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This work involved designing a solar cell with layers of fluorine-doped tin oxide, titanium 
dioxide, methylammonium tin bromide, and cuprous iodide. The impact of absorbent layer 
thicknesses ranging from 0.2 μm to 2.5 μm on developed PSC properties was examined. 
The thickness of the absorption layer that performs the optimally is discovered to be 0.2 
μm. The synthetic solar cell provided an open circuit voltage of 1.07 V, a short circuit 
current of 34.356 mA/cm2, an efficiency of 30.68%, and a fill factor of 83.404 at an 
optimal thickness of 0.2 μm. The findings proved the developed PSC's cost-effectiveness, 
increased environmental sustainability, and robustness compared to traditional 
counterparts. 
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1. Introduction 
 
The Earth receives an immense amount of solar energy, with the sun providing in a single 

minute enough energy to satisfy the global energy demand for an entire year. Furthermore, each 
day's solar radiation exceeds the total energy consumption of the world's population. The solar 
energy reaching the Earth for three days is equivalent to the energy stored in all known fossil fuel 
sources. Solar energy, being freely available, represents a promising and sustainable resource. The 
inception of practical solar cell technology dates back over 30 years. The efficiency and longevity 
of solar cells have notably improved over time, particularly with advancements in transistor and 
semiconductor technology. Photovoltaic technology, which converts light energy into electrical 
current, stands out as one of the most prospective forms of renewable energy globally [1–3].  

Solar cells function by converting light, whether from sunlight or artificial sources, into 
electrical energy. Ongoing developments aim to produce cost-effective, user-friendly, highly 
efficient, and durable solar cells, commonly referred to as stable solar cells. Perovskite solar cells, 
a category of solar cells featuring a perovskite-structured compound, have garnered attention. This 
compound, often an organic-inorganic hybrid or predominantly lead-based halide material, serves 
as the active layer for energy collection. Noteworthy perovskite materials include lead methyl 
ammonium and lead cesium halides, known for their cost-effectiveness and simplicity in 
manufacturing. Advancements in perovskite solar cell technology have seen a significant increase 
in efficiency, rising from 3.8% in 2009 to 22.7% in late 2018 [4], attributed to internal structural 
modifications. Explorations into non-lead alternatives have led to the investigation of metal halides 
such as Sb, Ag, Sn, Cu, Ge, and Bi in the creation of perovskite solar cells. Specifically, 
perovskites containing metal halides, such as CH3NH3SnBr3, have emerged as promising 
candidates for non-lead perovskite solar cells due to their ideal band gap of 1.3 eV. These 
developments underscore the potential for sustainable and efficient solar energy technologies as 
we strive to transition towards cleaner and more renewable energy sources [5].  

Park et al. successfully developed this cell in 2011, employing the same principle, and 
achieved an energy conversion efficiency of 6.5% [6]. In 2017, Anwar et al. studied a solar cell 
with a multi-type perovskite absorption layer, and they found an efficiency of 20.21%, 20.23%, 
and 18.34% [7]. In 2018, Muniandy et al. designed a perovskite solar cell using different types of 
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absorption layers, including MASnBr3, and they obtained an efficient 9.58% [8]. Mohammed 
studied the thickness and reflectivity of the perovskite solar cell in 2019. The obtained efficiency 
of PSC was 20.98% [4]. Husainat et al. studied in 2019 a solar cell using a methylammonium lead 
iodide (CH3NH3PbI3) absorption layer, and initial results showed a power conversion efficiency of 
20.34% [9]. This study highlights that the prepared cell is toxic due to its lead content and lower 
efficiency when compared to the lead-free, higher-efficiency solar cell developed in our current 
work. In 2020, Husainat et al. investigated a progressive PSC, they identified the impact of the 
material used for absorption and contact on the absorption material's effectiveness. The MBMT-
MAPLE/PLD program was adopted as a method for creating a special simulation program, and 
efficiencies were obtained: 27.25%, 26.52%, 18.90%, 25.66%, and 22.77% [10]. Islam et al. 
modeled a system for perovskite solar cells and used CH3NH3SnBr3. As an absorber for 
perovskite, an efficiency of  21.66% was obtained in 2021[11]. In 2022, Munef et al. studied the 
effect of changing the thickness of the solar cell and were able to obtain an efficiency of 17.46% 
[12]. Kumavat in 2023 studied the perovskite solar cell and added light harvesting materials, the 
obtained efficiency was 23.46% [13]. The main objective of this work was to achieve high 
perovskite solar cell performance efficiency and reduce the absorbent layer thickness, reducing the 
manufacturing cost compared to the previously manufactured cell. Moreover, this work also 
focused on developing an environmentally friendly solar cell, unlike the earlier cells that relied on 
lead, improving the cell's lifespan and enhancing its efficiency in various environmental 
conditions. So, this study showcases the advantages of the improved solar cell in terms of cost 
savings, environmentally friendly, and enhanced durability compared to traditional solar cells. 

 
 
2. Key factors characterized solar cell performance 
 
Solar cell performance is characterized by key factors such as short-circuit current density 

(𝐽𝐽𝑠𝑠𝑠𝑠), open circuit voltage (𝑉𝑉𝑜𝑜𝑜𝑜), fill factor (𝐹𝐹𝐹𝐹), conversion efficiency (η), quantum efficiency 
(𝑄𝑄𝑄𝑄). Below is a concise explanation of these factors and the mathematical calculations employed 
to determine them. 

 
2.1. Short circuit current density (𝑱𝑱𝒔𝒔𝒔𝒔)  
Short circuit current density (𝐽𝐽𝑠𝑠𝑠𝑠) refers to the greatest electrical current generated by a 

solar cell when its terminals are directly linked, resulting in a short circuit. it is obtained from the 
total current density 𝐽𝐽(𝑉𝑉) solar system using the Equation (1) [14]. 

 
𝐽𝐽(V) =  𝐽𝐽𝑠𝑠𝑠𝑠  −  𝐽𝐽𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑                                                                            (1) 

 
where:  𝐽𝐽𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 is the density of the dark current and is given by Equation (2). 
 

 𝐽𝐽𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(V) = 𝐽𝐽0�𝑒𝑒𝑞𝑞𝑞𝑞/𝑘𝑘𝐵𝐵𝑇𝑇 − 1�                                                                   (2) 
 
Under solar illumination, the behavior of a solar cell is explained using the ideal diode 

equation (Equation 2) along with an extra current source (𝐽𝐽𝑠𝑠𝑠𝑠) attributed to the illumination. So, 
the total current density of the solar cell is given by Equation 3.  

 
𝐽𝐽(V) =  𝐽𝐽𝐽𝐽𝐽𝐽 − 𝐽𝐽0�𝑒𝑒𝑞𝑞𝑞𝑞/𝑘𝑘𝐵𝐵𝑇𝑇 − 1�                                                                (3) 

 
Similarly, the equation below provides the short circuit current: 
 

𝐽𝐽𝐽𝐽𝐽𝐽(V) =  𝐽𝐽(V) + 𝐽𝐽0�𝑒𝑒𝑞𝑞𝑞𝑞/𝑘𝑘𝐵𝐵𝑇𝑇 − 1�                                                              (4), 
 
since 𝑣𝑣 is the voltage across the junction, 𝑇𝑇 is the absolute temperature. 𝐽𝐽0 is the density of the 
saturation dark current. 
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2.2. Voltage open circuit (𝑽𝑽𝒐𝒐𝒐𝒐) 
Voltage open circuit is the voltage at which no current flows when the solar cell terminals 

are not connected, and calculated by using the equation (5) by adjusting the net current 𝐽𝐽(V) to 
zero [14]: 

𝑉𝑉𝑜𝑜𝑜𝑜 = 𝐾𝐾𝐵𝐵𝑇𝑇
𝑞𝑞

 𝑙𝑙𝑙𝑙 �
𝐽𝐽𝑝𝑝ℎ
𝐽𝐽0

+ 1�                                                                          (5) 

 
2.3. Fill factor (𝑭𝑭𝑭𝑭)  
The fill factor is defined by the ratio of the maximum power produced to the product of 

the open-circuit voltage and short-circuit current, as expressed by Equation (6):  
 

𝐹𝐹𝐹𝐹 =
𝐽𝐽𝑚𝑚𝑚𝑚 × 𝑉𝑉𝑚𝑚𝑚𝑚
𝑉𝑉𝑜𝑜𝑜𝑜𝐽𝐽𝑠𝑠𝑠𝑠

=  
𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚
𝑉𝑉𝑜𝑜𝑜𝑜𝐽𝐽𝑠𝑠𝑠𝑠

                                                                        (6) 

 
𝐽𝐽𝑚𝑚𝑚𝑚 and 𝑉𝑉𝑚𝑚𝑚𝑚 represent the solar cell's highest current density and voltage, respectively. 

 
2.4. Conversion efficiency (𝛈𝛈) 
The conversion efficiency of a solar cell is defined as the ratio of the maximum power 

solar cell to the incident power. Mathematically, it can be expressed using Equation (7). 
 

η =
𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚
𝑃𝑃𝑖𝑖𝑖𝑖

=  
𝐽𝐽𝑠𝑠𝑠𝑠𝑉𝑉𝑜𝑜𝑜𝑜 𝐹𝐹𝐹𝐹
𝑃𝑃𝑖𝑖𝑖𝑖

                                                                          (7) 

 
𝑃𝑃𝑖𝑖𝑛𝑛 is a standard for the conversion efficiency of a solar cell and represents the power 

incident on the solar cell, which depends on the area of the cell. In this study, 𝑃𝑃𝑖𝑖𝑖𝑖 was 1000 W/m2 
from the 1.5 AM spectrum, which is the sunlight located at an angle of 48.2° from the zenith point 
at 25 °C [15]. 

 
2.5. Quantum efficiency (𝑸𝑸𝑬𝑬) 
Quantum efficiency is the ratio of the number of generated electrons to the number of 

photons absorbed per unit wavelength incident on the surface of the device and is expressed by 
Equation (8). 

 

𝑄𝑄𝐸𝐸 =
𝐼𝐼𝑝𝑝ℎ 𝑞𝑞⁄
𝑃𝑃𝑖𝑖𝑖𝑖 ℎ𝑣𝑣⁄                                                                               (8), 

 
where 𝐼𝐼𝑝𝑝ℎ 𝑞𝑞⁄   is the number of carriers generated and 𝑃𝑃𝑖𝑖𝑖𝑖 ℎ𝑣𝑣⁄  is the number of incident photons. 
Also 𝑄𝑄𝐸𝐸 can also be expressed in terms of wavelength and responsivity (𝑅𝑅λ), in terms of Equation 
(9).  
 

𝑄𝑄𝐸𝐸 = 𝑅𝑅λ
ℎ𝑐𝑐   
𝑞𝑞λ

                                                                                (9) 

 
Since ℎ𝑐𝑐   

𝑞𝑞
 is a constant (1.24), the Equation (9) can be written as: 

 
𝑄𝑄𝐸𝐸 = 1.24

𝑅𝑅λ
λ

                                                                          (10) 

 
 
These parameters collectively provide a comprehensive understanding of the solar cell's 

performance under various conditions and facilitate evaluating and optimizing its efficiency. 
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3. Solar cell configuration 
 
Perovskite material structure is a crystalline material characterized by the formula ABX3. 

Specifically, A stands for a large organic or inorganic cation, B denotes a smaller inorganic cation 
(e.g., Cu2+, Sn2+, Pb2+), and X is an ion from the halogen group (e.g., Cl−, Br−or I−). This structure 
enables bonding with both cations A and B. Fig (1) illustrates the crystal structure of Perovskite 
[9]. The configuration of a solar cell based on Perovskite involves utilizing this unique material 
structure to harness photovoltaic capabilities. The A, B, and X elements in Perovskite contribute to 
its electronic properties, making it a promising candidate for solar cell applications. Understanding 
the crystal structure is crucial for optimizing the design and performance of Perovskite solar cells, 
enabling advancements in renewable energy technologies. In a broader context, the solar cell is 
comprised of several key components, including a thin TiO2 buffer layer placed purposefully 
between the absorbent layer (MASnBr3) layer and the FTO front contact layer to reduce surface 
recombination and a CuI back contact layer deposited on the MASnBr3 to address the non-ohmic 
back contact that the absorption layer faces. 

 

 
 

Fig. 1. The structure of the perovskite. 
 
 
To ensure that photons can pass through it, the FTO layer comprises doped N-type 

semiconductors with an energy gap larger than the absorption layer to enhance the radiation 
influence passing through it [16]. Finally, a 95% mirror filter from the default library of SCAPS-
1D was used as the final layer. Fig. 2 depicts the structure of the simulated solar cell, with the 
MASnBr3 absorbent layer being the critical component in this configuration. The solar cell layers' 
characteristics for TiO2/FTO/i-MASnBr3/CuI are listed in Table 1 and Table 2.  
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Fig. 2. The structure of the simulated solar cell. 
Table 1. TiO2/FTO/i-MASnBr3/CuI solar cell data used in the SCAPS-1D simulation program. 

 
Parameters Symbol (unit) TiO2 FTO MASnBr3 CuI 

Thickness d (μm) 0.5 0.5 variable 0.5 

Energy gap Eg (eV) 3.26 4.2 1.3 3.4 

Electron affinity X (eV) 4.2 4.5 4.17 2.1 

Dielectric permittivity Dk 10 10 10 10 

Density of state in CB Nc(cm-3)×1018 2.2 120 2.2 2.5 

Density of state in VB Nv (cm-3)×1020 0.18 7 0.18 0.18 

Thermal Speed of Electron Vth (cm/s)×107 1 1 1 1 

Thermal Speed of Holes Vth (cm/s))×107 1 1 1 1 

Electron mobility µn (cm2/Vs)×102 1 0.2 0.016 200 

Hole mobility µp (cm2/Vs)×102 0.25 1 0.016 200 

Donor concentration Nd (cm-3)×1015 100 10 1 - 

Acceptor concentration Na (cm-3)×1015 - - 1 105 

 
 

Table 2. Defect parameters of the solar cell layers. 
 

Parameters TiO2 FTO MASnBr3 CuI 

Defect type Single donor 
(0/+) 

Single donor 
(0/+) 

Neutral Neutral 

Cross Section-capture electron 
(cm2) 

10-17 10-15 10-15 10-15 

Cross Section-capture holes (cm2) 10-15 10-12 10-15 10-15 
Distribution of Energy individual individual individual individual 
Defect energy level reference Et Over eV Over eV Over eV Over eV 

Reference energy level (eV) 0.600 0.600 0.600 0.600 

 
 
The thicknesses of the front contact layer (window), buffer layer, and back contact layer 

were all adjusted to 0.5 µm. The thickness of the absorption layer (MASnBr3) has been varied 
between 0.2 µm and 2.5 µm to investigate the impact of the absorption layer on the efficiency of 
the TiO2/FTO/MASnBr3/CuI solar cell. 

 
 

4. Results and discussion 
 
The Jsc-V characteristic curve of the TiO2/FTO/MASnBr3/CuI solar cell is examined 

within a voltage range of 0V to 1V, as depicted in Figure 3. The depicted figure demonstrates a 
positive correlation between the JSC-V curve and the thickness of the absorption layer. Figure 3 
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revealed a significant increase in current at 0.8 V, indicating the efficient generation of electron-
hole pairs [17,18]. 
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Fig. 3. I-V characteristic curve of the TiO2/FTO/MASnBr3 /CuI solar cell. 
 
 
Fig. 4a shows the effect of MASnBr3 thickness on the short circuit current density (Jsc). 

When the thickness of the absorbent layer is increased from 0.2 to 1.2 μm, the Jsc increases from 
34.35 to 34.99 mA/cm2, and after that, it decreases to 34.91 mA/cm2 when the thickness reaches 
2.5 μm.  The material's enhanced photon absorption increases the production of electron-hole 
pairs, increasing the short-circuit current. In contrast, the decline in the short circuit current is 
attributed to surface recombination [19], resulting in electron depletions and reducing the short 
circuit current density [7,20]. 
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Fig. 4. MASnBr3 thickness varying impact on (a) short circuit current density and  
(b) open circuit voltage. 

 
 
Furthermore, as illustrated in Fig. 4b, the open circuit voltage exhibited a distinct behavior 

compared to the short circuit current density. Specifically, it reduced from 1.070 volts to 0.939 
volts when the thickness was varied from 0.2 μm to 2.5 μm. This behavior is ascribed to parallel 
resistance. 

The analysis of the fill factor (FF) demonstrated a decline as the thickness of the 
absorption layer increased, dropping from 83.40 at a thickness of 0.2 µm to 71.81 at 2.5 µm, as 
depicted in Fig. 5a. The filling factor decreases with increasing absorbent layer thickness, which 
can be explained as follows: The filling factor is negatively impacted by the increased contact 
between the surfaces, which forms traps, supporting the capture of electrons and resulting in a drop 
in current. Moreover, series resistance also affects the filling factor; as the absorption layer 
thickness increases, series resistance likewise rises and lowers the filling factor [21]. An additional 
aspect investigated in this study is the determination of the solar cell's conversion efficiency (η) 
with the thickness varying of the absorbing layer, as illustrated in Fig.5b. It was discovered that the 
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efficiency of the solar cell decreased as the thickness of the absorbent layer increased. This is due 
to an increase in the recombination rate with increasing thickness, which leads to a decrease in the 
efficiency of the solar cell [22–24]. Table 3 displays the results obtained from investigating the 
effect of the MASnBr3 thickness absorbent layer on the characteristics of the analyzed 
TiO2/FTO/MASnBr3/CuI solar cell. 
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Fig. 5. Absorbent thickness variation effect on (a) fill factor and (b) conversion efficiency. 
 
 

Table 3. Results of the effect of absorbent layer thickness. 
 

Thickness ( μm)  Voc (V)  Jsc mA/cm2 FF η 

0.2 1.070716 34.3562 83.4041 30.6808 
0.3 1.049349 34.65699 82.9804 30.1777 
0.4 1.03 34.80209 82.6603 29.7527 
0.5 1.022609 34.88147 82.2643 29.3437 

0.6 1.012952 34.92814 81.9421 28.9915 

0.7 1.004919 34.95674 81.5369 28.6428 
0.8 0.997965 34.97464 81.1839 28.336 
0.9 0.991711 34.9858 80.7689 28.0234 
1 0.986243 34.99249 80.3821 27.7407 

1.1 0.98137 34.99698 79.9756 27.4676 
1.2 0.976782 34.99848 79.5139 27.1825 

1.3 0.97257 34.99825 79.0725 26.9149 
1.4 0.968739 34.99667 78.6093 26.6506 
1.5 0.965222 34.99395 78.1215 26.387 
1.6 0.961968 34.9913 77.6031 26.1216 
1.7 0.958866 34.98676 77.0246 25.8399 
1.8 0.958866 34.98676 77.0246 25.8399 
1.9 0.953078 34.97513 75.885 25.2955 
2 0.950465 34.96801 75.2758 25.0186 

2.1 0.948008 34.96002 74.6362 24.7362 
2.2 0.945689 34.95104 73.9381 24.4386 
2.3 0.94349 34.94101 73.249 24.1476 

2.4 0.941397 34.9298 72.5385 23.8527 
2.5 0.939363 34.91728 71.8101 23.5537 
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Fig. 8. QE (%) with wavelength at different thickness variation. 
 
 
The quantum efficiency (η%) of the simulated solar cell as a function of the wavelength is 

displayed in Fig. 8. The η% of the simulated solar cell rises as the thickness of the absorber layer 
grows, up to a wavelength of 500 nm. This is due to the increased absorption of photons by the 
absorber layer, leading to the generation of more electron-hole pairs. The decrease in quantum 
efficiency beyond 500 nm wavelengths resulted from a decrease in the absorption coefficient. This 
led to a decline in the rate of carrier generation and a loss in the rate of recombination at the back 
surface of the cell. Consequently, the carrier propagation length was reduced, ultimately resulting 
in a decrease in the number of electrons produced for each absorbed photon, as described by 
Equation (10) [23,25]. 

 
 
5. Conclusion 
 
The present study addresses the design of a perovskite solar cell by utilizing computer 

modeling tools. The findings indicated that increasing the thickness of the absorbent layer, as 
suggested in this study, significantly influenced the open circuit voltage and fill factor, thus 
impacting the efficiency of the solar cell. The absorbent layer's optimal thickness was 0.2 µm, 
resulting in a maximum quantum efficiency of 30.68%. The efficiency of the simulated cell 
reduced to 23.55% as the thickness of the absorbent layer increased to 2.5 µm. Therefore, it can be 
inferred that the suggested solar cell has practical applicability and shows promising results, which 
will aid in lowering the design costs. 
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