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Abstract

Photovoltaic Cells Based on Semiconductor Quantum

Dots/Nanorods (Nanotubes) Array

The energy of our society is based on coal, oil and natural gas. Industrial
Materials mentioned in 2003 that the remaining amount of fossil fuels available to
humans are as follows, oil for 40 years, natural gas 60 years, and for coal it is 200
years, thus we would run out of these fuels in the near future. With the development
of the society, people’s demand for energy is getting greater and greater. If fossil fuels
are widely used, besides depleting, the carbon dioxide produced in the process of
combustion will have an effect on the climate due to its rapid increase in
concentration in the atmosphere, and at the same time it will have damaged the living
environment of human beings day by day. The shortage of energy and renewable
energy has become issues followed closely by the world. As a kind of reproducible
and clean energy, photovoltaic cells, with their simple structure and convenience to
carry are able to convert solar energy into electrical energy without releasing carbon
dioxide. In the meanwhile solar energy is inexhaustible, without cost and widely
distributed. What is more, the energy irradiating from the sun to the surface of the
earth is about 3.2*¥10** Joules, in excess of ten thousand times more energy consumed
by people at present. In other words, if 0.1% of the earth surface were covered by
photovoltaic cells with converting efficiency of 10%, the energy they generated would
supply the demand of all people on earth. Accordingly, the design and development of
solar cells have been taken seriously by humans.

As a result of their expensive materials and energy consumption, traditional
monocrystal silica physical and inorganic thin film semiconductor photovoltaic cells
have been in a high state of production cost. Organic photovoltaic cells have

commonly low efficiency. While dye-sensitized nanocrystal photovoltaic cells though
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with a high converting efficiency has a relatively high price because of the dye and
meanwhile fabrication of long stability all-solid state solar cells are still involve
various of technical problems. Therefore, the search for new composite materials and
design of photovoltaic cell structure would make further improvement on the
efficiency of the photovoltaic cells. Semiconductor quantum dots are utilized in solar
cells for its special chemical and physical chemical properties. The usage of
semiconductor quantum dots as sensitizing agents in solar cells has lots of advantages.
First, we could change the absorption wavelength by altering the size of the quantum
dots, so then the total degree of congruence with sunlight would be enhanced. Second,
semiconductor quantum dots have high coefficient of light extinction because of
quantum confinement effect, and it is beneficial to improve the photoelectric
conversion efficiency. Third, when the phonon energy absorbed by semiconductor
quantum dots was three times higher than the forbidden gap energy, multiple electron
generation would probably happen. If we tried to separate the photo-induced excitons
to photo-induced carriers, we would expect remarkable enhancement of the
photoelectric conversion efficiency. Consequently, inorganic quantum dots
sensitization promises to be a method to replace organic dye molecules to make
high-performance solar cells.

This thesis mainly utilizes successive ionic layer adsorption and reaction,
chemical bath deposition and spin-coating, directly modifying quantum dots onto
unidimensional semiconductor nanorods array electrodes, and fabricating quantum
dots sensitized nanorods array photovoltaic cells. Meanwhile, under the condition of
cooperating with my doctor senior sister, we use electrochemical method fabricate the
Zn0O nanorods/CuSCN heterojunction LEDs. Three major aspects of work has been
carried out as follows:

First, unidimensional ZnO nanorods array films were prepared by
electrochemical methods. Successive ionic layer adsorption and reaction and chemical
bath deposition were used to prepare CdS quantum dots and nanocrystal modified
ZnO nanorods array electrodes, and their photochemical properties were investigated.
CdS quantum dots and nanocrystals sensitized photovoltaic cells were fabricated and
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