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Dependence of Cu,SnSs-based thin film solar cell properties on Cu/Sn composition ratio
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Abstract Cu,SnS; (CTS) is formed from non-toxic materials that are abundant in Earth’s
crust and other low-cost elements. In this study, we examined the dependence of the electrical
and photovoltaic properties of CTS thin films on the Cu/Sn composition ratio at different
sulfurization temperatures. The device using the CTS thin films in the Cu-rich side exhibited
no photovoltaic effect, whereas a relatively high conversion efficiency was obtained in the
Cu-poor side. This is due to a low electrical resistivity found in the samples with a Cu-rich
compositions and thus affecting the electrical properties.
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Table 1. Composition ratio of the sulfurized films determined by XRF.

Sulfurization Note Substrate Composition ratio
temperature [°C] Cu/Sn S/Metal
560 Cu-poor SLG/Mo 1.77 1.12
SLG 1.77 1.03
Cu-rich SLG/Mo 2.24 1.08
SLG 2.21 0.99
580 Cu-poor SLG/Mo 1.82 1.12
SLG 1.85 1.04
Cu-rich SLG/Mo 2.22 1.08
SLG 2.22 1.00
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Figure 1. XRD spectra and zoomed-in spectra at diffraction angles, 26, around 28.5 ° of the

sulfurized films on the Mo coated SLG and SLG substrates.



Figure 2. Surface morphology and cross-sectional SEM images of the sulfurized films on the
SLG/Mo and SLG substrates.
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Figure 3. Square of the absorption coefficient of the sulfurized films as a function of photon

energy.

Table 2. Dependence of photovoltaic and electrical properties of CTS thin films on Cu/Sn
composition ratios including the best performance cell data™. Ry is the series resistance and
Rsh is the parallel resistance.

Temp. Note Voc Jse FF n R Rsn Resistivity ~ Carrier Mobility
[°C] [mV] [mA/em?] [ [%] [Qem?] [Qem?]  [Qem] concentration [cm®]  [cm%/Vs]
560 Cu-poor 242 289 0416 29211 37 37.8 4.62 9.55x10'® 0.142
Cu-rich 0 0.20 - 0 - - 8.64x10°  5.15x10% 1.40
580  Cu-poor 224 280 0389 244 3.3 20.4 7.31 1.43x10% 0.598

Cu-rich 0 4.80 - 0 - - 2.02x10°  1.21x10% 2.56




