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Abstract: Sb2S3 is emerged as potential candidate for the contemporary thin film solar
cells. The optical properties such as band gap of 1.65 eV approximately, high absorption
coefficient > 104 cm-1 etc. satisfy the quality an ideal absorber layer. In the current article,
physical properties of Sb2S3 have been reviewed. To understand the architecture of Sb2S3
thin film solar cell, an attempt is made to simulate the device using one dimension solar
capacitance simulator (1D-SCAPS) program. The simulation is carried out on the solar
cell Glass/Mo/Sb2S3/CdS/i-ZnO/Al:ZnO. The efficiency calculated by the simulation is
more than 11%.
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1. Introduction
In modern world, there is a demand of a sustainable, renewable, cost efficiency and clean
energy to reduce the major problems of global warming. The renewable energy sources are
wind, geothermal, bio and solar energy. Among these harnessing solar energy has the great
potential in various applications. In 1954, researcher Chapin, Fuller and Pearson have
demonstrated first time silicon based solar cell with the efficiency of 4% at Bell Laboratories
a first generation solar cell [1]. With the span of four decades, Si-solar cells have achieved
more than 20% PV efficiency and consequently dominated PV market [2]. Despite of being
high efficiency solar cells, Si-solar cells have not reached to the common house hold
purposes due to the high cost. During the same period, CIGS and CdTe absorber based thin
film solar cells have been developed. These cells have demonstrated PV efficiency more than
20% [3-6]. The cost of the thin film solar cell is comparatively lower than the Si-solar cell.
The thin film solar cell have lots of technical issues such as low abundance of In and Te as
well as toxic nature of Cd. Because of these issues, up scaling of CIGS and CdTe solar cells
is a question. In order to overcome these issues, researcher are looking for alternate materials
which is less toxic and easy to process at low cost with high efficiency.
Some researchers have find out some solar energy materials which is based on high light
absorption and suitable physical properties to improve the efficiency of solar cell. A few
materials explored for solar cell application is SnS [7], Cu2O [8], Cu2SnS3 [9], Cu2GeS3 [10],
GeSe [11], Sb2S3[12], Sb2Se3 [13] etc. These materials have shown appropriate physical
properties suitable for PV cells. Among these, Sb2S3, Sb2Se3 absorber based solar cells have
shown comparatively better PV efficiency about 6.5% which has drawn a significant
attention by scientific society. In this article, numerical simulation studies on Sb2S3 solar cell
have been discussed.
1.1 Crystal structure
Sb2S3 belongs to the orthorhombic family with space group Pbnm. The structure comprises an
infinite long chain of (Sb4S6)n in ribbon form which is oriented along [001] direction. In the
ribbon layer, Sb2S3 includes two trigonals (SbS3) and two square pyramids (SbS5). The bond
length Sb-S is < 2.5 Å along [001] direction, 2.58 Å-3.25 Å along the [010] direction and
3.45 Å –3.74 Å along [100] direction [14]. The Sb-S atoms are held strongly along c-axis by
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covalent bond whereas the ribbons along a-axis are weakly bonded through the van der Waals
forces.
2.2 Electronic and optical properties
The electronic studies reveals that the valance band maxima is formed due to hybridization
of Sb-5p, Sb-5s, and S-3p orbitals whereas conduction band minima is formed due to the
antibonding Sb-5p and S-3p orbitals. The direct band gap and indirect band gap is estimated
to be 1.84 eV and 1.76 eV respectively [11]. The absorption coefficient of Sb2S3 is in the
range of 104 to 105 cm-1 for energy > 1.9 eV. Since the bond strength in Sb2S3 crystal is
direction dependent, the bands are strongly dispersed along [001] and flat along [100] and
[010]. Thus, the carriers are light along [001] and heavy along [100] and [010], the transport
of charge carriers is anticipated to be anisotropic. The differences in bond energy and
effective mass along different direction causes anisotropic behavior of electrical conductivity.
The surfaces normal to (001) are defect free as it has low surface energy. The electronic and
optical study show that Sb2S3 can be a potential absorber material for solar cells.
3.1 Sb2S3 based solar cell
In 1992, Savadogo and Mandal have developed photo electrochemical cell which
demonstrated 2% efficiency with 40 mW/cm2 illumination [15]. Chen et. al. have reported the
maximum photovoltaic efficiency of planar Sb2S3 solar cell about 6.56%[16, 17-20] . This
low efficiency predicts that an understanding from device aspect is to be developed. In order
to understand the device structure, Sb2S3 solar cell architecture is simulated considering
various physical parameters to achieve maximum device output.
In the present article device modelling is carried out by 1D-SCAPS program [18-20].
The solar cell configuration Glass/Mo/Sb2S3/CdS/i-ZnO/Al:ZnO is adopted in the substrate
configuration (shown in Fig. 1). The physical properties of various layers of the device is
presented in Table 1. The simulation is carried out at room temperature (300 K).
Table 1: Material properties used for the simulation of Sb2S3 solar cell.
Sb2S3
CdS
ZnO
Al:ZnO
Thickness (µm)

1

0.05

0.05

0.3

Electron affinity (eV)

3.7

4.2

4.55

4.55

Band gap (eV)

1.6

2.4

3.3

3.3

Dielectric
permittivity 7.08
(relative)
CB DOS (NC) (cm-3)
2.63×1019

9

8

8

1.00×1018

1.00×1018

1.00×1018

VB DOS (NV) (cm-3)

6.25×1019

1.00×1019

8.00×1018

8.00×1018

e mobility (µe) (cm2/V/s)

50

50

100

100

h mobility (µh) (cm2/V/s)

10

20

20

20

Acceptor density (NA) (cm-3)

5.00×1015

----------

Donor density (ND) (cm-3)

----------

1×1017

------------1×1010

-----------1×1020

Absorption (A) (cm-1 eV1/2)

5×104

5×104

5×104

5×104

107

107

107

107

e thermal velocity (Vth,
(cm/s)

n)
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h thermal velocity (Vth,
(cm/s)

h)

107

107

107

107

Al:ZnO (300 nm)
undoped-ZnO (50 nm)
n – CdS (50 nm)
p – Sb2S3 (1 μm)

Mo (500 nm)-coated
glass substrate

Fig. 1 Device structure of Sb2S3 solar cell.
3.2 Results and discussion
Fig. 2 (a) shows the simulation studies carried on the solar cell (shown in Fig. 1). The
maximum power conversion efficiency of the simulated cell is 11.47%. The open circuit
voltage (VOC) and short circuit current is 967.36 mV and 19.18 mA/cm2 respectively. The
open circuit voltage achieved is very high which is expected due to the large splitting of
quasi-Fermi levels across the pn-junction of Sb2S3 and CdS. The fill factor (FF) is 61.82 %
which shows a better JV characteristics.
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Fig. 2 Simulated (a) JV characteristics (under light illumination) and (b) quantum
efficiency of Sb2S3 solar cell.
To understand the behavior of photogenerated charge carriers in the device, quantum
efficiency of the device is simulated. The quantum efficiency of the Sb2S3 solar cell is
illustrated in Fig. 2(b). The quantum efficiency, (number of charge carriers collected per
photon incident), is more than 75% in visible range. The low quantum efficiency is due to the
reflection losses. In the lower wavelength (< 380 nm) region the QE decreases due to the
absorption of light in ZnO and CdS layers. QE also decreases sharply in the region of
wavelength > 760 nm due to the transmission of photon through the Sb2S3 and consequently
QE approached to zero. The absorption in the higher wavelength can be increased by
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incorporating Se into Sb2S3 wherein the band gap of Sb2S3 reduces which results in increase
of QE.
4. Summary
Sb2S3 is, a ternary chalcogenide compound, emerged as a potential absorber layer for thin
film solar cell. The optical and electronic properties such as optimum band gap (~1.65 eV),
high absorption coefficient (104-105 cm-1 in visible range), presence of low energy stable
surfaces etc. show the suitability of the compound for thin film solar cell. The numerical
simulation is carried out on the solar cell Glass/Mo/Sb2S2/CdS/i-ZnO/Al:ZnO using 1DSCAPS program. The power conversion efficiency extracted from the modelled device is
about 11.47% with JSC = 19.18 mA/cm2, VOC = 967.36 mV and FF = 61.82%. Quantum
efficiency of the modelled device is more than 75% in the visible range. The results
demonstrate that Sb2S3 can be a promising absorber material for the thin film solar cells.
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