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Preface

This book is based on a lecture about “Compound Semiconductors,”

which I have been teaching for many years at Ulm University. It

touches a lot of topics which, by themselves, could be and are taken

as subjects for other excellent in-depth textbooks. I have indicated

such textbooks wherever appropriate to help the interested reader

gather more detailed information. However, the main idea of this

book is to provide a good general view of this semiconductor

family without getting lost in too many details. The reader should

acquire all relevant information about this class of semiconductor

materials and the technology and processing to synthesize them

and fabricate respective device structures. Moreover, the theoretical

basis and the most important characterization methods for these

materials and structures will be discussed. In contrast to silicon,

most compound semiconductors have a direct band structure. That

is why they are without any doubt the backbone of the optoelec-

tronics industry. They are also perfectly suited for nanostructure

applications. Moreover, their material properties such as carrier

mobility, saturation velocity, and breakdown fields allow their use as

a basis for high-frequency high-power electronic devices. According

to their technical relevance, the major focus is set to the so-called

III-V compound semiconductors composed of elements of the third

and fifth groups of the periodic system of elements. The major

representative of them is GaAs, which is often taken as the leading

example of this module. In recent years, group III nitrides with

GaN as their most important representative have acquired ever-

increasing relevance in all kinds of visible and UV light emission, etc.

Hence, a special chapter is devoted to these materials.

The book begins with the presentation of the main principles

of semiconductor physics to set a basis for understanding the
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subsequent chapters. This includes a short recapitulation of crystal

lattice basics. Then, the basics of semiconductor band structures

are discussed, including the introduction of valence and conduction

bands and their most important parameters such as energy gap,

density of states, and effective mass. Additionally, carrier statistics

and Fermi distribution are addressed.

This general part closes with a short introduction to compound

semiconductors.

The chapter on material preparation technology describes the

relevant bulk crystal growth methods such as the Czochralski

and Bridgman method. The core of this part is devoted to the

two modern epitaxial methods—metalorganic vapor phase epitaxy

(MOVPE) and molecular beam epitaxy (MBE)—whereas their

historical ancestors liquid phase epitaxy (LPE) and hydride vapor

phase epitaxy (HVPE) are discussed briefly.

In the Characterization Methods part, we first discuss briefly the

electrical properties of semiconductors such as doping, carrier con-

centration, and mobility. Then, electrical characterization methods

such as the van der Pauw Hall-effect method and C-V profiling are

considered. The secondary ion mass spectrometry (SIMS) method

for the determination of the dopant concentration is also described.

Then, special attention has been paid to optical processes in

semiconductors such as absorption and spontaneous and stimulated

emission forming the basis for understanding the optoelectronic de-

vices discussed later. Moreover, a wide range of optical spectroscopy

methods are presented, including photoluminescence, absorption

spectroscopy, and optical gain spectroscopy.

Another important tool to characterize compound semiconduc-

tors and respective epitaxial structures is high-resolution X-ray

diffraction. Parameters to be measured are lattice constant, strain,

composition, superlattice period, and layer quality.

The preceding chapters form a sound base to understand low

dimensional structures, which eventually form the core of the

devices made of compound semiconductors: quantum wells, wires,

and dots. The particular band structure properties of these low-

dimensional structures, such as their dimensionality-dependent

density of states and energetic eigenstates, are presented in detail.

We also discuss the influence of strain on the electronic band
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structure and its importance in modern laser diodes. Additionally,

methods to fabricate quantum wires and quantum dots are

presented.

As already mentioned, group III nitrides nowadays require

particular attention. Hence a special chapter is devoted to a

description of their basic properties—being substantially different

to those of the “conventional” arsenides and phosphides—and their

fabrication. The specific properties of these materials trigger our

discussion of spontaneous and piezoelectric characteristics.

In the last part of the book, we discuss the major device applica-

tions of III-V compound semiconductors. According to the technical

importance of this field, the chapter on optoelectronic devices has

found particular focus in this book. The physics and functionality of

optoelectronic device structures such as light-emitting diodes, laser

diodes, and solar cells are discussed, which are heavily based on

the specific properties of compound semiconductors presented in

the preceding chapters of this book. This also includes a description

of the most relevant device design and processing details. The

book ends with a description of two transistor concepts (field-

effect transistor and heterojunction bipolar transistor), again with

the main focus on the application and advantages of compound

semiconductors in such devices.

I would like to sincerely acknowledge the assistance of all who

have helped to realize this book. Many thanks go to Gerlinde

Meixner, who has drawn a lot of the figures. Many colleagues and

students have contributed by their ideas and inputs. Particularly,

many experimental results obtained in my research groups in

Stuttgart and Ulm by diploma, master, and PhD students helped to

provide instructional diagrams about actual experimental results.

Last but not least, I am very grateful to my wife Elke, who assisted

this time-consuming project with great patience.
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