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In this study, we simulated the performance of solar cells using appropriate optical and electrical
parameters for MoX2 compounds. We used the solar cell capacitance simulator software to simulate
MoS2-based solar cells with two structures (ZnO/WS2/MoS2 or ZnO/WSe2/MoS2). We investigated
the impact of varying the thickness of the MoS2 absorbing layer, doping, temperature elevation, and
exploring the effect of the buffer layer on the electrical characteristics of the solar cell, including pa-
rameters like open-circuit voltage (Voc), short-circuit current (Jsc), and solar cell efficiency (η). This
analysis aimed to provide valuable insights into optimizing the design and performance of MoS2-based
solar cells, contributing to advancements in thin-film solar cell technology.
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1. Introduction

Silicon currently serves as the predominant semi-
conductor in photovoltaic applications. Despite con-
tinuous technological advancements that reduce the
manufacturing costs of silicon solar cells, the inher-
ently high material costs of silicon persist [1, 2]. A
potential substitute for wafer-based crystalline sili-
con solar cells are thin-film solar cells with polycrys-
talline Cu(In,Ga)Se2 (CIGS) absorber layers [3–5].
These thin films represent a viable option for diver-
sifying the photovoltaic landscape, considering that
crystalline silicon cells currently dominate global in-
stallations.

Additionally, transition metal dichalcogenides
thin films (TMDs), compounds characterized by a
layered structure [6–12], such as MX2 (M = W, Mo;
X = Se, S, Te), play a crucial role in various tech-
nologies. These technologies include optoelectron-
ics [13–15], field effect transistors [16, 17], and pho-
tovoltaic cells [18]. Molybdenum disulfide (MoS2)
stands out as a promising and cost-effective option
for capturing sunlight, potentially serving as an al-
ternative to conventional photovoltaic materials. Its
viability as a photovoltaic absorber is underlined by
its optimal optical and electrical properties, mak-
ing it a compelling candidate for consideration in

the quest for efficient and economical solar energy
solutions [19]. The band gap of MoS2 varies from
indirect to direct, ranging between 1.2 and 1.8 eV.
This variability, along with its beneficial optoelec-
tronic properties, such as the absorption coefficient
of about 2.8 × 106 cm−1 (with a statistical un-
certainty of ±1.3 × 105 cm−1), has prompted the
analysis of MoS2-based solar cells in previous re-
search [20–23] to enhance the performance of pho-
tovoltaic cell structures.

This study aims to employ SCAPS-1D simulation
software to explore the effect of different param-
eters on photovoltaic performance. The goal is to
provide a streamlined approach for predicting op-
timal conditions without the need for the actual
fabrication and characterization of ZnO/(WS2 or
WSe2)/MoS2 solar cells. This methodology offers
a practical means for assessing and optimizing the
performance of solar cells.

2. Device modeling

To determine the effect of solar radiation on
the performance of solar cells, simulation software
such as AMPS, wxAMPS, PC1D, Afors-Het, ASA,
SILVACO, and SCAPS-1D can be used. In this
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TABLE ISimulation parameters of MoS2-based solar cell.

Parameter MoS2 WS2 WSe2 ZnO
thickness [µm] 0.5–1.5 0.1 0.1 0.08
band gap [eV] 1.58 2.3 1.72 3.40
electronic affinity [eV] 4.2 4.2 4.0 4.55
dielectric permittivity 13.6 13.6 13.6 10
effective state density of BC [cm−3] 2.2× 1018 2.2× 1018 2.2× 1018 1018

Effective state density of BV [cm−3] 1.8× 1019 1.8× 1019 1.8× 1019 9× 1019

electron mobility [cm2/(V s)] 100 100 100 100
hole mobility [cm2/(V s)] 25 25 180 25

Fig. 1. Structure of a solar cell simulated using
SCAPS-1D.

study, we used SCAPS-1D software to simulate the
photovoltaic process of ZnO/(WS2 or WSe2)/MoS2
solar cells [24–26] as shown in Fig. 1.

The solar cell capacitance simulator software
(SCAPS-1D) necessitates simulation input data re-
lating to each layer involved in the design of the
solar cell, which are summarized in Table I. Param-
eters for ZnO, WS2, WSe2, and MoS2 were derived
from prior theoretical simulations papers [10, 27–
29]. The thermal velocities of electrons and holes
in each layer were approximated at 107 cm/s for
simplicity in numerical analysis. Molybdenum (Mo)
and aluminum (Al) serve as rear and front contacts.

3. Results and discussion

Figures 2, 3, and 4 illustrate, respectively, the
variation of the short circuit current (Jsc), open cir-
cuit voltage (Voc), and the efficiency (η) as a func-
tion of the thickness of the absorbent layer MoS2.
We changed the thickness of the MoS2 absorbing
layer in the range from 0.5 to 1.5 µm. An increase
in efficiency, short-circuit current, and open circuit
voltage of the solar cell is observed with the increase
in the thickness of the MoS2 absorbing layer. From a
comparative analysis between the two cells, we see
that the cell with the WSe2 buffer layer is better
than the cell with the WS2 buffer layer.

This work enables us to determine the optimal
MoS2 absorbing layer thickness of 1.5 µm, optimiz-
ing the operational characteristics of our solar cell
structure.

Fig. 2. MoS2 absorbing layer thickness effect on
the open circuit voltage (Voc).

Fig. 3. MoS2 absorbing layer thickness effect on
the short-circuit current (Jsc).

Figures 5, 6, and 7 depict, respectively, the open
circuit voltage (Voc), the short circuit current (Jsc),
and the efficiency (η) with respect to solar cell tem-
perature. From the results shown in Figs. 5–7, we
note that the efficiency and the open circuit voltage
decrease with the increase in environmental tem-
perature, and the short circuit current increases
with the increase in environmental temperature. It
is concluded that the cell with the WSe2 buffer
layer gives better results at high temperatures com-
pared to the cell with the WS2 buffer layer. Solar
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Fig. 4. MoS2 absorbing layer thickness effect on
solar cell efficiency (η).

Fig. 5. Open circuit voltage (Voc) variation vs so-
lar cell temperature.

Fig. 6. Short-circuit current (Jsc) variation vs so-
lar cell temperature.

panels that exhibit reduced temperature sensitivity
are preferable in hot regions, while those with higher
temperature responsiveness prove more effective in
colder climates [30].

In order to study the influence of doping of the
WS2 or WSe2 buffer layer, we varied the concentra-
tion of the ND donors from 1016 to 1019 cm−3, as
shown in Fig. 8. We observed that the efficiency
increases with the density of ND donor carriers.

Fig. 7. Efficiency (η) variation vs solar cell tem-
perature.

Fig. 8. Influence of donor concentration ND on so-
lar cell efficiency (η).

Fig. 9. Effect of concentration of acceptors NA in
the MoS2 layer on the efficiency (η).

It is observed that the efficiency (η) of the solar cell
with the WSe2 buffer layer increases significantly,
while the efficiency of the solar cell with the WS2
buffer layer increases very little.

Figure 9 shows the effect of varying the doping of
the absorbent layer on the efficiency (η). It is ob-
served that the efficiency decreases when the dop-
ing of the MoS2 layer is increased. It is found that
the solar cell with the WSe2 buffer layer is affected
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Fig. 10. Influence of series resistance on the effi-
ciency (η) of ZnO/(WS2 or WSe2)/MoS2.

Fig. 11. Effect of shunt resistance on efficiency (η)
of ZnO/(WS2 or WSe2)/MoS2.

by a higher donor concentration than the solar cell
with the WS2 buffer layer. The findings have been
reported in scientific literature [31].

According to Fig. 10, we see that the increase in
series resistance from 2 to 8 Ω led to a reduction in
efficiency (η). The increase in the value of the series
resistance of ZnO/(WS2 or WSe2)/MoS2 has been
found to cause a decrease in the efficiency. The effi-
ciency drops significantly from 25.5 to 21.8%. The
results are presented in scientific literature [32].

Figure 11 shows the variation in efficiency (η) of
ZnO/(WS2 or WSe2)/MoS2 as a function of shunt
resistance. We observe that the increase in shunt re-
sistance leads to an increase in efficiency. The per-
formance increases by 13.9% to 23% as the value of
the shunt resistance is increased from 100 to 300 Ω.
Several authors [33, 34] in the literature have re-
ported similar results.

4. Conclusions

In this paper, we studied the effect of certain pa-
rameters on the electrical properties of solar cells
based on MoS2 with different buffer layers (WSe2
or WS2) using the SCAPS-1D software. The simu-
lation results that we obtained clearly show that

the open circuit voltage (Voc), short circuit cur-
rent (Jsc), and efficiency (η) increase with increas-
ing thickness of the MoS2 absorber layer. The re-
sults proved a negative correlation between temper-
ature and photovoltaic parameters such as efficiency
and open circuit voltage. Conversely, the correla-
tion between temperature and short circuit current
increases with the rise of environmental tempera-
ture. The buffer layer plays a very important role
in the solar cell structure, because when replacing
the WS2 buffer layer with the WSe2 buffer layer,
we noticed an improvement in the electrical char-
acteristics of the solar cell. The efficiency increases
with higher concentrations of donors and acceptors
in the MoS2 absorbing layer. The rise in the se-
ries resistance of ZnO/(WS2 or WSe2)/MoS2 has
been observed to lead to a reduction in efficiency.
The efficiency increases when the shunt resistance
increases and vice versa for the shunt resistance.
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