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Preface

This monograph deals with metastable states in amorphous semiconductors – mate-
rials which lack long-range periodicity in the atoms’ positions, which are in ther-
modynamic nonequilibrium and which, in addition, have several metastable states.
These states give rise to various properties and effects – namely a wide range of pho-
toinduced changes and high photosensitivity and X-ray sensitivity – that are unique
among solid-state semiconductors. Historically, amorphous selenium and selenium-
based materials have played an important role in physics and technology, and they
continue to do so. In these materials there exist inherent intermediate (metastable)
states, structural and electronic in origin, which lead to interesting properties and
effects different from those of their crystalline counterparts.

In this volume, the metastable states and related effects are investigated in depth
against the background of a detailed consideration of local atomic and electronic
structure, and taking into account a wide range of light-induced effects.

Although the first publications on amorphous semiconductors date back to the
early 1970s, studies of metastable states in these materials had not been analyzed
systematically up to now, which led to erroneous ideas, even among specialists. In
the present book, experimental investigations of metastable states are reported in
detail for elemental selenium and selenium-based materials.

This monograph thus represents a complete course on metastable states in sele-
nium and selenium-based materials, which may be of interest to different groups
of readers. On the other hand, it is also intended as a reference book for scien-
tists and engineers who are actively involved in amorphous semiconductor material
characterization and defect engineering in research institutes and industrial labo-
ratories. Chapter summaries and tables compiling the theoretical, methodological
and experimental results allow quick access to the major results and simple location
of detailed information in the text. The data evaluation technique presented here
provides insight into the analytical potential of the various techniques, for example
Raman scattering, thermally stimulated depolarization currents, and time-of-flight
xerographic spectroscopy.
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Chapter 1
Introduction

Investigation of noncrystalline semiconductors is one of the most interesting and
attractive disciplines of condensed matter physics. In fact, these investigations are
strongly stimulated by both scientific and technological factors. Such materials are
free of limitations inherent to their crystalline counterparts with long-range order of
the positions of the atoms. They have a wide range of applications as given below.

The intellectual attractiveness of noncrystalline semiconductors is explained by
new approaches. The latter are not connected with the terminology of the Brillouin
zone, selection rules and steric arguments, which are not applicable to disordered
(noncrystalline) systems. Another reason that makes new approaches necessary is
connected with the absence of long-range order. In fact, most conventional tech-
niques typically used for classical crystalline semiconductors are complicated to
realize at conditions in which the carrier range is of the order of interatomic
distances and/or when the interpretation of experimental data is ambiguous. In addi-
tion, conventional spectroscopic techniques give structureless spectra without clear
features that would help in understanding fundamental properties.

Amorphous (vitreous) chalcogenides are materials containing one or more
chalcogenide elements (group VI in the periodic table, e.g. sulfur, selenium or tel-
lurium) as a substantial constituent. They are covalently bonded materials and may
be classified as a molecular solid. It is important to emphasise that they behave like
semiconductors.

The unique properties of this class of materials are explained by structural disor-
der, thermodynamic nonequilibrium and metastability. The designation metastable
state is reserved for states whose lifetimes are relatively long. Metastability is a
general scientific concept that describes states of delicate equilibrium. A system
is in a metastable state when it is in equilibrium but is susceptible to fall into a
lower-energy state with only slight interaction. This may be bandgap illumination,
and/or annealing. A metastable state is thus considered a somewhat stable interme-
diate stage of a system, the energy of which may be lost in discrete amounts. For
example, many chalcogenides exhibit a light-driven metastability called photodark-
ening. Photodarkening is a reduction in bandgap on exposure to light. The physical
origin of the process, which takes place during various structural transformations
induced by bandgap light and thermal annealing, remains unclear. It is necessary
to note that quasi-stationary states – the initial and final, after the corresponding
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