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Abstract

Electrodeposition of Nanostructured Inorganic

Semiconductors and their Solid-state Photovoltaic Cells

The mainstay of energy sources, coal. oil and natural gas will be depleted
someday in the future. The energy shortage and the environmental poliution induced
by the fossil fuels makes the demands of a clean, renewable energy sources more and
more urgent. Solar energy is an inexhaustible and green energy; solar cell is an
effective way in solar energy utilization. Consequently, the traditional silicon solar
cells got a great development in recent years. But the relative high cost is still the
blockage for the solar cells in achieving widespread application and even replace the
traditional energy. But the problem lies in its working principle: the photo-generated
electrons and holes must diffuse to the space charge region at the interface where
they are separated, which requires a long diffusion length of electrons/holes. As a
result, the materials should be with high purity and perfect crystal structure, which
results in the high production costs of semiconductor materials. The drastic reduction
of the solar cell cost cannot be expected by using the conventional materials and
solar cell structures. While in nanostructured solar cells, the separation of the
photo-generated electrons and holes, rely mainly on the interface charge transfer,
demanding shorter diffusion length of electrons/holes. Therefore it can use the low
cost semiconductor materials and the induced lower cost of solar cells. So in recent
20 years, several nanostructured solar cells using various nanostructures
semiconductors are developed. Among with, the dye-sensitized solar cells (DSSCs)
are believed to be the most likely to industrialized production in a short period. But
there are still some problems: (1) the use of organic dyes, the instability of organic
molecules induces the instability of the cells; additionally the dyes are usually

expensive. (2) In nanoparticles layer, the electronic/hole transport rate is usually low
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as the large number interfaces, and the backflow of electrons causes recombination.
(3) Liquid electrolytes brought the difficulty in package and the inevitable leakage
also causes the instability of the cells.

To reduce the cell costs, here we fabricated some nanostructured photovoltaic
cells to solve the three problems in DSSCs, and the results were showed as follows:

1. Nanostructure semiconductor materials may have special optical and
electrical properties and the outstanding performance in photoelectric conversion.
The structure and the induced properties of materials are closely related to the
preparation. There are various preparation ways of nanostructured semiconductors.
As electrochemical deposition method has the advantages of lower temperature, the
intense attachment to the base, conveniently and accurately control of the deposition
rate, the quantity, and the nanostructures through the applied voltage, current, etc.
Electrodeposition was mainly used in preparation of nanostructured semiconductor
materials.

(1) Electrodeposition of ZnO nanorods. nanotubes, II-VI semiconductors of
CdS CdSe CdTe nanoparticles; fabrication of ZnO nanoparticles with sol-gel and
thermal decomposition method; fabrication of TiO, nanotube/nanorods with
sacrificial template of ZnO nanorods.

(2) Template-free electrodeposition of CdS. CdSe. CdTe nanowires for the
first time. Their structure and optical properties were studied and the growth
mechanism was discussed from the crystal properties and the electrochemical in
nucleation and growth process.

(3) With the method of electrodeposition, PbSe nanosheets, high symmetric
cube, octagonal and multilevel complex three-dimensional structures of
nano/microns were obtained.

2. To avoid package and leakage problems from the liquid electrolyte, two kinds
of solid-state hole-transporting materials were used: Nafion-base redox polymers and
conductive polymers PEDOT : PSS. Nafion-base redox polymer was first applied in
photovoltaic cells as solid hole-transporting materials. And PEDOT : PSS is a kind

of hole-transporting materials in common use.
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3. According to line electron transport, ZnO nanorods/nanotubes and TiO,
nanotubes were deposited on the FTO substrates as the electron transporting
materials. The nanostructures of ZnO nanorods/nanotubes were beneficial to the
electron transporting. While in ZnO nanotubes, there are more surface states which
increased the recombination center, and TiO, nanotubes were the aggregation of
crystal grains, there are still a lot of interfaces which blocks the electron transport.

4. On the basis of the previous work, one-dimensional ZnO nanorods/nanotubes,
TiO, nanotubes were used as electron-transporting materials; instead of organic dyes,
nanostructured semiconductors of CdS, CdTe CdSe as light-harvesting material; and
Nafion base redox polymer as hole-transporting materials to fabricate solid-state
photovoltaic cells. Due to the relative large bandgap of CdS and the exist of defects
in CdTe, the photoelectric response in the two materials are poor, the photovoltaic
cells with CdSe obtained an overall energy conversion efficiency over 3%. The
Nafion-base redox polymer was turned out to be an attractive solid-state
hole-transporting material. These photovoltaic cells are of considerable potential for
practical application.

5. One-dimensional nanostructures can well improve the electron transporting
and avoid the electron backflow. With available synthesis method, the orderly
nanostructures will bring the decrease of surface( i.e., the interface where the
electrons/holes were separated), and the corresponding decrease of light-harvesting
material, causes inadequate light absorption, leading to the little improvement.
Therefore, CdS CdSe, CdTe nanowires was used as light-harvesting material,
conductive polymers PEDOT: PSS as hole-transport materials to prepare solid-state
photovoltaic cells. These new nanowires structures can also provide larger interface,
the increase of the light harvesting materials can realize good light absorption, the
scattering in nanowires resulted in an increase the absorption in violet and near
ultraviolet lights. Finally, these cells also received an overall energy conversion
efficiency over 3%. The results show that it may be an effective way to fabricate
photovoltaic cells with one-dimension orderly nanostructured light-harvesting
material, instead of ZnO, TiO..
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