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Preface

An integrated circuit reveals its true appearance only under high magnification. The
intricate tangle of microscopic wires covering its surface, and the equally intricate
patterns of doped silicon beneath it, all follow a set of blueprints called a layout. The
process of constructing layouts for analog and mixed-signal integrated circuits has
stubbornly defied all attempts at automation. The shape and placement of every
polygon require a thorough understanding of the principles of device physics, semi-
conductor fabrication, and circuit theory. Despite thirty years of research, much re-
mains uncertain. What information there is lies buried in obscure journal articles and
unpublished manuscripts. This textbook assembles this information between a single
set of covers. While primarily intended for use by practicing layout designers, it
should also prove valuable to circuit designers who desire a better understanding of
the relationship between circuits and layouts.

The text has been written for a broad audience, some of whom have had only lim-
ited exposure to higher mathematics and solid-state physics. The amount of mathe-
matics has been kept to an absolute minimum, and care has been taken to identify
all variables and to use the most accessible units. The reader need only have a famil-
iarity with basic algebra and elementary electronics. Many of the exercises assume
that the reader also has access to layout editing software, but those who lack such re-
sources can complete many of the exercises using pencil and paper.

The text consists of fourteen chapters and five appendices. The first two chap-
ters provide an overview of device physics and semiconductor processing. These
chapters avoid mathematical derivations and instead emphasize simple verbal ex-
planations and visual models. The third chapter presents three archetypal
processes: standard bipolar, silicon-gate CMOS, and analog BiCMOS. The presen-
tation focuses upon development of cross sections and the correlation of these
cross sections to conventional layout views of sample devices. The fourth chapter
covers common failure mechanisms and emphasizes the role of layout in deter-
mining reliability. Chapters Five and Six cover the layout of resistors and capaci-
tors. Chapter Seven presents the principles of matching, using resistors and capac-
itors as examples. Chapters Eight through Ten cover the layout of bipolar devices,
while chapters Eleven and Twelve cover the layout and matching of field-effect
transistors. Chapters Thirteen and Fourteen cover a variety of advanced topics, in-
cluding device mergers, guard rings, ESD protection structures, and floorplanning.
The appendices include a list of acronyms, a discussion of Miller indices, sample

layout rules for use in working the exercises, and the derivation of formulas used
in the text.

Alan Hastings
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