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PREFACE

This volume deals with the technologies of crystal fabrication, of crystal machin-
ing, and of epilayer production and is the first book on industrial aspects of crystal
production. Therefore, it will be of use to all scientists, engineers, professors and
students who are active in these fields, or who want to study them. Highest-
quality crystals and epitaxial layers (epilayers) form the basis for many industrial
technological advances, including telecommunications, computer and electrical
energy technology, and those technologies based on lasers and nonlinear-optical
crystals. Furthermore, automobile electronics, audiovisual equipment, infrared
night-vision and detectors for medicine (tomography) and large nuclear-physics
experiments (for example in CERN) are all dependent on high-quality crystals
and epilayers, are as novel technologies currently in development and planned for
the future. Crystals and epilayers will gain special importance in energy saving
and renewable energy. Industrial crystal and epilayer production development has
been driven by the above technological advances and also by the needs of the
military and a multibillion-dollar industry. From the nearly 20 000 tons of crys-
tals produced annually, the largest fraction consists of the semiconductors silicon,
gallium arsenide, indium phosphide, germanium, and cadmium telluride. Other
large fractions are optical and scintillator crystals, and crystals for the watch and
jewellery industries.

For most applications the crystals have to be machined, i.e. sliced, lapped,
polished, etched, or surface-treated. These processes have to be better understood
in order to improve yields, reduce the loss of valuable crystal, and improve the
performance of machined crystals and wafers.

Despite its importance, the scientific development and understanding of crystal
and epilayer fabrication is not very advanced, and the education of specialized
engineers and scientists has not even started. The first reason for this is the mul-
tidisciplinarity of crystal growth and epitaxial technology: neither chemical and
materials engineering departments on the preparative side, nor physics and elec-
trical engineering on the application side feel responsible, or capable of taking
care of crystal technologies. Other reasons for the lack of development and recog-
nition are the complexity of the multi-parameter growth processes, the complex
phase transformation from the the mobilized liquid or gaseous phase to the solid
crystal, and the scaling problem with the required growth-interface control on
the nm-scale within growth systems of m-scale.

An initial workshop, named ‘First International School on Crystal Growth
Technology ISCGT-1’ took place between September 5–14, 1998 in Beaten-
berg, Switzerland, and ISCGT-2 was held between August 24–29, 2000 in Mount
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Zao Resort, Japan with H. J. Scheel and T. Fukuda action as the co-chairmen.
Extended lectures were given by leading specialists from industries and universi-
ties, and the majority of crystal-producing factories were represented. This book
contains 29 selected review papers from ISCGT-1 and discusses scientific and
technological problems of production and machining of industrial crystals for
the first time. Thus, it is expected that this volume will serve all scientists and
engineers involved in crystal and epilayer fabrication. Furthermore, it will be
useful for the users of crystals, for teachers and graduate students in materials
sciences, in electronic and other functional materials, chemical and metallurgical
engineering, micro- and optoelectronics including nano-technology, mechanical
engineering and precision-machining, microtechnology, and in solid-state sci-
ences. Also, consultants and specialists from funding agencies may profit from
reading this book, as will all those with an interest in crystals, epilayers, and their
production, and those concerned with saving energy and in renewable energy.

In Section I, general aspects of crystal growth are reviewed: the present and
future of crystal growth technology, thermodynamic fundamentals of phase transi-
tions applied to crystal-growth processes, interface and faceting effects, striations,
modeling of crystal growth from melts and from solutions, and structural char-
acterization to develop the growth of large-diameter crystals, In Section II, the
problems relating to silicon are discussed: structural and chemical characteristics
of octahedral void defects, intrinsic point defects and reactions in silicon, heat and
mass transfer in melts under magnetic fields, silicon for photovoltaics, and slicing
and novel precision-machining methods for silicon. Section III treats problems of
the growth of large, rather than perfect, crystals of the compound semiconductors
GaAs, InP, and CdTe. Section IV discussed oxides for surface-acoustic-wave and
nonlinear-optic applications and the growth of large halogenide scintillator crys-
tals. Section V deals with crystal machining: crystal orientation, sawing, lapping,
and polishing and also includes the novel technologies EEM and CVM. Finally,
Section VI treats the control of epitaxial growth modes to achieve highest-
performance optoelectronic devices, and a novel, fast deposition process for
silicon from high-density plasmas is presented.

The editors would like to thank the contributors for their valuable reviews,
the referees (especially D. Elwell), and the sponsors of ISCGT-1. Furthermore,
the editors acknowledge the competent copy-proof reading of P. Capper, and the
work from J. Cossham, L. James and L. Bird of John Wiley & Sons Ltd, the
publishers: also for pleasant collaboration and their patience.

It is hoped that this book may contribute to the scientific development of
crystal technologies, and that it is of assistance for the necessary education in
this field.

HANS J. SCHEEL and TSUGUO FUKUDA



Part 1

General Aspects of Crystal Growth
Technology




