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Springer Handbook provides

a concise compilation of approved
key information on methods of
research, general principles, and
functional relationships in physics
and engineering. The world’s lead-
ing experts in the fields of physics
and engineering will be assigned by
one or several renowned editors to
write the chapters comprising each
volume. The content is selected by
these experts from Springer sources
(books, journals, online content)
and other systematic and approved
recent publications of physical and
technical information. »

The volumes will be designed to
be useful as readable desk reference
book to give a fast and comprehen-
sive overview and easy retrieval of
essential reliable key information,
including tables, graphs, and bibli-
ographies. References to extensive
sources are provided.



Preface

The Springer Handbook of Condensed Matter and Ma-
terials Data is the realization of a new concept in
reference literature, which combines introductory and
explanatory texts with a compilation of selected data
and functional relationships from the fields of solid-
state physics and materials in a single volume. The data
have been extracted from various specialized and more
comprehensive data sources, in particular the Landolt—
Bornstein data collection, as well as more recent
publications. This Handbook is designed to be used as
a desktop reference book for fast and easy finding of es-
sential information and reliable key data. References to
more extensive data sources are provided in each section.
The main users of this new Handbook are envisaged to
be students, scientists, engineers, and other knowledge-
seeking persons interested and engaged in the fields of
solid-state sciences and materials technologies.

The editors have striven to find authors for the
individual sections who were experienced in the full
breadth of their subject field and ready to provide suc-
cinct accounts in the form of both descriptive text and
representative data. It goes without saying that the sec-
tions represent the individual approaches of the authors
to their subject and their understanding of this task.
Accordingly, the sections vary somewhat in character.
While some editorial influence was exercised, the flexi-
bility that we have shown is deliberate. The editors are
grateful to all of the authors for their readiness to pro-
vide a contribution, and to cooperate in delivering their
manuscripts and by accepting essentially all alterations
which the editors requested to achieve a reasonably
coherent presentation.

An onerous task such as this could not have been
completed without encouragement and support from the

publisher. Springer has entrusted
us with this novel project, and
Dr. Hubertus von Riedesel has been
a persistent but patient reminder and
promoter of our work throughout.
Dr. Rainer Poerschke has accompa-
nied and helped the editors constantly
with his professional attitude and
very personable style during the
process of developing the concept,
soliciting authors, and dealing with
technical matters. In the later stages,
Dr. Werner Skolaut became a relent-
less and hard-working member of
our team with his painstaking con-
tribution to technically editing the
authors’ manuscripts and linking the
editors’ work with the copy editing
and production of the book.

We should also like to thank our families for having
graciously tolerated the many hours we have spent in
working on this publication.

We hope that the users of this Handbook, whose
needs we have tried to anticipate, will find it helpful and
informative. In view of the novelty of the approach and
any possible inadvertent deficiencies which this first edi-
tion may contain, we shall be grateful for any criticisms
and suggestions which could help to improve subsequent
editions so that they will serve the expectations of the
users even better and more completely.

Werner Martienssen,
Hans Warlimont

September 2004
Frankfurt am Main, Dresden

Prof. Werner Martienssen

Prof. Hans Warlimont
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Physics Department

Frankfurt am Main, Germany
bruehne@physik.uni-frankfurt.de

Fabrice Charra Chapter 5.3

Commissariat a I'Energie Atomique, Fabrice Charra conducts researche in the emerging field of

Saclay , nanophotonics, in the surface physics laboratory of CEA/Saclay. The
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nanoscale molecular systems. His area of expertise also extends to
nonlinear optics, a domain to which he contributed several advances in
the applications of organic materials.

Gianfranco Chiarotti Chapter 5.2

University of Rome “Tor Vergata" Gianfranco Chiarotti is Professor Emeritus, formerly Professor of
Department of Physics General Physics, Fellow of the American Physical Society, fellow of the
Roma, Italy Italian National Academy (Accademia Nazionale dei Lincei). He was

chiarotti@romaz.infn.it Chairman of the Physics Committee of the National Research Council

(1988-1994), Chair Franqui at the University of Ligge (1975), Assistant
Professor at the University of Illinois (1955-1957), Editor of the journal
Physics of Solid Surfaces, and Landolt-Bérnstein Editor of
Springer-Verlag from 1993 through 1996. He has worked in several
fields of solid state physics, namely electronic properties of defects,
modulation spectroscopy, optical properties of semiconductors, surface
physics, and scanning tunnelling microscopy (STM) in organic

materials.
Claus Fischer Chapter 4.2
Formerly Institute of Solid State and Claus Fischer recieved his PhD from the Technical University Dresden (Since his
Materials Research (IFw, retirement in 2000 he continues to work as a foreign scientist of IFW in the field of
Dresden, Germany high-T7;. superconductors.) His last position at IFW was head of the Department of

A_C.FischerbD@t-online.de Superconducting Materials. The main areas of research were growth of metallic single

crystals in particular of magnetic materials, developments of hard magnetic materials,
of materials for thick film components of microelectronics and of low-T. and high-T,
superconducting wires and tapes. Many activities were performed in cooperation with
industrial manufacturers.
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Giinter Fuchs Chapter 4.2

Dr. Giinter Fuchs studied physics at the Technical University of Dresden, Germany,
and received his PhD in 1980 on the pinning mechanism in superconducting NbTi
Magnetism and Superconductivity in the alloys. Since 1969 he has been at the Institute of Solid State and Materials Research
Institute of Metallic Materials LT (IFW) in Dresden. His activities are in superconductivity (HTSC, MgB,, intermetallic
?J?;Sgﬁegp;%n de borocarbides) and the applications of superconductors. He received the PASREG

f s o i Award for outstanding scientific achievements in the field of bulk cuprate
WPt ardmsdendelmiE superconductors in high magnetic fields in 2003.

Leibniz Institute for Solid State and
Materials Research (IFW) Dresden

Frank Goodwin Chapter 3.1

Frank Goodwin received his Sc.D. from the Massachusetts Institute of
Technology in 1979 and is responsible for all materials science research
at International Lead Zinc Research Organization, Inc. where he has
conceived and managed numerous projects on lead and zinc-containing
products. These have included lead in acoustics, cable sheathing,
nuclear waste management and specialty applications, together with
zinc in coatings, castings and wrought forms.

International Lead Zinc Research
Organization, Inc.

Research Triangle Parc, NC, USA
fgoodwin@ilzro.org
http://www.ilzro.org/Contactus.htm

I Susana Gota-Goldmann Chapter 5.3

Commissariat a I'Energie Atomique (CEA) Dr. Susana Gota-Goldmann received her PhD in Materials Science form
| Direction de la Recherche Technologique the Université Pierre et Marie Curie (Paris V) in 1993. After her PhD,
(DRT) she was engaged as a researcher in the Materials Science Division of the

| Fontenay at”’f R"/S;s' France CEA (Commissariat a I"Energie Atomique, France). She has focused

susana.gota-goldmann@cea.fr her scientific activity on the growth and characterisation of nanometric
oxide layers with applications in spin electronics and photovoltaics. In
parallel she has developed the use of synchrotron radiation techniques
(X-ray absorption magnetic dicroism, photoemission, resonant
reflectivity) for the study of oxide thin layers. Recently she has moved
from fundamental to technological research. Dr. Gota-Goldmann is now
working as a project manager at the scientific affairs direction of the
Technology Research Division (CEA/DRT).

Sivaraman Guruswamy Chapter 3.1
University of Utah ) Dr. Guruswamy is a Professor of Metallurgical Engineering at the University of Utah.
Metallurgical Engineering He obtained his Ph.D. degree in Metallurgical Engineering from the Ohio State
g;'l;‘rtas ﬁa%#i%&sugﬁz - University in 1984. He has made significant contributions in several areas including

b b 2 2 magnetic materials development, deformation of compound semiconductors, and lead
Ihz’t'%//www.mmes. utah.edu/metallurgy/ alloys. His current work focuses on magnetostrictive materials and hybrid thermionic/

thermoelectric thermal diodes.

Gagik G. Gurzadyan Chapter 4.4

Technical University of Munich
Institute for Physical and Theoretical
Chemistry

Garching, Germany

Gagik G. Gurzadyan, Ph.D., Dr. Sci., has extensive experience in nonlinear optics and
crystals, laser photophysics and spectroscopy. He has authored several books
including the Handbook of Nonlinear Optical Crystals published by Springer-Verlag.

He worked in the Institute of Spectroscopy (USSR), CEA/Saclay (France),
gt“g‘;;‘l};‘y;gf"h;zﬂgﬁ amie. Max-lflanck—]_nstitg[e of Radi'ation.Chemisgry (Germany). At present he works at the
tu-muenchen.de/gagik Technical University of Munich with ultrafast lasers in the fields of nonlinear
photochemistry of biomolecules and femtosecond spectroscopy.
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Hideki Harada Chapter 4.3

Dr. Hideki Harada is chief advisor of magnetic materials and their
application and President of High Tech Association Ltd., Saitama,
Japan. He is Chairman of the Japan Association of Bonded Magnet
Industries (JABM) and received his Ph.D. in 1987 with a work on
electrostatic ferrite materials. He worked in research and development
of magnetic materials and cemented carbide tools at Hitachi Metals
where he also was on the Board of Directors. He received the Japanese
National Award for Industries Development Contribution.

High Tech Association Ltd.
Higashikaya, Fukaya,Saitama, Japan
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Materials Research Dresden - Institute of  at the Leibniz Institute for Solid State and Materials Research (IFW)
Metallic Materials ) Dresden, Germany. His main area of research is pulsed laser deposition
Superconducting Materials of functional thin films and superconductivity. Currently he works on

gr Zﬁ;;bfﬁefg}ﬁydres den. de the development of HTSC high J.. coated conductors using ion beam

http://www.ifw-dresden.de/imw/26/ assisted deposition or highly textured metal substrates. His work is
’ supported by a number of national and European founded research
projects.
Karl U. Kainer Chapter 3.1

GKSS Research Center Geesthacht
Institute for Materials Research
Geesthacht, Germany

Professor Kainer is director of Institute for Materials Research at GKSS-Research
Center, Geesthacht and Professor of Materials Technology at the Technical University

karl.kainer@gkss.de
http://www.gkss.de

Catrin Kammer

of Hamburg-Harburg. He obtained his Ph.D. in Materials Science at the Technical
University of Clausthal in 1985 and his Habilitation in 1996. In 1988 he received the
Japanese Government Research Award for Foreign Specialists. His current research
activities are the development of new alloys and processes for magnesium materials.
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METALL - Intl. Journal for Metallurgy
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Kammer@metall-news.com
http://lwww.giesel-verlag.de

Wolfram Knabl

Plansee AG
Technology Center
Reutte, Austria

wolfram.knabl@plansee.com

http://www.plansee.com

Catrin Kammer received her Ph.D. in materials sciences from the Technical University
Bergakademie Freiberg, Germany, in 1989. She has been working in the field of light
metals and is author of several handbooks about aluminium and magnesium. She is
working as author for the journal ALUMINIUM and is teaching in material sciences.
Since 2001 she is editor-in-chief of the journal METALL, which deals with all
non-ferrous metals.

Chapter 3.1

Dr. Wolfram Knabl studied materials science at the Mining University
of Leoben, Austria and received his Ph.D. at the Plansee AG focusing
on the development of oxidation protective coatings for refractory
metals. Between 1996 and 2002 he was responsible for the test
laboratories at Plansee AG and since October 2002 he is working in the
field of refractory metals, especially material and process development
in the technology center of Plansee AG.
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Schott AG Dieter Krause studied physics at the universities of Erlangen and Munich, Germany,

Research and Technology-Development  where he received his Ph.D. for work on magnetism and metal physics. He was
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Since 1975 he is Professor of Physical Chemistry at the Institute of Chemistry of the
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