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PREFACE

This book is for everyone who wants to design and build real digital circuits. It
is based on the idea that, in order to do this, you have to grasp the fundamentals,
but at the same time you need to understand how things work in the real world.
Hence, the “principles and practices” theme.

The practice of digital design has undergone a major transformation during
the past 30 years, a direct result of the stunning increases in integrated-circuit
speed and density over the same time period. In the past, when digital designers
were building systems with thousands or at most tens of thousands of gates and
flip-flops, academic courses emphasized minimization and efficient use of chip
and board-level resources.

Today, a single chip can contain tens of millions of transistors and can be
programmed to create a system-on-a-chip that, using the technology of the past,
would have required hundreds of discrete chips containing millions of individual
gates and flip-flops. Successful product development nowadays is limited more
by the design team’s ability to correctly and completely specify the product’s
detailed functions, than by the team’s ability to cram all the needed circuits into
a single board or chip. Thus, a modern academic program must necessarily
emphasize design methodologies and software tools, including hardware
description languages (HDLs), that allow very large, hierarchical designs to be
accomplished by teams of designers.

On one hand, with HDLs, we see the level of abstraction for typical designs
moving higher, above the level of individual gates and flip-flops. But at the same
time, the increased speed and density of digital circuits at both the chip and
board level is forcing many digital designers to be more competent at a lower,
electrical circuit level.

The most employable and ultimately successful digital designers are
skilled, or at least conversant, at both levels of abstraction. This book gives you
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the opportunity to learn the basics at the high level (HDLs), at the low level
(electrical circuits), and throughout the “vast middle” (gates, flip-flops, and
somewhat higher-level digital-design building blocks).

Target Audience

The material in this book is appropriate for introductory courses on digital logic
design in electrical or computer engineering or computer science curricula.
Computer science students who are unfamiliar with basic electronics concepts
or who just aren't interested in the electrical behavior of digital devices may wish
to skip Chapter 3; the rest of the book is written to be independent of this
material as much as possible. On the other hand, anyone with a basic electronics
background who wants to get up to speed on digital electronics can do so by
reading Chapter 3. In addition, students with no electronics background can get
the basics by reading a 20-page electronics tutorial, Section Elec at DDPPonline
(DDPPonline is my shorthand for this book’s web-based supplemental material;
more about this later).

Although this book's level is introductory, it contains much more material
than can be taught in a typical introductory course. Once [ started writing, |
found that I had many important things to say that wouldn't fit into a one-quarter
course at Stanford or in a 400-page book. Therefore, I have followed my usual
practice of including everything that I think is at least moderately important, and
leaving it up to the instructor or reader to decide what is most important in a
particular environment. To help these decisions along, though, I've marked the
headings of optional sections with an asterisk. In general, these sections can be
skipped without any loss of continuity in the non-optional sections that follow.
Even more optional material can be found at DDPPonline.

Undoubtedly, some people will use this book in advanced courses and in
laboratory courses. Advanced students will want to skip the basics and get right
into the fun stuff. Once you know the basics, the most important and fun stuff in
this book is in the sections on hardware description languages ABEL, VHDL,
and Verilog, where you'll discover that your programming courses actually
helped prepare you to design hardware.

Another use of this book is as a self-study reference for a working digital
designer, who may be one of either of two kinds:

Novice If you're just getting started as a working digital designer, and you took
a very “theoretical” logic design course in school, you should concen-
trate on Chapter 3, one of the HDLs in Chapter 5 and Sections 7.11—
7.13, and Chapters 6, 8, and 9 to get prepared for the real world.

Old pro 1f you're experienced, you may not need all of the “practices™ material
in this book, but the principles in Chapters 2, 4, and 7 can help you
organize your thinking, and the discussions there of what's important



