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{Frontiers of Science and Technology for the 21st Century)

FOREWORD

Over the next several years, Tsinghua University Press will publish a series
of books addressing progress in basic sciences and innovations in technology.
We have made no attempt to pursue a comprehensive coverage of all disciplines
of science and technology. Rather, topics for this series were selected with an
emphasis on the currently active forefront of science and technology that will be
contemporary in the next century. Most books in this series will deal with
subjects of cross disciplines and newly emerging fields. Each book will be
completed by individual authors or in a collaborative effort managed by an
editor(s), and will be self-consistent, with contents systematically focused on
review of the most recent advances and description of current progresses in the
field. Sufficient introduction and references will be provided for readers with
varying backgrounds. We have realize clearly the challenge of encompassing the
diverse subjects of science and technology in one series. However, we hope
that, through intensive collaboration between the authors and editors, high
standards in editorial quality and scientific merit will be maintained for the
entire series.

The international collaboration on this series has been coordinated by the
Association of Chinese Scientists and Engineers-USA(ACSE). In the science
community, authors voluntarily publish their results and discoveries in the full
conviction that science should serve human society. The editors and authors of
this series share this academic tradition, and many of them are fulfilling a
spiritual commitment as well. For our editors and authors who were graduated
from universities in China and further educated abroad in science and
engineering, this is an opportunity to dedicate their work to the international
education community and to commemorate the historical open-door movement
that began in China two decades ago. When the human society enters the
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information age, there is no geographic boundary for science. The Editorial
committee hopes that this series will promote further international collaboration
in scientific research and education at the dawn of the new century.

The Editorial Committee
1999.6
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{Functional Thin Films and Functional Materials

——New Concepts and Technologies)

Preface

In recent years, industrial applications have rapidly expanded the functional thin
films into many new areas including membranes, optical devices, and
microwave components in telecommunications. These applications typically
employ materials with unique electronic, magnetic, acoustic, and thermal
properties. Research on these emerging materials requires an extensive
background in physical principles and characterization methods. The challenge
for materials researchers is therefore to develop new technologies that can
synthesize novel structures and characterize their corresponding unique
properties. To achieve such a goal, research must be integrated with current
trends in technological development and industrial needs, and must stimulate the
interest of interdisciplinary groups.

We intend this book to provide an up-to-date introduction to the field of
functional thin films with newly developed technologies and fundamental new
concepts. The focus of the book is on the critical areas of novel thin films such
as physical properties, structure, synthesis, phase equilibria, defect
characterization, and novel applications. An important aspect of the book lies in
its wide coverage of practical applications. Not only are the cutting-edge
technologies in modern industry introduced, but also unique applications in
many rapidly advancing fields. This book is written for a wide readership
including university students and researchers from diversified backgrounds such
as physics, materials science, engineering, and chemistry. Both undergraduate
and graduate students will find it a valuable reference book on key topics related
to solid state and materials science. It can also provide frontier researchers most
up-to-date information on functional thin films, including novel syntheses
methods, unique properties, and new applications.

The book devotes two chapters (Chaps. 1 and 2) to sol-gel science and
technology. In these chapters, the authors address the most critical issues in
membrane thin films from the perspectives of synthesis, structure, chemistry,
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and their unique applications. For instance, in the first chapter, the authors
discuss in detail the advantages of polymer membranes in commercial
applications. Compared with inorganic membranes, the polymer films can be
fabricated in large quantities and with a desired geometry such as sheet, tube or
hollow fiber. On the other hand, inorganic materials lack mechanical and
fabricating flexibility, so that problems arise involving difficulty in housing,
limited packing density relating to membrane area and higher cost. Many
applications of organic membranes are introduced including microfiltration and
ultrafiltration. The second chapter describes sol-gel synthesis and properties of
several major ceramic adsorbents/catalysts or their support bodies for use in
chemical reaction and adsorption processes. Nano-structured j-alumina, zirconia
and titania with uniform pore size distribution and an average pore diameter of
about 3 nm are prepared by hydrolysis and condensation of corresponding
metalorganic precursors. Experimental results on adsorption of ethylene and
ethane and sulfation reaction on the sol-gel derived CuCl/alumina and
CuQ/alumina granules are reported to illustrate the advantages of the sol-gel
derived adsorbents/catalysts as compared to those prepared by the conventional
methods.

Chapters 3 and 4 focus on the fundamental concepts, novel synthesis
methods, unique structures and properties of ferroelectric thin films. These
chapters provide a brief summary of the current fundamental understanding of
ferroelectricity and ferroelectrics and address critical material issues. One of the
most actively pursued ferroelectric applications is highlighted: ferroelectric thin
films for digital information storage as dynamic random access memories and
non-volatile random access memories. The attention is mainly focused on three
types of materials: barium strontium titanate, lead zirconate titanate, and
strontium bismuth niobate tantalate, and on major thin film deposition processes
including: sputtering, pulsed laser ablation deposition, chemical vapor
deposition, liquid injection or mist, metal-organic decomposition, chemical
solution deposition, and hybrid deposition processes. The challenges and current
approaches are discussed.

Chapters 5 and 6 deal with nanostructured thin films and the mechanical
behavior of fiber bridging in a ceramic matrix. They describe composite thin
films with many unusual physical properties, which are not realizable with the
pure single constituents. In recent years, ultrafine nanocrystalline materials have
shown novel physical, chemical, magnetic, optical and electronic properties.
Some interesting phenomena such as non-linear optical behavior and quantum
confinement effects of carriers have also been reported in nanocomposite
materials. Nanocrystalline and nanocomposite materials are believed to play an
important role in explaining some fundamental physical problems, such as
microstructural and property transitions between the molecular and bulk solid
state and also may have technological applications in the future in structural
engineering, optoelectronic devices, catalysts for chemical reactions, magnetic
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storage and optical coatings.

Chapters 7 and 8 are devoted to techniques developed recently in electron
diffraction for the characterization of functional materials. They give details of
sample preparation, diffraction principles, experimental procedures, and special
methods for critical defect structure analysis. These chapters present many new
characterization techniques using transmission electron microscopy. With these
highly advanced techniques, defect structures including tweeds, twin boundaries,
grain boundaries, stacking faults, and dislocations in a variety of materials are
studied in detail.

Chapter 9 should be of most interest to researchers in computer simulation
of novel structures and materials. This chapter gives detailed descriptions of
novel methods in analyzing internal stresses in functional thin films. In this
chapter, two main numerical simulation methods, namely, the finite element
method (FEM) and the boundary element method (BEM) for macromechanical,
and especially micromechanical analyses of various advanced materials, will be
reviewed. Then the chapter will focus on the BEM approach, which offers many
advantages over the FEM approach regarding the accuracy and efficiency for
certain problems. The BEM formulations will be presented and some special
issues associated with the BEM as applied to materials simulations will be
addressed. Applications of the BEM to the micromechanical analysis of
fiber-reinforced composites with the presence of the interphases and interfacial
stress analysis of thin films and coatings will be presented.

We hope these chapters will provide timely and useful information for the
progress of functional thin films and applications. We are grateful to all invited
authors for their excellent contributions to this book.

Donglu Shi
Cincinnati
Qctober 2001
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