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Semiconductors are at the heart of modern living. Almost everything we do, be it work, travel, communication,
or entertainment, all depend on some feature of semiconductor technology. Though this domination has its
roots in developments dating back 60 years, the progress has not been diminished by achievement, and the
demands for improvements in performance continue to push manufacturing limits. As we enhance the
performance of devices, we also extend the range of applications, exploiting what we have learned about
older semiconductors to grow and process newer ones. Whereas once we were content to explore silicon chips
for advanced electronics, and then gallium arsenide and other compound semiconductors for optoelectronics,
we are now addressing critical issues in growth and processing of group I nitrides and silicon carbide for high-
power, high-frequency, and high-temperature electronics and optoelectronics, with the objective of replacing
fluorescent tubes and tungsten filaments in our homes and offices.

While the numerous applications of semiconductors are evident to most, less is known about the seren-
dipitous evolution of basic semiconductor physics, which often paved the way to new device concepts. For.
example, in 2000 the Nobel prize for physics was awarded to Zhores Alferov and Herbert Kroemer for the
development of the technology used today in satellite communication and cellular phones, and to Jack Kilby for
the invention and development of the integrated circuit, the forerunner of the microchip and the pocket
calculator. Further in 2009 Willard Boyle and George Smith shared the Nobel prize in physics for the invention
of an imaging semiconductor circuit — ‘the CCD sensor’ — with Charles Kao for his groundbreaking research on
the transmission of light in fibers for optical communication.

From the standpoint of chemistry and materials science, the prediction of semiconductor superlattices by
Leo Esaki and Raphael T'su in 1969 opened the tailor-made materials age, together with the development of the
molecular beam epitaxy (MBE) and metal organic vapor phase epitaxy (MOVPE) techniques. These tech-
niques paved the way for the realization of tailor-made semiconductor materials, in particular low-dimensional
{two-, one-, and zero-dimensional) heterostructures which immediately became front runners in materials
science. This frontier spirit of semiconductor research has led to the recent splendid realization of a one-atom
thick layer of graphite, the so-called graphene, for which Andre Geim and Konstantin Novoselov received the
2010 Nobel prize in physics. |

The discoveries of integer and fractional quantum Hall effects which were awarded the physics Nobel prize
in 1985 (Klaus von Klitzing) and 1998 (Robert Laughlin, Horst Stérmer and Daniel Tsui), respectively, are also
undoubtedly among the most fascinating phenomena, not only in semiconductor physics, but also in the entire
subject of condensed matter physics. The integer quantum Hall effect was originally discovered in Si-
MOSFET (MOSFET, metal-oxidesemiconductor field-effect transistor), while the fractional quantum Hall
effect was observed in very pure and atomically abrupt GaAs—AlGaAs heterostructures. As regards the theory
of semiconductors from bulk to nanostructures, the advances in theoretical methodology and computer
technology have been tremendous in the last few decades. In particular, predictions of new stable materials
and device-worthy materials have contributed to remarkable progress in tailor-made materials and devices.
The uniquely strong interplay between theory, experiment, chemistry, materials science, and technology has
greatly contributed to the success of semiconductor-related fields.

The revolution in semiconductor science and technology did not happen by accident. It is based on a
thorough understanding of the diverse science and technology of these fascinating materials, coupled with
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astonishing facilities for controlling the crystallographic structure and purity. Progress has called for research
by scientists and engineers from many disciplines, and the results of their efforts are documented in thousands
of archival articles, patents, and licensed technologies. Those new to the subject blanch at the thought of
assimilating even a small fraction of this immense knowledge base, and turn to the many specialist books that
attempt to summarize specific aspects of the field. T'o date, there is no comprehensive work that covers the
complete spectrum from fundamental semiconductor physics to design and manufacture devices which the
physics predicted to be possible, and which are now actually fabricated by materials scientists. In this sense, a
comprehensive work is different from an encyclopedia and a handbook. Comprebensive Semiconductor Science and
Technology consists of much longer chapters, which contain extensive cross-references to other relevant
information within the work and references to the vast available literature beyond the work. Each chapter
may be partly tutorial so that graduate students can greatly benefit from its reading.
This comprehensive comprises six volumes, and has been broadly divided into three main sections:

Section 1: Physics/Fundamental Theory — Edited by Hiroshi Kamimura
Section 2: Chemistry/Preparation — Edited by Roberto Fornari

Section 3: Devices/Application — Edited by Pallab Bhattacharya

Each of these complementary sections will provide a complete description of one aspect of the whole, and
will fuse together to give a comprehensive picture of the semiconductor world. The first section, which covers
Volumes 1 and 2, is concerned with the fundamental physics of semiconductors, showing how the electronic
properties and lattice dynamics change drastically when systems vary from bulk to a low-dimensional structure
and further to an interface and to a nanometer size such as quantum dots. The section describes all the
important characteristics of transport and optical properties. Further, this section includes many new topics
such as spin effects, carbon crystalline systems such as graphene and nanotubes, ultrafast coherent optical
phenomena, quantum information processing, etc., since the field of semiconductors continues to expand.
Throughout Volumes 1 and 2, there is an emphasis on the full understanding of the underlying physics.

Section 2, which covers Volumes 3 and 4, generally deals with technology of semiconductors. This includes
a description of the main methods employed for the preparation of bulk single crystals and thin layers. It is
shown that large single crystals may be conveniently grown from their melt, from solutions, or from the vapor
phase, and that the thermodynamical properties of the semiconductors to be grown actually decide about the
most appropriate method. The reader will also find some specific examples in the chapters devoted to bulk
growth of silicon, wide-bandgap compounds, II-VI and 11—V semiconducting compounds. In addition, Section
2 also contains reviews on thin film technology, in particular MBE and MOVPE. In particular, how a basic
technology can be suited to preparation of semiconducting layers wich tailored properties is discussed.
Examples of advanced low-dimensional heterostructures and nanostructures are provided along with a specific
chapter on integration of dissimilar materials. Additional chapters highlight the development of technologies
for deposition of high-quality ferroelectric and high-K materials to be applied as memories and gate isolators,
respectively. In addition to growth technology, Volumes 3 and 4 also include contributions regarding proces-
sing and characterization of semiconductors. The reader will find valuable information about the formation of
shallow junctions in semiconductors, the fabrication of chmic and Schottky contacts as well as several chapters
describing the sophisticated methods used nowadays for investigating the physical and structural characteristics
of substrates, films, and quantum structures.

Volumes 5 and 6, which correspond to Section 3, contain chapters on the physics, technology and
application of devices, and circuits realized with diverse materials and heterostructure systems. The materials
include Si/81Ge, GaAs-, and InP-based heterostructures, antimonides, GalN-, ZnO-, and SiC-based materials,
graphene, HgCdTe, and materials for molecular electronics. Also included are carbon nanotubes and nano-
structured materials for flexible and stretchable electronics, The chapters describe in detail the properties of
high-speed, high-frequency, and high-power bipolar and field-effect transistors made with a variety of
heterostructure systems, negative differential resistance devices, single electron transistors, and microelectro-
mechanical system (MEMS)-based sensors. Several chapters describe the principles and properties of a wide
variety of optoelectronic devices including photodetectors, solar cells, light emitting diodes, and lasers, Passive
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photonic devices such as waveguides and filters are also inchuded. The operating wavelength of these devices
ranges from very short (ultraviolet) to very long (terahertz). The active region of some of these devices includes
low-dimensional quantum-confined heterostructures such as quantam wells and quantum dots. Concepts such
as the manipulation of slow and fast light and disordering of quantum structures for optoelectronic device
integration are described in detail in a couple of chapters. The use of photonic crystals and microcavities in
optical devices is elucidated. Electronics with molecules is included with a good description of the underlying
physics. Finally, the physics, fabrication, and characteristics of spin-based electronic and optoelectronic devices,
more commonly known as semiconductor spintronic devices, are described in a few chapters. Each chapter and
topic is uniquely distinct, complete with the appropriate background material and references.

Pallab Bhattacharya, Roberto Fornari, and Hiroshi Kamimura
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