Preface

The world’s primary energy sources are currently fossil fuels in the form of oil,
coal, and natural gas. With rapidly growing global energy consumption, and for the
first time in a century, the world faces serious energy, environmental, and economic
crises as a result of depleted stocks of fossil fuels, pollution, climate change, etc.
Development of sustainable and clean energy sources has taken on increased
urgency. Solar energy is one of the most abundant energy sources on the planet,
but despite its great promise, the cost and efficiency of current photovoltaic cells
present great challenges to implement solar energy on a large scale. After over
30 years of slow development, the contribution of solar energy, including photo-
voltaic electricity, to global energy consumption is still marginal [1].

So far, one of the major challenges for widespread deployment of solar cells is the
high cost of solar cells compared with fossil fuels. Further substantial improvements
in current photovoltaic technologies are needed in terms of cost and efficiency.
To this end, research efforts have divided mainly into two directions: exploring
new cost-effective photovoltaic materials and development of new high efficiency
device architectures. In the last decades, new classes of photovoltaic materials have
been investigated, including amorphous silicon (a-Si), organic polymers, and CIGS
[Culn,Ga; _,Se(S),], with the aim of cost-effective solar electricity generation. As a
new technology becomes mature, material cost puts an ultimate limit on the effort to
bring down the price-per-watt for power generation [2].

Development of new photovoltaic cells with substantially increased power
conversion efficiency is critical to convert solar energy from a promising clean
renewable energy to a competitive primary energy source. Nanostructured
materials developed during the last 20 years are promising for fulfilling this task.
Solar cells based on nanomaterials, including multiple exciton generation solar
cells [3, 4], intermediate band solar cells [5, 6], and hot electron extraction solar
cells [7, 8], have shown rapid improvement. While there are a number of books
covering nanostructured solar cells, very few cover the recently fast-developing
quantum dot solar cells. It is therefore the goal of this book to present a compre-
hensive overview of the current status of quantum dot solar cells and related
technologies.
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The main body of the book is comprised of contributions that focus on
photovoltaic cells based on quantum dot materials. Various novel solar cell
materials and structures are covered in different chapters. Specifically, Chaps. 14
offer a comprehensive perspective on hybrid colloidal quantum dot solar cells.
Chapter 1 reviews recent advances in colloidal quantum dot sensitized quantum
dot solar cells. Chapter 2 presents two unique hierarchically nanostructured quantum
dot sensitized solar cells with improved light harvesting and charge collection.
A unique hybrid solar cell structure with colloidal quantum dots deposited on
traditional solar cells to boost efficiency is introduced in Chap. 3. Due to the equal
importance of electricity generation and light generation, Chap. 3 also reports on
improved light emission diode efficiency with colloidal quantum dots. In Chap. 4,
photoinduced charge transfer in hybrid nanosystems with colloidal quantum dots is
explored.

Chapters 5-7 introduce studies of quantum dot-based intermediate band solar
cells. Chapters 5 and 6 are theoretical contributions which model electronic struc-
ture and optical properties and address the optimization of material selection for
quantum dots by the finite element method, respectively. Chapter 7 presents a study
on quaternary quantum dot solar cells and shows that two-photon absorption
through the sub-bandgap indicates intermediate band formation.

Unlike quantum dot sensitized quantum dot solar cells and quantum dot inter-
mediate band solar cells which aim for wide spectral absorption, hot electron solar
cells and multiple exciton generation solar cells convert the excess carrier energies
into electricity. Chapter 8 presents new models of operating principles of quantum
dot hot-carrier solar cells using detailed balance of particle and energy fluxes and a
search for the requisites of high conversion efficiency. Chapter 9 reviews recent
progress in multiple exciton generation in quantum dots and solar cells benefiting
from multiple exciton generation. Chapter 10 deals with multiple exciton genera-
tion dynamics in quantum dots using an improved transient grating technique.

Chapter 11 presents a comprehensive review of progress in low-cost graphene
quantum dot solar cells. In Chap. 12, the synthesis of graphene and graphene
quantum dots is introduced. Chapter 12 also addresses the application of graphene
and quantum dots to photovoltaic devices.

While the above chapters focus on photovoltaic materials and devices based on
quantum dots, the last two chapters cover a novel characterization technique and
device architecture, respectively. Chapter 13 is devoted to a detailed analysis of an
ultrafast photovoltammetry technique. This technique can be used to investigate
surface charge carrier dynamics at the nanometer scale, such as in quantum dot
solar cells. The authors of Chap. 14 discuss enhanced solar cell performance
through light trapping and optical confinement from photonic and plasmonic
structures. This issue is particularly important for quantum dot solar cells, which
generally consists of optically thin active regions.

The editors thank all the contributors of this book for their remarkable chapters.
We owe special thanks to Dr. David Packer, executive editor at Springer, for
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supporting this book. Last but not least, we would like to thank Mr. Peng Yu who
provided indispensable editorial assistance and support. The editors acknowledge
the financial support of the National Natural Science Foundation of China through
Grant NSFC-61204060.

Chengdu, China, People’s Republic Jiang Wu
Chengdu, China, People’s Republic Zhiming M. Wang
References

1. Kerr, R.A.: Do we have the energy for the next transition? Science 329 (5993), 780-781 (2010)

2. Green, M.A.: In: Anonymous (ed.) Third Generation Photovoltaics: Advanced Solar
Conversions, p. 160. Springer, New York (2005)

3. Semonin, O.E., et al.: Peak external photocurrent quantum efficiency exceeding 100% via MEG
in a quantum dot solar cell. Science 334 (6062), 1530-1533 (2011)

4. Sambur, J.B., Novet, T., Parkinson, B.A.: Multiple exciton collection in a sensitized photovol-
taic system. Science 330 (6000), 63—66 (2010)

5. Luque, A., Marti, A.: Increasing the efficiency of ideal solar cells by photon induced transitions
at intermediate levels. Phys. Rev. Lett. 78 (26), 5014 (1997)

6. Luque, A., Marti, A.: The intermediate band solar cell: progress toward the realization of an
attractive concept. Adv. Mater. 22 (2), 160-174 (2010)

7. Tisdale, W.A., et al.: Hot-electron transfer from semiconductor nanocrystals. Science
328 (5985), 1543-1547 (2010)

8. Pandey, A., Guyot-Sionnest, P.: Slow electron cooling in colloidal quantum dots. Science
322 (5903), 929-932 (2008)



2 Springer
http://www.springer.com/978-1-4614-8147-8

Quantum Dot Solar Cells

Wu, J.; Wang, Z.M, (Eds.)

2014, XM, 387 p. 220illus., 173 illus, in color.,
Hardcover

ISBM: 978-1-4614-8147-8



