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ABSTRACT

At present, with the progress of the thin film technology
and the development of micro-Nano manufacturing technology, a
new generation of micro silicon thin film solar cells is created by
combining the two technologies.

In recent years, high-profile hydrogenated silicon thin film
solar cells gradually become the focus of research. By controlling
the technology conditions the band gap size adjustment can be
realized, so as to increase the available spectral response range.
In order to obtain low cost, high efficiency of hydrogenated
nanometer silicon thin film solar cells, a great deal of experi-
ments have been conducted in the past years and much progress
has been achieved. By changing process conditions, different
proportion and different grain size of films can be deposited, and
meanwhile the relationship between sedimentary process time
and film thickness can be clarified. By doping boron and phos-
phorus into the nanometer silicon thin film, a P-type silicon thin
film and N-type silicon thin film can be created. Then, the tests
of characteristic performance and simulation of these films are

carried out, which results in optimizing parameter of the cell



performance. Based on the current research situation of solar cell
in light effect, by employing the structure of silicon wire and
metal nano graphene thin-film coating as decreased layer, this
paper presents micro silicon thin film solar cells. The experimen-
tal and simulation results show that the following conclusions
can be drawn.

First, by producing the nanometer silicon thin film, the
growth mechanism of nanometer silicon thin film has been veri-
fied. After a great deal of experiments of nanometer silicon thin
film preparation, we preliminarily obtained that the thin film
deposition, silane concentration, deposition rate, RF power, DC
bias and substrate temperature, reaction chamber pressure, the
size of the prepared nanometer silicon thin film, and the inner re-
lation of thin film optical band gap, which provides theoretical
and practical study for nanometer silicon thin film deposition gra-
dient band gaps. At the same time, by conducting a lot of experi-
ments, some conclusions can be drawn. When nanometer silicon
film is doped, the radio frequency power, DC bias, substrate
temperature and the reaction chamber pressure have an impact on
the produced good P-type silicon thin film and N-type silicon thin
film. By using the AMPS-1D software to simulate the thin film
optical band gap, the front barrier height @ g,, interface layer de-
fect mode, intrinsic layer thickness and intrinsic defect density,
the corresponding performance parameters are presented, which

provides practice reference for preparation of high performance
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battery.

Second, the light effect of micro-nano structure is theoreti-
cally elaborated, and the related optical geometry research model
is established. By simulating the light structure of nanowires or
nanopores with OptiFDTD V8.0 software, the width of the
nanowires and nanopores and adjacent spacing and depth of the
optimization of structural parameters can be obtained. In using
the femtosecond laser ablation method, femtosecond laser power
must be very small, which can’t exceed crystal phase and amor-
phous phase plasma gasification threshold, otherwise there will
be a breakdown of the ablation phenomenon.

Third, when the photon light is projected on the metal
nanoparticles, an extra nuclear electron cloud is produced on the
surface of metal nanoparticles. Metal nanoparticles oscillate to
produce localized surface plasmons, which interacted with the
photons to produce a scattering under the appropriate conditions.

Fourth, two kinds of graphene film composite film have
been investigated and prepared. The first one can not only form a
composite electrode, but also increase carrier collection ability as
a decreased layer by increasing the TiO, nanoparticles on gra-
phene film coating. The second one can be formed AgNPs/RGO
composite film by increasing the nano size silver particles in the
graphene films, which can be used as both electrode and de-
creased layer. Study of the performance characteristics of two

kinds of composite electrode shows that the two kinds of
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ABSTRACT

electrodes have excellent electrical properties and optical proper-
ties, which provides practical reference for the preparation of
nanometer silicon cells.

Fifth, two kinds of nanometer silicon thin-film solar cell
based on graphene electrode gradient band gap have been pre-
pared and investigated in details. One kind is the gradient band
gap solar cell with decrease layer of TiO,. The other is the gra-
dient of the band gap decreased layer solar cells with deposition
silver nanoparticles in graphene. The cells with TiO, as decrease
layers has efficiency of 4. 97%, while the other is 4. 59%. If
there isn’t reflect layer, it is called bare solar cell. It’s efficiency
is 2. 82%. Such efficiency is mainly because when nanometer si-
licon thin film is deposited, PECVD equipment accuracy is not
high and the surface of the thin film deposition is uneven, thus
graphene is unable to fully contact with the surface of silicon thin
film when graphene films is coated on the silicon thin film sur-
face. This affects the collection ability of carrier and reduces the‘
value of the short circuit current and open circuit voltage, and
thus solar cell fill factor is also affected. In addition, when
grapheme is lifted, the nonuniform thickness of graphene film
will affect the incoming light and effective number of photons.
This paper also presents some some difficulties during the
process of prepearing and producing cells, which may be used for

reference in the latecomers.
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