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Silicon: Evolution and
Future of a Technology

Paul Siffert and Eberhard Krimmel

(eds.)

Springer (2004), 534 pp.

ISBN: 3-540-40546-1

$139 / £77 / �99.95

This book surveys the development

and future applications of Si-based

technologies. It begins with the

properties of Si as a semiconductor

and reviews the growth of the

microelectronics industry. The

importance of defects, doping, and

impurities are described. The final

chapters consider nanoelectronics,

ambient intelligence systems, and

structures for quantum computation. 

Enabling Technologies
for MEMS and
Nanodevices

Henry Baltes et al. (eds.)

John Wiley & Sons (2004), 439 pp.

ISBN: 3-527-30746-X

$245 / £135 / �202.50

The contributions to this edited

volume cover the challenges of 

three-dimensional Si processing for

microelectromechanical systems

(MEMS), the commercialization of

such technologies, and MEMS-based

data storage systems. Chapters on

nanofluidics, carbon nanotube sensors,

and DNA detection arrays are also

included.

Joining of Materials 
and Structures

Robert Messler 

Butterworth-Heinemann (2004), 816 pp.

ISBN: 0-7506-7757-0

$125 / £69.99

Written for materials scientists,

engineers, and product designers, this

book covers all major joining

technologies, such as welding,

soldering, bonding, pressure fusion,

riveting, and bolting. It is divided into

two sections covering joining

technologies and types of material.

Recent advances, such as laser and

fusion welding, and composite and

polymer bonding, are also described.
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The combinatorial approach
Two recently published books examine combinatorial materials synthesis, 
high-throughput screening of libraries, and the design of successful
experiments. Both are a must for those interested in materials development
and discovery, says Wilhelm F. Maier.
Materials – solids with a function – rule technological

developments and, thus, are intimately connected to

our standard of living. The worldwide demand for

better materials is infinite; for every application, we

would like to have better materials. Since little is

known about the connection of function with chemical

structure and microstructure, materials development 

is a time-consuming, tedious, and highly empirical

task. 

With the onset of combinatorial approaches to

materials development and discovery ten years ago, 

a new technology has emerged that allows significant

acceleration of research and development through

parallel and rapid sequential

experimentation. The technology is

highly interdisciplinary and the

field has developed rapidly. Today,

most major companies have high-

throughput laboratories and

combinatorial chemistry is

considered by some an established

technology. In academia, in

contrast, because of a lack of funds

as well as the prevailing

philosophy, conventional ‘one-at-a-

time’ experiments still dominate. 

Combinatorial materials research is,

of course, much more complex

than the traditional one-at-a-time

approach. The workflow is not only

composed of the high-throughput synthesis of

materials libraries and their functional characterization

in conjunction with the necessary software to

effectively screen the libraries. Of equal importance is

the design of the experiment, which includes planning

the libraries as well as data mining, optimization, and

search strategies. Successful use of high-throughput

experimentation is increasingly published in general

materials science journals and not just specialist titles

dedicated to the subject, of which only a few exist.

The best collections of high-throughput

experimentation articles are found either in conference

reports or in dedicated books. Two of these books are

reviewed here.

Materials are complex assemblies of amorphous or

defined phases of homogeneous or heterogeneous

composition, whose performance is highly dependent

on preparation conditions as well as elemental

composition. This results in a vast and infinite

parameter space, as nicely outlined in the first two

chapters of Experimental Design for Combinatorial and

High Throughput Materials Development edited by

James N. Cawse. In this book, the problems of the

intelligent design of high-throughput experimentation

for materials discovery and optimization are illustrated

comprehensively for the first time. The book is also

unusual, since theory is accompanied by associated

experimental applications and solutions. 

A versatile way of generating arrays of almost any

elemental composition is the

combination of chemical or

physical vapor deposition with

masking techniques or gradient

deposition. In several chapters,

various approaches to thin film

deposition of functional materials

for high-throughput

experimentation, such as gradient

deposition and fractional masking,

are covered in detail. 

A chapter on the characterization

of polymer blends describes

creative approaches for mapping

the composition of these complex

materials. 

Different theoretical approaches to the planning of

experimental libraries are covered in chapters on

optimal-coverage algorithms, spatial sampling design

and subset selection, split-plot designs, and application

of Monte Carlo methods to library design. Further

contributions on genetic algorithms and neural

networks describe new approaches to modeling and

optimizing the multiparameter space of elemental

variation in heterogeneous catalysts. 

The generation of descriptors, numerical

representations of molecular properties, has become

an essential part of combinatorial chemistry in the

search for new drugs. Descriptor generation for

James N. Cawse (ed.)
Experimental Design for Combinatorial and High Throughput Materials

Development, John Wiley & Sons (2002), 336 pp., ISBN: 0-471-20343-2

$99.95 / £58.95 / �83.30
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materials is much more complex, as outlined in a

separate chapter, since very little is known about the

correlation of function with the composition and

structure of solids. 

In his book, Cawse has collected a number of unusual

contributions to a complex and demanding issue. This

book is a must for everybody interested in high-

throughput experimentation. 

Xiao-Dong Xiang and Ichiro Takeuchi’s edited volume

covers experimental and some theoretical details of

combinatorial materials synthesis. Although its title is

quite general, the book concentrates on the

combinatorial synthesis and high-throughput

characterization of thin film materials and does not

cover bulk synthesis or sol-gel approaches. 

The pioneer of combinatorial materials research, 

J. J. Hanak, describes high-throughput experimentation

conducted at the Radio Corporation of America in the

late 1960s and early 1970s in a fascinating chapter.

This chapter documents the state-of-the-art published

30 years ago, which may be of

importance to those involved with

intellectual property and patenting

issues. 

Various approaches to the design

and generation of thin-film

libraries by sputtering methods are

covered in several chapters.

Composition spread libraries (in

which material compositions are

varied systematically) and masking

techniques are discussed in

connection with dielectric,

ferroelectric, magnetic,

superconducting, and gate oxide

materials. In an analogy to the

split-and-pool method developed

for drug screening, a parallel synthesis method is

described for the generation of lattice arrays by

combinatorial film deposition and sintering using a

superlattice evaporation chamber. 

The synthesis of libraries for display phosphors using

ink-jet printing, as well as liquid dispensing, is the only

wet chemical synthesis of a thin-film library described

in this book.  

Combinatorial ion implantation and ion beam analysis

are described for the study of materials libraries. With

this approach, combinatorially doped semiconductors

or multi-element nanocrystallites can be generated

and screened effectively for electronic, optical, or

magnetic properties. 

Mapping the dependence of physical properties and

phase diagrams on composition can be accomplished

in a single experiment with the help of materials chips

based on a continuous change in composition. The

power of this approach for the study of complex

compositions compared with traditional research is

obvious. The usefulness of micromachined hot-plate

arrays for studying the temperature dependence of

material properties is demonstrated with a search for

solid-state gas sensors. 

In a chapter on optimized X-ray techniques for the

screening of thin-film libraries, spatially resolved X-ray

diffraction for structural analysis and X-ray

fluorescence for elemental composition are addressed.

Another characterization technique described in detail

is the screening of electrical impedance by microwave

microscopy. 

The last two chapters are devoted to theoretical

aspects. New catalyst design and discovery, with the

help of density functional theory calculations, shows

that computational combinatorial chemistry is a

powerful virtual approach to materials development.

With ever increasing computer power, the importance

of this approach will certainly grow

with time. The chapter on

computational informatics is not

related to synthesis, but to the

discovery of knowledge from

experimental data. It addresses the

problems of computational

informatics to discover what

descriptors of a material may

govern its function, as well as the

use of data mining to select and

predict the compounds most likely

to have desired properties from

large databases. The first

approaches to search strategies are

described, which connect

information from experiments with data from

traditional databases of physical or chemical

properties. 

A very nice feature of the book, especially for lectures

and presentations, is the enclosed CD that provides

some of the figures in high resolution and color.

Both books provide excellent collections of

contributions from well-known experts in the field,

which document the rapid progress and high level of

sophistication in a field of fundamental importance for

future materials research.

Wilhelm F. Maier is a professor of technical chemistry

at the University of Saarland, Germany.

Xiao-Dong Xiang and Ichiro Takeuchi (eds.)
Combinatorial Materials Synthesis

Marcel Dekker (2003), 496 pp., ISBN: 0-8247-4119-6 

$175 / £96 / �143

Soft Machines –
Nanotechnology and Life

Richard A. L. Jones

Oxford University Press (2004), 240 pp.

ISBN: 0-19-852855-8

$29.95 / £16.99

Jones presents an introduction to

nanotechnology for the general

reader. He examines why the

‘nanoworld’ is different from the

macroscopic one. The molecular

systems found in biology operate

remarkably well on the nanoscale,

and Jones explains why he believes

nanotechnology must copy nature’s

operating principles rather than scale

down existing technologies.

Introduction to
Nanoscale Science and
Technology

Massimiliano Di Ventra et al. (eds.)

Kluwer Academic Publishers (2004), 

632 pp., ISBN: 1-4020-7720-3

$165 / £104 / �150

This book describes the fundamentals

of nanoscale materials and their

characterization. Fullerenes,

nanotubes, nanocomposites, and

quantum dots are introduced.

Applications of nanostructured

materials in electronic, magnetic, and

optical systems are covered. Exercises

are included in each chapter and the

book is accompanied by a CD-ROM.

Optics of
Semiconductors and
their Nanostructures

Heinz Kalt and Michael Hetterich

(eds.)

Springer (2004), 348 pp.

ISBN: 3-540-22068-2

$129 / £92.50 / �119.95

Recent advances in semiconductor

optics are reviewed in this book.

These have been driven by

improvements in semiconductor and

optical technologies, as well as

progress in the theory of optical

excitations in semiconductors.

Applications in spintronics, quantum

information processing, and novel

solar cells are also discussed.
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