How to Select
aHobbyist
Microcomputer

BY STEPHEN B. GRAY
Senior Editor

ECIDING which microcomputer to

buy is quite a challenge. Not only
are there several dozen on the market,
but they're available in a wide range of
prices, with a variety of features and per-
ipherals, and with several different
MPU's (microprocessor units), such as
the 8080, 6800, 6502, F8 and 6100,
among others.

One of the easiest ways to narrow
down your choice of a microcomputer is
to decide which basic type is best for
your own use. To do this requires a
breakdown of microcomputer types, as
in the following paragraphs.

1. Box With. The best-known type
of microcomputer looks very much like a

minicomputer: a box with a bunch of
switches and lights on the front panel.
Two hobby computers of this type are
the MITS Altair 8800b and the Imsai
8080. This microcomputer type is the
most widely used among hobbyists, with
the widest choice of peripherals and
memory expansion boards.

2. Box Without. The second type of
computer is also a box, but with a bare
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minimum of switches and lights. An ex-
ample is Southwest Technical Products’
6800, which has only two switches, for
power and reset. Only the power switch
has a light.

There are two main differences be-
tween Type 1 and Type 2 computers.
First, with a Type 1, you can load short
programs and operate the computer
manually, reading the results on the
LED display. Obviously, you can't do
this with a Type 2 machine. The second
difference is in loaders. When you turn
on any microcomputer, you can't put a
program into memory until a bootstrap
loader is inserted first. This acts as a set
of signs to guide the program to the right
places in memory. With most of the
Type 1 computers, you have to load the
bootstrap instructions by hand, using the
front-panel switches. With most of the
Type 2 computers, which have stored
loaders, all you do is press RESET and
the loader is inserted automatically.

However, just because a microcom-
puter has a full set of switches and lights
isn't always a sign that the loader must
be inserted by hand. The MITS 680b is a
good example of a micro with switches,
lights, and a bootstrap loader in perma-
nent memory which doesn't “drop out”
when the power is turned off.

Note too, that not all micros have the
same internal expansion capability. This
sometimes accounts for differences in
size and, naturally, influences price too.

3. PC Board. The third main type of
microcomputer consists of a printed-cir-
cuit board without input or output. These
were first introduced for use in commer-
cial products, or for engineering evalua-
tion, and many are still sold for such pur-
poses. Several recent ones are being
sold mainly to hobbyists. The best-
known of Type 3 are the Joltand SC/MP.

All the computers described up to this
point have neither separate input nor
output. So unless you enjoy loading pro-
grams via front-panel switches (if your
microcomputer has them) and reading
out the program results from the front-
panel lights, you'll need some more
hardware. This means a keyboard for
putting data into the computer, and a
more sophisticated readout for checking
that the program is correct and for read-
ing the results. There is already a wide
variety of keyboard terminals available,
and the most common readout today is
a TV screen.

4. All-On-One-Board. For those
who want a complete computer with less
sophisticated inputs and outputs than

teletypewriter and video monitor, there
are many everything-on-one-board mi-
crocomputers. This type includes a
small keyboard and some form of read-
out. The readout is sometimes individual
LED's, but is usually segmented al-
phanumeric display. The KIM-1 is the
best known of these, although several
others are coming up fast. Two units
come with a case, the Infinite UC 1800
and the Hamilton/Avnet Pacer. They
have built-in power supplies, whereas
most of the others don't.

Just about the least expensive Type 4
microcomputer for the hobbyist who
wants to learn the basics is the Elf, fea-
tured as a construction project in the Au-
gust and September 1976 issues of
PopuLAaR ELECTRONICS. This hardware
and software trainer, with RCA COS-
MAC MPU, toggle-switch input, hex LED
display, 256 bytes of RAM, four input
lines, and a latched output line, costs
about $80 to build. Memory is expand-
able at minimum cost.

Nearly all the computers of this type
are on a single pc board; two exceptions
are the Mike 3 and Mike 8, from Martin
Research. Each is a stack of several
boards, separated by spacers, with the
keyboard and display on the console
board at the top, CPU on a second
board, memory on a third, etc. This mod-
ular approach permits using different
CPU boards, either for the 8080A MPU,
Z-80, or 8008.

The keyboard almost always has 16
hex keys for entering programs inma-
chine language plus various control
keys. These boards are popular among
people who want to learn what comput-
ers are all about, at minimum cost. For
those who want to go further, more
memory can be added, as can be peri-
pherals such as a full keyboard and/or a
printer, to start with.

5. All-In-One Box. Another type of
computer that doesn't require buying a
keyboard or TV set has a built-in key-
board and CRT, such as the various
models of the Sphere. Although this type
of computer is expensive, it does have
everything you'd need for almost any
type of programming. However, you are
locked into the integrated input/output
system much as you are for an FM tuner
when it's built info an FM receiver. A
printed output can be added on, as it can
to almost any hobby computer. The cost
of a simple printer has decreased sub-
stantially. For example, Southwest
Technical offers one in kit form for $250,
and Electronic Products Associates has
an assembled printer for $450.
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Among the computers of this type, the
Intecolor 8001, with an 8-color CRT, is
unique. This adds an extra dimension to
graphics and to just about anything you
want to put on the screen.

Intelligent Terminals. A step up
from most hobby terminals, which can
be used only as input/output devices, is
the intelligent terminal. With one of
these, you can write, edit and store pro-
grams for transmission to a larger com-
puter directly, or to a time-sharing com-
puter over a telephone line (using a mo-
dem device).

Any hobby computer with a keyboard,
RS-232 or 20-mA current-loop interface,
and enough memory can be used as an
intelligent terminal, of course. All you
need are the right programs. The SOL
terminal from Processor Technology
provides these programs in the form of
pre-programmed PROM's, called “Per-
sonality Modules,” at three levels.

One module allows simple terminal
operations. A second-level module
makes SOL an editing terminal. The top-
level module transforms it into an intelli-
gent terminal as well as a stand-alone
computer.

Programming. An important factor
in choosing a hobby micro is to decide at
which ‘level you want to program. How
much memory your computer has will
determine its price and also what kind of
programming language you can use.

With only a few hundred bytes of
memory, you'll usually be restricted to
programming in machine language, or to
short programs in assembly language.
Some people enjoy working in machine
language, down at the bit level, using in-
structions such as 00111010, which is
the 8080 code for “load the accumulator
with the contents of the specified memo-
ry address.”

But working with machine language
may be boring to all but real “computer
freaks.” Also, you can easily make mis-
takes that aren't at all quickly apparent
when working with only zeroes and
ones. With a little more memory, though,
you can program in assembly language.
In order to do this, you must load an as-
sembler into your computer's memory.
This is a program that translates the as-
sembly-language instructions, such as
LDA, into machine language; in this
case, 00111010.

In assembly language, you use mne-
monic names for program instructions;
these are easy-to-remember abbrevia-
tions, such as LDA for “load accumula-
tor” and MOV for “move the contents of
the accumulator to register B.” To add
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one number to another in 8080 assem-
bly language takes eleven steps, includ-
ing five mnemonics and three pairs of
address codes. Address codes are in
pairs because addresses take up two
bytes; that is, groups of 8 bits. (An 8080
machine can address 2'® memory loca-
tions.)

The program for adding two numbers
consists of these steps: load the ac-
cumulator with the number to be found
at, say, memory address 128. Then take
what's in the accumulator and move it to
register B. Next, load the accumulator
with the number to be found at address
129, and add the contents of register B
to what's in the accumulator. Take the
sum that's now in the accumulator, and
store it at address 130. If you've previ-
ously stored numbers at addresses 128
and 129, this program will add them
together and put the sum in 130. Actual-
ly, you can use any memory addresses
you want, instead of 128, 129 and 130,
as long as you don't select an address
that's higher than the maximum address
in your system.

If you'd rather write programs with
mnemonics such as LDA, MOV and
STA, then you need, as previously not-
ed, an assembler program, which is also
stored in memory along with your own
program. For example, the MITS Altair
8800b assembler takes up 5500 bytes of
memory, so if you're going to be writing
programs of any real length, you'll need
at least 8k bytes of memory.

But suppose you're not really interest-
ed in programming for programming’s
sake, but rather in what the program will
do for you. If so, then you might prefer
BASIC, a high-level language that will
do in a single instruction, LET C = A
+B, what requires eleven assembly-lan-
guage instructions to do. That single BA-
SIC instruction will store the sum of A
and B in memory location C, which is de-
termined by the BASIC interpreter all by
itself, thus taking care of much
housekeeping. Should you want to show
the answer on your TV screen, or print it
out, simply write PRINT C. Or you can
combine both steps by writing a single
BASIC instruction, PRINT A+B.

Just about all high-level-language
programs written for hobby computers
are in BASIC (there are several varieties
of BASIC, each with minor differences).
You can get several BASIC interpreters
for some computers, requiring 4k, 8k or
12k bytes of memory. The 8k and 12k
versions offer more features than the 4k
BASIC. The 8k BASIC interpreter, which
tuns LET C = A+B into machine lan-
guage, takes up 5.7k bytes of memory in
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the Altair 8800b, for example. MITS spe-
cifies it as requiring 8k bytes of memory
so that you'll have 2.3k bytes for your
own use in writing programs. Incidental-
ly, although many serious computer
hobbyists will be satisfied with 8k or 16k
of memory, many hobby computers can
be expanded to 65k.

Hobbyist Bus. The MITS Altair
8800 microcomputer was the first to be
sold in large volume, and set a bus
standard that some other micro manu-
facturers have followed. This standard is
based on the 100-pin bus, to which all
the Altair 8800 boards are connected in
common. Consequently, many other
manufacturers of CPU boards, memory
boards, and peripheral boards have tail-
ored their designs so they will plug into
the Altair 8800, and also into the busses
of several other computers that use the
Altair bus structure, including the Imsai
8080, the PolyMorphic Poly-88 and
Processor Technology's SOL. As a re-
sult, there are more boards for CPU and
memory, and for peripherals such as
printers, disk drives, graphics devices,

cassette memory, etc., available to own-
ers of computers using this bus.

There are other bus lines, of course.
For example, the Southwest Technical
6800 computer utilizes a different bus,
with a growing number of boards for it.

Price. Of the five basic types of hob-
by computers, the cheapest is the pc-
board-only, with which you need a pow-
er supply, an input, and an output. The
complete-computer-on-a-board follows,
and usually requires the addition of only
a power supply. Next is a box-type com-
puter with which you'll need input and
output peripherals. With a box-with-CRT
type, which gives you the most equip-
ment at a minimum cost, on a one-shot
basis, you already have the peripherals,
unless you also want a printed output.

Let's look at what it costs to buy a mi-
crocomputer with enough memory for
the various levels of programming, tak-
ing into consideration several of the
best-selling micros. The basic computer,
without memory can range from $212 to
$840 in kit form, $500 to $1100 assem-
bled. These wide ranges are due to
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some of the computers being full-
featured models, others being “bare-
bones” types. Not many 1k memory
boards are being offered any more; they
used to be about $120 kit, $160 assem-
bled. Using just a basic 8-bit computer
and 1k of memory, you could write pro-
grams containing up to about 500 in-
structions, if you don't mind flipping
switches for hours and hours.

Stepping up to assembly language,
you'll need two 4k memory boards, each
of which run from $125 to $167 kit, $279
to $325 assembled. If you buy the Altair
8800b and the two 4k boards at the
same time, you get a “software pack-
age” for $75, which includes the assem-
bler and several other programs. The
Southwest Technical 6800 editor/
assembler package is $14.95.

You'll need some sort of input/output,
of course. To connect your computer to
your TV set requires an interface that
can cost from $40 to $148 kit, $60 to
$180 assembled. For keyboard input,
you may be able to use the same inter-
face if it can handle two serial 1/0 de-
vices. You'll also need a keyboard termi-
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nal, such as a Model 33 Teletype. This,
however, is expensive, costing between
$769 and $1500 new, depending on
what features you select. With an
ASR33, you can enter a program from
either the keyboard or punched paper
tape. Or you could get a hobby unit,
such as Southwest Technical's CT-1024
terminal. With this, the program is en-
tered via the keyboard. The CT-1024 kit,
less cabinet and power supply, is $175;
there are various options available.

Programs can be entered into the
computer much faster by using a cas-
sette. To enter the 8k BASIC interpreter
into the Altair 8800b takes 12 minutes
from paper tape, 4 minutes from cas-
sette. Typical cassette interfaces range
from $35 to $138 kit, $65 to $195 wired.
You can buy a 4k BASIC interpreter for
$4 to $60 depending on manufacturer.
The 8k BASIC interpreter ranges in price
from $8 to $75.

Which to Pick? A major question to
answer is: will you be satisfied with pro-
gramming in assembly language, or do
you want to program in BASIC? If you're
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sure you'll be happy with assembly lan-
guage, you have two types of computers
to choose from. The least expensive is
the all-on-one-board computer, Type 4,
such as the KIM-1 or 6502 Familiarizor,
where the only extra to buy is a power
supply except for a couple that have it
built in. The other choice is Type 3, the
pc board with no 1/0, such as the SC/
MP. To use one of these, you'll need a
power supply, keyboard, and some sort
of output, either a printer or a TV receiv-
er or video monitor.

If you're more interested in programs
than in computers, and want BASIC, you
have three choices. The Type 1 comput-
ers, including the Altair 8800b and Imsai
8080, require interfaces and peripherals
for input and output, as do the Type 2
machines, such as Southwest 6800 and
Poly-88. You can add these at any time.
You'll need no additional hardware if you
buy a Type 5 computer, which has both
CRT and keyboard. -

Summarizing, you must decide what
you plan to do with the microcomputer
now and in the future, as well as what
your bankbook can tolerate.

Are you determined to be an experi-
menter, more interested in hardware
and/or learning the fundamentals of
computers? If so, a Type 3 or 4 unit
might be your best bet.

If you're more interested in “talking” to
your computer and getting results easier
and faster, but wish to add peripherals of
your own choice at some future time, a
Type 1 or 2 could be the way to go.

Should you want an all-in-one type of
micro, with peripherals already incorpo-
rated, then perhaps a Type 5 should be
considered.

There are other factors to weigh, of
course, including language availability
(do they have assembler or BASIC?),
reputation of the computer manufacturer
(how good are their computers and how
long will they stay in business?), wheth-
er or not you plan to join a computer club
for sharing ideas and trading information
on software, and so on.

More Help. In addition to asking a
manufacturer to send information on his
microcomputer for performance details
(see address listing), there are many
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other ways to help you decide which to
buy. There are over 90 computer clubs,
many with membership in the hundreds,
where you can talk with people who are
using various hobby computers. Dozens
of computer stores around the country
will show you how their products work,

and answer your questions in detail.
Magazines and club newsletters devot-
ed to the computer hobbyist are also ex-
cellent sources of information. And if you
get to a hobby-computer convention,
such as the ones that were held in New
Jersey (Trenton and Atlantic City), you

can check out dozens of computers and
peripherals in a single day, as well as lis-
ten to talks about hardware, software
and applications.

Whatever choice you make, you'll find
yourself in a new, exciting field that will
add to your knowledge and fun. )

Apple Computer Co.
770 Welch Rd., Palo Allo, CA 94304

Applied Microtechnology
100 N. Winchester Bivd., Santa Clara, CA 95050

Burkeshire Systems
P.O. Box 512, Mountain View, CA 84040

Comp-Suitants
P.O.Box 1016, Huntsville, AL 35800
Cromemco
One First St., Los Altos, CA 94022
Digital Group, The
Box 6528, Denver CO B0206
Dutronics
P.O. Box 9160, Stockton, CA 95208
- E&L Instruments, Inc.
61 First St., Darby, CN 06417
EBKA Industries, Inc.
6920 Melrose Lane, Oklahoma City, OK 73127
Electronic Control Technology
P.O. Box 6, Union, NJ 07083
Electronics Products Associates, inc.
1157 Vega St., San Diego, CA 92110
Electronic Tool Co.
4736 El Segundo Bivd., Hawthome, CA 90250
Gnat Computers
8869 Balboa Ave., Unit C, San Diego, CA 92123
Godbout Electronics
Box 2355, Oakland Airport, CA 94614

Hal Communications Corp.
P.O. Box 365, Urbana, IL 61801

DIRECTORY OF MICROCOMPUTER AND PERIPHERAL MANUFACTURERS

Hamilton/Avnet Electronics

10950 West Washington Bivd., Culver City, CA 90230
IMS Associates, Inc.

14860 Wicks Bivd,, San Leandro, CA 94577
Infinite Inc.

P.0. Box 906, Cape Canaveral, FL 32920
Intelligent Systems Corp.

4376 Ridgegate Dr., Duluth, GA 30136
Intersil, Inc.

10900 N. Tantau Ave., Cupertino, CA 95014
Lear Siegler Inc.

714 N. Brookhurst St., Anaheim, CA 92803
M&R Enterprises

P.O. Box 1011, Sunnyvale, CA 94088
Martin Research

3336 Commercial Ave,, Northbrook, IL 60062
Microcomputer Associates

2589 Scott Bivd., Santa Clara, CA 95050
Micro Peripherals, Inc.

P.O. Box 22101, Salt Lake City, UT 84122
Mikra-D, Inc.

30 Main St., Ashland, MA 01721

MITS

2450 Alamo SE, Albuguerque, NM B7106
Monolithic Systems Corp.

14 Invemess Dr. East, Englewood, CO 80110

Mos Technology, Inc.
950 Rittenhouse Rd., Norristown, PA 19401

National Muitiplex Corp.
3474 Rand Ave., So. Plainfield, NJ 07080

National Semiconductor Corp.
2900 Semiconductor Dr., Santa Clara, CA 95051

Ohio Scientific Instruments

11679 Hayden St., Hiram, OH 44234

PCM Company

Box 215, San Ramon, CA 94583
PolyMorphic Systems

737 5. Kellogg, Goleta, CA 93017
Processor Technology

6200 Hollis St., Emeryville, CA 94608
Pronetics Corp.

P.O Box 28582, Dallas, TX 75228

RCA Solid State Division

Box 3200, Somerville, N.J 08876

Scientific Research Instruments Co.
P.O. Drawer 2096, Ashland, VA 23005
Southwest Technical Products Corp.
Box 32040, San Anlonio, TX 78284

Sphere Corp.

P.O. Box 213, Bountiful, UT 84010

Tarbell Electronics

144 Miraleste Dr,, #106, Miraleste, CA 90732
Vector Electronics Co., Inc.

12460 Gladstone Ave,, Sylmar, CA 91342
Veras Systems

P.O. Box 74, Somerville, MA 02143

Wave Mate

1015 W. 190th St., Gardena, CA 50248
Wintek Corp.

902 N. 0th St., Lalayette, IN 47904

Digit
Probe

VER SEE a logic probe that was so
compact that it could fit over the tip
of your finger? Although there is such a
device (see photo), don't look for it com-
mercially—you have to make it yourself.
We call this ultra-compact little gem the
“Digit Probe,” mainly because in use it's
like an extension of your index finger.
Used in this manner, the Digit Probe
makes it easy to trace pulses around
crowded IC assemblies and pc board foil
traces that all look alike.
As shown in the schematic diagrams,
the circuits for the Digit Probe are basic
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Compact, easy-to-use logic probe

fits your finger.

The Digit Probe fits on finger.
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