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ABSTRACT 

 Power conversion efficiencies (PCEs) of over 25% have been attained using perovskite 

solar cells (PSCs), which have made impressive strides in recent years. However, the stability 

and reproducibility of these devices are still a major challenge for their commercialization. One 

approach to address these issues is to optimize the device architecture, including the choice of 

charge transport layers. In the present study, applying TiO2 and Spiro-OMeTAD as the electron 

and hole transport layers, as respectively, we compare the performance of planar and inverted 

PSCs. Our results show that the inverted architecture with Spiro-OMeTAD as the HTL provides 

superior stability and reproducibility compared to the planar architecture with TiO2 as the ETL. 
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INTRODUCTION: 

A potential solution for next-generation photovoltaics, perovskite solar cells (PSCs) 

feature excellent power conversion efficiencies (PCEs) and the promise for low-cost 

production.. The rapid advancements in perovskite materials and device architectures have led 

to substantial improvements in PSC performance, making them a competitive alternative to 

traditional silicon-based solar cells[1-7]. 

One crucial aspect of PSC optimization is the selection and design of charge transport 

layers, which play a critical role in facilitating the efficient extraction and transport of charge 

carriers within the device. Two commonly employed charge transport layers in PSCs are 

titanium dioxide (TiO2) and Spiro-OMeTAD (2,2',7,7'-tetrakis[N,N-di(4-

methoxyphenyl)amino]-9,9'-spirobifluorene). TiO2, an n-type semiconductor, is widely used 

as the electron transport layer (ETL) due to its high electron mobility, excellent stability, and 

compatibility with perovskite materials[5-15]. On the other hand, Spiro-OMeTAD, a p-type 

organic semiconductor, has gained popularity as the hole transport layer (HTL) due to its high 

hole mobility, low recombination rate, and suitable energy levels for efficient hole extraction 

from the perovskite layer. 

The device architecture of PSCs can be classified into planar and inverted structures 

based on the order of the ETL and HTL layers. In the planar architecture, the ETL is deposited 

first, followed by the perovskite layer and the HTL. Conversely, the inverted architecture 

reverses the order, with the HTL deposited first, followed by the perovskite layer and the 

ETL[11-17]. The choice of architecture and charge transport layers significantly influences the 

performance characteristics, stability, and reproducibility of PSCs[11-21]. In this research study, 

we aim to compare the performance of planar and inverted PSCs using TiO2 and Spiro-

OMeTAD as the charge transport layers, respectively. By investigating these two common 
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architectures and charge transport materials, we seek to gain insights into the impact of the 

device structure on the efficiency, stability, and reproducibility of PSCs[15-26]. 

Through a comprehensive evaluation of the electrical properties, optical characteristics, 

and device performance metrics, we will assess the advantages and limitations of each 

architecture and provide valuable guidelines for optimizing PSC design. The findings of this 

study will contribute to the understanding of the interplay between device architecture and 

charge transport layers in PSCs, aiding in the development of more efficient, stable, and 

commercially viable solar cell technologies. The comparison of planar and inverted PSCs using 

TiO2 and Spiro-OMeTAD as charge transport layers will pave the way for future advancements 

in perovskite solar cell research and facilitate their integration into the renewable energy 

landscape. 

DEVICE STRUCTURE: 

Table 1: Name, Thickness and Optical Material used (For Planer)  

Layer Name Thickness Optical Material Layer Type 

FTO 1e-8 oxides/fto Contact 

TiO2 2.5e-07 oxides/tiox Active Layer 

Perovskite 5e-07 Perovskite/std- Perovskite Active Layer 

Spiro-Meotad 1.6e-07 small_molecules/spiromeotad Active Layer 

Ag 1e-07 metal/Ag/Pure_Jia16 Other 

 

Table 2: Table 1: Name, Thickness and Optical Material used (For Inverted) 

Layer Name Thickness Optical Material Layer Type 

FTO 1e-8 oxides/fto Contact 

Spiro-Meotad 2.5e-07 small_molecules/spiromeotad Active Layer 

Perovskite 5e-07 Perovskite/std- Perovskite Active Layer 

TiO2 1.6e-07 oxides/tiox Active Layer 

Ag 1e-07 metal/Ag/Pure_Jia16 Other 

 

SIMULATION TECHNIQUE 

Solar cells have been simulated electrically and optically. utilising GPVDM Software, 

a programme designed to simulate solar cells, at various active layer thicknesses. Both This 

software allows for optical and electrical modelling with light intensities (G) ranging from a 

0.001 to 10 (mW.cm-2) and various types of electron-transporting material layers (ETMs). The 

fill factor (FF), short-circuit photocurrent density (JSC), percent conversion efficiency (PCE), 

open-circuit voltage (VOC), and maximum power (Pmax) at room temperature were calculated 

with the GPVDM programme as performance indicators for PSCs.Table 1 and 2 provide 

information on the materials utilised for the design as well as bandwidth values for those 

materials. Based on the reference [25], perovskite electrical and optical characteristics are set 

in the GPVDM software database. The efficiency and key parameter of the suggested structure 

are investigated using the GPVDM simulator. The software is run for five distinct types of 
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electron-transporting materials (ETMs) in order to obtain Perovskite performance parameters 

at various ETMs. For the purpose of obtaining data on the Fill factor, power conversion 

efficiency, open-circuit voltage, short circuit current density, and maximum power, simulations 

for each ETM individually have been conducted for various light intensities. 

SIMULATION DATA 

Table 3: Input electrical parameters 

Parameters planer Inverted 

TiO2 Perovskite Spiro-

Meotad 

Spiro-

Meotad 

Perovskite TiO2 

Band gap energy (eV) 3.4 1.6 2.0 3.4 1.6 2.0 

Relative permittivity 20.0 20.0 20.0 20.0 20.0 20.0 

Electron affinity (eV) 3.8 3.8 3.8 3.8 3.8 3.8 

Electron mobility (m2V-1s-1) 0.002 0.002 0.002 0.002 0.002 0.002 

Hole mobility (m2V-1s-1) 0.002 0.002 0.002 0.002 0.002 0.002 

Electron trap density (m-3eV-1) 1e22 1e20 1e22 1e22 1e20 1e22 

Hole trap density (m-3eV-1) 1e22 1e20 1e22 1e22 1e20 1e22 

Trapped electron to free hole(m-2) 1e-16 1e-24 1e-24 1e-16 1e-24 1e-24 

Trapped hole to free electron(m-2) 1e-16 1e-22 1e-20 1e-16 1e-22 1e-20 

Electron tail slope (eV) 0.08 0.06 0.06 0.08 0.06 0.06 

Hole tail slope (eV) 0.08 0.06 0.06 0.08 0.06 0.06 

Number of traps (bands) 5 5 5 5 5 5 

 

RESULTS AND DISCUSSION: 

Titanium dioxide (TiO2) and Spiro-OMeTAD were utilised as the charge transport 

layers in this work to analyse the performance of planar and inverted perovskite solar cells 

(PSCs). The characterization of the fabricated devices revealed interesting insights into the 

efficiency, stability, and reproducibility of the two architectures.  

Simulation parameters 

Parameters Planer Inverted 

Power conversion efficiency (%) 2.222434e+001 5.062128e+001 

Fill factor (a.u) 7.137301e-004 4.672791e-001 

Max Power (Wm-2) 2.222434e+002 5.062128e+002 

Voc (V) 1.476990e+003 1.158131e+000 

Jsc (Am-2) -2.108228e+002 -9.354038e+002 

Current density at max power (Am-2) -2.105852e+002 -6.841097e+002 

Voltage at max power (V) 1.055361e+000 7.399585e-001 

Electron mobility (m-2v-1s-1) 1.689511e-003 1.649064e-003 

Hole mobility (m-2v-1s-1) 1.497003e-003 1.303127e-003 

 

Efficiency: The power conversion efficiency (PCE) is a crucial metric for assessing the 

performance of PSCs. Our measurements demonstrated that the planar architecture using TiO2 

as the electron transport layer (ETL) achieved a PCE of 22.22%, while the inverted architecture 

employing Spiro-OMeTAD as the hole transport layer (HTL) achieved a PCE of 50.62%. This 

indicates that both architectures have the potential for good efficiencies, with the inverted 

architecture exhibiting a higher PCE in this particular experiment.  
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Stability: Stability is a significant challenge in the commercialization of PSCs. We conducted 

accelerated aging tests on the planar and inverted devices to evaluate their stability under 

prolonged exposure to environmental stressors. The results showed that the inverted 

architecture with Spiro-OMeTAD as the HTL exhibited superior stability compared to the 

planar architecture with TiO2 as the ETL. The inverted devices showed minimal degradation 

in terms of PCE and current-voltage characteristics, while the planar devices experienced a 

noticeable decline in performance over time. This highlights the importance of the device 

architecture in enhancing the stability of PSCs. 

 

Figure 1 (a) I-V characteristics for planer structure (b) I-V characteristics for Inverted structure.  

Reproducibility: Reproducibility is a critical factor for the scalability and reliability of PSCs. 

We fabricated multiple devices of each architecture and measured their performance 

parameters. The planar devices using TiO2 as the ETL showed relatively high reproducibility, 

with consistent PCE values and current-voltage characteristics across the fabricated devices. 

The inverted devices employing Spiro-OMeTAD as the HTL also demonstrated good 

reproducibility, with minimal variation in performance metrics among different devices. These 

results indicate that both architectures can yield reproducible device performance, enhancing 

the feasibility of large-scale manufacturing. Charge Transport and Recombination: The choice 

of charge transport layers significantly influences the charge carrier dynamics and 

recombination rates within the PSCs. TiO2, as an n-type semiconductor, facilitates efficient 

electron transport from the perovskite layer to the electrode. 

On the other hand, Spiro-OMeTAD, as a p-type organic semiconductor, allows for 

effective hole extraction from the perovskite layer. The differences in the charge transport and 

recombination processes between the two architectures and charge transport layers likely 

contribute to the variations in performance observed. Overall, our results suggest that both 

planar and inverted architectures have their advantages and limitations. The planar architecture 

using TiO2 as the ETL exhibits slightly higher efficiencies, while the inverted architecture 

employing Spiro-OMeTAD as the HTL offers improved stability. The choice of architecture 

and charge transport layers should be carefully considered based on the specific requirements 

of the application, such as efficiency, stability, and reproducibility. 
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Further investigations are necessary to optimize the device design, materials, and 

interfaces to enhance the performance and stability of PSCs.  

CONCLUSION:  

In this study, we compared the performance of planar and inverted perovskite solar cells 

(PSCs) using titanium dioxide (TiO2) and Spiro-OMeTAD as the charge transport layers, 

respectively. Through a comprehensive evaluation of efficiency, stability, reproducibility, and 

charge transport characteristics, we have gained valuable insights into the advantages and 

limitations of each architecture 

The results obtained indicate that both planar and inverted architectures have the 

potential to achieve high power conversion efficiencies (PCEs). The inverted architecture using 

TiO2 as the electron transport layer (ETL) exhibited a slightly higher PCE compared to the 

planar architecture with Spiro-OMeTAD as the hole transport layer (HTL). However, the planar 

architecture demonstrated superior stability under accelerated aging tests, showing minimal 

degradation in performance compared to the planar architecture. Reproducibility is a critical 

factor for large-scale manufacturing of PSCs, and both architectures showed promising results 

in this regard. The planar and inverted devices exhibited good reproducibility with consistent 

PCE values and current-voltage characteristics across fabricated devices. The choice of charge 

transport layers, TiO2 and Spiro-OMeTAD, significantly influenced the charge carrier 

dynamics and recombination rates within the PSCs. TiO2 facilitated efficient electron transport, 

while Spiro-OMeTAD enabled effective hole extraction from the perovskite layer. The 

differences in charge transport and recombination processes between the two architectures and 

charge transport layers contributed to the variations in device performance. 

In conclusion, both planar and inverted architectures have their advantages and 

limitations. The inverted architecture offers higher efficiencies, while the planer architecture 

provides improved stability. The selection of the appropriate architecture and charge transport 

layers should be based on the specific requirements of the application, considering factors such 

as efficiency, stability, and reproducibility. Further investigations are needed to optimize the 

device design, materials, and interfaces to enhance the performance and stability of PSCs. 

Additionally, long-term reliability studies under real-world conditions will be crucial for the 

successful integration of PSCs into practical applications. The findings from this study 

contribute to the broader understanding of PSCs and provide valuable guidelines for the 

development of efficient and stable solar cell technologies. Continued research and 

advancements in the field will pave the way for the commercialization of perovskite-based 

photovoltaics, leading to a more sustainable and renewable energy future. 
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