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In response to the growing demand for renewable energy sources, particularly solar
energy, extensive research is being conducted to explore new materials and
technologies that can enhance the efficiency and reduce the cost of solar cells.
Perovskite Solar Cells (PSCs), with their high efficiency, low production cost, and
adjustable bandgap, have emerged as a potential alternative to traditional silicon-based
solar cells. However, concerns have been raised regarding the environmental and public
health impacts of the toxicity of lead-based perovskite materials. Thus, the development
of lead-free PSCs has recently gained significant attention. This study provides a
simulated analysis of lead-free PSCs, employing CH3sNHz3Snlz as the absorber layer.
The primary objectives of this research include the identification of optimal materials
for Electron Transport Layers (ETLs) and Hole Transport Layers (HTLS) to enhance
cell performance, as well as an investigation into the influence of thickness, doping
concentration, and the profile of doping concentration on device performance. These
objectives were fulfilled using a 1D-Solar Cell Capacitance Simulator. Results from the
simulation reveal that PSCs utilizing SnO2 and CuShS: for ETL and HTL respectively,
demonstrate a high power conversion efficiency of 29.47%. Key performance indicators
such as open circuit voltage, short circuit current density, and Fill Factor were recorded
at 1.0241 V, 33.76 mA/cm?, and 85.22%, respectively. These findings offer valuable

insights for the future development of efficient and environmentally-friendly PSCs.

1. INTRODUCTION

Solar energy is a rapidly growing renewable energy source
that has the potential to be crucial in addressing the world's
energy and climate problems. Solar cell technology is at the
core of solar energy generation, and researchers worldwide are
attempting to produce more efficient and cost-effective solar
cells to expand solar energy adoption. The creation of lead-
free perovskite solar cells is one potential area of study in solar
cell technology. Perovskite solar cells (PSCs) are a newer form
of solar cell that has gained popularity in recent years owing
to its high efficiency and inexpensive cost. The usage of lead
in the perovskite material, on the other hand, has prompted
worries about the environmental and health effects of these
solar cells [1]. Lead-free PSCs which provide the same high
efficiency and cheap cost as lead-based PSCs but without the
environmental and health dangers associated with lead, are a
possible answer to these problems [2]. As a result, the creation
of lead-free PSCs is a crucial area of research with the
potential to significantly advance solar cell technology and,
ultimately, encourage the acceptance of solar energy as a
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sustainable and renewable energy source. In this context,
researchers and engineers are hard at work developing novel
materials and designs for lead-free PSCs offers great efficacy
and long-term stability [3].

The most often used component in solar cell technology,
silicon, is utilized to create the first generation of solar cells.
These cells are very efficient, long-lasting, and dependable.
They are, however, costly to make and use a large amount of
energy. They are also hefty and inflexible, making integration
into certain applications problematic [4]. The efficiency
ratings for monocrystalline silicon and polycrystalline silicon
range from 15% to 25% and 14% to 17%, respectively [5].
CdTe, CIGS, and GaAs are materials that are used in second-
generation solar cells, commonly referred to as thin-film solar
cells. These cells are less costly to produce than first-
generation cells, and they may be formed into flexible,
lightweight modules [6]. However, they are less efficient than
first-generation cells and have a shorter lifespan.

Regardless of these disadvantages, second-generation solar
cells remain an essential technology in the field of renewable
energy. They are especially beneficial in applications where
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cost and flexibility dominate efficiency, such as mobile
devices. The GaAs technology shows (PCE) of 29.1% [7].
CdTe and CIGS technologies have excellent efficiency, 22.1%,
and 23.35%, respectively [6-8]. Third-generation solar cells
are built using a wide range of novel and developing materials,
including Copper Zinc Tin Sulfide (CZTS), Dye-Sensitized
Solar Cells (DSSCs), Perovskite Solar Cells (PSC), Organic
Photo Voltaics (OPVs), and Quantum Dot Solar Cells (QDSC).
These cells have the potential to be more efficient than first-
generation and second-generation cells while also being less
costly to generate. They are, however, still in the early phases
of development and face stability and durability difficulties
over time [9, 10].

Due to its high efficiency, cheap cost, and straightforward
manufacturing procedure, PSCs have emerged as a possible
substitute for conventional silicon-based solar cells. The PCE
of perovskite-based solar devices has increased significantly
over the past decade, from 3.13% [11] to 25.8% [12].
Nevertheless, the toxicity of lead, which is often employed in
the manufacture of PSCs, poses a significant problem for their
application. This has raised questions about the possible harm
perovskite solar cells may have to the environment and human
health. Researchers have been working on lead-free PSCs that
employ substitute components like tin, germanium, or bismuth
to solve this problem [13, 14]. In addition to eliminating the
toxicity issues related to lead-based PSCs, these lead-free
PSCs have shown remarkable promise for high efficiency and
stability [15]. There are still certain issues that need to be
resolved in the development of lead-free PSCs, despite the
advancements achieved in this area. To ensure these cells'
long-term functioning, one difficulty is to increase their
stability and robustness. Optimizing the performance of lead-
free PSCs to attain efficiencies that are on par with or greater
than lead-based perovskite solar cells is another difficulty [16].
Perovskite solar cells might revolutionize the solar energy
sector by providing a low-cost alternative to current silicon-
based solar cells, therefore their potential advantages are
substantial. Other potential uses for perovskite solar cells
include wearable electronics and photovoltaics incorporated
into buildings.

This study aims to examine how various electron transport
layers (ETLs) and hole transport layers (HTLs) affect the
performance of CHsNHsSnls solar cells, based on experimental
data from the literature [17]. To achieve this goal, we
compared the efficiency of solar cells made from various ETL
and HTL materials using the capacitance-simulating SCAPS-
1D program. We also determined the optimal CH3NHsSnls
solar cell thicknesses and doping concentration for ETL and
HTL materials. The influence of different absorber layer
doping profiles was simulated. Furthermore, this article
examines the effect of absorber layer defect density on the
performance of lead-free perovskite solar cells. We measured
the solar cells' efficiency (PCE), fill factor (FF), open-circuit
voltage (V,c), and short-circuit current density (Js.). Overall,
our study aimed to identify the most effective combination of
ETL and HTL materials for improving the performance of
CH3NHsSnls solar cells.

2. SIMULATION TECHNIQUES
Numerical simulation tools used in semiconductor device

modelling, including solar cells, include SETFOS, SCAPS,
SILVACO, COMSOL, and ATLAS. Each program has unique
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benefits and drawbacks that may make it better or worse suited
for certain research. A one-dimensional simulation program
noted for its speed and ease of use is called SETFOS. However,
its capabilities are limited in terms of the kinds of simulations
that can be run, and it may not be appropriate for devices with
complex structural designs. Another popular 1-D simulation
program for modelling solar cells is SCAPS [18]. It can
simulate a variety of device topologies and materials and has
a simple to use interface. For large-scale simulations, it may
not be as quick as other programs and would need more
computing power. Three-dimensional simulation software
called SILVACO is renowned for its precision and
adaptability. It contains an integrated process simulator for
modelling the production of devices, and it can simulate a
broad variety of device topologies and materials. But it could
be harder to use and have a higher learning curve than other
programs. A Multiphysics simulation program called
COMSOL can simulate a variety of physical processes, such
as mechanical, thermal, and electrical effects. It may be used
to replicate intricate device architectures and materials
because of its considerable flexibility. However, compared to
other programs, it could be more costly. A popular program
for simulating semiconductor devices is ATLAS, which can
simulate a variety of device topologies and materials. It can
mimic electrical, thermal, and optical impacts and includes an
integrated process simulator. For large-scale simulations, it
could be more difficult to utilize than other programs and need
for greater computing power [18]. Based on these factors,
SCAPS 1D seems to be the best option for modelling solar
cells. It is developed for 1D device architectures, which are
employed in thin-film solar cells. The program simulates the
flow of charge carriers in the device using the numerical
solution of Poisson's equation and the continuity equations for
electrons and holes. Poisson's equation defines the device's
electric field and potential distribution, which is based on
charge carrier distribution and material parameters. The
continuity equations characterize the device's electron and
hole flow, including charge carrier recombination and
transport. Researchers may study how doping concentration,
material attributes, and device dimensions affect solar cell
performance using the program. It can also simulate the
device's optical characteristics, including light absorption and
reflection. This helps researchers simulate solar cell efficiency
under varied light intensities and wavelengths. Overall,
SCAPS 1D helps researchers predict and analyze solar cell
performance [18].

3. DEVICE STRUCTURE
PARAMETERS

AND MATERIALS

The experimental structure that is shown in Figure 1 was
calibrated using SCAPS simulation. The structure composes
of a glass base, TCO layer, ETL layer, an absorption layer
made of perovskite, an HTL layer, and a back electrode. Each
layer has a special function to help charge carriers move
through the solar cell and convert the sunlight to electricity.
The first layer from the bottom up is a glass base which gives
the device mechanical support. The device's front electrode is
a layer of transparent conductive oxide (TCO) that sits on top
of the glass base. The TCO layer lets light go through the
perovskite layer and provides a path for electrons to move
along. The next layer is the buffer layer, which is also called
ETL and is made of titanium dioxide (TiO,). The ETL layer



moves electrons from the perovskite layer to the front
electrode and stops holes from moving from the perovskite
layer to the front electrode. The light-absorbing layer of the
device is on the top of ETL layer. It is made of lead-free
perovskite. Most of the time, methylammonium lead iodide
(MAPDI;) is used to make the perovskite layer. When light hits
the perovskite layer, it creates electron-hole pairs, which are
then divided by the electric field in the device and collected at
the electrodes. HTL comes after the perovskite layer. It is
made of Spiro-MeOTAD. The HTL layer facilitates the
movement of holes from the perovskite layer to the back
electrode while preventing the movement of electrons in the
opposite direction. Lastly, the back electrode is a layer of

E (eV)

Metal back contact

Spiro-OMeTAD (HTL)

CHsNH:5nls (absorbtion layer) 3426
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metal that acts as the device's back contact and collects the
holes that move through the HTL layer. Figure 2 shows the
energy band diagram for the experimental materials. Table 1
lists the simulation inputs for layers. The J-V curve for the
simulated structure at various defect density (Ny) levels is
shown in Figure 3. The process of calibration indicated that
our simulation model is well-aligned with the experimental
observations. The observed structure's absorber layer's trap
density was set to 5x10'7 cm™ to satisfy the J-V measurements
obtained experimentally. To diminish the recombination rate
and increase diffusion length, N must be reduced to enhance
cell performance.
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Table 1. PSC device simulation parameters [19]

Parameters TCO TiO2 CH3sNHsSnls  Spiro-OmeTAD
Thickness (nm) 500 30 350 200
Bandgap (eV) 35 3.2 1.3 3.17
Electron affinity y (eV) 4 4.26 417 2.05
Relative Dielectric permittivity (er) 9 9 8.2 3
CB effective density of states (cm =) 2.2x108  2x10%8 1x10%8 2.2x10'8
VB effective density of states (cm )  1.8x101° 1.8x10%° 1x10t8 1.8x10%°
Electron mobility pn (cm?/V. s) 20 20 1.6 2x10*
Hole mobility b (cm?/V. s) 10 10 1.6 2x10*
Donor concentration Np (cm %) 2x10Y°  1x10% 0 0
Acceptor concentration Na (cm -3) 0 0 3.2x10% 2x10%°
Defect density Nt (cm -3) 1105 1x10% 1016-10%° 1>10%
Thermal velocities Vit (cm/s) 1x107 1x107 1x107 1107
4. RESULTS AND DISCUSSION for serval ETMs.

In this part, Electron Transport Materials (ETMs) and Hole
Transport Materials (HTMs) were studied for the experimental
device and optimised the thickness and doping of the ETL, the
absorption layer, and HTL.

4.1 ETL optimization

ETL is optimized in this section. Various materials were
utilized to choose the best suited ETM and identify its optimal
thickness and doping. The defect kind being neutral, the
electron capture cross section is 107'5 ¢cm?, and the energy
distribution is specified to be single for ETL density of defects
of 10! ¢m™. The Donor concentration is set to be 10'® cm™.
Table 2 displays the input parameters for different ETMs.
Furthermore, Figure 4 illustrates the energy band diagram for
serval ETMs. Table 3 summarizes the device's performance
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In PSCs, the consequences of the conduction band offset
(CBO) between ETL and the perovskite layer (PL) have been
researched. PSCs with varied conduction band energy levels
in ETL were used to produce different attributes of CBO. The
interface between PL and ETL affects the CBO values. The
interface recombination mechanism takes over and the V.
lowers when the conduction band minimum (CBM) of the
ETL is lower than that of the perovskite. When the CBM of
the ETL is greater than that of the perovskite, interfacial
recombination is greatly reduced, resulting in an enhancement
of the solar cells Vo [20-22]. Due to that V,. in CdS reduces to
0.5601 V as negative CBO increases. SnO, has been
determined to be the most efficient ETL material for the PSCs
based on the simulation results as obvious from Table 3. Since
SnO» has a high work function, it facilitates charge extraction
and minimizes recombination losses at the perovskite/ETL
interface, which is likely the cause.
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Figure 4. Energy band diagrams for ETMs
Table 2. Parameters of input for various ETMs of the PSC structure
C60 CdznS PCBM  SnO: Ws, ZnSe STO IGZO  ZNO
Parameters R3] CBE Ty [23] [20] [23] [21] [21] [23] [23]
Thickness (nm) 30 30 30 30 30 30 30 30 30 30
Bandgap (eV) 1.7 2.4 3.2 2 35 18 2.81 3.2 3.05 3.3
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Relative
Dielectric 42 10 9.120 3.9 9 13.6 8.6 8.7 10 9
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density (cm3)
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4.1.1 Optimization of SnO; thickness

The ETL should be as thin as possible, however practical
limitations in manufacturing prevent it from being smaller
than 30 nm. To determine the impact of thickness variation on
cell performance, the following study presents. Figure 5 shows
arange of ETL thicknesses from 10 to 100 nm.

The simulation results demonstrated that the PSCs
efficiency increased with decreasing SnO, ETL layer
thickness. There are probably several causes behind this. First,
a thinner ETL layer may result in higher photocurrents and
improved device efficiency since charge carriers have a
shorter distance to travel from the perovskite layer to the front
electrode. Additionally, the device's fill factor and efficiency
may benefit from a thinner ETL layer by decreasing its series
resistance. Additionally, as the ETL thickness is reduced, both
the interface's bulk and surface recombination rates diminish.

4.1.2 Impact of SnO, doping concentration

Concerning the effect of SnO, doping concentration,
illustrating results show that raising the doping concentration
of'the Sn0, ETL layer can both enhance photocurrents and the
overall efficiency of the device. This is likely because there
are more electrons in the ETL layer, which makes it easier to
remove and move charges. But raising the amount of doping
can also cause more recombination losses in the device, which
can lower open-circuit voltage and device efficiency. So, there
may be an optimal concentration of doping that achieves a
balance between the effects of better charge extraction and
higher recombination losses. Figure 6 displays the results
when the thickness of SnO; is set at 30 nm. The data illustrate
that increasing the concentration of SnO; layer doping with
ranges from10%° to 102! ¢m™3 has distinct impacts on the PV
parameters: the value of /. is almost constant. At the same
time, J,. is increased from 28.9 mA/cm™2 to 30.14 mA/
cm™2% as shown in Figure 6 (a). On the other hand, FF has
increased from 71.34 %to 73.47 %, and power conversion
efficiency has improved from 17.05 % to 18.33 % as depicted
in Figure 6 (b).

Table 3. Performance of the device for various ETMs

ETM  Efficiency  Current FF Voc
TIO: 14.66 28.17086 65.85 0.7905
ZNO 16.32 28.53 69.15 0.8272
ZnSe 16.36 28.405163 69.66 0.8268
WS2 15.74 26.67009 71.69 0.8232
STO 16.67 28.655195 70.35 0.8268
Sn0: 17.05 28.908018 71.34 0.8266
PCBM 15.09 26.79987 68.23 0.825
1IGZ0 15.77 28.350185 67.40 0.8252
Cdzns 15.65 28.35511 67.03 0.8233
CdS 9.45 26.7972  62.97 0.5601
C60 14.73 25.7517  69.48 0.8235

4.2 CH3NHzsSnls as absorber layer

The absorber layer is an important component of a solar cell
because it absorbs photons from sunlight and converts them
into electrical energy. The absorber layer's material and
physical properties are critical in defining the efficiency and
performance of the solar cell. The important absorber layer
factors that affect solar cell performance are thickness and
doping concentration. The thickness of the absorber layer is an
essential element that influences the quantity of sunlight that
the material can absorb. Enhanced absorber layer thickness
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may result in enhanced photon absorption, but it can also result
in increased carrier recombination and lower efficiency. The
absorber layer's doping concentration may impact the
electrical characteristics of the material, including carrier
concentration and mobility. As a result, the doping
concentration used may have a substantial influence on the
performance of the solar cell. The effect of thickness and
doping concentration of the absorber layer are studied in this
section.

4.2.1 Thickness optimization

Since the absorber layer thickness significantly affects solar
cell performance, it was expanded from 100 to 1,500 nm. As
the thickness of the perovskite absorber layer is increased, the
performance of the perovskite solar cell is observed to increase
up to a specific point based on the simulation results. Several
variables may have contributed to this. To begin, a thicker
perovskite absorber layer can absorb lighter, which might
increase photocurrents and the overall efficiency of the device.
Beyond a certain thickness, however (in this situation, 1,000
nm), the device's performance levels out or even decline. This
might be because of the device's higher series resistance, lower
charge carrier extraction efficiency, or greater charge carrier
recombination. Figure 7 depicts the results regarding the
influence of absorber layer thickness on solar cell performance.
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Figure 7. Performance variations of solar cells with relation
to absorber layer thickness



4.2.2 Impact of doping concentration of absorber layer

To begin, increasing the absorber layer's photocurrent
requires increasing the density of charge carriers, which may
be accomplished by doping. Doping could affect the
perovskite material's energy levels and bandgap, which in turn
can boost charge carrier transportation and lower
recombination losses. However, if the doping concentration is
raised above a certain point (in this example, N, equal to
106 cm™3), the device's performance may begin to decline
because of higher recombination losses and decreased charge
carrier extraction. This is because an increase in doping
concentration in a perovskite material may result in an increase
in defects and trap states, which in turn can lead to an increase
in non-radiative recombination and a decrease in the device's
overall efficiency. As depicted in Figure 8, the effect of
absorber layer doping is simulated for N, = 10** cm™3to N, =
109 cm™3. According to the results of the study, doping may
enhance PSC performance until it achieves a value of NA
equal to 1016 cm™3, with V. equal to 0.9031V, J.. equal to
31.82 mA/cm?, FF equal to 74.13%, and PCE equal to 21.3%.
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Figure 8. Variation in solar cell performance cells with
relation to absorber layer doping

4.3 HTL optimization

HTM layer is utilized to transport holes from the perovskite
absorber layer. Concurrently it restricts backflow from the
perovskite to the HTM. Table 4 presents the input parameters
for several HTMs. In this part, the conduction band offset

1312

affects cell function is studied. Figure 9 depicts a schematic
illustration of the position of the band offset at the intersection
of the HTM.

When the valence band offset (VBO) has a positive value,
the maximum of the HTM layer's valence band is lower than
that of the perovskite layer's HOMO layer. Large potential
barriers arise between the two layers as the offset potential
rises. This indicates that the holes formed in the perovskite
layer have difficulty entering the HTM layer. It can also be
shown that as the offset increases, the short-circuit current and
open-circuit voltage remain practically the same [24]. On the
other hand, when the Valance Band Offset is negative, the
HTM layer valence band is higher than the perovskite layer.
The outcomes show that even when the offset potential
changes, the short-circuit current doesn't. However, the
negative offset voltage increases as the open circuit voltage
lower. The cell efficiency is reduced by raising the offset
potential [20]. The device's performance for numerous ETMs
is listed in Table 5.

Table 4. Input parameters for different HTMs of the PSC

structure
Parameters Cul NiO MoOs CuSbS: SrCu:0:

[25] [21] [23] [25] [25]

Thickness (nm) 30 30 30 30 30

Bandgap (eV)  2.98 3.8 3 1.58 3.3
Electron

affinity (V) 2.1 1.46 2.5 4.2 2.2
Relative

Dielectric 6.5 10.7 12.5 14.6 9.77

permittivity (er)

CB effective
density (cm)
VB effective

2.8x101° 2.8x10'? 2.2x10'8 2.2x10'8  2x10%0

19 19 19 19 21

density (em)  2X107 1¥107 1.8x102.2x101% 2x10
Electron

mobility pn 100 12 25 49 0.1
(cm?/V.s)

Hole mobility 55 ¢ 100 49 0.46

up (cm?/V. s)

Table 5. Performance of the device for various HTMs

HTM VBO Efficiency  Current FF Voc
Spiro-
OmeTAD -0.25 18.13 31.551804 64.00 0.8979
NiO -0.21 20.45 31.744230 7153 0.9005
CuSCN -0.17 21.28 31.813520 74.07 0.9031
SrCu,0, 0.03 21.32 31.818955 74.19 0.9031
MoO; 0.03 21.39 31.840375 74.37 0.9032
CuSbS, 0.31 21.40 31.874383 74.34 0.9032
Vacuum
Electron affinity
C ion band mini l
HTM

LUMO

Valence band

Offset

HOMO

Figure 9. A schematic illustration of the valence band offset
at the junction of the HTM layer and perovskite



CuSbS, has been determined to be the most effective HTL
material among all the materials examined in this investigation
with PCE=21.40 %. The selection of HTL material is crucial
in determining the performance of PSCs, as it plays a crucial
role in extracting and transporting the positive charge carriers
(holes) produced in the absorbent layer towards the electrode.
CuSbS, 's advantageous energy band alignment with the
CHsNHsSnls absorber layer may have contributed to its
superior performance as an HTL material in this investigation.
The CuSbS, conduction band minimum (CBM) is well
aligned with the CH3NH3Snl3 valence band maximum (VBM),
which enables efficient hole transport and collection in the
device.

4.3.1 Thickness optimization of HTL

Results from the study indicate that adjusting the HTL
thickness of a PSC does not significantly alter the device's
efficiency as shown in Figure 10. CuSbS, from 10 nm to 100
nm. Expanding the HTL thickness raises the series resistance,
whereas decreasing its thickness decreases shunt resistance
and current leakage, resulting in a lower recombination chance
at interface between HTL, perovskite absorber layer [26] and
comparatively high mobility of holes in the HTL layer.
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Figure 10. Performance of solar cells with relation to HTL
thickness

4.3.2 The effect of HTL doping concentration
Additional acceptor states introduced by doping the HTL
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from N, = 1% 10%/cm?® to Ny = 1%10%2°/cm3. It may
improve hole transport and lower recombination losses. More
doping may not significantly improve the device's
performance, however, when a specific threshold has been
reached (in this example, N, = 1 * 101 /cm?). In general, the
research found that V,.and J,. of the device were unaffected
by the acceptor doping of the HTL as illustrated in Figure 11
(a). This is probably because the energy levels and bandgap of
the HTL material, the two fundamental parameters influencing
V. and J,., are not drastically changed by the acceptor doping.
However, the findings of the research indicate that acceptor
doping may have a major effect on the FF and overall device
efficiency as shown in Figure 11 (b). The enhanced charge
transport and decreased recombination losses in the HTL layer
are likely responsible for this phenomenon, which may boost
the device's charge collecting efficiency and lower its series
resistance. When acceptor doping levels are equivalent to
1% 10%/cm3, a high efficiency of 21.42% is achieved with
Voe» Jsc» and FF of 0.9032V, 31.89 mA/cm?, and 74.34,
correspondingly.
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doping

4.3 Impact of doping concentration profile of absorber
layer

Different doping profiles of perovskite absorber layer were
simulated. The doping was 102° 1/cm3 at the left side of the



layer and 106 1/cm?3 at the right-side layer. The output
parameters of Linear doping, Gauss doping and Erfc doping
are illustrated in Figure 12. It can be indicated from the Figure
that Gauss and Erfc doping almost has the same output.
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Figure 12. Solar cells performance in different doping types
of absorber layer

The recombination rate for different doping levels is plotted
in Figure 13 to understand the impact of different doping
profiles of the perovskite absorber layer on the performance
parameters.

According to the recombination rate's performance, Gauss
and Erfc doping are advantageous for reducing recombination
because they improve carrier separation and boost the PCE of
PSC by increasing photo absorption, which is caused by a rise
in the electric field.

Furthermore, Table 6 shows the designed lead-free PSC
performance in various values of absorber layer trap density.
The proposed structure has an efficiency up to 29.47%.
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Figure 13. Recombination rate vs distance for different
doping profiles

Table 6. Optimized PSC performance

Ne(em™)  Voe (V) Jse(mA/em?) FF% PCE %
1x10'® 0.9527 31.278133 79.96 23.83
1x101 1.0241 33.762809 85.22 29.47

5. COMPARATIVE STUDY

The primary elements impacting PSCs' efficiency are the
perovskite material, the ETM, and the HTM. Additionally, the
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PSC layers' thickness and doping concentration affect the cell
performance. A comparative survey of several perovskite solar
cells with the presented work from PCE point of view is
presented in Table 7.

Table 7. PCE comparison study

Reference Device Structure T&I)E
[27] FTO/Sn0,/ MAPbI;/CuSCN 26.74
[28] FTO/TiO,/CH;NH3Snl; /Cu,0 27.43
[29] FTO/PCBM/CH;NH;Snl5/Cul 25.05
[30] FTO/TiO,/CH3;NH;SnI;/ICZTS 20.28

FTO/Ti0,/CH;NH;Gels/Spiro-
[31] OMeTAD 23.56
FTOI/TiO,/CH3NH;Snl5/Spiro-
[32] OMeTAD 22.21
[33] FTO/PCBM/FAPbI,/SrCu,0, 26.48
[34] ITO/TiO,/CH;NH3Snl5/Cul 28.3
This work TCO/Sn0,/CH;NH;Snl; ICuSbS, 29.47

Table 7 shows that the proposed structure with the
optimized thickness for ETL, HTL and absorber layres
provides a higher efficiency.

6. CONCLUSIONS

Due to their high efficiency, low cost, and potential for
extensive commercialization, perovskite solar cells have
attracted a lot of attention recently. However, many of the
components used in conventional PSCs, such lead, are
hazardous to the environment and human health. Therefore, it
is crucial to create environmentally friendly, lead-free PSCs.
This study presents a simulated analysis of lead-free PSCs
using CH;NH;Snl; as the absorber layer. 1D-SCAPS was
utilized for the simulation. The use of SnO, as an ETL
and CuSbS, as an HTL have been shown to improve the
performance of CH;NH;Snl; -based PSCs. The proposed
lead-free PSC is a promising development for the field of eco-
friendly solar cells, as it offers a potential alternative to
traditional PSCs that contain toxic materials. Furthermore, the
optimization of the layers thickness and doping concentration
can further enhance the performance of the proposed PSCs.
The thickness and doping concentration of ETL, absorber
layer and HTL of the proposed solar cell were studied for wide
ranges to get the best performance. The results show that a 30
nm ETL thickness with a 102°cm™3Sn0, doping
concentration was the optimal values. For the absorber layer
the doping concentration and thickness were 10® cm™3 and
1000 nm, respectively. The HTL thickness was 40 nm with
CuSbS, doping concentration 10*° cm™2 . The proposed
structure with the optimal thicknesses and doping
concentrations were simulated. The efficiency of 21.42% has
been attained, with corresponding values of V., Js., and fill
factor of 0.9032V, 31.89 mA/cm?, and 74.34, respectively.

The impact of various absorber layer doping profiles was
simulated to get higher efficiency. The simulation results
evident that the Gauss doping enhances the performance of the
proposed PSC.

Furthermore, this study investigates the effect of absorber
layer defect density on the efficacy of lead-free perovskite
solar cells. The investigation specifically considered two
different values of N;. The PCE of the optimized PSC were
23.83% and 29.47% at N, = 10°¢cm™3 and N, = 10°cm™3,
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respectively.

For comparable device structures, previous studies have
reported efficiencies ranging from 15 to 28 percent. The
proposed PSC achieved a higher efficiency comparing with
the similar reported PSC by 3.9%.

Future research in the field of lead-free PSC has a lot of
promise since it is still in its early phases. Alternative materials
might be used as the absorber layer in PSCs, which could be a
focus of future study. Cs;Bi,ly and Cs,AgBiBry are two
interesting compounds now under investigation. Researchers
will need to investigate a range of ETLs and HTLs that might
be utilized in conjunction with these absorber materials to
further increase the PCE of cells based on these materials.
There are several materials that might be utilized as ETLs and
HTLs in lead-free PSCs, and determining the best combination
of materials will be a major focus of future research.

Overall, the results of this study have important
implications for the development of eco-friendly solar cells.
The use of lead-free materials and the optimization of device
structures can lead to the production of low-cost, high-
efficiency PSCs that are environmentally friendly and safe for
human health.
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