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Foreword

Piezoelectricity represents an intriguing property of a dedicated class of ma-
terials to directly transform mechanical energy and electrical energy into one
another. Despite the fact that the phenomenon of piezoelectricity shows all
ingredients to fascinate physicists and engineers alike, it only plays a subordi-
nate role in science education. The reason for this discrepancy is due to the fact
that piezoelectricity appears to be a minor physical effect. As a consequence,
the revolutionary opportunities and the huge technological development in the
recent decades hardly reached the awareness of the public. Nevertheless, just
piezoelectric devices comprise an annual turnover of umpteen billion dollars,
enabling a system technology that stands for an even larger economical value.

This anthology is intended to contribute to narrowing this gap between
high technical and economical importance and low coverage in text book area.
In the first part, the fundamentals of piezoelectricity and related phenom-
ena as well as the crystallographic structure of piezoelectric materials are
introduced. Prototypical as well as economically relevant classes of piezo-
electric materials are described. In the second part, the main part of the
book, a broad selection of device applications is presented, which reflects the
huge spectrum of functionalities covered by piezoelectric in our world today.
The third part deals with the most frequently used characterization methods
specifically used for piezoelectric materials and devices. In the fourth part,
modeling approaches are covered ranging from empirical thermodynamic the-
ory, via first principles theories of piezoelectric materials, to finite element
modeling of devices. The book concludes with a fascinating anticipation of
the future evolution of the field.

The volumes address graduate students in material science, solid-state
physics, and inorganic chemistry, as well as professional scientists and engi-
neers who are interested in material-based innovations. It also may serve as
a reference book for managers who are interested in the economical side of
innovations and in potential future markets.

The publishers succeeded in compiling an anthology that creates a bridge
between a generic view on piezoelectricity on the one hand and a specific



VI Foreword

treatise of many exciting examples on the other. In all parts, the book has
been written by the internationally leading experts in the specific areas of
piezoelectricity and in material science. In addition to the aforementioned as-
pects this constitutes a high value on its own.

Jiilich
August 2008 Rainer Waser



Foreword

When starting the European Materials Research Society (E-MRS) 25 years
ago, the founders wanted to reestablish the famous tradition of the European
materials community. The E-MRS conferences in Strasbourg and Warsow,
which attract annually about 3,000 scientists from everywhere in the world,
give proof of this successful initiative.

But in our global world it is not sufficient to be a top-player in science,
market success must also be included: besides the well-known traditional pil-
lars of Helmholtz, being research and education, innovation has to be included
as a third column. Having this in mind, E-MRS has started “evolution and
future of a technology” as a new book series, which is to describe exemplary
cases of materials-based innovations.

After “Silicon,” “Piezoelectricity” is the second volume of this series.
Piezoelectricity itself is an excellent and instructive example: it was discovered
as physical phenomenon by the Curie brothers in 1880, but has required new
adapted materials and technologies. It was a long and sometimes troublesome
way to go for making this initially minor effect a real and sometimes even
superior competitor to the electro-dynamic respectively magnetic principal,
which for a long time was the only way to transform electrical energy or sig-
nals into mechanical ones or vice versa effectively. Novel piezoelectric devices .
and novel design will open up means which avoid this roundabout in many
cases.

The book “Piezoelectricity” is interesting not only for students, scientists,
and engineers involved in this field, it is informative also for the entire inno-
vation management in industry and politics. I hope that many books of this
kind will follow in the new E-MRS series.

Strasbourg
August 2008 Paul Siffert



Preface

The volume as presented has originated from discussions with the European
Materials Research Society. It is to fill a gap concerning the scientific and tech-
nical importance of piezoelectricity. We have to thank all who have supported
this project, especially the publisher and all our authors for their excellent
cooperation. We hope that we were able to meet the mentioned goal in spite
of the broad diversity of the whole field.

Miinchen Walter Heywang
August, 2008 Karl Lubitz
Wolfram Wersing
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