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PREFACE

This book is intended to serve the needs of a large class of engineers,
managers, sales representatives, technicians, and students who want
to gain an insight into the complexities of microcomputer applica-
tions, but who do not work with these devices every day. No special
knowledge about microcomputers, or even computers, is assumed;
technical information is supplied as it is needed throughout the text.

The presentation is built around a simple example, the measurement
of the number of gallons of liquid in an oddly-shaped tank, employing
a float and a microcomputer. As the solution is developed, facts about
microcomputers are brought in, each illustrated by a diagram placed
directly next to the idea it illustrates.

The details of the solution are given down to the level of the indivi-
dual assembly-language instructions and the individual electrical con-
nections, to give the readers a good appreciation for the complexity
involved in a microcomputer application.

No attempt is made, however, to treat all of the instruction formats
of the selected microprocessor, nor all of the techniques of their use;
nor are all of the available auxiliary electronic devices explored. In a
similar way, the book does not attempt to cover a range of different
microprocessors. The aim is to show newcomers to the field how a
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particular problem would be solved, and to impart to them the know-
ledge they would need in order to solve the problem, thus giving him
or her, in a relatively pleasant and painless way, (1) a grounding in a
representative set of techniques, (2) a clear idea of what a microcom-
puter designer or application engineer must go through, (3) an under-
standing of what must be communicated to a microcomputer devel-
opment team, should they be in a position to use such services, and
(4) enough real understanding of the process so that, if they must ob-
tain for themselves a much larger body of knowledge about micro-
computers, they will be better prepared to find, select, and assimil-
ate it.

William S. Bennett
Carl F. Evert, Jr.
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INTRODUCTION

[ele

In just a few years, the micro-
processor industry has grown so
much, and the cost of microproc-
essors has been so drastically re-
duced, that these devices are now
within the reach of every engin-
eer, technician and instrumenta-
tion salesman. Almost every new
instrument, controller, or data
collection system has a micro-
processor in it. Engineers of all
disciplines, and many other peo-
ple in technical work, find that
they have to have a good under-
standing of the basic principles
of these devices. Fortunately,
the field is open to anyone willing
to learn a few simple principles,
and it is not hard if you spend
your time on the right ideas —
something this book will help
you do. The world of small com-
puters is easy to enter, and once
there, it is fun.
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CHAPTER 1

You should think first of the job
the microcomputer has to do.
We’re going to do that in this
book; once the job has been es-
tablished, we’ll show you the de-
tails of how the microcomputer
carries it out. So the design starts
by figuring out what the job is —
in formal engineering jargon, it
starts with an analysis of the sys-
tem which establishes the require-
ments, then proceeds to the im-
plementation which accomplishes
the result. The steps are easy and
logical.

Suppose that the job is to report
how much of a certain liquid is
in a particular tank, and then dis-
play a number or a message that
tells how much there is. The tank
has an arm with a float on it,
which moves up and down as the
liquid level moves up and down.
What can a microprocessor con-
tribute to the operation of this
simple system?

We’re going to follow this par-
ticular problem in detail, all the
way to its solution, in this book.
But as we go through the steps of
the solution, we’ll need to know
facts about microcomputers and
how they’re used; so interspersed
with the solution we’ll provide
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some explanations of those facts,
and we can begin with the way a
microprocessor chip looks to the
outside world:

The inputs and outputs of a
microprocessor are voltages —
either zero or five volts — that
appear on several dozen termin-
als, or “pins,” around its outside
edge. So if we want to use any
sensors as inputs, or displays as
outputs, we have to match their
voltages, and their arrangements
of wires, to the microprocessor
in some way.

And often there have to be
some changes in the input infor-
mation before it is passed on as
an output. Inputs from sensors
have to be converted to numbers
or alphabetic messages for the
output display. The microproces-
sor can provide an infinite vari-
ety of these conversions of input
data to output data, but you
have to specify exactly what
they are. You do it with strings
of simple commands, that are
put into a permanent memory in-
side the microcomputer. These
strings of simple commands, or
instructions, are called programs,
and programming is the major
activity of thousands of engin-
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CHAPTER 1

eers, technicians (and high school
students) these days.

All computers, of course, have a
central processor, some memory,
and some way to bring data in
and present it to the outside
world. What is peculiar to the
microcomputer is that the pro-
cessor is usually on one chip, and
perhaps memory and input/out-
put circuits are on that same chip,
but the memory and I/O circuits
are at least in nearby small chips
on the same supporting circuit
board. Microcomputers are not
only small but low in cost, at
least relative to the larger com-
puters. Typically, a microcom-
puter will be used where there is
only one or a few different tasks
to perform; where the string of
instructions, or program, is most-
ly fixed; where the range of in-
put/output equipment to which
it is connected is not as wide as
with larger computers; and where
speed and efficiency are not as
important. A microcomputer, for
instance, would be found in a
microwave oven, a laboratory in-
strument, a machine tool, or a
cash register terminal: here there
is no need for high-speed punch-
ed card readers, line printers,
large magnetic tape or disk mem-
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ories, and so forth. The input/
output is limited to a keyboard,
some digit displays, perhaps a
connection through a telephone
line to a larger computer some-
where. The program remains the
same because the task remains
the same: to cook food, to mea-
sure blood samples, to guide a
cutter, or to compute and print a

grocery tape.

Larger computers, in contrast,
handle a generally wider range of
jobs. The “minicomputer” is the
next step up from a microcom- 0O000D000000O
puter; usually it is contained in a cocoopooooDooaQ
box ‘“the size of a breadbox,”

and has a printing console, per-
haps a line printer, and one or

more magnetic tape units. It ( 7
would handle the paperwork for ey

a small office — payroll, inven- oo
tory, tax computations, sales ]
analyses, and other activities that

can change from day to day —

though it must be said that the

line between microcomputers

and minicomputers is blurring,

and some well-equipped micro-

computers are encroaching on

some of these tasks.

Larger still than minicomputers
are the “main frame’’ computers,
used, for instance, in large offices,
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insurance companies, or the in-
ternal revenue service. These com-
puters deal with very large files
of data — lists of millions of in-
surance policies, or tax returns
for an entire region of the coun-
try. Rows of magnetic disks and
tapes will be connected to hold
this data, and the input/output
problem will be a major part of
the task. Other large main frame
computers will handle “scienti-
fic” computing — perhaps the
enormous number of computa-
tions needed to produce a daily

weather forecast for the nation.
There, speed and efficiency in
arithmetic, far beyond what is
found in the microcomputer, are
needed.

If you were to think now just of
the microcomputer application —
the task that is small, relatively
fixed, not too demanding of in-
put/output paths or fast, effi-
cient arithmetic — what would
you want in a device to solve the
problem? What would you want
as the important features of a
box that would convert input sig-
nals to output information in
your device or project or gadget?
See if this description doesn’t fit
what you’d want:



