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ABSTRAK
Sel surya perovskit (PSC) telah mendapatkan perhatian signifikan karena efisiensi konversi daya (PCE) yang 
luar biasa dan potensi produksi yang terjangkau dan berskala. Meskipun ada kemajuan ini, peningkatan efisiensi 
lebih lanjut memerlukan optimasi sistematis arsitektur perangkat, khususnya ketebalan lapisan fungsional. Studi 
ini menyajikan simulasi numerik menggunakan platform simulasi OGMANANO untuk menyelidiki pengaruh 
variasi ketebalan lapisan khususnya pada lapisan penyerap perovskit, lapisan transpor elektron (ETL), dan lapisan 
transpor lubang (HTL) terhadap kinerja PSC planar. Simulasi ini memodelkan perangkat berstruktur n-i-p 
tipikal di bawah pencahayaan AM1.5G standar, mengevaluasi parameter fotovoltaik utama seperti kerapatan 
arus hubung singkat (Jsc), tegangan hubung terbuka (Voc), faktor pengisian (FF), dan PCE keseluruhan. Hasil 
menunjukkan bahwa ketebalan penyerap optimal terletak pada kisaran 500–600 nm, dengan efisiensi puncak 
22,7% dicapai pada 550 nm. Lebih lanjut, ETL dan HTL menunjukkan kinerja optimal masing-masing pada 50 nm 
dan 60 nm, meminimalkan kehilangan rekombinasi dan meningkatkan transpor muatan. Studi ini menyimpulkan 
bahwa kontrol ketebalan lapisan yang presisi sangat penting untuk memaksimalkan efisiensi PSC. Penggunaan 
OGMANANO terbukti efektif dalam mensimulasikan struktur perovskit multilapis, menyediakan alat yang 
andal untuk optimasi prafabrikasi dalam desain sel surya canggih.

Keywords: Ketebalan Lapisan; Simulasi Numerik; OGMANANO; Sel Surya Perovskit; Efisiensi Konversi Daya.

ABSTRACT
Perovskite solar cells (PSCs) have gained significant attention due to their remarkable power conversion efficiency 
(PCE) and potential for low-cost, scalable production. Despite this progress, further efficiency enhancement 
requires systematic optimization of device architecture, particularly the thickness of functional layers. This study 
presents a numerical simulation using the OGMANANO simulation platform to investigate the influence of layer 
thickness variation, specifically in the perovskite absorber layer, electron transport layer (ETL), and hole transport 
layer (HTL), on the performance of planar PSCs. The simulation models a typical n-i-p structured device under 
standard AM1.5G illumination, evaluating key photovoltaic parameters such as short-circuit current density 
(Jsc), open-circuit voltage (Voc), fill factor (FF), and overall PCE. Results indicate that the optimal absorber 
thickness lies in the 500–600 nm range, with a peak efficiency of 22.7% achieved at 550 nm. Furthermore, ETL 
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and HTL show optimal performance at 50 and 60 nm, 
respectively, minimizing recombination losses and 
enhancing charge transport. The study concludes 
that precise layer thickness control is critical for 
maximizing PSC efficiency. The use of OGMANANO 
proved effective in simulating multilayer perovskite 
structures, providing a reliable tool for pre-fabrication 
optimization in advanced solar cell design.

Keywords: Layer Thickness; Numerical Simulation; 
OGMANANO; Perovskite Solar Cells,;Power 
Conversion Efficiency.

INTRODUCTION 
In the past decade, perovskite solar cells 

(PSCs) have emerged as one of the most 
transformative innovations in photovoltaic 
technology. PSCs have rapidly evolved since 
their initial development in 2009, with power 
conversion efficiencies (PCEs) increasing from 
below 4% to over 25%, rivaling those of well-
established crystalline silicon solar cells (Wu 
& Chou, 2014). This rapid progress is largely 
attributed to the unique optoelectronic prop-
erties of perovskite materials, including a 
tunable bandgap, high absorption coeffi-
cient, long carrier diffusion lengths, and low 
exciton binding energies. These materials’ 
inherent versatility allows various composi-
tional, structural, and interface engineering 
approaches to optimize device performance 
(Darminto et al., 2023).

However, despite the remarkable 
achievements, commercial viability remains 
a challenge due to issues related to long-term 
stability, large-area scalability, and the need 
for further efficiency improvements under 
real-world conditions. Among the many fac-
tors affecting PSC performance, device archi-
tecture and particularly the thickness of each 
functional layer, such as the perovskite ab-
sorber, electron transport layer (ETL), and hole 
transport layer (HTL), play a pivotal role (Aki-
yama et al., 2015). These layers govern light 
absorption, carrier transport, recombination 
dynamics, and ultimately, the efficiency and 
reliability of the solar cell.

An overly thick absorber layer may in-
crease recombination losses, while a thinner 
layer may result in insufficient photon ab-

sorption (Phung et al., 2023). Likewise, varia-
tions in the ETL and HTL thicknesses can af-
fect series resistance, energy level alignment, 
and interface quality (Azmer et al., 2017). As 
such, finding the optimal thickness for each 
layer is crucial for achieving the best trade-
off between light-harvesting and electrical 
performance (Chilipi et al., 2020).

Although experimental approaches have 
yielded important insights into PSC optimi-
zation, they often involve complex fabrica-
tion procedures, high material consumption, 
and significant time and cost investments 
(Chilipi et al., 2020). In contrast, numerical 
simulations offer a fast, cost-effective, and 
reliable method to investigate the effects of 
various device parameters, such as mate-
rial properties, geometrical configurations, 
and boundary conditions, on photovoltaic 
performance (Tseng et al., 2020). Through 
simulation, researchers can perform virtual 
experiments, predict behavior under differ-
ent conditions, and systematically optimize 
device structures without physical prototyp-
ing. This approach is especially beneficial in 
the early design and prototyping stages of 
photovoltaic research and development (S. 
Liu et al., 2021).

In this context, numerical modeling us-
ing simulation platforms such as SCAPS-1D, 
COMSOL Multiphysics, and OGMANANO 
has gained prominence (Islam et al., 2025). 
These tools enable detailed analysis of charge 
carrier dynamics, electric field distribution, 
recombination mechanisms, and optical ab-
sorption within multilayer devices. Unlike 
SCAPS-1D, which is limited to one-dimen-
sional structures, and COMSOL, which often 
requires extensive customization for nano-
structured layers, OGMANANO provides 
specialized features for photovoltaic device 
modeling. These include more accurate treat-
ment of multilayer architectures, advanced 
defect density modeling, and robust numeri-
cal convergence across thin and ultra-thin 
films.

These capabilities enable a more precise 
investigation of layer thickness optimization 
and its impact on recombination dynamics—
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insights that are not as readily accessible in 
earlier simulation platforms (Paz Totolhua et 
al., 2025). Despite its potential, limited stud-
ies have focused on optimizing layer thick-
nesses using OGMANANO in perovskite-
based devices (Ma et al., 2024). This study 
addresses that gap by applying advanced nu-
merical techniques to optimize the thickness 
of key layers and understand their impact on 
the PCE of PSCs under standard illumination 
conditions (Ji et al., 2025).

The main objective of this research is 
to numerically optimize the thickness of the 
perovskite absorber layer, ETL, and HTL in a 
planar perovskite solar cell structure to max-
imize power conversion efficiency (Zhou et 
al., 2021). Using OGMANANO as the simu-
lation platform, parametric sweeps are con-
ducted across a range of thickness values for 
each layer while keeping other physical and 
environmental parameters constant (Raza 
et al., 2016). The simulation outputs include 
key photovoltaic metrics such as open-circuit 
voltage (Voc), short-circuit current density (Jsc), 
fill factor (FF), and overall PCE. These metrics 
are analyzed to identify each functional lay-
er’s most favorable thickness configurations 
(Marí Soucase et al., 2022).

In addition, this research investigates 
how thick variations influence internal pro-
cesses such as charge recombination rates, 
electric field strength, and light absorption 
depth. By modeling the energy band diagrams 
and carrier concentration profiles, the study 
provides deeper insight into the underlying 
mechanisms affecting device performance 
(Meyer et al., 2025). The simulated PSC struc-
ture adopts a conventional n-i-p architecture, 
with commonly used materials such as TiO2 
for the ETL, CH3NH3PbI3 (MAPbI3) as the 
perovskite absorber, and Spiro-OMeTAD as 
the HTL. Illumination conditions follow the 
standard AM1.5G solar spectrum, and sim-
ulation parameters are aligned with values 
reported in high-performance experimental 
literature to ensure accuracy and reproduc-
ibility (Donkata et al., 2025).

Despite the growing use of simulation 
tools in PSC optimization, few studies have 

systematically explored the impact of layer 
thickness using OGMANANO. This research 
fills that gap by applying advanced numerical 
modeling to identify optimal thickness con-
figurations for the absorber, ETL, and HTL 
layers, enhancing device performance and 
offering a validated framework for pre-fabri-
cation design. This can reduce resource con-
sumption, speed up development timelines, 
and improve device yield in practical appli-
cations. Third, by revealing the interplay be-
tween optical and electrical factors through 
simulated data, this research provides a more 
comprehensive understanding of how each 
layer contributes to overall device behavior. 
Ultimately, this study supports the broader 
goal of accelerating the commercialization 
of perovskite solar cells by promoting data-
driven optimization techniques.

As energy demands rise and the world 
seeks cleaner alternatives to fossil fuels, ef-
ficient and cost-effective solar technologies 
become increasingly critical (Prayogi et al., 
2021). Through this work, we contribute to 
developing high-efficiency, low-cost solar 
cells that support a more sustainable and en-
ergy-secure future. Furthermore, the meth-
odology and findings presented here can be 
adapted to other emerging photovoltaic tech-
nologies, offering a versatile framework for 
simulation-based device optimization.

Method
Research Tools, Materials, and 
Simulation Environment 

This study was conducted using nu-
merical simulation to evaluate the influ-
ence of layer thickness variation on planar 
perovskite solar cells (PSCs) performance. 
The simulation environment employed is 
OGMANANO, a multiphysics and nano-
scale simulation platform designed for op-
toelectronic device modeling. OGMANANO 
enables precise modeling of charge carrier 
transport, electric field distribution, recom-
bination mechanisms, and light absorption 
within multilayer thin-film solar cell struc-
tures.
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The simulated PSC follows a conven-
tional n-i-p configuration composed of the 
following layers: a fluorine-doped tin oxide 
(FTO) front contact, titanium dioxide (TiO2) as 
the electron transport layer (ETL), methylammo-
nium lead iodide (CH3NH3PbI3 or MAPbI3) as 
the perovskite absorber, Spiro-OMeTAD as 
the hole transport layer (HTL), and gold (Au) 
as the back contact As in Figure 1. Each lay-
er’s material properties and optical constants 
were adopted from experimental values re-
ported in reputable literature and integrated 
into simulation software.

Figure 1.
Schematic of the proposed PSC structure

Key material parameters include a band-
gap of 1.55 eV and an absorption coefficient 
>105 cm-1 for MAPbI3, an electron mobility 
of 10-3 cm²/V·s for TiO2, and a hole mobility 
of 2 × 10-4 cm²/V·s for Spiro-OMeTAD. All 
simulations were performed under standard 
AM1.5G illumination with an incident pow-
er density of 1000 W/m² and an operational 
temperature of 300 K. The boundary condi-
tions were defined as ohmic contacts at the 
FTO and Au interfaces. Mesh refinement en-
sured numerical convergence across thin lay-
ers (Mathur et al., 2018).

The initial reference structure was vali-
dated using literature-based thicknesses: 50 
nm for TiO2, 600 nm for MAPbI3, and 60 nm 
for Spiro-OMeTAD. The photovoltaic output 
parameters calculated include open-circuit 
voltage (Voc), short-circuit current density (Jsc), 

fill factor (FF), and power conversion efficiency 
(PCE). In addition, internal device metrics 
such as recombination rate, electric field 
strength, and carrier generation rate were re-
corded for deeper analysis.

The absorber layer thickness range of 
300–800 nm was chosen based on reported 
diffusion lengths of MAPbI3, which typical-
ly fall within several hundred nanometers. 
Prior studies have indicated that efficiencies 
plateau or decline beyond ~600 nm due to 
recombination-limited transport. The ETL 
thickness range of 30–100 nm reflects val-
ues commonly reported for SnO2 and TiO2, 
where thinner films (<40 nm) risk incomplete 
coverage and pinholes, while thicker layers 
(>80 nm) introduce excessive resistive losses. 
The HTL thickness sweep of 40–100 nm was 
selected to cover typical ranges used for Spi-
ro-OMeTAD in high-efficiency PSCs. Below 
40 nm, coverage issues are common, while 
thicknesses beyond 80–100 nm increase se-
ries resistance due to Spiro-OMeTAD’s low 
hole mobility.

Research Procedure and Simulation 
Design  

The core methodology involved per-
forming a parametric sweep simulation to 
analyze the effect of individual layer thick-
ness variations on device performance. First, 
the perovskite absorber layer varied from 
300 nm to 800 nm in 50 nm increments, keep-
ing ETL and HTL thicknesses constant. Each 
thickness configuration was simulated inde-
pendently to assess its impact on light ab-
sorption, carrier recombination, and PCE.

After determining the optimal thick-
ness for the absorber, a second sweep was 
conducted for the ETL, varying its thickness 
from 30 nm to 100 nm, and then for the HTL 
in the range of 40 nm to 100 nm. The electrical 
parameters of the perovskite solar cell simu-
lation are shown in Table 1. The simulation 
data were extracted and plotted to visualize 
the trends and identify the configuration that 
yielded the highest efficiency.
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Table 1.
Electrical parameters of perovskite solar cell 

simulation
Parameters Value

Layer (nm) (200-800)
Electron Mobility (m2V-1s-1) 2x10-4

Hole Mobility (m2V-1s-1) 2x10-4

Effective density of free electron 
states (m-3)

5x10-26

Effective density of free hole states 
(m-3)

5x10-26

Nfree_to pfree recombination rate 
constant (m3s-1)

1x10-18

Electron trap density (m-3 eV-1) 1x1020

Hole trap density (m-3 eV-1) 1x1020

Electron tail slope (eV) 30x10-3

Hole tail slope (eV) 30x10-3

Free electron to trapped electron (m-2) 1x10-21

Trapped electron to free hole (m-2) 1x10-21

Trapped hole to free electron (m-2) 1x10-21

Free hole to trapped hole (m-2) 1x10-21

Number of traps (bands) 5
Bandgap (eV) (1.1 - 2.0)

The procedure involved five main steps: 
(1) defining the material stack and import-
ing physical constants; (2) setting illumina-
tion and temperature conditions; (3) config-
uring mesh and boundary parameters; (4) 
executing simulations across all thickness 
variations; and (5) analyzing and comparing 
output parameters. To ensure accuracy and 
repeatability, each simulation was run mul-
tiple times and cross-validated with known 
experimental results. Finally, energy band di-
agrams and charge carrier profiles were gen-
erated for optimal thicknesses to understand 
the underlying physical behavior of charge 
separation and recombination dynamics 
(Thakur et al., 2022). This simulation-based 
approach provided a comprehensive under-
standing of how geometric modifications can 
influence optoelectronic performance, ulti-
mately guiding the structural optimization 
of high-efficiency PSCs.

RESULTS AND DISCUSSION
Effect of Perovskite Absorber Layer 
Thickness on PCE

The absorber layer in perovskite solar 
cells is the primary region responsible for 
photon absorption and electron-hole pair 
generation. In this study, the thickness of the 
perovskite layer (CH3NH3PbI3) was varied 
systematically from 300 nm to 800 nm, with 
an increment of 50 nm, to evaluate its effect 
on photovoltaic performance using the OG-
MANANO simulation platform. Figure 2 il-
lustrates the PCE, Jsc, Voc, and FF variation 
across the perovskite layer thicknesses. The 
graph clearly shows a peak efficiency at 550 
nm, followed by a decline, confirming the 
presence of an optimal thickness window for 
maximizing device output.

The simulation results revealed a non-
linear correlation between absorber thickness 
and power conversion efficiency (PCE). At 
lower thicknesses (300–400 nm), light absorp-
tion was insufficient, resulting in reduced 
photogenerated current density (Jsc) and 
overall low device performance. As thick-
ness increased, light absorption improved, 
leading to a rise in Jsc and consequently PCE. 
This trend continued until approximately 550 
nm, when PCE reached a maximum value of 
22.7%, with Jsc = 23.6 mA/cm², Voc = 1.08 V, 
and fill factor (FF) = 89.3%.

However, beyond 600 nm, the benefits 
of added thickness were offset by increased 
recombination rates and carrier transport 
limitations, as evidenced by the decline in 
FF and PCE (Prayogi & Wibowo, 2025). The 
increased volume of the active layer at exces-
sive thicknesses may also weaken the inter-
nal electric field and prolong carrier diffusion 
paths, contributing to reduced efficiency.

The thickness of the perovskite absorb-
ing layer plays a crucial role in determining 
light absorption and charge carrier collection. 
In this study, the perovskite layer thickness 
varied from 300 nm to 800 nm in 50 nm incre-
ments using OGMANANO. The simulation 
results indicated a nonlinear relationship be-
tween layer thickness and power conversion 
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efficiency (PCE). At low thicknesses (e.g., 
300–400 nm), the absorption of incident pho-
tons was insufficient, leading to lower short-
circuit current density (Jsc).

Figure 2.
Graph PCE, Jsc, Voc, and FF vs. Perovskite Layer 

Thickness (300–800 nm)
Source: Authors’ analysis, 2025

As the thickness increased, Jsc improved 
significantly due to enhanced light harvest-
ing (Khalaf et al., 2023). However, beyond 
550–600 nm, additional thickness contribut-
ed little to light absorption and led to higher 
recombination losses, resulting in decreased 
fill factor (FF) and reduced overall PCE. The 
optimal thickness was found at 550 nm, with 
a maximum simulated efficiency of 22.7%, 
Jsc of 23.6 mA/cm², Voc of 1.08 V, and FF of 
89.3%. The decline in efficiency beyond 600 
nm can be attributed to the limited carrier 
diffusion length in MAPbI3. Excess carriers 
generated deeper in the absorber are more 
likely to recombine before being collected, 
consistent with reports of recombination-
limited transport in perovskites.

Influence of Electron Transport Layer 
(SnO2) Thickness

The electron transport layer (ETL) facili-
tates efficient extraction and transport of pho-
togenerated electrons from the perovskite 
absorber to the front contact. This study em-
ployed tin oxide (SnO2) as the ETL due to its 
wide bandgap, good optical transparency, 
and suitable energy level alignment with the 
perovskite absorber. To evaluate its influence 
on solar cell performance, the SnO2 layer 
thickness was varied from 30 nm to 100 nm 

in increments of 10 nm under identical simu-
lation conditions.

Figure 3 shows the relationship between 
PCE and recombination rate as a function of 
SnO2 thickness. The graph clearly indicates 
an inverse correlation between recombina-
tion rate and PCE, confirming that excessive 
ETL thickness leads to degradation in device 
performance due to higher carrier recombi-
nation and transport resistance (Nair et al., 
2023).

The simulation results revealed that 
thinner SnO2 layers (30–40 nm) exhibited 
lower series resistance and higher electric 
field intensity, which enhanced the extrac-
tion of charge carriers. However, excessively 
thin ETLs may suffer from incomplete cover-
age, leading to shunting paths and increased 
interface defects, ultimately reducing effi-
ciency and stability in practical devices. On 
the other hand, thicker SnO2 layers (>70 nm) 
were found to impede charge transport, in-
crease resistive losses, and weaken the built-
in electric field across the device.

This was reflected in the reduction in 
power conversion efficiency (PCE) and the 
increase in interfacial recombination rate 
(Bhattarai et al., 2022). The optimal thickness 
was observed at 50 nm, yielding a peak PCE 
of 22.4%, with a favorable balance between 
electron mobility and interface quality. Re-
combination losses were minimized at this 
thickness, and the fill factor remained rela-
tively high due to efficient carrier extraction.

Figure 3.
Graph PCE and recombination rate vs. SnO2 

Thickness
Source: Authors’ analysis, 2025
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The electron transport layer’s (ETL) 
thickness, modeled here as SnO2, varied from 
30 nm to 100 nm. A thin ETL resulted in low-
er series resistance and improved electron ex-
traction but risked insufficient electron mo-
bility and increased interface defects (Singh 
et al., 2024). Conversely, overly thick layers 
reduced electric field strength and hindered 
charge transport. The optimal ETL thickness 
was found at 50 nm, where the PCE peaked 
at 22.4% with minimal recombination losses 
and a relatively high fill factor.

Optimization of Hole Transport Layer 
(Spiro-OMeTAD)

The hole transport layer (HTL) is a vital 
component in perovskite solar cells (PSCs), 
responsible for efficiently extracting holes 
from the perovskite absorber and transport-
ing them to the back electrode. In this study, 
Spiro-OMeTAD was selected as the HTL 
due to its favorable energy level alignment 
with CH3NH3PbI3 and widespread use in 
high-efficiency PSC architectures. However, 
Spiro-OMeTAD exhibits relatively low hole 
mobility as an organic semiconductor and 
can present substantial resistive losses if not 
properly optimized. Figure 4 presents the 
FF and series resistance variation as a func-
tion of Spiro-OMeTAD thickness. The graph 
shows that the optimal trade-off between 
conductivity and coverage occurs at around 
60 nm, minimizing resistive losses while en-
suring sufficient hole extraction (Prayogi et 
al., 2025).

To evaluate its performance, the HTL 
thickness was varied from 40 nm to 100 nm, 
and the resulting influence on fill factor (FF), 
open-circuit voltage (Voc), and series resis-
tance was analyzed. The simulation results 
demonstrated that Voc remained relatively 
constant across all thickness values, sug-
gesting that HTL thickness within the test-
ed range did not significantly influence the 
built-in potential. However, the fill factor 
showed strong sensitivity, with the highest 
FF observed near 60 nm thickness. Below this 
value, insufficient coverage and poor con-
ductivity limited charge extraction. Above 

this range, increased thickness led to higher 
internal resistance, impeding charge trans-
port and slightly degrading the overall de-
vice performance (Zheng et al., 2021). Nota-
bly, series resistance increased linearly with 
HTL thickness, confirming that the transport 
of holes across the Spiro-OMeTAD layer be-
comes less efficient at greater thicknesses. 
This, in turn, reduced FF and marginally im-
pacted power conversion efficiency.

Figure 4.
Graph FF and series resistance vs. Spiro-

OMeTAD Thickness
Source: Authors’ analysis, 2025

The hole transport layer (HTL) thickness 
was varied between 40 nm and 100 nm, and, 
similar to the ETL, a balance was required 
between conductivity and charge extraction. 
Spiro-OMeTAD, an organic semiconductor, 
presents relatively low mobility and high re-
sistance, particularly in thicker regions. The 
best performance was observed at 60 nm, 
with diminishing returns beyond that point. 
The Voc remained relatively stable across all 
variations, while the FF showed sensitivity to 
HTL thickness due to interface-related resis-
tance.

Overall Optimized Structure 
Performance

Following the sequential layer-by-layer 
optimization of the perovskite absorber, elec-
tron transport layer (SnO2), and hole trans-
port layer (Spiro-OMeTAD), a final device 
configuration was established to evaluate 
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the combined effect on photovoltaic perfor-
mance. The optimized stack comprising a 550 
nm perovskite layer, 50 nm SnO2 ETL, and 
60 nm Spiro-OMeTAD HTL demonstrated 
the highest simulated power conversion effi-
ciency (PCE) of 22.7%, with associated photo-
voltaic parameters of Jsc = 23.6 mA/cm², Voc 
= 1.08 V, and fill factor (FF) = 89.3%. Figure 
5 illustrates the energy band diagram of the 
FTO/SnO2/CH3NH3PbI3/Spiro-OMeTAD/
Ag structure. The bands exhibit consistent 
downward bending, supporting a strong in-
ternal electric field necessary for efficient car-
rier drift.

Figure 5.
Energy band diagram for optimized device (with 

FTO/SnO2/Perovskite/Spiro-OMeTAD/Ag 
stack)

In addition, the charge carrier genera-
tion rate profile was analyzed along the de-
vice depth. The results showed that photon 
absorption and subsequent carrier genera-
tion were concentrated in the central and up-
per region of the perovskite layer, confirming 
the effectiveness of the selected 550 nm thick-
ness. The generation profile also displayed 
minimal interface loss, indicating that the 
optimized transport layers effectively con-
fined carriers and suppressed recombination 
at critical boundaries (W. Liu et al., 2024). 
Figure 6 shows the carrier generation rate 
as a function of depth for various perovskite 

layer thicknesses. The 550 nm configuration 
delivered the highest overall generation and 
exhibited the most uniform spatial distribu-
tion.

These findings affirm that layer thick-
ness optimization is a key strategy for im-
proving perovskite solar cell performance. 
The careful tuning of geometric parameters 
leads to improved light absorption, enhanced 
charge carrier extraction, and suppression of 
recombination, all of which contribute syn-
ergistically to higher efficiency. The simu-
lation-driven approach used in this work 
provides a replicable framework for other 
material systems and device architectures in 
perovskite photovoltaics.

Figure 6.
Carrier generation rate vs. depth for different 

absorber thicknesses
Source: Authors’ analysis, 2025

The final optimized structure compris-
ing a 550 nm perovskite absorber, 50 nm 
SnO2 ETL, and 60 nm Spiro-OMeTAD HTL 
yielded a maximum simulated PCE of 22.7%. 
A simulated energy band diagram under 
equilibrium conditions confirmed ideal band 
alignment for efficient charge separation. The 
charge carrier generation rate profile indicat-
ed uniform absorption within the absorber 
layer with minimal recombination near the 
interfaces. The simulation also revealed that 
optimizing thickness helped maintain the in-
ternal electric field strength across the deple-
tion region, which is essential for a high fill 
factor.

It should be noted that the OGMANA-
NO simulations assume idealized contacts 
and do not incorporate degradation or long-
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term stability effects. Additionally, ion mi-
gration, moisture sensitivity, and interface 
roughness—commonly observed in fabricat-
ed PSCs—are not modeled here. Thus, while 
the results provide valuable design insights, 
experimental validation is necessary to con-
firm stability and manufacturability.

From a fabrication standpoint, achiev-
ing a 550 nm absorber layer poses challenges 
in maintaining film uniformity across large 
areas. Similarly, controlling ETL thickness 
at 50 nm requires precise deposition, as even 
small deviations may lead to increased re-
combination. However, the optimization 
trends identified here can guide deposition 
parameter selection (e.g., spin-coating speed 
for perovskites, ALD cycles for SnO2) in real 
device fabrication.

Comparison with Literature
The outcomes of this simulation study 

were benchmarked against established ex-
perimental data reported in recent literature 
on planar methylammonium lead iodide 
(MAPbI3)-based perovskite solar cells (PSCs). 
Published works indicate that typical power 
conversion efficiencies (PCEs) for such de-
vices range between 20% and 22%, depend-
ing on fabrication method, material purity, 
and interface engineering. The maximum 
simulated efficiency of 22.7% obtained in this 
study falls well within this range, affirming 
the predictive validity and accuracy of the 
OGMANANO simulation platform when 
provided with experimentally grounded ma-
terial parameters.

Compared to a non-optimized struc-
ture where typical perovskite, ETL, and HTL 
thicknesses may not be aligned for optimal 
optical and electrical performance, this study 
showed an efficiency improvement of 2.4% 
to 3.1% through thickness-only optimiza-
tion. This improvement is primarily attrib-
uted to the reduction in recombination rates, 
enhanced charge carrier extraction, and im-
proved internal electric field distribution, 
all of which were influenced by the strategic 
tuning of geometric layer parameters rather 
than material substitution or doping (Mesh-

ram et al., 2012). Such findings corroborate 
earlier simulation and experimental studies, 
which have similarly highlighted that device 
geometry, particularly layer thickness, can 
exert as strong an influence on efficiency as 
material innovation.

Moreover, the results demonstrate that 
even with conventional and widely available 
materials, meaningful gains in efficiency can 
be achieved solely through pre-fabrication 
modeling and optimization. This is especial-
ly relevant in industrial applications, where 
trial-and-error experimental approaches are 
time- and cost-intensive. Using simulation-
guided optimization strategies like the one 
presented here, manufacturers and research-
ers can accelerate the design cycle and maxi-
mize device output without incurring ad-
ditional material or processing costs (Abd 
Mutalib et al., 2018).

Ultimately, this study confirms that lay-
er thickness optimization remains a powerful 
and practical way to improve the efficiency 
of perovskite solar cells. Using numerical 
simulations, especially through platforms 
such as OGMANANO, provides accurate 
performance predictions and physical in-
sights into charge dynamics, enabling the 
rational design of next-generation photovol-
taic devices. These insights can be extended 
beyond MAPbI3 to other perovskite composi-
tions and tandem structures, highlighting the 
broader applicability and significance of this 
research.

CONCLUSION
This study presents a comprehensive 

numerical investigation of layer thickness 
optimization in planar perovskite solar cells 
(PSCs) using the OGMANANO simula-
tion platform. By varying the thickness of 
the perovskite absorber, electron transport 
layer (SnO2), and hole transport layer (Spiro-
OMeTAD), we demonstrate that the power 
conversion efficiency (PCE) can be significantly 
improved through careful structural tuning, 
even when using standard materials. Simula-
tion results indicate that an optimized device 
architecture consisting of a 550 nm perovskite 
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layer, a 50 nm SnO2 ETL, and a 60 nm Spiro-
OMeTAD HTL yields a maximum PCE of 
22.7%, with Jsc = 23.6 mA/cm², Voc = 1.08 V, 
and FF = 89.3%. The main performance im-
provement is attributed to improved charge 
carrier extraction, reduced recombination 
losses, and more effective electric field distri-
bution across the active region.

The energy diagram and generation rate 
profiles confirm the optimized structure’s 
ideal alignment and uniform carrier distribu-
tion. These findings reinforce the importance 
of layer thickness control in device design 
and offer a valuable simulation-based frame-
work to guide experimental fabrication. Fur-
thermore, this study validates OGMANANO 
as a powerful predictive tool for optimizing 
next-generation photovoltaic devices and 
supports its application in accelerating the 
development of high-efficiency, low-cost 
PSCs. Future research could extend this ap-
proach to tandem architectures, doped trans-
port layers, or perovskite compositions be-
yond MAPbI3. 
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