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Preface

Our society is based on coal, oil and natural gas, but these fossil fuels will
be depleted someday in the future because they are limited. Carbon dioxide
is produced in the combustion of fossil fuels and the rapid increase of car-
bon dioxide concentration has affected the consequence of climate, result-
ing in the global warming effect. Under these circumstances, interest in
photovoltaic (PV) solar cell is increasing rapidly as an alternative and clean
energy source.

Photovoltaic solar cells provide clean electrical energy because the
solar energy is directly converted into electrical energy without emitting
carbon dioxide. The solar energy is not limited, free of charge and distrib-
uted uniformly to all human beings. Crystalline silicon solar cell has been
extensively studied and used for practical terrestrial applications. However,
the expensive material cost and lots of energy necessary for manufacturing
have caused high cost and long energy payback time, which have prevented
the large spread of PV power generation.

Recently, thin film solar cells using silicon or compound semiconduc-
tors have been actively studied instead of the bulk silicon solar cell. But the
solar cells are still too expensive to compete with public electricity charge.
In 2004 New Energy and Industrial Technology Development Organization
(NEDO), Ministry of Economy, Trade and Industry, Japan, announced the
“PV Roadmap Toward 2030 (PV2030)” in which the target of production
cost for PV module is 50 yen/W in 2030. It is expected that the PV power
generation can supply approximately 50% of residential electricity con-
sumption (approximately 10% of total electricity consumption) in 2030.
But it would be difficult to reach this goal only by the conventional tech-
nologies. One important concept to reduce the solar cell cost and to increase
the conversion efficiency is to use NANOTECHNOLOGY, i.e., to use the
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nanostructured material in solar cell. Nanostructured materials are largely
divided into inorganic materials and organic materials. In spite of the com-
mon interest and common purpose, two kinds of materials have been dis-
cussed in different conferences and different communities until now. There
is no book that offers a comprehensive overview of the nanostructured inor-
ganic and organic materials for solar energy conversion.

The aim of this book is to overview the nanostructured materials for
solar energy conversion covering a wide variety of materials and device types
from inorganic materials to organic materials. This book is divided into five
parts: fundamentals of nanostructured solar cells, nanostructures in conven-
tional thin film solar cells, dye-sensitized solar cells, organic and carbon
based solar cells and other nanostructures. Authors are all specialists in their
fields. But I must apologize that the important nanostructured materials are
missing in this book because of the limit of my ability. This book was
intended for researchers, scientists, engineers, graduate students and under-
graduate students, majoring in electrical engineering, chemical engineering,
material science, physics, etc., who are interested in the nanostructured solar
cells. The content of my chapter is the subject of a graduate course in our
department, Department of Environmental Technology and Urban Planning,
devoted for the beginner of PV. I strongly hope that you will get some hints
for the development of the solar cell from this book and contribute to the
progress of PV.

Tetsuo Soga
Nagoya, Spring 2006
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Introduction
Tetsuo Soga

Department of Environmental Technology and Urban Planning
Nagoya Institute of Technology
Gokiso-cho, Showa-ku, Nagoya 466-8555, Japan

Energy conversion in solar cell consists of generation of electron-hole pairs
in semiconductors by the absorption of light and separation of electrons and
holes by an internal electric field. Charge carriers collected by two electrodes
give rise to a photocurrent when the two terminals are connected externally.
When a resistance load is connected to the two terminals, the separation of
the charge carriers sets up a potential difference.

Most of the solar cells used in the terrestrial applications are bulk-type
single- or multi-crystalline silicon solar cells. The typical cell structure is a
thin (less than 1 pm) n-type emitter layer on a thick (about 300 wm) p-type
substrate. Photo-generated electrons and holes diffuse to the space charge
region at the interface where they are separated by the internal electric field.
The effective charge separation results from long diffusion length of electrons
and holes in crystalline silicon. Although it is aimed to reduce the solar cell
module manufacturing cost, the drastic reduction of cell cost and increase
of the conversion efficiency cannot be expected by using the conventional
materials and solar cell structures. Moreover, the shortage of the feedstock
of high-purity silicon is predicted in the near future although it depends on
off-spec silicon of electronics industry. Therefore, research and develop-
ment of solar cells with low production cost, high conversion efficiency and
low feedstock consumption are required.

An important concept to reach this goal is to use nanostructured mate-
rials instead of bulk materials. The motivations to employ nanostructures in
solar cells are largely divided into three categories as follows:

1. To improve the performance of conventional solar cells.

2. To obtain relatively high conversion efficiency from low grade
(inexpensive) materials with low production cost and low-energy
consumption.
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3. To obtain a conversion efficiency higher than the theoretical limit
of conventional p—n junction solar cell.

This book brings out an overview of the organic and inorganic nano-
structured materials for solar energy conversion. The book comprises of five
parts as follows:

PART I. FUNDAMENTALS OF NANOSTRUCTURED
SOLAR CELLS

The fundamental issues to deal with nanostructured solar cells are described
on device modeling, optical and electrical modeling and modeling of refrac-
tive index and reflectivity of quantum solar cells. The chapter on basic proper-
ties of semiconductor materials and the conventional p—n junction solar cells
deals with nanostructured solar cells.

PART II. NANOSTRUCTURES IN CONVENTIONAL THIN
FILM SOLAR CELLS

Nanostructures of conventional thin film solar cells such as silicon solar cells,
chalcopyrite-based solar cells, CdS-based solar cells and CdTe-based solar
cells are described. Amorphous silicon has attracted attention to reduce the
manufacturing cost compared with bulk-type crystalline silicon. But there
still remains a problem of stability. Recently, microcrystalline thin film silicon
solar cells made up of nano-sized crystallites with the material properties
between amorphous and bulk have been studied actively. It is expected to
obtain very high conversion efficiency (more than 15%) by employing amor-
phous silicon/microcrystalline silicon tandem solar cells. It also describes
that it is possible to improve the performance and reduce the cost of thin
film solar cells based on chalcopyrite-based materials, CdS, CdTe and Cu,S.

PART III. DYE-SENSITIZED SOLAR CELLS

The principle and the current status of dye-sensitized solar cells are described.
In the conventional p—n junction solar cells, only the electrons and holes
that can diffuse to the space charge region can be collected as a current. In
order to get a long diffusion length, the purity of semiconductors should be
increased and the defect concentration should be decreased, resulting in the
expensive solar cell materials. In a dye-sensitized solar cell, a photon absorbed
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by a dye molecule gives rise to electron injection into the conduction band
of nanocrystalline oxide semiconductors such as TiO, or ZnQO. Because of the
high surface area, relatively high photocurrent can be obtained in spite of
the simple process. The dye is regenerated by electron transfer from a redox
species in solution. A chapter on solid-state dye-sensitized solar cells in which
the liquid electrolyte is replaced by p-type semiconductor is also dealt with.

PART IV. ORGANIC- AND CARBON-BASED SOLAR CELLS

The principle and the current status of organic solar cell and fullerene-based
solar cell are described. Organic solar cells are attractive as solar cell materials
because of high throughput manufacture process, ultra-thin film, flexible,
lightweight and inexpensive. Organic materials differ from inorganic materi-
als since the excited carriers exist as excitons, excitons are separated into
electrons and holes at the interface, charge carrier transport is followed by
hopping, etc. In order to increase the efficiency bulk, heterojunction solar cells
using conjugated polymers and small molecule organic materials such as
phthalocyanine have been investigated. It is important to understand the
properties of fullerenes because it is often used as an organic solar cell. The
photosynthetic materials are also studied as solar cell materials and a solid
state cell is demonstrated.

PART V. OTHER NANOSTRUCTURES

Solar cells using other semiconductor nanostructures are overviewed. The
concept of ETA (extremely thin absorber) is similar to that of dye-sensitized
solar cells except that the ETA solar cell is completely made up of inorganic
semiconductors. The concept of quantum structures is very important because
there is a possibility to achieve the conversion efficiency higher than the the-
oretical limit of conventional p—n junction solar cells by employing quantum
well or quantum dot structures. The idea is to extend the optical absorption
to longer wavelengths by quantum wells, to use the carrier multiplication
which produces the quantum efficiency exceeding unity, to use intermediate
bands made of quantum dots, etc. It is also expected that single wall carbon
nanotubes can improve the transport properties of polymer-based solar cells.
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