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Crystal Structure
Breakdown field (V/cm)
Density (g/cm3)
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the conduction band (cm-3)
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Energy gap (eV)
Lattice constant (A)

Melting point (°C)
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Specific heat (J/g-9C)

Thermal conductivity
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Thermal diffusivity (W/cm-9C)

Thermal expansion, linear (°C-1)

2.329 (at 298K)
11.7

37.5 (electrons) (at 300 K)

13 (holes) (at 300 K)

2.8x1019 (at 300 K)

1.04x1019 (at 300 K)
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transverse : 0.19 (at 1.26K)
heavy hole 0.49 (at 300K)

light hole 0.16 (at 300 K)

1.12 (at 300K)
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1450 electron (at 300K)
500 hole
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Silicon Gallium Arsenide
Diamond Zinc blende
~3.0x103 ~4.0x105

5.3176 (at 298K)
12.9 (at 300K)
(ko) 10.89 (at 300K)

207 (electrons) (at 300 K)
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Preface

The rapid development of semiconductor devices and integrated circuits has been
accompanied by an enormous increase of information in the field of semiconduc-
tor physics and electronics. New ideas, new theories, new models, new devices,
and new circuits have not only led to numerous practical applications but have
also created opportunities for further and, perhaps, even more exciting develop-
ments. To work in this rapidly growing field is a challenge that attracts and
inspires many researchers and students.

This book is intended to serve as a text for a three-quarter or two-semester
sequence of courses on semiconductor devices for first year graduate students and
qualified seniors. Some background in solid state physics and quantum mechan-
ics may be helpful (but not required) for the students using this book. In addition
to material typically found in textbooks on semiconductor devices, this book
describes new important developments, such as amorphous silicon, compound
semiconductor technologies, and novel heterostructure transistors. Theories and
models presented in the book are implemented in microcomputer programs that
make a ‘‘toolbox’” for modeling and simulation of semiconductor devices. Ap-
pendices include information on semiconductor parameters. These device models
and material parameters allow students to solve practical problems related to
analysis, design, and characterization of different semiconductor devices. This
book includes nearly 150 of such problems—from simple to advanced—with a

xXi



xxii Preface

detailed solution manual available for instructors. The book also gives many
references that can serve as a material for further reading. These features should
make this book useful for engineers and researchers working on semiconductor
devices and also for students encountering this exciting field for the first time.

Chapter 1 starts from a brief discussion of semiconductor physics that intro-
duces Schréodinger’s equation, atomic states, chemical bonds, crystal structure,
energy bands, semiconductor statistics, transport properties, and basic semicon-
ductor equations. In addition, Chapter 1 includes more advanced topics, such as
the Boltzmann transport equation, Monte Carlo simulation, and high electric field
transport. These topics may be omitted from a typical course on semiconductor
materials and devices, and the corresponding sections, 1-13, 1-14, and 1-15
(marked by asterisks in the Table of Contents) can be used as material for further
reading.

Chapter 2 deals with the semiconductor junctions and contacts which are
present in every semiconductor device. 1 have also included a section describing
heterojunctions formed at the interfaces of dissimilar semiconductor materials.
Because heterojunction devices have become extremely important for a variety of
different applications—from light sources to ultrafast switching and microwave
devices—the reader will find this section especially beneficial in understanding
new devices emerging from research laboratories. Section 2-8-2 {marked by an
asterisk in the Table of Contents) includes a more detailed analysis of avalanche
breakdown than may be required for a typical course on physics of semiconductor
devices. This Section can be used as a material for further study.

Chapter 3 describes bipolar junction transistors. In addition to the conven-
tional material, I have included a description of the Gummel-Poon model and a
section on heterojunction bipolar transistors. The Gummel-Poon model is re-
quired for realistic modeling of a bipolar junction transistor and is widely used in
popular circuit simulators, such as SPICE developed at Berkeley. Heterojunction
bipolar transistors have the potential to become one of the fastest solid-state
technologies, both in the analog and digital worlds.

Chapter 4 treats field-effect transistors. The silicon field-effect transistor,
considered in this chapter, is a work horse of modern electronics. Chapter 4 also
describes compound semiconductor devices, such as gallium arsenide field-effect
transistors. as well as amorphous silicon Thin Film Transistors (TFTs). Amor-
phous silicon TFTs have emerged as a very promising technology for driving flat
screen displays and for applications in electronic copiers and printers.

Chapter § deals with photonic devices—solar cells, light-emitting diodes,
semiconductor lasers, and integrated optoelectronic circuits. In particular, I dis-
cuss amorphous silicon solar-cell technology which has become the most practical
solar cell technology because of its combination of high solar energy conversion
efficiency with relatively low fabrication and material costs.

Chapter 6 covers microwave diodes—the most powerful solid-state sources
of microwave energy. Some of these diodes utilize the negative differential resis-
tance found in gallium arsenide in high electric fields. The physical mechanisms
that lead to negative differential resistance are also discussed in Chapter 6.




