Preface

Based on my experience I have selected the parts of basic science that were helpful
to my own research of solar cells, specifically on CdS based thin-film cells. As
any, even somewhat more comprehensive treatises, a selection was made to include,
beyond basic material science and the description of space charge effects, mostly
CdS/Cu,S and CdS/CdTe solar cells. These treatments are more comprehensive,
including most recent references. The descriptions are excellent examples for the
theoretical analysis of most other thin-film solar cells. The other thin-film solar cells,
the CIS-group and amorphous Silicon are discussed in three shorter chapters at the
end of this book.

Overall the book is structured to address most aspects of thin-film solar cells,
starting from the history of their development and covering all features of these
including most recent technologies, commercial viewpoints, and global material re-
sources.

Commercial solar cells are based on materials that are handed to us often more
than half a century ago and grown or deposited by conventional methods, doped to
produce homo- or hetero-junction and then treated in various ways to improve their
performance. All of this has became a routine and the selection of the processes was
done often in respect to production economics, with an eye to minimize long term
cell degradation. Only a few researchers were involved to search for new ways to
make these cells or use totally new materials in the hope for performance improve-
ment or economic production advantages and had to look for more basic material
science properties.

This is one of the reasons behind composing this book. The other one is to help
for a better understanding of solar cell operation.

In organizing this book I want to provide a toolbox for scientists and engineers
for designing new solar cells, improving the conventional ones and understand better
their operation. This toolbox needs to cover a wide field from the understanding of
the material science aspects of the building blocks and structure of solar cells to
the electronic configuration with its influence on the separate parts of the cell, and
finally of the solar cell itself, analyzing it and interpreting its performance.
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This is a complex field with constantly new developments, and to attempt a
comprehensive description is impossible in a reasonable and useful single volume.
Therefore a selection was made between basic facts and useful results that have
more principle value than going into detail for which a long list of cited literature
exists. This excludes more extensive description of analytical tools that are not dealt
with in detail here, and many more fields of the rapidly developing science. But the
book should give the foundation from which to build further research in the field.

As any selection, this is subjective to the judgment of the author and his specific
experience. It will be therefore more detailed in the fields relating to cadmium sul-
fide and other adjacent fields that have proven helpful in designing my research and
relating to the development of a variety of thin film solar cells. Whenever possible
within the constraints of this book, important solar cell developments were guidance
to select.

At many junctures, possible problems are pointed out in conventional manufac-
turing processes, or from model analyses that could lead to costly misjudgments and
can be avoided by following some of the suggestions listed in this book.

In all, different segments of this book are more helpful to production engineers
at the bench, while others may guide researchers into the development of new solar
cells. Since it is open ended in which direction further investigation will lead, I have
included some small sections of the book in fields that are not relevant to present
solar cells, but may stimulate excursion into adjacent fields that provide already a
wealth of evidence to stimulate creative advances. Many helpful tables are scattered
throughout the text. The literature citations attempt to be more comprehensive, in-
cluding historical publications of specific and related fields. An extensive subject
index and a listing of useful formulae is appended.

In summary, this book is a compendium giving a comprehensive description of
the basic physics relevant to the design and the analysis of solar cell materials. It
starts from the basics of material science, describing the material and its growth,
defect and electrical properties, the basics of its interaction with photons and the
involved statistics, proceeding to space charge effects in semiconductors and pn-
junctions. Most attention is given to analyze homo- and hetero-junction solar cells
using various models and applying the field-of-direction analysis for discussing cur-
rent voltage characteristics, and helping to discover the involvement of high-field ef-
fects in solar cells. The comprehensive coverage of the main topics of—and relating
to—solar cells with extensive reference to literature helps scientists and engineers
at all levels to reach a better understanding and improvement of solar cell properties
and their production.
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