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is appropriate for undergraduate (junior or senior) or beginning graduate

students in electrical engineering as well as students of computer engi-
neering, physics, and materials science. It is also useful as a reference for prac-
ticing engineers and scientists who are involved with modern semiconductor
devices.

Prerequisites are courses in chemistry and physics and in basic electric cir-
cuits, which are normally taken in the freshman and sophomore years.

This text is appropriate for a two-semester course on semiconductor devices.
However, it can be used for a one-semester course by eliminating some of the
more advanced material and assigning some of the sections as “read only.” The
authors have attempted to organize the material so that some of the detailed
derivation sections can be skipped without affecting the comprehension of other
sections. Some of these sections are marked with an asterisk.

This book is divided into five parts:

T his is a textbook on the operating principles of semiconductor devices. It

1. Materials

2. Diodes

3. Field-Effect Transistors
4. Bipolar Transistors

5. Optoelectronic Devices

The first four parts are followed by “Supplements” that, while not required
for an understanding of the basic principles of device operation, contain related
material that may be assigned at the discretion of the instructor. For example, the
use of SPICE for device and circuit analysis is briefly discussed for diodes, field-
effect transistors, and bipolar transistors. While SPICE is normally taught in
courses on electric circuits, it is useful to know the origin of the various parame-
ters used to characterize devices. This material on SPICE is relegated to supple-
ments, since not all schools cover SPICE in courses on electron circuit analysis
and such courses may be taught before, concurrently with, or after the course on
semiconductor devices.

Part 1, “Materials,” contains four chapters and two supplements. The first
two chapters contain considerable review material from the prerequisite
courses. This material is included since it is used extensively in later chapters to
explain the principles of device operations. Depending on the detailed content

of the prerequisite courses, much of these chapters can be relegated to reading
assignments.

xiif



Preface

The level of quantum mechanics to be covered in a course li.ke this varies
widely. In this book some basic concepts are included in the main chapters of
Part 1; those wishing to cover quantum mechanics in more detail will find more
extensive material in Supplement A to Part 1.

The basic operating principles of large and small devices of a particular type
(e.g., diodes, field-effect transistors, bipolar junction transistors, photodetectors)
are the same. However, the relative importance of many of the parameters in-
volved in device operation depends on the device dimensions. In this book the
general behavior of devices of large dimensions is treated first. We treat, in each
case, “prototype” devices (such as step junctions and long-channel field-effect
transistors), from which the fundamental physics can be learned, and then de-
velop more realistic models considering “second-order effects.” These second-
order effects can have significant influence on the electrical characteristics of
modern, small-geometry devices. The instructor can go into as much depth as de-
sired or as time permits.

Topics treated that are typically omitted in undergraduate texts are:

B The differences between the electron and hole effective masses as used in
density-of-state calculations and conductivity calculations.

®  The differences in electron and hole mobilities (and thus diffusion
coefficients) if they are majority carriers or minority carriers.

B The effects of doping gradients in the base of bipolar junction transistors
(and/or the composition in heterojunction BJTs) on the current gain and
switching speed.

B Band-gap reduction in degenerate semiconductors. While this has little
effect on the electrical characteristics of diodes or field-effect transistors,
its effect in the emitter of bipolar junction transistors reduces the current
gain by an order of magnitude.

W The velocity saturation effects due to the longitudinal field in the channel
of modern field-effect transistors with submicrometer channel lengths
reduces the current by an order of magnitude compared with that calculated
if this effect is neglected.

While the major emphasis is on silicon and silicon devices, the operation of
compound semiconductor devices, alloyed devices (e. g., SiGe, AlGaAs) and
heterojunction devices (junctions between semiconductors of different composi-
tion) are also considered because of the increased performance that is possible
with such band-gap engineering.

Many of the seminal publications on semiconductor devices cited in the ref-
erences at the end of each chapter through 1990 are reprinted in Semiconductor
Devices: Pioneering Papers, edited by S. M. Sze, World Scientific Publishing
Co., Singapore, 1991.

Fabrication, while an important part of semiconductor engineering, is often
skipped in the interest of time. This material is introduced in Appendix C, and
can be assigned as read-only material if desired.
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