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Semiconductor Optics



Advanced Texts in Physics

This program of advanced texts covers a broad spectrum of topics which are of
current and emerging interest in physics. Each book provides a comprehensive
and yet accessible introduction to a field at the forefront of modern research. As
such, these texts are intended for senior undergraduate and graduate students
at the MS and PhD level; however, research scientists seeking an introduction to
particular areas of physics will also benefit from the titles in this collection.



To my parents, my wife and my children



Wabhrheit und Klarheit sind komplementar.
E. MoLLwo

This aphorism was coined in the nineteen-fifties by E. MoLLwo, Professor
of Physics at the Institut fiir Angewandte Physik of the Universitat Erlangen
during a discussion with W. HEISENBERG. The author hopes that, with respect
to his book, the deviations from exact scientific truth (Wahrheit) and perfect
understandability (Klarheit) are in a reasonable balance. .

Just as an illustration of the above statement, the attention of the author
has been drawn to the fact, that the same statement has been reported even
in German language also from NIELS BOHR. See Steven Weinberg, Dreams of
a Final Theory, Vintage Books, New York (1994) p. 74.



Preface to the Second Edition

The book on Semiconductor Optics has been favourably received by the stu-
dents and the scientific community worldwide. After the first edition, which
appeared in 1995 several reprints became necessary starting from 1997, one
of them for the Chinese market. They contained only rather limited updates
of the material and corrections.

In the meantime scientific progress brought a lot of new results, which
necessitate a new, seriously revised edition. This progress includes bulk semi-
conductors, but especially structures of reduced dimensionality. These new
trends and results are partly included in existing chapters e.g. for phonons or
for time-resolved spectroscopy, partly new chapters have been introduced like
the ones on cavity polaritons and photonic structures.

We based the description of the optical properties again on the simple and
intuitively clear model of the Lorentz-oscillators and the concept of polaritons
as the quanta of light in matter. But since there is presently a trend to describe
at least the optical properties of the electronic system of semiconductors by
the optical or the semiconductor Bloch equations, a chapter has been added
on this topic written by Prof. Dr. R. v. Baltz (Karlsruhe) to familiarize the
reader with this concept, too, which needs a bit more quantum mechanics
compared the approach used here. The chapter on group theory has been
revised by Prof.Dr. K. Hiimmer (Karlsruhe/Forchheim)

Karlsruhe, C.F. Klingshirn
September 2004



Preface to the First Edition

One of the most prominent senses of many animals and, of course, of human
beings is sight or vision. As a consequence, all phenomena which are connected
with light and color, or with the optical properties of matter, have been focal
points of interest throughout the history of mankind. Natural light sources
such as the Sun, the Moon and stars, or fire, were worshipped as gods or
godesses in many ancient religions. Fire, which gives light and heat, was for
many centuries thought to be one of the four elements - together with earth,
water, and air. In alchemy, which marks the dawn of our modern science, the
Sun and the Moon appeared as symbols of gold and silver, respectively, and
many people tried to produce these metals artificially. Some time later, Jo-
hann Wolfgang von Goethe (1749-1832) considered his “Farbenlehre” as more
important than his poetry. In the last two centuries a considerable fraction of
modern science has been devoted to the investigation and understanding of
light and the optical properties of matter. Many scientists all over the world
have added to our understanding of this topic. As representatives of the many
we should like to mention here only a few of them: I. Newton (1643-1727),
J.C. Maxwell (1831-1879), M. Planck (1858 1947), A. Einstein (1879-1955),
N. Bohr (1885-1962), and W. Heisenberg (1901 1976).

The aim of this book is more modest. It seeks to elucidate one of the nu-
merous aspects in the field of light and the optical properties of matter, namely
the interaction of light with semiconductors, i.e., semiconductor optics. The
investigation of the properties of semiconductors has, in turn, its own history,
which has been summarized recently by H.J. Queisser [85Q1]. In Queisser’s
book one can find early examples of semiconductor optics, namely the ob-
servation of artificially created luminescence by V. Cascariolo in Bologna at
the beginning of the 17th century, or by K.F. Braun (1850-1918), inventor of
the “Braun’sche Rohre” (Braun’s tube) now usually called CRT (cathode ray
tube), at the beginning of this century.

Another root of semiconductor optics comes from the investigation of the
optical properties of insulators, especially of the color (Farb- or F-) centers
in alkali halides. This story has been written down recently by J. Teich-



XII Preface to the First Edition

mann [88T1]. It is inseparably connected with names such as Sir Nelville
Mott and A. Smakula, but especially with R.W. Pohl (1884-1976) and his
school in Gottingen.

Together with J. Franck (1882-1964) and M. Born (1882-1970) R.W. Pohl
was one of the outstanding physicists of the “golden years of physics” at
Gottingen before 1933 [77B1,84M1,88H1]|. The present author considers him-
self a scientific grandson of Pohl, with E. Mollwo (1909-1993), F. St6ckmann
(1918-1998) and W. Martienssen (*1926) as the intermediate generation, and
he owes to them a large part of his scientific education.

Scientific interest in semiconductor optics comprises both fundamental and
applied research. It has been an extremely lively, rapidly developing area of
research for the last five decades and more, as can be seen from the con-
tributions to the series of International Conferences on the Physics of Semi-
conductors [50I1] and on Luminescence [8111] or on Non-linear Optics and
Excitation Kinetics [87N1]. It does not need much of a prophetic gift to pre-
dict that semiconductor optics will continue to be a major topic of solid state
physics far into the next century. Many applications of semiconductor optics
are known from everyday life such as light-emitting diodes (LED) in displays,
laser diodes in compact-disk (CD) players, laser printers and laser scanners
or solar cells.

Karlsruhe, C.F. Klingshirn
February 1995
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