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Preface

When writing about a subject from a rapidly evolving research area, one is
tempted into dealing with the latest results, those that still fascinate. This is dan-
gerous, however, for such findings may not have a lasting value. They may not
be sufficiently unambiguous, enlightening, or novel to deserve their place in a re-
ference work.

We have invited our colleagues to write about their field of expertise, and put
down on paper the things that they are really comfortable with, and confident of.
Fortunately, we found many willing to contribute in this vein. With their help, we
have been able to collect much of the base of knowledge that has been gathered
in a decade of research on semiconducting polymers. It is recognized, of course,
that research in this field could build on what had been learned about conducting
polymers in the preceding decade.

We like to thank those who collaborated in this book project. This includes all
authors, as well as the people at Wiley-VCH who offered us the opportunity and
made it become a reality.

Georges Hadziioannou
Paul van Hutten

Groningen, September 1999



Foreword

The science and technology of conducting polymers are inherently interdisciplin-
ary; they fall at the intersection of three established disciplines: chemistry, physics
and engineering; hence the name for this volume. These macromolecular materials
are synthesized by the methods of organic chemistry. Their electronic structure
and electronic properties fall within the domain of condensed matter physics. Effi-
cient processing of conjugated polymer materials into useful forms and the fabri-
cation of electronic and opto-electronic devices require input from engineering;
i.e. materials science (more specifically, polymer science) and device physics.

With the emergence of semiconducting and metallic polymers as an interdisci-
plinary field, a host of new concepts have evolved which are of broad and funda-
mental importance. The field originated in the 1970s with an initial focus on n-
type and p-type doping of conjugated polymers. Reversible doping of semicon-
ducting polymers was the early highlight with associated electrical conductivity
values that span the full range from insulator to metal. The unique electrochemis-
try of conducting polymers was subsequently discovered and remains as an active
area of science and technology.

The opportunity to synthesize new conjugated polymers with improved proper-
ties began to attract the attention of a larger number of synthetic chemists in the
1980s. Equally important was the subsequent development of stable, processible
metallic polymers. As a result of these efforts, we now have a class of materials
which exhibit a unique combination of properties: the electronic and optical prop-
erties of metals and semiconductors in combination with the processing advan-
tages and mechanical properties of polymers.

Because of the progress toward higher purity, processible semiconducting poly-
mers, these materials are now available for use in “plastic electronic” devices. In
this context, the discovery (at Cambridge University) of electroluminescence from
semiconducting, conjugated polymers, was of particular importance. More gener-
ally, however, plastic electronics devices include diodes, photodiodes, photovol-
taic cells, sensors, light-emitting diodes, lasers, field effect transistors and all-poly-
mer integrated circuits — and the list is growing. Thus, the emergence of electron-
ic and opto-electronic devices fabricated from semiconducting polymers has been
a principal focus of the 1990s.

Despite the scientific progress and the demonstration of novel device concepts,
there was considerable skepticism that semiconducting polymers would ever reach
the levels of purity required for long-lifetime commercial devices. In the context
of the last 50 years of semiconductor physics, conjugated polymers were often
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considered as “dirty” and poorly characterized materials. Therefore, the recent de-
monstration of high-brightness polymer emissive displays with operating lifetimes
of 10000-20000 hours was a particularly important step; it is now clear that
semiconducting polymers can be used to fabricate consumer products that meet
commercial specifications.

As a result of the remarkable progress in the chemistry, physics and engineer-
ing (device physics) of semiconducting and metallic polymers, we are now witnes-
sing the beginning of a revolution in “Plastic Electronics”.

The field of semiconducting and metallic polymers remains vital; again and
again the science and technology have moved into new directions. Specific exam-
ples of recent advances (within the 1990s) of special importance include the fol-
lowing:

e Metallic polymers which are stable, soluble and processible, and therefore suit-
able for industrial applications; )

e The science and technology of high-efficiency light emission from polymer
light-emitting diodes and polymer light-emitting electrochemical cells;

e Ultrafast photoinduced electron transfer in semiconducting polymers mixed
with controlled amounts of acceptors; this phenomenon has opened the way to

a variety of applications including high-sensitivity plastic photodiodes, and effi-

cient plastic solar cells;

e Semiconducting polymers as materials for solid-state lasers.

This book, “Semiconducting Polymers — Chemistry, Physics and Engineering”,
edited by Georges Hadziioannou and Paul van Hutten of the University of Gro-
ningen (The Netherlands) summarizes progress in areas of current activity within
the field. The various chapters, all contributed by leading researchers, provide a
summary and review of the field that will be useful and important to anyone seek-
ing a strong background in the basic interdisciplinary science and an up-to-date
“snapshot” of the current status of research. Emphasis is on the basic physics and
chemistry of conjugated polymers as electronic and opto-electronic materials and
on the performance (status, opportunities and limitations) of the electronic and
opto-electronic devices that are responsible for the on-going revolution in “Plastic
Electronics”.

Alan J. Heeger

Professor of Physics & Professor of Materials
Institute for Polymers and Organic Solids
University of California, Santa Barbara

and

UNIAX Corporation

Santa Barbara, CA
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