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All personal and hobby computers are
microprocessor based. That is, they use a
single processor integrated circuit chip.
One of the most important decisions you
will ever make in purchasing a personal
computer is choosing the type of micro-
processor. The semiconductor manufacturers
have provided computer designers with a
wide range of microprocessing units having
varying degrees of power and sophistication.
As a result, there are at least a half dozen
different processors available in hobby
computers. This wide variety of products
makes your choice somewhat flexible, or
at least it seems that way. In reality, having
so many processor styles to choose from,
your decision becomes much tougher. If
you are a beginner, it may be particularly
difficult to make an intelligent choice. The
purpose of this article is to provide you with
some guidelines in making this important
decision. The emphasis is on how to choose
the best microprocessor for you when pur-
chasing a personal computer.

What's Available

Below is a list of all of the available
microprocessor architectures and their pri-
mary manufacturers.

Intel 8080, 8085, 8048, 8086
Motorola 6800
MOS Technology 6502
Zilog Z-80, Z8000
Signetics 2650
RCA 1802
Fairchild F8, 9440
MOSTEK 3870
ntersil 6100

Texas Instruments 9900
National Semiconductor SC/M P, PACE, 8900
DEC LSI-11
Data General microNova
General Instrument 1600

With this wide variety, is it any wonder
that it is a difficult choice? Yet with all of
these available devices, the choice narrows
down rather quickly when several important
factors are considered. What makes things
even more confusing is the fact that many of
the above microprocessors will undergo
changes and improvements. Semiconductor
manufacturers will also develop and intro-
duce even newer improved microprocessors.
The whole microprocessor business is a
dynamic one. Changes occur almost daily.
The biggest dilemma is not so much the
changes themselves but the rapidity with
which they occur. Today you may make a
decision to use a particular microprocessor
only to find that six months later the choice
is apparently incorrect because a newer,
better, improved device has become avail-
able. There is no complete solution to this
problem. The rapid changes in this field
will continue to occur. For that reason,
you must make a choice and stick with it.
You must attempt to select a device that
has the greatest longevity potential as well
as one that meets the criterion for perform-
ance in your application. You must not let
the rapidly changing technology paralyze
your decision making process. It is best to
choose among the presently available devices
and take your chances with the future. To
obtain the most value from your personal
computing system, you must select a micro-
processor that meets your immediate needs
but offers future potential as well.

Selection Criteria

There are many factors that go into the
process of selecting a microprocessor. You
should consider all of these factors even
though some of them affect you only in-
directly. You should also be influenced by
the factors that ordinarily would interest

124 July 1978 © BYTE Publications Inc



only the designer. Below are listed some
of the key elements in choosing a
microprocessor.

Cost

Cost is always a major consideration in
choosing a microprocessor. However, of all
the factors involved, this is one that the user
should be least concerned about. Cost is
primarily the concern of the computer
manufacturer. Most microprocessor inte-
grated circuits are in the same price range;
and the cost of the microprocessor itself is
only a fraction of the overall cost of the
computer system. The cost of memory and
peripherals is far more than the cost of the
processor. Thus for purposes of our dis-
cussion here, cost is irrelevant.

Speed

One of the factors considered in the
evaluation or comparison of computers is
processing speed . This is the rate at which
instructions are executed . While speed is
primarily a function of the clock frequency
and the upper frequency limit of the micro-
processor itself, it is also affected by the
memory speed and the architecture of the
processor . Most modern microprocessors are
not known for their processing speed. After
all, most microprocessors are metal oxide
semiconductor (MOS) circuits which are
inherently slower than bipolar (TTL) cir-
cuits. Over the years great improvements
have been made in the speed of MOS cir-
cuits. The slow "P channel " circuits have
been gradually replaced by smaller and
faster " N channel " circuits. Continuing
developments in the N channel process
promise even further improvements in
speed. Speeds approaching bipolar levels are
achievable . If processing speed is the most
important criterion, then bipolar circuits
should be selected over MOS microproc-
essors. Speed is of little or no consideration
in choosing a microprocessor - based personal
computer. Most MOS microprocessors used
in personal computers execute an instruction
within several microseconds which is fast
enough for most applications.

While processing speeds can vary as much
as four to one among MOS microprocessors,
the difference is almost unnoticeable. For

From the machine and assembly
language programmer's point of view,
the Signetics 2650 processor shown here
is often considered to be a superior
machine. But it has never become popular
in the personal computing field, most
likely because it entered the 8 bit market-
place later than the major contenders.
This photograph was supplied by Sig-
netics.

The Digital Group leaves out no major microprocessor choice. While
their emphasis is on the Z-80 processor, they cover all bases with options
for 8080, 6800, 6502 and Z-80 processor boards. This photo, supplied by
Digital Group, shows a board which features the 8080 processor.
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example, most hobbyists use the BASIC
language. The speed of the microprocessor
will definitely determine the length of time
that it takes to execute a program. However,
with an interpretive language such as BASIC,
an order of magnitude difference in execu-
tion speeds is frequently almost unnotice-
able to the user. While it may take 200 ps
to execute a program on one computer and
20 /is on another, the user is often totally
incapable of recognizing the difference.

The real value of speed comes when your
application requires it. If your applications
involve lengthy, complex mathematical
operations or highly complex real time
functions, speed may be an important con-
sideration. Otherwise, speed is one factor
which you could practically ignore in the
selection of a personal computer. Few per-
sonal computer manufacturers know how to
specify it, let alone mention it.

Computing Power

Computing power is a rather nebulous
designation that refers to the power of the
instruction set and architecture of the com-
puter. Computing power also effectively
involves speed as discussed above. Yet
computing power is far more important
than raw speed in determining the capa-
bilities of a microprocessor.

It is difficult to provide any specific
guidelines for determining whether one
microprocessor is more powerful than
another. However, as a general guideline
there are several factors to look for in
determining which microprocessor has the
greatest power. These factors are: number of
instructions in the instruction set, number of
working registers, and number and type of
addressing modes. Those microprocessors
with the greatest numbers of instructions,
registers, and addressing modes are essentially
the more powerful microprocessors. They
can accomplish more complex operations
in less time than other microcomputers with
lesser characteristics.

It is the wide variation in architectures
which makes the choice of a microprocessor
interesting. In some cases, a superior in-
struction set, more flexible register organiza-
tion and more addressing modes can offset
the superior computing speed of another
microprocessor with a simpler architecture.
There are never any clear cut answers to
the question of which microprocessor is
the most powerful since usually the answer
lies in a specific application. When a partic-
ular application can be defined, the choice
of microprocessor can be optimized. How-
ever, when choosing a microprocessor-based
general purpose computer which must be
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useable in a wide range of applications, the
speed and computing power consideration
becomes fuzzy at best.

Second Sources

Another way to assess the value of a
microprocessor is to consider the second
sources. Second source refers to a manu-
facturer other than the original manu-
facturer, producing the same device. When a
semiconductor manufacturer introduces a
new microprocessor, he attempts to capture
as much of the market as possible with
various features and pricing strategies.
However, one of the strategies that works
best is if competing manufacturers choose
to make the same device. These secondary
manufacturers will compete with the pri-
mary manufacturer. Despite this competi-
tion, it is usually the original manufacturer
who benefits from this situation. It provides
alternate sources. The competition creates
pricing advantages. In addition, the relia-
bility of supply is improved. One way to
determine the popularity and widespread
use of a microprocessor is to determine its
second sources. The more second sources
that a device has, the more widely it is used
and the more competitive is the pricing.
Don't overlook this as a way of choosing a
microprocessor.

Popularity

It may seem almost ludicrous to include
such a general and seemingly meaningless
criterion for selecting a microprocessor as
popularity. Yet this rather inexact factor is
important. Most people tend to want to go
along with the crowd. They want to select
devices that are well known and widely
used by others. For that reason, you cannot
overlook the popularity factor. Most people
feel that a device that is popular and widely
used must have something going for it. This
tends to make their own choice easier. In
effect, they are relying upon the decisions
of many others to back up their own
decision. This is why Chevrolet sells more
cars than any other US manufacturer.
Popularity in computing also has benefits
with regard to availability of software.

The choice of a microprocessor is also
largely emotional. Even though a device may
not have the benefits of software avail-
ability, speed and computing power, the
device may be highly regarded. This may be
because of the reputation of a particular
manufacturer or a particular unique feature.
Many times the features or benefits are per-
ceived rather than real. A strong sales pitch
by a trusted friend or respected source can
also easily sway an individual's choice. In
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selecting a microprocessor, you are often
buying mystique or potential rather than
real practical computing capability. The
thought of having the newest, best, fastest,
most powerful microprocessor is a strong
selection inducement. While these factors
will no doubt influence you, you should
attempt to be more practical, realistic and
analytical in the selection of a microproc-
essor for your own personal computer.

Documentation

Documentation refers to all of the
written material available for a particular
microprocessor. This includes magazine
articles, books, courses, manufacturers'
literature and any other printed sources.
Good documentation is hard to come by
and often it will make the difference be-
tween failure and success in getting your
system to work. You will get more value
from your own investment if you have
plenty of written sources to refer to and to
help you in applying it. This is particularly
true if you are a beginner. The more sources
of information you have for the micro-
processor, the easier it will be for you to
learn to use it. You should always con-
sider this factor before making your final
decision.

Upwards Compatibility

Upwards compatibility refers to the
future of a given microprocessor. It tends to
indicate that a particular microprocessor will
eventually be upgraded or replaced by a
compatible device. Computer manufacturers
found out early that upwards compatibility
was an extremely important part of their
development and marketing strategy. The
upwards compatibility factor is tied to soft-
ware. Individuals who purchase computers
proceed to develop considerable amounts
of their own application software. If at
a later date they decide to replace that
computer, they must take into consideration
the status of their applications software. If
the replacement computer is upwards com-
patible with the previous computer, their
present software will run on the new com-
puter. Because of the significant amount of
time and money invested in software, the
desirability of upwards compatibility is
extremely important. If an entirely different
microprocessor or computer is selected, it
may be necessary for the users to completely
convert or abandon their present software.
This is highly undesirable since it involves
throwing away a considerable investment.

When considering a microprocessor, you
should examine the concept of upwards
compatibility. Will the microprocessor you
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select eventually be replaced and upgraded
by a compatible improvement? If so, it is
probably a good choice. This means that
you will obtain valuable usage from your
present computer but then ultimately up-
grade to a more powerful system at a later
date without any loss of software capability.
Most of the major microcomputer manu-
facturers are quickly learning the importance
of the upwards compatibility concept.

Software

It seems almost unnecessary to mention
the importance of the software factor in
choosing a microcomputer. Even a beginner
quickly learns that the microcomputer
hardware itself is useless without good soft-
ware. This means not only good systems
software that allows you to develop your
own applications programs, but also the
availability of a wide range of ''canned" or
predeveloped programs which can be run on
the computer. Most computer hobbyists
want to write and develop their own pro-
grams. But the value of their systems is
higher if they can also readily obtain other
software that will run on their computers.
All things considered, software and its
availability is by far the most important
decision making factor in choosing a
microprocessor.

There are two software considerations
which you should make. First, how easy is
the microprocessor to understand and
program? Second, how much software is
available for that particular device? In the
first case, the simplicity of the instruction
set and architecture makes a great difference
in learning to use a microcomputer. If the
instruction set is straightforward and the
architecture textbook-like, the microcom-
puter will he easy to program and use. Even
a beginner will learn to use it quickly and
obtain satisfactory results.

In the second case, how much software is
available for the microprocessor? If the
microprocessor is popular and very widely
used, chances are there is a tremendous
amount of software available. Programs are
listed in magazine articles or are available
for sale. Regardless of the source, if software
is available for the microprocessor, then the
choice is a good one. The lack of available
software is a clear indication that the proc-
essor is not widely used and that you will
have to develop most of the software your-
self should you choose it. Software should
be your single most important consideration
in choosing the microprocessor. All other
factors, speed, cost and computing power
are practically irrelevant or at least far less
important than the software consideration.

The

'Blue Box'!
IDS MODEL 60 MODEM AND TERMINAL
INTERFACE POCKET ANALYZER

00
00
00

q` 00

Z.„ 00

Our Model 60 is called "The
Blue Box" by thousands of
users . This compact unit
packs the most testing capabil-
ity per dollar . Pinpoints the
source of trouble between the
Modem and Terminal. Pro-
vides access to all 25 lines of
the EIA RS 232 interface. Has
12 monitoring LED's plus two

00'.

00

00

V.

des I
00
0'a !J.

voltage -sensing LED's. 24
miniature switches allow iso-
lated testing and observation
of all signals . Mini-jumpers
included for cross - patching
and signal monitoring. Sturdy
10 oz. unit has hard plastic
case , is battery powered, reg-
ular or rechargeable. Im-
mediate delivery.

III INTERNATIONAL
III DATA111 SCIENCES, INC.

100 Nashua St., Prov., R.I. 02904. TeI.(401) 274-5100 TWX 710-381-0285
EXPORT EMEC. BOX 1285, HALLANDALE, FLORIDA 33009

ROBOTICS

MODULAR ROBOTS for
Industrial and Personal Application

Send for complete brochure:

GALLAHER RESEARCH, INC.
P.O. Box 10767
Salem Station
Winston-Salem , N.C. 27108

Circle 145 on inquiry card. July 1978 0 BYTE Publications Inc 129



(a)

(b)

(c)

Shown at (a) is the Heathkit H8 computer, which uses the 8080 processor
to provide general purpose computing capability. It is typical of a number of
units based on the popular 8080, Z-80, 6502 or 6800 processor integrated
circuits. Other examples of personal computers include the Cromemco Z-2
(b), and the Equinox 100 (c).

The Big Four

Of all the microprocessors listed earlier,
four are clearly the most popular and widely
used. It is probably safe to say that these
four devices account for more than 90 per-
cent of all microprocessors used in personal
computing systems. It is strongly recom-
mended that you choose one of these four
devices when selecting your microcomputer.

The microprocessors most widely used in
hobby and personal computers are the 8080,
the 6800, the 6502 and the Z-80 in that
order. You won't go wrong if you choose
one of these four microprocessors. A con-
siderable amount of software is available for
each and there is evidence to support the
concept of upwards compatibility. Let's
take a look at each of these devices and
analyze its present capabilities and future
potential.

8080

The Intel 8080 microprocessor was the
first of the second generation 8 bit micro-
processors. Because it was first, it readily
captured a large portion of the 8 bit proc-
essor market. Later second generation
microprocessors such as the 6800 had a
more difficult time in penetrating the mar-
ketplace simply because of the great lead
that Intel held. The 8080 was announced in
1973 and even today despite inroads by
other 8 bit microprocessors, the 8080 is
still "king of the hill."

While the architecture, speed and com-
puting power of the 8080 are not spectacular
when compared with other chips, it is
nevertheless a useable device. It has proven
its worth and value time and time again
not only in dedicated industrial control
applications but also in stand alone general
purpose microcomputers. It is so widely
used and well documented that it is by far
one of the best choices you can make. In
addition, there is more software available for
the 8080 than for any other 8 bit micro-
processor. While exact data is difficult to
obtain, an estimate I have seen claims that
over 60 percent of all 8 bit microprocessors
in use are 8080s.

Another factor that the 8080 has going
for it is that upwards compatible devices
are available. Intel's new 8085 microproc-
essor is an improved 8080. By using the
8085, you can develop a microcomputer
with greater capabilities than the 8080. The
8085 uses fewer support chips since the
clock and system controller functions nor-
mally required for the 8080 are effectively
built into the 8085. In addition, the 8085
uses a single power supply eliminating the
additional two supplies required by the
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8080. An added bonus is that the 8085
operates at a higher speed and has several
more instructions.

Another upwards compatible device for
the 8080 is the well known Z-80. This
device is a newer and more powerful micro-
computer with far greater capabilities than
the 8080. Nevertheless, the Z-80 was de-
signed to include the 8080 instructions so
that software written for the 8080 will also
run on the Z-80. The 8080 instruction set
is in effect a subset of the Z-80 instruction
set. The Z-80 is not only faster but has
nearly twice as many instructions making it
a far more powerful microprocessor. Like
the 8085, the Z-80 requires fewer external
support chips and only a single 5 V power
supply in contrast to the 8080.

Evidence of the popularity of the 8080
can be demonstrated simply by listing the
number of personal computer manufacturers
who use the 8080. A probably incomplete
list of manufacturers of 8080 systems
includes:

Digital Group
E&L Instruments
Equinox
Heath Co (H8)
IMSAI (8080)
M ITS (Altair 8800b)
PolyMorphic
Processor Technology
Vector Graphic

There are more 8080 based personal com-
puters than any other type.

Another consideration is the number of
second sources available for the chip itself.
As indicated earlier, the number of second
sources is a clear evidence of the popularity
of a particular microprocessor. Semicon-
ductor manufacturers typically will not
gear up to second source a device unless
there is a large demand and an identifiable
market for that device. A list of suppliers of
the 8080 is given below.

Intel (the original 8080 design)
Advanced Micro Devices
Texas Instruments
National Semiconductor
NEC (Nippon Electric)
Siemens

Again, there are more second sources
for the 8080 than for any other 8 bit
microprocessor.

Another factor to consider is the bus
design associated with the 8080 based micro-
computers. The popular M ITS Altair or
S-100 bus is used by most of the manu-
facturers incorporating an 8080. The S-100
bus is in effect an 8080 bus. The signals
defined on that bus are peculiar to the
8080. The S-100 bus over the past several
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501/227-8885
Dealer Inquiries Invited.
Arkansas Residents add 3% sales tax.
Program license agreement required.

Circle 137 on inquiry card. luly 1978 © BYTE Publications Inc 131



years has become nearly a standard. While
not an official standard, it does neverthe-
less provide the user with a wide choice of
options and accessories for his 8080 based
microcomputer. However, keep in mind that
the Altair bus became a de facto standard by
virtue of being the first widely sold design.
Many manufacturers jumped on the Altair
bus bandwagon when they started because
it had a built-in marketing advantage; this
helped snowball interest in the Altair bus.
While the Altair (S-100) bus is certainly not
an optimum choice, it is strong inducement
to many individuals simply because so many
people are using it and so many accessory
products are available. By choosing an 8080
microprocessor you will no doubt at the
same time be choosing an S-100 bus. That
isn't all bad. Keep in mind, however, that
several 8080 designs on the market do not
use the S-100 bus. Notably these are the
Heath kit and Digital Group designs.

6800

The second most popular and widely used
microprocessor is the Motorola 6800. It was
announced almost a year after the 8080.
Despite its time lag behind the 8080, the
6800 has come from behind to capture a
rather large following. While it is still not as
widely used as the 8080, it is a clear-cut
second place with many followers and
supporters.

The architecture of the 6800 is extremely
simple. It is a classic, almost textbook-like
design. Its instruction set is easy to learn
and understand. And at the same time, it
incorporates a variety of addressing modes.
While it is slightly slower than designs like
the 8080 or Z-80, the 6800 makes up the
lack of speed in its superior instruction set,
architecture and addressing modes.

A wide variety of software has been
developed for the 6800. This software is
widely available to most 6800 users.

The popularity of the 6800 can be illus-
trated by the number of hobby and personal
computer manufacturers using the 6800.
A probably incomplete list of these is
given below.

Southwest Technical Products
(SwTPC 6800)

Wavemate
Electronic Products Associates
MITS (Altair 680b)
Digital Group
Motorola
MSI
Heath Company

A list of second sources for the 6800
chip is given below.

Motorola
American Micro Systems Inc
Fairchild
Hitachi

Unlike the 8080, the 6800 does not
appear at present to offer upwards com-
patibility. It is possible that a more powerful
6800 will be offered in the future. However,
improved versions of the 6800 have been
announced by Motorola. They include
features such as on-chip clock and memory
and higher speed versions. These improved
versions will help lengthen the life of the
6800.

All in all, the 6800 is a well established
microprocessor. You will certainly not go
wrong in choosing this device in your
microcomputer.

6502

The MOS Technology 6502 is essentially
in third place in the hobby and personal
computing field. This device is very similar
to the 6800. There are a number of dif-
ferences in that the 6502 does feature an
on-chip clock, only one accumulator, and
different indexed addressing modes. It
is widely used in hobby and personal
computers.

Due to the large number of KIM-1 com-
puters in the field, the 6502 does have an
enthusiastic following of users and an in-
dependent users' publication.

Some of the personal computers using
the 6502 are listed below.

Ohio Scientific Instruments
Apple Computer
MOS Technology (KIM-1)
Commodore PET
Microcomputer Associates JOLT

At the present time there are three
sources for the 6502. These are MOS Tech-
nology, Synertek and Rockwell.

While the 6502 is way down the list in
terms of popularity when compared with the
8080 and 6800, it is still a widely used
device. Like the 6800, it is simple to learn
and use. It is a practical choice for a per-
sonal computer.

Z-80

The Z-80 is one of the most popular and
certainly the most talked about 8 bit micro-
processor of 1976 and 1977. While it was
introduced a number of years after the 8080
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(a)

(b)

(c)

(d)

Several firms manufacture microprocessor trainers like these. The unit
at (a) is an E&L Instruments MMD-7 8080 based trainer, shown with a
tape recorder for mass storage and documentation. The unit at (b) is the
Heathkit ET3400 trainer, based on the 6800 design. The unit at (c) is the
MOS Technology KIM-7 single board 6502 computer, probably the most
widely sold board in personal computer experimental circles. The unit at
(d) is a Motorola 6800 training kit available from the manufacturer. (These
photos supplied by the respective manufacturers.) The training computers
tend to have limited memory and limited peripheral capability, but excel-
lent documentation designed to train technical people in the operation of
a particular computer and in general principles of computer controlled
systems.

and 6800, it has managed to capture a
significant portion of the microprocessor
market. It has also been widely accepted in
hobby and personal computing. Because
it is essentially an improved and more
powerful 8080, the Z-80 can be considered
a part of the 8080 movement. Nevertheless,
it deserves some attention on its own.

Some of the personal computers using
the Z-80 are listed below.

Technical Design Labs
Cromemco
Digital Group
Radio Shack

The Z-80 also has two primary suppliers.
These are Zilog and Mostek.

Since the Z-80 will run most 8080 soft-
ware, it is an excellent choice with respect to
software. Besides the upwards compati-
bility and software factors, the Z-80 is also
far more powerful. It runs at a higher speed,
has a larger instruction set and more sophis-
ticated addressing modes. The Z-80 is per-
haps the best 8 bit microprocessor currently
on the market.

Despite these advantages, the several Z-80
based processor boards developed as replace-
ments for S-100 based microcomputers have
not been all that popular. It is difficult for
the owner of an 8080 based Altair bus
microcomputer to justify a three or four
hundred dollar expense simply to replace
an 8080 processor with a Z-80. While you
still maintain software compatibility, the
Z-80 provides the additional benefits of
greater computing power and speed. How-
ever, most hobbyists do not require the
greater power and computing speed. The
capabilities of the less powerful 8080 are
more than adequate.

Choosing a microprocessor for a micro-
computer design is an agonizing process. Yet
once all of the factors are considered, the
choice narrows down rather quickly. For a
general purpose microcomputer, most de-
signers circa 1975 to 1977 quickly identified
the four choices given above. Choosing
among them then becomes somewhat sub-
jective. I was personally involved in making
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a decision for the microprocessor of the H8
Heathkit computer. When that choice was
made in early 1975, the Z-80 was not
available. The 6502 was a fairly new device
and no second source was available. This
narrowed the choice rather quickly to the
8080 and 6800. At that time the 6800 had
not penetrated the 8 bit market as much as
it has now. As a result, not as much software
and documentation support were available.
Because of this, the 8080 became the most
obvious choice in our planning. Today, even
with the greater penetration of the 6800 and
the announcement of the 6502 and the
Z-80, the choice of the 8080 for the Heathkit
H8 was still a good one. The 8080 still has
sufficient computing power for nearly any
hobby and personal computing application.
But today with more choices available, the
6800, Z-80 and 6502 are certainly viable
alternatives. At some point in the decision
making process, technical capabilities, speci-
fications and other factors become meaning-
less and the choice is made strictly on
subjective or emotional grounds.

What About the Others?

What about all those other microproc-
essors which are available to the hobby and
personal computing user? Why shouldn't a
hobbyist consider these devices as well? The
answer is a difficult one. First the other
microprocessors are certainly capable of
producing the same or even improved per-
formance over the most popular devices in
use. However, since they have not been
widely adopted by microcomputer manu-
facturers, most of them are simply not
available.

2650

The Signetics 2650 is a good example.
This device was announced well after the
8080 and 6800. However, it is a superior
design in many ways. The 2650 is in effect
more like a minicomputer than a micro-
processor. It is extremely powerful in that
it has a superior architecture and powerful
instruction set. It also operates at a high
rate of speed. Yet this device never really
caught on. Today there are no widely used
hobby and personal computers available
using this device. As a result, there is limited
software available for it. For the homebrew
experimenter this device may be an excellent
choice provided he is willing to develop his
own hardware and support software.

SC/MP

The National SC/MP is another very
interesting 8 bit microprocessor. It is per-
haps one of the simplest and lowest cost

Circle 6 on inquiry card.

NORTH STAR BASIC PROGRAMS
HUNDREDS SOLD, EACH SYSTEM COMPLETE ON DISKETTE
READY TO RUN. WORD PROCESSING, NORTH STAR TUTO-
RIAL I, NORTH STAR TUTORIAL II (TEACHES NORTH STAR
BASIC), ACCOUNTS PAYABLE, ACCOUNTS RECEIVABLE,
PAYROLL, GENERAL LEDGER, MEDICAL-PROFESSIONAL,
BILLING, SALES WITH SALES ANALYSIS AND GROSS PRO-
FIT, INVENTORY, HISTOGRAM GENERATOR, COMPUTER
CHESS, MAILING LABELS. $ 35.00 each.

SOFTWARE LOCATER (LOCATE, INDEX-FREE SOFTWARE),
CHECKBOOK BALANCING, BOWLING-GOLF HANDICAPPER,
COIN COLLECTION INVENTORY, IMPORTANT DOCUMENT
LOCATER, BUDGET PLANNER, GAME DISK. $25. 00 each.

IQ TESTER, COMPUTER MEMORY DIAGNOSTIC PERSONAL
FINANCE, BUSINESS FINANCE, BIORHYTHM GENERATOR,
DIET PLANNER, CRYTOGRAPHIC ENCODER, MATH TUTOR,
A SORT UTILITY. $ 15.00 each.

EQUIPMENT REQUIRED, SINGLE DRIVE, 8K FREE MEMORY,
PRINTER OPTIONAL.

TRS-80 LEVEL I & II (ON CASSETTE) STOCK MARKET ANALYSIS,
GRAPHICS, TREND LINE ANALYSIS, BUSINESS APPLICATIONS. $ 15.00.

BLANK DISKETTES $3.80 (UNDER TEN ORDERED, ADD $2.00 FOR
SHIPPING; OVER TEN SHIPPED POSTPAID).

CPM COMPATIBLE BASIC PROGRAM LISTINGS ALSO AVAILABLE.

BET.
UOU DIDN 'T KNOW!
OAE'S new PP - 2708/16
PROM Programmer is the
only programmer with all
these features:
• Converts a PROM memory

socket to a table top pro-
grammer : No complex inter-
facing to wire-just plug it
into a 2708 memory socket'

turn cermet trimmers (for
precision pulse width and
amplitude alignment)

• All packaged in a handsome
aluminum case

PP-2708/16 . . A & T $295.

• A short subroutine sends PP-2716 ( Programs Intel's
data over the address lines
to program the PROM

• Programs 2 PROMS for less
than the cost of a personal-
ity module. (2708s and TMS
2716s)

• Connect 2 or.more in paral-
lel - super for production
programming

• Complete with DC to DC
switching invertor and 10

Circle 291 on inquiry card.

Oliver Advanced Engineering, Inc.
676 West Wilson Avenue
Glendale, Calif. 91203

(213) 240-0080
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Circle 330 on inquiry card.

Software

Games • CRAPS (Las Vegas style) $6.00
• MULTIPLE LUNAR LANDER $8.00
• SLOT MACHINE $6.00
• GAME PACKAGE: Russian Roulette, Mad

Scientist, and ABM $8.00
Graphics • PICTURE MAKER with AMP'L ANNY $12.00

• GRAPHICS PACKAGE I: Laser Beam, Space
Shuttle, and Blast Off $10.00

• GRAPHICS PACKAGE II : Rain in Greece, Flea,
Textwriter, Random Walk $10.00

Scientific • FOURIER FIT: Does curve fitting $15.00
Systems • RANDOM NUMBER GENERATOR TEST $5.00

• HEX MEMORY LOADER $10.00
• MEMORY DUMP PROGRAM $10.00
• MEMORY SEARCH $5.00

All Programs Written in BASIC
Complete Easy to Read Documentation

Programs Completely Tested

SOFTWARE RECORDS
P.O. BOX 8401-B

UNIVERSAL CITY, CA 91608
(cal residents add 6% sales tax)

DIGITAL JZa4C
RELIABILITY
QUALITY
DEPENDABILITY
ADDRESSING
PROTECT
BUFFERING
LOW POWER
WAIT STATES
QUALITY
GUARANTEE
DELIVERY
PHANTOM
TESTING

SPECIAL

8 WAS
8K STATIC RAM

ASSEMBLED
S-100

ONBOARD SWITCH WRITE PROTECTS /SNPROTECTS ALL 8K

OR EACH 4K BLOCK CAN BE PROTECTED VIA FRONT PANEL

ALL 5.100 BUS LINES ARE FULLY BUFFERED
ONE LS-TTL LOAD PER UNE

21L02 RAMS -THE EKES TYPICALLY REQUIRES 1.5 AMPS
AT 8 VOLTS - a ON-BOARD 5 VOLT REGULATORS

0. 1, OR 2 WAIT STATES MAY BE SELECTED

VIA A PLUGGABLE JUMPER

THE BOARD IS GLASS EPOXY WITH SILK SCREEN LEGEND,

FULL SOLDER MASKS ON BOTH SIDES , FLOW SOLDERING, GOLD CONTACTS

IF NOT SATISFIED RETURN THE UNDAMAGED BKRS WITHIN
10 DAYS FOR FULL REFUND - ALSO 90 DAY LIMITED WARRANTY

STOCK TO 30 OAYS - CALL BETWEEN 8:30 AND 600 TO RESERVE
YOUR BKRS OR FOR MORE INFORMATION

MEMORY DISABLE IS IMPLEMENTED VIA PHANTOM IPIN 671

COMPLETE TESTING NOT ONLY OF ALL MEMORY CELLS BUT ALSO
OF ALL SUPPORT CIRCUITRY AND OPTIONS

INTRODUCTORY

PRICE

ASSEMBLED /TESTED

(714) 992-5540
2555 E. CHAPMAN AVE.
SUITE 604
FULLERTON , CA 92631

450 ns 250 ns

$14995 $18995
CALIFORNIA RESIDENTS ADD 6% TAX

devices available. Because it is so simple it
does not offer the computing power of the
other devices. Nevertheless, it is extremely
easy to learn and use.

The main reason why the SC/MP has not
been widely used is that again no hobby and
personal computer manufacturer has selected
it for its processor. National Semiconductor
does provide several development kits that
have found some interest in hobby and per-
sonal computing fields. In addition, National
has developed a BASIC-like language called
NIBL that was developed with the hobbyist
in mind. For the homebrew enthusiast, the
SC/MP is a good choice.

1802

The RCA 1802 is another interesting 8
bit microprocessor. This is a CMOS device
which has extremely low power dissipation.
Its low power dissipation has led to incor-
poration of the 1802 design into one well
known experimenter's project, the next
series of AMSAT radio amateur satellites.
Again, no hobby and personal computer
manufacturer has selected this as the pri-
mary processor of a general purpose com-
puter. The architecture and instruction set
of the 1802 is peculiar and thus more diffi-
cult to use than other devices. Little or no
software is available. Nevertheless, the 1802
is relatively easy to use and the homebrew
hobbyist may find it a desirable choice.
RCA makes several development kits that
serve as a good starting point, one of which
is intended as a low cost hobby computer.

F8/3870

The F8/3870 microprocessor is another
widely used 8 bit microprocessor. The F8
is effectively a two chip microprocessor
featuring a ROM on one chip. The 3870 is
MOSTEK's version of the Fairchild F8 in
a single chip form. Neither of these devices
has caught on for hobby and personal com-
puter use. Only one hobby and personal
computer manufacturer ever announced an

F8 based machine and the company which
manufactured it appears to be no longer in
business. Both the F8 and the 3870 micro-
processors were not designed for general
purpose computer application. Instead, they
were designed to be hardwired digital logic
replacements. These are the microproc-
essors that were designed to be buried inside
of equipment as controllers. As a result they
make very poor choices as general purpose
digital computers.

The same is true of the new Intel 8048/
8748. Like the F8 and 3870, the 8048 in-
corporates all circuitry on one chip. This
includes the processor, clock, both pro-
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(a)

(b)

Digital Equipment Corporation, the largest minicomputer company,
introduced the LSI-l i microprocessor based single board computer to
extend its minicomputer line downward into the microcomputer world.
This PDP-11 /03 system (a) is the DEC finished package based on the LSI-7 7.
The Heath Company offers a version of the LSI-71 (b) which is called the
H77, which is available at lower cost in partial kit form along
with extensive documentation aimed at the personal computer kit builder
and experimenter. These photos are supplied by Digital Equipment Cor-
poration and Heathkit, respectively.

grammable and read only memory, as well
as input and output interfaces. The 8048
was designed as a hardwired logic replace-
ment and not for general purpose digital
computer application.

What About 12 and 16 Bit Microprocessors?

Without question the trend in micro-
processor development is toward larger,
more sophisticated designs. While most
microprocessor activity is centered around
8 bit devices, there is clear evidence that
single chip 16 bit microprocessors will

eventually replace the 8 bit units. As semi-
conductor technology improves, it will be
just as easy to manufacture a 16 bit micro-
processor as it is an 8 bit device. When that
time comes, the price differential will be
minimal. As a result, most purchasers of
new equipment will go to the more powerful
16 bit device over the 8 bit device, even
though the computing power available is
overkill for the application.

There are a number of 16 bit micro-
computers and one 12 bit device now on
the market. In terms of overall microproc-
essor usage, their popularity is small. But it
is growing rapidly as more devices are
developed. As these devices are incorporated
in designs, the demand will go up and prices
will decline.

Some of the manufacturers making a
16 bit microprocessor are given below.

National Semiconductor PACE, 8900
General Instrument 1600
Data General microNOVA
Digital Equipment Corp LSI-11
Texas Instruments 9900
Fairchild 9440

At present there are few hobby and
personal computers based on 16 bit micro-
processors. Notably those that are available
are the Heath kit H11 which is based on the
popular DEC LSI-1 1 and the Technico 9900,
based on the TMS-9900 part from Texas
Instruments.

The reason why 16 bit microprocessors
haven't caught on in personal computing is
that they have not been widely adopted
elsewhere. The price is significantly higher
than 8 bit devices and little or no software
is available. 16 bit microprocessors are far
more powerful and can process data much
faster than an 8 bit microprocessor. How-
ever, for most personal computing applica-
tions such power is not necessary.

At this time, the most widely used 16
bit microcomputer is the DEC LSI-1 1. This
particular computer has a wide following
among hobbyists because of the great DEC
software base. It is an ideal choice for the
advanced user.

None of the other available 16 bit micro-
processors has yet caught on. The first 16
bit microprocessor available was National
Semiconductor's PACE. Despite its early
lead, PACE never became popular.

The newer Texas Instruments 9900 16
bit microprocessor shows promise of becom-
ing one of the more popular 16 bit micro-
processors. This device may eventually be-
come the 8080 of the 16 bit microproc-
essors. This device is gaining acceptance in
many areas. It is a powerful, general purpose
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device. In addition, much of the software
available for Texas Instruments minicom-
puter line is compatible and could possibly
be converted in the future for use on this
device. Finally, Texas Instruments is one of
the largest and most aggressive semicon-
ductor manufacturers. They have the manu-
facturing and marketing power to support
and promote this device. Watch for it in
future designs.

The Micro NOVA is another very power-
ful 16 bit microprocessor. It can effectively
run all of the software available for the
popular Data General NOVA line of mini-
computers. However, this device like some
of the others has not caught on. It is an ex-
pensive device and not widely available.
While the architecture is straightforward and
easy to learn and the Data General software
base is tremendous, it is doubtful that Data
General will promote this device for the
personal computing market or make such
software available at competitive prices.
(However, Data General is promoting the
Micro-NOVA through selected retail stores
and electronics distributions. Fairchild's
9440 MPU uses the Data General architec-
ture and will run the software. Although it
is expensive, someone may eventually use
the 9440 in a personal computer.

The Intersil 6100 is a 12 bit CMOS micro-
processor. Its claim to fame is that it has the
architecture and instruction set of the
famous DEC PDP-8/E minicomputer. It will
also run software written for that machine.
This gives the 6100 an excellent software
base. But despite the software advantage the
6100 hasn't caught on in personal com-
puting. One reason is the high price as-
sociated with 6100 based computers. These
include Intersil's own Intercept series and a
machine made by PCM. For the prices of
these machines, a user can buy a used but
real DEC PDP-8. In any case, the 6100 is
a good chip with much potential.

Summary and Conclusion

The message in this article is relatively
clear. If you are choosing a microcomputer
for hobby and personal computer applica-
tions, your best choice lies in the 8080,
Z-80, 6800 or 6502 based machines. This is
the mainstream of personal computing. The
8080/Z-80 combination probably has the
edge over all of these.The biggest question
is who is going to make the 16 bit micro-
processor. Will it be the new Intel 8086? or
will Zilog's Z8000 win? We will have to wait
and see.

Finally, the message here is that "a proc-
essor alone does not a computer system

Another 16 bit minicomputer architec-
ture available in microcomputer form is the
Data General Corporation's MicroNOVA
shown here in a picture supplied by Data
General. In the foreground is the processor
chip standing alone; in back of the inte-
grated circuit is a printed circuit board
version of the computer intended for use in
dedicated applications. In the background
can be seen the MicroNOVA fully inte-
grated minicomputer system. These pro-
ducts are available at several retail computer
stores and at several electronics distributors.

make." When it comes right down to it, the
type of processor is almost irrelevant to the
user who is programming in BASIC or
PASCAL or some other high level language.
Overall, it is the software that gets the job
done. If you base your choice of a personal
computer system on the availability of good
system and application software, you will
not go wrong, whatever low level machine
architecture is used!
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