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Preface

In this book the problem of transport of electrons and holes is approached
from the point of view that a coherent and consistent physical theory can be
constructed for transport phenomena. Along the road we will visit various
exciting citadels in theoretical physics. The authors will guide the reader
in this tour along the strong and weak aspects of the various theoretical
constructions. Moreover, our goal is to make clear the mutual coherence and
to put each theoretical model in an appropriate perspective. Merely the fact
that so many partial solutions have been proposed to describe transport, be it
in condensed matter, fluids, or gases, illustrates that we are entering a world of
physics with a rich variety of phenomena. Moreover, the subject is not closed
and the final theory of transport has still to be written down. Unavoidably,
some aspects are commented by us with remarks that contain our personal
views and there is room for discussion. Theoretical physics always aims at a
unifying picture, but so far this ultimate goal has not been reached. However,
this situation should not withhold us from working towards this goal. By
presenting this tour among the many very inventive attempts to build this
unifying picture, we hope that the reader is inspired and encouraged to help
find the unifying principle behind the many faces of transport.

The present work grew out of a series of lectures that we have presented at
IMEC, a research center for microelectronics and populated by a mixture of
engineers, physicists, chemists and computer scientists, as far as the scientific
staff is concerned. The underlying text reflects this audience. The first part of
the book describes a series of physical concepts that can be found in numerous
text books in physics libraries. One does not possess an operational knowledge
of the Schrodinger equation, if one has no knowledge about the Hamiltonian
operator. The latter one can only be properly understood within a realm of
analytical mechanics.

Each chapter of Part I describes the essential knowledge that is needed to
catch up with the present-day language in device engineering. For example,
for engineers, these chapters should trigger interest in further reading physics
books. Gradually, the text moves towards engineering problems and the sec-
ond part of this work should convince physicists that there are numerous
fundamental problems to be addressed that originate from microelectronic



VIII  Preface

and mesoscopic physics. Therefore, it is our hope that physicists will find
their way to engineering libraries.

Whereas Part I describes well-established result in physics, the second
part of this work (Chaps. 11 to 17) contain our research results that can be
found in the recent physics literature.

A multidisciplinary text book always runs the risk that a specialist in one
field is disappointed by that piece of the text that covers his field of expertise,
whereas the areas that are outside his field of interest remain hidden in a layer
of fog, because the treatment is too condensed. Being aware of this risk, we
have put serious effort into presenting the text in such a way that the reader
can follow the line of thoughts. As a consequence, the text is occasionally
‘narrative’. The intention of some sections is to introduce the reader to a
terminology. The goal of these sections is to encourage further study and to
provide access to the modern literature in the field.
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