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Enhancing Cu2ZnSnS4 Solar Cell Efficiency through
Antimony Substitution for Tin: A SCAPS-1D
Simulation Study

Sushmita Chaudhari

Abstract— SCAPS-1D, a one-dimensional solar cell simulator,
provides a valuable tool for predicting device performance based
on layer-by-layer material properties. Copper Zinc Tin Sulfide
(CZTS) has emerged as a promising absorber material due to its
exceptional light absorption coefficient and the abundance and
non-toxic nature of its constituent elements. This study leverages
SCAPS-1D to investigate the working mechanism of CZTS-based
solar cells. We simulate a Mo/CZTS/CdS/ZnO device structure
under AM 1.5 spectrum illumination and 300 K temperature,
analyzing the impact of individual layer thickness on
photovoltaic performance. Further, a comparative analysis
explores the influence of various n-type materials. In addition,
the introduction of antimony (Sb) doping into CZTS leads to a
significant change in efficiency of the cell. The efficiency of Sb-
doping CZTS attained 21.90%, while there was a great
improvement by 3% via reduced recombination losses and
enhanced photocurrent. This work gives an insight into the
possibility of Sb doping for the improvement in the performance
of thin-film solar cells.

Link to graphical and video abstracts, and to code:
https://latamt.ieeer9.org/index.php/transactions/article/view/9125

Index Terms— Photovoltaic cell, SCAPS-1D, CZTS, CdS,
ZnO, Thin film.
I. INTRODUCTION
HE increasing demand for clean and sustainable energy
sources has driven significant research into renewable
energy technologies. Among these, solar photovoltaics
(PV) hold immense promise due to their ability to
convert sunlight directly into electricity. Theoretically, only a
small fraction of the Earth's surface covered with efficient
solar cells could meet global energy demands. While solar PV
accounted for roughly 8.3% of global electricity generation in
2024 [1], further efficiency improvements can significantly
reduce production costs and make solar a viable alternative to
fossil fuel-based power generation. Common thin film solar
cell absorber materials are CdTe, ZnSe, Sb,S;, ZnTe and
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CZTS [2-9]. Among all Copper Zinc Tin Sulfide (CZTS,
Cu2ZnSnS4) has emerged as a promising candidate for second-
generation thin-film solar cells. Its high absorption coefficient,
earth-abundant and non-toxic constituents, and direct bandgap
make it an attractive substitute for currently used CdTe/CdSe-
based thin-film solar cells. However, the maximum reported
efficiencies for CZTS solar cells is around is around 10% and
12.6% for a CZTS and CZTSSe based solar cell solar cell [10-
12] remain lower than those achieved with CIGS (Copper

Indium Gallium Selenide) technology and theoretical
predictions for CZTS.
Several deposition methods, both vacuum-based

(sputtering [13], E-beam evaporation [14-15] etc.) and non-
vacuum-based (dip coating [16-18], spin coating [19],
electrodeposition [20-23], chemical bath deposition [24],
combination technique of electrodeposition followed with
chemical bath deposition [25] etc.), can be used to fabricate
CZTS absorber layers. However, the performance of a solar
cell depends not only on the absorber material but also on the
other constituent layers, such as the buffer layer, window
layer, and electrical contacts. These elements influence factors
like band structure at heterojunctions and overall device
functionality. In addition, there are several disadvantages of
experimental methods such as cost inefficient, time inefficient
etc. Optimizing parameters using experimental approach is
very challenging and sometimes leading to inconsistent
results. Secondly, reproducibility in various environmental or
experimental conditions is also a biggest challenge. Hence in
this study simulation is preferred as an invaluable tool instead
of experimental approach before moving to experimental
validity.

Researchers often use the SCAPS 1D simulation tool for
optimize thin film solar cell performance. It facilitates the
study of the effect of different parameters for example layer
thickness, doping concentration etc. on the performance of
device characteristics like QE, FF, Voc and Jsc. This make
SCAPS 1D an important tool in solar cell design and
optimization strategies. Specifically, researchers have been
working to optimize second generation thin film solar cell
using SCAPS 1D, including ZnTe based solar cell [7-8], CdTe
based solar cell [2-3], ZnSe based solar cell [4] and CZTS
based solar cell [9]. In case of CZTS various dopants have
been reported with the view to minimizing the defects in
Cu2ZnSnS4 (CZTS) and thereby improve the photocurrent of
solar cells. Of these, antimony (Sb) has received much interest
because of its ability to replace tin (Sn) within the CZTS
crystal structure. This substitution also results in the
formation, of an intermediate band about 0.5 eV below the
valence band [26]. The existence of this intermediate band
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TABLE V
MATERIALS PARAMETERS USED IN CASE OF SB DOPED CZTS
Parameters Sb doped cds Zn0
CZTS
Thickness (um) 2 0.05 0.08
Bandgap (eV) 1.14 24 33
Electron Affinity y 4.35 4.5 4.6
Dielectric permittivity & 13.6 10 9.0
CB density of state 2.2E18 2.2E18 2.2E18
VB density of state 1.8E19 1.8E19 1.8E19
Electron thermal velocity 1.0E7 1.0E7 1.0E7
Hole thermal velocity 1.0E7 1.0E7 1.0E7
Electron mobility 1.0E2 1.0E2 1.0E2
Hole mobility 2.5E1 2.5E1 2.5E1
Donor density 1.0E1 1.0E18 1.0E18
Acceptor density 1.0E17 0 1.0E1
40 -
d Sb doped CZTS
30
204
& 10+
§ o
2 4
=104
£
= -20 -
-30-
-40
-50 T T T T v T T
0.0 0.2 04 0.6 0.8
Voltage(volt)
Fig. 9. J-V curve of Mo/Sb-CZTS/CdS/ZnO cell.
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Fig. 10. Quantum Efficiency (QE) versus
CZTS/CdS/ZnO cell.

wavelength of Mo/Sb-

above 10% up to a wavelength of 1000 nm, as opposed to the
830 nm limit observed for the undoped device (Fig. 3). This
signifies a significant improvement in light utilization by the
Sb-doped CZTS solar cell. By effectively harvesting a broader
range of light within the solar spectrum, Sb doping has the
potential to contribute to the observed enhancement in overall
device efficiency. Fig. 11 illustrates the simulated band
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Fig. 11. Band alignment of Mo/Sb-CZTS/CdS/ZnO solar cell.

alignment for the Mo/Sb-CZTS/CdS/ZnO solar cell. The band
alignment at the critical CZTS/CdS interface, which forms the
heterojunction, appears largely unaffected by the Sb doping
within the CZTS layer.

IV. CONCLUSION

This study employed numerical simulations to
comprehensively investigate the device parameters of
Mo/CZTS/CdS/ZnO thin-film solar cells. The simulations
revealed that various parameters, including the thickness of
the CZTS, CdS, and ZnO layers and impact of different buffer
layer materials, significantly impact cell performance. The
study additionally investigated the effects of Sb cation
substitution within the CZTS structure. The results
demonstrated a notable improvement in solar cell efficiency
with Sb doping, suggesting this approach as a viable strategy
for further efficiency enhancements. These findings hold
significant potential for the development of next-generation
high-efficiency solar cells. In the future, experimental studies
of Sb doped CZTS solar cells are proposed for validation
based on the SCAPS 1D simulation findings which suggest the
improved efficiency of the cell. It includes synthesis of Sb
doped CZTS material using non-vacuum techniques followed
by the characterization to confirm the formation of Sb-doped
CZTS material. Further, fabrication of Sb doped CZTS device
is proposed to assess the Jsc, Voc, FF and efficiency of the
cell under AM 1.5G condition. Formation of intermediate
band above Valence band Maxima will be validated by the
first-principles DFT calculations. Simulation results will be
compared with experimental results to confirm the practical
implementation of Sb-CZTS based solar cell.
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