Preface

This book is intended to cover the vast and fast growing field of semiconducting
materials and devices in accordance with the modern trends. The level of the book
covers the syllabi being taught at the undergraduate standard of engineering
institutes in India and abroad for students of Electronics and Telecommunication,
Electrical Engineering, Materials Science, and Applied Physics. It also covers the
syllabi of various competitive and other national level examinations across the
globe. The contents of the book will be fully useful to the electronics students of
postgraduate studies. The book may be used as a reference book by scientists,
engineers, and research scholars for basic, advanced and up-to-date information.

This book is organized into six parts, containing 16 chapters. In Part I, the first
two Chaps. 1 and 2 provide an elementary viewpoint on properties and applications
of semiconductor materials; some recent advances like spintronic materials, ferro-
magnetic semiconductors, left-handed materials, DMS, photocatalytic semicon-
ductors, etc.; materials science of crystal structures and imperfections, atomic
models and bonding in them. Basic information on semiconductor devices, narrow
and wide bandgap semiconductors are given in brief. These chapters are essentially
needed to develop the understanding of the subject. Chapters 3 and 4 describe the
carrier transport and excess carriers in semiconductors, respectively. These chapters
provide detailed mathematical information about the phenomena related to various
semiconductor behaviour.

Part II consisting of Chaps. 5 and 6, deals with junctions and interfaces. Chapter
5 describes p—n junctions, diodes and their breakdown mechanism; while Chap. 6
explains a large variety of specific diodes. The Part III comprises Chaps. 7-9.
Chapter 7 deals with majority carrier diodes, their operation and response under
different biasing conditions. Chapter 8 provides information on construction,
characteristics, performance and application of microwave diodes, varacter diode,
photodiodes; IMPATT, TRAPATT, BARITT and Gunn diodes, etc. In Chap. 9, the
optoelectronic devices describe the solar cells, photodetectors, LEDs and semi-
conductor lasers, etc.

Part IV, comprising Chaps. 10-12, deals with BJT, FETs and power semicon-
ductor devices. In Chap. 10, various aspects of bipolar junction transistors are dealt
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in, Chap. 11 provides a thorough discussion on MESFETs, MOSFETs, IGFETs,
etc. Chapter 12 focuses on p-n-p-n diode, thyristors, silicon-controlled rectifiers,
bilateral devices, etc.

Part V, comprises Chaps. 13 which deals with the brief details of various aspects
of semiconductor fabrication. It elaborates the method of production of silicon,
semiconductor crystal growth, zone refining, construction of microelectronic cir-
cuit. It also deals with manufacturing of wafers, lithography, molecular beam
epitaxy, masking, fabrication technique of p-n junction and transistor manufactur-
ing processes.

The last Part VI, comprises of Chaps. 14—16. Chapter 14 incorporates special-
ized semiconductors in vivid fields like solar cells, thermoelectrics, photocatalytic,
plasmonics, photonic, photovoltaic semiconductors, etc. Chapters 15 and 16 pre-
sents a comprehensive detail of modern trends in the research and development of
semiconductor materials and devices. In Chap. 15, nanostructured semiconducting
materials and devices are described; while in Chap. 16, the recent advances and
emerging trends in semiconducting materials and devices are given. Both these
chapters present up-to-date information about the subject.

Basic and prerequisite information has also been included for easy transition to
newer topics. Latest developments in the fields of semiconducting materials, their
sciences, processes and applications have been accommodated. Latest topics in
optoelectronic devices, metal-semiconductor junctions, heterojunctions, MISFET,
LEDs, semiconductor lasers, photodiodes, switching diodes, tunnel diodes, Gunn
diode, solar cells, varactor diode, IMPATT diode, advanced semiconductors, etc.,
have been included.

Topics like electron theories, high-field effects, Hall effect, transit-time effects,
drift and diffusion, breakdown mechanisms, equilibrium and transient conditions,
switching, biasing have been explained. A variety of semiconducting materials and
devices, microelectronics, memory devices, advance and futuristic materials are
described. Information on ideal diode, real diode, backward diode, etc., are pro-
vided to include the contents on more advanced semiconductor devices.

Review and objective type questions based on concepts, design, construction,
applications and practical orientations, are included. Wherever required, the
mathematical equations have been incorporated to understand the contents easily
and in-full, however, they have been kept to a minimum, throughout the text.
A large number of numerical and theoretical examples have been worked-out for
eaiser understanding to the readers. Numerical exercises for practice and
self-valuation are also given with their answers, in order to develop confidence to
users. SI units, in general, have been incorporated throughout the text but for
familiarity, the MKS units have also been used. Review, objective and numerical
problems are enriched with questions of different examinations of many universities
and national level institutes. The book is substantiated by a large number of dia-
grams, tables, equations and glossary of terms.

We gratefully acknowledge the authors and publishers of the books quoted in
references which have provided guidelines in preparing this book. We also thank all
the authors and publishers of research papers published in different journals whose
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work has been included. Every effort has been made to seek permission from the
copyright holders to reproduce the matter in this book. However, the authors of this
book desire excuse from those contributors who could not be contacted, or from
those whose acknowledgement is missed undeliberately.

I (K.-M.Gupta, and Nishu Gupta with appropriate relations) acknowledge the
inspiration and blessings of my respected mother Smt. Bela Devi, brother-in-law
Sri Jawahar Lal, sister Smt. Savitri Lal, brothers Sri Gopal Das Gupta, Brij Mohan,
Hari Mohan, Madan Mohan, and other family members. I am full of gratitude to my
wife Rita, daughter Nidhi, son-in-law Ritesh, son Nishu, daughter-in-law Anamika,
grandson Akarsh (Ram) and Ayaansh (Aditya), and granddaughter Anshika (Gauri)
for the patience shown and encouragement given to complete this venture. I also
pay homage to my loving nephew Jayant (Babul) who left us for his heavenly
abode at an early age.

At this time Nishu Gupta recalls his mentor, Professor Rajeev Tripathi, and
Dr. Arun Prakash, Assistant Professor and Ph.D. guide for patronage and useful
guidance. I (K.M. Gupta) recall with deep sense of respect and honour my dis-
tinguished early age friends (Late) Mohd. Naseem, Sri Fazlur Rahman Khan, and
Sri Tarak Nath Batabyal, who have always been very positive thinking human
beings to me and to the society by their ever helping attitude. Our heartfelt thanks
are due to my friends Er. K.R.D. Tewari, Chartered Civil Engineer and Consultant,
Allahabad; Er. Ranjeet Singh Virmani, AGM (retd.) Punjab National Bank;
my nephew Hemant Jawahar Lal (IRS), Commissioner, Income Tax, Mumbai; to
Sri S.C. Sant and Mr. Anurag Sant, the publishers of Umesh Publications for their
continued support, guidance and cooperation in preparing this book. We thank
Mr. Vishal Kumar Gupta ‘Bishu’ for his untiring efforts in typing the various
versions of the manuscript.

The authors have attempted to contact the copyright holders of all material
reproduced in this publication and apologize to copyright holders if permission to
publish in this form has not been obtained. If any copyright material has not been
acknowledged, please write and let us know so that we may rectify in future reprint.
Enormous effort has been made to avoid errors and mistakes, however, their
presence cannot be ruled out. Any suggestion to improve the standard of this book,
indication towards errors, omissions and mistakes will be highly appreciated.

Allahabad, India K.M. Gupta
July 2015 Nishu Gupta
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