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Abstract 

Solar cells offer a viable option for creating new clean energy solutions, though they may require 

supplementary energy sources. Renewable electricity sources, known for being affordable, accessible, 

and greenhouse gas-free, are increasingly popular. Photovoltaic cells, which convert sunlight into 

electricity, stand out as an excellent choice. Over the past two decades, advancements in photovoltaic 

technology have significantly reduced costs and enhanced the efficiency of solar cells. Perovskite 

materials, recognized for their unique crystal structure and versatile properties, hold particular 

promise for solar energy applications. The hole transport layer (HTL) is vital for the efficiency of solar 

cells using perovskite materials such as CH3NH3PbI3. Simulation software like the SCAPS Tool has 

demonstrated the importance of the HTL in these cells. Quantitative simulations and models have been 

employed to ascertain the electrical properties of the MAPbI3 material in the active layer. These studies 

focus on parameters like fill factor (FF), short-circuit current density (Jsc), power conversion efficiency 

(PCE), and open-circuit voltage (Voc). Additional calculations have been conducted for the 

capacitance-frequency (C-F) and capacitance-voltage (C-V) characteristics of previously studied 

perovskite solar cells. Simulation results indicate the performance of MAPbI3 with varying ETL 

thicknesses. For instance, at an ETL thickness of 0.020, the cells exhibited, FF = 41.69%, PCE = 

30.95%, Voc = 2.79V, Jsc = 26.53 mA/cm², at an ETL thickness of 0.030, the cells exhibited, FF = 

41.62%, PCE = 30.93%, Voc = 2.80V, Jsc = 26.48 mA/cm², at an ETL thickness of 0.040, the cells 

exhibited, FF = 41.60%, PCE = 30.95%, Voc = 2.80V, Jsc = 26.48 mA/cm². 
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INTRODUCTION 

Solar cells present a practical solution that may sometimes need additional energy sources to advance 

new clean energy technologies. Renewable electricity is valued for its affordability, accessibility, and 

lack of greenhouse gas emissions. Photovoltaic 

cells, which convert sunlight into electrical power, 

are a promising option for this purpose. 

 

Over the last two decades, various material 

innovations have driven significant advancements 

in photovoltaic technology, reducing costs and 

improving solar cell efficiency [1]. The first 

efficient photovoltaic system was developed by Bell 

Laboratories in 1954, achieving 6% efficiency. 

Silicon solar panels, with a band gap of around 1 

eV, are known for their high efficiency. 

 
Lightweight film solar cells offer benefits due to 

their low weight and flexibility. Third-generation 
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solar cells incorporate materials such as organic dyes, conductive polymers, and silicon wires, which 

have larger band gaps [2]. These developments are critical for the future of renewable energy sources, 

as photovoltaic cells can provide a continuous supply of energy without emitting carbon dioxide. 

 

Sustainable energy can be harnessed from natural resources like sunlight, tides, wind, and rain. Solar 
energy, in particular, is safe and advantageous for health, residential, and commercial use. Looking 

ahead, solar cells have the potential to become the primary source of renewable energy. 
 

Solar power stands out as the most reliable and stable source of free energy. Among the various 

materials being explored to enhance this technology [3], elements within the perovskite family show 

significant promise. Copper Iodide (CuI) is particularly advantageous due to its chemical stability, ease 

of synthesis, and high transparency in the visible spectrum. However, using Deep Eutectic Solvents 
(DES) to process CuI can cause degradation of the perovskite layer. 

 
Researchers have explored CuI-based perovskite solar cells [4] (PSCs) with p-in configurations. In 

2015, Ye et al. demonstrated a method for rapidly depositing and crystallizing a CH3NH3PbI3 film (with 
halides X = I, Br, and Cl) on an electrodeposited CuI layer. This approach achieved an average power 

conversion efficiency (PCE) of 15%, with a peak PCE of 16.6%. CuI-based PSCs had a success rate of 
6%, likely due to the high hole mobility of the CuSCN hole transport layer (HTL). 

 
The low interface resistance and smoothness of the perovskite films contributed to this performance 

[5]. Researchers have also used unconventional methods to create the perovskite layer. 
 

Investigations have focused on the effectiveness of the HTL in CH3NH3PbI3 (X = I) solar cells made 
from perovskite and inorganic cuprous oxide (Cu2O). A solar cell [6], also known as a photovoltaic cell, 

directly converts sunlight into electricity through the photovoltaic effect. Here is a simplified 

explanation of how a solar cell works [2]. 
 

HOW A SOLAR CELL WORKS 

Light Absorption 

When sunlight hits the solar cell, the perovskite layer absorbs photons (light particles). This energy 
excites electrons in the perovskite material, creating electron-hole pairs. 

 
Charge Separation 

The excited electrons move to the conduction band, leaving behind holes in the valence band. The 

HTL (Cu2O or CuI) facilitates the movement of holes while the electron transport layer (ETL) collects 

the electrons. 
 

Charge Collection 

The electrons travel through the ETL to the external circuit, generating an electric current. 

Meanwhile, the holes move through the HTL to the opposite electrode. 
 

Electric Power Generation 

The movement of electrons through the external circuit creates a flow of electricity, which can be 
used to power electrical devices or stored in batteries. 

 
Essentially, a solar cell is a sustainable and renewable source of electricity that converts the energy 

from sunshine into an electric current. Solar panels, which can be used for commercial, industrial, or 
residential purposes, can generate more electricity by connecting several solar cells [7]. 

 
PEROVSKITE MATERIAL 

Perovskites are represented by the formula ABX3, where “A” and “B” are cations and “X” is an 

anion. The crystal structure can vary, forming cubic, tetragonal, or orthorhombic structures depending 
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on environmental conditions. Perovskites possess exceptional optical absorption properties [8], 

including a significant absorption coefficient and a tunable bandgap, crucial for solar cell efficiency [9]. 

 

They demonstrate excellent charge transport with long diffusion lengths, ambipolar charge mobility, 

and high carrier mobility, essential for efficient energy conversion. Perovskites exhibit high resistance 

to point defects, enhancing stability and performance across various applications. Certain perovskites, 

particularly those containing cobalt, exhibit magnetic characteristics due to cobalt’s intrinsic spin. 

Optical and electrical properties of perovskites can be finely adjusted through doping, involving the 

introduction of controlled impurities to tailor material properties to specific needs. 

 

These materials can be roughly divided into two groups: pure inorganic perovskites, which are 

represented by compounds such as PbTiO2 and CaSiO2, and hybrid organic-inorganic perovskites, 

which are represented by compositions like CH3NH3MX3 (where M = Pb or Sn; (X = I). 

 

FABRICATION OF PEROVSKITE SOLAR CELL 

The “planar heterogeneous junction” structure and perovskite photovoltaic cells (PSCs) have similar 

designs. The ETL is made of silicon dioxide (TiO2), while the glass substrate layer consists of transport 

conducting oxides (TCO). In perovskite materials, CuI functions as the HTL for the metal back contact, 

and CH3NH3PbI3, X=I, serves as the active layer [10]. Fabrication of solar cell using perovskite material 

shown in Figure 1. 

 

Photovoltaic cells harness the photovoltaic effect to generate electricity directly from sunlight, 

offering a clean energy solution that avoids emitting gases like carbon dioxide or other pollutants such 

as sulfur or nitrogen. Solar cells can also convert solar energy indirectly, initially transforming it into 

heat or chemical energy, thereby posing minimal environmental and human health risks. These cells are 

characterized by their low-maintenance, durability, and ease of installation in diverse settings, including 

homes, workplaces, caravans, tourist attractions, calculators, watches, light meters, and cameras. They 

provide an affordable, efficient, and environmentally friendly power source that is non-polluting, non-

intrusive, and operates silently. 

 

Global warming poses a severe threat to both humanity and wildlife on Earth [11]. Over the 19th 

century, sea levels rose by 10 to 25 cm, and surface temperatures increased by 0.3 to 0.6 degrees Celsius 

as a result of global warming. These changes in climate have led to more frequent and severe natural 

disasters, causing significant disruptions to human life and ecosystems. 

 

Solar panels consist of numerous small cells designed to generate a specific amount of power. Current 

solar cell technologies focus on creating electrons and holes within each cell. Cu2O serves as the HTL 

for the metal back contact, while CH3NH3PbI3, a perovskite material, forms the active layer. The use of 

Cu2O as the HTL in perovskite solar cells has been shown to enhance their efficiency [12]. Research 

indicates that spiro-MeOTAD exhibits a higher fill factor (FF) but lower electrical conductivity 

compared with Cu2O [13]. 

 

Black metal contact 

Hole transport layer (0.300 µm) 

Absorber layer (CH3NH3PbX3, X: I) (0.35 µm) 

Electron transport layer (0.020, 0.030, and 0.040 µm) 

Transparent conducting oxide (0.500 µm) 

Glass substrate 

Figure 1. Fabrication of solar cell using perovskite material. 
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The impressive PCE of 16.6% achieved by Cu2O-based PSCs, exceeding the median PCE of 15.6%, 

is likely due to the high hole mobility of the Cu2O HTL. The low surface roughness and interface 

resistance of the resulting perovskite films also contributed to this efficiency. Furthermore, specially 

designed methods have effectively reduced the degradation of the perovskite layer caused by the 

synthesis of Cu2O in the n-i-p PSC solution, where the active layer is CH3NH3PbI3, X = I. 

 

RESULTS AND DISCUSSION 

The study focuses on analyzing the performance of CH3NH3PbI3 perovskite solar cells under different 

illumination conditions, utilizing Cu2O as the HTL [14]. Key parameters such as short-circuit current 

density (Jsc), fill factor (FF), open-circuit voltage (Voc), capacitance-frequency (C-F), capacitance-

voltage (C-V), and PCE are thoroughly investigated and documented in Table II. The research 

highlights variations in outcomes compared to previous studies, particularly noting the cell’s voltage 

characteristics of 0 volts in darkness and 0.5 volts under light exposure [15–20]. 

 
The variously computed characteristics of the perovskite solar cell under study (CH3NH3PbX3, X: I) shown 

in Table 2. For the CH3NH3PbX3 (X: I) perovskite solar cell, the current density (JV) characteristics were 

calculated as seen in Figure 2. 

 

Table 2. The variously computed characteristics of the perovskite 

solar cell under study (CH3NH3PbX3, X: I). 

ETL Layer Parameter 

Voc(V) Jsc(mAcm-2) FF PCE (%) 

At thickness 0.020 m 2.79 26.53 41.69 30.95 

At thickness 0.030 m 2.80 26.50 41.62 30.93 

At thickness 0.040 m 2.80 26.48 41.60 30.95 

 

 
Figure 2. The J-V characteristics for the CH3NH3PbI3 perovskite solar cell at thickness 0.020 of ETL. 
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Comparing the CH3NH3PbI3 perovskite solar cell to those of other researchers [21], at the ETL layer 

thickness of 0.020 micrometer the simulated findings show parameters for performance such Voc = 

2.79, Jsc = 26.53, FF = 41.69, and PCE = 30.95 [22]. 

 

At the ETL layer thickness of 0.030 micrometer the simulated findings show parameters for 

performance such Voc = 2.80, Jsc = 26.53, FF = 41.62, and PCE = 30.93. Also, at the ETL layer 

thickness of 0.040 micrometer the simulated findings show parameters for performance such Voc = 

2.80, Jsc = 26.48, FF = 41.60, and PCE = 30.95. 

 

Furthermore, Figure 3 and graphs show all the output for the provided parameters by varying the 

thickness of the ETL with Cu2O as an HTL. For the CH3NH3PbX3 (X: I) perovskite solar cell, the 

quantum effectiveness (QE) characteristics were calculated and plotted for an absorption coefficient of 

107 (cm-1), as seen in Figure 3. For the CH3NH3PbI3 perovskite solar cell under study, the capacitance-

frequency (C-f) properties have been determined and are displayed in Figure 4. 

 

 
Figure 3. Quantum efficiency of CH NH PbI perovskite solar. 

 

 
Figure 4. C-f characteristics for CH3NH3PbI3 perovskite solar cell at thickness 0.020 of ETL. 

                  

   

  

  

  

  

  

  

  

  

  

 
                                    

               

  
  

 

           

  
   

 

       

       

       

       

       

      

      

                    

             



 

 

Analysis of Perovskite (CH3NH3PbI3) Solar Cells Using Cu2O                                                    Yadav and Yadav 

 

 

© STM Journals 2024. All Rights Reserved 43  
 

By adjusting the alternating current signal frequency during the C-f measurements, capacitance is 

computed. This demonstrates that CH3NH3PbI3 is more responsive to capacitance production at higher 

frequency ranges. 

 

For a CH3NH3PbI3 based solar cell, the variation in capacitance (nFcm-2) is measured according to 

the applied voltage, and it increases exponentially with respect to voltage. For CH3NH3PbI3, the 

capacitance (nFcm-2) rises and becomes saturated. Figure 5 plots the calculated capacitance (C) versus 

voltage (V) for the perovskite solar cell under investigation [23]. 

 

For the CH3NH3PbX3 (X: I) perovskite solar cell, the current density (JV) characteristics at thickness 

0.200 of HTL were calculated as seen in Figure 6. 

 

 
Figure 5. The C-V characteristics of CH3NH3PbI3 perovskite solar cell at thickness 0.020 of ETL333 

cell at thickness 0.020 of ETL. 

 

 
Figure 6. The J-V characteristics for the CH3NH3PbI3 perovskite solar cell at ETL  

thickness 0.030 m. 
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For the CH3NH3PbX3 (X: I) perovskite solar cell, the QE characteristics were calculated and plotted 

for an absorption coefficient of 107 (cm1), as seen in Figure 7 at thickness 0.030 of ETL. For the 

CH3NH3PbI3 perovskite solar cell under study, the capacitance-frequency (C-f) properties have been 

determined and are displayed in Figure 8 at thickness 0.030 of ETL. By adjusting the alternating current 

signal frequency during the C-f measurements, capacitance is computed [24, 25]. This demonstrates 

that CH3NH3PbI3 is more responsive to capacitance production at higher frequency ranges. 

 

 
Figure 7. Quantum efficiency of CH3NH3PbI3 perovskite solar cell at ETL thickness 0.030 m. 

 

 
Figure 8. C-f characteristics for CH3NH3PbI3 perovskite solar cell at ETL thickness 0.030 m. 
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For a CH3NH3PbI3 based solar cell, the variation in capacitance (nFcm-2) is measured regarding the 

applied voltage, and it increases exponentially with respect to voltage at thickness 0.030 of ETL. 

 

For CH3NH3PbI3, the capacitance (nFcm-2) rises and becomes saturated. Figure 9 plots the calculated 

capacitance (C) vs voltage (V) for the perovskite solar cell under investigation. 

 

For the CH3NH3PbX3 (X: I) perovskite solar cell, the current density (JV) characteristics were 

calculated as seen in Figure 10 at thickness 0.040 of ETL. 

 

For the CH3NH3PbX3 (X: I) perovskite solar cell, the QE characteristics were calculated and plotted 

for an absorption coefficient of 107 (cm 1), as seen in Figure 11 at thickness 0.040 of ETL. 

 

 
Figure 9. The C-V characteristics of CH3NH3PbI3 perovskite solar cell at ETL thickness 0.030 m. 

 

 
Figure 10. The J-V characteristics for the CH3NH3PbI3 perovskite solar cell at ETL 

thickness 0.040 m. 
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Figure 11. Quantum efficiency of CH3NH3PbI3 perovskite solar cell at ETL thickness 0.040 m. 

 

 
Figure 12. C-f characteristics for CH3NH3PbI3 perovskite solar cell at ETL thickness 0.040 m. 

 

For the CH3NH3PbI3 perovskite solar cell under study, the capacitance-frequency (C-f) properties 

have been determined and are displayed in Figure 12 at thickness 0.040 of ETL. By adjusting the 

alternating current signal frequency during the C-f measurements, capacitance is computed. This 

demonstrates that CH3NH3PbI3 is more responsive to capacitance production at higher frequency 

ranges. 

 

For a CH3NH3PbI3 based solar cell, the variation in capacitance (nFcm-2) is measured regarding the 

applied voltage, and it increases exponentially with respect to voltage at thickness 0.040 of ETL. For 

CH3NH3PbI3, the capacitance (nFcm-2) rises and becomes saturated. Figure 13 plots the calculated 

capacitance (C) vs voltage (V) for the perovskite solar cell under investigation. 
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Figure 13. The C-V characteristics of CH3NH3PbI3 perovskite solar cell at ETL thickness 0.040 m. 

 

CONCLUSION 

This study emphasizes the critical role of the HTL in enhancing the efficiency of solar cells using 

perovskite materials like CH3NH3PbI3, analyzed through the SCAPS (Solar Cell Capacitance Simulator) 

tool. Quantitative simulations and modeling were employed to assess the electrical characteristics of 

the MAPbI3 material in the active layer, focusing on parameters such as fill factor (FF), short-circuit 

current density (Jsc), PCE, and open-circuit voltage (Voc). Additionally, calculations were conducted 

for capacitance-frequency (C-F) and capacitance-voltage (C-V) characteristics of previously studied 

perovskite solar cells. 

 

Simulation results indicate that varying the thickness of the ETL impacts the performance metrics of 

MAPbI3 perovskite solar cells: At an ETL thickness of 0.020, the solar cells exhibited FF = 41.69%, 

PCE = 30.95%, Voc = 2.79V, and Jsc = 26.53 mA/cm². At 0.030 thickness, the metrics were FF = 

41.62%, PCE = 30.93%, Voc = 2.80V, and Jsc = 2.80 mA/cm². At 0.040 thickness, the results were FF 

= 41.60%, PCE = 30.95%, Voc = 2.80V, and Jsc = 26.48 mA/cm². 
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