased to update the 60 day
delivery time he referred to. We are now
delivering the VDM-1 and most of our
other products FORTY EIGHT HOURS
after receipt of order when a money
order or certified funds are included
with order.

Terry M Holmes

General Manager

Processor Technology Corp
6200 Hollis St

Emeryville CA 94608

IDENTITY CRISIS:
ARE WE NERDS?

In the letters section of the October
1976 issue of BYTE, Bryan Patterson
posed the question of what compuiter
hobbyists should call themselves., Your
preference for the term “hacker” feaves
much to be desired, as most compulier
professionals  could legitimately  claim
this term, particularly those who spe-
cialize in software development at other
people’s expense.

In spite of over 25 years of com-
mercial application, computer system
development is still largely an undisci-
plined form of scli-expression, using ad
hoc design methods, usually resulting in
late and over budget delivery of un-
reliable products. Recent developments
in software engineering are  largely
scorned or ignored by the “artists’ of
the profession. Standards, usually a sign
of stability and maturity of a profession,
are largely ignored as being a damper on
the free spirit of creativity. Judging by
the practices and results achieved by the
professionals in the computer tield, |
would say the term “hacker” belongs to
them.

The computer hobbyist, on the other
hand, is working with his own money
and is his own customer. Some proles-
sionals are also hobbyists, but it is my
observation that more planning and care-
ful design goes into their personal sys-
tems than in their professional aclivities.
Some of this is due 1o severe limitations
on their personal resources, 1o be sure,


http:fortur.te
http:asc11-encod.ed
http:neceua.ry
http:�ta.ma.rd
http:flexovrit.en
http:Flexovrlt.er
http:et.a.nd.Ji




It is therefore the duty of the language
designer to attempt to instill the rudi-
ments of proper programming practices
and style in the novice by designing
languages which encourage or require
such practices. It is, admittedly, not easy
to forego the use of some thrilling bit of
“trick” code merely because it is con-
figuration dependent, poorly docu-
mented, grossly unstructured, or dif-
ficult to follow when encountered
unexpectedly in the code; however, it
will be appreciated later, and practice
helps firm the will. The best solution, by
far, is to reduce the availability of such
tricks until the user has outgrown his
programming adolescence.

Small tricks may be introduced in the
code produced by the compiler if they
are suitably documented. In fact, the
reduced resources of the average micro-
computer inslallation provides fertile
ground for a well written optimizing
compiler. If optimization of tricky out-
put is included in a compiler, it is
suggested that a section of the user’s
manual be devoted to the discussion of
each instance, giving examples and a full
explanation of how it works and why it
was done in that manner. |t is also to be
suggested that optimization be a user
option if included, as it is usually much
easier to debug unoptimized code, than
optimized code when finished.

I will  gladly enter into cor-
respondence with anyone who wishes to
discuss or debate the features which
should properly be included in a pro-
gramming language, and why {or why
not).

P M Lashley

Director of Computing CSCS
POB 764

114 S Bullard St

Silver City NM 88061

Program structure should be looked
upon us the lunquage level equivalent of
an integruted circuit used by the hurd-
ware designer, Why reinvent the DO or
IF statements when you can gel q
language structure prepackaged to do the
work? Why reinvent the NAND gate
when it can be bought four per package
ina 74002 And debugging with stundard
packages is so much easier, since func-
tion fs checked rather than internal
detuils. Tiny BASIC and its later full
function relatives are just a start in the
right direction.

APL CHARACTER ROMS?

When APL becomes available for
6800s and 8080s, it will be nice to have
the APL character set, too. In view of the
profusion of television displays based on
the Motorola MCM6570 series character
generator chips, | investigated the prac-
ticality of obtaining an MCMG6570 series
generator for APL. My initial enthusiasm
was almost quenched by my local
Motorola representative, who informed
me that although the unit price of a
custom 6570 would be only $8.50, the
minimum order would be 500 units and

the custom-masking charge, a cool
$1000.

While | can’t justify spending $5250
($8.50 X 500 + $1000) for one or two
chips, | wonder how many people would
be willing to spend $10.50 (5250 +
500)? Or would one of the television
typewriter manufacturers be willing to
take the plunge, design and market an
APL television typewriter, and con-
currently  finance and vend  the
APL 6570?

These approaches to the design of the
new chip should be considered:

I. By omitting approximately four
“noncritical” APL characters —
ie: characters not used to repre-
sent APL functions — the entire
character set, including overstruck
characters, can be generated by
one chip. This would auto-
matically make any 6570 based
television typewriter an  APL
television typewriter by simple
chip swapping.

2. Devoting a full chip to those APL
characters that have no ASCIHI
counterparts, the full APL charac-
ter set and full ASCH character
set, including all legal (and some
illegal) APL overstrikes, can be
accommodated using a standard
ASCIl 6570 as well. Required
modifications to the television
typewriter with this approach
would include a chip select bit for
each character in the refresh buf-
fer, addition of chip selection
circuitry in the video generator,
and redesign of any cursor cir-
cuitry (like that of the Processor
Technology VDM-1} that depends
on using only 7 bit ASCII.

Roderick Montgomery
52 Birch Av
Princeton N) 08540

Creuating ¢ demand is whut is needed.
Would an APL enthusiust be willing to
pay $52.50 tor an APL character genera-
tor? If that were the cuse, all it would
tuke would be 100 such people to get
together, buy 500 ROMs and use only
100. (Or better, give euch purchaser 5
ROMSs 1o do with us he or she pleased.)
However, demonstruting a  market
interest in the products is a better way.
Let’s see how many BYTE reuaders
are really into APL, document that,
and wuse it as ¢ messuge to potential
manufacturers,

BELL 103 MODEMS NEEDED

It seems to me that as the hobbyist
and small business computer field con-
tinues to develop, data communications
will become increasingly useful and pop-
ular. Because the Bell 103 type data
communications hardware interface is
already a broadly accepted interface, |
intend to use it and hope it will be
widely used by other hobbyists and
small business operators (at 30 and 10
characters per second).
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| have a Tarbell cassette interface,
and | intend to use it extensively in my
system. However, the fact that no tape
interface seems to be evolving as a
hardware standard is creating a problem
in the exchange of tapes by micro-
computer users.

Is it not easily possible to use an
originate answer modem as a tape inter-
face? Wouldn't this be an ideal hardware
standard for the exchange of casselte
tapes in our field? | don’t have the time
now to describe all of the potential cost
and flexibility advantages of such an
idea, but I'm sure they can be easily
imagined.

Stephen T Moore
Moore Research

POB 1562
Sacramento CA 95814

I think modem recording on tupe has
been tried ... with less than optimal
results due to the old “wow und flutter”
problem. Besides, there ure imunu-
facturers now claiming that by using
special techniques they cun get <00
bytes per second versus communicdtions
rates; so why be stuck with u low rate?

STANDARDS

I am very confused about the
plethora of cassette data recording
“standards” presently available to the
computer hobbyist. The more | read
about them, the more confused | get,
and | am pretty sure that | cannot be the
only hobbyist out here with this dif-
ficulty. If you could answer the gues-
tions below for me, | think you will be
performing a noteworthy service for
many of your readers:

1. Which “standards’ are presently

in use?

Which are gaining/losing favor

with hobbyists?

3. Which are compatible with MITS
Cassette BASIC?

4. Which are easiest to implement in
hardware/software?

5. Which system is the fastest?

6. Is there any relationship between
these “standards” and the Na-
tional Multiplex system advertised
in BYTE?

7. Is there a consensus at BYTE
about what system you would
prefer to load MITS BASIC and
to store programs on an Al-
tair 8800?

~

I realize that the answers to these
questions could be both involved and
lengthy, but any help you could give me
would be greatly appreciated.

Chessman Kittredge |11
14 Et Sereno Ct
San Francisco CA 94127

1. Audio tape recording media vary
from manufacturer to manufac-
turer, MITS uses the ACR bourd
of their own design, with modem
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BROADCAST STATION HANDLER?

Mr Hosking’s article “A Ham's Applica-
tions Dream” [page 26, October 1976
BYTE] is very dear to my ulterior motives
for studying the current revolutionary world
of microcomputers.

In addition to being an old “ham’ | am
currently chief engincer for a small but
automated FM broadcast station focated at
an altitude of 8500 feet (2600 m) in the
Sierra Nevadas.

The "automation” system is a solid state
device thal was built about 20 years ago and
is quite reliable but is slowly becoming
obsolete. Some foresighted individuals in the
broadcast industry have begun 1o use com-
puter techniques but on a limited and very
costly basis.

| have talked to a few micrucomputer
sales people regarding my application but
receive an ‘1 dunno.”

Would it be possible for an Altair 8800A
or cquivalent to, say, sequentially handle
2000 events {switch tape deck, etc) in “‘real
time” and give a “hard copy” (log) for a
broadcast station and still be simple enough
for an announcer or secretary to program
the day’s events? {And of course, not cost an
arm and a leg?)

Thanks 1o you and your stalf for an
understandable  approach to a very com-
plicated and otherwise distant world of small
sysiems.

Joe Alvin CE

KMMT

Mammoth Mountain FM Associates Inc
POB 1284

Mammoth Lakes CA 93546

If 1 were building such an application, |
would want at a minimum a floppy disk
system, and a good reliable printer. Using a
single drive toppy system with 16 K bytes
of memory and building custom drivers for
ull the events, as well us a custom real time
clock, such an application could probably be
assembled in the $4000-6000 range for purts
and subsystems, excluding labor. Would any
readers with station automation experience
care 1o share experiences? ... CH

PROGRAM “BANK"” NEEDED

Altler a year’s exposure to your very line
computer hobbyists’ magazine, | feel con-
siderably enlightened on the subject. The
articles and advertisements have convinced
me ol the significance the machines will play
in the computer revolution.

Although | confess to be a confirmed
computer hobbyist, | do not plan Lo submit
to some of the rigorous repetitive activities
that have been proven by other hobbyists.
Namely, rewriting proven programs and
manually loading the software into my
computer.

In many of your articles over the past
months, considerable information has been
provided on peripherals that interface and
load typical programs into a computer’s
memory. However, | find myself in some-
what of a void regarding how to rapidly load
a program inlo a paper or cassette tape
reader.

Is there a company or group that will
translate software into a paper or cassetle
tape for a nominal fee? Is there a program
“bank’ where the hobbyist can order proven

software already on paper or cassetle tape?
Is there available to the hobbyist a translator
that can perform the same?

Any articles or services that might illumi-
nate these questions will be of great help to
me and  I'm osure 1o other compuler
hobbyists.

Laurence P Williams W5I1Q
111 Bradford Cir
Ocean Springs MS 39564

See the informuation cuwrently in BYTE
regarding optical scanning of printed bar
codes, and watch BYTE tor information
regarding clubs und other sources of soft-
ware. We expect to be providing u software
library  of  machine reuduble  PAPER-
BYTES™ and SHEET PROGRAMSTM
using the printed bar code techniques. Watch
tuture issues of BYTE for intormation on
the PAPERBYTISTM  project.  (PAPER-
BYTES™ and SIHEET PROGRAMSTM yre
trademarks of BY'TL Publications Inc.)

MORSE REACTIONS TO OCTOBER

I do believe filling your October cover
with “BYTE" in Morse code was a bit
self-centered. (- ... - .} Although the
picture of Joseph Henry's telegraphy key
was very interesting.

To remark on Hickey's article, “The
Computer .... Versus .... Hand Sent
Morse Code,” 1 must say that it was very
good. But an interesting point came up when
I vead it If every amateur radio station used
computers in sending and receiving Morse
code there would be no need for Morse
code, Eich station could, and might as well,
just use ASCIL. Of course the use ol ASCII
would eliminate the use of telephone lines
for teletype. This would not be good lor
phone companies but businesses and people
renting time on a larger system could benefit
trom the use of the air transmissions. | hope
this idea could be developed turther.

Mark Lentczner
445 Third St
Brooklyn NY

There is only one problem,  thouyh.
Amateur radio is amateur; commercial mes-
sages are not allowed on the air o amuteuwrs.
However, an amatear radio communications
net for puassing games, personal use pro-
grams, ctc, back und forth would be quite
Jegitimate within the constraints of being
amateur. We're fooking for articles 1o ex-
plore that possibilityv using established com-
puter network software concepts presently
used only by the “'biygies.”

As for the cover issue, isn't the cover of @
magazine supposed to advertise its tume???

AGGRESSION BY COMPUTER

Our faculty, staff and students are de-
lighted with the way BYTE has developed.
We look forward cach month to receiving
the next issuc.

Every day we hear “the computer is
responsible!”” Business and government are
experiencing problems in computer data
processing. Many ol the difliculties are in
relationships  with  the consumer  public.
Recipients are invariably frustrated in cop-
ing. | am rescarching “case studies” involving
people who are having troubles created by
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the atleged computer error. | would like to

hear ifrom these people describing their

situations and what steps they went through

in solving, or attempting to solve the diifi-

cultics. All responses  will be treated
confidentially.

Dr Richard A Bassler

Associate Professor of Computer

Systems Applications

CTA-B The American University

Washington DC 20016

HANGMAN?

I have bought several issues of your
magaszine and have enjoyed reading them
very much. Although | am new to program-
ming, and do not have a microsystem, | have
access 1o an IBM 370/158 and an IBM 1130
computer. I am learning much from BYTE
on programming.

Please, if you know of one, give me the
name of a book or an article on games for
computers, namely HANGMAN. The lan-
guage can be in assembler, Fortran, Basic, or
PL/1. 1 would appreciate this very much, as t
have hacked my brains out trying to figure
that one out.

Robert Todd
1815 N Boomer Rd Apt F-20
Stiliwater OK 74074

See page 118 of 101 BASIC Games, @ 250
puage paperbound book availuble for $7.50
plus $.50 postagefhandling from Software
Distribution  Center, Digital Equipment
Corp, Maynard MA 01754. This book con-
tuins a complete listing of the program,
written by Kenneth Aupperle of Melville
NY. See also, page 18 of What To Do After
You Hit Return, published for $6.95 by
PCC, POB 310, Menlo Purk CA 94025, for a
description of how to use such a game. (To
get the game program itself, order HANG-
MN for $3 in paper tape form.)

DATA BASE MANAGEMENT INFORMATION ?

I am a charter subscriber 10 BYTE maga-
sine, and very much interested in getting
into the home computer ficld. However, |
cannot justify it on the basis of it being the
“ultimate toy.”

I, and possibly many others, could justify
it if the home computer could be applied to
do useful work around the house.

One application which comes to mind is
that of home or small business record
keeping. This brings up the complex subject
ol data base management systems.

I would very much appreciate a disserta-
tion in BYTE on the design and implementa-
tion of data base management. 1t could be
presented as if the user had an Altair 8800
printer, keyboard, and one or more tape
cassettes. For example, flowcharts and sam-
ples ol 8080 code could be used to illustrate
how an editor updates a variable length
record on cassette by inserting, deleting, or
changing data somewhere in the middle of a
casselle record.

I believe amateur radio grew as it did
because of the social benefits of its applica-
tions. Amateur computing must also have a
beneficial goal in order for it to grow.

H C Bickel
587 Kiersted Av

Kingston NY 12401 m



Daniel Lomax
Community Data Systems
114 E Mohave Rd

Tucson AZ 85705

In May 1975, [ had a new Altair 8800,
from the original Popular Electronics offer,
with 256 bytes of memory and no more
money. What could | do besides blink lights?
The first thing | noticed was that there is an
addressable latch in the system, the Inter-
rupt Enabled latch on the 8080, which is
nicely buffered and displayed on the Altair
front panel. After turning it on and off for a
few hours, it occurred to me that, with an
carphone, the light might make music, and,
after several day’s mad programming, some
incredibly accurate baroque music ecmerged,
including one recorder picce of which a
musician fricnd - who loaded the data for it
- said he had never before been able to hear,
being too busy playing it.

After making recordings of the music, the
question arose: “If | can record music, why
not digital data?” 1 hadn’t heard of the
various systems being developed at that
time, and my tape recorder is a Ward’s
Airline $30 cheapie. But, anyway, | recorded
various tones on cheap tape, played them
back, and looked at them on an oscilloscope.
I found that a 2000 Hz tone, linked 1o the
tape recorder through a 0.1 uF capacitor,

About the Author:

Daniel Lomax learned electronics in the physics laboratory at Cal Tech in
the mid 60s, but never graduated. Recent work in printing and publishing
brought him in contact with a burned out Honeywell Controller which was
part of a nonworking Photon phototypesetter, repair of which created a
business for him (phototypesetter repair) and taught him TTL logic. He is
active in the L-5 Society, a group working to encourage the establishment of
permanent human colonies at the L-5 Lagrangian point of the Earth-Moon

The Impossible Dream
Cassette Interface

was reliably reproduced — more or less —
with the tape recorder volume turned all the
way up, as an 8 V peak to peak “‘squarc”
wave: That is, “reliably’ in the sense that
the signal never failed to clip, had no visible
glitches, and | could see no missed cycles.
There was jitter in the frequency, a few
percent.

So, | built a breadboard single channel
input interface to look at the signal, capac-
itor-coupled, and diode-limited between
ground and +5, with Altair IN instructions.
Though this interface was all TTL.— no
active lincar components — it was still
unnecessarily complex, as | will show. Any-
way, using onc cycle of 1100 Hz as 0 and
two cycles of 2200 Hz as 1, | found that |
could record data and recover it reliably,
using the Altair to time the interval between
transitions of the playback signal. According
to what | have read, this is impossible. 3M
Corp is supposed to have spent many
millions of dollars working on cassette data
recording systems, only to find that audio
casseltes were too unreliable. Therefore,
established engineers need read no further
(except as entertainment), since this might

Demonstration of his typesetting proficiencies came to us in
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the form of excellent typeset manuscripts (which we reset for editorial and
stylistic reasons).
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be in the same class as perpetual motion and
angle trisection with compass and
straightedge.

But, if you are an impoverished hobbyist,
and would like to store programs and data at
more than 1500 baud without spending any
money — assuming you have a tape recorder,
some capacitors, diodes, and connectors —
let us dream the impossible dream together.
[The “wunreliability” of a device is not
necessarily dependent upon the modulation
method alone. This method hardly contru-
dicts any principles of information
theory .... CH/

After doing the above experiments, the
corporation which owned the Altair folded,
and with it my source of income and
support for my family. | ended up with the
Altair, but had no time to play with it until
recently. Meanwhile, | have been following
the literature, and have observed all kinds of
proposed systems, none of them fast enough
for the kinds of applications | have been
considering and cheap enough for me to
afford. Like Dr Suding [see “Why Wait?"
page 46, BYTE, July 1976], | cringe at the
thought of waiting 15 minutes to find out
that noise has destroyed data and | have to
start over.

My original bootstrap loader program was
64 bytes long and included a routine which
automatically set the appropriate timing
value by examining a string of zeros which
preceded the data on the tape, and which
updated that value using the stop bit be-
tween each byte. This article, however,
describes a shorter loader, not automatically
self-adjusting, and the hardware has been
practically eliminated.

It seems | had overlooked the fact that in
the Altair there is, in addition to the sense
switches, one free input channel — of sorts —
PINT. If PINT cannot be used for some
reason, a program can be written using
normal input channels. Also, there is no
reason to output two cycles for a single bit,

Figure 1: Schematic of the “Impossible Dream” Signal Conditioning Logic.
The output consists of simply driving the cassette recorder’s input with a TTL
level signal. The 0.5 uF capacitor is optional, according to the author, and can
be replaced by a direct coupling. The input is a simple network to clip the
signal coming back from the tape recorder.

Listing 1: Minimum Hardware Cassette Output Program. This program is a
stand alone method of recording data starting at location BUFFER on to the
recorder through the Altair PINTE line. This program terminates when the
page address is zero. A more general program could of course be written by
changing the initial conditions, and the end of execution test at locations 046
and 047. Note that in the listings of this article, the notation <0> is used to
indicate page addresses. The programs shown can be loaded at any arbitrary
page boundary by substituting an octal number (such as 003) for <0> every
time it appears.

Split
Octal
Address Octal Code Label Op Operands Commentary
377 SSW EQU 377
200 BUFFER EQU 200
<0>/000 041 200 <0> +« START LX1 H,BUFFER set initial output pointer;
<0>/003 061 200 <0 LXI SP.BUFFER set the stack;
~20>/006 333 377 LOAD IN SSW input timing value;
<0/010 117 MOV C,A save itin C;
<0>/011 027 RAL set carry if SSW7 active;
<0>»/012 324 055 <0~ CNC ZERO if not, output data ‘Q’;
~:0:-/015 322 006 -L0:- INC LOAD and if not, look again;
< 0>/020 017 RRC recover timing value bit 7;
117 MOV C.A save itin C;
. 315 066 <0.- NEXT CALL ONE output "1’ as start bit;
= 0/025 176 MOV AM look up data byte;
<0>/026 006 010 MV B,010 load bit counter to one byte length;
<0:+/030 007 BIT RLC set carry if data ‘1°;
~.02-/031 334 066 <0 cc ONE if ‘1", output ‘1’;
<0>/034 324 055 <0™ CNC ZERO if not “1°; output ‘0';
<0>/037 005 DCR B decrement bit counter:
-20>+/040 302 030 <0 JNZ BIT if byte incomplete, output next bit;
<0>/043 315 055 <0 CALL ZERO byte complete, output stop bit;
<0:-/046 054 INR L advance output pointer;
<0:-/047 302 022 <0:: INZ NEXT go output next byte;
<0>/052 166 HLT page done, halt;
< 0>/053 000 NOP space for
<0>/054 000 NOP exit jump;
<0>/055 363 ZERO o] turn off PINTE;
<0>/056 315 105 <0 CALL TIMEA wait 2C cycles;
<0>/061 373 El turn on PINTE;
<0>/062 315 105 <0> CALL TIMEA wait 2C cycles;
< 07-/065 311 RET
- 0>/066 363 ONE Di turn off PINTE;
~<0>-/087 315 112 <0.- CALL TIMEB wait C cycles;
<20>/072 315 105 <0> CALL TIMEA wait 2C cycles;
<0>/075 373 El turn on PINTE;
<0>/076 316 112 <0~ CALL TIMEB wait C cycles;
<0>/101 316 105 <0> CALL TIMEA wait 2C cycles;
<0>/104 311 RET
<0>/105 121 TIMEA MOV D.C load timing counter;
<0>/106 025 WAITA DCR D count cycles;
<0>/107 302 106 <0> INZ WAITA count until zero;
<0>/112 121 TIMEB MOV D,C load timing counter;
<0>/113 025 WAITB DCR D count cycles;
<0>/114 302 113 <0: INZ WAITB count until zero;
<0>/117 311 RET
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Listing 2: Minimum Hardware Cassette Bootstrap Loader. This program is
used to read the data recorded on a tape by the output program of listing 1.
The program is set up to assume coordination through the Altair interrupt

line PINT, but the method could be applied using timing loops on input as

well.

Split
QOctal
Address

<0>/000
<0>/003
<0>/006
<0-/010

<0>/070
<0:>/071
<0>/072
<0>/073
<0:-/076
<0>/100
<0>/101
<0102
<0>/103
<0:~/106
<0>/110
<0>/111
<0>/112
<0>/113
<0>/114
<0117
<0>/122
~.0:-/123
<0>/126
<0:>/131

Octal Code

200
041
061
066
303

063
063
270
312
326
176
027
167
332
333
107
373
000
075
302
303

054
302
052
351

200
200
000
106

110
001

122
377

113
117

006
001

<0> ¢
<0>

<0>

<0>

<0>

<0>
<0>

<0>
<0>

tabel

BUFFER
START

CLEAR

INT

SET
INTE
COUNT

LOOP
BYTE

Op Operands Commentary

eQu 200

LXI| H,BUFFER set initial load pointer;

LXI SP,BUFFER set the stack;

Mvi M,000 clear initial load location;

JMP SET go to work;

INX Sp reset

INX SP stack pointer;

CMmP B was interrupt immediate?

Jz INTE if so, try, try again;

st 001 set carry if data ‘'1’;

MOV A.M look up byte under construction;
RAL rotate through carry;

MOV M,A put it away;

JC BYTE if byte complete, go advance pointer;
IN SsSw input timing criterion {sense switches);
MOV B,A hold for comparison;

El enable interrupt;

NOP give it time to act before timing;
DCR A time period until interrupt;

JNZ COUNT A>Q at interrupt, data ‘0’;

JMP LOOP A=0 at interrupt, data '1’;

INR L advance |oad pointer;

JNZ CLEAR if not end of page, go load next byte;
LHLD START restore initial load pointer;

PCHL transfer control to object program;

Listing 3: Timing Test Patches to Listing 2. These patches are used to verify
the timing for the outputs by testing the actual timing values received for
each bit, storing them instead of the data.

Split
Octal
Address

<0>/113

~02-/076
<0™/077
<0>/100
<0:/101
<0>/102
~0>/103

<0>/131

Listing 4: Dropout Test Patches to Listing 2: These patches are used to Jook
for spurious binary 1 data in a tape filled with binary 0 data. The Altair will

Octal Code

074

000
000
000
000
167
303

166

122

<0>

Name

COUNT

Op Operands
ORG 113
INR A
ORG 076
NOP

NOP

NOP

NOP

MOV M, A
Jme BYTE
ORG 131
HLT

halt on any byte which is not 000 (octal ).

Split
Octal
Address

<0>/122
<0>/124
<0>/127

Octal Code

054

000

312 006 <0>

166

Name

BYTE

Op Operands
ORG 122

CP1 000

Jz CLEAR
HLT

so the revised program looks for one cycle of
2020 Hz as 0, and one cycle of 1470 Hz
as 1.

To try the system out, you can use a
solderless breadboard, or even just a bunch
of jumpers with alligator clips. PINTE (for
output to tape) can be picked up on the
front panel. Both PINT and PINTE can be
found on the motherboard, at Altair back-
plane connector pins 73 and 28, respec-
tively. | have found it convenient, for
debugging programs using interrupts, to wire
PINT to one of the extra switches on the
Altair front panel, connecting the center
terminal of the switch to ground. For the
clipping network, | pick off ground from the
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motherboard support rails, and +5V from
the front panel. Connect it all up as shown
in figure 1.

For a system test, clear the memory, then
deposit the output program shown in listing
1 into the memory. Replace the HLT at
000,052 with a JMP START,303. The NOPs
will serve as the START address. Set the
sense switches to 010, and initiate RUN.
Start recording. Wait about five seconds,
then switch SSW7 to 1. Let the tape run to
its end before stopping the Altair. This test
begins by outputting continuous zero bits
and then, when SSW7 is turned on, it
outputs a start bit in the 1 state, then eight
data zeros followed by a stop zero. Then it
repeats with another start bit, and so forth.

To read back this data, deposit the
bootstrap loader into the memory. Change
the PCHL at 000,131 to HLT (166). With
the connector out of the earphone jack of
the recorder, so you can hear the recording,
start playing the tape. When the clean, high
pitched tone starts (the train of zeros), stop
the tape recorder immediately. Put the
connector back in, and turn the recorder
volume all the way up. Set the sense
switches to 050. Start the recorder, wait a
second or so for it to settle, then start the
Altair with the RUN switch, The Altair
should, when the tape runs into the data and
begins transmitting bytes, load for about a
half second and then halt. To get out of the
halt condition, hold the STOP switch up
while you RESET. The memory, from
000,200 to 000,377 should be blank, all
zeros. Put 377 into 000,377, and try loading
the tape again. 000,377 should come out
blank again.

If it doesn't work, tape recorder signal
polarity may be reversed between recording
and playback. Try reversing the signal and
ground leads from the tape recorder to the
input network. (Disconnect the output con-
nector and any other common grounds.) |If
the system then works, interchange the El
and Dl instructions in the output program to
produce correct results with normal con-
nector polarity.

To verify the timing, you can modify the
loader as shown in listing 3. Set the sense
switches to 000. Start reading the tape while
data is being played back, rather than during
the leader zeros as usual. The Altair should
quickly halt. At address 000,200, and in
sequential addresses, you should find the
timing values for each bit as it came in. Make
a list of these values, and you should see the
data pattern. The value 050 was chosen to
be in between the timing values for O and 1.

To test tape for dropouts, which will read
as spurious Ts, use the bootstrap loader with






Baker Street Irregular

FILL IN:

4 Letter Words

BETA
CASE
MEAN
MODE

5 Letter Words

GAMMA
RANGE

6 Letter Words

DECILE
EXCESS
MEDIAN
MOMENT

7 Letter Words

DENSITY
GROUPED
POISSON
THEOREM

11 Letter Words

COEFFICIENT
CONDITIONAL
CORRELATION
EXPECTATION
MULTINOMIAL

8 Letter Words

BINOMIAL
CUMULANT
HARMONIC
KURTOSIS
MARGINAL
QUARTILE
SAMPLING
SKEWNESS
VARIABLE
VARIANCE
WEIGHTED

Robert Baker
15 Windsor Dr
Atco NJ 08004

9 Letter Words

DEVIATION
EMPIRICAL
GEOMETRIC
VARIATION

10 Letter Words

ARITHMETIC
CUMULATIVE
PERCENTILE
REGRESSION

12 Letter Words
DISTRIBUTION

Z|0|l—-|Clm|—|||»n—|C
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Microprocessor Update:

The F8 System

Robert Baker

® 1 A4 40— RcC 15 Windsor Dr
WRITEH 2 39 XxTLX Atco NJ 08004
Vpp— 3 38— XTLY
Vgg 4 4 37— EXT RES
10034 5 36— 1004
DB3— 6 35— DB4
10134 7 34— 1014
10124 8 33— 1015
DB24 9 32— DB5
10 02 410 31— 1005
10 0111 30— 1006
DB1—412 29— DB6
1011413 28+ 1016
10 10414 27— 1017
DB0O—15 26— DB7
10 00 416 25F_ 10 07
ROMCO0—17 24— Vgg
ROMC1 <18 23—~ INT REQ
ROMC2 -{19 22t~ iCB
ROMC3 —20 21 L— ROMC4
Pin Name Description Type
DBO — DB7 Data bus lines Bidirectional
¢ _WRITE Clock lines Output
10 00 — 10 07 10 port zero Bidirectional
1010 - 10 17 10 port one Bidirectional
RC RC network pin Input
ROMCO — ROMC4 Control lines Output
EXT RES External reset Input
M REQ Interrupt request Input
ICB Interrupt control bit Qutput
XTLX Crystal clock line Output
XTLY External clock line Input
Vss=0V
VDD =+5 Power lines input
VGG =+12V

Figure 1: Pin designations for the 3850 central processing unit chip.
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The architecture of the F8 microproces-
sor is rather unique in design since the vari-
ous system functions are deliberately divided
among the several basic circuits of the F8
family instead of being centralized within a
single processor. The currently available F8
system components include the following
devices:

3850 central processing unit
3851 program storage unit

3852 dynamic memory interface
3853 static memory interface
3854 direct memory access

These devices are interconnected by an 8 bit
time multiplexed data bus for addressing and
data functions, along with a 7 bit control
bus for system coordination and synchroni-
zation. System timing signals are derived
from a master clock generator with a maxi-
mum frequency of 2 MHz within the 3850
processor. The clock output of the processor
divides the machine cycle into a number of
discrete phases dependent on the type of
instruction being executed. Multiple mem-
ory references may require as many as three
machine cycies as controlled by the proces-
sor’'s WRITE clock. Besides these two clock
lines, the remaining five lines of the control
bus are the Read Only Memory Control
(ROMC) outputs. They are derived from the
processor’s internal control read only mem-
ory as a function of each instruction and are
listed in detail within the Fairchild docu-
mentation along with a description of the
corresponding operation of each F8 compo-

nent.
A 16 bit address structure allows address-

ing of up to 64 K bytes of memory contain-
ing any combination of programmable stor-



age units or standard read only memory and
programmable memory with the appropriate
interface devices. Instead of transmitting an
address to all the individual memory devices
during each processor cycle, the memory
devices maintain their own 16 bit program
counter. Every programmable storage unit
or memory interface updates its program
counter just as a processor would, incre-
menting the register each time an instruction
is fetched or loading a new address when a
jump instruction is encountered. For relative
addressing, each device also has a built-in
hardware adder to compute the displace-
ment from the current program counter
value.

A sccond register, known as the stack
register, backs up the program counter in ali
memory elements during subroutine calls
and interrupts. When a subroutine or inter-
rupt handler address is jammed into the pro-
gram counter, the return address, the old
contents of the program counter, is saved in
the stack register.

Every memory chip also contains a 16 bit
pointer register called the data counter
which can be addressed and loaded from the
3850 processor. All memory references
during memory reference instructions utilize
the data counter which implicitly indicates
an object address.

The 3850 Processor

The 3850 processor is the heart of the F8
microprocessor system, containing the data
manipulation fogic that can perform either
binary or decimal arithmetic. A control unit
decodes 8 bit instructions controlling execu-
tion of logic within the processor and gener-
ating control signals for the other chips in
the system. The processor chip pin assign-
ments are shown in figure 1. Figure 2 indi-
cates the three different modes of system
clock generation: resistor capacitor network,
crystal, or external clock; that may be used
to provide a typical 2 us cycle time.

The 3850 processor has a single 8 bit ac-
cumulator, and a scratchpad consisting of 64

VGG

cl
3850 3850
xTLy | ¢py I xTLy | chu xTuy | 28%°

VSS RC

XTLX

VSS
RC RC
-
XTLX XTLX
/T\CZ
VSS VSS

RC MODE
PERIOD ¥ (1.2RC+
400nS) *200nS

CRYSTAL MODE

EXTERNAL CLOCK

EXTERNAL MODE

Figure 2: Three modes of clock generation for the F8 system.

Byte
Address
Scratchpad Decimal Octal
0 0
1 1
2 2
J 9 11
%HU 10 12
HL 11 13
{KU 12 14
KL 13 5
%QU 14 16
QL 15 17
16 20
59 72
60 73
61 74
62 75
63 76
64 77
76543210 Bit Number

Accumulator

543210 —=-—Bit Number

\W_/H,_/
HI LO
S e

Octal Address of
Scratchpad Byte

3 2 1 0-=-——Bit Number

w

a4
|

W Register |C|O|Z|C
B

Figure 3: The program-
mable registers for the
3850 processor.

Information and diagrams
courtesy of Fairchild Semicon-
ductor from their F8 Circuit
Data Book and F8 Micropro-
cessor Programmer’s Guide.




8 bit general purpose registers that are ad-
dressed by a 6 bit indirect scratchpad ad-
dress register as shown in figure 3. The W
register, a 5 bil status register, indicates sign,
carry, zero, and overflow conditions as a
result of various processor operations and
contains the interrupt control bit. The proc-

essor chip also contains two 8 bit, bidirec-
tional, 10 ports with output latches for
transferring data to and from the processor.

Any of the over 60 machine instructions
together with the eight different addressing
modes, shown in table 1, may be used to
manipulate or operate on 8 bit data con-

Table 1: FS instruction set and addressing modes.

ADC Add data counter with accumulator

Al Add immediate with accumulator

AM Add binary accumulator with memory

AMD Add decimal accumulator with memory

AS Add binary accumulator with scratch-
pad register

ASD Add decima! accumulator with scratch-
pad register

BC Branch on carry

BF Branch on false condition

BM Branch if negative

BNC Branch if no carry

BNO Branch if no overfiow

BNZ Branch if no zero

BP Branch if positive

BR Absolute branch

BR7 Branch if ISAR isnot 7

BT Branch on true condition

BZ Branch on zero condition

Cl Compare immediate

CLR Clear accumulator

CM Compare with memory

cCOom Complement accumulator

DCI Load data counter immediate

] Disable interrupt

DS Decrement scratchpad register

El Enable interrupt

INC Increment accumulator

IN Input

INS Input short

JMP Jump

Implied Addressing — The data for this one byte
instruction is implied by the actual instruction,
For example, the POP instruction automatically
implies that the content of the program counter
will be set to the value contained in the stack
register.

Direct Addressing — In these two byte instructions,
the address of the operand is contained in the
second byte of the instruction. The direct address-
ing mode is used in the input output class of
instructions.

Short Immediate Addressing — Instructions whose
addressing mode is short immediate have the
instruction op code as the first four bits and the
operand as the last four bits. They are all one byte
instructions.

Long Immediate Addressing — In these two byte
instructions, the first instruction byte is the op
code and the second byte is the 8 bit operand.

Direct Register Addressing — This mode of address-
ing may be used to directly reference the scratch-
pad registers. By including the register number in
the one byte instruction, 12 of the 64 scratchpad
registers may be referenced directly.

20

LI Load accumulator immediate
LIS Load accumulator short
LISL Load ISAR — Lower 3 bits
LISU Load ISAR — Upper 3 bits

LM Load memory
LNK Link carry into accumulator
LR Load register (5 types)

Scratchpad

Program counter

ISAR

Status

Data counter
NI Logical AND accumulator immediate
NM Logical AND memory accumulator
NOP No operation
NS Logical AND scratchpad and accumulator
Ol Logical OR immediate
oM Logical OR memory with accumulator

ouT Output

ouTs Output short

Pl Push program counter into stack register
Set program counter to new location

PK Push program counter into stack register
Set program counter from scratchpad

POP Put stack register into program counter

SL Shift left

SR Shift right

XDC Exchange data counters

Xi Exclusive OR immediate

XM Exclusive OR accumulator with memory

XS Exclusive OR accumulator with

scratchpad

Indirect Register Addressing — All 64 scratchpad
registers may be indirectly referenced, using the
indirect scratchpad register in the processor. This
6 bit register, which acts as a pointer to the scratch-
pad memory, may either be incremented, decre-
mented, or left unchanged while accessing the
scratchpad register.

Indirect Memory Addressing — A 16 bit indirect
address register, the data counter, points to either
data or constants in bulk memory. A group of one
byte instructions is provided to manipulate this
area of memory. These instructions imply that the
data counter is pointing to the desired memory
byte. The data counter is self-incrementing, allow-
ing for an entire data field to be scanned and
manipulated without requiring special instructions
to increment its content. The memory interface
circuit contains two interchangeable data counters.

Relative Addressing — All F8 branch instructions
use the relative addressing mode. Whenever a
branch is taken, the program counter is updated by
an 8 bit relative address contained in the second
byte of the instruction. A branch may extend 128
locations forward or 127 Jocations back.



tained in the accumulator, scratchpad regis- ioe7d 1 \_/ 40~ DB7
ters, or any memory location. Instructions 10A7 2 39—~ DB§
refere?_cmgFgcratchpaq bytzs are Ithe fast.est Ve 3 38}~ TOBE
executing instructions, but only the flrs.t Vpp— 4 37}~ OAE
16 scratchpad bytes can be referenced di- EXTINTH 5 36~ TOAS
rectly by instructions. The indirect scratch- —_—
X PRIOUT— 6 35— 10B5
pad address register must be used to refer- wRITE] 7
ence the last 48 bytes of the scratchpad but 34/~ DBS
may also be used to address the first 16 8 33— DB4.
bytes as well. Scratchpad registers 9 through INT REG— 9 32— 1084
15 have special significance for the F8 sys- PRIIN—10 31~ 10 A4
tem as mentioned later. DBDR—{11 30— 10 A3
NOT USED—{12 29 [O0B3
The 3851 Program Storage Unit
‘ ‘ ROMC4—13 28~ DB3 Figure 4: Pin designations
The program storage unit conta{ns 1024 ROMC3—14 27— DB2 for the 3851 program
bytes of read only memory, two indepen- ROMC2—{15 26~ T0B2 storage unit chip.
dently z{ddressable 8 blF 10O ports, a program- ROMC1—16 251~ TOA3
m;ble timer, external interrupt control cir- ROMCO—17 2l AT
cuitry, and three address registers, called v 18 2l TE
PCO, PC1 and DC. Each program storage S8 B
DA . 10 A0—19 22— DB1
unit chip is mask programmed during manu-
facturing to user specifications, including a 6 10 BO—20 21~ DBo
bit page select, chip enable, option which
corresponds to the upper 6 bits of the ad-
dress space. This customization at manufac- Pin Name Description Type
turing time makes it unlikely that the 3851 10 A0 —10 A7 10 port A Bidirectional
will ever be used by homebrew computer 10 B0 - 10 B7 10 port B Bidirectional
. . PP DBO — DB7 Data bus Input
e upinf e
people; hOW.VGI, 't may show up in finished ROMCO — ROMC4  Control lines Input
product or kit machines as a place to put the & WRITE Clock lines Input
system monitor. The memory access logic of EXTINT External interrupt  Input
each program storage unit is only activated PRI IN Priority in Input
when the upper 6 bits in the program PRI OUT Priority out Output
tch th t unit page INT REQ Interrupt request Output
counter matc . € program s Orége 't pag DBDR Data bus drive Output
select code. With up to 64 possible program Vs =0V
storage units, every program counter will VDD = +5 V Power supply lines  Input
VGG = +12V
[ A ADDRESS XFER BUS (16 BITS) J
Ll By [ 1
PROGRAM DATA INCREMENTER UPPER
COUNTER SatE ADDRESS ADDER RFER
8 PCo POINTER GATE
g _H il
[ mixersus 0e) ] r———7
ADDRESS 16 | |
. . 16 CROM 16
Figure 5: A block diagram DEMUX 6 J\f { } LOWER
: ) STACK L 3 8 BYTE
of the 3851 program stor- REGISTER YITE XFER
. PCI tHist GATE
age unit, CONTROL
| J SIGNALS
‘\/ >
'ST [ ADDRESS BUS (16 BITS) |
B H A
PAGE ROM STORAGE
SELECT TS ORD)
LT N [T 1024 WORDS (8 BITS / WORD

DATA BUS (8 BITS)

oS O | S|

170 PORT 170 PORT 1/0 PORT INTERRUPT TIMER INTERRUPT

A B ADDRESS ADDRESS CONTROL
SELECT GENERATOR
MASK OPTION MASK OPTION I 1 I I
EXT INT PRI PR|
EXTERNAL
DATA BUS INT REQ IN OUT
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contain the same address but only one chip

Vg 1 \_/ aovpp will detect a page select match and forward
b— 2 39 ROMC4 an 8 bit instruction to the processor during a
WRITE—H 3 38 rROMC3 fetch cycle in a properly designed system.
iNT REG— 4 37 ROMC2 The 16 bit program counter provides the
PRITNS & 36 ROMC1 memory address of the next instruction to
RAVTWRITE 6 35+~ ROMCO be .fetched. and transmitted to the processor,
EXTINT— 7 34 CPU READ whlle. the internal program storage unit |og1§
will increment the program counter after
ADDR7— 8 33~ REGDR each fetch. The program counter registers of
ADDR6— 9 32~ ADDR15 all program storage unit chips are logically
ADDRS5—10 31-ADDR14 connected to the K register of the processor
ADDR4—11 30~ADDR13 scratchpad, bytes 12 and 13. The contents
ADDR3 —12 29—~ ADDR12 of all program counter registers may be
ADDR2—13 28~ ADDR11 loaded from the K register or modified by
ADDR1—14 27~ ADDR10 certain instructions. The data counter regis-
ADDRO—15 26 - ADDR9 ter, as described earlier, is similarly linked to
pBo <16 25 - ADDRS the H register, bytes 10 and 11, of the proc-
Figure 6: Pin designations DB1—17 24|-DB7 essor §cratchpad. Each program storage unit
for the 3852 dynumic pB2—l18 23l-DBs contains only one data cpunter reglster, S0
memory interfuce chip. pea—19 22 pBS the swap data counters instruction has no
Vgg—20 21-DB4 effect. . . .
The 16 bit stack register (called PC1) is
Pin Name Descrintion Type primarily usgd as a buffer for the program
_ ~chpton counter, saving return addresses for subrou-
DBO — DB7 Data bus lines Bidirectional tines and interrupt handlers. The stack regis-
ADDRO — ADDR15  Address lines Output . . .
® WRITE Clock lines Input ter is logically connected to the K register of
iNT REQ Interrupt request Output the processor scratchpad and may be loaded
PRI IN Priority in line Input to or from the K register. Whenever the
RAM WRITE Write line Qutput value of the program counter is saved in the
EXT INT External interrupt line  Input stack register, the value in the stack register
REGDR Register drive line Input output PR . .
CPU READ CPU read line Output is first saved in the K register.
ROMCO — ROMC4 Control lines Input The internal circuitry of the two 10 ports
Vss=0V A within the program storage unit may be
Y/gg:tfzvv Power supply lines Input selected from one of three manufacturing
mask options for different hardware applica-
tions: standard pull up, open drain, or driver
ADDRESS XFER BUS (16 BITS) f |
L Il & i
MIXER BUS
COUNTER. XPER INCREMENTER
PCo 8 8
DATA
hsl Jﬂ COUNTER AF
Figure 7: Block diagram of I mixerBus | AN UPPER ADDRESS
the 3852 dynamic mem- 16 16 16 DC 16 A 8 DEMUX
ory interface. GATE
EShren ﬂ LOWER L
Pci XFER | |8l
GATE
J\IL hsl LS H

ADDRESS BUS (16 BITS)}

DATA BUS (8 BITS)

]

C
o4 N

H 6 rerresn] [_8 ][ 8 ]
s CROM MEMORY ADDRESS ‘I
“ BUF
POWER SUPPLYS COUNTER| DMA & REFRESH CONTROL
AND CLOCK LINES
¢] —1 ME‘M CYCLE ; EXTER
cPU XTERNAL
ADDRESS CONTROL _RAM REGDR IDLE  REQ SLOT  DATA BUS
LINES LINES WRITE
(3-5) 3-s) CPY
READ
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pull up. The programmable timer and inter-
rupt logic are accessed in the same manner as
the 10 ports with specifically assigned port
addresses that are the same in each program
storage unit except for the page select bits.

The programmable timer port is a con-
tinuously running polynomial shift register
that sends a signal to the interrupt control
logic every 3.953 ms if the system has a
2 MHz clock. Any numeric value between 0
and 254 loaded to a timer port is decre-
mented once every 31 clock pulses allowing
programmed delays of up to 7,905 clock
pulses. If 255 is loaded into a timer port, the
timer is stopped. When a loaded timer count
is decremented to zero, a timer interrupt is
generated and will be transmitted to the
processor if timer interrupts have been
enabled via a control code loaded to the
interrupt port.

A mask programmed 16 bit interrupt
vector is pushed into the program counter
whenever an interrupt from the interrupt
control of the program storage unit is
serviced. However, bit 7 of the interrupt
vector is set by the interrupt control and is
not mask programmed.

Pin assignments of the 40 pin program
storage unit chip are shown in figure 4 with
a block diagram in figure 5. Each chip
requires +5 V and +12 V DC power supplies
with total power typically less than 275 mW.

The 3852 Dynamic Memory Interface

The dynamic memory interface provides
the necessary address and control lines to
interface up to 64 K bytes of programmable

Vee4 1/ ao0l-vpp
b~ 2 39|-ROMC4
WRITE—H 3 38—ROMC3
MEMIDLE— 4 37-ROMC2
CPUSLOTH 5 36 ~-ROMC1
RAMWRITE- 6 35 ~ROMCO
CYCLE REQ— 7 34—CPU READ
ADDR7 - 8 33~REGDR
ADDR6—- 9 32-ADDR15
ADDR5 - 10 31~ADDR14
ADDR4—11 30 ~ADDR13
ADDR3—12 29 ~-ADDR12
ADDR2—13 28 —~ADDR11
ADDR1-{14 27 |-ADDR10
ADDRO—15 26 ~ADDR9
DB0—{16 25 ~ADDRS Figure 8: Pin designations
DB81—17 24 -DB7 for the 3853 static mem-
DB2 {18 23 }-DB6 ory interface chip.
DB3—19 22{-DB5
Vgg 20 21 -DB4
Pin Name Description Type
DBO — DB7 Data bus lines Bidirectional
ADDRO — ADDR15 Address lines Output
&, WRITE Clock lines Input
MEMIDLE DMA timing line Output
CYCLE REQ RAM timing line Output
CPU SLOT Timing line Output
CPU READ RAM timing line Output
REGDR Register drive line Input output
RAMWRITE Write line Output
ROMCO — ROMC4 Control lines Input
vVgg=0V
Vpp=+5V Power lines Input
VGG =+12V

| ADDRESS XFER BUS (I6 BITS)

Figure 9: A block diagram

—
J§! BS lel 11
oROGRAM MIXER BUS
XFER INCREMENTER
COUNTER GATE ADDER
PCo Fﬁ i
DATA
N
tsl L'sl (é(él;NTER <>
| MIXER BUS | DATA UPPER ADDRESS
6 COUNTER BYTE 8 DEMUX
1 hsl DC: 6 XFER
GATE
STACK LOWER
REGISTER BYTE
PCI XFER
GATE
L M L) El

of the 3853 static memory
interface.

{ ADDRESS BUS (16 BITS)

l DATA BUS (8 BITS)

]

6
H " e ] TIMER 'NOT,f.?RRéJLP T
CROM EMORY BUF C
INTERRUPT ADDRESS
POWER SUPPLYS REGISTERS
AND CLOCK LINES
0 R L T
ADDRESS CONTROL RAM REGDR EXTERNAL IN REQ
LINES Lnes  wrRiTe b DATA BUS dou
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memory, read only memory, or combina-
tions of the two to the F8 processor. It
contains the same address registers as the
3851 program storage unit but it has two
data counter registers (DCO and DCT). DCT
is used as a temporary storage buffer for
DCO and the swap data counters instruction
may be used to exchange the contents of the
two counters. The dynamic memory inter-
face has no chip select mask since the entire
program counter address is passed from the
dynamic memory interface to the attached
memory which in turn must decode the
appropriate chip select lines. Two address-
able ports provide direct memory access
capabilities in conjunction with the 3854
direct memory access chip discussed later
and also provide refresh control for external
dynamic MOS memory chips. Figure 6
shows the pin assignments of the 40 pin
package while figure 7 shows a block dia-
gram of the interface.

pDIRECTION- 1 N/ 40l ows
ENABLE— 2 39 - STROBE
XFER— 3 38 — LOAD REG
XFER REQ— 4 37 —~ MEMIDLE
VGG — 5 36} @
Vpp— 6 35 | Vss
ADDR8— 7 34 — ADDRO
ADDR9— 8 33 [~ ADDRI1
ADDR10—4 9 32 — ADDR2
ADDR11—10 31 - ADDR3
ADDR12 —11 30 -~ ADDR4
ADDR13—12 29 - ADDR5
ADDR14 —13 28 — ADDRG6
ADDR15 —{14 27 I~ ADDR7
P1—15 26 ~ READ REG
P2 {16 25 — WRITE
DB7 417 24 - DBO
DB6 —18 23 +—~ DB1
DB5 —19 22 - DB2
DB4 —20 21 |~ DB3
Pin Name Description Type
DBO — DB7 Data bus lines Bidirectional
ADDRO —- ADDR15 Address lines Output
o, WRITE Clock lines Input
LOAD REG/READ REG Registers load/read line Input
P1, P2 Port address select Input
MEMIDLE Memory idle line Input
XFER REQ Transfer request line Input
ENABLE, DIRECTION Control status lines Output
DWS, XFER DMA write slot, transfer  Output
STROBE Qutput strobe line Output
Vgs =0V
VpD=+5V Power lines Input
VGG +12 VvV

Figure 10: Pin designations for the 3854 direct memory access chip.
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The 3853 Static Memory Interface

The static memory interface chip is very
similar to the dynamic memory interface
except it is used to interface only static
memory to the processor and does not have
direct memory access capabilities. In addi-
tion, it contains local timer and interrupt
control ports like those in the program
storage unit together with two additional
programmable interrupt vector registers. Fig-
ure 8 shows the pin assignments for the 40
pin chip and figure 9 shows a block diagram
of the static memory interface.

The 3854 Direct Memory Access

The direct memory access chip, together
with the dynamic memory interface chip,
aliows high speed data transfers between
peripherals and memory. All direct memory
access data transfers are made during the
second and third clock pulses of each
instruction cycle without affecting program
execution time. Up to four direct memory
access chips may be used in a single F8
system and an external device, including
another microprocessor, may be connected
to the system through these chips.

The direct memory access interface con-
tains three internal registers that are
addressed as four separate 1O ports: a 16 bit
address register holds the address of the next
memory byte to be accessed for a transfer; a
12 bit byte count register allows blocks of
up to 4 K bytes to be transferred; and a 4 bit
control register determines the direct mem-
ory access operation to be performed. Figure
10 shows the pin assignments and figure 11
is a block diagram of the direct memory
access unit.

Applications and Conclusions

For personal computer applications, the
F8 system provides an easy to use building
block architecture with a narrow bus struc-
ture simplifying hardware design and con-
struction. Figure 12 shows a general F8
system configuration implementing all of the
possible system components. The F8 system
architecture restricts the maximum number
of chips per system as follows:

1 — 3850 central processing unit
64 — 3851 program storage units
1 — 3852 dynamic memory interface
1 — 3853 static memory interface
4 — 3854 direct memory access

At the other extreme, 2 minimum F8 system
requires only two chips, the 3850 processor
and a single program storage unit.

Since all program storage units are mask
programmed during manufacturing, software
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Figure 11: Block diagram of the 3854 direct memory access.
g L
development may be slightly more difficult P
or expensive for the hobbyist depending on 3850 —*7
the applications involved. By using a ) _1'3
dynamic memory interface or a static mem-
ory interface along with standard memory o
- . —
chips, the more expensive program storage 3851 ol i, 5
units may ‘be avoided and make software PSU oo
development much easier. At least one pro- 7
gram sto'rage un_lt should, howev.er, be o Figure 12: An F8 micro-
|ncl.u<.jed in a basic system to p-rowdc the @ o[ 70 processor system configu-
additional 10 and programmable timer ports. ® E —1 . (7) ration.
Ideally, this program storage unit would 3 10 i
. . . & 7
provide a standard, commercially available, E
software utility package designed for the S
average hobbyist. Additional units could a 3853 I
then be added later for standard, more : SMI | TO STATIC READ/WRITE MEMORY
advanced software or when desired custom 5
routines and programs have been thoroughly
tested.
The F8 microprocessor system appears to 300 TO DYNAMIC READ/WRITE MEMORY
be most ideally suited for mass produced
microprocessor based products utilizing | l
proven soft)Ngr.e. It does, however, pr‘ovide CONTROL
enough flexibility to be of more than passing sssa |
interest for general purpose personal com- OMa ° 7
puter applications.m DMA CHANNEL
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Some of the more useful microprocessor
options for hobbyists available today are
based upon Motorola’s MIKBUG monitor
program. These options include the Moto-
rola 6800 Design Evaluation Kit, the SWTPC
6800 computer, etc. A big attraction of such
kits is the MIKBUG read only memory,
which provides the user with a monitor
system and includes several utility routines.
These allow the user to program in hexa-
decimal code from the terminal rather than
in a binary code from the front panel. The
purposc of this article is not to extol the
virtues of the kit, but to demonstrate to
proud new owners of 6800 systems that the
MIKBUG read only memory can be used Lo
much greater advantage than is generally
pointed out by the manuals, particularly for
10 techniques. An example of the use of
MIKBUG routines is provided by the simple
application of listing 1, a program which
adds two numbers.

The MIKBUG firmware is a computer
program for the 6800, copyright 1974 by
Motorola Inc. It is called firmware because it
resides in read only memory and is non-
volatile. In computers which use MIKBUG
the program is located starting at hexa-
decimal address E000. The MIKBUG firm-
ware takes 512 bytes, or just half of the 1 K
memory. The program doecs not use the
other half, nor does it use any device located
at an address higher than hexadecimal ETFF,
the end of the MIKBUG firmware. The 6800
microprocessor does use higher addresses for
the interrupts and restart, but these are
decoded to address locations within
MIKBUG when MIKBUG is used.

The main function of MIKBUG firmware
is to provide a monitor and several utility
functions which make the programming and
debugging processes easier. The monitor can
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be regarded as a home base in the vast
wilderness of addressable memory. It accepts
utility function commands, executes them,
and returns to the terminal with an asterisk.
If a program gets lost in memory, control of
the situation is regained by pressing the reset
button, which brings back the ever faithful
servant monitor. The utility functions allow
the user to load memory with a paper tape
reader (L), go 1o any address and begin
executing there (G), examine and change the
contents of memory (M), print and punch
selected blocks of memory (P), and display
the contents of the stack, on which the
values of all the registers are stored when
under MIKBUG control.

To take advantage of MIKBUG one must
have a terminal, and most often the begin-
ning hobbyist will have no other peripherals
to play with. Anyone who has purchased a
microprocessor kit and has encountered the
“let’s see it do something’' attitude from
doubting friends and acquaintances will
appreciate the immediate need for quick and
casy lO techniques. Such techniques are
present in MIKBUG, just waiting for the
user, if he or she can find them. MIKBUG is
organized in several groups of subroutines,
which are selectively accessed by the MIK-
BUG utility functions that need them. For
example, the memory change function needs
a routine to input a character (M), output a
character (space), input a 2 byte number
{the address to be examined), input a car-
riage return, output a 2 byte number, space,
then a 1 byte number, and so on. Many of
these routines are nested several levels deep.
For example, the routine to output a 2 byte
number simply calls the routine to output a
1 byte number twice in a row. That's simple
enough. Since a 1 byte number looks like
two characters from the set zero through F



to the terminal, the routine to output 1 byte
uses the routine to output a character twice,
As you may have guessed, input routines for
numbers and characters use the same clever-
ness. The point of all this is that the user can
usc aforementioned cleverness for his or her
own 10 routines by simply accessing the
MIKBUG subroutines at the appropriate
places. People with a MIKBUG listing, fa-
miliarity with the 6800 instruction set, and
the time and patience o trace through
Motorola’s MIKBUG mouse maze of sub-
routines can figure out where the appro-
priate places are for themselves. | encourage
you to attempt this, for your own edifica-
tion and purification of spirit. {It's always a
good practice, when learning a ncw com-
puler’s instruction set, to peruse a few
existing programs like MIKBUG in order to
get examples.) Those lacking one of the
above ingredients, or the inclination to try
it, can get some of the more useful informa-
tion from what I’'ve found.

Qutput Character

The output character routine, labeled
OUTEELE in the MIKBUG listing, is located
at hexadecimal address E1D1. It uses accu-
mulator A as a data source. Thus you must
define the contents of accumulator A which
will then be interpreted as an ASCII char-
acter and shifted out in standard asynchro-
nous format. ft also uses accumulator B and
the X register, but saves their contents at the
beginning of the subroutine and restores
them at the end. Therefore, the user need
not be concerned with losing the contents of
B or X. Listing 1 shows an example of the
use of OUTEEE in a subroutine labeled
PSTR which prints a string of characters, or
a message. Control functions such as carriage
return and linc feed may also be imple-
mented this way, by outputting their ASCII
codcs.

Input Character

The input character routine, labeled
INEEE in the MIKBUG listing, is located at
hexadecimal address ETAC. Like OUTEEE it
saves the X and B registers. When accessed,
INEEE loops while waiting for an asyn-
chronous format character to be sent from
the terminal, and upon receiving input, shifts
data into the A accumulator. After access to
INEEE the content of the A accumulator is
the ASCII code for the key of the terminal
which was pressed when INEEE was called.

Input Byte

This routine, labeled BYTE in the MIK-
BUG listing, is located al hexadecimal

Listing 1: This example program demonstrating the uses of
MIKBUG uses all the techniques discussed in the article.
The program requests and inputs two 1 byte numbers. It
then adds them and prints the decimal udjusted result in an
algebraic  sentence.
another run is desired. If the reply is Y, il branches to the
beginning of the program, otherwise it relurns to monitor.
This progrum requires a mere 127 bytes of memory.

The program then asks the user if
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address E0S55. BYTE does not affect the
X register, but unlike OUTEEE and INEEE,
it destroys the previous contents of the
B accumulator. BYTE uses INEEE twice to
get two characters, checks to be sure they
are hexadecimal characters, and combines
them, converting them 1o a 1 byle binary
number in the process. This is stored in the
A accumulator and is present there on return
from BYTE.

Output Byte

This routine, labeled OUT2H in the
MIKBUG listing, is located at hexadecimal
address EOBF. It outputs one byte of data
located at some memory address chosen by
the user. OUT2H requires that the X register
be loaded with the address of the byte of
data to be output, which may be located
anywhere. This routine does not affect the
contents of accumulator B, but does change
the contents of accumulator A. It also
increments the X register, which makes it
very convenient for outputtling sequentially
located byles in a block. More on this later.

Table 1: A descriptive list of the available MIKBUG subroutines summarizes
the point of this article: Don’t ignore the parts and pieces of your monitor,
BASIC interpreter, compiler or other programs if you intend to wrile
assembly language or machine language code. If you buy a program, ask for a
source listing so you can get programming technique pointers. (Motorolu is to
be commended for handing out MIKBUG listings as « standard part of
documentation right from the start, MIKBUG is described in detail in
Engineering Note 100, “MCM6830L.7 MIKBUGIMINBUG ROM,” which wus
published by Motorola. The program is credited to Mike Wiles and Andre
Felix of Motorola Semiconductor Products Inc.)

Entry Points Discussed Here. . .

Address

E1D1
ET1AC
E055
EOBF

EQE3

Name

OUTEEE
INEEE
BYTE
OUT2H

CONTRL

Description

Character output: A sent to terminal device.

Character input: A set equal to next input character.

Hex byte input: input two characters as hexadecimal
byte in A,

Hex byte output: A sent to terminal as two
hexadecimal digits.

Return to MIKBUG control.

Other Useful MIKBUG Entry Points. . .

Address
EQ47

E067

EO6B

EQ78B

EQAA
EOC8

EOCA

Name

BADDR

OUTHL

OUTHR

PDATA2

INHEX
OUT4HS

OUT2HS

Description

Build address by calling BYTE twice; result in
X register,

Hexadecimal digit output from left nybble of
byte in A.

Hexadecimal digit output from right nybble of
byte in A,

Print string of data pointed to initially by X,
until EOT character (hexadecimal 04} is found.

Input hexadecimal digit, on error go to CONTRL.

Output four hexadecimal characters and a space
{uses OUT2H).

Output two hexadecimal characters and space
{uses OUT2H).
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Access to Subroutines

In the 6800 instruction sct there are
16 branch instructions and two jump in-
structions. All may be used to access sub-
routines under certain conditions. The
branch instructions all use relative address-
ing, which limits the range of branching
from 126 bytes backwards to 129 bytes for-
wards. This is because they usc a 1 byte
operand as the branch offset. The jump
instructions (extended addressing) use a
2 byte operand which allows them to jump
anywhere. One of the branch instructions
(BSR} and onc of the jump instructions
(JSR) store a return address in the stack
before executing the branch. They go to the
addresses specified by their operands and
begin executing instructions at the new
address until they encounter the return from
subroutine instruction {(RTS), at which point
they return to the return addresses pre-
viouslty stored. Each return from subroutine
instruction read by the processor must be
paired with a branch or jump 1o subroutine
instruction, although the same subroutine
may be accessed by more than one branch or
jump instruction. If a subroutine or a series
of subroutines which is terminated with a
return from subroutine instruction is ac-
cessed by any ol the other branch or jump
instructions, the return instruction will cause
a return to an invalid address since the stack
would not have been properly set up.
Similarly, if a subroutine or a serics of
subroutines which does not end with the
return instruction is accessed with jump or
branch 1o subroutine, there will be no return
to the main program. It just gets lost. The
MIKBUG subroutines discussed in  this
article all eventually end with the return
from subroutine instruction. Since they will
always be located further than 129 bytes
away from the main program departure
point if called by a user, they must be
accessed  with  the jump to subroutine
instruction.

General 10 Techniques

More often than not, a program will need
Lo input or output more than one character
or byte at a time. The use of subroutines
which access the MIKBUG subroutines facil-
itate this. An obvious example is the need to
print a message, which involves printing
several characters in a row. A good way to
do this is illustrated in the subroutine
labeled PSTR in listing 1. PSTR requires that
the X register contain the starting address of
a block of characters to be printed. PSTR
increments the X register each time it prints
a character and returns when it encounters






Classified Ads

WANTED: One set unpopulated MOD-8 PC boards
and Monitor 8 extra RAM boards. Jerry Walker,
761 Clayton, San Francisco CA 94117,

WANTED: Parts to complete Teletype Corp model
35 for my own personal home computer system. |
only have a typing unit. Kart F Kornafel, 2741
Baur Dr, Indianapolis IN 46220; home after 1800:
{317)257-6044 or business after 2300:
{3171262-2445.

WANTED: Schematics or PC board layout for
simple Intel 8008 microprocessor using minimum
hardware; also need simple 1702A PROM pro-
grammer schematic. Will pay or exchange for
technical information. Raymond J Ramirez, 2A-8
Bairoa Pk, Caguas PR 00625.

FOR LEASE: Model 735 Silent 700 portable data
terminal. 6 month term for $90 per month. Has an
acoustic coupler, RS 232 interface, fuil or half
duplex, 10 to 30 cps, ASCII code. Dick Harding,
633 Kingwood Rd, King of Prussia PA 19406;
{215)265-3719 leve) {215)1864-7017 {(day).

WANTED TO BUY: PDP8-E expander box with
cable and quad slot bus assembly. 861-C cabinet
power control, MI8-E bootstrap, MMB-E and
MMB8-EJ memory modules, card reader, printer,
disk control and drive, magnetic tape, cassette
system, all with cable and interface card for
PDP8-E. Willing to talk about any PDP8-E hard-
ware or software. Please call: (617)861-6500 or
write: Harry Bellmar, Minuteman Regional School,
758 Marrett Rd, Lexington MA 02173.

FOR SALE: FLEXOWRITER model SPD has 8
level reader and punch. Previously used to create
computer data base. Standard unit without modifi-
cations or changes. $175. M T Buckelew, POB 10,
Falls Church VA 22046.

FOR SALE: Memories — 270 1103 1 K RAMs
$400, 160 745206 256 bit RAMs $500, and a core
stack constructed from 17 planes of I1BM 1401
memory $200. Each plane of the stack is arrangecd
as a 50 x B0 matrix with separate sense and inhibit
lines {68,000 bits total). All of the above will be
sold with documentation included. Also for sale —
8080A CPU chip $25. Contact: Arthur W Wetzel,
222 North Craig St, Apt 2A, Pittsburgh PA 15213,
(412)624-5208 (day) or (412)683-6293 {evening).

WANTED: Information on care and maintenance
of a Friden 2303 Flexowriter. Also would like
information on how to interface it with a proc-
essor. | will pay for cost of duplication and
mailing. Dan Hastings, 5055 Lily La, Apt 210,
Indianapolis IN 46254, ({317)297-1078 (call
collect).

Readers who have equipment, software or other
items to buy, sell or swap should send in a clearly
typed notice to that effect. To be considered for
publication, an advertisement should be clearly
noncommercial, typed double spaced on plain
white paper, and include complete name and
address information. These notices are free of
charge and will be printed one time aonly on a space
available basis. Insertions should be limited to 100
words or less. Notices can be accepted from
individuals or bona fide computer users clubs only.
We can engage in no correspondence on these and
your confirmation of placement is appearance in
an issue of BYTE.

Please note that it may take three ar four
manths for an ad to appear in the magazine.®

FOR SALE: Tektronix model 115 pulse generator,
10 ns pulser with delay and 100 Hz to 10 MHz
repetition with manual, like new, $595. Tom
Murph, 4244 Philadelphia Dr, Dayton OH 45405,
(513) 274-4405.

FOR SALE: Programs in BASIC, including games,
scientific and educational programs. Also program
guides and software packages. | have written a
number of programs which | will sell for $1 to $5.
All programs come with complete documentation
including a cross reference listing of all variables.
For list, send stamped envelope to: Richard
Traynham, 2928 Softwind Trail, Fort Worth TX
76116.

DEC:BUY,SELL,01t TRADE: | have some DEC-11
modules and hardware. Included are such things as
a DF11a, M7821, M795, and some brand new
W8671 PDP-8 Wire Wrap Boards. | need, or am
interested in, the following items: DL11e, DFO1 or
other modem, DR1lc, KE11, KW11L, TA11,
RC11, or a floppy drive. If you can part with any
of the aforementioned items for cash or trade,
please let me know. L Stewart, 1402 Regent St,
Apt 506, Madison W1 53711, (608} 255-56380.

FOR SALE: 1 C-Mod 80 system including: CPU
{with 5204 Micto-Monitor), 2K RAM card
(2102-1's}, parallel or serial 10 card, backplane
with connectors for 12 cards, $150 for above. RCA
CDS 1200 modem with documentation, $50;
Teletype model BRPEBS8 high speed 8 level punch,
$45; RPC-4000 Computer System thas Fortran},
$500. Call Sam Ulin at {302} 475-7355 evenings or
write POB 216, Claymont, DE 19703.

HELP: Does anyone out there have any informa-
tion on a Data Trends Inc general terminal unit? |
need schematics, operating information, anything |
can get. Also need any data on International
Computer Products Digi-Deck units. | will pay all
reproduction costs and shipping, or | have wall
sized {11 X 14) 1C microphotos and electronics
graphics—trade? Contact: Bob Retelle, 2005
Whittaker Rd, Ypsitanti M| 48197

FOR SALE: DEC PDP-8s, 4 K core memory, serial
interface, possible 10 bus, all cables and power
supplies. $450 or best offer or will trade for video
terminal, 8080 machine, or any DEC mass storage
peripherals. Also needed: information on Design
Elements or Mg2 Data Systems modem, model
88-0OA. Jim Gonzalez, 150 S Summit Av, Hacken-
sack NJ 07601, {201)342-3110.

WANTED: BYTE issues November 75 and April,
May, June 76. Will pay almost any price. George
Valaitis, 647 Linkfield Rd, Watertown CT 06795,
{203)274-5628.

HELP: Neophyte will pay for technical assistance
in converting Burroughs TM20K 714 terminal, with
or without the control unit, to something my
IMSAI 8 K BASIC can digest. Have 7 data bits in
parailel at the terminal, no parity or buffers. | want
to send entire line with a carriage return. A
semischematic would do. Leo Biese, RFD 1, Hill
NH 03243, (603)744-8306.

FOR SALE: VIATRON 2111 data management
system {as advertised in March 1976 BYTE, page
87). The unit is in brand new condition and works
like a charm. Complete with instruction manuals,
cassettes, and schematics for $400; also IBM
Selectric Printing Robot attachment for above
$175. you pay shipping (160 Ibs). First cashier's
check or money order for $550 takes them both.
Bill Robertson, 123 W Pearl St, Apt 22, Nashua
NH 03060.

FOR SALE: Cleaning house, all new unused parts.
Intel 4004 $5; 4040 $10; 4289 $2; 4201, 4002-1,
4003 $1 each; MC6871A $5; MC14411 $3; 1MHZ
xtal $1; 1.797 MHZ xtal $1; MOS TECH scientific
calculator chip set 2525-2526 with data sheets $5.
Ron Angstadt, RD 3, POB 281, Kutztown PA
19530.

WANTED: Does anyone have a spare copy of
SWTP Newsletter No. 1? It's no longer available
from SWTP; many thanks!! Also, if you have use
for an IBM 6400 accounting system, please write:
"Pete’”’ Peters, Microputer Tinkers Society, 3845
Le Bleu St, Beaumont TX 77707,
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FOR SALE: ASR33, excellent condition {used by
a little old Altair), $800. George Nelms, 3908
Abbott  Av S, Minneapolis MN 55410,
{612) 922-3087.

FOR SALE: Altair compatible 8080 CPU board
with sockets, $35. CDC floppy disc drive in a sack
includes spares and documentation, $125. Super
Display: Computek 400/20, 96 character ASCil,
Vector and Curve generator, Joystick input and
keyboard, RS 232 110-2400 baud, full documenta-
tion, $1250. Vermont Research Drum, 950 tracks,
2600rpm, Read/Write electronics, documentation,
$350. Hans Mahr, 28028 Ella Rd, Rancho Palos
Verdes CA 90274, {213) 377-0735, eves.

FOR SALE: Paper Tape Splices. Prepunched, clear
or opaque mylar patches for 8 channe! tape. $2 per
50 or $3 per 100. Send SASE. Finest quality,
money back guarantee. Mike Campo, 457 Prom-
ontory Dr W, Newport Beach CA 92660,
(714) 751-8271.

FOR SALE: Dual-drive Innovex Diskette (1974)
for PDP-8E, ready to plug into Positive /O
Interface. Includes test tape, 10 used Diskettes
{some with glitches), my own handler, 48 tracks, 8
sectars of 259 12 bit words per sector. Best offer
that is not absolutely ridiculous. William T Powers,
1138 Whitfield Rd, Northbrook |L 60062.

FOR SALE: Ampex core memory 32 K of 8 bits,
300 ns access with R/W electronics, power supply,
and complete manual. $750 or make offer. Rainer
McCown, 9537 Longiook Ln, Cotumbia MD 21045,

WANTED: Information leading to the contact of
Charles D Hackett, former USAF 306X0, current
electronics ireak. Have him contact Ssgt James D
Tucker, Lot 8, Hughes Trir Crt, Knob Noster MO
65336, (816) 563-2177, after duty hours.

COMPUTING MACHINERY FOR SALE: One
KIM board modified for half duplex terminal (can
easily be changed back) in good working order
with complete documentation. Also one JOLT
system with CPU board, PROM board {with one
PROM)}and power supply mounted in box. Some-
thing wrong with power supply but otherwise in
waorking condition. Will sell both together for $200
or KIM for $150 and JOLT for $75 all as is.
Norman Bringsjord, 1346 Connecticut Av NW,
Washington DC 20036, {202)785-9440.

WILL TRADE/SELL: KELSEY 8 by 10 letterpress
{like new) with 10 trays of type, (6 pt to 36 pt).
All will be included. To use for business or hobby.
Lots of extras. Value $750. Also have Thomas-
Paramount Heathkit electronic organ in 100% mint
condition with bench value $1150. Want micro-
computer ensemble (IMSAI, MITS, ALTAIR,
SWPTC, etc). Can be kit {unassembled) or assem-
bled. Write or call and tell me what you have,
Shipping arrangements will be negotiated to in-
terested parties. H Zallen, PO Drawer 2790,
Norman OK 73070, (405}1364-1119.

REALITY STRIKES!: I'm sitting on more of a
systemn than ) need in my work. 16 K PDP-8F (8 K
core), dual Innovex diskette, VT-8E alpha/graphic
terminal and KB, ASR-33 TTY, 16 channel A/D, 2
channel D/A in need of two D/A converter ICs,
rolling cabinet with 3 hinged sides. Worth over
$13 k new; everything works. Will settle for less
than half price, and accept some items in trade
{toward 2-80 system) in lieu of cash. See your
bank and make me an offer. William T Powers,
1138 Whitfield Rd, Northbrook IL 60062,
(3121272-2731.

FOR SALE: Motorola Evaluation Board 2 with
Minibug 2 ROM, crystal clock, baud rate generator
from 75 — 9600 baud. Has serial interface for
20mA TTY and RS 232 output, two 8 bit parallel
output ports and fully buffered address and data
lines. PC board has sockets for ali chips and a
socket for PC edge connectors. Asking $350 or
best offer. R C Brand, 62 Preston Dr, N Kingstown
R1 02852, {401)295-1996 (evenings).

WANTED: BYTE back issues, 2, 3, 8,9 and 10.
No reasonable offer refused, and 1 will accept
Xerox copies. Write Mark Brown, Minneapolis
Medical Research Foundation, 501 Park Av,
Minneapolis MIN 55415,



top valves,
professionaliszm

Computer Shack stores are
exciting, enjoyable places

to visit. From the striking
interior decor to the fun and
challenge of the GAME
ROOM, you’ll find Computer
Shack stores a completely
new computer shopping
experience.

You can count on Computer
Shack stores for total profes-
sional support whether your
needs are those of a com-
puter hobbyist, education,
science or business user. The
skilled, management-trained
staff offers knowledgeable
service, expert maintenance,
and software guidance.

quality products

At Computer Shack stores
the emphasis is on quality
products. Featured are the
finest in microcomputers,
interfaces and peripherals,
including the full IMSAI line.
Every store is completely
stocked with tools, books
and a complete line of
accessories.

SALE OF THE MONTH

This month all Computer
Shack stores feature—IMSAI
8080 Kit with a free $52.00
22/Slot Mother Board. Each
board purchased this month
comes with a free $7.00
IMSAI Edge Connector.

beginnets
welcomed

Do you want to get started
with microcomputers? Are
you seeking expert guidance
on computers, peripherals,
software? The place to visit
is your nearest Computer

Shack.

Watch your local newspaper
for Computer Shack open-
ings. Each store features a
monthly Sales Special.

14860 Wicks Blvd.

San Leandro, CA. 94577
(415) 895-9363
Franchise Opportunities
Available

Now open in Hayward CA, 22634 Foothill Bivd,(415) 538-8080









Calculator Keyboard Input

for the Microcomputer

There was a need for a
simpler method to put
programs into memory.

Some months ago | purchased an RGS
Electronics 008A Microcomputer Kit in
order 1o learn about this computer thing. In
the intervening months it has served a
number of very useful functions.

First, 1 learned about the basics of com-
puters. In putting the kit together, | learned
a great deal about the 8008 microprocesser
and its associated circuits. By solving a
problem in the operation of 10 transfer, |
got to understand a lot about the logic of
my computer. (It turned out to be 4
malfunctioning 7442 chip which provided
the 10 gating pulses.)

Second, | have become reasonably pro-
ficient in programming, using the basic
machine language of the 8008 in octal form.
The instruction sct of the 8008 is simple
cnough that one can remember the numbers
in octal from about as casily as the
mnemonics and it saves time when working
with shorter programs.

Third, it has provided me with a number
of projects involving the computer itself or
with the cquipment tied into it.

It did not take long for me to sce that
entering programs by way of the front panel

Joseph Hoegerl
RD 1 Box 262
Guy Mills PA 16327

switches was tedious and time consuming,
especially since programs quickly become
more complicated and longer as  pro-
gramming proficiency develops. There was a
need for a simpler method to put the
programs into the memory. The thought
occurred to me that an incxpensive and
simple solution might be to adapt a calcula-
tor keyboard to enter data in octal form.
The circuit described in this article is the
result of thinking about this alternative. The
unit proved to be both trouble and crror free
in the five months since it was completed. |
use the keyboard continually, even though |
have since interfaced a Model 15 Teletype
and a five level tape unit to the CPU which
cnables entering programs from tape.

A bootstrap program for initial input
after a power shutdown requires only 15
bytes which must be entered by the original
front panel switches (see listing |). The main
program requires only 62 bytes and these are
entered using the bootstrap (see listing 2).
The keyboard has provision for entering data
either in octal or hexadecimal format. The
unit may be built with the full capability, or
parts can be omitted to dedicate the key-

Listing 1: Bootstrap Keyboard Input Program. This 8008 program reads the
keyboard device of figure 1 and loads memory in ascending sequence. Its
primary purpose is lo enter the second full program of listing 2.

Intelese
Octal Address

000/000
000/002
000/003
000/005
000/007
000/010
000/011
000/012
000/013
000/014
000/015
000/016

Commentary

Octal Code Label Op Operand
006 070 LA 070
161 ouT
056 XXX LHI (H)
066 XXX Ll (L)
300 LAA
250 XRA
141 ouT
101 INP
370 LMA
060 INL
121 ouT
000 HLT

104

define device address;

select device;

load upper address byte here;

load lower address byte here;

no op;

clear "A'' to zero;

send control pulse out to interface;
read a byte into accumulator;

load the byte into memory;
increment the address pointer;
output a pulse to reset data ready fiag;
end of program, wait for restart.



board to  octal or hexadecimal

exclusively.

input

Circuit Description

The circuit of the input device is given in
figure . A diode matrix decodes the hey-
switch closures into binary format. Data is
entered in the normal scquence with the
most signilicant digit first. The three 7475
latches are activated sequentially (only two
are used for the hexadecimal mode of input)
and the binary cquivalent ol cach digit is
held in the 7475 latches until read by the
computer and then cleared by a signal (rom
the computer, or, in case of Keypressing
errors, by pressing the clear entry (CE) key
on the Keyboard.

The choice of octal or hexadecimal s
accomplished by the use of two 74157
multiplexers, IC11 and 1C12. These are set
to pick hexadecimal or octal encoding by
SI. It only octal format is needed, the
binary data can be taken dircctly from ICH,
IC2 and 1C3, at the points marked AO to A7

Listing 2:

full Keybouard Input Program.

on figure 1. I only hexadecimal format is
desired, 1C11, IC12, and IC3 may be
omitted and the outputs taken [rom the
remaining 1C1 and IC2 at the points marked
BO to B7 on the diagram.

The circuit aperates as follows: When a
Key is depressed, one or more of the five
decode lines will go to the high state. (Four
lines are used for encoding the digits ‘I’ to
‘Frand the fifth line is used to decode the
sero key.} These are inverted by the five
inverters, 1C4A through IC4E, the outputs
of which go low when a key is pressed. This
causes the output of 1C5, which functions as
4 nor gate, to go high, This transition is
converted Lo a positive going pulse by the
combination ol [C4F, capacitor C1 and
resistor - R6. The pulse is inverted and
squared off by 1C6D. The output pulse of
IC6D is fed to the three gates ICIOA, B and
C, one of which is enabled by the state of
the 2 bit counter IC7TA and IC7B. A “clear
Iag™ signal from the CPU, or a clear entry
(CE) key closure will reset the two {lip flops

This 8008 program defines a

memory address with the tirst two bytes read trom the keyboard after restart.
Then it enters u loop which louds memory byvie by byte in uscending address

Toggle switches are relics

of the dark
computing).

sequence.
Intelese

Octal Address Octal Code Label
000/070 006 070 START:
000/072 161
000/073 121
000/074 106 116 000
000/077 350
000/100 106 116 000
000/103 360
000/104 106 116 000 MBYTE:
000/107 370
000/110 106 162 000
000/113 104 104 000
000/116 006 200 DATA:
000/120 141
000/121 016 002
000/123 101 FLOOP:
000/124 044 200
000/126 022
000/127 100 123 000
000/132 011
000/133 110 143 000
000/136 250
000/137 141
000/140 101
000/141 121
000/142 007
000/143 106 151 000 DLY:
000/146 104 123 000
000/151 036 326 DELAY:
000/153 300 TIME:
000/154 300
000/155 031
000/156 110 153 000
000/161 007
000/162 060 INHL:
000/163 013
000/164 050
000/165 007

Op Operand Commentary
LAI 070 load address of keyboard;
ouT select device;
ouT reset flag;
CAL DATA A:=keyboard input;
LHA loads upper address into H;
CAL DATA A:=keyboard input;

LDA loads lower address into L;
CAL DATA A:=keyboard input;

LMA put byte into memory;
CAL INHL to increment H and L;
JMP MBYTE repeat for each byte in turn;
LAI 200 set multiplexer to status;
ouT status pulse;
L8l 2 set counter for debounce routine;
INP input flag status-
NDI 2008 mask flag bit;
RAL put flag bit into carry and check

carry bit;

JFC FLOOP if carry false, then check again.
DCB if carry true then delay, then check again;
JFZ DLY 22 ms delay;
XRA clear accumulator and carry;
ouT set multiplexer to accept data;
INP accept data into A;
ouT send out reset pulse;
RET end of FLOOP routine;
CAL DELAY 22 ms delay;
JMP FLOOP try again;

LDI 326 set counter to give 22 ms delay;
LAA waste time;

LAA waste more time;

DCD decrement counter;
JFZ TIME waste time until counter is zero;
RET return to calling program;

INL increment lower address;
RFZ return if lower address not zero;
INH increment upper address if lower was zero;
RET return to calling program;
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Figure 1: Keyboard Input Logic. This circuit contains a diode matrix which encodes 16 hexudecimal input keys us u four bit
code, a register to contuin the resulls of that conversion, u mulliplexer which gives a switch selected 3 digit octal or a 2 digit
hexadecimal interpretation to the inputs, und control logic for keybourd debouncing, clearing, and entering data.

to the start position. When this happens,
gate ICT0A will be enabled by a high level
on two of the three inputs. The pulse from
IC6D mentioned previously then satisfies the
gate and its output will go high, momentar-
ily causing ICT 1o latch on the data present
on the decode lines.

When the key initially depressed is re-
lcased, the delay monostable made up of R7,
R8, C2, IC6A, B, and C, causes a pulse
which increments the counter formed by flip
flops IC7A and B, thus setting up two lines
of IC10B to a high level and ready to accept
the next digit. Note that this docs not
happen until the key is released, thus avoid-
ing erroneous writing of the same data into
more than one latch. This process continues
for the third digit with IC10C enabled.

After the desired digits have been entered
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on the keyboard, the enter (EN) key is
pressed. This sets the flag RS flip flop made
up of IC8A and B. To prevent multiple data
entry, its output must pass through the dual
input gate 1C9B, which will prevent data
from passing through until the enter key has
been released. At that time a high level will
appear on the data ready flag output,
signalling the CPU that data is rcady for
processing. The RS flip flop is reset by a
negative going pulse on the clear flag input
from the CPU. When this flag flip flop was
initially set by the enter key, the 7474 flip
flops IC7A and B are cleared to zero through
IC8C and D.

The Interface
A standard RGS Electronics interface
board was used with the addition of the



circuit shown in figure 2. This circuit is a
multiplexer which allows one of the eight
data bus lines to read either data or the data
ready flag output. To simplify programming,
D7 was chosen for the dual purpose line.

The instruction “LAI 200" followed by a
141 output control instruction will sct the Q
output of 1CT3A to a high level. This will set
the multiplexer 1C14 to accept data from
the data ready flag on the D7 input, sig-
nalling the CPU that data is available. The
program then performs an XRA which clears
D7 to zero, followed by a 141 output
control instruction which sets the Q output
of IC13A 10 a zero and the Q 10 a high level
which switches the selector of IC14A, B and
C to accept the D7 output of the 74157
ICT1.

Construction Notes

Little trouble was encountered in the
construction of this unit. The circuit, with
the exception of the keyboard and the
interface, was all put on a single sided print-
ed circuit board four by six inches. As | do
in most of my construction projects, | used
single sided board and wired across the
board where | couldn’t paint in the required
wiring. 1 have found that this technigue gives
results with considerable saving in time when
only one model is to be made. Ribbon wire
was used between the circuit and the key-
board. This allowed the keyboard to be
moved around to the most convenient loca-
tion and out of the way when not in use.
Power was taken from the power supply of
the computer, which is capable of supplying
three amperes. My present memory size is
low cnough to make a considerable excess
power available for peripherals. The univer-
sal interface board supplied by RGS Elec-
tronics in kit form is a very flexible circuit
which lends itself to many types of externdl
equipment such as this unit.

Programming

A bootstrap program, 15 bytes in length,
is found in listing 1. [t is placed into the first
I5 address locations on page zero to take
advantage of the RST instructions to mini-
mize program length. These bytes must be
entered using the original switches on the
frant panel of the CPU. The purpose of the
simple  bootstrap program is to load a
sccond, more  sophisticated  bootstrap
program.

The starting address of the program to be
entered is placed in location 004 for the
upper and 006 for the lower address. These
two addresses are two of the 15 bytes which
make up the program. Operation is as
follows:

FROM DATA
READY FLAG D

FROM D7 ON
74157 MUX

s Lo

Q Q
ICI3A 172 7474

D C
TO D7 OUTPUT JZ [3

OF INTERFACE

[l
1IC14D

Figure 2:

control the intertuce (o the author's RGS-008A computer.

I. Set the front pane! switches to 0058B.

2. Press the “clear entry” Key on the
keyboard.

3. Enter the three octal numbers that
represent the program byte.

4. Press the enter (EN) key.

5. Press Interrupt on the CPU
panet.

6. After the first byte has been entered,
set the front panel switches on the
CPU to octal 015, then repeat steps
3,4, and 5 above for each additional
byte to be entered.

front

You will note that this is not a continuously
executing program but stops after cach entry
and is restarted for cach byte using the RST
and interrupt instruction.

A More Sophisticated Bootstrap Program

Listing 2 shows a program which requires
only 62 bytes and is entered using the simple
bootstrap program. In my case the program
is located at page zero, octal location 070, It
is a4 continuously exccuting program and
after [finishing program centry, the front
pancl switches arc set to zero and an
interrupt entered. 1t operates as lollows:

1. Set the front panel switches to 075
and press interrupt switch.

2. Clear the keyboard with
entry (CE) key.

3. Enter the upper starting address and
press the enter (EN) key.

4. Enter the lower address and press the
enter Key.

5. Enter the program byites, sequentially,
pressing the enter key for cach byte. If
more than one byte of fhe same
program instruction is to be put into
memory, it is not necessary to rekey
them. Merely press the enter key again
for each additional byte. =

the clear
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TO A7 INPUT ON
INTERFACE

TO STATUS QUTPUT
OF INTERFACE

RGS-008A Interface Logic. This diagram shows the logic used to



Clubs 3nd

Newsletiens

The RAMS of Rochester

We recently reccived word from Dave
Noderer, sccretary of the Rochester NY
Area Microcomputer Society, a relatively
new organization, that meetings are sched-
uled for the second Thursday of each month
at the Rochester Institute of Technology,
Building 6, Room 1030 at 7:30 PM.

The primary objectives of RAMS are
exchanging newsletters, establishing group
purchasing power, and organizing regional
computerfests and conferences. A monthly
newsletter called Memory Pages is published
and can be obtained by writing to RAMS,
POB D, Rochester NY 14609.

Omaha Hackers — Getting It Together

Mid-America  Computer  Hobbyists
announce the organization of an Omaha
based club primarily 1o exchange informa-
tion on construction and software develop-
ment projects. Those interested in joining
MACH should get in touch with Lt Tom
Smith, 2708 Calhoun St, Bcellevue NE
68005.

British Columbia Computer Society

A group of computer hobbyists have
banded together in British Columbia. For
more information about what should be a
promising new club contact Karl Brackhaus,
203-1625 W 13 Av, Vancouver BC Canada
V6] 269, (604) 738-9341.

San Diego Computer Society —
Personal Systems

SDCS has apparently developed into a
first rate organization at least by the looks
of its newsletter, Personal Systems. Among
the articles in the October issuc (the latest
we have unfortunately) is one by C S
Pepper, “The MM5S740AAE Encoder,” a
complete keyboard interface system capable
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of encoding 90 switch enclosures in a
ASR 33 Teletype format as a 9 bit code,
“The Micro-Tower” by Dr Lance Leventhal,
the next few articles of which will deal with
computer intersection sets, and an article on
an “Extended Debugging Aid"” by Richard S
Mason. All major entries in this newsletter
appear to be technically competent and
thorough. So, if you want to learn more
about computers write Personal Systems,
San Diego Computer Society, POB 9988,
San Dicgo CA 92109.

New England Computer Society

NECS continues to publish a fine
monthly newsletter, The COMPUTERIST.
Volume 1, Number 1, featured an article on
the future of the home terminal: a feedback
loop with the potential to plug personal
experience in the form of coded brainwaves
into any conceivable sequence or situation.
According to author Joc! Henkle of The
Valley Institute, Hillsboro NH, this could
beccome a form of “electronic LSD.” So
watch out; this could have some very inter-
esting possibilities!

Along with the fine articles which appear
here monthly is a rundown on the happen-
ings of six hobbyist groups in the region.
This is a mighty handy journal for New
England hackers. Subscription rate is $6 per
year. Write POB 3, South Chelmsford MA
01824, or call {617) 256-3649.

Northwest Computer Club

It looks like some noteworthy things are
happening in the Seattle area through the
Northwest Computer Club. An interesting
newsletter has been assembled: a monthly
presentation of computer lore and a fairly
extensive classified section that might help a
body save a buck or two. The October issue
features an article called ‘8080 Programing
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San Francisco Bay Area—where it all started—finally vets its act together.
7.000-10,000 PEOPLE » 100 CONFERENCE SESSIONS = 200 COMMERCIAL & HOMEBREW EXHIBITS

FLITTRR T
U U

2 BANQUETS = SPECIAL INTEREST SOCIAL CENTERS
San Francisco Civic Auditorium, Northern California’s Largest Convention Facility

LS iy 7a' 2agl ¥ Jagir s’ g

YOU Can Be A Part Of It

m Some of the things you can do are:

Exhibit a Homebrewed System
® Hardware or Software
® Prizes for Best ‘"Homecooking”
(just like a country fair)
® Nominal Grants-In-Aid Will Help
With Exhibit Transportation Costs
(grants will be refereed)
Present a Talk
¢ A Formal Paper
® An Informal Talk
Serve on a Panel
e As a Panel Member
e As the Coordinator/Moderator
Give Suggestions
® Topics for Talks & Panels
® Speakers & Panel Participants
® Interesting Exhibits
(homebrewed or commercial)
® Special Activities

® Quick, write or call for more details!
Jim Warren, Faire Chairperson
Box 1579
Palo Alto CA 94302
(415) 851-7664 v 323-3111

april 15-17, 19’77 - san francisco

©1976 by Computer Faire

= Some of the Conference Sections being planned:

® Computer Graphics on Home Computers
® Computer-Driven, & Computer-Assisted Music Systems
® Speech Synthesis Using Home Computers
® Computers & Amateur Radio
e Microprogrammable Microprocessors for Hobbyists
® Program & Data Input via Optical Scanning
® Floppy Disc Systems for Perscnal Computers
e Computer Games: Alphanumeric & Graphic
¢ Computers & Systems for Very Small Businesses
® Personal Computers for the Physically Handicapped
® Personal Word-Processing Systems
® Software Design: Modularity & Portability
® Personal Computers for Education
associated with a Univ. of California short-course
® Several Sections Concerning Standards

® Other Sections for Club Leaders, Editors, Organizers, etc.

= Co-Sponsors include amateur, professional, & educational groups:

® The Two Largest, Amateur Computer QOrganizations
Homebrew Computer Club
Southern California Computer Society

® Both Area Chapters of the Association for Computing Machinery

San Francisco Peninsula Chapter

Golden Gate Chapter
® Stanford University's Electrical Engineering Department
® Community Computer Center
® People’s Computer Company
















organized section of the book, a long list of
questions and exercises is included to further
aid the reader in exploring other various
opinions about the use of computers.

The book is divided into nine sections
starting with three introductory chapters
which discuss the basics of computers.
Articles appearing in this first section in-
clude “The Development of Automatic
Computing,” “Computer Games People
Play” and “Technology, McDonald's Collide
as Students Best Burger Bonanza,” a humor-
ous article describing how Cal Tech students
used an IBM computer to print out 1.2
million entry blanks and win a McDonald’s
contest.

The seond portion of the book brings the
rcader up to date with chapters on “The
Present and Potential,” “Applications” and
“Governmental  Uses” of computers. In
“Justice, the Constitution and Privacy,” Sam
Ervin Jr, Senator from North Carolina, raises
some interesting questions concerning the
computer’s role in government surveillance
and the individual's right to privacy. On a
more humorous side, ‘Art Buchwald’s “The
Curse” warns of the horrible consequences a
computer metes out when a defiant citizen
dares to fold, bend and mutilate his phone
bill and send it (with payment) back to the
company.

The book’s final three chapters, “The
Impact of Computers,” “Controls or Maybe
Lack of Controls” and “Your Future,”
explore the many significant effects the
computer has upon our cveryday lives and
the potential it plays in our country’s future.
Articles in this section include “Computer-
ized Dating or Matchmaking,” “Computer
Crime” and “Machines Hold Powers for
Good and Evil.”

Interspersed among the many informative
articles are imaginative poems, compuler
generated  illustrations  and  cartoons.
Throughout the book the famous comic
strip character Doonesbury and his friend
Mark marvel at the many wonders of the
computer. A newspaper ad for computer
opcerators convinces them that they have
found their true vocation in life. “Earn
$7,000 ... impress your friends ... MEET
GIRLS!”

In addition to all that humor, intrigue
and important information to both the
computer and noncomputer specialist, 7he
Compleat Computer also offers a fictional
romance about a computer named Max who
almost breaks up a marriage. For $5.95 a

there stands a human being.
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copy, who could ask for more? Van Tassel

has also  written

Progrum Style, Design,

Efticiency Debugging and Testing (Prentice-

Hall Inc).

Linda Blocki
1706 Silver SE, Apt 27
Albuquerque NM 87106 »

ALTAIR 8800
OWNERS

* Does your Altair crash when the lights dim?
* |s your Altair power supply inadequate for all the memory
and /O that you'd like to run?

Then you need the unique Parasitic Engineering Constant-
Voltage Power Supply Kit. A custom engineered power
supply that installs easily in your Altair 8800 or 8800a
mainframe. It has performance no other Altair power
supply can match.

“ Full 12 amp output with line voltage as low as 30 volts
or as high as 140 volts.
* |solation from power line fluctuations and noise.
* Protected against overloads.
Don't let power supply problems sabotage your Altair.
Order your kit TODAY.

Only $90 postpaid in the USA.

Ca residents add $5.40 sales tax.

PARASITIC ENGINEERING

ALBANY CA 84706

BANKAMERICARD

PO BOX 6314

Behind every successful computer . . .
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your particular interface carefully. What is
even worse is that this procedurc will prob-
ably destroy blanking during vertical and
horizontal retrace. The easiest way out of
the blanking problem is to gatc the output
of the added inverter with the various
counters provided on the interface in such a
way as to provide a black on white image
only in the character field of the display.
This will leave ugly black borders on the
screen, but they arc preferable to a lack of
blanking.

The next problem involves generating
subjective color timing pulses such as those
shown in figure 3. This turns out to be a
very easy problem to solve. A 60 Hertz
nonsymmetric clock is certainly available at
the interface since it is needed to gener-
ate the vertical sync pulse for the television.
A 7492 TTL IC configured as a divide by
twelve counter and a two input NOR gate
are all that is required to generate the color
timing pulses in figure 3 from the 60 Hertz
clock. We want the first flip flop, the A

stage, in the counter to trigger every time a
vertical sync pulse goes out, bul we do not
care whether it triggers just before or just
after the sync pulse. Thus, the fact that the
counter is triggered by a falling edge is likely
1o be just intercsting trivia.

Another problem is providing for the
storage and rcadout of the color informa-
tion. The simplest and most versatile
approach is to provide separate color infor-
mation for each character. If we provide for
four character colors: black, red, green and
blue, we need to provide two exlra bits of
storage at each character address. If you
have a video interface such as TVT Il which
only implements a 64 character subset of
ASCII, both color and character information
can be stored in a single 8 bit byte. Since
virtually all of the small computers for
personal use are byte oriented, this configu-
ration is particularly appealing. You may
wish to use it even if your video interface is
capable of generating the full ASCII charac-
ter set.

A suggested but arbitrarily chosen code
for the two color select bits is also provided
in figure 3 along with explanations for

CCKE>

L INPUT INPUT
B8 Al—

QA

{>8/W

+5V ‘L QB
QC

R9(l) GND —‘
R9(2) QD

ECD

T492A /7'7

CSID> 4

cs2 O———

REQUIRED ACTION

DO NOT DISPLAY THE CHARACTER; INSTEAD DISPLAY BLACK
DO NOT DISPLAY THE CHARACTER; INSTEAD DISPLAY WHITE

[

O |DO NOT DiSPLAY THE CHARACTER; INSTEAD DISPLAY BLACK

|

o]

| |DISPLAY THE CHARACTER AS BLACK DOTS ON A WHITE SURROQUND

Figure 4: The hearl of a subjective color generator. CCK is the input from the 60 Hz
nonsymmetric clock, CS7 and CS2 are the color select bits reud in from memory. The (wo
outputs, BW for black and white, and ECD for enable character display, are used to gate the
output of the character generator to provide the table.

116



various abbreviations. The color select bits
can be decoded with a 74155 TTL demulti-
plexer, but random logic is less expensive.
The color select bits are to be read into and
out of memory at the same time as the
character bits so the same address lines and
timing can be used for both.

Figure 4 is a logic diagram of the heart of
a black and white to subjective color con-
verter. Its inputs are the previously men-
tioned 60 Hertz nonsymmetric clock and the
two color select bits which are read from
memory. Its outputs are two signals which
are to be used to gate the output of the
character generator’s shift register in such a
way as to provide the results listed in the
table in figure 4. Please note that figure 4 is
drawn for pedagogic value rather than for
package minimization.

Some Final Notes

In adding subjective color to your current
video interface you will certainly want to
include an override switch since you will
likely find the black on white display and
the subjective color flicker to be somewhat
distracting in noncolor applications.

For best results the video display on
which subjective color is implemented
should be placed where there is moderate
ambient light, preferably from incandescent
lamps. Since the phosphors on most black
and white television sets produce a white of
high color temperature, you will find that
an overall filtration of the CRT face with a
large acctate warming filter is useful in
producing the best reds.

You can produce subjective colors on a
color sct, but the technigue works best on a
black and white set. This is due to the black
and white set’s superior contrast and
resolution.

The best time to think about implement-
ing subjective color is before the design of a
video interface. Perhaps this article will be
the catalyst for some new products.

Will subjective color knock Cromemco and
Intelligent Systems on their respective ears?
Hardly. Its advantages are obvious but its
performance is modest. Subjective color
should be viewed as an interesting and useful
method of displaying occasional color infor-
mation on a black and white video
terminal.m

How Well Will It Work?

This is an idea article. The details of
implementing it in any particular system
must be worked out by the experimenter.
We'd like to see some feedback from readers
who actually implement this experiment . . .
CH

o I g

DIGITAL SYSTEMS COMPLETELY

FLOPPY DISK ASSEMBLED UNIT
SYSTEM #1595.00

(Price guaranteed till 3/1/77)

Includes: single drive, cabinet, power supply, controller,
interface and all cables — completely assembled and tested.

Features Shugart Associates drives and DIGITAL SYSTEMS
FDC-1 controller. Disk formatting is IBM compatible. Comes
with single board interface to the Altair/IMSAl bus. The
controller uses a simple DMA interface that allows concurrent
processor execution, uses hardware bootstrap without processor
intervention,

The powerful CP/M Disk Operating System, written by the
originator of Intel’s PL/M compiler, is available for anly $70.00.
CP/M was developed on our hardware. Systems have been
operating in the field for over two years.

Add $575.00 for the dual drive system.

DIGITAL SYSTEMS
1154 Dunsmuir Pl
Livermore, Ca, 94550 (415) 4434078

CONGRATULATIONS

WE DID IT! THE 6800 IS COMPLETE

SWTPC 6800 PLUG COMPATIBLE PRODUCTS —
COMPLETELY ASSEMBLED

M-16 A 16K single power supply STATIC RAM memory system. The
M-16 is fully buffered and requires only half the power of a similar
size system using low power 2102's. With the M-16, you can ex-
pand your system to 48K and stil! have room left over. Price $595.

P-38 An 8K EPROM board containing room for 8 2708's. Alternately,
you may use it to hold up to 7 2708's plus your Motorola MIK-
BUG, MINIBUG Il or MINIBUG 11l ROM. Using it in this mode at
EOOO through FFFF you have direct access to the restart and in-
terrupt vectors which are then switch selectable between MIK-
BUG and your EPROM but still under MIKBUG control. The P-38
addressing is switch selectable to any 8K location. Together the
P-38 and M-16 allow various combinations of RAM plus EPROM
up to 56K. Price $179.

pP-38! Contains all the features of the P-38 plus interface capability to
the Oliver Paper Tape Reader and our EPROM programmer which
will be announced shortly. Price $229.

P-38FF Contains all the features of the P-38| plus a plug-in interface to
the ICOM Frugal Floppy. Includes one 2708 with the 1ICOM boot-
strap software. Price $299.

PS-1 Power Supply Kit. Provides plus and minus 16 volts required for
up to 5 P-38 series systems. May be wired to provide a one volt
increase in the plius 8 volt supply. Recommended for any system
where the 8 volt supply falls below 7.7 volts under normal load.
Price $24.95.

BFD-68 Basic Floppy Disc System. Complete with controller, cabinet,
power supply and one mini-floppy drive. Cabinet, power supply
and controller will accommodate up to 3 drives. includes our nifty
Disc File Management software. Assembled and ready to plug
into your SWTPC 6800. Price $795. Additional drive and interface
cabling $429.

ALL OUR PRODUCTS EXCEPT THE PS-1 ARE COMPLETELY ASSEM-
BLED. AVAILABLE AT MOST SWTPC DEALERS OR FROM US BY MAIL.
BANKAMERICARD AND MASTERCHARGE WELCOME.

SMOKE SIGNAL BROADCASTING

P.0. Box 2017, Hollywood, CA. 90028
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Further Notes on Bar Codes

The reactions to bar code as a means of
printing programs have been quite encour-
aging. We've received a flood of letters with
numerous comments ranging from ‘“‘great”
to “scurrilous” |hard to believe], from no
technical content to multiple page tomes of
opinionated technical proposal.

We had planned to put in a little bar code
contest this month, but a number of
circumstances at the production end added
together in phase to prevent the copy from
reaching the magazine for February. The
production of bar codes in this form is still a
very experimental art... The tricks which
Walter Banks had to pull, together with the
usual programming glitches and circum-
stances totally unrelated to bar codes or
programming made themselves evident when
February’'s bar code information was pre-
pared.

The first output came our way well in
advance of the publication deadline. The
mental model at that point was ‘‘every-
thing's just fine.”’ Then, along about two
weeks before press time, yours truly decided
that it might be a good idea to try decoding
the copy. A test decode of the copy found a
bit of a discrepancy. It turns out that there
was a minor bug in the conversion software:
9 bits instead of 8 bits per byte. (The
program was run on a machine with a 36 bit
word. . . hmmm sounds suspicious).

So Walter went back to work on ironing
out the bug — only to find that after fixing
the program a crucial step in the process of
bootstrapping the minicomputer in the
Photon phototypesetter decided to die: The
stepper motor in the paper tape reader of
the machine burned out. In a feat of real
time hardware redesign, on the weekend of
December 11-12, Walter and associates
discarded (logically) the paper tape reader
and added another direct hardwired link to
the Honeywell computer which enabled
them to bootstrap directly. The actual data
for the bar codes had always been sent
directly over a communications link, which
is a good thing, sirice for just one 6.75 by 3
inch (17.1 by 7.6 cm) segment of bar code
copy the machine requires over 70,000
commands.

Finally, to cap off the whole process,
three days before the deadline, Walter sent
the package containing the bar code samples
for this issue, and they were promptly lost
by the air express company which was used
as a courier. As is usual in magazine practice,
we prepared this alternative set of copy to
go with the magazine — in case at the last
minute the missing bars were to arrive like
cavalry and save the day.®

CONFUSED ABOUT PRINTERS? \
A
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TTY REPLACEMENT?

THESSP-40PRICEDAT ... ................ $
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for ASCII data transfer
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SYSTEMS SOFTWARE

RT/68 is mask-programmed on a 6830 ROM that
replaces the Mikbug* ROM in your SWTPC 6800,
Motorola Evaluation Module, etc. It is a powerful real
time, multiprogramming operating system with many
versatile system functions. RT/68¢ can support up to 16
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MICROWARE has improved the Mikbug* functions,
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dustrial control applications and is available in a
dedicated OEM version. Write for details.

RT/68> is recommended for those with assembly
language familiarity.

ORDER RT68MR . ............. $45.00 ppd.

THE MICROWA RE CORPORATION
PO. BOX 954 Des Moines,lowa 50304
Write or use reader service card for free brochure.

BankAmericard and Mastercharge give all info on card.
Mikbug* is a trademark of Motorola, Inc.

121



TTL Loading Considerations

]

B

7400

Y

(OUTPUT)
Figure 1: Schematic Dia-
gram and symbolic repre-

sentation of a simple 7400 NAND GATE
NAND gate. The inputs A —]

are A and B and the a—-‘}Y
output is Y. Y-5B

vee

AAA
VWV

TO NEXT STAGE

TTL GATE X TTL GATE Y

Figure 2a: Schematic Diagram of a basic TTL gate showing the direction of
10H when the output is high, VOH.
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Greg Tomalesky
Design Engineer

GT Electronics

164 Preston Rd
Parsippany NJ 07054

If you have ever studied a microcom-
puter’s schematic diagram, chances are you
have seen gates, flip flops, memories, etc,
connected together to perform certain tasks
essential to the operation of the computer.
Upon closer examination you should notice
that various logic families are mixed, such as
74XX, 74LXX, 74LSXX and perhaps cven
CMOS. However, you may not have noticed
that therc is a limit to the number of gates
that may be interconnected. The purpose of
this article is to show how these limitations
are arrived at by circuit designers and what
you should watch out for in your own cir-
cuit design.

Let’s take a close look at what gocs on
inside a typical gate and apply this know-
ledge to our circuit design. Figure 1 is a
schematic diagram of a standard TTL NAND
gate model 7400. The input of this gate is a
multiemitter transistor, Q1. The base of Ql
is tied to VCC, +5 V, through R1. This ar-
rangement turns Q1 on and allows current to
flow from emitter to collector (see Biblio-
graphy, reference 1, for further discussion
of this circuit). When both emitters are at
a logical 1 voltage, 2.4V < VIH<VCC,
this current flows through Q1 and turns
Q2 on. With Q2 on, Q3 is also on, and it
conducts from collector to ground. This
causes a logical O voltage, (0V < VOL <
0.4 V, to appear at the output.

In the case where both emitters are
grounded, no current flows to Q2 and it re-
mains in the off state. With Q2 off, Q3 is
also off. Q4 is now on and a logical 1 voltage
appears at the output. Table 1 is a truth
table summarizing input and output for the
circuit,

The current for the input transistor Q1 is
set by varying R1. A large value for R1



y = AB (NAND)

A
B 0 1
0 1 1
1 1 0

Table 7: Truth Table for
the NAND circuit shown
in figure 1. The inputs are
A and B and the output is
Y,

results in a lower input current, [[H and lIL,
for the various TTL families.

On the output side, the currents IOH and
IOL are determined by Q3, Q4, R2 and R4,
For a logic 1 voltage, this current is flowing
out of the output and is governed by R4, In
the data books this current is given a minus
sign to indicate current flow out of a ter-
minal. Low values of R4 allow higher output
currents for single transistor output stages.
In some cases, such as the 745 series, a
Darlington transistor pair is used to boost
the output current beyond that obtainable
with a single transistor,

Figures 3a and 3b illustrate the direction
of current flow for VOH and VOL respec-
tively. In table 2 the output currents are
given for the various TTL families. Circuit
designers use the values of 11H, 1iL, 10H and
IOL to calculate the fanout. Fanout is a
measure of the number of inputs which may
safely be connected to one output.

The fanout between two logic families
may be calculated in one of two ways.
Table 3 gives the fanout based on IOH and
[IH. The results of the division (JOH/IIH)
are given as absolute values in table 3.
Absolute values are used because negative
fanout has no practical meaning. Table 4
gives the fanout values calculated from 10L
and IIL. Again the absolute value is taken.
To find the number of inputs that may be
driven from onc output, one simply locates
the driving output family across the top of
the chart and proceeds down that column to
the row corresponding to the driven input.
This procedure should be followed for both
charts since the fanout values will be differ-
ent depending on the mode of calculation.
As an example, using table 3, we want to
know how many 74L series inputs may be
driven by one 74S series output. By follow-
ing the above directions, we see that this
vaiue is 100 inputs. Using table 4, we notice
the value is more than with table 3. In this
case the limiting value is the smaller of the
two. Since the figures are based on manu-

vCcC
+5V

TO NEXT STAGE

R

Figure 2b: Schematic Diagram of a basic TTL gate showing the direction of
10L when the output is low, VOL.

74 74L 74H 748 74LS
oL (mA) 16 2 20 20 4
10H (uA) —400 —200 —500 —1000 —400

Table 2: High and low output currents from several different TTL devices,

Driving Qutput

74 74L 74H 748 74LS

74 10 5 12 25 10
g 74L 40 20 50 100 40
E 74H 8 4 10 20 8
'g. 74s 8 4 10 20 8
74LS 20 10 25 50 20

Table 3: Fanout Chart used to compute the number of devices any particular
TTL device can power. The fanout is calculated by dividing the output cur-
rent by the input current. In this case the highest input and output values
were used.

Driving Qutput

74 74L 74H 748 74LS
74 10 1 12 12 2
3 7aL 88 11 111 111 22
= 7aH 8 1 10 10 2
2 7as 8 1 10 10 2
® Tais 44 5 56 55 1

Table +4: Fanout Chart calculated the same way as table 3 except that the
lowest values of input and output current were used in the calculations.
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101 Basic
Computer Games

David H. Ahl. An anthology of games
and simulations—from Acey-Deucey to

Yahtzee, all in the BASIC language.
Contains a complete listing, sample run, -
plus a descriptive write-up of each game.
Large format,

Our most popular book!
248 pp. $7.50 [6C]

What to Do After
You Hit Return

Another collection of games and
simulations—all in BASIC—including
number guessing games, word games,
hide-and-seek games, pattern games,
board games, business and social science
simulations and science fiction games,
Large format. 158 pp. $6.95 [8A]

Fun & Games
with the Computer

Ted Sage. “This book is designed as a
text for a one-semester course in com-
puter programming using the BASIC
language. The programs used as il-
lustrations and exercises are games
rather than mathematical algorithms, in
order to make the book appealing and
accessible to more students, The text is
well written, with many excellent sample
programs. Highly recommended.” — The
Mathematics Teacher 351 pp. $5.95[8B]

Game Playing
With the Computer,
2nd Ed.

Donald Spencer. Over 70 games, puzzles,
and mathematical recreations for the
computer. Over 25 games in BASIC and
FORTRAN are included complete with
descriptions, flowcharts, and output.
Also includes a fascinating account of the
history of game-playing machines, right
up to today’s computer war games. Lots
of “how-to" information for applying
mathematical concepts to writing your
own games. 320 pp. 1976 $14.95 [8S]

BYTE Magazine

If you are considering a personal com-
puting system now -or later, BYTE
provides a wealth of information onhow
to get started at an affordable price.
Covers theory of computers, practical
applications, and of course, lots of how-
to build it. Monthly. 1-Year sub'n $12.00
[2A], 3-Years $30.00 [2B]

Games & Puzzles
Magazine

The only magazine in the world devoted
to games and puzzles of every kind —
mathcecmatical, problematical,
crosswords, chess, gomoko, checkers,
backgammon, wargames, card games,
board games, reviews, competitions, and
more. Monthly. 1-Year sub’n $12.00[3A]

Games With The
Pocket Calculator

Sivasailam Thiagarajan and Harold
Srolovitch. A big step beyond tricks and
puzzles with the hand calculator, the two
dozen games of chance and strategy in
this ciever new book involve two or more
players in conflict and competitior. A
single inexpensive four-banger is all you
need to play. Large format. 50 pp. $2.00
[8H]

Games, Tricks and
Puzzles For A Hand

Calculator

Wally Judd. This book is a necessity for
anyone who owns or intends to buy a
hand calculator, from the most
sophisticated (the HP6S, for example) to
the basic “four banger.” 110 pp. $2.95
[8D]

So you’ve got a
personal computer.

Now what?

Creative Computing Magazine

So you've got your own computer. Now what? Creative Computing is chock full
of answers — new computer games with complete listings every issue, TV color
graphics, simulations, educational programs, how to catalog your LPs on
computer, etc. Also computer storics by Asimov, Pohl, and others; loads of
challenging problems and puzzles; in-depth equipment reports on kits, terminals,
and calculators: reviews of programming and hobbyist books; outrageous
cartoons and much more. Creative Computing is the software and applications

magazine of personal and educational computing. Bi-monthly.
I-year sub'n $8.00 [ A], 3- years $21.00 [1B), sample copy $1.50 [1C]

The Best of Creative
Computing — Vol. 1

David Ahl, ed, Staggering diversity of
articles and fiction (Isaac Asimov, etc.),
computer games ({8 new ones with
complete hstings), vivid graphics, 15
pages of “foolishness,” and comprehen-
sive reviews of over 100 books. The book
consists of material which originally
appeared in the first 6 issues of Creative
Computing (1975), all of which are now
out of print. 324 pp, $8.95 [6A)

Computer Lib/
Dream Machine

Ted Nelson. This book is devoted to the
premise that everybody should under-
stand computers. In a blithe manner the
author covers interactive systems, ter-
minals, computer languages, data struc-
tures,  binary patterns, computer
architecture, mini-computers, big com-
puters, microprocessors, simulation,
military uses of computers, computer
companies, and much, much more,
Whole carth catalog style and size. A

Problems For
Computer Solution
Gruenberger & Jaffray. A collection of
92 problems in engineering, business,
social scicnce and mathematics. The
problems are presented in depth and

Problem Solving With
The Computer

Ted Sage. This text is designed to be used
I a one-semester course in computer
programming. It teaches BASIC in the
context of the traditional high school
mathematics curriculum. There are 40
carefully graded problems dealing with
many of the more familiar topics of
algebra and geometry. Probably the
most widely adopted computer text. 244
pp. $5.95 [8J]

A Simplified Guide to
Fortran Programming

Daniel McCracken. A thorough first text
in Fortran. Covers all basic statements
and quickly gets into case studies ranging
from simple (printing columns) to
challenging (craps games simulation).
278 pp. $8.75 [7F)

cover a wide range of difficulty. Oriented

Understanding Solid
State Electronics

An excellent tutorial introduction to
tramsistor and diode circuitry. Used at
the T Learning Center, this book was
wiitten for the person who needs to
understand electronics but can't devote
years to the study. 242 pp. $2.95 [9A]

to Fortran but good for any language. A
classic. 401 pp. $8.95 [7A]

A Guided Tour of
Computer Programming
In Basic

Tom Dwyer ana Michael Kaufman.
“This is a fine book, mainly for young
people, but of value for everyone, full of
detail, many examples (including
programs for hotel and airline reser-
vations systems, and payroll), with much
thought having been given to the use of
graphics in teaching. This is the best of
the introductory texts on BASIC."—
Creative Computing Large format. 156
pp. $4.40 [8L.]

doozy! 127 pp. $7.00 [8P]

Computer Power and
Human Reason
Joseph Weizenbaum. In this major new

book, a distinguished computer scientist
sounds the warning against the

dangerous tendency to view computers

BASIC Programming
2nd Ed |
Kemeny and Kurtz. " A simple gradual]

introduction to computer programming
and time-sharing systems, The best text

on BASIC on almost ali counts. Rating:

Microprocessors

A collection of articles from Electronics
magazine. The book is in three parts:
device technology; designing with
microprocessors; and applications. 160
pp. 1975 $13.50 [9J]

Microprocessors: Tech-
nology. Architecture
and Applications

Daniel R. McGlynn. This introduction
to the microprocessor defines and
describes the related computer structures
and electronic semi-conductor processes.
Treats both hardware and software,
giving an overview of commercially
available microprocessors, and helps the
user to determine the best one for
him/her. 240 pp. $12.00 [7C]

| Creative Computing

Catalogue

Zany |2-page tabloid newspaper/
catalog lists books, magazines, art prints,

A+"—Creative Computing. 150 pp. $8.50} and T-Shirts. A conversation piece even

17E]

and humans as merely two different
kinds of “thinking machines.” Weizen-
baum explains exactly how the computer
works and how it is being wrongly
substituted for human choices. 300 pp.
$9.95 [8R]

Artist and Computer

Ruth Leaviss, ed. Presents personal
statements of 35 internationally-known
computer artists coupled with over 160
‘plates in full color and black & white.
Covers video ‘art,- optical phenomena,
mathematical - structures,  sculpture,
weaving, and more. 132 pp. $4.95 [6D]
Cloth cover $10.95 [6E]

Computer Science:
A First Course (2nd Ed.)

Forsythe, Keenan, Organick, and
Stenberg. A new, improved edition of
this comprehensive survey of the basic
components of computer science. There
has been an updating of important areas
such as Programming, Structured
Programming, Problem Solving, and
other Computer Science Concepts. The
quantity of exercises and problems has
been increased. 876 pp.$16.95 [7D]

Mr. Spock Poster

Dramatic, large (17" x 23") computer
image of Mr. Spock on heavy poster
stock. Uses two levels of overprinting.
Comes in strong mailing tube. $1.50[5B]

| if you don’t order anything. Free. [5A]
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CREATIVE COMPUTING, Dept. B
P.O. Box 789-M, Morristown, NJ 07960

Please send me the following:
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Price
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Add Some BARC to

Listing 1: The BARC Ulility Routines. This listing contains the absolute octal
code of the BARC routines. The notation <*> js used fo indicale the
absolute page address of the routines, which are loaded on a page boundary.
When (for example) loading the routines at location 010/000, substitute the
page address of 010 for the <*> every time jl is seen in the listing. The code
is in octal, for an 8080 computer. Refer to the “legend” box for explanations
of some of the mnemonics in the commentary of this listing.

Split
Octal
Address Qctal Code Label Op Operand Commentary
- ' 000 353 SASNT XCHG USRRET=PLAD to DRDE; UDRDE to DRHL:
<t 001 343 XTHL UDRDE to TOS; FRRET to DRHL;
<t - 002 305 PUSH B UDRBC to TOS;
~<* . 003 365 PUSH PSW UDRPSW&A to TOS;
- 004 353 XCHG USRRET=PLAD to DR¥L; FRRET to DRDE;
“¥ .. 005 303 021 <*> IMP FRNTD Go load only one field addr
and length parameter;
<7t 010 353 DASNT XCHG USRRET=PLAD to DRDE; UDRDE to DRHL;
<t 0mn 343 XTHL UDRDE to TOS; FRRET to DRHL;
<%+ 012 305 PUSH B UDRBC to TOS;
- .- 013 365 PUSH PSW UDRPSWE&A ta TOS;
- 014 353 XCHG USRRET=PLAD to DRHL; FRRET to DRDE;
015 116 MOV c.m FIELD1 addr LOB to SRC;
016 043 INX H Incr USRRET=PLAD (41 DASNT};
St 017 106 MOV BM FIELD? addr HOB to SRB;
- .- 020 043 INX H Incr USRRET-PLAD (+2 DASNT);
R ¢ X 325 FRNTD PUSH D FRRET to TOS;
<. 022 138 MOV EM FIELD/FIELD? addr LOB to SRE;
.- 023 043 INX H Incr USRRET-PLAD (43 DASNT; +1 SASNT);
S r 024 126 MoV D.M FIELD/FIELD? addr HOB to SRD;
<7t 026 043 INX H Incr USRRET PLAD (+4 DASNT,; +2 SASNT);
v 026 176 MOV A M Length/Size param to SRA;
v 027 043 INX H Incr USRRET-PLAD {+5 DASNT; 13 SASNT);
- * - 030 343 XTHL True USRRET to TOS; FRRET to DRHL;
- v 031 345 PUSH H FRRET to TOS;
- 032 147 MOV H,A Length/Size param to SRH;
- *.- 033 311 RET Return to calling function routine;
-t 034 343 DASXR XTHL UDRHL to TOS; FRRET-FRCOMMAND
address to TOS;
- * - 035 042 051 <* .. SHLD DASFC+1 Store FRCOMMAND address in CALL;
<t 040 341 POP H TOS=UDRHL to DRHL clear return;
- 04 343 XTHL UDRHL to TOS; USRRET=PLAD toc DRHL;
* - 042 315 010 <+ CALL DASNT Call DASNT to load parameters;
* .- 045 032 DASXL LDAX D Indexed FIELD2 char to SRA;
. 046 157 MQV LA Move it to SRL;
v 047 012 ILDAX 8 Indexed FIELD1 char to SRA;
“.- 050 31% 000 000 DASFC CALL Q’000000°  Call the execution commands;

002 STAX B Stote result in indexed FIELD1;
Q03 INX B Incr FIELD1 address index;
023 INX D Incr FIELD?2 address index;
045 DCR H Decrement length/size;
302 045 <*> INZ DASXL Loop until count is zero;
341 FRXIT POP H True USRRET to DRHL;
301 PQOP B UDRPSW&A 1o DRBC;
170 MOV AB USRA to SRA; PSW- FRPSW;
301 FRXT2 POP B TOS=UDRBC to DRBC;
321 POP D TOS=UDRDE 10 DRDE;
343 XTHL True USRRET to TOS; TOS-UDRHL to DRHL;
311 RET Return to user; regst user regs;
315 034 <*> NCHR CALL DASXR CALL DASXR execution contral rtn
passing address of following;
~1*- 074 245 ANA L Logical AND SRL to SRA;
- 075 311 RET Return to DASXR;
w.* = 076 315 034 <*> OCHR CALL DASXR See NCHR comment at address 071;
e 101 265 ORA L Logical OR SRL to SRA;
Y102 3N RET Return to DASXR:
< *.- 103 315 034 <> XCHR CALL DASXR See NCHR comment at address 071;
St 106 255 XRA N Logical XOR SRL to SRA;
<t 107 311 RET Return to DASXR;
e 110 315 034 <*> MVCHR  CALL DASXR See NCHR comment at address 071;
<re 113 175 MOV AL Move SRL to SRA;
<= 114 311 RET Return to DASXR;
<" 115 315 034 <*>  SWCHR CALL DASXR See NCHR comment at address 071;
<2120 022 STAX D SRA to indexed FIELD2 char;
e 121 175 MOV AL Move SRL to SRA;
1220 31 RET Return to DASXR;
© .- 123 315 034 <*> CLCHR CALL DASXR See NCHR comment at address 071;
e 126 275 CMP L Compare SRL to SRA;
<t 127 310 RZ Return to DASXR if equal;
<*> 130 077 cmC Else reverse inequality flag;
<*> 131 341 POP H Clear return address by popping;
¥ 132 303 062 <*> JMP FRXIT Bust out to function exit logic;
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Charles Howerton

Digital Group Software Systems Inc
POB 1086

Arvada CO 80001

The programming convenience of a com-
puter system is greatly enhanced by using
software to extend the functions provided
by the basic instruction set of the machine.
Software to accomplish complicated func-
tions like moving character strings or doing
data conversions help the user to program
manipulations of data in an application
situation. This article is writien to describe
and give the code for a sct of utility routines
for the 8080 which can be used to advantage
on any system employing this chip. This sct
of BARC utility routines is designed to assist
the 8080 programmer in devcloping pro-
grams which involve the manipulation and
validation of characters and character
strings. The acronym “BARC’ stands for
BAsic Resource Capability. Almost all pro-
grams require these functions to a greater or
a lesser extent if they accept input or
generate output in any format other than
absolute machine codes.

In all cases these routines are entered
using an 8080 call instruction and in most
cases the call instruction is immediately
followed by a series of parameters which
identify the field or fields to be acted upon,
the length of the field or fields and in some
cases an immediate value which is used in
the requested function. The exceptions Lo
this rule are the single character validation
functions which require that the argument
character be loaded into the accumulator
prior to the call. In all cases (except the
symbolic move) the user’s register contents,
with the exception of the program counter



WARNING

The BARC routines

listed here will not work in
read only memory or in
write protected memory,
since they modify program
code gs part of execution,

and flags, are returned with the same con-

tents as they held prior to the call; the
symbolic move routine returns the length

moved

in the accumulator with all other

registers except the program counter and
flags containing their original contents.
These routines all use the stack of the
user’s program and in the worst case require
14 bytes in the stack including the two bytes
used by the call which invokes the function

routine.
In every

case return is made to the byte

immediately following the last parameter
value (if any). The return address generated
by the call is used as a parameter list pointer

LEGEND:

Throughout this narrative and program
comments certain abbreviations have been
utilized, hopefully with a high degree of
consistency. Most of these abbreviations and
symbols are self explanatory; however, in
the interest of clarity they are explained

below.

A(X)
DB

DRXY
Dw

HOB

ICV
LOB
PLAD
Siz
SRX
TOS
UDRXY

USRRET

USRX
X—=Y
XXX
yyy
zzz
<*>

16 bit address of X.
Data byte, 8 bits,
value.

Double register pair XY.

Data word, 16 bhits, operand is
value.

High order
address.

An immediate character value.
Low order byte of 16 bit address.
Parameter list address.

The size/length of an operand.
Single register X.

Top of stack.

User's double register pair XY
contents.
Return
program.
User's single register X contents.
Contents of X moved to Y.

operand is

byte of 16 bit

point in the user’s

Arbitrary instructions.

Resident page number of the
utility routines.

Listing 1, continued:

Split
Octal

Address Octal Code

<*» 135 343

<*w 136 042 155 <= -
<141 341
<* 142 343
<t 143 315 000 <" -
<voe 146 343
<~ 147 176
<*: 150 043
<* - 151 343
<t - 162 157
<* .- 183 032
<t 154 315 000 000
<* . 157 022
< - 180 023
<* - 161 045
- 162 302 153 - *
<. 165 303 062 «* -

<*- 170 315 135 -1* -

<t - 173 245
<t 174 311

175 315 135 - * -
- 200 265
- 201 311
<t 202 316 135 -°
<t 205 255
<t 206 311
ot 207 316 135
<t 212 175
- 213 31

214 343

- 215 042 227 - * -

- 226 315 000 000
- 231 302 062 - -

- 236 302 225 -
<24 303 062 - " -

<t 244 315 214 -
t - 247 376 040
© - 251 310
* - 282 376 101
v 264 330
* - 265 376 132
¢ - 257 310
<t 260 320
<267 277
' 262 311

263 315 214 - 7 -
266 376 060
o270 330
-2 376 071
-t 273 303 267 - °
- 276 315 214 - ° -
St 3 376 060
-t 303 330
<t 304 376 067
-t 306 303 257 - ° -

- 311 315 214 - -

- 314 315 247 - ¢
-t 317 310
<300 315 266

- 323 3N

324 315 214 - -
w327 315 266 - -

- T332 310
- 333 376 101
-t 335 330

- 336 376 106
© 340 303 257 - ¢

343 343
v 344 315 010 - °*
b 347 343
© 350 176
351 043
352 343
353 157
* 354 345
“t - 355 032
© 356 275
S 357 312 37
362 002
* - 363 003
T 364 023
ot 365 045
. 302 355 - °
361
224
341
301

-t 378 303 065 -
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Label

SASIX

SASIL
SASIC

NICH

OICH

XICH

MVICH

VALFX

VALFL
VALFC

VALAS
VALAC

VALAO

VALXT

VALNS
VALNC

VALOS
VALOC

VALXS
VALXC

VALHS
VALHC

MVSYM

MVSYL

MVSY X

Op

XTHL

SHLD
POP
XTHL
CALL
XTHL
MOV
INX
XTHL
MOV
LDAX
CALL
STAX
INX
DCR
INZ
nmp

CALL

ANA
RET

CALL
ORA
RET

CALL
XRA
RET

CALL
MOV
RET

XTHL

SHLD
POP

XTHL
CALL
LDAX
CALL

Jmp

XTHL
CALL
XTHL
MOV
INX
XTHL
MOV
PUSH
LDAX
cmp

STAX
INX
INX
DCR
JNZ
FOP
sSUB
POP
POP
JMP

Operand

SASIC+1
H

SASNT

AM
H

LA

D
Q'000000"
D

D

H

SASIL
FRXIT

SASIX

SASIX
L
SASIX
L

SASIX
AL

VALFC+1
H

SASNT

D
Q'000000"
ERXIT

D

H

VALFL
FRXIT

VALFX
Q040°
Q101
Q132

A

VALFX
Q060"
Qo7v
VALXT

VALFX
Q060

Q067
VALXT

VALFX
VALAC

VALNC

VALFX
VALNC

Q101"
Q1086
VALXT
DASNT

AM
H

A

VSEY X

gmwar oI

Commentary

UDRHL to TOS; FRRET=FRCOMMAND
address to TOS;

Stare FRCOMMAND address in CALL:

TOS=UDRHL to DRHL clear return;

UDRHL to TOS; USRRET=PLAD to DRHL;

Call SASNT to load parameters;

USRRET=PLAD+3 to DRHL; FDRHL to TOS;

Immediate character value to SRL;

Incr USRRET=PLAD (+4 immed group);

True USRRET to TOS; FDRHL to DRHL:

Move ICV to SRL;

Indexed FIELD char to SRA;

CALL the execution commands;

Store result in indexed FIELD;

incr FIELD address index;

Decrement length/size;

Loop until count is zero;

Jump to funct routine exit logic;

CALL SAS!IX execution control rin

passing address of following;
Logical AND SRL=ICV to SRA;
Return to SASIX;

See NICH comment at address 170:;
Logical OR SRL to SRA;
Return to the SASIX routine;

See NICH comment at address 170;
Logical XOR SRL te SRA;
Return to SASIX;

See NICH comment at address 170;
Move SRL to SRA;
Return to SASIX;

UDRHL to TOS; FRRET=FRCOMMAND
address to DRHL;

Store FRCOMMAND address in CALL;

TOS=UDRHL to DRHL clear return;

UDRHL to TOS; USRRET=PLAD to DRHL;

Call SASNT 10 load parameters;

Indexed FIELD character to SRA;

CALL the execution commands;

If character not valid exit;

Incr FIELD address index;

Decrement length/size;

Loop until count is zero;

Jump to exit all chars valid;

CALL VALFX execution controi rtn
passing address of following;

Is SRA a space?

Return to VALFX if equal;

Is SRA an "A’?

Return to VALFX if less than "A";

Is SRA a'2?

Return to VALFX if equal;

Return to VALFX if greater;

Compare SRA to SRA force Z=1;

Return to VALFX char is valid;

See VALAS comment at addr 244;

Is SRA a'0?

Return to VALFX if less;

Is SRAa'9'?

Jump to validation exit logic;

See VALAS comment at addr 244;
Is SRAa ‘07?7

Return to VALFX if less;

Is SRA a7'?

Jump to validation exit logic:

See VALAS comment at addr 244;
Call VALAC utility routine;
Return to VALFX if alphabetic;
Call VALNC utility routineg;
Return to VALFX;

See VALAS comment at addr 244;
Call VALNC utility routine;
Return to VALFX if numeric;

Is SRA an 'A"?

Return to VALFX if less;

Is SRA an 'F'?

Jump to validation exit lagic;

UDRHL to TOS; USRRET=PLAD to DRHL;
Call DASNT function entry rin;
USRRET-PLAD5 to DRHL; FDRHL to TOS;
Move stop char to SRA;

Incr USRRET TRUERET-PLAD!6;
True USRRET to TOS; FRDHL to DRHL:
Move stop char from SRA to SRL;

DRHL to TOS for length moved calc:
Indexed FIELD2 char to SRA;

Compare it to stop char;

If equal go to MVSYM exit logic;

Else store in indexed FIELD1;

Incr FIELD1 address index;

incr FIELD?2 address index;

Decrement iength/size;

Loop until count is zero;

DRHL from 354 is popped SRA=len;
Subtr remaining len = moved len;

True USRRET to DRHL;

UDRPSW&A discarded by this pop;

Exit skipping SRA restore;






DASXR: Double Address plus Size,
Function Execution Support Routine

The DASXR support routine is used as a
generalized execution routine for the vari-
ous functions which require two address
parameters and a size parameter, operate on
the data from left to right and replace the
contents of the first operand with the result.
(Note: Both fields must be of the same
length and may be up to 256 bytes long.)
DASXR simply controls the execution of
the function by performing the house-

3. If a premature or abnormal termina-
tion of the loop is required as in the
CLCHR function routine
take the following form:

it should

keeping and looping involved in controlling USRTN - xxx Setup instructions, if any;
. . | ine;
the execution. DASXR uses DASNT as its CALL DASXR  Cal D.ASXR sup_por'F routmg,
. yvyy Function execution instructions
entry logic to preserve the contents of the .
user registers and to load the parameter yyy as required,
h . . Ri{cond) Conditional return to DASXR to continue;
values into the working registers. On each . . L
. . K K zzZ Instructions to be executed if the condition
iteration of the loop in DASXR it loads the 122 is not met:
t f i !
ge:e t?)\;to;:c')E |F_:|:|)E1Liatzo'nst;/ffq(i—hzn:ci;?ﬁ:} POP H Clear return address to DASXR from stack;
M JMP FRXIT Jump to the function exit logic for

tor) before turning control over to the logic
which will operate on the data. DASXR
increments the addresses of the fields and
loops until the count is consumed or until
the calling program terminates its operation.
Exit from DASXR is through the FRXIT
exit logic which restores the user registers,
with the exception of the program counter
and flags, to their original contents. Here's
an example of the use of DASXR as the
controlling logic for an addition routine
where the operands are stored least signifi-
cant byte first:

1. Inline coding in user program

abnormal or premature return;

The calis to DASXR in 2 and 3 are not
used as calls to which a return will be made.
They are used to pass the address of the
function execution instructions which fol-
low the calls to the DASXR support rou-
tine. DASXR stores the passed address of
the function execution instructions in the
address portion of a call instruction within
itself and executes the call within itself once
for each iteration of the control loop.

It is very important to realize that the
call to DASXR cannct be inline in the

CALL USRTN Call user written ADD logic; coding but must be called by the logic
DW A(FIELD1) Address of augend and sum; which is called by the inline parameter
DW A(FIELD2) Address of addend; passing call if it is to function correctly.
DB Sz Length of fields where 0 means a length of 256;

2. Subroutine in user program called by
1 above

USRTN ORA A Clear carry;

CALL DASXR Call DASXR support routine;

ADC L Add SRL and CARRY to accumulator;
DAA (Decimal adjust only if data is decimal);
RET Return to DASXR support routine;

FRXIT: Function Routine Exit Logic

The FRXIT routine is used to restore the
contents of the original user's registers and

MVICH: Move Character Immediate

{Character Fill)

The MVICH utility routine will move a

specified byte value known as the immedi-

ate character value (ICV), to every byte
location in a specified field. The specified
field may be up to 256 bytes long. The
calling sequence for this utility routine is:

CALL MVICH Call MV ICH utility routine;

to return to the proper address location,
following the parameters of the original
user’s call. FRXIT should always be used
when exiting from a function routine which
utilized the DASNT or SASNT function

entry routines. This logic is entered by DW  A(FIELD) Address of the receiving field;

jumping to it unconditionally or condi- DB S1Z Length of the field where O means a length of 256;
tionally when it is desired to return to the DB IcV Immediate character value:

original caller. No other commands are '

required prior to the jump to prime this
routine. All registers except the program
counter and flags are restored to their
original contents prior to returning; the flags
are returned to the caller as set by the
function execution routine.

MVCHR: Move Characters

The MVCHR utility routine will move a
character string up to 256 bytes long from
one location to another. The format of the
calling sequence for this utility routine is:

CALL MVCHR Call MVCHR utility routine;

DW A(DESTIN) Address of the destination field;

DW A{SOURCE) Address of the source field;

DB S|z Length of the fields where O is the length code for 256;
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VALFX: Validate String, USRTN CALL VALFX Call VALFX function execution routine;

Function Execution Support Routine CPI ‘af Compare accumuliator to a Greek alpha;
L RC Return if accumulator less;
The VALFX support routine is used asg CPI 2 Compare accumulator to an omega, end of Greeks;
generalized execution rouFine for the vari- * RZ Return if accumulator equal to omega, valid;
ous string validation functions. These func- * RNC Return if accumulator greater than omega, invalid;
tions require a single address parameter for . CMP A Force Z=1, if 'a’ <= accumulator <='Q'; valid:
the fieid to be validated and 3 size param- * RET Return to VALFX with valid conditions;

eter which specifies the length of the field
which may be up to 256 bytes long. The
contents of the field are not changed.
VALFX does not actually perform the
required function, for that is the responsi-
bility of the programmer who is using
VALFX. VALFX simply supplies the
characters in the field one at a time, starting
with the lefthand end, in the accumulator
and controls the execution of the function
by performing the housekeeping and loop-
ing involved in controlling the execution.
VALFX increments the address of the field
and loops until the count is consumed or
the character which is invalid to the test is
encountered. If the programmer who has
coded the test logic returns to VALF X with

Note: For range of value tests like this one
the instructions marked with asterisks (*)
above may be replaced by the following
instruction which jumps to an identical
instruction seguence within the validation
utility routines:

JMP  VALXT Jump to the validation test logic;

3. If it were desired to determine that
the field to he validated contained
only Greek alphas and omegas and
nothing else, the subroutine in the
user program called by 1 above
would be as follows:

USRTN CALL VALFX Call VALFX function execution routine;

a Z flag value of 1, VALFX will supply the CPi ‘o Compare accumulator to an alpha;
next character in the string; otherwise it RZ Return if equal;

terminates execution and exits via FRXIT CPI 6 Compare accumulator to an omega;

to the calling point with a Z flag value of 0. RET Return to VALF X with conditions set;

If all characters in the string were valid,
return is made to the calling point with the
Z flag equal to 1 via FRXIT, VALFX uses
SASNT as its entry logic to preserve the
contents of the user registers and to load the
parameters into the working registers;
FRXIT is used as the exit logic to restore
the user registers, with the exception of the
program counter and flags, to their original
contents. An example of the use of VALFX
as the controlling logic for a routine which

The preceding calls to VALFX are not
used as calls to which a return will be made.
They are used to pass the address of the
function execution instructions which fol-
low the calls to the VALFX support rou-
tine. VALFX stores the passed address of
the function execution instructions in the
address portion of a call instruction within
itself and executes that call once for each
iteration of the control loop.

validates that all of the characters in a field
are letters of the Greek alphabet, as imple-
mented on the Digital Group System, would
be as follows:

It is very important to realize that the
call to VALFX cannot be inline in the
coding but must be called by the logic
which is called by the inline parameter
passing CALL if it is to function correctly.

1. Inline coding in user program:

CALL USRTN

Call user written logic;

DW A(FIELD) Address of field to be validated:
DB SiZz Length of field to be validated where 0 means a length of 256;

2. Subroutine in user program called by
1 above:

VALHC: Validate Hexadecimal
Digit Character

The VALHC routine tests the character
in the accumulator to determine if it is one
of the 16 characters (0 to 9 or A to F)
which are used to represent radix 16 (hexa-
decimal) digits. Upon return, if the Z flag is
1, the character in the accumulator is a
hexadecimal digit; otherwise Z is 0. The

VALHS: Validate Hexadecimal
Digit String

The VALHS routine tests the characters
in a specified string to determine if they are
alt valid hexadecimal digits. Examination
proceeds from left to right one byte at a
time; the routine terminates if an invalid
character is found. Upon return, if the 2
flag is 1, all characters in the string were
hexadecimal digits; otherwise the Z flag is 0.
The calling sequence for this utility routine
is:

CALL VALHS Call VALHS utility routine;
Dw A(FIELD) Address of the field to be validated;
CALL VALHC Call VALHC utility routine; D8 SIZ Length of the field where O means a length of 256;

calling sequence for this utility routine is:
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Computeritis: the infec-
tion of the imagination
with ideas about ‘‘what
neat things could be done
with a computer if only |
had access.”

At first, personal comput-
ing people were very tech-
nical types... now we find
a sprinkling of lawyers,
doctors, kids, retirees, art
teachers, tavern owners,
and others.

Continued from page 4

were necarly all very technical types  engi-
neers, programmers, and clectronics buffs.
But times are changing very rapidly in
personal computing. Now we find a sprin-
kling of lawyers, doctors, kids, retirees, art
teachers, and tavern owners. Less and less
technical expertise is needed. In fact, with
computer stores ready to help and with
assembled kits readily available, one can get
by with no hardware expertise. And we ll
know that BASIC (the programming lan-
guage most widely available with personal
computers} has been taught widely in high
schools  so very little in the way of prior
background is needed.  Rather, what’s
needed is a little bread and a lot of curiosity
about one of the most curious of mankind’s
inventions.

Why does an individual buy his or her
own computer? | think there are three
primary reasons: (1) he or she has a specitic
application that he or she wants to imple-
ment; (2) he or she is curious and wants to
learn about computers; and, (3) his or her
future job security may depend on his or her
knowing about computers.

Among the people wanting to implement
a specific application are many small, usually
one-person, businesses. There is a sprinkling
of pcople with really innovative applications
such as devices 1o provide assistance 10 o
handicapped individual. Among those who
want 1o lcarn about computers are the
naturally very curious people who i the
past would have pursued other electronics-
oriented hobbies such as ham radio. There
dre a osurprisingly large number of people
who can greatly increase their job security
with a little knowledge of computers  even
people in Tliclds scemingly not related 1o
computers.

Owning the computer does not, by itself,
provide a person with all that’s needed 10
fearn about computers. There is a mdjor
educational process that must be “endwred.”
The needed information can be gleaned from
many sources without resorting to formal
education: books, magdasines, and, thhough
clubs and conventions, other people.

One of the primary means of obtaining
information has been computer clubs. There
are nearly 150 computer clubs in the United
States and a few in Canada and other
countrics. Club sizes vary from a handiu! to
Southern  California - Computer  Sodiety's
morc than 5,000 members. These clubs are
not affiliated in uny way with one another
excepl that & few clubs are regional and have
several local chapters.

The primary activity ol most computer
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clubs is the regular meeting. Typically, a
club meets with a frequency of from cvery
two weeks to once a month. The object of a
meeting may simply be the informal ex-
change of information by club members.
There may be a presentation by a guest
speaker, a demonstration of a product or a
project, or a workshop on some particular
subject. It is not unusudl for several people
to show up unexpectedly with computer
projects to show. Whatever the main objec-
tive, some side activities always take place:
[ndividuals share their experiences and
insights - usually with enthusiasm reminis-
cent of a revival testimonial.

Many clubs publish newsletters which are
avidly read by the club members. In fact,
some of the newsletters are so good that
they  have many subscribers outside  the
club’s primary geographic area. The news-
letters contain articles on the activities of
the club, information on new products,
schematics for new widgets, program listings,
experiences of club members with various
products, and a wealth of other information
wanted by personal computing enthusiasts.
Although the newsletters vary in production
quality from computer fistings all the way (o
glossy magazine format, a typicdl newsletter
is o few Xeroxed pages.

Clubs are beginning to exchange news-
letters which may bring about improved
communication and some coordination of
dctivities among clubs. A big question drises
ds o whether or not a national federation of
clubs will form. On one hand, 4 national
federation could  benefit its members by
providing publications, improved informa-
tion exchange, sponsorship of conferences,
cncoutagement of product standards, soft-
ware exchange, and protection ol its mem-
bers in dealing with product supplicers. On
the other hand, many people believe that a
formal organization  would  be  counter-
productive 1o the goal of most computer
clubs; namely, the free exchange of informa-
tion {or the benefit of the members. [n fact,
some clubs, even very large clubs, elect no
olficers, collect no dues, and  claim no
members. The newsletter is funded by
passing . hat when the treasury gets low,

The personda computing movement s
held together nationally by the magazines.
There are a surprising number ol high
quality  publications. Heading  the list s
BYTL which not only publishes a wide
variety  of technical articles of interest to
persondl computing folks, but also provides
a wide assortment ol other goodies such as
new product announcements, book reviews,
and news coverage of personal computing
conferences. Among several other publica-






Soon we will be waiting only for some clever and well
financed company to package the Home Information
Processing Center and thus create the consumer de-
mand for this next major home appliance concept.

Expert guidance is usually
available from the com-
puter store... it is a place
to turn for local help and
instruction.

Articles Policy

BYTE is continually seek-
ing quality manuscripts writ-
ten by individuals who are
applying personal systems, or
who have knowledge which
will prove useful to our
readers. Manuscripts should
have double spaced type-
written texts with wide mar-
gins.  Numbering sequences
should be maintained sepa-
rately for figures, tables,
photos and listings. Figures
and tables should be provided
on separate sheets of paper.
Photos of technical subjects
should be taken with uniform
lighting, sharp focus and
should be supplied in the form
of clear glossy black and white
or color prints (if you do not
have access Lo quality photog-
raphy, ilems to be photo-
graphed can be shipped to us
in many cases). Compuler
listings should be supplied
using the darkest ribbons pos-
sible on new (not recycled)
blank white computer forms
or bond paper. Where possible,
we would like authors to sup-
ply a short statement about
their background and experi
ence.

Articles which are accepted
are typically acknowledged
with a binder check 4 to 8
weceks after receipt. Honorar
iums [for articles are based
upon the technical quality and
suitability for BYTE’s reader-
ship and are typically $25 to
$50 per tiypeset magazine
page. We recommend that
authors record their name and
address information redun-
dantly on materials submitted,
and that a return envelope
with postage be supplied in
the event the article is not
accepted.m

scheduled for June 13-16 in Dallas TX. The
National Computer Conference is the
world’s largest computer conference, at-
tracting over 250 exhibitors with more than
1,000 booths and drawing more than 25,000
attendees. Major personal computing activi-
tics are planned for the 1977 NCC including
a Personal Computing Fair, a special exhibit
arca for personal computing products, a
program of paper and panel scssions, and a
Computer Club Congress.

Now let’s turn our attention to the
manufacturers who started and support the
personal computing movement. What types
of companies are producing personal com-
puting products? Until very recently, the
typical personal computing product manu-
facturer was a rather small company whose
only product lines were in the personal
computing area; for example, IMS Associ-
ates, Polymorphic Systems, Processor Tech-
nology and Cromemco. Companics that
don't quite fit the personal computing
specialization are MITS, Southwest Techni-
cal Products, and iCOM. Recently, several
larger companies have been scen making
moves into the personal computing market;
namely, Texas Instruments, Intel, and
Digital Equipment Corporation.

Although at first nearly all personal com-
puting products were sold by mail order
dircct from the manufacturer, we see now an
important new institution emerging — the
retail computer store. Presently, there are
over 250 computer stores in the United
States [based on the number of BYTE's
direct dealer sales outlets|. A computer
store is not an electronics store or green-
house that happens to stock computers. The
best computer stores offer a wide variety of
products and services for the computer
hobbyist and small business, including
several lines of computers, parts, peripherals,
prototyping equipment, books, magazines,
software, repair service, custom interfacing,
and consulting. The typical computer store
has on display several demonstration com-
puting systems so that an individual can see
and try before buying. The computer store
concept offers several advantages to the
purchaser over buying directly from the
manufacturer at no additional cost. The
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purchaser need not deal with several manu-
facturers in order to reap the benefits of cost
and feature comparisons. Expert guidance is
usually available from the computer store.
Local service is provided as well as answers
to the myriad of questions sure to materi-
alize when a person takes home his/her first
computer.

Now that we have characterized the
personal computing movement in terms of
the people, their clubs and conventions, the
magazines they read, and the manufacturers
of personal computing products, let’s turn
our attention to the impact of personal
computing and its future. Most importantly,
personal computing is the leading edge of
the sharing of computing power by large
corporations and government with the
people. Soon our homes will be full of
computers quietly improving many types of
consumer goods, including: ovens, sewing
machines, stereos, televisions, automobiles,
sprinkler systems and security systems.

More significantly, however, the Home
Information Processing Center is emerging
from the cfforts of personal computing
enthusiasts to use the computer to improve
the quality of their everyday activities. The
Home Information Processing Center will
provide a central coordination facility for
other home appliances, assistance in a
myriad of personal business and record
keeping tasks, interface with external sys-
tems such as bank electronic funds transfer
systems and retail stores, endless entertain-
ment with computer based games, individu-
alized learning through computer assisted
instruction for us and our children, partial
replacement for the mail with a home to
home telephone-based communication sys-
tem, remote access by telephone to home
control functions, and each home with
clerical assistance such as text editing.

The public is being primed now for
acceptance of the Home Information Proc-
essing Center. On the other hand, as men-
tioned before, many consumer goods are
incorporating microprocessors as control
components, so the public will start to think
of the microcomputer as a rather ordinary
device. On another front, video games are
beginning to physically appear a lot like the
Home Information Processing Center.
Specifically, the games are using the tele-
vision as an output device, some of them are
using simple keyboards as input devices, and
some use audio tape cassettes as a means of
storing programs. From this video game to
the Home Information Processing Center is a
seemingly small step. The Home Information
Processing Center would have the keyboard,
the television, and the tape cassette in
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addition to mass storage, such as a floppy
disk, a hard copy output device, not very
different from the ordinary typewriter, and
be interfaced to the telephone line. The
hardware technology for a low cost Home
Information Processing Center exists. The
application and software technology  will
grow from the personal computing move-
ment. Soon we will be waiting only for some
clever and  well-financed  company  to
package the product and create the con-
sumer demand for this next major home
appliance. When the Home Information
Processing Center has become commonplace,
personal computing will have grown to
maturity.

What started as a hobby could well grow
into a “necessity’” of lifc.m

Names and addresses of some of the publications
mentioned in this editorial:

Interface Age published by McPheters, Wolfe &
Jones, 6515 Sunset Blvd, Suite 202, Holly-
wood CA 90028 {monthly).

Dr Dobb’s Journal of Computer Calisthenics and
Orthodontia, published by People's Computer
Company, POB 310, Menlo Park CA 94025
{monthly).

Creative Computing, published by l|deametrics,
POB 789-M, Morristown NJ 07960 (every two
months).

People’s Computer Company, published by
People’s Computer Company, POB 310, Menlo
Park CA 94025 (published several times during
the school year).

Popular Electronics, published by Ziff-Davis,
widely available on newsstands (monthiy}.

Radio Electronics, published by Gernsback Publi-
cations inc, widely available on newsstands
(monthly).

The Word ““Byte’” Comes of Age. ..

We received the following from W Buch-
holz, one of the individuals who was work-
ing on IBM’s Project Strelch in the mid
1950s. His letter tells the story.

Not being a regular reader of your maga-
zine, | heard about the question in the
November 1976 issue regarding the origin of
the term “byte” from a colleague who knew
that | had perpetrated this picce of jargon
[see page 77 of November 1976 BYTL,
“Olde Englishe”]. | scarched my files and
could not locate a birth certificate. But I am
sure that “byte” is coming of age in 1977
with its 21st birthday.

Many have assumed that byte, meaning 8
bits, originated with the IBM System/360,
which spread such bytes far and wide in the
mid-1960s. The editor is correct in pointing
out that the term goes back to the carlicr
Stretch  computer (but incorrect in that
Stretch was the first, not the last, of I1BM’s
sccond-generation transistorized computers
to be developed).

The first reference found in the files was
contained in an internal memo written in
June 1956 during the carly days of develop-
ing Stretch. A byte was described as con-
sisting of any number of parallel bits lrom
one to six. Thus a byte was assumed to have
a length appropriate for the occasion. Its
first usec was in the context of the input-
output ecquipment ol the [950s, which
handled six bits at a time. The possibility of
going to 8 bit bytes was considered in
August 1956 and incorporated in the design
of Stretch shortly thereafter.

The first published reference to the term
occurred in 1959 in a paper “Processing
Data in Bits and Picces” by G A Blaauw, F P
Brooks Jr and W Buchholz in the /RE
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Transactions on Electronic Computers, June
1959, page 121, The notions of that paper
were celaborated in Chapter 4 of Planning a
Computer System (Project Stretcti), edited
by W Buchholz, McGraw-Hill Book Com-
pany (1962). The rationale for coining the
term was explained there on page 40 as
follows:

Byte denotes a group ol bits used to
encode a character, or the number of
bits transmitted in paralle! to and trom
input-outpul units. A term other than
character is used here because a given
character may be represented in dil-
ferent applications by more than one
code, and dilferent codes may use
different numbers ot bits (ie, dilterent
byte sizes). In input-oulput trans-
mission the grouping ol bits may be
completely arbitrary and have no rela-
tion to actual characters. (The terni is
coined from bite, but respelled (o
avoid accidental mutation (o bit.)

System/360 ook over many ol the
Stretch concepts, including the basic byte
and word sizes, which are powers of 2. For
cconomy, however, the byte size was fixed
at the 8 bit maximum, and addressing at the
bit level was replaced by byte addressing.
Since then the term byte has generally
meant 8 bits, and it has thus passed into the
general vocabulary.

Arc there any other terms coined espe-
cially for the computer ficld which have
found their way into general dictionaries ol
the English language?

W Buchholz

24 Edge Hill Rd
Wappingers Falls NY 12590



THE
COMPUTER CORNER

Lower Hudson Valley
Southern Connecticut

® | MSA| 8080
®pP0OLY-88

® Teletype supplies

® ull line of magazines

® Processor Tech

® Computer Book Service
® Magnetic tapes & disks
®Brain Games & Puzzles

THE COMPUTER CORNER
White Plains Mall
200 Hamilton Avenue
White Plains, N.Y, 10601
Tel: {914) 949-DATA

Hours:
10—6 Daily & Saturday
10—9 Thursday

South Florida

Across from the University of Miami
University Shopping Center

1238A South Dixie Highway

Coral Gables, FL 33146

(305) 661-6042

SUNNY COMPUTER STORES, INC
South Florida's First Computer Store

We Carry:

® |MSAI, COMPUCOLOR, VECTOR,
SOUTHWEST, C.S.C., CROMEMCO
® Books, Magazines, Newspapers

® Sockets, IC's, Printers

® Digital Cassette Equipment

® Debugging Equipment

We offer Classes, Friendly Advice and
Service
Hours: Monday — 12 Noon to 9 P.M.
Tuesday through Saturday —
10 A.M. to 6 P.M.

HEY, ALTAIR...
GOT THE TIME?

If not, you need COMPTEK's NEW

CL2400 Real-time Clock.

e Self-contained hardware clock

¢ Can be set and read by BASIC

® Programmable interrupts

e Top quality board, components,
and I.C. sockets

e ALTAIR and IMSAI compatible

o Uses: 24 hour clock
Software timer
Event timer

KIT — $98  ASSEMBLED — $135

camptek

“Real World Electronics’

P.0.Box 516
La Canada, CA 91011

Circle A207

the microcomputer

an introduction to

reality

now in canada:

imsai
processor
cromemco
tdl

and more

The Computer Place

186 Queen St. W

Z;)(rsonto M5V 121 Focus Scientific
—598-0260 160 Elgin St.

Ottawa K2P 2C4
613—236-7767

COMETO

ALDELCO COMPUTER CENTER

2281 Babylon Turnpike
Merrick, Long Island, N.Y.

Open Mon. thru Sat. 9:30t0 5

Books, Magazines,
Computer Boards and Kits

7400 IC’s, CMOS, LINEARS, MEM-
ORIES, 6800 & 8080 Support Chips,
Rectifers Diodes, 1C Sockets, Elec-
tronic Parts

OK battery operated wire wrap
tool $34.95
OK hand operated wire wrap
tool $ 5.95

National’s SC/MP Kit only $99.95

COMPUTER CONSULTATIONS
SATURDAYS9to b
Evenings by appointment

AILIDEILICIO

CALL US AT 516 378 4555

OFF LEASE EQUIPMENT
Teletype ASR 33

$809 each

F.0.B. Your local AJ service center.

Modems and Couplers
also available.

ANDERSON
JACOBSON

521 Charcot Ave, San Jose
California 95131
(408) 263-8520









http:others-$1.00

Advanced Microcomputer Products Presents

'CONTINNTAL SPECIALTEES CORPCRANOH
=5= Prototype Design Equipment

a1 S0CHITS AND B8 SRS

Naw in stock for
Micraprocessor Protatyping
PAGTO.RTARD® UNITS NEW SOCKETS & BUS STRIPS
T S T L LA ey Experimanter 600 . 1
Rl o P el A
6 pacung for micrapocmkar sopliestions

Expenmantar 300 $9.95
3 3pacang for microproceriar applications

POTO.B0ALS & MIT

e QTATH soekre. 1w
e Jn-"‘-"m IR
7 Tl

AT

wETh v
Yt
T T

S s, Lt Pres

Lowic pros L.t

4 sahser. etais amian and e oo o Ml a5l
int ta Lha clrcult oo

-(.... jridnyse umuy o b tha .m- oo munn

bro:

1101080480 10
R

S e woptes iy Tt om.
LR kg TVEC 34 VR win powntr

€4C Model LP-§ Luges Protm—Cormpioss Ll Trine 3480

WE ARE A FULL LINE CSC DISTRIGUTOR  WE GAN SUPPLY ANY PRODUCT OUT OF THE CSC CATALOGUE

(F YOU NEED THEIR LATEST CATALOGUE WRITE AND WE'LL SEND 1T ALONG

BOBOA SUKDA 21102 W3LUP?
AMI SHEO0 95 2102:9102 189
2995 11172111 75
Gl CFI600 63 95 2101:2101 525
B0 69.95 91!//2!!/ 295
BUILD YOUR OWN [l G50 2905 ]
COMPLETE Pt o ““‘“”‘“"" B
COMPUTER SYSTEM : s " -
AMI EVK 99 6800 BASED e Taas S awzen a0
MICROCOMPUTER Aot 575 625 AN2a01 1650
Ask the Home Brew Computes Club in Sants 297000 195 395 AMidN2 695 m 2
Clara, Calitarma why Ihey chaose the { YK 99 AM29723PC 7.9 4 ?w 1 5 ;g!l\ 1. ﬁ‘é
Werocotmitn They now o b systems. The MY 0 Al Ggs 1707 looo,
trasons sre clear Performance, versatany and cast fhaamg R S 2950
et tveness. Photo 1 ot expandmg AM2BA) " 1995 MM."P"'N a0 B
Rt s A7 a0
Photo of
TV GAME KITS onLy  TVKITNO3
expanded EVK 99 §2095 Lo v ONLY
Qty 11161 AY38500 1 TV Giarne Chp . GamiChui e featares Horwry, Lo BB
$159.95 Pracsict and Py Modutar s $59.95
ks s sy
1. EVK D9 camss af e tullomng anly TV KITNO.1 ONLY a1t o atsemiie completn game St $1 D0 tor L amirie
Qty 111 PCB 10% « 12 joiantes £Y38500 1 1V GanneClon 334 QB witn BE uiput Kitcomes conmitnge oo tion ek sue
116400 8 bat CPU Y Bl for it comimte gt Wl AT TN and 43t sheets fretundable wirt purchase
111 850 ACIA [Arynchronous Con W"umumm Imertacr Gdapter) Wty wstiuctions At $b 09 e IMHI crvstal

U1 6820 PIA Perphreal Intertace Adaprus
(21 6430 ROM Subrounne Program Ui (116831 16K RO
i BBI0 ) AAM
A1 Operating Manual & Instructions

To implement fully exganden system adgitaonal 1C°s are ceuuired

2. UNIVERSAL KLUGE BOARD  $98.00
Comptelely compandte to the EVK system  This baanl .muws the user tq wld any
hduinaal pars e dewro. 1t hay 5400 hofor, hotds 54 16 pin (C' ar othees o
R R SR N W i
16K BYTE RAM BOARD $77.95
16K o« A or BK x 16 orqomistion Uses 2102 o0 21002 and adapts to dow
.6 SLOT MOTHER BOARD $29.95

Connectars maunt an 75" cenwers May be Dluggel todether o1 eapanded applications

. EXTENDER BOARD $46.50

Far ase with back piane above n card cage o0 hgutaton
Now bars ar e i devalopmant ncluding caset /0 nd othrs
more (nformation deop ut

TV KITNO. 2

(Ses Photo}

St i trnnal
anl Ut shovts

[

75452

FS

o

MHUDZGLN
11 you want
MEB

Includvs AYIE500 1 TV
6 B, Sautonrs, pots
. Brittae and a g

e mv e Composite Warks VSWR - 7 man
Inrludvy wstructions

SPECIALS

RF MODULATOR MODULE
Ta convert your video composite te RF try
UM 1821 Channe! 3/4 VHF Modulatar

®0¢ Smuchatie

ONLY
$49.95

mech
<eaker, $8.95
s @ OC Caupled modulation mput with
pontive transler eharactec st

VEC«85voly  Deugned for ute with TV Games

¥ NEWPRODUCTS

10/2.50

NEW FROM NEC Microcomputer! FIRST TIME OFFERED

¥ ICMARKET PLACE ~

% LINEAR

LM3Z0K B 7 145 LMIAIN Mt 17
LM3ZOK 17 14 X LM1458CN
LM320K 15 145

MI5240
LM7525N

L
LMI07H LM7534N

(gMPUTER

AC3403AD
ACA1AICN
RCA1361

RCAGHICN

. S CPU, ALTAIR/IMSAI BOA0 COMPATIRLE
HMGom 100 LMdoks 1% LM75358 lcalsicn FEATURE: SPECIFI?ATIBDNS
CMoICH 100 Mo 17 195
Vot R cMOS 1 Deugned e operoung with. CPU Intel BOBOA ur
LMIooK 125 LM3aoK 18 195 oot front panel AMSOROADC
LMI1DCN 115 LM340K 24 195 2 Powet on memar: (to CYCLE /)
4 C04020 ary jumes o 2 Sechnsteuctin
LN e eI e c04027 wsars programi® ADDRESS U to 61K livies
€Da028 3. 8224 Cluck drives o 25
CDA029 . 56 Direutly Addrossed
Coaozg 4 D214 Iertupt Rl INTERRUPT § Loeel Pty
5 Memory witte ectone Intetrugt
LM330CN 6 Pull up ons ull mputs POWER: 7510 10VDC, 0 74
LMI7OK 5 7 Suusats s fteres 15 10 20VDC, GOMA
Unraan nd laieh PRICE 101C Kt $129.00
# Address lines tri stated FO1G Assembled 173.00
*Programs Available an PROM’s
122N 74185N "
24190N
fotreid 6800 8080A
e STARTER SET STARTER SET
741848 CoanBs Onty 58 Hucks St 060 ey 80 00
781950 Ao Vi Ger 11 o008 U | VoG 1 80808 8
74196N 5101 a5 1 GH0 PIA oz u-m.
TA19IN 11 6BLO ALIA m B??/l
41888 ur s i e Controlle
38 741N R A
%8 N A 81500 1
. AN GBOO Prugramimiing Ads $5 95 hn
® RADIO COMMUNICATIO [t HICS 8 BOK) s A
o SLC 186 SLE2C 276
' SLBIC 195 SLGIOC 195
-2 Sz vue 5L640C. FCN GEN KIT $18.50
9 S 20 Freb e 63 Key Keyhoard 19.95
® 5 595
H 5 5L650C 575 19 Key Keyboard 11.95
s 5 SL65|C 495
s1.10 235 SL6SOC 375 Also . . . we stock entire continental
$4.20 \pplic Manust lor SLE0D Crcurts 1.95 ialt - ! .
2 TN s P Sumconaecio o 195 specialties line new sockets and bus strips
3 74173 $1.40 i i
o s N DIVIDERS for microprocessor design
36 .75 $1.25 .
SPBGOOB  6.95 SPRG2OB 1250 SPBG408  6.20 i
x i i Saon 8% Shoim 1250 sroeon 620 Exper!menter 600 (.6 spacing) $10.95
0wl SPREOZE 1600  SP86278 G50 SeRcAZH 1260 Experimenter 300 (.3 spacing)  8.95
44 SPBEUIB 14.50  SPAGIUE 20 0 46431 00
Jam :‘; 3 $2 75 SPBS04E  B.25  SPRE3IIB 1200  SPBGAEB 650
5PBE0?E  17.00 il a, . a
rean 5150 Tain w20 SPa130 1750 Sewstn Joou  srecses 250y All shipments first class or UPS in U.S. or add 5%
100 PIECES MiX TAKE 10% DISCOUNT Faaig 1000 spoeisn 27 s Sones i :g;g for shipping and handling, Minimum order $10.00.
b 5 Hform o
1000 PIECES MIX TAKE 15% DISCOUNT SPBGIGE 7200 et 18 California Residents add 6% tax. Foreign add 8%.

P. 0. BOX 17329
IRVINE, CALIFORNIA 92713

PHONE (714) 968-3655

D372 Flappy Disc Contentlir Chip . $125.00

D371 Mag. Tupe Cassette Conteoller Chip 59.95
Application Notes (26 pages) . 685
Gl AY3550 4% Digit OVM Clip 20.95
Gl AY3600 Keyhord Encocder 9.95
Intersil 8038CC P 4.95
XR2263 Servn Cont. . 6.95
RO 32513 Chur Gen . 9.95

ALTAIR /IMSAl COMPATIBLE
8K MEMORY

Our e brant haatd comes Lampilens wit

2102 1 memory chups (S00n41 and sockets

AN xddpess conteol and daty out lines fulty

Bl tered

THE SAME 8K BOARD OF FERED TO THE

SCUS GHOUP PURCHASE  NOW OFFERED

TO YOU AT THE SAME LOW LOW PRICE!

$198.00 COMPLETE

1y0u donr DILOZAPC Please add $9 46

EIGHT LEVEL PRIORITY INTERRUPT

Wt
ew CATALOS ne

£ YOUR N

oD

SIWVD AL OO'6ZI$ dadavod 1dO V080

TRANSISTORS

PN DESCRIPTION PrG. JUNITPRICE | 10| 100 | tooo
2N18 PN Hian Frequency 018 2 a7 e |8
2N930 PN Low Lovel Low Novsn 1018 2 m | | s
wNz2zA 7087 8 166 | gs | 135
N2219A 105 2 ar | e | s
2N2369A 10982 23 aes | 155 | 935
22905 row | 05 2 2o [ |y
2N2907A 018 2 75| res | s
2N3302 1002 19 a5 e |
2N3a14 1002 20 a9 | s | e
2N3563 1082 2 des| e | iz
2N3565 1002 2 651 38 | 12
10 106 2 165 4 | 3
283640 1092 2 aesf e | 3
3646 1092 2 aes| o | 93
2N3904 082 23 55 e | a3
2N3906 NP fim 59 GP Amp 00 2 15 [ |13
2N4092 Neh Fer Vp 20 BVAD 018 a8 a3 | a1 ) a0
NAD9I Neh Fet Vin 20BVS0 1018 45 | a3 | a2
2nv123 NPN S g GP Amis 1092 2 a5 | |3
2N4125 PNPSm Sig GP A 1002 2 a5 s |
2N4400 HEN GP Swisch 1052 23 155 | 145 135
MPSAI3 | PN Gartaton te s000H w08 EY 27| W | s
2N3056 PN Pomer 15115 Wt 3 95 % | 78
MI2055 P {Fen eaus 1o WIEXSS] | 10 220 95 % | w | 7
WIS Core Drover 105 55 50|35 |
FPOI725CN | Qs Core Dwer o 250 195 {175 |140
BRIDGES * 199 | woses | 0998
wozM %A v 2 “ W
WOosM 7 sov n 4 e
WO A 600V w2 ur “
WoBM A 800V w P o
wioM A ooy oy @
kepczs02| e oov 250 e
KBPC2504 | 758 acov 260 153
KBPCZ606| 258 aanv 275 | e
$1.00 Minimun er Ting e
CRYSTALS
v v
e e
Heame: "
OO %
) 06
o v
ncie as
o Pt
e It
" e
" I
e .o
Wc1g a5
s Pry
W e
Era i %
SPECIALISTS IN NEW TECHNOLOGY
LINEAR CIRCUITS
& FUNCYION GENERATOR KIT &
The Function Generator Kt features sne. triangle and siare wave
THD 0 5% typ . AMIFM canaility
¥ rctuges o1 ontat 1, B: bunit, and
K - g 1895

* TIMING CIRCUITS %

X COMMUNICATION CIRCUITS %

XR2263 Servo conlvoller tor remute conteal apnlicarions

Manaln., Temes 90 XAMAEB  Oual ASZI7 Do 145
" 175 XRMED  Quel S22 Reseioer 145
 Crew 295 XA220B  tou Quadrant Moseir 475
XR2240CP  Frug ammabie Tanet 620
XRIZOP e 140
% PHASE LOCKED LOGPS # W STERED DECODERS *
XRz211CP i Tune Decosr 595 XRIZN0P 40t htrrvo Gamaturstr 300
XRBEICP  fune Gecatnr 180 XAI3I0EP  iMutmroBemutis 400
XR25567CP  Tunwe Drscadn LB XRIBOD  wsven Bemuasulates T00
J FUNCTION GENERATORS %
XR22 Mononi e atar 525
KRIIDICH  Conent Eonronmt O 75
K OPERATIONAL AMPLIFIERS %
XR742CP  Zeto Covnumg AT Troggm 2.00
XRAGEECP  Dust Hi Gan O Ay, 1.20
ARAIIBCP  Qund O Ame 176
XRAZ07CP  Fiagammmatie Dhm On Amws azs
JUST OUT
$6.95

POWER SUPPLY: SPECIAL OFFER

+5 Volts 1.5A Reguiated
+12 Volts 1.0A Unregulated

Special buy on OEM Tyue Power Supply

Comes complete with 7.54 117V
Al Mounted in Chassis.

Specidication Available Uonn Request

Power Transformer

Only $14.95

%2 etches. Biach i e
RN Spacat Ot
\:\L‘ L
RN

Buy uw at

You 4 (rev calcutator
type heyboard

.
RIBHON CALLE MISCELLANY @ ™
8 Comha ur e ELCOVARIPAK 2H 1 ¥
1o e sy T 2 Slat eadholdar
B B 2
B N
e ~— UL, 35VBUZZER 595
188" 531,00 —
195 ston
185" D (veliow 43100 KEYBOARD
<
(A, B key aray, terminal keyboans, \
R vhoa
X2 mencored wth i qusiny AN

$19.95 4nd we will e

KEYBOARD '~ ju
FOR TELEPHONE ot
Use with MK508S N intearate tone
dialne & 357 He crys,

Ceystal available for $4.95

Only $9.95

ith

Cine
MMS314 24 Pin 6 Dign 350
MMS316 /F1817 40 Pus Atam Letour .50
MMS275 Cloc s 350

oW
A19 koy Nurmbor Knybosrd compatiie
Sam

menulictum mnd cebgn. Kovs 1or 0109
a0d 110,300, FOX/HDX, miaws Auto LF.

ONLY $11.95 FIRST TIME OFF LHED
tidentical to our 63 Key s pictured
excopt 19 hoys |

T

out 63 Key Kayboard.

Lac, Alt Char set s0d Char se1 fock

IC SOCKETS

*

0 mn B3 NOTE

@Pn 31

VARIABLE RESISTORS
Centralab RRA NAYSDEOIA {HME 50K
RIi4 NAYSDSOIA {53C3 50K S

5195
$1.95

X RESISTORS

Carbion Resistors 174 Watl * 55,

1 Standand Hesistarice Vales
Aabtries 01 5 pos per valve minumun:

iy texchvatve)  Price
570 05 wach
2550 045 ach
55100 04 0xh
105 500 03 exch
505 un 025 each

CORCOM EMI FI LTER
@ CORCOM 28424 Only
115/230V 50 4U0Mz Test movuc
® CORNELL DuBILIER Nans
2x4A 250 VA only
@ o switcy
85PST Sge Swaches n O $225

Centralal PA 2001

ROTARY SWITCH
s195
e CHK VDS

B-v handle
Loggle awiich
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‘“Clever buyers request our free fliyer”

All items below are while they last
and subject to prior sale.

SUBMIKI PC MOUNT SLIDE SWITCH
Center off SPDT. Only 5/8'" by
£ with pins on 1/8" centers.
A VERY GOOD BUY......... 10/%2

—
| o pezm g
Uy

THE REAL THING FROM MONSANTO:

/ N

MAN-10A seven segment readout I\,’\\, / TERMS :
with bar, not dot, LEDs. Lim- LN $10.
it 8 to a customer. Digit ~

f—
is .27 high......... 95¢ each k\\\;\\>

The following are house or military numbered
ICs, and include pinout/data~--

988 ONE SHOT similar to 74121............. &/51
SN14058 DUAL 4 INPUT AND GATE with open collec-

r_

0000000000000,
©0000000000g

o

tor or totem 20le OULPUL...vvveeireeen.an.. /% |
Ch347 TRIPLE 3 INPUT NOR GATE.............. 6/%1 1
7472 FLIP FLOP house numbered.............. 5/51 |
INTEL 3101-4 BIPOLAR 4 X 16 RAM super fast, same ]
pinout as 745189.. . ... .. ..t $1.50 each |
SILICON SIGNAL/SWITCHING DIODES........... \ |
I

VECTOR! !

o\‘\‘\ i

( This is one of the neatest Altair |

\ accessories we've seen. |t accepts |

virtually any size IC package, has a

power and ground plane on opposite
sides of the board for extra capacitance.
Room for 4 regutators, 1 heat sink provid-
ed with board. By the way, the sockets
are shown only for illustration, but they
get the point across that you can stuff a
lot of ICs on here--- implement your own

HOOD

memory boards, 1/0 boards, etc.
) UL

25 PIN RS5-232
CONNECTORS

Submini D type

Male plug comes with
plastic hood....$3.95
Order part #DB25P

Female jack..... $3.95
Order part #DB25S

A

UNIVERSAL PROTOTYPE
BOARD » » » §19.95

N

Now you have a choicce--specify wire
wrap pins (illustrated) or solder-
tail with .250" row spac-
ing. For IMSAI and
Altair peripherals.
Wire wrap part #
$-100WW, Solder-

I tail part # S-1008T.
t‘s-mosr is ideal for

$§ EUCH-

the IMSAI motherboard.

onoRom”  $179.95

ALTAIR 8800/IMSAI PLUG-IN COMPATIBLE. This is a 4K
by 8 EROM board...the ideal place for putting soft-
ware, be it assembler, editor, or any custom setC of
routines. Additionally, this board may expand to
8K x 8 by simply adding more sockets and EROMs; also
available is a 2K x 8 version if you don't need a

full 4K. LOW POWER: 8K board requires %A @ 5V, &
150 ma @ -12V. Buffered addresses for lightest
loading, buffered outputs for maximum drive. Kit
includes sockets, double - sided quality PC board,

on board regulators, logic print, and instructioms.
Program it yourself, or have us do the programing.

8K X8 BOARD $269,95 2K X8 BOARD $135,00

8080 Software Board $189.95

We took our ECONOROM board kit, but instead of including
blank EROMs, these are programmed with assembler, editor, &
monitor routines for the 8080. This is a valuable first step
if you're trying to get away from machine language programing.
There's not really enough room here to fully describe all the
functions of the software...but if you send us $2.95 (refund-

able with order}, we'll send you our software packet that in-
‘ cludes instructions listing, schematic, and assembly data.

(@0,
RIINE
EOGE}

CONNECTOR !
$22 FOR 5

CAVE)

9rarx

NEW! Enclosures from YECTO

Deluxe cases that look beautiful---no screws or
fasteners mar the good looks from the outside.
Interior slots hold card guides, connectors,
(not included with cnclosure).
All cnelosures available in either
dark blue or black with white

front panel.
following---

etc.

17.1"D.

17.1" D.

21.6" D,

computer.

All units shipped unassembled; please include cnough

#iVP5-17-17U:

BILL GODBOUT ELECTRONICS
BOX 2355, OAKLAND AIRPORT, CA 94614

Add 50¢ handling to orders under
Cal res add tax.
BankAmericard® or Mastercharge® orders
call (415) 562-0636, 24 hours. '

ubmini “D” |
onnectors!!

No COD;

5.51"il, 17.58" W,

#VP7-17-17U: 7.26™11, 17.58" W,

#VP9-17-21U: 9.01'"H, 17.58'" W,
This is exactly the
same size as the IMSAT 8080 micro-

low power Schottky, microprocessors, PACE,

good old 8080,
kits, books, Vector products,
tals, sockets, discretes, power supplies,
sets...all at the right price.

When you receive our flyer, you have access to
: capacitors, resistors, linear ICs, TTL, CMOS,
the

to place

peripherals , memories, music
trimpots, crys-

chip

Send for it!

a treatment of the subject as we've seen to date.
All books postpaid in the USA;
available for only $25.00.

VOL 1
#200L.
VOL 2 This recent addition gives
tion on microprocessors --- equivalent to hundreds
pages of data sheets. Order book #3001......... $12

VOL 3

"An Introduction to Microcomputers"
Gives the basics of uP based systems

'We Now Distribute Knowledg

We are happy to carry the Adam Osborne & Associates se-
ries of books on microcomputers, as lucid and complete

set of all three booxs
Order book
..... $7.

up~to-date informa-

""8080 Programming for Logic Design" #4001 $7.

¢!

00

of
50

SOJ

R

We took everything we learned from selling 4K x 8 RAM boards for

the past year, added some of this year's circuit tricks, and

came up with ECONORAM ---a memory board that is even more re-

markable due to its low price. We've enginecred this with the

user in mind, giving you several benefits:

# 3 regulators to sharc power load, plus optimized thermal de-
sign, means a cooler running microcomputer

* Typical current consumption of under 750 ma gives your power
supply a break

* Fast --- Zero wait states

* A1l TTL support ICs are latest Low Power Schottky Lypes

fFor reliable and unambiguous data transfer, all addresses,

data lines, and outputs are buffered for minimum loading and

maximum outpul capability

*

* Power-on clear included
A1l these features are packed on to an Altair-sized, industrial
quality double-sided PC board, with sockets for all ICs, 7 tan-

talum capacitors for power supply decoupling, and plenty of by-
pass capacitors---39 of them, in fact, as well as a logic print
and instructions.

also available assembled $129.95

Our popular ECONORAM 4K x 8 RAM board is now available
assembled, tested, and warranteed for one year. Plug
it in to your Altair or IMSAI and enjoy the same per-
formance that has made the kit such a success---guar-
anteed zero wait states and current drain of 750 mA
or less; on board regulation,

Order

and lots more.

in kit form

599 .95

plus postage

easy address selection,

from the

$79.25

$84.00

$96.50

for postage (excess refunded).

5

R
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IC Price '
* SPECIAL PRICES * i
MEMORIES | 74152 .90 HIGH SPEED 4007 .16 I
Rams 74155 -20 74H00 20 :g?? -;’g*
74157 .60 .
2102 1-50% 74160 75 Zﬁ:gl :gg 4012 16 I
Proms 74161 75% 74H10 20 4013 .30 I
TTL 74163 T75% 74H40 .20 4016 .35% I
7400 2% 74185 -89 74H51 -20 33;3 '57,0
7402 14 74173 1.25 74H52 20 .90 I
7403 a4 74174 .75 74H74 40 :g';’; -?g*
2404 165 74175 75% 74H103 50 4024 '75 I
7407 20 [aaid 70 74H106 50 :
74180 .80 4025 .20k
7410 123% 74181 1.50 LOW POWER 4027 .40 i
7420 A2k SCHOTTKY 4028 .60
7427 25 74LS00 29 4030 35 i
74192 703 74L.S02 .29 4040 .85
7438 20% 74193 70k 74LS08 .29 4042 .60 I
7440 2% 74194 .85 74LS10 .29 4043 .75 I
7441 5.1 74198 1.25 741527 .30 4044 .70
: 9602 50 % 741L.S73 45 4049 .35%
7445 45 9300 75 74LS75 85 4050 35 1
7447 e 9312 .70 7415151 1.10 4066 .65 i
2450 12 74LS153  1.10 4068 -35
2451 a5 SCHOTTKY 74L8157  1.10 4069 16 I
7473 ‘59 74501 25 74LS161 1.50 4071 16
7474 23 74502 25 7415163 1.50 4073 16 I
: 74537 40 74LS164 1.50 :g:g -;g
74S38 ) 74LS174 1.10 % .
7480 40 74585 2_83 74LS175  1.50 4528 75 |
7493 50 745113 80 74LS193 1.50 4585 .85 I
7495 49 745139 1.50 74LS221 1.50 % LINEARS
74107 29 745140 50 74L.S251 1.50 NE536T 2.75 I
74109 30 745153 2.50 74L5253 1.50 NES555V 43
74116 50 745172 4.50 74L5257 1.50 NE556A 90 I
74123 45 5 745174 2.05 74LS258  1.50 1456V 75
74141 80 74S175 2.05:% CMOS 1458V .52 I
74145 75 745181 4.50 4001 163 566V 1.25
74150 _60 sk 743197 2.20 4002 .16 567V 1.35 I
74151 60 745257 1.50 4006 90 540L 2.00
Order Minimum $10.00. Add $1.00 shipping and handling charge per order. California residents add 6°c sales I
tax. All orders shipped First Class within 24 hours. I
Order the famous lasis 6 volume Programmed Learning Course ‘‘Microcomputer Design is a Snap" for I
$99.50 and receive a special $10.00 credit on any group of IC’s.
Satisfaction 100% guaranteed. C.0.D. Orders: Phone (day or night) 408/354-1448 :

Sunnyvale, CA 94087

For more information circle 102.

Free monthly catalog—Just send us your name and address
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WIRE WRAP CENTER

R ]
EAairRcHILD TECHNOLOGY KITS EFAIRCHILD
] S

A5 09
MM5 a1
MMH312
MMUH

K CHIP
o Heset PIN
BED Qutpat 12 ar 23 Howe
4 Dt HCD Qutputs 1 PPS Outpit
B Digit 12 a1 24 Hour 50 or B He
(' s Awrm 1 2ES Oulput
Canek Crige Foe o W IR 2N
Caonga Ausm 120

G Lt 60U Outp
£ Dt

& Dugt

7400  Pin o & Destrisnion of 5
CMOS Piri out & Descnption of 4000 Series 105
Linear Pin out & Functional Descrialion

DATA HANDBOOKS
54007400 {CS $2. 95
$2.9

52.95
LL THREE HANDBOOKS $6.95

1021-A HOWARD AVE.. SAN CARLOS. CA. 94070
PHONE ORDERS WELCOME — (415) 592-8097
All Advertised Prices Good Thru February

. . — CORDLESS
SNTAUON 1 7
SNT40IN 16 SH7460N w;nsaﬁrx] l 309 . HOBBY-WRAP TOOL-BW-630
SN7402N 2 SH7ATON §17415 HHCHNOLOG T R
SHT40IR i Stz4in S % w11 e Complete Specifications on back of each kit « Battery Operated (Size C)
SH7A04M 18 SHIATIN SH741BTN ighs ONLY 11 Ounces
SNTAOSN 2 SN74TIN SN74IBON 125 #* ' f * Packaged for WALL DISPLAY APPEARANCE . afais 10 AWG Wire onto
SN7406N 2 SNTATN SN74T6IN 99 L ) . tod — Prica Li Habl .
sursgm 29 SNTTeN SNTAEIN 99 L o Dealer's Inquires Invited — Price List Available Standand DIP Sockets 1025 1nch)
vt B S e I $3495 o Complete with buit-in bt ang sieeve
SNTA1ON 8 SNTA82M SNAIGEN 195 § AGRTIL O GHTS PHOTO ARRAYS \oattenes not ncluded)
SNTATIN 3 SN7483N 5"7“57"‘ 550 (1K000Y 05 High Commen Cathode Dupt S100 | FIXO0M0 " &u-mum Tape Reader Artay DX
swrsn 3 Swagsw 210 e o it Toh | 1Thoo 2t Land Readts Artay WIRE-WRAP KIT — WK-2 W
SN7a1N 4 SHTigEH 835 [1K0004 497 Hagn Comemnn C ilhods Dat R mm-um Opto Cougler WRAP o STRIP « UNWRAP ®
SHraLa o ’L‘.;",Z‘;’r', ‘l ;g FIRG004 (18 Hgh Coinnion Cathiode Dt an P Tool for 30 AWG Wire
SHT41ON i SH74 11K0005 0 6 bhgh Common Anade Digi ERU - N e Tool for )
SN7417N 3 SN7190N 99 FIKOOSH 3 Generd Puipone Opta Couplers 100 W Rl of 50 ft. White 30 AWG Wire
72N 21 SN7A9IN SNZAON 90 . FTKOOST  Datington Onto Couples 100 :
4 SNT4921 TTh 40 0.6 HIGH DISFLAY ARRAYS 50 pes. each 17, 27, 3" & 4" lengths —
st " 2”‘:3;% ;;:’”:H’EN‘ s FERODI0 17 Magr 37 Dt Cluek Disgliy i T, o 50p S
SuTAm 49 ! A 3 3 o Ly 8oL 3 - ite wir
Vo Shhasi SHTABIN G2 a9 [N A4 o Bt Gk D ITKO300 Dt Dok Calenar Cuctal 00 "’1'915 rg'pge white wire
2 SN7495 § 95 LED LAMPS HECA001) $
2 iy 9% 1150620 10 Re LEO L von | FIRO0T Dl Cck C. i 00 =
¢ araen tso0 J rveen e o i 8 I A O 500 - WIRE WRAP TOOL WSU-30
o e - FERO22 30 LED Mounting Chip- 0 3 et Deiwe gt i 5
: gt o | S s 1 D WRAP + STRIP o URWAA? -55.5
o sNHmN ;xm:?x :;2 o Tou | FTREMON On ':/;ly\‘lwlll(ilY(:;1‘(1‘)‘%‘1{‘[‘%}:1\‘;33’ ¥ 00 WIRE WRAP WIRE 30 AWG
%o st sy g (D D L o e i o O dore 25t min.$1.25 0% $1.95 100f1.52.85 1000%. $15.00
& B 23N SHIA193N 89 STROG32 4 Lot Lens Pooty Qrhinglons IRt SPECIFY COLOR — White - Yeliow - Red - Green - Blue - Black
¥ SHTAIGAN 125 FIKOO33  § Hount Lea it Darlmgtorr, 1 K —_—
5 SN7AT95N 75 FTRO106  Artamutile Cinck Kit 40 00 THUMBWHEEL SWITCHES
" gm0 ooy | e SWITCHES
1 SNTA197H 5 w0 b s " ey QPR e st skt
™ SNIMOAN 1S W 1051 w2 LTI v .
81 SNZZ19IN 175 G20y S laen 1o RURE Lo
e SNTAMEN SN7AR00N 559 A2 tiwen 5 ; i ST 0ROy 70
M NI NTAPTON 90 W@ g 491 DISCRETE LEDS am vow 2: EE T00 S Fo townr v
% SH741460 SNTAZSIN 179 : e SERIESSE front Mo Anemsly SERIES SR Anas Mount Asambty
2 SNTATE0N SH7A284N 1100 200" dia 185" dia 200" dia 085" dia
& SNTTIN SHI42B5N b 00 Riny s Ren st R H)‘ 1 Mvs0 4
20 SHZHEIN SNEIETN 15 Gunen 451 e 451 fiteenn 108 dn Mo
MANY OTHERS AVAILABLE ON REQUEST Yellnw 481 Yellow 481 Yellow ]‘ “ H‘(i‘lkn
20 Discount fo- 100 Cambined 7400°'s Urange fl g 4 5: ;n e ,s‘ 5
nr (A3 i3 il .
i e 5
N ACCESSORIES. ACCESSUMIES,
e ow G EAT o R i L
. L onw SO0 ot bra o M
B DISPLAY LEDS @« [ UF JEm 3y W
) ; i ety o .
" " SEHR e ety W
ot v TYPE POLARITY 1 TYPE POLARITY KT
! pos AN e A REVERRETS BAATE i LIt e e w1
”’“’” 232‘\?},[, ! T MAR Y n e Dot Mt o AR a1 Camee Gathure nnime o1 DIP SW|TCH
enan DA u BAN o i Ut i MAR 21 Caeat dnde bed aon v ay The v atre i e oD e
fpan LA 5 T A [P JORT) Comunn Ancd-rort - TR I T :
Lt S ;. o e ot o Lt W ' ’ :
i ' Sl 3 e . e £
‘r‘[)l;:]“w o E'gu‘)m: " ;:r\;i M L Aot o P b “‘m{.’mr’ ‘l;v’: - §1.95
" P ALY Lo A gy : ) ottt A
L A SRt e A meo o Foet i1 At W %EII;IERS — DIODES ; HECT|F|ERS
' ! S . i . C s TPE oS W
N s o . N B IR 6 100mm : 1 uu cco m- ' n'.h‘ Rt}
b ‘m“ " a2 T w e it o Gt e e M54 s 100m 100 B0 PR AP M0
o Dbk 550 Cavwtran At geting, Wy At o Lttt w100 INS? BE a00m 4100 NSO, 100D PV EANME 101 00
\ . B ; 5. 200 itk n P
L s i i M lUl 150 — LOW PROFILE (TIN) SOCKETS 1h959 ¢ 400m ERNCER L] 1thn RN
i u i o MCL0IE 56 1c SOLIJ]EVRIAIL L J . " ool TEE 15 doom 100 0 2 o
1 PR R R o BERY ol 520 . 9 N
TR0 () IMI3ION 2.9 \ o ) [ ' o ” ! G222 56 50om 8 I I 2
X ! 2 2 g1 v ' [ ; ! " N3 62 500m 2N tw it
Lt B LIN R lM'J"N | e i i 1 W jun 5 4 1 8 s00m NG tn .
L Cn I EA ' ";’ it 1 Bl v s ) oy Soom S5 oaniee Ve
LIS o e s . W 0 " o W i T ,,
Lt wh T (MO 115 (MIGON 95 iy : o T 22 am i " v
s ; tISSEY 185 s ! " SOLDERTAIL STANDARD (TIN) 15 T ! N o
s IM2IN L9 NS 4 < W % 0 INUSA 1BD  f0m 6100 NS SDEW tuo
+ oo Lay0n 2L e st - e o I AN SO AP 12000 IS 100 v e
T PIAI0B5N 69 ™ . " tAEE v a [y [ IN0? w’on I)l\r 1 -\Ml: l 100 |5::::¢5 vvgg V; L
o oM BLWOS el RERE R
e 0 WM iBn LMI0SN 6D 1005 4 > ! E .
TN N s SOLDERTAIL STANDARD (GOLD)
LM B a0 NEBI0A IMSSEN ) BS Ban s » s 63 [ SCR AND FW BRIDGE HECTlFlEHS
0 B 41K MCSbSBV 100 2 m “ . o = [ G o m 15 @ 400V o1 s
e TSN W [ i y [ i 130 1o o sw K
1 m U753 128 14 . 1 g i 129 1 ':5:,.(‘:,-‘,';’(01:\/ SCR w
\ 44
o s 3o wms WRAP SOCKETS (GOLD) LEVEL #3 P RO RC 105
e I < tn o Vo ST o MDA 9803 14 @ P00y AW BRIDGE REC Tay
- ¥ o - o I
L o e : i " o TRANSISTORS -
LMB0T 52 1 39 18 jut e " R < ' 2§ 00 Ve s
Lt 1 Il S pgs s
o2 B PUSH BUTTON SWITCH MINATURE TOGGLE SWITCH R ;
0T 15 1T : . s
LA 181 RCA LINEAR PB-123 $175 i '
EVAVEARI BRI Maintained Action Switch JMT-221 OPDT on/off/on  $1.95 i
2 ) Ay i PB-126 $175 =4 JMT-223 DPDT onfnone/on $1.75 'é,’ w
A CA3039 135 172 ‘off/ A
N Gaoe 1 Momentary Action Switch JMT-121 - SPDT - on‘off/on — §1.50 S
1 9 128 SPDT JMT-123  SPCT onnoneon Si25 '2';’
' ; S
19y 325 S
1 M7 85 n
14 "IN 200 NEW LED MOUNTING SYSTEM - 1 el
- ~ 1o be used s
10 200 M 10 sx ua
Yo ansien 160 CLIPLITE with xc556 LEDS — SPECIFY COLORS — 4/%$1.00
7 s s RED GREEN — AMBER — YELLOW CAPACITOR 5o vour cename CORNER
I urany A9 375 0 VoLT CERAMIC
v AR 1 19 10-49 50 100 A 1049 50 100
B @i 1% | 50 PCS. RESISTOR ASSORTMENTS $1.75  PER ASST. TR ST
IMA0T-18 175 k CA3140 125 WOOMM UMM O T ONR  ne 20 o e . b
R GAI600 75 A7pt [ I R T 05 04 o
L 20t m::gm nrcl‘ﬁyg‘ ! - ASST. 1 Se DMK 100NN W0OHAL 2T OHK S DM 174 WATT 5% 50 PCS 100 pt 05 04 03 o2opF 6 05 04
i 4104 5 6 i
i v @ RG9S 325 R et w0 "" P gg bl b gg 035
SN, ASST.Z  sea oL e 14 WATT % S0 PO o % 160 Y0LT MYLAN FILM CAPACITORS "
R e N . \ 3 N . N .
S 741500 11U oot s s s , o v el oo
o " TaLh 18 ASST. 3 Sea 10k 1k T SN K 1/4 WATT 5% 50 P8 0022 1210 07 0sml 21 vl
4 I o S <k E rE e 0047mt 12 10 o 1t 27 a3 "
K . o . . . 5. 50 PCS ot 2 1 o7 2m B2
" ' ASST. 4 Sea o " 174 WA +20% DIPPED TANTALUMS (SOLID) CAPACITORS
K S o Vi i 1135 28 23 17 153V 30 2% N
o ASST.5 Bra sk i ok 120 174 WATT 5% 50 PCS i@V 28 21 17 228y 31 2 %
v fin T b ik 23 28 W7 332V 3t :; »
“ Yy e e ; o o 3BV 28 2 17 47V 32 2 23
‘ ASST. 6 Sea It ! ; 118 WATT 5% SOPCS T 28 23 1 683 B M
; [ e GBIV 28 23 17 1025V 00 % M
" ASST. 7 5ea ' m (R 1/4 WATT 5%  50PCS. 1 0i35V 28 23 Vo152V 3 50 an
" MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS
: ’“Lff?',” ! ASST. 8R Includes Resistor Assortments 1-7 (350 PCS.) $10.95 ea. T madarLead
. e i i $5.00 Minimum Order — U.S. Funds Only Spec Sheets - 25¢ — Send 24¢ Stamp for 1977 Catalog YOSV 16 14 11 18 14 1"
R ’“t”: fg , 3’9’ ;LL?”;'; California Residents — Add 6% Sales Tax Dealer Discounl Avallable — Request Pricing 3350V 15 1310 1’13
w AL ral y

220 25V 32 28 25 19 15 Ak}
220/50v 45 a1 38 24 20 18
35 30 28

220 16V 23 17 16

20006 0 62 $5 02 31 28 26
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S.D. SALES CO.

P.O. BOX 28810 -B
DALLAS, TEXAS 75228

Z—80 CPU CARD KIT
FOR IMSAI/ALTAIR

From the same people who brought you the $89.95 4K RAM kit. We were not the flrst to
introduce an IMSA|/ALTAIR compatible Z—80 card, but we do feel that ours has the best
design and quallty at the towest price.

'?he advqancedy features of the Z—80 such as an expanded set of 158 instructions, 808 0A

software compatlbility, and operation from a single 5V DC supply, are all well known, What
makes our card different Is the extra care we took In the hardware design. The CPU card will

$149”

always stop on an M1 state. We also generate TRUE SYNC on card, to Insure that the rest of
your system functions properly. Dynamic memory refresh and NMJ are brought out for your
use. Believe it or not, not all of our competitors have gone to the extra trouble of doing this.

As always, this kit includes all parts, all sockets, and complete instructlons for ease of assem-
bly. Because of our past experience with our 4K kit we suggest that you order early. All orders

will be shipped on a strict first come basis. Dealers inquiries welcome on this Item.

Kit shipped with 2 MHZ crystals for existing 500NS memory. Easily modified for faster RAM chips when the prices

come down.

Z—80 Manual — $7.50 Separately.

Kit includes Zilog Manual and all parts.

JUMBO
LED $16.95
CLOCK KIT

You requested it! Qur first DC operated clock Kkit.
Professionally engineered from scratch to be a DC
operated clock. Not a makeshift kluge as sold by others.
Features: Bowmar 4 digit .5 inch LED array, Mostek
50252 super clock chip, on board precision time base,
12 or 24 hour real time format, perfect for cars, boats,
vans, etc. Kit contains PC Board and all other parts
needed (except case). 50,000 satisfied clock kit cus-
tomers cannot be wrong!
FOR ALARM OPTION ADD $1.50
FOR XFMR FOR AC OPERATION ADD $1.50

STICK IT!
in your clock
in your DVM, etc.!

$3.954

4 JUMBO .50
DIGITS ON
ONE STICK!
(with colons and
AM/PM Indicator) BUY 3 for $10.

BOWMAR 4 DIGIT LED READOUT ARRAY

The Bowmar Opto-Stick. The best readout bargain we have ever
offered. Has four common cathode jumbo digits with all seg-
ments and cathodes brought out. Increased versatility since any
of the digits may be used independently to fit your applications.
Perfect for any clock chip, especially direct drive units like
50380 or 7010. Also use in freq. counters, DVM's, etc. For 12
or 24 hour format,

Huge Special Purchase
Not Factory Seconds
As sold by others!

60 HZ CRYSTAL TIME BASE FOR DIGITAL CLOCKS
S.D. SALES EXCLUSIVE!

KIT FEATURES:
. B0HZ output with accuracy comparable to a digital watch.
. Directly interfaces with all MOS Clock Chips.

. Super low power consumption. (1.5 ma typ.) $5-95 or
. Uses latest MOS 17 stage divider IC,

UP YOUR COMPUTER!
21L02—-1 1K LOW POWER 500 NS STATIC RAM
TIME IS OF THE ESSENCE!
And so is power. Not only are our RAM’S faster than a speeding
bullet but they are now very low power. We are pleased to offer
prime new 21L02—1 low power and super fast RAM’s. Allows
you to STRETCH your power supply farther and at the same

. Perfect for cars, boats, campers, or even for portable clocks
at ham field days.
Small Size, can be used in existing enclosures.

T INCLUDES CRYSTAL, DIVIDER IC, PC BOARD
PLUS ALL OTHER NECESSARY PARTS & SPECS

A
B
C
D
E. Eliminates forever the problem of AC line glitches.
F
G
K

50HZ CRYSTAL TIME BASE KIT — $6.95

time keep the wait light off. 8 for $12.95
S.D. SALES EXCLUSIVE!

$1295 MOS 6 DIGIT UP-DOWN COUNTER $1295
40 PIN DIP. Everything you ever wanted in a counter chip.
Features: Direct LED segment drive, single power supply (12
VDC TYP.), six decades up/down, pre-lcadable counter, sep-
arate pre-loadable compare register with compare output,
BCD AND seven segment outputs, internal scan oscillator,
CMOS compatible, leading zero blanking, 1MHZ. count input
frequency. Very limited gty. WITH DATA SHEET

All the features of our 60HZ kit but has 50HZ output. For use
with clock chips like the 50252 that require 50HZ to give 24
hour time format,

THIS MONTH'S SPECIALS!
300.00 KHZ CRYSTAL — $1.50

WESTERN DIGITAL UART
No. TR16028. 40 pin DIP
This is a very powerful and
popular part,
NEW-—$6.95 with data
LIMITED QUANTITY

8080A — CPU CHIP by AMD — $19.95
825129 — 256 x 4 PROM — $2.50
N.S. 8865 OCTAL DARLINGTON DRIVERS
3 for $1.00
2-80 — CPU by ZILOG — $69.95

SPECIAL
TVIDAdS

RESISTOR
ASSORTMENT

fic leads, A good mix

% W 5% and 10%
of values, 200/%2.

SLIDE SWITCH
ASSORTMENT

Our best seller. Includes
minijature and standard
sizes, single and multl-
positlon units, All new,
first quality, name
brand. Try one package
and you’ll reorder

more. SPECIAL 12/$1.

&

MM5204 — 4K EPROM — $7.95
Prices in effect this month ONLY'!

4K LOW POWER RAM BOARD KIT
THE WHOLE WORKS — $89.95
Imsai and Altair 8080 plug in compatible. Uses low power
static 21L02—1 500ns. RAM'’s, which are included. Fully buffer-
ed, drastically reduced power consumption, on board regulated,

all sockets and parts included. Premium quality plated thru
PC Board.

FAIRCHILD BIG LED
READOUTS

A big .50 inch easy to read
character. Now available in
either common anode or
common cathode. Take your
pick. Super low current drain,
only 5MA per segment typ-
ical.

FND 510 Common Anode
FND 503 Common Cathode
PRICE SLASHED! 59c each

MOTOROLA POWER

DARLINGTON

Back in Stock!
Like MJ3001. NPN 80V. 10A,
HFE 6000 TYP. TO-3 case.
We include a free 723C volt
reg. with schematic for power
supply. SPECIAL—%$1.99

7400—19c 7411—29c 7451—19c 7490—65¢ 74153—75¢
74LS00—49¢ 7413—50¢c 7453—19c¢ 741.590—95¢ 74154-1.00
7402—19c 7416—69¢c 7473-—39c¢ 7492—75c 74157—75¢c
74L502—49¢c 7420—19c 7474—35¢c 7493—69c¢ 74161—95c
7404—19c 7430—19c 74LS574-59c 7495—75¢c 74164-1.10
74L04—29c 7432—34c 7475—69c 7496—89c 74165-1.10
74504—A44c 7437—39c 7476—35¢ 74121-38c  74174—95c
74LS04-49¢c 7438—39c 7480—49c 74123-65¢c 4181-2.50
7406—29c 7440—19c 7483—95c 74132-1.70 74191-1.25
7408—19c¢ 7447—85c 7485—95¢c 745138-1.95 74192-1.25
7410—19¢c 7448—85c 7486—45c 74141-75¢  74193-1.00
TTL INTEGRATED CIRCUITS 74195—69c

TERMS:
Money Back Guarantee. No
COD. Texas Residents add 5%
tax. Add 5% of order for
postage and handling. Orders
under $10. add 75c. Foreign
orders: US Funds ONLY!

CALL YOUR BANK
AMERICARD OR MASTER

CHARGE ORDER IN ON
OUR CONTINENTAL
UNITED STATES TOLL
FREE WATTS:

1—-800—527-3460

Texas Residents Call Coltect

214/271-0022

S.D. SALES CO.
P.O. BOX 28810 B
Dallas, Texas 75228

For orders over $15, 00

Choose $1,00 FREE mdse.
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F8 EVALUATION BOARD KIT WITH EXPANSION CAPABILITIES

A fantastic bargain for only with the following features:

* 20 ma of RS 232 interface $9900 * Built in clock generator

* 64K addressing range * 64 Byte register

* Program control timers ¢ Built-in priority interrupts
* 1K off on board static memory * Documentation

GENERAL PURPOSE COMPUTER POWER SUPPLY KIT

This power suppy kit features a high frequency torroid transformer

with switching transistors in order to save space and weight. 00
115V 60 cycle primary. The outputs with local regulators are + 5V $79

at 10A, —5V at 1A, £ 12V at 1A.

UNIVERSAL 4K x 8 MEMORY BOARD KIT

This memoryboard kit can be used with most microcomputers.

50 Some of the outstanding features are:
$74 32-2102-1 static RAM’s, 16 address lines, 8 data lines in, 8 data

lines out, all buffered. On board decoding for any 4 of 64 pages.

4K F8 Basic $25.00

2522 STATIC SHIFT REG . . . . . $2.75 PRINTED CIRCUIT BOARD TANTULUM CAPACITORS Full Wave Bridges
INTEL 8780 CPU . . . §74.50 4 12°x6 172" SINGLE SIDED EPOXY : A TUF 36\ ¢ PRY 0 A 25A
2518 HEX 32 BIT SR $5.00 BOARD 1 16" thick . unetchodd G AUF 35V 3 200 95 125 2.00
2102 1 1024 BT RAM .. $1.80 350w 5/$2.90 ton o 29UF 35V S 400 5 150 3.00
$10.50 VECTOR BOARD 1" SPACING s e 8 600 135 175 a.00
5207 1, 10. a5 "OSHEFT L. . 3$1 25 S B P RO LU P i) AN T EN AR DAL R e
AR +4 6 i (RIS IR R SANKEN AUDIO POWER AMPS
12027 UV PROM Sl sags 7 WATT LD-65 LASER DIODE IR $895 — 1D0UF 15V & SU1010.G 1O WATTS .. coe 8750
! 2 : . $11020 G 20 WATTS L. ...81595
£204 4K PROM ... $189s M/001 ALARN CLOCK CHIP ? >
2N BBVOPIET . L S 1050 G 50 WATTS. . . .. .. $27.95
ANIATURE RIOLTI TURN TRIV POTS >
100, 400, 2K, 10K, 100K, 200K g_rlvs')/'d;a:\% . g 5 NATIONAL MOS DEVICES e 110 Lc”\él A'%"E%XL'SLI:LSFEF
N 280 . 3% 2 1 505 SCANNING CHARY
ook T ER 000 TRIGGER DIODES. .. 4°51.00 MMUA0Z 1 7Y MMB057 2.0 REEREEES et > “P on00
LTI )1TTRY BOTS Simlar 10 Bowrns i MRATAOZ 1 7% MMS058  2./5 [Ny q
010 syl 3167H/B X1 174", 50, 100, 2NGO?8 PROG.UIT ... ... S 65 MM1400 MMBOGO SN a e TCD 201 100 x 100 CH/\RGE
{ 50K ohins MMG013 MMG061 COUPLED DEVICE . $135.00
.. ..3'94.00 M5OI MM5555 STRAND
VATEDSCR VERIPAX PC BOARD 7 MMB556 LINEAR CIRCUITS .
,0 18, 200V 1A, s 1.8 This boared 1s a4 116" simnale siclod papi epoxy MMES 10 LM30/ un Amp. . . LS
I ! board, 4"xG'" DRILLED and ETCHED MM":()HG LM 260 LM 300K 5V 1A REGULATOR .
TRANSISTOR SPECIALS whizh will hald up 16 21 smale 14 i 1C7, 2 . 723 40 + 40VV REGULATOR . .
INISED NPN S TO 66 or 8, 16, or LSI DIP IC's wiily busses for TTLic SERIES 301/748- 1 Per, Op, Amp. .. . . .
INITNPN & TOS power supply connector, .. . $400 2400 2642 4125 .40 20T 6.12.15, o 24V NEG REG .
DNAOUE NP S 102 X MV 5691 YELLOWGREEN 7403 Jaas - 70 126, a0 709C Op Arge
SNGOSG PN S TO Y Datgton § 1,70 BIFOLAR LED .. ... ... 7407 7446 70 74151 .70 7A1A 01 741C OF AMP,
INSO86 PP S T092 .. ... .. 4/$ 1.00 FP 100 PROTO THANS 9403 7447- 70 74153- 65 /10 COMPARATOR .. .. ..
DNASIBPNP TOG6 . .. ...S 60 RED, YELLOW, GREEN OR 7200 7448 70 74154 110 CA 3047 Hi Pat Op, Amp, .8
IN40A PNP GE TOS .. 5/$ 1.00 AMBER LARGF LEDs .. w.$ 20 7405 7450 20 74155- .70 3407 5, 6, 8, 12, 15, 18, 24V POS
7N19[() NPN S 10-3 RE S 1.50 14PINDIP SOCKETS ... .....S 2y 2406 7472- 53 74187, 70 REG. TO220° ..
PR S TO B C 35 100 16 PIN DIP SOCKETS .. . . S v 7409 7473 3 74181, 85 101 OPER. AMP, F-I PLRFORR.
_n,, 37 NP S) 10 66 "3 o MOLEX PINS 100781 00 408 7a74 - 3 74184 95 LM 308 Oper Amp., Low Power . .
INDDID NIN S TOI8 L. .518 1.00 1000/ 57,50 7009 7475- 49 74165 1.05 /47 DUAL 741 . .. e
HN2056 NPN S TO.3 : s 80 8 PIN MINI DIP SOCKETS . ... .5 2y 7410 2476— 35 74173- 1.40 056  DUAL TIMER . .
N3G04 MPN S¢ [€) 92 55 1.00 TOWAIT ZENERS 29,47 66,82, 12,15, 7a11 7480 - 35 74174 .95 J37 PRECISION OP AP,
DN390G PNP Si TO 92 . 5'6 1.00 18,22, 100, 150 01 200V . . . wu § 60 7412 7483~ .70 74175- .92 LM 3900 QUAD OP AMP
ING2OG NPN 55 10-220 ., 5 .50 IWATT ZENFRS 4 7, 5.6, 10, 12,15, 7413 7485- .88  14177- .79 LM324  QUAD 741 . . .
E PRSI TO220 .. .S 55 18 OR 72V s 08 7214 2486 - 30 74180 .70 560 PHASE LOCK LOOP
PP S T0 L 5/ 1.00 2416 7489 1.85  74181--2.10 561 PHASE LOCK LOOP
PNGS) £ NPN TO 92 St . .3/ 1.00 7417 2490 45 74190 1.20 582 FJ{:‘((/\TSI%I’QOUCEKNLOOP
7420 7491- 70 74191 1.20 5 S
CIMOS (DIODE CLAMPED) PRV 1A 3A  I7A  50A 1254 9425 2492- 50 14192 85 567 TONE DECODER . .
74002 22 4015 4035-1.10 100 06 .4 50 e 370 7426 7493— 45 74193 85 LM 1310N FM STEREQ DEMOD.
7acio 22 406 40 4042- .78 200 07 20 35 115 425 7427 7494— .70 74194— .85 8038 IC VOLTAGE CONT OSC.
4001 22 4017 1.05  4047-200 00 09 a6 50 1.40 GV;U 7430 7495- 70 74185- .75 LM 370 AGC SQUELCH AMP.
apoz T2 4018 1.00 4049 40 k R -2 - 20 7430 7496~ .7 74196- .88 556 - 2u4 - 2 HR.TIMER. . . . . .
4006 120 4019 .22 4050- .40 600 .11 .30 ;10 1.80 8.50 7437 74107 75324 1.75 553 OUAD TIMER . . .
4007 27 4022 95 4066 80 800 15 .35 90 230 10.50 7438 74121 3 75491 65 £CD 810 OPTO- ISOLATOH
4009 42 4027- .40 4071 22 . ) .75 7480 74123- G5 75492— .65 1458 DUAL OP AMP. . . ... ...
4010 42 4028- .88 4076 .70 K LM 380 2W AUDIO AMP. . . ..
4011 .32 4029 1.10 4081- .22 E S LM 377  2W Stereo Autho Amp. .
a012 22 4030 .22 4520 1.15 SILICON SOLAR CELL TINIATURE DIP SWITCHES LM 381 STEREO PREAMP.
4013 .40 2%" diameter 189064 ¢ PST sentohi LM 382 DUAL AUDIO PREAMP
G182 vur SPST switches LM311  Hi PER. COMPARATOR
D st 5.'.-5? READOUTS .4V at 500 ma. . . . $5.00 ea., 6/$27.50 o onn e sk 5175 EM IS Dot r Soou Comp O
Wpoan e ce T S0 CI$ 2068 Fght SPST switches m & 16 LM 339  QUAD COMPARATOR
MAN 7 37 C . L..5126 REGULATED MODULAR i DIP package 52,85
NS 33 A areay L. $1.35
oA ' T g280 . Vuf?l\l\{(l)EOFll‘SUPPLIES AY 51013 A30K wr.par |, par. ser., ume 1A 10A 25A
" TITBVAG INPUT . versal UART $6.9 100 40 .70 1.30 1.20
Send 25¢ for our catalog featunog 5VDC AT 1A 118VAC INPUT . | ALCU MINIATURE TOGGLE SWITCHES 200 .70 1.10
Transistors and Rectuhiens 12 VDG AT & ARP | L. MTA 106 SPDT . . 20 e
145 Hampshire St , Cambridge, Mass. INATAETRBTAT MTA 206 DPDT -, : 170

Terms: FOB Cambridge, Mass. SO LI D S ATE A LES | WE SHIP OVER 95%

Sand Check or Money Grder. OF OUR ORDERS THE
P.0. BOX 748 DAY WE RECEIVE THEM

Include Pos! Minimum
Order $5.00, COD’S $20.00 SOMERVILLE, MASS. 02143 TEL. (617) 547-4005
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TOUCH TONE GENERATOR BY
MOSTEK, MKS5086N produces the
dual-tone multi-frequency telephone
dialing signals os used in TT phones
Uses inexpensive

anc

2
\
ond auto patches.
v crystol, 1 resistor ond 1 capacitor.
Both tones are internally mixed and

buffered to o single output - simple!
Two odditional output switches con

(T N(wne
aEu
#RS i wWKY
)
control timers, tronsmitter, mute re-
ceiver, encble audio omp, efc. Uses

our Chomerics keyboord. Comes in 16 pin plastic DIP.
MES086N. ... . $8.95. .. Crystal for MK5086N. . ...
Specs for MK5086N 80c.

Kit of parts including etched ond drilled P.C. board and one
of our Chomerics keyboards. ... oooiien i $19.95

an

MC14412 UNIVERSAL MODEM CHIP

MC14412 contains a complete FSK modulator and de-mod-
ulator compatible with foreign nnd USA communications.
10-600 BPS)
FEATURES:

.On chip crystal oscillator

. Echo suppressor disoble tone generator

.Originate and answer modes

.Simplex, half-duplex, and fult duplex operation

.On chip sine wave

.Modem self test mode

.Selectable daota rates: 0-200

0-300

0-600
.Single supply
VDD=4.75 to 15VDC - FL suffix
VDD-4 75 to 6 VDC - VL sulfix
TWPICAL APPLICATIONS:
Stond clone - low speed modems
LBuilt - in low speed modems
.Remote terminals, accoustic couplers
MCI4412FL ...
MCT42VL, L.
6 pages of data......ovieiann

L5495

Crystal for the above,...

MC14411 BIT RATE GENERATOR.
Single chip for generating selectoble frequencies for equip-
ment in data communications such as TTY, printers, CRT s

or microprocessors. Generates 14 different standard bit
rates which ore multiplied under external control to  1X,
8X, 16X or 64X initial voive. Operates fram single -5
volt supply.  MCT441T . Lols oo e e $11.98
4 pages of data...... he eeeieisemesie eraeaans 40
Crystal tor the above......... e e coe $4.90

REMOTF CONTROL TRANSMITTER.

channel ultra-sonic remote zontral transmitter |.C.

MC144220 is o 22
CMOS
uses little power and only o few externol passive compon-
ents. Applicatians include TV receivers, security contrals,
toys, industrial contrals and locks. 16 pin DIP olastic pkg.
MC14422P, ... one with Specs. v iiaias S11.10

From my point of view-
10 volumes of Nationa!
Data hooks ot a special
library price of $29.80
ain‘t half bad. This
soves you $511, Foreign
orders, please add postage,
for 10 Ibs.{4.5KG)

NEAENRY

Sws

OOPS | |---We're going to have six more minutes

of winter in Glendale - but don't let those projects

get grounded and hog your time and money. Let

us help brighten your day with quality parts from
TRI-TEK

CMOS UART

IM6402CPL is o CMOS UART for interfocing CPUs to serial
dato chonnel.  Only 10mW power. Operates from 410 11V
and up to 200K 8AUD!! Comes in 40 pin DIP package..
Data word length of 5, 6, 7, or 8 bit with even or odd
parity, or pority check con be inhibited, Here's the woy
to speed up your terminal ond reduce the power require-
|M6402CPL  w/specs....511.55 Specs only, 60¢

ments.

INCANDESCENT LIGHT DELAY.
Small module designed to fit directly behind your wall
switch-plate. Turn switch off and "LITE-OFF" keeps
light ot half power for 15 seconds befare turning off,
allowing you to get from where you ore to where you
ain't with out breaking a feg. Up to J00W!!
LITE-OFF Model 100 w/instructions..ss..ovessess32.15
_

MIDGET PUSH BUTTON SWITCH (CHtizm

Flat shaped plastic body push button DPST-NO momentary
switch, 1/4" bushing mount. Body only 1./4"X1/2" X
3/4" long.  CPB-0201P..............3/51.00, 107$3.00

COSMAC T
The RCA CDP1802 COSMAC microprocessor is ¢ one-chip
CMOS B-bit register—oriented CPU. It is suitable for use
in o wide range »f stored-program computer systems of
either a special or general purpose nature.
The 1802 includes all of the circuits required for fetching,
interpreting and executing instructions stored in standord
types of memories. It has extensive 1/C control features to
facilitate system design.
€MOS structure and on-board clock oscillator minimize
the power supply size and package count.

.Static CMOS circuitry

PRECISION REFERENCE AMP

LHOO70-1H provides o precise 10.0 volts for use in BCD A
to D converters or meter calibrators. Typical initial accuracy
s .3% (% L03VY . Comes in TO-5 con,

LHOOZ70-1H. oot as with specs. ..o uou, SO
SUPER ACCURATE VERSION

LHO070-2H has »0.05% max error at 25 C. w/spec $10.35

35

SOLID STATE RELAV,
Teledyne P/M 601-10100Q is o heavy duty solid state

High noise immunity

_TTL compatibility

.Single phase clock or an-chip oscillator

.8 bit parallel organization with bidirectional busses
.Buitt-in progrom load

.DMA 1o 65 K Bytes

.91 instructions

CLIPLITE"

COMEINATION LENS AND
MOUNTING DEVICE FOR
T 1% LED

REQUIRES
NO TOOLS

SNAP CLIPLITE
P
=4

/ INSERT LED

AVAILABLE IN TRANSPARENT RED- GREEN - AMBER - CLEAR & YELLOW
CLIPLITE

Combination lens ond mounting device for T 1-3/4 LED.
The CLIPLITE combines the benefits of the present LED
display panel mounting methods ond eliminates their def-
iciencies.Requires no special tools and installs in & seconds
in .250" hole. Simple two~step installation. Just snap
CLIPLITE, insert LED. Available in transparent red, green,
amber, clear and yellow. Specify color , any mix.

5/51.00, 10/81.90, 20/53.50, 50/57.50, 100/$13.50

ralay module operating up to 10A at up to 250vDC.
All brand new modules!! Still in original foctnry pockage.
56,88

101000 e eei e .. Ceaeans

3 DFCADE (BCD. COUNTER CHIP
MCT4553BCP consists of 3 negative rdge hiiggered
synchronous counters, 3 quad latches ond self scon
multiptexed , TTL compatible outputs.

MC14553BCP
Spec sheets. oo i e

LM1889 TV VINDEO MODULATOR
The LMIBBY is designed to interface audio, color difference,
and luminance signals to the antenna terminals of o TV re-
It consists of o sound subcarrier oscitiator, chroma
subcarrier oscillator, quadrature chrama modulators, ond R.F.,
oscillators and modulators for two low-VHF channels.

The LMI88Y otlows video information from VTR's, games,
test equipment, or similor sources to be disptayn~d on bluck
and white or calor TV receivers.

LM1889 with 16 poges of deta $9.95,

ceiver,

data only, $1.00

DATA BOQOKS BY NATIONAL SEMICONDUCTOR
DIGITAL.  Covers TTL, DTL, Tri-State, etc. ..... $3.95

LINEAR, Covers amplifiers, pre-amps, op-omps, .. $3.95
LINEAR APPLICATIONS. Dozens of opplication notes and
technical briefs covering the use of op-omps, regulators,
phase locked loops and oudic amps..... Vol 1..... $3.25
CMQOS Gates, Flip Flops, registers, functional blocks $3
YOLTAGE REGULATORS. A most for anyone making o
power supply. Complete theory including transformers,
filtess, heat sinks, regulators, ete.................
MEMORY . Information on MOS and Bipolar memories
RAMS, ROMS, PROMS and decoders ‘encoders. . $3.95
INTERFACE. Covers peripheral drivers, level translators,
line driver/ieceivers, memory and clock drivers, sense amps
display driver and opto-coupiers................... $3.95
(Qutside U,S., add postage for 1. 5ths)
SPECIAL FUNCTIONS DATA BOOLK contains detoiled
information Tor specilying ond applyina special emplifiers,
buffers, clock drivers, onalog switches and D/A—-A‘/D
converter products, .ol e e $3.25
AUDIO HANDBOOK contains detoiled discussions,
including complete design particulars, covering many

areos of audio with real world design examples...$3.25

NEW NATIONAL BOOK--~LINEAR APPLICATIONS VOL I
Tokes up where Vol | left you-~All the latest lineor devices.
Along with Vol | you have a great source of application
data on the most widely used devices as well as new types
Just OPPEOFING .\ttt te e ennaniareen s $3.25

INTRODUCTION TO MICRO COMPUTERS

Nevs book from OSBORNE

The first edition of this classic was o huge success. Now,
due to the growth of information on the subject Osborne has
exponded the work inte 2 volumes. Vol | covers basic
concepts, Vol Il discusses real world micto computers,
IMC-002 Vol I....ovvunen..
IMC-002 Vol 11w it ... 513,00

'NOTHER NEW BOOK FROM OSBORNE.,
"B080 PROGRAMMING FOR LOGIC DESIGN” explains
how an ossembly languoge program within a microcomputer
system con replace combinatorial logic ~--- for logic de-
signers, programmers or anyone who is interested in real and
powerful opplications of the ubiquitous 8080.
PLD-400T. .. i i e

TRI-TEK, INnC.

4522 NORTHh

Glendale, arizona 8530
PhoNe 602 - 931-6949

43RO AveENue,

electronic components.

We pay surface shipping on all orders over 310 US, $15 foreign in US funds.
Please odd extro for first class or air mail. Excess will be refunded. Orders
under $10, add $1 hondling. Please add 50¢ insurance. Master chorge and
8ank America cords welcome, (320 minimum). Telephone orders may be placed
10AM to 5:30PM daily, Mon thru Fri.
service card or send stamp for our latest flyers packed with new and surplus

Call 602-931-4528. Check reader
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To get further information on the products advertised in BYTE, fill out the reader
service card with your name and address. Then circle the appropriate numbers for the
advertisers you select from this list. Add a 9 cent stamp to the card, then drop it in the
mail. Not only do you gain information, but our advertisers are encouraged to use the
marketplace provided by BYTE. This helps us bring you a bigger BYTE.

*Reader service inquiries not solicited.
Correspond directly with company.

Reader Reader Reader
Service Service Service
Number Number Number
*  Action Audio Electronics 146 78 Digital Group 21 40 Ohio Scientific Inst 65
*  Advanced Data Sciences 143 180 Digital Systems 117 147 OK Tool 85
75  Advanced Microcomputer Prods 148 47  Electronic Control Tech 113 64 Oliver Audio Eng 113
168 Aldelco 145 157 Electronic Warehouse 147 63  Parasitic Eng 115
173 Anderson Jacobson 145 56 E&L Instruments 99 181 Penninsula Marketing 77
142  Associated Electronics 119 102 Eltron 151 *  PerCom Data 80
149 Bits & Bytes 143 9 Godbout 149 194  Peripheral Vision 87
4 BITS Inc 129, 130, 131 *  lasis 56, 57, 59 *  Polymorphic Systems 75
*  BYTE’s Binders 126 12 1IMSAI 49 24  Processor Technology 5, 6, 7, 8,9, 10
190 Byte Shop 143 60 INTERFACE AGE 120 26 Scelbi 33
126 Cheap Inc 143 15 James 152, 153 *  Scientific Research 11
127 Comptek 141 130 JGM Development Labs 143 27 SD Sales 154
207 Comptek 145 *  Kentucky Fried Computers 103 169 Smoke Signal Broadcasting 117
140 Computalker 141 90 Logical Services 143 59 Solid State Sales 155
161 Computer Corner 145 191 Lombardi Electronics 146 29 Southwest Tech ClI
143 Computer Enterprises 141 124  McGraw-Hill 15 30 Sphere Clil
¥ Computer Faire 110 18 Meshna 159 99 STM 43
83 Computer Mart NY, LI 113 182 MicroGRAPHICS 113 164 Sunny Computer Stores 145
156 Computer Place 145 188 Microware 121 96 Synchro-Sound Enterprises 45
141 Computer Room 109 119  Midwestern Sci Inst 47 121 Tarbell Electronics 111
208 Computer Shack 101 57 Mikos 168 82 Technical Design Labs 79
138 Computer Warehouse 157 112 MiniTerm 69 136 Technical Systems Consul 119
87 Creative Computing 125 * MITSCIV, 17 192 Tec Mar 127
41 Cromemco 1 71 mpi 121 32 TriTek 156
178 Cybercom 53 171 Mulien 111 195 United Tech Publications 55
189 Cybersystems 67 22 National Multiplex 71 193 US Robotics 113
185 DAJEN Electronics 113 187 National Semiconductor 22,23 137 Vector Graphic 60, 61, 103
97 Data Domain 146 155 North Star Computers 31 35 Windjammer 150

BYTE,S U“gﬂi“g MO“i'Up BOX BOMBS Away for Nelson, Buschbach

The results of the November BOMB

On BOMB Card, analysis were as follows: First pri‘ze of $1QO
Article No. ARTICLE PAGE goes to Peter Nelson for his article “Build
the Beer Budget Graphics Interface,” second
1 Nico: Sweet Auto Line 12 prize of $50 goes to Thomas R Buschbach
2 Rampil-Breimeir: Digital Cassette Subsystem, Part 1 24 for his article ‘““Add This Graphics Display to
3 Welles: Buitd This Economy Floppy Disk Interface 34 Your System.” This prize is a monthly
4 Bain: Color Displays on Black and White TV Sets 44 award based on your votes as a reader. Fill
5 Murphy: Serial Storage Media 50 out the handy card between pages 128 and
6 Douds: Audible Interrupts for Humans 54 129 with your evaluation of this month’s
4 Burhans: Cub sfl' Where Are ¥ ou? (Mini-O) 62 articles and you'll help determine who wins
8 Lomax: Impaossible Dream Cassette Interface 82 , . .
9 Baker: Microprocessor Update: The F8 System 88 FEbruary s contest as W.I” . be announced in
19 Rathkey: A MIKBUG Roadmap . . . 96 the May_ BYTE. For this issue, the ldes of
1 Hoegerl: Calculator Keyboard Input 104 March is the cutoff date: All February
12 Tomalesky: TTL Loading Considerations 122 BOMB evaluations must be received at our
13 Howerton: Add Some BARC to Your 8080 132 office by March 151977.8
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