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Foreword

~ Progress in science is like a stream, sometimes
flowing quietly, at other times rushing forward
turbulantly.

After a rapid growth during the past 15 vears,
the field of noncrystalline semiconductors iS how
one of the most active and exciting areas in
condensed matter physics. Even though glasses have
been known and have been manutactured for
thousands of years, the science of this field,
part*iféu‘l‘aﬂy' :tha't" .-(‘)f' "n0|1crysfé,l'lihe semiconductors,
is very young. This is because the lack of long
range order and the absence of translational
symmetry in these ‘materials cause immense
theoretical and experimental problems. One has to
devise concepts and theories without the help of
Brillouin  zones, selection rules, symmetry
arguments, and other theoretical tools that depend
on crystalline symmetry and hence do not apply to
disordered nonfcrystalline materials.

The challenges for experimentalists - this field
more than others is an experimental science —
stem also from the lack of long-range order. Many
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classical semiconductor experiments either cannot
be carried out or loose their simple interpretation
when the mean free path of the charge carriers is
not much greater than atomic distances. Moreover,
most spectroscopic techniques yield broad and
featureless spectra and lack the distinctive
signatures that have helped us understand the
electronic structure of crystals. Therefore, we are
often baffled by the outcome of our experiments
and have to revise our concepts and models more
frequently than is necessary in other fields of
science. In studying this textbook it is important to
keep in mind that one is not learning a finished
and completed pyramid of knowledge but instead an
evolving set of theories still under construction.
Not only theories but also experimental results
undergo significant changes as new and more
precise tools for investigation evolve.

For this reason textbooks and scientific articles
contain many statements and present experimental
data that must continuously be questioned and
reexamined to clear the path for new insights and
a better understanding. To give just one example:
we do not know the energy distribution g(E) of
the localized gap states, it is likely that g(E)
differs greatly between samples and depends on




doping. Hence any graph showing g(E) is used
only for explaining a physical process and does not
represent actual densities of states.

The lack of crystalline constraints permits one
to synthesize an immense variety of new materials
as well as exotic layered structures because we are
not restricted by what nature permits us to grow in
single—crystal form. The unique properties of these
new semiconductors, together with techniques for
spreading thin films over large areas, open many
new possibilities for technological applications.
Among the noncrystalline semiconductor devices at
one stage of research or development are optical
memory disks with extremely high information
density, holograms and inexpensive photovoltaic
cells on thin flexible substrates, more durable
photoreceptor drums for electro- optical laser
writing and copying machines, and large area
electronic circuits for displays.

- This book introduces you to the field of
noncrystalline semiconductors so that you can
contribute to its growth with your discoveries and
by finding new technological applications.

Chen Kun-ji is uniquely qualified to help you
understand these new amorphous materials and
their electronic -and optical properties. He has
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made several important contributions to our
understanding of hydrogenated amorphous silicon
a-Si:H, which is perhaps the most promising and
certainly the most actively studied amorphous
semiconductor. Several experi"ments discussed in
this book were carried out by him, he studied the
effects of the plasma deposition conditions and of
doping on the composition and structure of a-Si:H
by exploring the temperature dependence of the
hydrogen effusion rate, he prepared  amorphous
semiconductor  multilayers  (superlattices) -and
studied their internal stress and their electrical
and optical properties. One of his important
contributions was the development of the surface
acoustic traveling wave method for measuring the
sign and the drift mobility of the majority
carriers in amorphous semiconductors. This is the
only mobility measuring technique that can get
this important information in amorphous
semiconductor multilayers and very low mobility
semiconductors.

[ had the priviledge of working with Chen
Kun-j1 between 1981-1982 and 1983-1984 and again
in 1985. Together we enjoyed some small successes
and learned from our failures. During this time

Chen Kun-ji gave numerous lectures at meetings




of the American Physical Society, at international
meetings, and at various university and industrial
research laboratories. Wherever he went he
learned from the scientists who pioneered the field
of amorphous semiconductors. This book allows you

to share his broad experience and know ledge.

Hellmut Fritzsche
The University of Chicago
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