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Outline of Research

Crystalline silicon remains the major player for photovoltaic applications. Despite
the development of a variety of thin film technologies, crystalline silicon based
photovoltaic cells possess high efficiency and operation stability. However the cost of
the silicon remains a major barrier. As an alternative approach, low cost amorphous
silicon can be considered for photovoltaic application due to higher band gap (1.7ev)
combined with crystalline silicon. Amorphous silicon absorbs the visible part of the
solar spectrum but due to the absence of grain boundaries and crystal structure the
efficiency is highly limited. In addition to the above factors, the efficiency of a solar
cell is determined by the ability to gather light. The reflectance from the surface can
be reduced by the formation of textured surface. This means creating a roughened
surface so that the absorption of the incident light can be increased.

In the present research, an attempt has been made to crystallize and subsequently
induce texture on the a-Si, by using a solid state Nd3+:YAG laser. A pulse



Nd3+:YAG laser with the third harmonics (355 nm) is used for the investigation.
To crystallize and subsequently induce texturing, a-Si films are treated by
spatial-overlapping the laser spots on the surface by 50% and 90% of its size. After
the laser treatment, surface morphology studies are performed to analyze the
samples. In addition, absorbance and photoconductivity measurements are

performed to investigate the nano-textured film characteristics.

Results of Research

Production of textured polycrystalline silicon from amorphous silicon is a key issue
considered in this research work. Raman spectroscopy studies of the laser treated
samples show Raman shift of 522.27cm-1 and resistance measurement studies show
a film-resistance of 7k[ 1. These measurements clearly indicated improvement in
film properties due to the solid-state laser annealing. Further, in the case of
texturization, 90% beam overlapping show a higher surface-roughness value as
compared to the 50% overlapping. This resulted in a higher absorbance of light and
improvement in photoconductivity properties as compared to the 50% overlapping.
This study represents that the polycrystalline silicon film produced with the laser
annealing at 355nm wavelength and 90% laser-beam overlapping are highly
suitable for photovoltaic application and sensing application.

Research findings are also presented at the following Symposium as an invited talk.
Title: Solid-state laser assisted annealing and nano-texturing of amorphous-Si film
Symposium: 19th Symposium of the Materials Research Society of Japan (MRS-dJ)
Session: I-02-1, December 7, 2009

Venue: Kaiko Kinen Kan (Yokohama Port Opening Plaza), Yokohama, Japan

Further Research Plan
Further research studies are planned as follows:

i ) Influence of laser beam profile on structuring

i ) Investigate various parameters for a controlled nano-texturing

iii) Theoretical modeling of laser assisted nano-texturing process

iv ) Development of a hybrid crystalline silicon / poly-silicon, substrate-film

combination for photovoltaic applications
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Meeting with the university staff members arranged
Participation in experimental by the Office of the international promotion
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Participation in class room teaching
for undergraduate students




