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Tin sulfide (SnS) compound semiconductor is considered as the one of the most intriguing
materials as the absorber in thin film solar cells since it is not composed of rare elements
(e.g. Indium and Tellurium). It has an energy band-gap of 1.3 eV, thus theoretically
estimating its photovoltaic performances with conversion efficiency up to 32.9%.

Spray pyrolysis was popular method to deposit SnS thin films when we started this
research in early 2010’s. In this work, the SnS thin films were deposited by thermal
evaporation which can improve thin film properties than spray pyrolysis with less
Impurities.

Here, the effects of growth temperature of thermal evaporation method on the properties
of SnS absorber thin films were examined for the improvement of the photovoltaic
performances. This research mainly discussed the result of the analysis on crystal grain
size, absorption coefficients, secondary phases, Urbach energy and electrical properties on
the SnS thin film absorbers.

SnS crystal grain sizes are needed to be grown near the thin film thickness because the
generated electron carrier should avoid crossing crystal grain boundaries. The larger
crystal grain sizes of 500~2000 nm were grown at an optimized growth temperature. It
shows that our SnS crystal grains need more larger size.

The absorption coefficients were calculated from SnS thin film thickness and absorptance.

Our SnS thin film showed 5x104 cm! at the energy band-gap 1.3 eV. That absorption



coefficient was comparable to other thin film solar cell absorbers.

The SnaSs secondary phase was disappeared at the optimized growth temperature. SnaSs
was undesirable phase in solar cell performances. This lead to the decrease in the Urbach
energy of SnS thin film at 92.3 meV, thus suggesting the decrease in band tails in SnS
thin film or improving its film quality. That was over 10 times higher than those of other
thin film solar cells absorbers, i.e., 7 meV on CulnSe2 and 8 meV on CdTe. It suggests that
our SnS thin film qualities need to be improved more.

The hall mobility was enhanced to 6.3 cm2V-1s1. Moreover, 90 cm2V-1s'1 hall mobility was
reported in bulk, suggesting the potential of the improvement in our SnS thin films. In
addition, carrier density was around 1015~1016 cm3 which was appropriate for thin film
solar cell absorbers.

These SnS thin film properties were improved with higher growth temperature. On the
other hand, the SnS thin film began to re-evaporate from the substrates when the growth
temperature was above 225°C.

To obtain larger SnS crystal grains without the re-evaporation, the SnS thin films were
annealed under HaS gas. The largest SnS grains were obtained at the annealing
temperature of 500°C. However, Sn2Ss and SnSgz, secondary phases appeared on SnS thin
film. These secondary phases deteriorated film quality.

Then, the optimized SnS thin films were used for solar cell absorber with a structure of Al
(top-contact grid layer, 1000 nm)/Zn0O:Al (transparent conductive layer, 300 nm)/ZnO(2nd
buffer layer, 100 nm) /CdS(1st buffer layer, 50 nm)/SnS(absorber, 2000 nm)/Mo (back
contact layer, 800 nm)/soda-lime glass(substrate). That solar cell demonstrates the
conversion efficiency of 2.9% (short-circuit current density: 23.0 mA/cm2, open-circuit
voltage:0.238 V, fill factor:0.520), where the highest conversion efficiency of SnS thin film
solar cells in 2013. It is noted that our SnS thin film solar cell achieved 2.4 times higher
current density than previous reports with 9.6 mA/cm?2.

To further improve the photovoltaic performances, increasing open-circuit voltage with the
novel structure of the SnS thin film solar cell and enhanced properties of SnS thin film

absorbers will be needed.



