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the direct conversion of sunlight into electricity photovoltaic or pv for short is evolving rapidly
and is a technology becoming a mainstream clean energy production method however to compete
with conventional energy production methods using fossil fuels the conversion efficiency needs to
be increased and the manufacturing cost should be reduced further both of these require the
improvement of solar energy materials and the device architectures used for the conversion of
light into electrical energy this special issue presents the latest developments in some solar energy
materials like si cdte cigs sns and perovskites and the device structures suitable for next generation
solar cells in particular the progress in graded bandgap multi layer solar cells are presented in this

special issue
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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 presents a comparison of solar cell materials including both new materials based on
organics nanostructures and novel inorganics and developments in more 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

this book covers the recent advances in photovoltaics materials and their innovative applications
many materials science problems are encountered in understanding existing solar cells and the
development of more efficient less costly and more stable cells this important and timely book
provides a historical overview but concentrates primarily on the exciting developments in the last
decade it includes organic and perovskite solar cells photovoltaics in ferroelectric materials organic
inorganic hybrid perovskite materials with improved photovoltaic efficiencies as well as the full
range of semiconductor materials for solar to electricity conversion from crystalline silicon and
amorphous silicon to cadmium telluride copper indium gallium sulfide selenides dye sensitized

solar cells organic solar cells and environmentally friendly copper zinc tin sulfide selenides

research and development of photovoltaic solar cells is playing an ever larger practical role in
energy supply and ecological conservation all over the world many materials science problems are
encountered in understanding existing solar cells and the development of more efficient less costly
and more stable cells this important and timely book provides a historical overview but
concentrates primarily on exciting developments in the last decade it describes the properties of
the materials that play an important role in photovoltaic applications the solar cell structures in
which they are used and the experimental and theoretical developments that have led to the most

promising contenders a

the primary objective of this nato advanced study institute asi was to present an up to date
overview of various current areas of interest in the field of photovoltaic and related photoactive
materials this is a wide ranging subject area of significant commercial and environmental interest
and involves major contributions from the disciplines of physics chemistry materials electrical and
instrumentation engineering commercial realisation etc therefore we sought to adopt an inter
disciplinary approach bringing together recognised experts in the various fields while retaining a
level of treatment accessible to those active in specific individual areas of research and
development the lecture programme commenced with overviews of the present relevance and
historical development of the subject area plus an introduction to various underlying physical
principles of importance to the materials and devices to be addressed in later lectures building
upon this the asi then progressed to more detailed aspects of the subject area we were also

fortunately able to obtain a contribution from thierry langlois d estaintot of the european
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commission directorate describing present and future ec support for activities in this field in
addition poster sessions were held throughout the meeting to allow participants to present and
discuss their current activities these were supported by what proved to be very effective
feedback sessions special thanks to martin stutzmann prior to which groups of participants

enthusiastically met often in the bar to identify and agree topics of common interest

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

despite their wide availability and relatively low prices the conventional energy sources have
harmful consequences on the environment and are exhaustible in order to circumvent these
negative effects the renewable energies in general and the photovoltaic energy in particular are
becoming more and more attractive solar cell is an electrical device that converts light into
electricity at the atomic level these devices use inorganic or organic semiconductor materials that
absorb photons with energy greater than their bandgap to promote energy carriers into their
conduction band they do not pollute the atmosphere by releasing harmful gases do not require any
fuel to produce electricity and do not move parts so they are rugged solar panels have a very long

life and do not need much maintenance

materials for solar energy conversion this book provides professionals and students with a resource
on the basic principles and applications of solar energy materials and processes as well as practicing
engineers who want to understand how functional materials operate in solar energy conversion
systems the demand for energy is increasing daily and the development of sustainable power
generation is a critical issue in order to overcome the energy demand power generation through
solar energy is booming many research works have attempted to enhance the efficiency of
collection and storage of solar energy and as a result numerous advanced functional materials have
been developed for enhancing the performance of solar cells this book has compiled and broadly
explores the latest developments of materials methods and applications of solar energy the book is
divided into 2 parts in which the first part deals with solar cell fundamentals and emerging

categories and the latter part deals with materials methods and applications in order to fill the gap
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between existing technologies and practical requirements the book presents detailed chapters
including organic inorganic coating materials and collectors the use of modern computer
simulation techniques conversion and storage processes are effectively covered topics such as
nanostructured solar cells battery materials etc are included in this book as well audience the book
is aimed at researchers in materials science chemistry physics electrical and mechanical
engineering working in the fields of nanotechnology photovoltaic device technology and solar

energy

a modern challenge is for solar cell materials to enable the highest solar energy conversion
efficiencies at costs as low as possible and at an energy balance as sustainable as necessary in the
future this textbook explains the principles concepts and materials used in solar cells it combines
basic knowledge about solar cells and the demanded criteria for the materials with a
comprehensive introduction into each of the four classes of materials for solar cells i e solar cells
based on crystalline silicon epitaxial layer systems of iii v semiconductors thin film absorbers on
foreign substrates and nano composite absorbers in this sense it bridges a gap between basic
literature on the physics of solar cells and books specialized on certain types of solar cells the last
five years had several breakthroughs in photovoltaics and in the research on solar cells and solar
cell materials we consider them in this second edition for example the high potential of crystalline
silicon with charge selective hetero junctions and alkaline treatments of thin film absorbers based
on chalcopyrite enabled new records research activities were boosted by the class of hybrid
organic inorganic metal halide perovskites a promising newcomer in the field this is essential
reading for students interested in solar cells and materials for solar cells it encourages students to
solve tasks at the end of each chapter it has been well applied for postgraduate students with

background in materials science engineering chemistry or physics

this book covers the recent advances in solar photovoltaic materials and their innovative
applications many problems in material science are explored for enhancing the understanding of
solar cells and the development of more efficient less costly and more stable cells this book is
crucial and relevant at this juncture and provides a historical overview focusing primarily on the
exciting developments in the last decade this book primarily covers the different maximum
power point tracking control techniques that have led to the improved speed of response of solar
photovoltaics augmented search accuracy and superior control in the presence of perturbations
such as sudden variations in illumination and temperature furthermore the optimal design of a
photovoltaic system based on two different approaches such as consumed power and economics is

discussed

presents a thorough overview of perovskite research written by leaders in the field of
photovoltaics the use of perovskite structured materials to produce high efficiency solar cells is a
subject of growing interest for academic researchers and industry professionals alike due to their
excellent light absorption longevity and charge carrier properties perovskite solar cells show great
promise as a low cost industry scalable alternative to conventional photovoltaic cells perovskite
solar cells materials processes and devices provides an up to date overview of the current state of
perovskite solar cell research addressing the key areas in the rapidly growing field this
comprehensive volume covers novel materials advanced theory modelling and simulation device

physics new processes and the critical issue of solar cell stability contributions by an international
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panel of researchers highlight both the opportunities and challenges related to perovskite solar
cells while offering detailed insights on topics such as the photon recycling processes interfacial
properties and charge transfer principles of perovskite based devices examines new compositions
hole and electron transport materials lead free materials and 2d and 3d materials covers interface
modelling techniques methods for modelling in two and three dimensions and developments
beyond shockley queisser theory discusses new fabrication processes such as slot die coating roll
processing and vacuum sublimation describes the device physics of perovskite solar cells including
recombination kinetics and optical absorption explores innovative approaches to increase the light
conversion efficiency of photovoltaic cells perovskite solar cells materials processes and devices is
essential reading for all those in the photovoltaic community including materials scientists surface

physicists surface chemists solid state physicists solid state chemists and electrical engineers

durability and reliability of polymers and other materials in photovoltaic modules describes the
durability and reliability behavior of polymers used in si photovoltaic modules and systems
particularly in terms of physical aging and degradation process mechanisms characterization
methods accelerated exposure chamber and testing module level testing and service life prediction
the book compares polymeric materials to traditional materials used in solar applications explaining
the degradation pathways of the different elements of a photovoltaic module including
encapsulant front sheet back sheet wires and connectors adhesives sealants and more in addition
users will find sections on the tests needed for the evaluation of polymer degradation and aging as
well as accelerated tests to aid in materials selection as demand for photovoltaics continues to grow
globally with polymer photovoltaics offering significantly lower production costs compared to

earlier approaches this book will serve as a welcome resource on new avenues

while measuring the effectiveness of solar cell materials may not always be practical once a device
has been created solar cell modeling may allow researchers to obtain prospective analyses of the
internal processes of potential materials prior to their manufacture advanced solar cell materials
technology modeling and simulation discusses the development and use of modern solar cells made
from composite materials this volume is targeted toward experts from universities and research
organizations as well as young professionals interested in pursuing different subjects regarding

advanced solar cells

energy and climate change are two of the most critical issues nowadays these two topics are also
correlated to each other fossil fuels are the main energy supplies that have been used in modern
history since the industrial revolution the impact of co2 emission has been a major concern for its
effect on global warming and other consequences in addition fossil fuels are not unlimited due to
the increasing demands for energy supplies alternative renewable sustainable environmentally
friendly energy resources are desirable solar energy is an unlimited clean and renewable energy
source which can be considered to replace the energy supply of fossil fuel the silicon solar cell is
one of the dominant photovoltaic technologies currently which converting sunlight directly into
electric power with around 20 efficiency this technique was been widely used in mainstream
solar energy applications for decades though the relatively energy demanding production process
remained with challenges to be resolved recently emerging photovoltaic technologies such as
organometal halide hybrid perovskite solar cell has attracted tremendous attention due to their

promising power conversion efficiencies over 22 and ease of fabrication their progress roadmap is
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unprecedented in photovoltaic history from the material development and efficiency
advancement perspective beyond the rapid progress achieved in the last few years it is expected
that this novel technology would make an impact on the future solar cell market providing long
term stability and pb content issues are addressed these challenges rely on a better understanding
of materials and device function principles the scope of this book is to provide a collection on the
recent investigations from fundamental process materials development to device optimization for

perovskite solar cells

given the state of the art in solar photovoltaic pv technology and favorable financing terms it is
clear that pv has already obtained grid parity in specific locations 1 advances in the next
generation of photovoltaic materials and photovoltaic devices can further reduce costs to enable all
of humanity to utilize sustainable and renewable solar power 2 this special issue of materials will
cover such materials including modeling synthesis and evaluation of new materials and their solar
cells specifically this special issue will focus on five material technologies for advanced solar cells 1
new concepts in pv materials nanostructured materials low dimensional physics multiple charge
generation up down converters thermophotovoltaics low cost iii v materials bandgap engineering
hot carrier effects plasmonics metamorphic materials perovskite and related novel pv materials
novel light trapping rectennas quantum dots carbon nanotubes and graphene composites 2 organic
pv materials polymer hybrid and dye sensitized solar cells high performance contacts and lifetime
degradation and mechanisms 3 dye sensitized solar cells dsscs materials recent developments in
dyes working electrodes technologies for device fabrications and advances in new electrolytes 4
amorphous nanostructured and thin film silicon pv materials microstructure characterization light
induced degradation swe large area and high deposition rates novel processing routes light
trapping multi layers and multi junction devices 5 passive materials for all pv transparent
conductive oxides tcos encapsulation connections optics glass anti reflection coatings arcs alternative

buffer layer materials and contacts

the book reviews recent research and new trends in the area of solar cell materials topics include
fabrication methods solar cell design energy efficiency and commercialization of next generation
materials special focus is placed on graphene and carbon nanomaterials graphene in dye sensitized
solar cells perovskite solar cells and organic photovoltaic cells as well as on transparent conducting
electrode tce materials hollow nanostructured photoelectrodes monocrystalline silicon solar cells
mssc and bhj organic solar cells also discussed is the use of graphene sulfides and metal nanoparticle
based absorber materials keywords solar cell graphene nanomaterials carbon nanomaterials
graphene in dye sensitized solar cells perovskite solar cells organic photovoltaic cells transparent
conducting electrode tce materials hollow nanostructured photoelectrodes monocrystalline silicon
solar cells mssc bhj organic solar cells electrochemical sensing low band gap materials absorber

materials for solar cells

today the silicon feedstock for photovoltaic cells comes from processes which were originally
developed for the microelectronic industry it covers almost 90 of the photovoltaic market with
mass production volume at least one order of magnitude larger than those devoted to
microelectronics however it is hard to imagine that this kind of feedstock extremely pure but
heavily penalized by its high energy cost could remain the only source of silicon for a photovoltaic

market which is in continuous expansion and which has a cumulative growth rate in excess of 30
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in the last few years even though reports suggest that the silicon share will slowly decrease in the
next twenty years finding a way to manufacture a specific solar grade feedstock in large quantities
at a low cost while maintaining the quality needed still remains a crucial issue thin film and
quantum confinement based silicon cells might be a complementary solution advanced silicon
materials for photovoltaic applications has been designed to describe the full potentialities of silicon
as a multipurpose material and covers physical chemical and structural properties of silicon
production routes including the promise of low cost feedstock for pv applications defect
engineering and the role of impurities and defects characterization techniques and advanced
analytical techniques for metallic and non metallic impurities thin film silicon and thin film solar
cells innovative quantum effects and 3rd generation solar cells with contributions from
internationally recognized authorities this book gives a comprehensive analysis of the state of the
art of process technologies and material properties essential for anyone interested in the application

and development of photovoltaics
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