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ABSTRACT

This simulation paper investigates the impact of incorporating three different
buffer layers (CZTSE, CZTS, and CZS) on the efficiency of two different types
of perovskite absorber layers (MAPbCls and MAGels) in a solar cell using the
OghmaNano software. The absorber thickness is optimized for maximum
efficiency, and then each type of buffer layer is optimized for further
efficiency gains. Results show that MAGels has higher efficiency values
compared to MAPbCIls. Moreover, the CZS buffer layer demonstrates a
remarkable increase in efficiency compared to CZTS and CZTSe buffer
layers, with a difference of up to 23.35% for MAPLCls and 6.8% for MAGels.
This study highlights the importance of buffer layer selection and
optimization for achieving higher solar cell efficiency.

1. INTRODUCTION

Hybrid perovskite solar cells have made a significant impact in the field of photovoltaics, with
their efficiency rapidly increasing from 4% to 26% in a short period of time [1], while it took
over 40 years for other materials to see the same level of improvement [2]. The structure of
lead hybrid perovskites is based on the MAPbX3 formula, where MA is an organic or inorganic
cation and X is a halide. Their exceptional optoelectronic properties, such as a high optical
absorption coefficient [3], low trap density [4], and shallow defect states, contribute to their
high performance. Additionally, the simplicity of processing these materials from solutions at
or near room temperature in just a few months, as compared to the several years required for
silicon solar panels [5], makes them a promising option for the future of photovoltaics and
solar energy.

Hybrid perovskite materials, such as CH;NH3PbCls, have gained significant attention in
recent years due to their exceptional properties, including high absorption of ultraviolet and
visible light, adjustable band gaps, and long electron-hole diffusion lengths [6]. These metal
halide perovskites are low-cost and can be processed from solutions, making them suitable for
future technologies. However, the stability of these materials in the presence of heat, oxygen,
moisture and other environmental factors [7] and the presence of the toxic element lead (Pb)
have been identified as major obstacles to their large-scale fabrication. In order to find suitable
substitute elements, researchers have suggested looking at elements that have similar chemical
and physical properties to lead, such as Bi, Ge, Sb, In, Ag, Te, and Sn [8].
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Studies have indicated that perovskite materials based on Germanium (Ge) may offer a
feasible alternative to the traditional lead-based materials used in solar cells. CH3;NH;Gels, a
hybrid organic-inorganic germanium perovskite, boasts adjustable bandgap and can be
synthesized with ease through solution processing [9]. Furthermore, this material has
demonstrated superior optical and electronic properties, improved electron and hole behavior,
and superior hole behavior when compared to CH;NH;3Pbl; [10-12]. Another advantage of Ge
is its ability to maintain stability even at elevated temperatures up to 150°C, making it a more
favorable option for PSC device fabrication [13]. These qualities suggest that the use of
germanium-based perovskite solar cells could lead to more efficient and environmentally
friendly outcomes in the future.

This paper utilizes OghmaNano (Organic and hybrid Material Nano), a simulation tool for
modeling various photovoltaic devices, including organic and inorganic photovoltaics and
dye-sensitized solar cells. It is a powerful tool for researchers and engineers working in the
field of solar cell technology as it uses a detailed physical model to simulate the transport of
charge carriers in the solar cell, considering factors such as recombination, carrier mobility,
and trap-assisted recombination [14-16].

The focus of this study is on two perovskite materials defined as absorber layers in the
simulation- platform. The objective is to model, analyze, and optimize the photovoltaic device
structure and examine output parameters such as open circuit voltage (V,.), current density
(Jsc), fill factor (FF), and efficiency.

The paper has two primary objectives. Firstly, it aims to compare the power conversion
efficiency (PCE) of two distinct perovskite solar cell structures (MAPBCl; and MAGels).
Secondly, it seeks to examine the impact and significance of incorporating buffer layers in
solar cells on their power conversion efficiency. To accomplish this, various parameters are
investigated and optimized to achieve the highest possible efficiency.

The proper selection of the absorber and carrier transport layers and their thicknesses,
namely the electron transport layer (ETL) and hole transport layer (HTL), is vital for
improving the efficiency of the device. Thus, the best combination of both the ETLs and HTLs
is to be sustained for improvement in device efficiency [17].

The Hole Transport Layer (HTL) enables efficient hole transport from the photogenerated
layer to the electrodes. The properties of the HTL material, such as its electrical conductivity,
hole mobility, and charge recombination rate determine the solar cell performance [18,19].
Different materials have been proposed as HTLs in organic, inorganic or hybrid solar cells
such as  Spiro-OMeTAD, Poly(3,4-ethylenedioxythiophene) (PEDOT), copper
phthalocyanine (CuPc) and molybdenum oxide (MoOx), and others [20,21]. Cu,O is also used
as HTL due to its unique properties that make it a promising material for photovoltaic
applications such like its high absorption coefficient, high electrical conductivity, high
stability under long time light irradiation [22,23].

The electron transport layer (ETL) material is responsible for collecting and transporting
electrons generated by the absorption of photons in the solar cell to the electrodes, and its
choice has a significant impact on the performance of the cell. The hybrid perovskite ETL
material has gained significant interest due to its enhanced electron mobility and adjustable
bandgap, which results in improved light absorption and elevated power conversion efficiency
in solar cells [24-26]. TiO, was used as an ETL in lead-based perovskite solar cells, as
referenced in [27], resulting in a high PCE of 17.46%. However, TiO; has limitations as an
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ETL because of its low carrier mobility and negative effects on device stability under UV light
[28,29]. Other materials used in solar cells include Copper Indium Gallium Selenide (CIGS)
[30], Cadmium Telluride (CdTe) [31], Perylene Diimide (PDI) [32], Non-fullerene Acceptors
(NFAs) [33], and P3HT:PCBM [34]. SnO: is also well-suited for use as an ETL layer because
of its wide bandgap, which ensures that it does not absorb light and reduces recombination
losses. Additionally, it has a high electron mobility, a high transparency in the visible region,
a low cost and stability under operating conditions, and a wide range of workability making it
easy to deposit and process. Many research works highlighted the importance of the SnO»
material as ETL in improving the solar cell efficiency [35-39].

2. BUFFER LAYER IMPORTANCE

The buffer layer, lying between the absorber layer and the electrode, plays a critical role in
improving the efficiency and stability of the solar cell, making it an important component in
the design and construction of high-performance solar cells. The primary function of the buffer
layer is to reduce the recombination of the charge carriers (electrons and holes) that are
generated when the light strikes the absorber layer presenting a barrier between the absorber
layer and the electrode. It also improves the adhesion of the absorber layer to the electrode
and reduces the likelihood of the formation of shunt paths in the solar cell. Additionally, the
buffer layer can also modify the energy band alignment between the absorber layer and the
electrode, which can further enhance the performance of the solar cell and improve the
efficiency of charge transfer at the interface. The selection of the buffer layer material depends
on various factors such as the type of absorber material used, the fabrication process, and the
desired performance characteristics of the solar cell. Several materials are commonly used as
buffer layers and utilized in the production of thin films and nanostructured materials for
photovoltaic devices, such as Cadmium sulfide (CdS), Zinc oxide (ZnO), copper zinc tin
sulfide (CZTS), Copper Zinc Tin Selenide (CZTSe), cadmium telluride (CdTe), dye-
sensitized solar cells (DSSCs), copper indium disulfide (CulnS;) and others [40-44]. At
present, the primary challenges for the advancement of thin film solar cells are to decrease
manufacturing costs while also increasing efficiency and performance.

With its low cost, non-toxic, suitable bandgap of about 1.6 eV, high absorption coefficient
of visible light (above 104 cm™), and its widely available constituent elements, CuZnS (CZS)
is a favorable option for creating thin film solar cells due to its appropriate optical and
electrical characteristics. It is a promising material which can serve as a cost-effective
substitute for CulnS; and CZTS. CZS is an alloy material composed of CuxS and ZnS, where
the expensive indium in the material is replaced by cheaper and more abundant Zn. CZS
demonstrates a double band gap due to its alloy nature, with the lower band gap being useful
for absorbing light, and the higher band gap serving as a window layer for solar cells. CZS
has been applied in Inorganic Electroluminescence applications [45] and can be prepared
through various techniques such as pulsed laser deposition [46], chemical bath deposition [47],
electrochemical deposition [48], and photochemical deposition. Reference [49] reported that
the electrical conductivity of CuZnS thin films prepared by Chemical Spray Pyrolysis, can be
increased by 4 orders by just increasing the Cu concentration which also leads to decrease of
band gap from 3.4 eV to 1.8 eV. Other work reported a maximum electrical conductivity of
7.38 x 102 (Q.cm)-1 and minimum electrical resistivity of 1.35 (Q.cm) obtained for a (CZS)
film deposited at 470 °C, with high-quality CZS thin films deposit [50].
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In this context, we are studying the effect of incorporating a CZS buffer layer between the
absorber layer and the front contact layer on the performance of a solar cell. As the specific
functions of the buffer layer is also depending on the materials being used in the solar cell, the
importance of the choice of the absorber material is also highlighted in this report.

The structure of the paper is outlined as follows: the solar cell structure, the materials used
and their optimum dimensions, and the simulation parameters are provided in Section 3. The
section 4 presents the effect of the CZS buffer layer on the key parameters describing the solar
cell performance such as the open circuit voltage (V,.), the short circuit current (Ig.), the fill
factor (FF), and the efficiency. This study is performed for two different absorbers, lead halide
(CH3NH3PbCI3) and lead free (CH3NH3Gel3). The buffer layer and absorber thicknesses
that yield the highest power conversion efficiency are established, and their implications are
also discussed.in section 4. Section 5 concludes with an assessment of the significance of the
buffer layer and material selection in solar cells.

3. STUDY DESIGN AND PARAMETERS

As aforementioned, the choice of materials and design of the carrier’s transport layers has a
significant impact on the device's efficiency, speed, stability, and reliability. In this report, the
fluorine-doped tin oxide (FTO) is used as a transparent conducting oxide (TCO) in the front
electrode of the solar cell allowing light to pass into the active layer serving as an electrical
contact to the active layer. The fluorine doping in FTO improves its electrical conductivity
and enhances its transparency in the visible spectrum.

The HTL material is chosen to be SnO, as it is known by its high transparency with a
bandgap of 3.6 ev allowing a maximum light transmission to the active layer, its high electric
conductivity enabling an efficient way of holes transportation, and its high work function
minimizing the energy loss occurring when charge carriers move between layers in the solar
cell. The ETL material is chosen to be CuyO as it has a conduction band energy level that is
well aligned with the lowest unoccupied molecular orbital of many organic semiconductors,
making it an effective ETL. The relatively low conduction band offset of Cu,O can also result
in a higher open-circuit voltage in the device. Additionally, Cu,O has a high hole-blocking
capability, which helps to minimize the recombination of electrons and holes at the interface
between the ETL and the active layer. This can result in higher device efficiency.

Gold (Au) is used as back contact as it is a noble metal, meaning it is resistant to corrosion
and oxidation. This makes it a good choice for a back contact material, as it will not react with
other materials in the solar cell and will remain stable over time. It represents an excellent
conductor of electricity, which is important for efficient collection and transport of the
electrical current generated by the solar cell. Furthermore, Au is a highly reflective material,
which can help to increase the amount of light that is absorbed by the solar cell.

Two perovskites’ materials are proposed to define the active layer in the solar cell.
Absorber 1 material is the methylammonium lead (II) chloride (CH3NH3PbCl; or MAPbCl;)
and absorber 2 material is the methylammonium germanium (IV) triiodide (CH3;NH3Gels or
MAGels). The importance of MAPbCl; and MAGel; in solar cells lies in their high-power
conversion efficiency, low cost, and ease of fabrication. While there are still challenges to be
addressed, perovskite solar cells have the potential to revolutionize the field of photovoltaics
and play a key role in the transition to a more sustainable and renewable energy future.



Int. Jnl. of Multiphysics Volume 17 - Number 2 - 2023 139

The structure of the simulated configuration is presented in figure 1 where the buffer layer
will be introduced between the absorber layer and FTO layer.

The FTO, SnO,, Cu,0, and Au material thicknesses providing the maximum efficiency,
are set to be 200, 70, 350, and 100 nm, respectively. In the initial investigation, the objective
is to identify the optimal thickness for each absorber that would yield the highest output
parameters of the solar cell, including V,., I, FF,and efficiency n(%). This analysis is
performed in the absence of the buffer layer, with absorber thickness ranging from 200 to 900
nm at intervals of 50 nm for both absorbers. The outcomes of the solar cell output parameters
are presented in figure 2.

From observing figure 2, it is apparent that absorber 2 has higher V¢, Js¢, FF and n(%)
values compared to absorber 1. From figure 2.a, V. values for both absorbers demonstrate an
increasing trend with an increase in absorber thickness, until a thickness of 600 nm is reached,
where the values stabilize. Figure 2.b illustrates that the Jg- values for both absorbers
experience a decline until they reach a minimum value at a thickness of 600 nm, after which
they increase once again. In Figure 2.c, constant FF values are observed for both absorbers.
In figure 2.d, results reveal that absorber 1 reaches peak efficiency of 22.27% at a thickness
of 600 nm, and absorber 2 achieves maximum efficiency of 25.58% at the same thickness.
Absorber 2 outperforms absorber 1 in terms of efficiency. Consequently, 600 nm is established
as the optimal thickness for both absorbers based on these findings.

It is important to mention that the studies conducted in this work have shown similar
behavior patterns for V¢, Jsc and FF. As a result, the efficiency output (%) will be the only
parameter presented in all forthcoming studies. The subsequent discussion focuses on the
influence of including a buffer layer on the output parameters of a solar cell. This analysis
uses absorbers 1 and 2 with an optimal absorber thickness of 600 nm.
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Figure 2: Solar cell output parameters in term of absorber thickness a) Vy¢, b) Jsc,

C)FF, d) n(%)

4. RESULTS, ANALYSIS, AND DISCUSSION

This section presents an analysis of the power conversion efficiency of solar cells with three
different types of buffer layers: CZTSe, CZTS, and CZS. By varying the thickness of the
buffer layer from 50 to 500 nm in increments of 50 nm, the optimal thickness that results in
the highest efficiency is determined. The solar cell efficiency for each type of buffer layer is

shown in Figure 3 for CZTSe, figure 4 for CZTS, and figure 5 for CZS.
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Figure 3: Effect of CZTSe thickness on the solar cell efficiency for both absorbers

—@®—absorber1 —#l—absorber 2

28
26
24
222
20

Efficiency n(%

12
10
50 150 250 350 450

CZTS thickness (nm)
Figure 4: Effect of CZTS thickness on the solar cell efficiency for both absorbers

As previously stated, the absorber 2 consistently demonstrates higher values of V., Jsc,
FF and n(%) compared to absorber 1 across all studies. Thus, we are only presenting the
efficiency 17(%) output parameter. One can notice from figure, that a CZTSe thickness of 400
nm is found to be the optimal thickness for both absorber 1 and absorber 2, resulting in the
highest efficiency of 20.84% and 21.84%, respectively. At this thickness, absorber 2
demonstrates higher efficiency than absorber 1.

From figure 4, a CZTS thickness of 400 nm is found to be the optimal thickness for both
absorber 1 and absorber 2, resulting in the highest efficiency of 23.21% and 25.91%,
respectively. Absorber 2 outperforms absorber 1 in terms of efficiency at this thickness.
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Figure 5: Effect of CZS thickness on the solar cell efficiency for both absorbers

From figure 5, a CZS thickness of 400 nm is found to be the optimal thickness for both
absorber 1 and absorber 2, resulting in the highest efficiency of 27.47% and 27.33%,
respectively. We can notice that both absorbers exhibit nearly identical maximum efficiency
values at this particular thickness.

The table 1 exhibits the peak values of the solar cell output parameters for both absorbers
1 and 2 achieved with a buffer layer thickness of 400 nm.

Table 1: Highest solar cell output parameters achieved for different buffer
layers

Buffer layer Jsc(mA/cm?) Voc(V)
Absl Abs2 Absl Abs2
CSTSe (400 nm) 243 27.8 1.06 0.959
CZTS (400 nm) 27.2 32.9 1.063 0.965
CZS (400 nm) 31.8 354 1.076 0.968
Jsc(mA/cm?) Voc(V)
Without (600 nm) Absl Abs2 Absl Abs2

26.4 33.9 1.04 0.96

Table 1 (cont.): Highest solar cell output parameters achieved for different buffer
layers

Buffer layer FF (%) 1(%)
Absl Abs2 Absl Abs2
CSTSe (400 nm) 80.7 81.7 20.84 21.84
CZTS (400 nm) 80 81.3 23.21 2591
CZS (400 nm) 79.9 79.6 27.47 27.33
FF(%) n(%)
Without (600 nm) Absl Abs2 Absl Abs2

80 78 22.27 25.25
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Figure 6 illustrates the power conversion efficiency of solar cells using absorbers 1 and 2,
across various buffer layer thicknesses and types.

Previously mentioned, the optimal structural parameters were established to achieve
maximum efficiency prior to the inclusion of the buffer layer. Consequently, comparing the
output parameters of the solar cell for both absorbers 1 and 2 before and after the buffer layer
is incorporated would lead to a clear understanding of the impact of the buffer layer. This
would allow for the selection of the best absorber as well as the most suitable buffer layer.

Based on the results presented above, one can notice that the optimum buffer layer
thickness obtained is 400 nm for the different buffer layers used. Absorber 2 is showing a
highest efficiency value for CZTS and CZTSe buffer layers compared to absorber 1. However,
it is showing a similar efficiency as absorber 1 for CZS buffer layer. Using these findings, a
graph pointing out the efficiency of all studied buffer layers in term of layer thickness for both
absorbers 1 and is given figure 15. This graph shows well the impact of the buffer layer
implementation on the solar cell efficiency. Comparing to the solar cell efficiency without
adding the buffer layer, a 400 nm optimum thickness of CZS buffer layer showed an increase
in efficiency of 23.35% for absorber 1 and of 6.8% for absorber 2. A 400 nm optimum
thickness of CZTS buffer layer showed an increase in efficiency of 4.22% for absorber 1 and
of 1.3% for absorber 2. However, a 400 nm optimum thickness of CZTSe buffer layer showed
a decrease in efficiency of 6.42% for absorber 1 and of 14.62% for absorber 2. Thus, when
compared to CZTS and CZTSe, CZS emerges as the most favorable material option for the
buffer layer, resulting in a maximum efficiency of 27% for absorbers 1 and 2. CZTS can also
serve as a buffer layer for both absorbers 1 and 2, although with less improvement in
efficiency. On the other hand, CZTSe does not provide a viable option for a buffer layer
material for either absorber 1 or 2.

These results are proof on the importance of the buffer layer material choice in improving
the solar cell efficiency.
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Figure 6: Effect of buffer layer thickness on the solar cell efficiency for both
absorbers
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5. CONCLUSION

The research conducted in this study employed the use of OghmaNano, a simulation tool that
is instrumental in the development and optimization of photovoltaic devices, thereby
advancing the technology and enhancing the efficiency and performance of solar cells. The
solar cell structure was presented with its optimal material parameters, resulting in maximum
performance and power conversion efficiency. Two types of absorbers, lead halide MAPBCl;
(absorber 1) and lead-free MAGels (absorber 2), were investigated to determine which would
provide the highest efficiency. An optimum thickness of 600 nm is found to produce the
highest efficiency for both absorbers, with absorber 2 displaying superior efficiency to
absorber 1 in the absence of a buffer layer.

The research also investigated the impact of buffer layer incorporation on solar cell
efficiency. Three types of buffer layers, CSTSe, CSTS, and CZS, were applied to both
absorbers 1 and 2, and optimized to achieve maximum efficiency in the PSC device structure.
A thickness of 400 nm was found to produce the highest efficiency for all buffer layers and
both absorbers. Absorber 2 displayed higher efficiency values with CZTS and CZTSe buffer
layers compared to absorber 1 but had similar efficiency as absorber 1 with a CZS buffer layer.
Compared to the solar cell efficiency without a buffer layer, an optimum thickness of 400 nm
for a CZS buffer layer showed an increase in efficiency of 23.35% for absorber 1 and 6.8%
for absorber 2. Meanwhile, an optimum thickness of 400 nm for a CZTS buffer layer resulted
in an efficiency increase of 4.22% for absorber 1 and 1.3% for absorber 2. However, an
optimum thickness of 400 nm for a CZTSe buffer layer resulted in a decrease in efficiency of
6.42% for absorber 1 and 14.62% for absorber 2. Ultimately, CZS emerged as the most
favorable material option for the buffer layer, resulting in a maximum efficiency of 27% for
both absorbers 1 and 2.
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