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Preface

Solar cells and solar cell arrays—photovoltaic
converters of solar energy into electric energy—
are a reality. In a time period of two decades,
solar cell arrays have grown in size from less than
1 watt to hundreds of kilowatts of electrical
output in terrestrial applications and to over 10
kilowatts of output in space. New designs are
on the drawing boards and in development lab-
oratories all over the world for terrestrial and
space arrays having hundreds and thousands of
kilowatts of electric power output. Solar cell
efficiency has increased from just a feeble re-
sponse to sunlight to nearly 20%, surpassing the
luminous efficiency of the incandescent light
bulb on the way. Solar cell array costs are de-
creasing rapidly, making photovoltaic electric
energy affordable and competitive today in re-
mote areas.

In the same two-decade time span, the solar
cell array design effort has matured from a spir-
ited pioneering effort into a sophisticated, sys-

tematized, computer-aided process. While it
has not been possible to adequately define or
improve, or otherwise influence the creative
design activity, all other aspects of the design
process have been formalized and, for good rea-
son, subjected to documentation, control, and
verification.

As the 1970°s draw to a close, we find our-
selves engulfed by flurrying activities in photo-
voltaics. While we stand at the threshold of an
unprecedented economical exploitation of this
particular solar energy conversion technology,
we should also realize that all the “easy” in-
ventions have perhaps been made already.
From here on, the going can be expected to get
tougher. It is hoped that this book will be help-
ful to those who are going to keep on working
for the benefit to all of use who consume energy .

Hans S. Rauschenbach



Purpose and Scope
of this Handbook

This handbook intends to diseminate as much
current and practical information relating to
photovoltaic energy conversion technology for
earth and space applications as practical. The
emphasis is on the presentation of many differ-
ent concepts and detailed techniques for several
reasons:

o To introduce non-technical persons to the
subject

e To aid students of the subject and younger
workers in this field in mastering it

» To help specialists already working in the field
to get their jobs done more effectively

o To inspire the creativity of advanced designers

e To document those concepts, data, and infor-
mation that are of interest today but are not
readily available in the open literature

e To define the entire field of solar cell array
design and its multidisciplinary nature.

This handbook is written on several levels,

ranging from the illustrative and introductory
to the detailed technical. Most of the text
should be understandable to advanced high
school students and senior technicians. Few
sections, if any, are expected to pose difficulties
for college graduates or practicing engineers.

The mathematical treatment has been held
simple. Differential and integral equations are
used sparingly, but are included to permit com-
puter programming. Most mathematical prob-
lems can be handled with today’s scientific
pocket calculators.

This handbook recounts some of the more
important historical events that led to today’s
advanced solar cell array technology and in-
cludes sufficient references for locating more
detailed accounts. Subjects that are treated else-
where and readily available, such as general
structural design, heat transfer and thermody-
namics, civil engineering, and electrical wiring
codes and practices, are not included here.
Rather, only the special considerations for solar
cell arrays are treated.

LEGAL NOTICE

This handbook attempts to document the knowl-
edge, data, and information which may be of
current significance to solar cell array design.
However, it is emphasized that there exists a
large number of patents which relate to all as-
pects of solar cell array design, fabrication, and

testing, including solar cells, other materials,
processes, components, arrangements, and de-
signs. Some of these patents have been de-
scribed herein, but many more have not been
referred to. The description in this handbook
of any component, process, apparatus, material,

vii
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PURPOSE AND SCOPE OF THIS HANDBOOK

design, composition, or any other feature of parers, editors, approvers, or publishers of this

any article may fall within a claim of an existing
patent. It is not the intent of any of the au-
thors, editors, and publishers of and contribu-
tors to this handbook-nor is it the intent of
any of the sponsoring or performing organiza-
tions involved in the preparation of this or the
original handbook—to induce anyone to infringe
upon any existing patent. It is the responsibil-
ity of the prospective user of any of the infor-
mation, material, data, and descriptions herein
to determine whether such usage constitutes in-
fringement or noninfrigement of any patent or
otherwise legally protected or proprietary right.

Specifically, neither the United States, the
National Aeronautics and Space Administration,
the California Institute of Technology, the Jet
Propulsion Laboratory, nor the TRW Defense
and Space Systems Group; nor any of the em-
ployees of these organizations; nor the pre-

or the earlier document ; nor any other person:

1. Makes any warranty or representation, ex-
pressed or implied, with respect to the
accuracy, completeness, or usefulness of
the information contained in this docu-
ment, or that the use of any information,
apparatus, method, or process disclosed in
this document may not infringe upon pri-
vately owned rights; '

. Assumes any liabilities with respect to
the use of, or for damages resulting from
the use of, any information, apparatus,
method, or process disclosed in this
document;

. Sanctions, approves or recommends any
designs, practices, selections, or proce-
dures contained in this document for a
specific purpose, use, or project.

SAFETY NOTICE

Solar cell assemblies, modules, panels, or arrays
are sources of electric power and may, under
certain circumstances, constitute a potential
hazard. Even under conditions of low ambient
lighting, a sufficient number of solar cells con-
nected in series may produce voltages and cur-
rents that may cause electrocution. Appropriate
safety procedures for handling and installing
such assemblies must be used and followed (see
also the entries under Safety in the Index).

A larger array, when exposed to bright sun-
light and short-circuited with a conductor having
‘inadequate cross-section, may start a fire.

Any solar cell assembly, even in low ambient
light, when accidentally short-circuited, may
cause a spark that is capable of igniting explo-
sive atmospheres, such as may be found in
solvent cleaning operations.
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