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this book gives a comprehensive introduction to the field of photovoltaic pv solar cells
and modules in thirteen chapters it addresses a wide range of topics including the
spectrum of light received by pv devices the basic functioning of a solar cell and the
physical factors limiting the efficiency of solar cells it places particular emphasis on
crystalline silicon solar cells and modules which constitute today more than 90 of all
modules sold worldwide describing in great detail both the manufacturing process and
resulting module performance the book also touches on the newest developments in
this sector such as tunnel oxide passivated contact topcon and heterojunction modules

while dedicating a major chapter to general questions of module design and fabrication
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overall it presents the essential theoretical and practical concepts of pv solar cells and
modules in an easy to understand manner and discusses current challenges facing the

global research and development community

peter wirfel describes in detail all aspects of solar cell function the physics behind
every single step as well as all the issues to be considered when improving solar cells
and their efficiency based on the highly successful german version but thoroughly
revised and updated this edition contains the latest knowledge on the mechanisms of
solar energy conversion requiring no more than standard physics knowledge it enables
readers to understand the factors driving conversion efficiency and to apply this

knowledge to their own solar cell development

based on the highly regarded and extremely successful first edition this thoroughly
revised updated and expanded edition contains the latest knowledge on the
mechanisms of solar energy conversion the textbook describes in detail all aspects of
solar cell function the physics behind every single step as well as all the issues to be
considered when improving solar cells and their efficiency requiring no more than
standard physics knowledge the book enables both students and researchers to
understand the factors driving conversion efficiency and to apply this knowledge to
their own solar cell development new exercises after each chapter help students to
consolidate their freshly acquired knowledge while the book also serves as a reference

for researchers already working in this exciting and challenging field

solar cell energy is the single most pressing issue facing humanity with a more
technologically advanced society requiring better energy resources this book discusses
technologies broadly depending on how they capture and distribute solar energy or
convert it into solar power the major areas covered in this book are the theory of solar
cells which explains the conversion of light energy in photons into electric current the
theoretical studies are practical because they predict the fundamental limits of a solar
cell the design and development of thin film technology based solar cells state of the
art for bulk material applied for solar cells based on crystalline silicon c si also known

as solar grade silicon and emerging photovoltaics

you 0 sun are the eye of the world you are the soul of all embodied beings you are the
source of all creatures you are the discipline of all engaged in work translated from

mahabharata 3rd century bc today energy is the lifeline and status symbol of civilized
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societies all nations have therefore embarked upon research and development pro
grams of varying magnitudes to explore and effectively utilize renewable sources of
energy albeit a low grade energy with large temporal and spatial variations solar
energy is abundant cheap clean and renewable and thus presents a very attractive
alternative source the direct conver sion of solar energy to electricity photovoltaic effect
via devices called solar cells has already become an established frontier area of
science and technology born out of necessity for remote area applications the first
commercially manufactured solar cells single crystal silicon and thin film cds cu2s were
available well over 20 years ago indeed all space vehicles today are powered by
silicon solar cells but large scale terrestrial applications of solar cells still await major
breakthroughs in terms of discovering new and radical concepts in solar cell device
structures utilizing relatively more abundant cheap and even exotic materials and
inventing simpler and less energy intensive fabrication processes no doubt this
extraordinary challenge in r d has led to a virtual explosion of activities in the field of

photovoltaics in the last several years

a large number of solar cell and solar cell systems are described in this volume the
theory of their operation their design and the levels of their performance is discussed
originally the book appeared in 1978 but extensive change over the intervening years
in the fields of energy generation and consumption solar energy and solar cells has
necessitated the publication of an updated version the text initially surveys the
requirements of humanity the subsequent need for solar cells the nature of sunlight
and the properties of semiconductors concrete examples extensive references and
theoretical arguments are then used to present a comparison of options available in
the design and operation of solar cells and solar cell systems the cells constructed
from single crystal polycrystalline and amorphous semiconductors and the systems
have varying designs and differing levels of solar energy for input and produce
electricity or electrical and thermal energies solar cell production economics and

environmental effects are considered throughout the publication

fundamentals of solar cells photovoltaic solar energy conversion provides an
introduction to the fundamental physical principles of solar cells it aims to promote the
expansion of solar photovoltaics from relatively small and specialized use to a large
scale contribution to energy supply the book begins with a review of basic concepts
such as the source of energy the role of photovoltaic conversion the development of

photovoltaic cells and sequence of phenomena involved in solar power generation this
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is followed by separate chapters on each of the processes that take place in solar cell
these include solar input properties of semiconductors recombination and the flow of
photogenerated carriers charge separation and the characteristics of junction barriers
and calculation of solar efficiency subsequent chapters deal with the operation of
specific solar cell devices such as a single crystal homojunction si a single crystal
heterojunction buried homojunction algaas gaas and a polycrystalline thin film cell cuxs
cds this book is intended for upper level graduate students who have a reasonably
good understanding of solid state physics and for scientists and engineers involved in

research and development of solar cells

the new edition of this highly regarded textbook provides a detailed overview of the
most important characterization techniques for solar cells and a discussion of their
advantages and disadvantages it describes in detail all aspects of solar cell function
the physics behind every single step as well as all the issues to be considered when
improving solar cells and their efficiency the text is now complete with examples of how
the appropriate characterization techniques enable the distinction between several
potential limitation factors describing how quantities that have been introduced
theoretically in earlier chapters become experimentally accessible with exercises after
each chapter to reinforce the newly acquired knowledge and requiring no more than
standard physics knowledge this book enables students and professionals to
understand the factors driving conversion efficiency and to apply this to their own solar

cell development

this book addresses the rapidly developing class of solar cell materials and designed to
provide much needed information on the fundamental principles of these materials
together with how these are employed in photovoltaic applications a special emphasize
have been given for the space applications through study of radiation tolerant solar
cells this book present a comprehensive research outlining progress on the synthesis
fabrication and application of solar cells from fundamental to device technology and is
helpful for graduate students researchers and technologists engaged in research and

development of materials

this book provides a comprehensive introduction to the physics of the photovoltaic cell
it is suitable for undergraduates graduate students and researchers new to the field it
covers basic physics of semiconductors in photovoltaic devices physical models of

solar cell operation characteristics and design of common types of solar cell and
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approaches to increasing solar cell efficiency the text explains the terms and concepts
of solar cell device physics and shows the reader how to formulate and solve relevant

physical problems exercises and worked solutions are included

enormous leaps forward in the efficiency and the economy of solar cells are being
made at a furious pace new materials and manufacturing processes have opened up
new realms of possibility for the application of solar cells crystalline silicon cells are
increasingly making way for thin film cells which are spawning experimentation with
third generation high efficiency multijunction cells carbon nanotube based cells uv light
for voltage enhancement and the use of the infrared spectrum for night time operation
to name only a few recent advances this thoroughly updated new edition of markvart
and castaner s solar cells extracted from their industry standard practical handbook of
photovoltaics is the definitive reference covering the science and operation materials
and manufacture of solar cells it is essential reading for engineers installers designers
and policy makers who need to understand the science behind the solar cells of today
and tomorrow in order to take solar energy to the next level a thorough update to the
definitive reference to solar cells created by a cast of international experts from
industry and academia to ensure the highest quality information from multiple
perspectives covers the whole spectrum of solar cell information from basic scientific
background to the latest advances in materials to manufacturing issues to testing and
calibration case studies practical examples and reports on the latest advances take the
new edition of this amazing resource beyond a simple amalgamation of a vast amount

of knowledge into the realm of real world applications

this handbook is a compendium giving a comprehensive description of the basics of
semiconductor physics relevant to the design and analysis of thin film 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 current
voltage characteristics and helping to discover the involvement of high field effects 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 the author is one of the founders of thin film solar cell research
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edited by one of the most well respected and prolific engineers in the world and his
team this book provides a comprehensive overview of solar cells and explores the
history of evolution and present scenarios of solar cell design classification properties
various semiconductor materials thin films wafer scale transparent solar cells and other
fundamentals of solar cell design solar cells are semiconductor devices that convert
light photons into electricity in photovoltaic energy conversion and can help to
overcome the global energy crisis solar cells have many applications including remote
area power systems earth orbiting satellites wristwatches water pumping
photodetectors and remote radiotelephones solar cell technology is economically
feasible for commercial scale power generation while commercial solar cells exhibit
good performance and stability still researchers are looking at many ways to improve
the performance and cost of solar cells via modulating the fundamental properties of
semiconductors solar cell technology is the key to a clean energy future solar cells
directly harvested energy from the sun s light radiation into electricity are in an ever
growing demand for future global energy production solar cell based energy harvesting
has attracted worldwide attention for its notable features such as cheap renewable
technology scalable lightweight flexibility versatility no greenhouse gas emission and
economy friendly and operational costs thus solar cell technology is at the forefront of
renewable energy technologies which are used in telecommunications power plants
small devices to satellites large scale implementation can be manipulated by various
types used in solar cell design and exploration of new materials towards improving
performance and reducing cost therefore in depth knowledge about solar cell design is
fundamental for those who wish to apply this knowledge and understanding in
industries and academics this book provides a comprehensive overview on solar cells
and explores the history to evolution and present scenarios of solar cell design
classification properties various semiconductor materials thin films wafer scale
transparent solar cells and so on it also includes solar cells characterization analytical
tools theoretical modeling practices to enhance conversion efficiencies applications
and patents this outstanding new volume provides state of the art information about
solar cells is a unique reference guide for researchers in solar energy includes novel
innovations in the field of solar cell technology audience this book is a unique
reference guide that can be used by faculty students researchers engineers device
designers and industrialists who are working and learning in the fields of
semiconductors chemistry physics electronics light science material science flexible

energy conversion industrial and renewable energy sectors
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a major update of solar cell technology and the solar marketplace since the first
publication of this important volume over a decade ago dramatic changes have taken
place with the solar market growing almost 100 fold and the u s moving from first to
fourth place in the world market as analyzed in this second edition three bold new
opportunities are identified for any countries wanting to improve market position the
first is combining pin solar cells with 3x concentration to achieve economic
competitiveness near term the second is charging battery powered cars with solar cell
generated electricity from arrays in surrounding areas including the car owners homes
while simultaneously reducing their home electricity bills by over ninety percent the
third is formation of economic unions of sufficient combined economic size to be major
competitors in this updated edition feed in tariffs are identified as the most effective
approach for public policy reasons are provided to explain why pin solar cells
outperform more traditional pn solar cells field test data are reported for nineteen
percent pin solar cells and for 500x concentrating systems with bare cell efficiencies
approaching forty percent paths to bare cell efficiencies over fifty percent are described
and key missing program elements are identified since government support is needed
for new technology prototype integration and qualification testing before manufacturing
scale up the key economic measure is identified in this volume as the electricity cost in
cents per kilowatt hour at the complete installed system level rather than just the up
front solar cell modules costs in dollars per watt this second edition will benefit
technologists in the fields of solar cells and systems solar cell researchers power
systems designers academics studying microelectronics semiconductors and solar
cells business students and investors with a technical focus and government and

political officials developing public policy

this book presents a comprehensive overview of the fundamental concept design
working protocols and diverse photo chemicals aspects of different solar cell systems
with promising prospects using computational and experimental techniques it presents
and demonstrates the art of designing and developing various solar cell systems
through practical examples compared to most existing books in the market which
usually analyze existing solar cell approaches this volume provides a more
comprehensive view on the field thus it offers an in depth discussion of the basic
concepts of solar cell design and their development leading to higher power conversion
efficiencies the book will appeal to readers who are interested in both fundamental and

application oriented research while it will also be an excellent tool for graduates
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researchers and professionals working in the field of photovoltaics and solar cell

systems

the intention of this book is to provide an impression of all aspects of p tovoltaics pv it
is not just about physics and technology or systems but it looks beyond that at the
entire environment in which pv is embedded the rst chapter is intended as an
introduction to the subject it can also be considered an executive summary chapters 2
4 describe very brie y the basic physics and technology of the solar cell the silicon cell
is the vehicle for this description because it is the best understood solar cell and also
has the greatest practical importance a reader who is not interested in the ph ical
details of the solar cell can skip chap 2 and still understand the rest of the book in
general it was the intention of the authors to keep the book at a level that does not
require too much ©previous knowledge of photovoltaics
chapterbisdevotedtoothermaterialsandnewconceptspresentlyunder velopment or
consideration it intends to provide an impression of the many possibilities that exist for
the conversion of solar radiation into electricity by solid state devices these new
concepts will keep researchers occupied for decades to come chapter 6 gives an
introduction to cell and module techn ogy and also informs the reader about the
environmental compatibility and recycling of modules the following chapters are
devoted to practical applications chapters 7 and 8 introduce systems technology for di
erent applications the envir mental impact of pv systems and their reliability is the

subject of chap 9

this book highlights developments in the field of solar cells the chapters in this book
address a wide range of topics including the spectrum of light received by solar cell
devices the basic functioning of a solar cell and the evolution of solar cell technology
during the last 50 years it places particular emphasis on silicon solar cells cigs based
solar cells organic solar cells perovskite solar cells and hybrid solar cells the book
describes in detail the fabrication processes employed for different categories of solar
cells it also provides the characterization techniques utilized in this sector to evaluate
the performance of solar cells and the scope of this domain in the future overall it
presents the essential theoretical and practical concepts of solar cells in an easy to

understand manner

this book presents a comparison of solar cell materials including both new materials

based on organics nanostructures and novel inorganics and developments in more
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traditional photovoltaic materials it surveys the materials and materials trends in the
field including third generation solar cells multiple energy level cells thermal

approaches and the modification of the solar spectrum with an eye firmly on low costs

energy efficiency and the use of abundant non toxic materials
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