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Abstract of Thesis

Kesterite Cu2ZnSnSs (CZTS) compound has been studied extensively because it has optimum band gap
energy of 1.4 eV for sunlight absorption and a high absorption coefficient of more than 10* cm™. Less-toxic and
earth-abundant features of all of the constituent elements in the compound are also advantageous for its
practical applications. The current highest power conversion efficiency of CZTS-based thin film solar cells has
reached 9.2 % by vacuum sputtering method. However, non-vacuum process used less energy consumption is
more environmentally friendly. Among various techniques, spray pyrolysis is an attractive technique because of
its simplicity and easiness to deposit the thin film in a large scale, it also does not require vacuum at any stage
during the deposition. Therefore, in this study, structural and electrical controls of the CZTS thin films prepared
by a facile spray pyrolysis deposition method were investigated to obtain a film optimal for high efficiency solar
cells.

Firstly, fabrication of CZTS thin film by controlling several conditions for a smooth and homogeneous film
with large grain size appreciable was investigated. CZTS film was fabricated on an Mo-coated glass substrate
using a spray pyrolysis deposition of a precursor film from an aqueous solution containing Cu(NOs)s2, Zn(NO3)s,
Sn(CH3S03)2 and thiourea. Annealing of the thus-obtained precursor film in sulfur vapor at temperatures
ranging from 580 ° C to 600 ° C resulted in successful formation of homogeneous CZTS films.

In the second, effects of precursor compositions on structural and photovoltaic properties of spray-deposited
CZTS thin films were investigated. Removal of the Cu2xS impurity in the CZTS thin film was succeeded by
reduction in the concentration of Cu in the precursor solution: this results in improvement of structural features
(grain sizes and compactness) as well as electric properties. A solar cell based on the CZTS film with an
empirically optimal composition showed conversion efficiency of 8.1%.

For further improvement of film quality, an attempt was made to reduce the antisite defects in CZTS film
different amounts of silver and indium were added to precursor solution for substitution. Incorporation of Ag to
CZTS films improved the grain size and reduced amount of unfavorable Cuzn defect (a dominant defect) in
comparison with those in bare CZTS films; it also improved the band alignment at the p-n junction with CdS
layer. These alterations contributed to enhancement of device performance.

Thus, this study demonstrated a capability of non-vacuum spray pyrolysis for fabrication of high quality

CZTS absorber thin films with promising perspective for practical photovoltaic applications.
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