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A B S T R A C T  
 

The work assesses the effect of variable thickness on the output of planar MAPbI3 
perovskite solar cells (PSCs), studied using SCAPS-1D simulation. A planar 
heterojunction structure constituting Au/SnS/MAPbI₃/TiO₂/ZnO:Al has been 
proposed, and the thicknesses of the hole transport layer (HTL), absorber layer, 
and electron transport layer (ETL) were changed systematically to optimize the 
efficiency of the device. The thicknesses of HTL (SnS), perovskite absorber, and 
ETL (TiO2) were adjusted between 0.1 and 1 µm. The simulations were carried 
out at standard AM1.5G sunlight, and several photovoltaic parameters, such as 
open-circuit voltage (Voc), short-circuit current density (Jsc), Fill Factor (FF), and 
Power Conversion Efficiency (PCE), were studied. The optimization of the 
thickness of HTL (=0.3 µm), perovskite layer (=0.4 µm) and ETL (=0.2 µm) 
resulted in Voc of 1.036 V, Jsc of 32.01 mA/cm2, FF of 70.89% and overall efficiency 
of 23.50%. These findings illustrate that the layer engineering has a considerable 
impact on charge transportation, recombination behaviour, and overall device 
performance. The study highlights the potential of simulation-driven structural 
optimization to enhance the efficiency of planar MAPbI3 PSCs. 

 

1. INTRODUCTION 

1.1. Context and Significance of PSCs 

Energy demand is continuously increasing 
due to population expansion and rapid 
industrialization. This requirement has created 
pressure on conventional energy sources, leading to 
environmental pollution and the depletion of fossil 
fuels (Raimi et al., 2022). Consequently, renewable 
energy resources have evolved as a viable alternative 
to these traditional energy sources. Within the array of 
renewable energy sources, solar energy has gained 
significant importance because of its abundance, clean 

nature, and sustainability (International Energy 
Agency, 2025). Conventional silicon solar cells are 
costly and involve complex manufacturing processes, 
which limit their widespread use. To overcome these 
limitations, new solar cell technologies have been 
developed with improved efficiency and reduced cost. 

In recent years, PSCs have garnered 
widespread interest in the field of photovoltaics due 
to their outstanding optoelectronic characteristics, 
low-cost fabrication techniques, and rapid increase 
(Chen et al., 2018; Oku, 2020). PSCs have shown a 
remarkable elevation in PCE from 3.8 % in 2009 to 
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more than 27 % in a short period, which establishes 
their potential as next-generation solar cells (Im et al., 
2011; Zhao et al., 2014; National Renewable Energy 
Laboratory [NREL], n.d.). Higher absorption 
coefficient, adjustable bandgap, larger carrier 
diffusion length, and low exciton binding energy 
establish PSCs as strong contenders for highly 
efficient and economically viable photovoltaic devices 
(Qaid et al., 2016; Khan & Panjwa, 2021). 

1.2. Context and Significance of Perovskite Solar 
Cells 

PSCs are generally classified into two types 

based on their device structure: mesoscopic and 

planar. In mesoscopic structures, a mesoporous layer 

(usually TiO₂) is used for electron transport, whereas 

planar structures do not have any mesoporous layer 

(Chen et al., 2018). The planar structure has 

advantages such as simple fabrication, reduced 

hysteresis, and suitability for flexible devices. In the 

present study, a planar heterojunction perovskite 

solar cell structure consisting of 

Au/SnS/MAPbI₃/TiO₂/ZnO:Al has been considered. 

 
The device consists of five layers: a back 

contact (Au), a HTL of SnS, a MAPbI₃ layer, an ETL of 

TiO₂, and a front transparent conductive oxide 
(ZnO:Al). Each layer is an integral part of the 
operation of the solar cell. The perovskite layer 
absorbs photons and generates electron–hole pairs. 
The generated electrons are transported through the 
ETL towards the front electrode, while holes are 
transported through the HTL towards the back 
electrode. Efficient charge transport and collection 
depend on the energy level alignment and thickness 
of each layer (Oku, 2020; Zhao et al., 2014). 

 

Figure 1. Device Architecture of the proposed PSC 

Table 1. Physical Parameters used in Simulation (Mohanty et al., 2022) 

Parameters SnS CH3NH3PbI3 TiO2 ZnO: Al 

Thickness (µm) 0.3 0.4 0.2 0.1 
Band gap, Eg (eV) 1.20 1.5 3.26 3.3 

Electron Affinity (eV) 4.20 4.2 4.20 4.6 
Relative Permittivity, εr 12.50 6.5 10.00 9.0 

CB density of states (1/cm3) 4.13×1019 2.5×1020 2.2×1018 2.2×1018 
VB density of states (1/cm3) 1×1019 2.5×1020 1.8×1019 1.8×1019 
Electron Thermal Velocity 

(cm/s) 
1×107 1×107 1×107 1×107 

Hole Thermal Velocity (cm/s) 1×107 1×107 1×107 1×107 
Electron Mobility, µe (cm2/Vs) 1×102 5×101 1×102 1×102 

Hole Mobility, µh (cm2/Vs) 4 5×101 2.5×101 2.5×101 
Donor Concentration, 

ND(1/cm3) 
0 0 1×1019 1×1018 

Acceptor Concentration, NA 
(1/cm3) 

1.5×1020 1×1013 0 0 

2. METHODOLOGY 

For the present work, SCAPS-1D (Solar Cell 
Capacitance Simulator) software was employed for 
the simulation of PSCs. It is an initiative from the 
Department of Electronics and Information Systems, 
University of Gent, Belgium, designed for simulating 
CuInSe₂ and the CdTe family. However, its 
applicability has been expanded to include crystalline 
cells such as Si and GaAs, a-Si, and PSCs. 

The following qualities of this software make 
it suitable for simulation purposes (Niemegeers et al., 
2014): 

• Seven semiconductor layers can be added. 

• Three types of recombination mechanisms can be 
simulated. 

• Various types of defect levels can be optimized. 
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• Contacts and work function can be varied. 

• Intra-band and to and from interface state 
tunnelling can be applied. 

• Multiple standard and additional illumination 

spectra are considered. 

• Batch calculations are possible. 

• Built-in curve-fitting functionality is available. 

SCAPS-1D software is rooted in the solution 
of Poisson’s equation, continuity equations and drift–
diffusion equations. 

The Poisson equation is given by: 

∇ ⋅ (ε∇ϕ) = −𝑞(𝑝 − 𝑛 + 𝑁𝐷
+ − 𝑁𝐴

−) 

Where, ε is the permittivity of the 
material, ϕ is the electrostatic potential, q is the 
elementary charge, p is the hole concentration, n is the 
electron concentration, ND

+ is the density of ionized 
donor atoms, and NA

− is the density of ionized acceptor 
atoms. 

The continuity equations are represented as: 

∂𝑛

∂𝑡
=
1

𝑞
∇ ⋅ 𝐽𝑛 + 𝐺 − 𝑅 

∂𝑝

∂𝑡
= −

1

𝑞
∇ ⋅ 𝐽𝑝 + 𝐺 − 𝑅 

where 
∂n

∂t
= time derivative of the electron 

concentration, Jn = electron current density, G = rate 
of electron-hole pair generation, R = recombination 

rate, q = elementary charge, 
∂p

∂t
= time derivative of 

the hole concentration, and Jp = hole current density. 

The current density equations are given by: 

𝐽𝑛 = 𝑞μ𝑛𝑛∇ϕ + 𝑞𝐷𝑛∇𝑛 

𝐽𝑝 = 𝑞μ𝑝𝑝∇ϕ − 𝑞𝐷𝑝∇𝑝 

where Jn = electron current 
density, q = elementary charge, μn = electron 
mobility, n = electron concentration, ∇ϕ = gradient of 
electrostatic potential (electric field), Dn = electron 
diffusion coefficient, and ∇n = electron concentration 
gradient; similarly, Jp = hole current 

density, μp = hole mobility, p = hole 

concentration, Dp = hole diffusion coefficient, 

and ∇p = hole concentration gradient. 

3. RESULTS AND DISCUSSION 

3.1. Role of Layer Thickness 

The thickness of different layers is essential in 
determining the overall performance of perovskite 
solar cells. The thickness of the absorber layer affects 
the amount of light absorbed, carrier generation, and 
recombination rates. An optimum thickness is 
required to ensure sufficient optimized light 
absorption and reduced charge-carrier recombination 
losses (Qaid et al., 2016). Similarly, the thickness of the 
HTL and ETL affects charge transport and collection. 

If the HTL is too thin, it may not provide 
sufficient coverage, leading to increased 
recombination. On the other hand, if it is too thick, 
series resistance increases, which reduces the fill factor 
and overall efficiency. The ETL thickness also 
influences electron extraction and transport. A very 
thin ETL may cause incomplete coverage and poor 
electron transport, whereas a very thick ETL can 
increase resistance and reduce efficiency (Oku, 2020; 
Zhao et al., 2014). Therefore, the optimization of layer 
thickness is essential to achieve high PCE in planar 
PSCs. In this study, the SCAPS-1D simulation tool has 
been employed to systematically analyze the effect of 
varying the thicknesses of the HTL, absorber, and ETL 
layers on the photovoltaic performance of the 
Au/SnS/MAPbI₃/TiO₂/ZnO:Al device structure. 
The aim has been to determine the PCE that yields 
maximum efficiency under standard AM1.5G solar 
illumination conditions. 

3.2. Optimisation of thickness of SnS 

In the Au/SnS/CH3NH3PbI3/TiO2/ZnO:Al 
device, at first, the thickness of HTL was ranged from 
0.1 µm to 1 µm to determine the optimal thickness for 
maximizing efficiency. During the initial 
optimization, the perovskite layer thickness was kept 
constant at 0.4 µm, the TiO2layer was maintained at 0.2 
µm, while the ZnO:Al layer was fixed at 0.1 µm. Figure 
2 depicts the variation of thickness of SnS with the JV 
parameters. From the figure, it can be observed that 
VOC Increases, JSC increases, FF decrease sand the η 
increases with increase in thickness of SnS. The 
corresponding JV curve for thickness variation is 
shown in figure:3. After optimization, the thickness of 
SnS has been chosen to be 0.3 µm. 

3.3. Optimisation of thickness of CH3NH3PbI3 

The thickness of the absorber layer 
significantly influences the overall functionality of a 
solar cell. To analyze its effect, the thicknesses of both 
absorber layers were systematically varied in the 
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device simulation. Specifically, the perovskite layer 
thickness was adjusted from 0.1 µm to 1 µm, and the 
corresponding simulation results are illustrated in 
Figure 4. As shown in the graphs, increasing the layer 
thickness alters the output characteristics. A thicker 
absorber layer enhances electron–hole pair generation 
resulting from improved absorption of longer 
wavelengths of light. When the absorber layer is 
thinner, electrons are more likely to recombine at the 
back contact, as the depletion region and back contact 
are in closer proximity. 

 
Figure 2. Variation of HTL thickness with JV 
parameters 

 
Figure 3. JV Curve for HTL thickness variation 

With increasing absorber thickness, more 
photons are absorbed, resulting in higher electron–
hole pair generation and enhanced electron mobility. 
Consequently, the VOC, JSC, and overall efficiency of 
the device increase. However, the FF is influenced by 
the electric field within the absorber, which weakens 
under higher forward bias, leading to reduced carrier 
collection and a lower FF as thickness increases. 
Therefore, optimizing the absorber thickness is 
essential to maximize output parameters while 
minimizing the reverse saturation current (Mohanty 
et al., 2021). Based on this optimization, the thickness 
of CH₃NH₃PbI₃ was selected to be 0.4 µm. The JV 
characteristics corresponding to variations in 
perovskite thickness are presented in Figure 5. 

 
Figure 4. Variation of Perovskite thickness with JV 
parameters 

3.4. Optimisation of thickness of TiO2 

In the Au/SnS/CH3NH3PbI3/TiO2/ZnO:Al 
device, at last, the thickness of ETL and was ranged 
from 0.1 µm to 1 µm to determine the optimal 
thickness for maximizing efficiency. During the initial 
optimization, the perovskite layer thickness was 
retained constant at 0.4 µm, the TiO2 layer was 
maintained at 0.2 µm, while the ZnO:Al layer was 
fixed at 0.1 µm. Figure: 6 depicts the variation of 
thickness of TiO2 with the JV parameters. From the 
figure, it can be observed that VOC decreases, JSC 
decreases, FF increases and the η exhibiting a 
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decreasing trend with increase in thickness of TiO2. 
The corresponding JV curve for thickness variation is 
displayed in figure: 7. After optimisation, the 
thickness of TiO2 has been chosen to be 0.2 µm. 

 
Figure 5. JV Curve for PVK thickness variation 

 
Figure 6. Variation of ETL thickness with JV 
parameters 

3.5. Simulated Output 

For the device structure, 
Au/SnS/CH3NH3PbI3/ TiO2/ZnO:Al, after 
optimising the thickness of HTL (SnS), Perovskite 

(CH3NH3PbI3) and ETL (TiO2) an output of VOC = 
1.036 V, JSC = 32.01 mA/cm2, FF = 70.89 % and η = 
23.50 %. The final optimised result is plotted in figure 
8. 

 
Figure 7. JV Curve for ETL thickness variation 

 
Figure 8. Final Optimised JV Curve 

4. CONCLUSION 

The numerical modelling of the PSC structure 
has been carried out using SCAPS-1D software to 
examine the influence of thickness on device 
performance. The effect of the absorber layer, HTL 
and ETL thickness has been evaluated. It has been 
observed that the JSC increases with absorber 
thickness, while the VOC shows a slight variation. The 
overall study has demonstrated that the optimisation 
of absorber, HTL and ETL thickness are essential for 
achieving higher efficiency and stability in PSCs. 
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