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Foreword

My first exposure to the unique writing style of Clive (call me “Max”) Maxfield was
a magazine article that he cowrote with an associate. The article was technically
brilliant (he paid me to say that) and very informative, but it was the short biogra-
phy at the end of the piece that I enjoyed the most. I say enjoyed the most because,
as you will soon learn, Max does not necessarily follow the herd or dance to the
same drummer as the masses. Trade journals have a reputation for being informa-
tive and educational, but also as dry as West Texas real estate.

Anyway, Max’s personally submitted biography not only included a message
from his mom, but also made mention of the fact that he (Max) is taller than
his coauthor, who just happened to be his boss at the time. Now to some peo-
ple this may seem irrelevant, but to our readers (and Max’s boss), these kind
of things—trivial as they may seem to the uninitiated—are what helps us to
maintain our off-grid sense of the world. Max has become, for better or worse,
a part of that alternate life experience.

So now it’s a couple of years later, and Max has asked me to write a few words
by way of introduction to his magnum opus. Personally, I think that the title of
this tome alone (hmmm, a movie?) should provide some input as to what you
can expect. But, for those who require a bit more: be forewarned, dear reader,
you will probably learn far more than you could hope to expect from Bebop
to the Boolean Boogie, just because of the unique approach Max has to techni-
cal material. The author will guide you from the basics through a minefield of
potentially boring theoretical mish-mash, to a Nirvana of understanding. You
will not suffer that fate familiar to every reader: rereading paragraphs over and
over wondering what in the world the author was trying to say. For a limey,
Max shoots amazingly well and from the hip, but in a way that will keep you
interested and amused. If you are not vigilant, you may not only learn some-
thing, but you may even enjoy the process. The only further advice I can give is
to “expect the unexpected.”

—DPete Waddell, Publisher, Printed Circuit Design
Literary genius (so says his mom), and taller than Max by 1'/s inches
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About this Book

NOTE FROM THE AUTHOR WITH REGARD TO THE SECOND
EDITION

| awoke one Saturday morning in July 1992 with the idea that it would be “sort of cool” to
stroll into a bookshop and see something I’d written on the shelves. So with no clue as to
what this would actually entail, | started penning the first edition of Bebop to the Boolean
Boogie, which eventually hit the streets in 1995.

Much to my surprise, Bebop quickly found a following at Yale University as part of an
introductory electronics course (it was subsequently adopted by a number of other
universities around the world), and it soon became required reading for sales and
marketing groups at a number of high-tech companies in Silicon Valley and across the
USA.

Time passed (as is its wont), and suddenly it was seven years later and we were in a
new millennium! Over these last few years, electronics and computing technology has
progressed in leaps and bounds. In 1995, for example, an integrated circuit containing
around 14 million transistors was considered to be relatively state-of-the-art. By the
summer of 2002, however, Intel had announced a test chip containing 330 million
transistors!

And it’s not just improvements to existing technologies, because over the last few years
entirely new materials like carbon nanotubes have made their appearance on the scene.
Therefore, by popular demand, I’'ve completely revamped Bebop from cover to cover,
revising the nitty-gritty details to reflect the latest in technology, and adding a myriad of
new facts, topics, and nuggets of trivia. Enjoy!

NOTE FROM THE AUTHOR WITH REGARD TO THE THIRD
EDITION

Give me strength! Where does the time go? It’s now 2008 as | write this note—16 years
after | started work on the first edition of this tome. As you may have noticed, things are
racing along in technology space (where no one can hear you scream). Looking back at
my notes to the second edition, | see mention of Intel introducing a chip containing “330
million transistors!” Observe the exclamation mark. As you can see, | was quite excited
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about this. Well, | happen to know that, in just a few days as | pen these words—on
May 19, 2008 —Altera will be introducing a new family of FPGAs (see Chapter 16:
Programmable ICs) at the 40-nm technology node, and the largest of these devices
will comprise 2.5 billion transistors!!! (I know, multiple exclamation marks are the sign
of a deranged mind, but I've reached the age where | no longer care.)

Similarly, in 2003 | was thrilled by the possibilities for nanotubes. These are still jolly
exciting, but the latest “buzz on the street” pertains to a newly isolated form of carbon
called graphene, which may offer a myriad of properties that are of interest to the
designers of integrated circuits.

On the other side of the coin, some technologies that were once in vogue have simply
faded away with barely a whimper, while others that initially seemed to be “red hot”
never actually came to fruition and disappeared without trace. But we need not
become despondent, because new ideas and technologies are popping up all the
time.

| tell you, things just keep on getting better and better and more and more interesting,
and | for one can’t wait to see what’s hiding just around the corner. So, until next time
(and I have no doubt that there will be a next time), | hope all goes well with you and
yours and that you enjoy reading this book as much as I’'ve enjoyed writing it.

This outrageously interesting book has two namesakes: Bebop, a jazz style
known for its fast tempos and agitated rhythms, and Boolean Algebra, a branch
of mathematics that is the mainstay of the electronics designer’s tool chest.
Bebop to the Boolean Boogie meets the expectations set by both, because it leaps
from topic to topic with the agility of a mountain goat, and it will become
your key reference guide to understanding the weird and wonderful world of
electronics.

Bebop to the Boolean Boogie provides a wide-ranging but comprehensive intro-
duction to the electronics arena, roaming through the fundamental concepts,
and rampaging through electronic components and the processes used to cre-
ate them. As a bonus, nuggets of trivia are included with which you can amaze
your family and friends; for example, Greenland Eskimos have a base-20 num-
ber system, because they count using both fingers and toes.

Section 1: Fundamentals starts by considering the differences between analog and
digital views of the world. We then proceed rapidly through atomic theory and
semiconductor switches to primitive logic functions and their electronic imple-
mentations. The concepts of alternative numbering systems are presented, along
with binary arithmetic, Boolean algebra, and Karnaugh map representations.
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Finally, the construction of more complex logical functions is considered,
along with their applications.

Section 2: Components and Processes is where we consider the components from
which electronic systems are formed and the processes required to manufac-
turer them. The construction of integrated circuits (“silicon chips”) is examined
in some detail, followed by introductions to memory devices, programma-
ble devices, and application-specific devices. The discussion continues with
hybrids, printed circuit boards, and a variety of advanced packaging techniques.
We close with an overview of some alternative and future technologies.

Section 3: Design Tools and Stuff, which is new to the third edition, is where we
discuss how electronics engineers actually go about designing and implement-
ing components, circuit boards, and electronic systems, including the tools
they use and the way in which these tools play together.

This book is of particular interest to electronics students. Additionally, by clari-
fying the techno-speech used by engineers, the book is of value to anyone who
is interested in understanding more about electronics but lacks a strong techni-
cal background.

Except where such interpretation is inconsistent with the context, the singu-
lar shall be deemed to include the plural, the masculine shall be deemed to
include the feminine, and the spelling (and the punctuation) shall be deemed
to be correct!
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CHAPTER1

Analog Versus Digital

ITWAS ADARKAND STORMY NIGHT...

Ah, the classic opening: “It was a dark and stormy night...” which was made
famous by the Peanuts cartoon character, Snoopy (see Box). I always wanted to
start a book this way myself, and this is as good a time as any...

The phrase “It was a dark and stormy night...” is actually the opening sentence of an

1830 book by the British author Edward George Earl Bulwer-Lytton. A legend in his own

lunchtime, Bulwer-Lytton became renowned for penning exceptionally bad prose, of which o
the opening to his book Paul Clifford set the standard for others to follow.

For your delectation and delight, the complete opening sentence of Bulwer-Lytton’s
masterpiece was: “It was a dark and stormy night; the rain fell in torrents—except at
occasional intervals, when it was checked by a violent gust of wind which swept up the
streets (for it is in London that our scene lies), rattling along the housetops, and fiercely
agitating the scanty flame of the lamps that struggled against the darkness.”

Actually, Bulwer-Lytton (1803-1873) was a very popular writer in his day, coining such
phrases as “the great unwashed,” “pursuit of the almighty dollar,” and “the pen is mightier
than the sword.” However, he may well have fallen into obscurity along with so many of
his contemporaries if it were not for the annual Bulwer-Lytton Fiction Contest sponsored
by the English Department of San Jose State University.

“It was a dark and stormy night ...” is now generally understood to represent an
extravagantly florid style with redundancies and run-on sentences, and the Bulwer-Lytton
Fiction Contest was formed to “celebrate” the worst extremes of this general style of
writing. Over the years, the contest has gained international attention and now attracts
10,000 or more entries a year. In fact, | myself have submitted an entry for the 2008
competition, but all I've heard so far is an e-mail message saying that | can be assured
that my offering “will be given the consideration it deserves.” On the off-chance that you’re
interested, I've included a copy of my humble submission at the end of this chapter.



ANALOG VERSUS DIGITAL VIEWS OF THE WORLD

Now sit up and pay attention because this bit is important. Electronic engi-
neers split their world into two views, called analog' and digital, and it’s neces-
sary to understand the difference between these views to make much sense out
of the rest of this book.

At this point, even though we've barely dipped our toes in the water, I can
imagine you rolling your eyes saying to yourself: “Good grief, I already know all
of this stuff!” Well, I'm hoping that by the time we reach the end of this first
chapter you'll be thinking: “Hmmm, maybe Max is not as daft as he looks (but,
there again, who could be?) I actually learned something here. I can't wait to read the
next chapter. And just as soon as I get a spare moment I will rush out and buy some of
Max’s other books!”

In the context of electronics, an analog device or system is one that uses con-
tinuously variable signals to represent information for input, processing, out-
put, and so forth. A very simple example of an analog system would be a light
controlled by a dimmer switch.

By comparison, a digital device or system is one that uses discrete (that is,
discontinuous) values to represent information for input, processing, stor-
age, output, and so forth. A digital quantity is one that can be represented
as being in one of a finite number of states, such as 0 and 1, ON and OFF, UP and
DOWN, etc. As an example of a simple digital system, consider a light switch in
a house. When the switch is UP, the light is ON, and when the switch is DOWN,
the light is OFF.?

We can illustrate the differences in the way these two systems work by means of
a graph-like diagram (Figure 1.1). Time is considered to progress from left to
right, and the solid lines—which engineers often refer to as waveforms—indicate
what is happening.

In this illustration, the digital waveform commences in its OFF state. After some
time it changes to its ON state, and sometime later it returns to its OFF state. By
comparison, in the case of the analog waveform, we typically don't think in
terms of ON and OFF. Rather, we tend to regard things as being more ON or
more OFF with an infinite number of values between these two extremes.

'In England, analog is spelled analogue, and it's pronounced with a really cool accent.
2At least, that's the way they work in America. It's the opposite way round in England, and
you take your chances in the rest of the world.
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FIGURE 1.1

Digital versus analog waveforms.

MULTI-VALUE DIGITALSYSTEMS
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One interesting point about digital systems is that they can have more than

two states. These states are called quanta (from the Latin quantus, meaning
“how much” or “how great”), and the accuracy or resolution of a digital value
is dependent on the number of quanta employed to represent it. For example,

consider a fun-loving fool sliding down a ramp mounted alongside a staircase

(Figure 1.2).

FIGURE1.2
Staircase and ramp.

In order to accurately determine this person’s position on the ramp, an inde-
pendent observer would require the use of a tape measure. (Of course, everyone
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Waveforms