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Preface

The material in this book has been put together from the many operating
manuals and system descriptions published by the various manufacturers mentioned
in this book. And, in many cases, the complete latest schematic revision of the par-
ticular board described has been included for handy reference. In total, this book
is intended to serve as a quick, handy compendium of technical information about
S-100 bus equipment. And, although some companies have changed names, been
acquired by others, or closed their doors, many thousands of their boards are in the
field, and this book will be one of the few places that data will be available.

The boards covered in this book span a wide range of functions, and although
it would be impossible to cover every manufacturer's product in a single book, the
equipment described here is representative of the many other products that are avail-
able. Companies such as MITS and IMSAI were the pioneers in the field of "per-
sonal" computing, which has now opened up to an extremely large assortment of
low-cost completely assembled systems, some using the S-100 bus and others using
proprietary bus structures.

However, another controversy covered in this book is that of just what is
the S-100 bus. MITS introduced the original version of it on their Altair 8800 micro-
computer system, revised it for the 8800b system and then developed an entirely new
structure. The pin definitions picked by Imsai were very similar to those of MITS,
but there were some differences-differences that make some of the boards that
operate in one system incompatible on the other system. For future S-100 bus sys-
tems, many of the incompatibility problems should be eliminated as the "standard"
for S-100 bus systems that has been developed by a committee of IEEE (Institute
of Electrical and Electronic Engineers) becomes widely adopted. Included in Ap-
pendix D is a summary of the new standard, including a listing of all the pins and
their definitions.

Not only will this book serve as a handy compendium of information about
the boards, but it will serve as a simple guide to troubleshooting some of the basic
simple system failures beyond "it doesn't work." Detailed troubleshooting infor-
mation would require a book on each type of board, so the material included here
will just help track down the problem to a defective board, system component, or
program.

I would just like to add a word of thanks to all the microcomputer manu-
facturers that helped me put this material together and hope that for you, the user,
it serves its intended purpose.

DAVE BURSKY
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CHAPTER 1

Basic Introduction to Computers
and Microprocessors

So you want to use a computer. But just buying one
and reading the instruction and operating manuals will
not get you very far, especially if you're not familiar with
programming or electronics.

By itself, a computer is nothing more than a collec-
tion of electronic circuits arranged to process informa-
tion that is fed into it. In addition to all the electronics,
therefore, a computer requires some sort of language to
communicate back and forth with the operator-you.
Such a language consists of a stable of commands that
can be combined in various ways to make the computer
do almost anything-solve business problems, simulate
speech, play music, play games, or even solve mathe-
matical equations.

A Little Computer Prehistory

Ever since man started counting on his hands and
toes, he has been trying to find easier and faster ways
to do everything. The Chinese abacus, developed before
2000 B.C., was one of the first calculating machines
(Fig. 1.1). It could add, subtract, multiply, and divide
under the skillful control of an operator. And even
today, if you were to go into the Chinese community
of any sizable city you would probably find some shop-
keepers still using the abacus to do their bookkeeping.

Fig. 1.1 The Chinese abacus, one of the first of man's
calculating machines, is still in use today.

Early Western civilization, though, struggled along
without such a handy device. Moreover, it had to make
do with the numbering system devised by the Romans-
what today we call Roman numerals:

I=1, V=5, X= 10,

C = 100, and M = 1000

It wasn't until the thirteenth and fourteenth centuries
that the decimal system of Arabic numerals we use
today-0, 1, 2, 3, 4, 5, 6, 7, 8, and 9-came into wide-
spread use. Except for the zero, the numbering system
dates back to about the fifth century. However, the idea
of a placeholder, the zero, was not developed until about
the ninth or tenth century.

Today, the decimal numbering system is used
throughout the world as a common mathematical tool.
However, most computers don't operate with decimal
numbers-they use one of the forms of binary number
representations to perform their operations. We'll talk
more about numbering systems and how they work in
the next chapter.

It wasn't until the seventeenth century that modern
computing devices began to take shape. Two of Eu-
rope's top philosopher-scientists-Blaise Pascal and
Gottfried von Leibnitz-improved on some basic math-
ematical concepts in a way that made some crude cal-
culators possible (crude, that is, by today's standards).

Pascal's contribution was to increase our under-
standing of the carry and borrow operations used in
addition and subtraction. About the middle of the
seventeenth century he developed an adding machine
(Fig. 1.2a) that could perform all four basic functions-
addition, subtraction, multiplication, and division by
means of notched wheels interconnected by gears. Each
wheel had ten notches, and after every complete rota-
tion of a lower wheel the next higher wheel would move
ahead one notch. Multiplication consisted of nothing
more than repeated additions, and division of nothing
more than repeated subtractions. Most electric and gas
meters used by the utilities today use the same principle
to calculate power usage.
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(A)

(B)

Fig. 1.2 The first crude calculator, "Pascal's Machine
Arithmetique," was developed in the seventeenth
century (a). During the nineteenth century, Babbage
conceived a fully automatic calculating machine he
called an analytical engine (b). It used punched cards
to feed in the information.

Leibnitz improved on Pascal's machine by develop-
ing a way to do multiplication directly. The principle
of his machine, called a stepped reckoner, was used in
many electromechanical calculators until the 1960s. Of
course, both Pascal's and Leibnitz's machines had to
be manually operated; someone had to feed in the num-
bers and turn the crank for each operation.

About 200 years had to pass before Charles Bab-
bage conceived of a fully automatic calculating ma-

chine-he called it the analytical engine (Fig. 1.2b).
Unfortunately, his machine was too complex for the
metal-working technology of the early 1800s, and it was
never built. Babbage's concept of the analytical engine
also fostered the idea of using punched cards to feed
information (both instructions and data) into a machine
for processing. Many computer installations still use
Babbage's punched-card concept for entering programs
and data.

While Babbage's idea remained sidelined, another
mathematician, George Boole, developed a theory of
logical algebra (what today engineers refer to as Boolean
algebra) that has served as the basis for all modern
computer theory. A lot of other developments had to
take place, however, before modern computers could
even be imagined.

Electricity was still the experimenter's parlor toy
in the nineteenth century, and the theory of electricity
had yet to be formulated. Once it had been, the great
cataclysms of the twentieth century's two World Wars
brought forth many advances in electrical machinery
and computing devices. Not long after the end of World
War II, several large computing machines were devel-
oped by researchers at Harvard and the University of
Pennsylvania-the Mark I at Harvard, and ENIAC at
the University of Pennsylvania.

By today's standards, ENIAC (only 30 years old)
was a very primitive machine (Fig. 1.3). It used 18,000
vacuum tubes, weighed more than 30 tons, consumed
130,000 watts, and performed only 5000 operations per
second. Modern programmable pocket calculators that
can store instructions on magnetic cards have as much
capability as did ENIAC.

While scientists struggled to keep ENIAC running,
researchers at Bell Labs refined the principles of semi-
conducting materials. By the early 1950s semiconduc-
tors-transistors started to replace vacuum tubes in
many applications. They not only offered almost unlim-
ited life compared to that of vacuum tubes, but were
only a fraction the size.

Fig. 1.3 World War II spurred scientists at the Univer-
sity of Pennsylvania to develop the first digital com-
puter-ENIAC. (Courtesy Sperry Univac)
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Fig.1.4 Containing all the major logic sections that makeup a computer, the 8048 microcomputer developed by Intel is built into a chip
of silicon less than a quarter of an inch on a side. (Courtesy Intel)

Use of these semiconductor materials-germanium

and silicon-to build miniaturized systems allowed

designers to build machines that required a fraction

of the power, were only a fraction the size, and only a
small percentage of the weight of ENIAC. The transis-

tor indeed marked the turning point of modern com-

puter design.

But even since the invention of the transistor there
have been major advances. In 1958, several companies

managed to combine several transistors and some other
components within a single tiny chip of silicon. These
all-solid-state circuits, now referred to as monolithic
integrated circuits, have reduced the number of actual
components needed to build a computer system to a
mere handful. As a matter of fact, today's technology
has already made possible the complete computer on a
single chip of silicon only 0.25 in. on a side (Fig. 1.4).
The chip contains about 40,000 transistors and requires
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