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PREFACE

The emergence of the microprocessor as a principal element in the
design of electronic systems has generated an acute new educational
need. Within the Electrical Engineering Department at Iowa State Uni-
versity, the response to this need has been similar to that at many other
institutions, viz., the modification of existing course material and the
generation of new course material slanted toward the study of micro-
processor principles and applications.

This book has evolved from classroom notes developed for
Computer Engineering 437, Introduction to Microprocessors, which has
been taught at Towa State for the last three years. Since the emphasis is
on hands-on experience, it has been necessary to provide an in-depth
examination of the system chosen as the principal laboratory vehicle,
the KIM-1 microcomputer available from MOS Technology, Rockwell,
Commodore, and Synertek. The authors have attempted to provide an
approach to study of the KIM-1 and its microprocessor element, the
MCS6502, that will develop understanding capable of easy transfer to
other systems, past, present, and future.

Because the role of software development and system integration
is considered critical to the design process, considerable material is
devoted to examination of the role of microcomputer development
systems. The MDT-650 development system is included because of its
role in supporting the MCS6502 microprocessor. Although this system
will be available to relatively few institutions, it is nonetheless an excel-
lent example of equipment of this type. The transition to newer support
equipment, such as the System 65 by Rockwell, should prove easy. A
companion to the System 65 is the Intel MDS-800, designed to support
the 18080 and 18085 microprocessors. The capabilities and overall usage



viii Microcomputer Systems Principles

are similar for these two and most students familiar with either will
adapt quickly to the other.

The authors owe a tremendous debt to Professor James W. Nilsson,
who played a critical role in pulling together the efforts of the authors
and in integrating their rather style-disparate contributions into a manu-
script of (hopefully) reasonable coherence. Without his patient guidance
and goodnatured exhortations the project would undoubtedly have
failed.

The authors also wish to thank J. O. Kopplin, Chairman of the
Department of Electrical Engineering, for his continuing encouragement
and support of the development of this book.

The authors wish to thank Mrs. Betty Carter for her long-term
patience in typing the many manuscript iterations which have occurred
during preparation of the book. Thanks also to Mrs. Sherry Smay and
Mrs. Jeanne Gehm who assisted during the latter stages of typing.

Finally, thanks to faculty colleagues and sfudents within the
Department of Electrical Engineering, Computer Engineering, the
Engineering Research Institute, and the Computation Center at lowa
State University for their innumerable contributions in the form of
conversation and criticism.
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INTRODUCTION TO
MICROCOMPUTER-BASED DESIGN

1.1 EVOLUTION OF THE MICROCOMPUTER

The term “‘revolutionary” is rather indiscriminantly applied to
such diverse subjects as home-laundry soap, rock music, automobile
tires, and other preducts of contemporary society. We also hear many
references to the electronics revolution, the LSI revolution, and the
microprocessor or microcomputer revolution. With respect to these
Jatter subjects, the principal act which can be termed truly revolutionary
was the invention of the transistor in the late 1940’s. Subsequent devel-
opment of integrated circuits (ICs), medium-scale integrated circuits
(MSI circuits), large-scale integrated circuits (LSI circuits),and very
large scale integrated circuits (VLSI circuits) has followed a natural
evolutionary path, at an admittedly staggering rate.

Figure 1.1-1 is a plot which demonstrates that the number of
components per integrated circuit has doubled each year since 1959,
the year the planar transistor process, upon which bipolar IC develop-
ment was based, was introduced by the Fairchild Corporation
(Reference 1). It is truly remarkable that this exponential rate of
growth has continued over such an extended period of time. If the
trend continues until 1979, and it appears that it will, we can expect to
have access to monolithic chips containing 22° (about 1 million)
components.

Individual digital circuits tend to be comparatively simple and
tolerant of signal level and component parameter variation. These
characteristics, combined with the tendency toward regular, repeated
structure in registers, arithmetic units, memory units, and other logical
subsystems make digital systems natural candidates for implementation
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Figure 1.1-1 Evolution of large scale integrated (LSI) circuits
(Courtesy Robert N. Noyce, reference 1)

via LSI technology. Thus, we have observed the development of such
components as: IC gates and flip-flops; MSI registers and ALU’s; and
LSI microprocessors and memory units. At each stage these develop-
ments have exemplified the state-of-the-art in semiconductor
technology.

The principal impact of the breakneck race of technology is
economic. The transistors of the 1950 cost from 50 cents to several
dollars each. The ICs of the 1960°s were similarly priced, as were the
MST units of the early 1970°s. Today a microprocessor containing
perhaps 5000 transistors (see Figure 1.1-2) can be bought in single-unit
lots for 30 dollars or less. In high-density memory units, transistor costs
are between 0.01 and 0.1 cents. Noyce (Reference 1) states that the
industrial experience curve supports a prediction of a 100-fold increase
in electronic functions incorporated into products by 1986, coupled
with a 20 fold decline in cost per function. The impact of this explosion
in electronic technology on our lives and on society at large will be
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staggering enough to warrant the use of the word “revolutionary” in
its most literal sense.

Another important by-product of LSI technology is extreme
reliability, The failure rate of integrated semiconductor units has
tended to be fairly uniform at the package level, regardless of the
number of components or functions which comprise the package.
Another factor which contributes to system reliability is the economic
feasibility of using redundant systems or subsystems.

The microprocessor of today, then, is the contemporary result of a
tremendously rapid evolutionary process based on the transistor, a
fundamental invention barely 30 years old.

P
i bl

Figure 1.1-2 Photomicrograph of Intel 8080 microprocessor

1.2 MICROPROCESSOR APPLICATIONS

The hand-held calculator and the digital watch, Figure 1.2-1, were
among the first products of LSI technology. In each of these cases, the
projected market volume was large enough to warrant very large devel-
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Figure 1.2-1 The digital watch and the hand-held calculator —products of the LSI
revolution

opment costs associated with specialized LSI units. Microprocessors are
no less expensive to develop, but their programmable nature makes
them adaptable to a variety of diverse applications. Thus, if program-
ming costs can be controlled, the economic benefits of large-volume
LSI production can be applied to products whose individual market
volumes cannot justify special-purpose LSI chip development.

1.2.1 Categories of Microprocessor Applications

The wide range of microcomputer applications can be roughly
divided into three categories. First, there is the type of application
in which the microcomputer simply plays the traditional role of its
larger and more expensive brother, the minicomputer or large-scale
computer. The so-called “‘personal” computer, Figure 1.2-2, is an
example of this type of application. The function provided by the
personal computer is in concept much the same as that provided by the
industrial or institutional computer, e.g., record-keeping, file storage
and retrieval, and capability for execution of user programs directed
toward analytical or abstract problem-solving. In the personal computer,



Figure 1.2-2 A typical “personal computer”—The Commodore PET 2001
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































