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PREFACE

The impact of digital integrated circuits on our modern society has been pervasive. Without
them, the current computer and information-technology revolution would not exist. Digital inte-
grated circuits represent the most important enabling technology in this revolution. This is
largely true because of the immense amount of signal and computer processing that can be real-
ized in a single integrated circuit; modern integrated circuits may contain millions of logic gates.
This textbook is intended to take readers having only a minimal background and knowledge in
electronics to the point at which they can design state-of-the-art digital integrated circuits.

Designing high-performance digital integrated circuits requires expertise in many different
areas; these include semiconductor physics, integrated circuit processing, transistor-level
design, logic-level design, system-level design, testing, etc. All of these topics are covered in
this text, although the emphasis is on transistor-level design of digital integrated circuits and
systems. This contrasts with many other texts in which more of a system-level or very large-
scale integration approach is emphasized with transistor-level details minimized. It is the
author’s belief that before system-level considerations can be properly evaluated, an in-depth
understanding of transistor-level design must first be obtained. This is not to suggest that
important system-level considerations are not covered; indeed important system-level concepts
such as timing, pipelining, clock distribution, and system building blocks are dealt with in
detail, but the emphasis is on transistors. Throughout the book, we have attempted to provide
physical and intuitive explanations, and although mathematical quantitative analyses of many
circuits have necessarily been presented, we have attempted not to “miss seeing the forest
because of the trees.” In other words, this book attempts to present the critical underlying con-
cepts without becoming entangled in tedious and overcomplicated circuit analyses.

INTENDED AUDIENCE

This book is primarily intended for use as a junior- and senior-level undergraduate textbook,
first, as a first-level graduate textbook, second, and as a reference for practicing engineers,
third. To understand the material in this book, it is expected that the reader will have had at
least one basic introductory course in electronic circuits. Specifically, it helps if the reader is
familiar with the concept of basic one- and two-transistor circuits, although this is not essential.

With regard to how this book might be used in an undergraduate course, there are many
options. The chapters of this book have intentionally been made mostly independent such that
some chapters can be covered and others can be skipped. Also, the organization and writing
make it relatively easy to change the order of presentation. If the course is intended to cover
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digital circuits and integrated circuit processing is covered in other courses, Chapter 2 can be
skipped. If readers have a good device modeling background, Chapter 3 might be skipped
except for assigning the first section only as review. Some instructors may prefer covering
latches and flip-flops before timing issues are discussed: indeed, some instructors may prefer
discussing timing issues only in a graduate-level course. Some instructors may prefer covering
bipolar logic gates immediately after covering MOS logic gates, whereas other instructors may
not cover bipolar logic gates at all in a first-level digital integrated circuit course. All of these
alternatives are easily accommodated with the present text. We believe that such flexibility is
essential in presenting textbooks for study in junior- and senior-level undergraduate courses.

Here at the University of Toronto, we cover the material in Chapters 1-4 and selected mate-
rial from Chapters 5-8 in our undergraduate courses. The course comes in at the junior level
for computer engineering students who have little device modeling background, whereas elec-
trical engineering students who take the course in their fourth year have extensive modeling
background. The former students spend more time studying Chapter 2 but in less detail,
whereas for the latter students it is assumed the material is already understood and Chapter 2 is
used only as a reference. Individual instructors will often vary the order and extent of coverage
between Chapters 5 and 8. Some instructors will emphasize transistor-level design of gates,
whereas others will emphasize higher level circuits (flip-flops, adders, multipliers, decoders,
etc.). Indeed, some instructors prefer to cover some aspects of memories (Chapter 11) even in
an undergraduate course. The first section in Chapter 11 covers the fundamentals of integrated
circuit memories that is suitable for an undergraduate course; the latter sections in Chapter 11
cover more advanced topics that might be covered only in a graduate-level course.

A secondary audience for this book includes recently graduated electrical engineers who
wish to rapidly increase their knowledge of modern digital circuit-design techniques. For this
audience, we have put much effort into highlighting the most important considerations when
designing the various circuits, and we have also tried to include modern (at the time of writing),
and well-designed, examples and references to sources for further study.

ACKNOWLEDGMENTS
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