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Perovskite solar cells (PSCs) have gained a lot of attention due to their high efficiency and low cost. In this research paper, a 
methylammonium tin iodide (CH3NH3SnI3) based solar cell was simulated using a one-dimensional solar cell capacitance simulation 
(SCAPS-1D) tool. The SCAPS-1D tool is based on Poisson and the semiconductor equations. After thorough investigation, the initial 
device presents the following parameters; power conversion efficiency (PCE)=15.315%, fill factor (FF)=64.580%, current density 
(Jsc)=29.152 mA/cm2, and open circuit voltage (Voc)=0.813 V. The effect of absorber and ETL thicknesses were explored systematically. 
The performance of the simulated device was significantly influenced by the thickness of the absorber and ETL. The optimized absorber 
thickness was 0.5 µm and the ETL thickness was 0.02 µm, giving rise to an optimized PCE of 15.411%, FF of 63.525%, Jsc 
of 29.812 mA/cm2, and Voc of 0.814 V. Additionally, the effect of temperature on the optimized device was evaluated and found that it 
affects the performance of the device. This model shows the prospect of CH3NH3SnI3 as a perovskite material to produce toxic-free 
environment-friendly solar cells with high efficiency. 
Keywords: Perovskite solar cell; SCAPS-1D; CH3NH3SnI3; Photovoltaic 
PACS: 41.20.Cv; 61.43.Bn; 68.55.ag; 68.55.jd; 73.25.+i; 72.80.Tm 

INTRODUCTION 
To maintain the current state of growth in the photovoltaic domain, perovskite solar cells have received significant 

attention due to the fast pace of efficiency growth from 3.8 to >25% in just over a decade of research [1], [2], [3], [4]. 
The enhancement in efficiency is attributed to the excellent optoelectronic characteristics of the absorbing halide 
perovskite materials, amongst which include; long-range charge diffusion lengths, high absorption coefficient, low 
exciton binding energies, tunable band gaps, and high charge carrier mobilities [5], [6], [7], [8], [9]. As light absorbers in 
PSCs, hybrid organic−inorganic halide absorbing materials which include the methylammonium lead triiodide (MAPbI3) 
and formamidinium lead triiodide (FAPbI3) has been at the forefront of research in the photovoltaic horizon. One of the 
challenges that limited its commercialization and effective utilization is the presence of lead (Pb), which is toxic in 
nature [6], [10], [11]. Under these situations, the European Union and other nations have placed great restrictions on the 
use of Pb-containing materials in electronic devices, which has triggered interest in Pb-free PSCs [12], [13].  

In overcoming the challenge of high toxicity, researchers have devoted enormous efforts to replacing lead with eco-
friendly materials such as tin (Sn), Bismuth (Bi), and Germanium (Ge) [14]. Amongst the listed eco-friendly perovskite 
crystals, Sn-based perovskite is receiving the greatest attention. 

Due to the low toxicity and exceptional theoretical PCE, tin halide-based perovskites have gained a lot of attention in 
the development of PSCs [15]. Sn is considered one of the most practical substitutes for Pb in the perovskite configurations 
as a replacement of the toxic Pb2+ ions with Sn2+ creating no distortion in the perovskite structure owing to the similarity 
between the outer shell of Pb and Sn [15], [16]. In this category are the methylammonium tin triiodide (MASnI3), cesium tin 
triiodide (CsSnI3), and formamidine tin iodide (FASnI3). However, the MASnI3 perovskite is achieving good efficiency and 
is the closest candidate among the other Pb-free based absorbers due to (i) its direct bandgap of 1.30 eV which has an ideal 
bandgap close to those postulated by the Shockley-Queisser limit [17] and (ii) highest light absorption properties and high 
optical behavior to be used in optoelectronic devices [18], hence it was utilized in our present study. 
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The conventional PSC configuration is made up of two charge transport layers, an electron transport layer (ETL), a 
hole transport layer (HTL), and a perovskite absorption layer. The ETL plays a crucial role by conveying photogenerated 
electrons and blocking holes. Some examples of commonly used ETL are TiO2, SnO2, Nb2O5, Al2O3, PCBM, C60, WOx, 
ZnO, I2O3, BaTiO3, and PbTiO3 [19], [20]. The HTL plays a crucial role by conveying photogenerated holes and blocking 
electrons. Polymeric HTLs and inorganic or organic small molecules can be categorized into several groups depending 
on their chemical composition, according to established categorization methods [21]. Among these types of HTLs, 
CuSbS2, NiO, P3HT, Cu2O, CuSCN, PEDOT: PSS, CuI, CuO, NiO, and SpiroMeOTAD are commonly used in several 
studies [19], [20], [21]. Due to the wide band gap, better energy level, and environmental stability, TiO2 is one of the 
highly utilized ETLs [22]. Also, the suitable band gap, good stability, and desirable band bending make TiO2 one of the 
best ETLs to be used with the MASnI3 perovskite absorber material, hence it was utilized in our study. 

In this study, an eco-friendly PSC based on MASnI3 was modeled and simulated using SCAPS-1D software with 
TiO2 as an efficient electron transport layer. We thoroughly explored the effect of different layer parameters including 
ETL thickness and absorber thickness to obtain an optimized PSC device. We subsequently investigated the thermal effect 
on the optimized device. These parameters help to identify the best solar cell characteristics and significantly increase 
power conversion efficiency. These findings now open up a fruitful research opportunity for developing and 
manufacturing low-cost, highly efficient, lead-free perovskite solar cells. 

 
2. METHODOLOGY AND SIMULATION 

In this study, the Solar Cell Capacitance Simulator (SCAPS-1D) software was utilized to carry out the investigation 
[23]. Several simulation software have been used in the study of PSC. Amongst these include; SILVACO ATLAS, AMPS, 
COMSOL, and SCAPS [16], [24], [25], [26]. The SCAPS-1D is advantaged over other tools listed above, which include 
its ability to simulate up to seven different layers without routine measurements. It can allow the calculations of many 
parameters such as spectral response, energy bands, ac characteristics, J−V curve, Q-E curve, and defect density, by 
simply resolving the basic equations of semiconductor [22]. 

Equation 1 [22] illustrates the relationship between charges to electrostatic potential. 
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where 𝜓 is the electrostatic potential, 𝑛ሺ𝑥ሻ and 𝑝ሺ𝑥ሻ are densities of electrons and holes, Ɛ௥ is the relative permittivity, 
Ɛ଴ is the permittivity of free space, the donor and accepted impurities are denoted as 𝑁஽ and 𝑁஺, 𝜌୔ and 𝜌௡, are the 
distributions of holes and electrons, 𝑞 is the charge. 

Equations (2) and (3) show how the density gradients, current densities, and net generation of electrons and holes 
are conserved [27]. 
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where G is the generation, R is the recombination, 𝐽௡ is the electron density, 𝐽௣ is the density of holes. 
The total currents, 𝐽௡ and 𝐽௣ resulted by the drift and diffusion of charge carriers which can be used to obtain the 

current densities of the solar cells. 
In the present study, the HTL is considered as the p-type layer, the ETL as the n-type of the MASnI3-based perovskite, 

the transparent oxide here is represented as fluorine-doped tin oxide (FTO), and gold (Au) as the back metal contact 
(BMC) for the device. 

To have a successful simulation in this work, the layer’s parameters were chosen carefully from experimental results 
and other theoretical research in the literature. The details for each layer are summarized in Table 1 [15], [16], [22]. 
Table 1. Parameters used for simulation of perovskite solar cell structures using SCAPS-1D 

Parameters FTO ETL Absorber HTL 
Thickness (μm) 
Eg (eV) 
χ (eV) 
ϵr  
NC (cm−3) 
NV (cm−3) 
μn (cm2 V−1 s−1) 
μp (cm2 V−1 s−1) 
ND (cm−3) 
NA (cm−3) 
Nt (cm−3) 

0.4 
3.5 
4.0 
9 
2.2×1018 
1.8×1019 
20 
10 
1×1018 
0 
1×1015 

0.05 
3.2 
4.2 
10.0 
2.2×1018 
2.2×1018 
20 
10 
1×1017 
0 
1×1015 

0.40 
1.30 
4.20 
8.2 
1.0×1018 
1.0×1018 
1.6 
1.6 
0 
3.2×1015 
4.5×1016 

0.15 
2.17 
3.2 
7.11 
2.2×1018 

2.2×1018 
80 
80 
0 
1.0×1018 

1.0×1015 



449
SCAPS-1D Analysis of Non-Toxic Lead-Free MASnI3 Perovskite-Based Solar Cell... EEJP. 3 (2024)

Additionally, Table 2 provides the interface defect properties of the input parameters. The work function (WF) of 
front and back contacts are 4.40 eV and 5.10 eV. The scanning voltage is taken from 0-1.6 V, and the temperature during 
the simulation was set at 300 K. The simulation evaluation is completed under 100 mW/cm2 light intensity. The thermal 
velocities of the hole and electron is 107 cms−1. During the optimization process, the parameters of FTO, MASnI3, and 
HTL are kept constant and the thickness of ETL is varied from 0.01 to 0.1 µm to get the optimum performance parameters. 
Also, for MASnI3, the parameters of FTO, ETL, and HTL were kept constant while varying MASnI3 thickness from 0.1 to 
1.0 µm to get the optimum performance parameter. For the optimized temperature, the parameters of the optimized device 
were kept constant while the temperature was varied from 290 to 360 K to get the optimum metric parameters. 
The simulated device and energy profile are shown in Figure 1. 
Table 2. Parameters of interface layer 

Parameters TiO2/CH3NH3SnI3 
interface 

CH3NH3SnI3/Cu2O 
interface 

Defect type 
Capture cross section for electrons (cm2) 
Capture cross section for holes (cm2) 
Energetic distribution 
Energy level with respect to Ev (eV) 
Characteristic energy (eV) 
Total density (cm−3) 

Neutral  
1×10-15 
1×10-15 
Single  
0.600  
0.1 
1×1010 

Neutral 
1×10-15 
1×10-15 
Single 
0.600 
0.1 
1×10-10 

 

  
  

Figure 1. (a) Device Structure and (b) Energy Band Profile 
 

3. RESULTS AND DISCUSSION 
3.1. Analysis of initial device 

With the parameters available in Tables 1 and 2, the results of current-voltage, quantum efficiency, and power density 
were obtained as shown in Figure 2a-c. 
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Figure 2. (a) J–V curve of PSC in the light and dark conditions, (b) QE with respect to wavelength, and (c) P-V curve 

Table 3 shows the photovoltaic characteristics of the MASnI3 cell, which include; open circuit voltage (Voc), short 
circuit current (Jsc), fill factor (FF), and power conversion efficiency (PCE). To verify our theoretical assertion, the 
results were compared with other findings [15], [28], [29]. Our results show a PCE of 15.315%, FF of 64.580%, Voc 
of 0.813 V, and a Jsc of 29.152 mA/cm2. The agreement with other studies shows that the device simulation is valid 
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and the input parameters are close to established real devices. In the dark condition, the device acts as a diode as 
depicted in Figure 2a. The depletion layer spreads, the internal electric field expands, and the electrons' electric 
potential energy rises when a bias voltage is given to the Schottky barrier [22]. Figure 2b shows the QE vs. wavelength. 
As can be seen, the QE rises with an increase in wavelength from 45% at 300 nm to 95% at 350 nm. The QE covers 
the entire visible spectrum and reaches a broad absorption maximum before it starts declining to 900 nm. This agrees 
with similar studies [15], [16], [30]. The sweeping at the visible and near-infrared region is significantly beneficial to 
the absorption of light at various wavelengths. The power density is shown in Figure 2c with a maximum power density 
of 15.315 mW/cm2. 
Table 3. Electrical parameters with varied absorber thickness 

Thickness (µm) PCE (%) FF (%) Jsc (mA/cm2) Voc (V) 

0.1 10.774 74.706 17.353 0.831 
0.2 14.064 70.615 24.348 0.818 
0.3 15.090 67.032 27.656 0.814 
0.4 15.315 64.580 29.152 0.813 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

15.321 
15.306 
15.296 
15.288 
15.280 
15.272 

63.284 
62.849 
62.760 
62.730 
62.702 
62.673 

29.763 
29.942 
29.965 
29.963 
29.961 
29.960 

0.813 
0.813 
0.813 
0.813 
0.813 
0.813 

 
3.2. Optimization of absorber layer thickness 

The absorbing material in perovskite solar cells is significantly responsible for all photovoltaic processes, which 
include the generation, recombination, and transportation of charge carriers, hence often called the heart of the solar 
cell. Numerous studies have shown that the quality of the perovskite layer greatly influences the lifetime and diffusion 
length of photo-generated carriers, which in turn affect the overall performance of the solar cell [31], [32]. To improve 
the solar cell performance, the optimization of the absorber layer is highly indispensable. If the absorber layer thickness 
is greater than the diffusion length, then the generated charge carriers will recombine at the layer, and the series 
resistance of the solar cell will increase as a result, the charge carriers cannot reach the electrode [32]. When the 
thickness is too thin, a low absorption rate is observed which results in reduced photocurrent value. Therefore, getting 
the optimized thickness of the absorber layer is crucial for high-performing PSCs [33]. In this study, absorber thickness 
was varied from 0.1 to 1.0 µm, at an interval of 0.1 µm to obtain the optimized value. The results are presented in 
Figures 3 and 4. Fig. 3a shows the J-V curve at different thicknesses and Fig. 3b presents the QE at different thicknesses. 
From the result, the PCE increases with increasing absorber layer thickness until the thickness achieves a value of 
0.5 µm. The initial increase in PCE is attributed to increase in electron-hole pair generation rate inside the 
absorber layer [32]. 
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Figure 3. (a) J–V curve of PSC with different absorber thickness and (b) QE with respect to wavelength of different absorber thickness 

When the thickness goes beyond 0.5 µm, the PCE values decline which makes the choice of the optimal thickness 
to be 0.5 µm which corresponds to the photovoltaic properties of PCE=15.321%, FF=63.284%, Jsc=29.763 mA/cm2, and 
Voc=0.813 V. The decrease in PCE when the thickness exceeds 0.5 µm is attributed to increase in recombination rate of 
charge carrier [15]. It can be seen that the Voc decreases when the thickness of the absorbing layers increases from 0.1 to 
0.3 µm, thereafter, it maintains a constant value which is the point of saturation. The FF decreases with an increase in the 
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absorber thickness (see Table 3). The decrease in FF is attributed to the increase in series resistance [32]. The relationship 
between absorber layer thickness with the photovoltaic parameters (PCE, FF, Jsc, and Voc) is depicted in Figure 4a-d. 
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Figure 4. (a) variation of PCE with absorber thickness, (b) variation of FF with absorber thickness, (c) variation of 

Jsc with absorber thickness, and (d) variation of Voc with absorber thickness 
 

3.3. Optimization of ETL layer thickness 
The performance of PSC is highly impacted by the thickness of the ETL. Crucially, the choice of proper ETL plays 

a great role in the design and implementation of high-performing PSC as the band alignment between the absorber and 
ETL layer is an important factor for improved PSCs [15], [34]. Fig. 5a shows the J-V curve with varied ETL thickness 
while Fig. 5b shows the QE characteristics with varied ETL thickness. 
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Figure 5. (continued on the next page). (a) J–V curve of PSC with different ETL thickness, (b) QE with respect to wavelength with 

different ETL thickness, (c) variation of PCE and FF with ETL thickness, and (d) variation of Jsc and Voc with absorber thickness 

The variation of performance parameters which include the PCE, FF, Jsc, and Voc with thicknesses of the ETL is 
shown in Figures 5c & d. As shown in Table 5, the PCE decreases gently from 15.399 to 15.302% as the thickness rose 
from 0.02 to 0.20 µm. The increase in ETL thickness decreases the Jsc of the PSCs by correspondingly increasing photon 
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absorption and resistance of the cell (see Figure 5b). The increase in QE with increasing photon energies can be seen to 
arise from the absorption coefficient within the regions and the consequence of increased density of localized states in the 
gap itself due to the rise in new defect states [35]. The increase in ETL thickness results in partial absorption of light, 
which slows down the pace of charge formation and collection and prevents enough light from reaching the absorber as 
a result leading to a decrease in transmittance and reduced performance [5]. The optimized ETL thickness was found to 
be 0.02 µm which gave PCE, FF, Jsc, and Voc values of 15.399%, 64.830%, 29.186 mA/cm2, and 0.814 V. 
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Figure 5. (continuation). (a) J–V curve of PSC with different ETL thickness, (b) QE with respect to wavelength with different 

ETL thickness, (c) variation of PCE and FF with ETL thickness, and (d) variation of Jsc and Voc with absorber thickness 

Table 5. Electrical parameters with varied ETL thickness 

Thickness (µm) PCE (%) FF (%) Jsc (mA/cm2) Voc (V) 
0.02 15.399 64.830 29.186 0.814 
0.04 15.328 64.618 29.158 0.814 
0.06 15.309 64.562 29.149 0.813 
0.08 15.304 64.550 29.147 0.813 
0.10 
0.12 
0.14 
0.16 
0.18 
0.20 

15.303 
15.303 
15.303 
15.302 
15.302 
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3.4. Optimized simulated PSC 

Following the PSC simulation, the thickness of the absorber and the thickness of the ETL were optimized. The 
results show that the optimized absorber thickness is 0.5 µm and the ETL thickness is 0.02 µm. The J-V and QE curves 
for the optimized and unoptimized devices are shown in Figure 6a & b. 
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Figure 6. (a) J–V of the optimized (black) and unoptimized (red) and (b) QE curves of the optimized (black) and unoptimized (red) 

The final optimized PSC gave a turnover PCE of 15.411%, FF of 63.525%, Jsc of 29.812 mA/cm2, and Voc of 0.814 
V. By enhancing the film quality of the absorber and ETL, a satisfactory electron density can be attained. The quantum 
efficiency also shows stronger absorption in the visible region and near IR region for the optimized device. 
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3.5. Effect of Temperature on the optimized PSC device 
Temperature is one of the crucial factors that influence the performance of solar cells. It is very important to carefully 

look at the optimal solar cell’s performance in relation to operating temperature. Figure 7a shows the J-V curve with 
temperature variation (from 280-360 K), while Figure 7b & c illustrate the PCE & FF and Jsc & Voc with temperature 
dependence. When the temperature was raised from 280 to 360 K, the PCE, Jsc, and Voc declined steadily. Practically, a 
rise in temperature leads to the recombination of carriers, but it also causes a significant increase in FF partly due to higher 
phonon motions and collisions (see Table 6). 
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Figure 7. (a) J-V with varied temperature under illumination, (b) PCE and FF with respect to varied temperature, and (c) Jsc and 

Voc with respect to varied temperature 
Table 6. Electrical parameters based on varied Temperature 

Temperature (K) PCE (%) FF (%) Jsc (mA/cm2) Voc (V) 
280 15.830 62.301 29.824 0.852 
290 15.633 62.923 29.820 0.833 
300 15.411 63.525 29.812 0.814 
310 14.140 63.990 29.799 0.794 
320 14.814 64.267 29.782 0.774 
330 14.464 64.484 29.757 0.754 
340 14.061 64.491 29.726 0.733 
350 13.619 64.329 29.690 0.713 
360 13.147 64.034 29.648 0.693 

The FF experienced a decrease after 350 K. The drop in FF may be attributed to lower stability, higher recombination 
rate, and longer lifetimes associated with carriers in the absorber [22]. The Voc decrease is attributed to lattice expansion 
and interatomic bond attenuation brought on by higher temperatures [36]. Also, the rise in saturation current is the reason 
for the decrease in PCE, which also results in an increase in recombination rate [37]. At greater temperatures, defects or 
trap states, for example, may become active non-radiative recombination centers [22]. These centers provide carriers with 
an additional path for recombination without emitting photons, which increases the overall recombination rate and may 
lessen the contribution from radiative recombination. 
 

4. CONCLUSIONS 
In this research, the one-dimensional solar cell capacitance simulator (SCAPS-1D) software was utilized to perform 

a numerical simulation on a lead-free MASnI3-based perovskite solar cell. The device structure is composed of TiO2 as 
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ETL, MASnI3 as absorbing material, and Cu2O as HTL in a configuration FTO/TiO2/MASnI3/Cu2O/Au. The simulation 
of the initial device gave a turnover output of 15.315%, 64.580%, 29.152 mA/cm2, and 0.813 V for PCE, FF, Jsc, and Voc. 
The effect of absorber and ETL thicknesses were explored to obtain optimized values of 0.5 and 0.02 µm, resulting in 
PCE of 15.411%, FF of 63.525%, Jsc of 29.812 mA/cm2, and Voc of 0.814 V. The effect of temperature was studied by 
varying the temperature from 280-360 K. The device’s efficiency decreases with increasing temperature which can be 
attributed to the rise in saturation current leading to an increase in recombination rate. The results obtained are somewhat 
encouraging and have paved the path for developing cost-effective, eco-friendly, and comparable state-of-the-art, high-
efficiency perovskite solar cells. 
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Федеральний технологічний університет, Оверрі, штат Імо, Нігерія 
Перовскітні сонячні батареї (PSC) привернули велику увагу завдяки своїй високій ефективності та низькій вартості. У цій 
дослідницькій роботі сонячний елемент на основі йодиду метиламонію олова (CH3NH3SnI3) моделювався за допомогою 
інструменту моделювання одновимірної ємності сонячного елемента (SCAPS-1D). Інструмент SCAPS-1D заснований на 
рівняннях Пуассона та напівпровідників. Після ретельного дослідження початковий пристрій має наступні параметри; 
Ефективність перетворення потужності (PCE) = 15,315%, коефіцієнт заповнення (FF) = 64,580%, щільність струму 
(Jsc) = 29,152 мА/см2 і напруга холостого ходу (Voc) = 0,813 В. Досліджено вплив товщини абсорбера та ETL систематично. 
На продуктивність змодельованого пристрою суттєво вплинула товщина абсорбера та ETL. Оптимізована товщина поглинача 
становила 0,5 мкм, а товщина ETL становила 0,02 мкм, що призвело до оптимізованого PCE 15,411%, FF 63,525%, 
Jsc 29,812 мА/см2 і Voc 0,814 В. Крім того, вплив температури на оптимізований пристрій було оцінено та виявлено, що це 
впливає на продуктивність пристрою. Ця модель показує перспективу CH3NH3SnI3 як перовскітного матеріалу для 
виробництва нетоксичних екологічно чистих сонячних елементів з високою ефективністю. 
Ключові слова: перовскітний сонячний елемент; SCAPS-1D; CH3NH3SnI3; фотоелектричний 




