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Abstract:  
 

This study explores the potential of the vacancy-ordered perovskite material Cs2PtI6, 

which is inorganic and lead-free, as an absorber layer in a single-junction solar cell. The 

research is based on modeling, simulation, and subsequent optimization of the cell 

structure to achieve optimal conversion efficiency. A baseline structure 

FTO/TiO2/Cs2PtI6/Spiro-OMeTAD/Au was designed as the starting point for 

simulations. The effects of various physical factors on key photovoltaic parameters were 

evaluated, including the thicknesses of the absorber, electron transport layer (ETL), and 

hole transport layer (HTL), as well as the defect density within the Cs2PtI6 material and 

at its interfaces with the ETL and HTL. For this purpose, a mathematical model was 

established to investigate the combined effects of parameters, supported by contour plot 

analysis. Moreover, alternative materials for the ETL and HTL, featuring different 

physical properties and band alignments compared to those in the baseline structure, were 

investigated. The study also examined how the height of the energy barrier at the rear 

interface between the HTL and the metal layer influences device performance. Based on 

these findings, an optimized structure FTO/CeO2/Cs2PtI6/Cu2O/Carbon was developed. 

This configuration achieved a conversion efficiency of 18.54%, demonstrating its 

superiority over the baseline design and other comparable solar cell architectures. 

Overall, this work highlights the promising potential of vacancy-ordered Cs2PtI6 

perovskite and contributes to the advancement of next-generation solar cell technologies. 

 

1. Introduction 
 

Research in renewable energy is rapidly 

expanding to meet the growing and increasingly 

urgent demand for sustainable solutions. Among the 

various technologies, electricity generation from 

photovoltaic solar sources stands out as a leading 

contender, showcasing significant potential for the 

future [1]. While silicon-based technologies have 

historically dominated this landscape due to their 

proven efficiency, the rise of perovskite technologies 

offers an exciting new direction for advancements in 

renewable energy production [2]. The growing 

interest in perovskites is driven by their rapid 

development and remarkable records in conversion 

efficiency, coupled with cost-effective 

manufacturing technique [3]. 

Perovskites are a category of materials 

distinguished by a unique crystal structure, typically 

described by the formula ABX3. The name 

"perovskite" derives from the mineral calcium 

titanium oxide (CaTiO3), which was first discovered 

in 1839 [4]. Over the years, this classification has 

broadened to include a diverse range of compounds 

that exhibit remarkable properties such as 

ferroelectricity, superconductivity, and 

magnetoreistance [5]. However, the advancement of 

perovskites has been significantly influenced by 

their potential for solar energy applications. 

Although organic-inorganic hybrid perovskites have 

demonstrated high efficiencies, research efforts are 

increasingly concentrating on the development of 

inorganic and lead-free perovskites [6]. This 

transition is largely driven by environmental and 

health concerns related to the use of lead in 

conventional perovskite materials [7], in addition to 

stability issues due to the volatility of the organic 

components [8]. All-inorganic perovskites, such as 

those based on cesium (Cs), show significantly 

improved thermal and moisture stability, making 

them more appropriate for long-term deployment in 

photovoltaic devices [9]. Several studies have 
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focused on the development of photovoltaic 

structures based on inorganic perovskites containing 

cesium [10-11]. Vacancy-ordered perovskites, 

including materials like Cs2PtI6 and Cs2TeI6 show 

considerable promise for solar cell applications due 

to their distinctive structural and electronic 

characteristics [12]. They can be tailored to have 

band gaps within the optimal range of 0.9–1.6 eV, 

facilitating theoretical efficiencies that exceed 25%. 

Furthermore, vacancy-ordered perovskites are 

generally more stable and less toxic than 

conventional lead-based perovskites, making them 

more environmentally friendly options [13]. This 

research focuses on the modeling and optimization 

of a perovskite solar cell incorporating a fully 

metallic, lead-free perovskite absorber layer, 

specifically Cs2PtI6. An initial device architecture 

was established as the basis for simulation studies, 

comprising the following layers: fluorine-doped tin 

oxide (FTO), titanium dioxide (TiO₂ ), Cs2PtI6, 

spiro-OMeTAD, and gold (Au). The performance of 

the baseline solar cell was evaluated using a 

simulation model described in subsequent sections, 

generating benchmark data for comparative 

purposes. Following this, the impact of several 

physical parameters on device performance was 

investigated, alongside the selection of appropriate 

materials for the electron transport layer (ETL) and 

hole transport layer (HTL) through the evaluation of 

alternative candidates. The subsequent phase 

involves optimizing the identified parameters to 

develop an improved device architecture aimed at 

maximizing photovoltaic efficiency, with an 

emphasis on fully inorganic material systems. This 

study aims to explore the potential of the vacancy-

ordered perovskite absorber Cs2PtI6 for use in solar 

cell structures and ultimately strives to promote the 

development of high-efficiency, lead-free perovskite 

solar cells, contributing significantly to the field of 

photovoltaics. 

 

2. Material and Methods 
2.1 Cs2PtI6 Material 

Cs2PtI6 presents a compelling alternative to 

traditional perovskites due to its distinctive 

structural properties, environmental safety, and 

superior performance characteristics. With a narrow 

optical bandgap, Cs2PtI6 features a double perovskite 

structure, where cesium (Cs) occupies the A-sites, 

platinum (Pt) is situated at the B-site, and iodine (I) 

anions form octahedral coordination around the Pt 

atoms. It crystallizes in a cubic face-centered 

structure (space group Fm3̅m) characterized by 

vacancy ordering in the B-site of the perovskite 

lattice [14]. This composition confers excellent 

chemical and environmental stability, including 

resistance to air, moisture, and extreme pH 

conditions. the heavy Pt atoms act as phonon rattlers, 

which strongly scatter lattice vibrations and result in 

ultralow lattice thermal conductivity (~0.15 W/mK), 

enhancing thermoelectric potential [15]. Despite the 

higher cost of Pt compared to lead, its excellent 

chemical stability, oxidation resistance, and ability 

to form a robust perovskite lattice make Cs2PtI6 a 

valuable model system for developing stable, non-

toxic perovskite materials with promising 

optoelectronic and thermoelectric properties. 

Performed density functional theory (DFT) 

simulations to systematically explore the structural, 

electronic, and optical properties of mixed-halide 

perovskites Cs₂ PtI₆ ₋ ₓBrₓ, revealing a tunable 

bandgap ranging from 1.4 to 2.6 eV as bromide 

substitution increases [16]. Scharts etal [17], 

reported that synthesized high-purity Cs2PtI6  

crystals via atmospheric solution processing 

employing CsI and PtI₄  precursors dissolved in a 

DMF:DMSO:GBL solvent system, resulting in well-

defined lattice parameters near 8.3 Å. Assessed 

material stability by calculating the enthalpy of 

formation using the GGA-PBE functional; the 

observed negative enthalpy values confirm the 

thermodynamic stability robustness of Cs2PtI6 [18] . 

Characterization of charge transport properties 

confirmed high hole mobility indicating efficient 

charge extraction comparable to MAPbI3, but with 

improved chemical stability [19]. UV-Vis-NIR 

spectroscopy combined with Tauc diagram analysis 

validates the direct bandgap nature (1.36 eV-1.4 eV) 

of Cs2PtI6  and quantifies the high absorption 

coefficients in the 350-450 nm spectra [20]. Analysis 

of the reflectivity and loss functions over the entire 

solar spectrum reveals low reflectivity and minimal 

energy loss, ideal for photovoltaic efficiency. These 

promising factors allow us to consider Cs2PtI6 as a 

promising absorber for photovoltaic applications. 

2.2 Baseline Structure 

This study aims to model and simulate the 

performance of Cs2PtI6 perovskite solar cell. To 

support this investigation, an ititial structure design 

was created as the starting point, including the 

following layers: FTO (Fluorine-doped Tin 

Oxide)/TiO2/Cs2PtI6 / spiro-OMeTAD/Au (Gold) 

[21].  

FTO is has been choosen as the transparent 

conductive oxide window layer material with an 

appropriate thickness of 300nm ,this material is 

highly transparent to allow the entrance of light and 

strongly n-type doped to ensure an optimal 

extraction and passage of the photogenerated 

electrons. TiO2 is used as the n-type electron 

transport layer (ETL). This material has a high 

electron mobility to ensure the transport of electons 
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and at the same time contributes to minimize 

reflections and enhance the chance to photons 

reaching the absorbing layer. The organic p-type 

material Spiro-OMeTAD (2,2',7,7'-Tetrakis[N,N-

di(4-methoxyphenyl)amino]-9,9'-spirobifluorene) 

serves as the hole transport layer (HTL) in the device 

structure. This layer possesses essential properties 

that facilitate the efficient transport of holes toward 

the back metallic contact, while also enhancing the 

interface between the perovskite absorber and the 

back electrode. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The back terminal electrode is made of gold with a 

work function of 5.1 eV and a high electrical 

conductivity. The thickness of ETL, absorber and 

HTL layers have been set at 100nm, 800 nm and 100 

nm in the primary structure, but optimized later to 

reach a higher efficiency, after the simulation work. 

A detailed description of the material properties of 

each layer is given in Table 1. Interfacial parameters 

at the front and rear interfaces are given in Table 2. 

 

2.3 Computational Approach 

In this work, several sub-models have been 

introduced into the simulation program for the 

purpose of calculating the current-voltage 

characteristic and extracting photovoltaic 

parameters.  

The model of Tauc , is used to calculate the 

coefficient of absorption as a function of the 

wavelength λ . 

𝛼(𝜆) = 𝐴. (
ℎ𝑐

𝜆
− 𝐸𝑔)

1
2⁄                               (1) 

A: is a wavelength-independent constant, and Eg is 

the energy of the bandgap. h is the constant of Planck 

and c is the speed of light. 

Three types of recombination were considered 

dominant in this study:  

 Recombination due to the density of defects in 

the absorber. 

 

 

 

 

 

 

 

 

 

 

 

 

For this, the Schockley-Read-Hall model [21*27], 

expressed in equation 2. 

𝑅𝑆𝑅𝐻  =  
𝑛.𝑝−𝑛𝑖

2

𝜏𝑛.(𝑛+𝑛𝑖)+𝜏𝑝.(𝑝+𝑛𝑖)
                        (2)                                                        

n and p represent the concentrations of electrons and 

holes. 𝜏𝑛 and 𝜏𝑝 are carrier life-times. ni is intrinsic 

density of charges. 

Recombination at the interfaces between the 

absorber and the neighboring layers. The interface 

recombination velocity at the boundaries of the 

absorber is expressed as follows: 

 𝑆𝑛,𝑝 = 𝜎𝑛,𝑝,. 𝑉𝑡ℎ. 𝑁𝑡𝑛,𝑝                                  (3)                                                                                                              

 Ntn,p is the front/back interface density.Vth is the 

thermal velocity. σn,p is the electron/hole capture 

cross section at interfaces.  

 Recombination at the interface between HTL 

layer and rear metal contact.  

Table 1. Input parameters for materials used in the primary device 

Input parameters FTO 

 [22] 

ETL (TiO2 

 [23] 

Cs2 Pt I6 

 [24] 

HTL(Spiro-OMeTAD)   

[25] 

Thickness, d [nm] 350 100 800 300 

Band gap, Eg [eV] 3.50 3.26 1.37 2.20 

Electron Affinity, χ [eV] 4.00 4.00 4.30 2.90 

Permittivity, εr 9 10 4.8 3.00 

Electron mobility, µn [cm² V-1s-1] 20 100 62.6 0.02 

Hole mobility, µp [cm² V-1s-1] 10 25 62.6 0.0002 

CB Effective density of states, NC [cm-3]  2.2 x 1018 2.0 x 1017 3.0 x 1014 1.0 x 1021 

VB Effective density of states, NV [cm-3] 1.8 x 1019 10 x 1017 1.0 x 1017 1.0 x 1021 

Density of n-type doping, ND [cm-3] 1.0 x 1019 1.0 x 1018 / / 

Density of p-type doping, NA [cm-3] / / 1.0 x 1015 1.0 x 1018 

Defect Density Nt [cm-3] / 1.0 x 1015 1.0 x 1015 1.0 x 1015 

 

Table  2.  Cell interface Parameters [26]. 

Parameters ETL HTL HTL/Absorber Absorber/ETL 

Density of Defects, Nt [cm-3] 1015 1015 1014 1014 

Electron capture cross section, σn [cm-2] 10-15 10-15 10-19 10-19 

Hole capture cross section, σp [cm-2] 10-15 10-15 10-18 10-18 
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The rear contact of the device may induce a schottky 

barrier. Therefore, the Schottky barrier Metal/HTL 

is evaluated as follows [27]: 

𝛷𝑏 = 𝜑𝑚 − ( 𝜒𝐻𝑇𝐿 − 𝑘. 𝑇. 𝑙𝑛(
𝑁𝑉,𝐻𝑇𝐿

𝑁𝑎,𝐻𝑇𝐿
))                  (4) 

𝜑𝑚 is the work function of the back metal contact, 

and 𝜒𝐻𝑇𝐿 is the electron affinity of the HTL material. 

The photo generated current density is calculated by:   

𝐽𝑝ℎ = 𝑞 ∫ 𝐹(𝜆). 𝐸𝑄𝐸(𝜆)𝑑𝜆
𝜆𝑚𝑎𝑥

𝜆𝑚𝑖𝑛
                           (5)                                                                                    

λmin and λmax are minimum and maximum 

wavelengths, q is the electron charge, F(𝜆) is the 

solar spectrum and EQE(𝜆) is the external quantum 

efficiency of the cell. 

The  equivalent circuit of the current-voltage 

characteristics is evaluated admiting a two-diode 

model [28].  

𝐽 = 𝐽𝑝ℎ − (𝐽0 + 𝐽𝑠 + 𝐽𝑑). (𝑒
𝑞.(𝑉−𝐽𝑅𝑠)

2𝑘𝑇 − 1 ) 

− 
𝑉−𝐽.𝑅𝑠

𝑅𝑠ℎ
                                                   (6) 

J0 : is the recombination reverse dark current density 

Js : is the interface recombination contribution in 

current density losses. This later depends on the  

conduction band offset (CBO) and valence band 

offset (VBO)  at the boundaries of the absorber . 

Jd : is the Schottky diode reverse saturation current 

density. 

The  key photovoltaic parameters were calculated 

using the expressions detailed in [29] This model 

was developed to calculate the characteristics 

current -voltage J-V and photovoltaic parameters 

and assess their dependence on key physical 

variables, such as layer thicknesses, recombination 

and bandgap energy mismatch between the layers. 

The purpose of the work is to propose an optimized 

structure that maximizes photovoltaic efficiency by 

optimizing the factors that alter performance.  

 

3. Results and Discussions 
3.1 Simultaneous Effect of the Absorber 

Thickness and Defect Density  

     The thickness of the perovskite layer plays a 

crucial role in determining the efficiency of solar 

cells. Studies indicate that an optimal thickness 

exists, which maximizes light absorption while 

minimizing recombination losses.  

It has been demonstrated that a thickness of 

approximately 0.5 μm allows for sufficient 

generation of electron-hole pairs without 

compromising the electric field strength. However, 

increasing the thickness beyond this optimum can 

lead to diminished performance due to reduced 

electric fields and increased recombination rates. 

Defect density within the perovskite layer is 

another vital factor affecting photovoltaic 

performance. High defect densities can introduce 

additional recombination centers, leading to reduced 

charge carrier lifetimes and lower overall efficiency 

[30].  The relationship between defect density and 

efficiency highlights the necessity for precise control 

over material quality during fabrication. 

While thickness and defect density are often 

optimized independently, there is a compelling 

argument for their simultaneous variation. This 

approach allows for a more comprehensive 

understanding of how these parameters interact and 

influence the overall photovoltaic characteristics of 

perovskite materials. Studies have indicated that 

variations in both thickness and defect density can 

lead to nuanced changes in key performance metrics 

[31]. Contour plots are valuable tools for 

understanding the intricate relationship between 

absorber thickness and defect density in perovskite 

solar cells. By optimizing both parameters together, 

the performance of the device can be enhenced. To 

this end, Figure 1. presents a contour plot illustrating 

the power conversion efficiency as a function of 

thickness, ranging from 0.5 µm to 2 µm, and 

perovskite defect density, spanning from 1012 cm-3 to 

1020 cm-3. The contour plot indicates that lower 

defect densities (e.g., approximately 1012 cm-3) are 

associated with higher PCE values, while higher 

defect densities result in a marked decline in 

efficiency. It is also highlited from the contour plot 

the areas where optimal thickness and low defect 

density coexist, lead to maximum PCE (e.g., 

thickness varying from 1µm to 2µm and Nt varying 

from 1014 cm-3 to 1016 cm-3). The figure reveals an 

optimal thickness for Cs2PtI6 absorber around 1.5 

µm, where power conversion efficiency (PCE) 

reaches its peak. At this thickness, the material 

effectively absorbs light while maintaining adequate 

electric field strength for efficient charge transport. 

3.2 Simultaneous Effect of ETL and Cs2PtI6 

Thicknesses 

The electron transport layer (ETL) is essential for 

effective charge extraction from the perovskite layer. 

Its thickness influences the efficiency of electron 

extraction while minimizing recombination losses. 

However, the optimal thicknesses of the ETL vary 

depending on the material used. A proper alignment 

between the conduction band of the ETL and that of 

the perovskite is crucial for maximizing charge 
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collection efficiency. Reducing band offsets can lead 

to significantly improved device 

performance.Simultaneous optimization of both 

layers is vital, as the performance of one layer can 

have a considerable impact on the other. For 

instance, an optimal thickness of the perovskite may 

require a specific thickness of the ETL to maximize 

charge extraction without introducing excessive 

recombination losses. This approach to joint 

optimization can result in energy conversion 

efficiencies that surpass those achieved through 

independent optimizations. The simultaneous effect 

of varying the electron transport layer (ETL) and 

Cs2PtI6 thickness was investigated in this study. 

Several ETL materials with different properties and 

conduction band energy alignments with the  
 

 

 
 

Figure 1. Contour Plot of PCE of Cs2PtI6 solar cell as a 

function of absorber thickness and absorbr defect 

density. 

 

perovskite Cs2PtI6 absorber were analyzed through 

contour plot analysis of power conversion efficiency 

(PCE).The ETL thickness varied from 50 nm to 300 

nm, while the CsPtI thickness ranged from 0.5 µm to 

3.5 µm. Figure 2 shows the results obtained.All 

contour plots clearly indicate the zones of optimized 

thicknesses that lead to a peak in power conversion 

efficiency (PCE). While these zones vary from 

material to material, some electron transport layers 

(ETLs) exhibit similar behavior. For the TiO2 ETL 

used in the primary structure, an efficiency of up to 

18% is achieved only when the ETL thickness 

exceeds 120 nm and when using larger Cs2PtI6 

absorbers greater than 2.6 µm. The structures based 

on SnO2 and CeO2 exhibit similar behavior, 

requiring only a very thin ETL thickness of 50 nm 

for large absorber greater than 2.6 µm for SnO₂ and 

2.7 µm for CeO2  to achieve an efficiency of 18.5%. 

For CdTe, the optimal ETL thickness must be 

between 230 nm and 250 nm when the absorber 

thickness exceeds 1.5 µm to achieve a yield of 

17.5%. If the absorber thickness is reduced to 

between 900 nm and 1.5 µm, the ETL thickness must 

be greater than 250 nm to achieve a similar yield. 

Finally, a Cs2PtI6 absorber thickness of around 1.5 

µm or more requires an organic C60 or PCBM ETL 

thickness of less than 100 nm to achieve a maximum 

efficiency of 18%. Through the analysis of these 

contour maps, we can identify the ideal thicknesses 

for the ETL and CsPtI layers corresponding to each 

ETL material. This enables us to pinpoint the 

configurations that achieve the maximum 

conversion efficiency. The results are shown in 

Table 3.Simulation results and contour map analysis 

indicate that the base structure, composed of a TiO2 

lectron transport layer (ETL) and a Cs2PtI6 

perovskite layer, achieves a conversion efficiency of 

18.48% with layer thicknesses of 150 nm and 2.5 

µm, respectively. Interestingly, the same efficiency 

is attainable when CeO2 is used as the ETL material, 

with reduced thicknesses of 50 nm for the ETL and 

2.0 µm for the perovskite layer. 

3.3 Optimization of the HTL Layer 

The Hole Transport Layer (HTL) is a vital 

component in the structure of perovskite solar cells 

(PSCs) as it efficiently extracts holes from the 

perovskite absorber and transports them to the metal 

contact, thereby enhancing the overall efficiency of 

the solar cell. By facilitating smooth hole transport, 

HTLs reduce losses due to recombination, 

improving the internal quantum efficiency. 

Materials like PEDOT:PSS and Spiro-OMeTAD are 

commonly used for their superior processability, 

allowing for optimization of PSC performance. The 

HTL also plays a key role in optimizing the interface 

with the perovskite layer, by reducing defects and 

enhancing charge transport [32]. Spiro-OMeTAD is 

widely used due to its excellent hole mobility and 

energy level alignment, it suffers from limitations 

such as high material costs, complex doping 

requirements, and poor long-term stability under 

heat and moisture. Replacing Spiro-OMeTAD with 

inorganic Hole Transport Layers (HTLs) in 

perovskite solar cells (PSCs) offers several 

significant advantages in terms of stability.  

Furthermore, inorganic HTLs often exhibit lower 

production costs and simpler fabrication processes 

compared to Spiro-OMeTAD. Additionally, they 

can improve device efficiency by reducing charge 

recombination at the interface and providing better 

energy level alignment with the perovskite layer. 

Copper-based hole transporting materials have 

become prominent in perovskite solar cells due to 

their favorable characteristics, which contribute to 

enhanced device performance and scalability [33]. 
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Specifically, materials such as copper iodide (CuI), 

copper thiocyanate (CuSCN), and cuprous oxide 

(Cu2O) offer a cost-effective option compared to 

traditional organic HTMs like spiro-OMeTAD. 

These copper-based compounds exhibit superior 

hole mobility and conductivity, which are essential 

for efficient charge transport and reducing 

recombination losses in PSCs. Their fabrication is 

compatible with solution-based methods, facilitating 

scalable production. Moreover, the energy levels of 

these materials are optimally aligned with the 

perovskite layer, enabling efficient hole extraction 

and contributing to improved device efficiency. 

Nickel oxide (NiO) is also a promising material for 

hole transport layers (HTLs) in perovskite solar cells 

(PSCs), primarily due to its stability and versatility. 

Its environmental benignity and relatively low 

production costs render it an appealing choice for 

sustainable energy technologies. The electronic 

compatibility of NiO with perovskite materials 

facilitates efficient hole extraction and transport. 

Furthermore, the electronic properties of NiO can be 

tailored by modifying its composition, which 

enables the improvement the performance of 

PSCs.In this section, inorganic HTLs have been 

studied to replace the Spiro-OMeTad in the basic 

device. For this purpose, Cu2O, CuI, CuSCN and 

NiO have been considered. the variation in power 

conversion efficiency as a function of the thickness 

of these HTLs is shown in Figure 3. The figure 

demonstrates a consistent trend across all structures 

with the different HTLs, where the conversion 

efficiency increases as a function of HTL layer 

thickness augmentation over the range of 100 nm to 

500 nm. owever,  The device incorporating the 

Cu2O-HTL layer exhibited the highest efficiency, 

thereby identifying it as the optimal candidate. In 

accordance with the recommended guidelines for 

HTL layer thickness, an optimal thickness of 400 nm 

is selected.The photovoltaic parameters for the 

different HTL layers proposed have also been 

calculated and represented in Figure 4. Analysis of 

the results confirms what has already been seen in 

Figure 3, namely that the best performance is 

achieved by the Cu2O-based structure. 

3. 4  Impact of Interface Defect Density 

The disparity in crystallographic structures between 

the electron transport layer (ETL), hole transport 

layer (HTL) and absorber layer can create numerous 

dislocations at their interfaces, degrading junction 

quality and increasing recombination losses. This 

effect is exacerbated by the misalignment of energy 

bands at these interfaces, which hampers charge 

transfer efficiency and promotes recombination. A 

key parameter reflecting these recombination 

processes is the surface recombination rate, which 

quantifies the speed at which charge carriers 

recombine at the interface, leading to performance 

degradation.In this context, the interface defect 

density was varied from 1010 cm-3 to 1020 cm-3 in 

order to assess its influence on device 

characteristics.    Figure 5. illustrates how the 

interaction between defect density, band mismatch 

and recombination rate critically degrades the cell's 

electrical performance, highlighting the importance 

of minimizing interface defects and optimizing band 

alignment to improve solar cell efficiency. 

3. 5 Optimization of the Back Metal Contact 

Layer 

The optimisation of perovskite solar cells (PSCs) is 

strongly influenced by the work function of the 

metal contact [34]. This parameter plays a key role 

in aligning energy levels at the interface between the 

metal and the hole transport layer (HTL), thus 

affecting charge collection and overall device 

performance. High work function metals, such as 

platinum (Pt), are often preferred due to their ability 

to improve power conversion efficiencies (PCE) and 

open circuit voltages (Voc).  Conversely, metals 

with a low work function, such as copper (Cu) and 

chromium (Cr), can compromise open-circuit 

voltage. In addition, the choice of metal contact has 

an impact on device stability and interfacial 

resistance. Conversely, metals with a low work 

function, such as copper (Cu) and chromium (Cr), 

can compromise open-circuit voltage. In addition, 

the choice of metal contact has an impact on device 

stability and interfacial resistance. While metals 

such as silver (Ag) and copper (Cu) show reduced 

stability and faster degradation, gold (Au) and 

platinum (Pt) offer superior stability at a higher cost. 

Specific metal contacts, including nickel (Ni), 

copper (Cu) and chromium (Cr), are compatible with 

spiro- OMeTAD, highlighting the importance of 

custom material selection to optimise PSC 

performance. Ultimately, careful consideration of 

the metal work function is crucial to improving the 

efficiency, stability and cost-effectiveness of 

perovskite solar cells. In this study several  metals 

with defferent metal work funcion have been 

considered for back contact in the structure, the 

characteristics  Current -Voltage of each one have 

been calculated and represented in Figure 6, and the 

corresonding photovoltaic performance and  the rear 

energy barrier HTL/Metal height are shown in Table 

4. When examining the current-voltage 

characteristics depicted in Figure 6  in addition to the 

results compiled in Table  4, it appears evident that 

the selection of metal for the back contact plays a 

crucial role in determining the performance of the 
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device. Notably, the open-circuit voltage is 

particularly sensitive to variations in the energy 

barrier Φb between the hole transport layer (HTL) 

and the back metal contact. This barrier's height is 

determined by two crucial factors: the valence band 

energy of the HTL material and the work function of 

the metal used for the back contact. As the work 

function of the metal augments from 4 eV to 5 eV, it 

is observed an obvious improvement in both the 

open-circuit voltage and the fill factor, which in turn 

enhances the overall power conversion efficiency of 

the solar cell.This is observed with Zinc, Silver, 

Chromium, and Carbon metal contacts. However, 

once the work function surpasses 5 eV, as seen with 

metal contacts like Gold and Platinum, the 

performance enhancements appear to reach a 

plateau, suggesting that further increases do not add 

additional benefits. These observations underscores 

the importance of carefully selecting the back 

contact metal to optimize solar cell performance. A 

back contact of carbon has been designed to replace 

the gold one in the optimized structure. The 

advantage of the latter is that it gives exactly the 

same performance as gold or platinum, as well as 

being cheaper than these noble metals.  

3. 6  Impact of Parasitic Resistances Rs and Rsh 

Parasitic resistances in perovskite solar cells are 

primarily categorized as series resistance (Rs) and 

shunt resistance (Rsh), both of which negatively 

influence device efficiency. The series resistance 

predominantly originates from the limited 

conductivity of the transparent conductive oxide 

(TCO) layer, typically around 10-4 Ω·cm for 

fluorine-doped tin oxide (FTO). Additionally, 

microstructural defects within the perovskite film, 

such as grain boundaries and voids, further impede 

charge carrier transport.Shunt resistance arises due 

to leakage currents caused by structural 

imperfections, including pinholes, cracks, or 

contaminants, which provide alternative pathways 

for current to bypass the active junction. Moreover, 

the formation of mixed interfacial layers at material 

interfaces—for example, between metal contacts 

and electron transport layers (ETLs), or between 

hole transport layers (HTLs) and TCOs—introduces 

additional electrical and optical parasitic losses. 

Together, these resistive elements contribute to a 

reduction in the fill factor and overall power 

conversion efficiency of perovskite solar cells. This 

section investigates the impact of varying 

parasitic resistances on the current-voltage (J-V) 

characteristics of the devices. The 

corresponding results are presented in Figure 6. 

The presence of a series resistor (Rs) reduces the 

slope of the current-voltage characteristic (J-V) 

shown in Figure 6 (a)  in the vicinity of the 

maximum power point (MPP), thus lowering the 

fill factor (FF). However, Rs has a negligible 

influence on open-circuit voltage (Voc) and induces 

only a marginal reduction in short-circuit current 

density (Jsc). Conversely, Figure 6 (b) confirms 

that the existence of a finite shunt resistance 

(Rsh) introduces leakage currents that reduce the 

colected current,  leading to a drop in current 

density and overall power conversion efficiency 

(PCE). In addition, it was observed that shunt 

paths accelerate Voc degradation.These results 

underline the crucial importance of minimizing 

parasitic resistances - both series and shunt - in 

photovoltaic devices in order to maintain high 

performance and long-term stability. 

4.  Optimized Device and Performance 

Taking into account the analysis of the results and all 

the previous observations, it was possible to design 

the following optimized structure: 

FTO/CeO2/Cs2PtI6/Cu2O/Carbon, with CeO2-ETL, 

Cs2PtI6-absorber and Cu2O-HTL layer thicknesses 

of 50nm, 2µm and 400µm and a carbon back metal 

contact. This structure is capable of increasing 

conversion efficiency to 18.54%.It is important to 

emphasize that the optimization work carried 

out in this project also contributes to the 

reduction of parasitic resistances by reducing 

recombination losses in the absorber mass, 

thanks to the control of manufacturing processes 

and also in the interfacial boundaries between 

layers by inter-layer passivation, in addition to 

the appropriate selection of ETL and HTL layer 

materials.Figure 7. compares the current-

voltage curve of this structure with that of the 

primary structure. The results of the 

photovoltaic parameters are also compared with 

those of the primary structure in Table 5, as well 

as with those of some similar-material structures 

reported in the literature.As a consequence of the 

simulation and subsequent optimization process, the 

optimized solar cell structure showed improved 

performance, achieving a power conversion 

efficiency of 18.54%. In addition to the increased 

efficiency, it should be noted that the stability of the 

device was also improved, thanks to the adoption of 

an all-inorganic configuration through the selection 

of materials for the electron transport layer (ETL) 

and the hole transport layer (HTL). Furthermore, 

carbon was used as the back contact material, 

replacing the expensive gold contact used in the 
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basic structure. This substitution not only reduces 

the overall cost of the device, but also offsets the 

expense associated with the platinum-based noble 

metal incorporated in the perovskite active layer. 

Finally, compared with the performance of similar 

structures with close bandgap energies, it was 

observed that the results correlated well with devices 

based on lead-tin hybrid perovskite, as shown by the 

results reported in the references presented in Table 

5. Compared with the performance of similar 

structures with close bandgap energies, it was 

observed that the results correlated well with devices 

based on lead-tin hybrid perovskite, as shown by the 

results reported in the references presented in Table 

5. 

 

 
Figure 2. Power conversion efficiency (PCE) as a function of ETL and Cs2PtI6 thicknesses for various ETL. materials. 

Table 3. Power conversion Effiency of structures with Optimized thicknesses of ETL and Cs2PtI6 
Structure: ETL/Perovskite/HTL ETL Thickness (nm) Cs2PtI6 Thickness (µm) PCE (%) 

FTO/TiO2/Cs2PtI6/Spiro-OMeTAD/Au 150 2.5 18.48 

FTO/SnO2/Cs2PtI6/Spiro-OMeTAD/Au 50 2.5 18.30 

FTO/CdS/Cs2PtI6/Spiro-OMeTAD/Au 50 2.4 18.43 

FTO/WS2/Cs2PtI6/Spiro-OMeTAD/Au 150 2.5 18.45 

FTO/CeO2/Cs2PtI6/Spiro-OMeTAD/Au 50 2.0 18.48 

FTO/CdTe/Cs2PtI6/Spiro-OMeTAD/Au 500 2.5 18.17 
FTO/PCBM/Cs2PtI6/Spiro-OMeTAD/Au 50 2.0 18.15 
FTO/C60/Cs2PtI6/Spiro-OMeTAD/Au 50 2.0 18.10 
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Figure 3.  Power conversion efficiency (PCE) as a function of HTL Thickness. 

 
Figure 4.  Photovoltaic performance os structures based on HTLs Substitutes. 

 

Table 4 .  Impact of the Back Metal Contact on the Photovoltaic Performance of the Cs2PtI6 Cell 

Metal Wf (eV) Φb (eV) Jph (mA/cm²) Voc (V) FF (%) PCE (%) 

Zinc 4.00 0.60 27.81 0.1342 25.50 1.02 

Silver 4.40 1.00 27.81 0.7262 79.47 17.12 

Chrome 4.50 1.10 27.81 0.7759 80.26 18.48 

Carbon 5.00 1.60 27.81 0.7781 80.30 18.54 

Gold 5.10 1.70 27.81 0.7781 80.30 18.54 

Platinium 5.67 2.27 27.81 0.7781 80.30 18.54 
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Figure 5. Impact of Interface defect density on Key cell Parameteres 

 
Figure 6. Impact of The Back Metal Contact on the Current-Voltage Characteristics of the Optimized Structutre. 
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Figure 6. Impact of The Parasitic Resistances on J-V characteristics 

 

Table 5 : Photovoltaic Performance Results and Comparison 

Structure Absorber Eg (eV) Jph (mA/cm²) Voc (V) FF (%) PCE (%) 

Primary (This work) Cs2PtI6 1.37 26.36 0.7731 80.34 17.46 

Optimized (This work) Cs2PtI6 1.37 27.81 0.7781 80.30 18.54 

[35] MAPb0.9Sn0.1I3 1.40 23.39   0.9900 79.00  18.25 

[36] CsPb0.6Sn0.4I3 1.38 24.57 0.7350 62.40 13.37 

[37] MAPb0.85Sn0.15I3 1.34 30.37 0.8500 72.24 18.34 

 

 

Figure 7. Comparison between Current-Voltage Curves of  Optimized and primary Solar Cells. 
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5.  Conclusion 

In this study, a solar cell structure based on the 

inorganic lead-free absorber Cs₂ PtI₆  was 

simulated and optimized. The developed simulation 

model enabled the calculation of the performance of 

the primary structure FTO/TiO₂ /Cs₂ PtI₆ /Spiro-

OMeTAD/Gold and its dependence on key physical 

parameters and materials used for the different 

constituent layers. The results led to the 

determination of an enhanced structure that achieved 

a superior power conversion efficiency of 18.54% 

with a fully inorganic architecture and moderate use 

of noble elements, configured as 

FTO/CeO₂ /Cs₂ PtI₆ /Cu₂ O/Carbon. This 

simulation work is highly informative and could 

serve as a foundational theoretical study prior to the 

costly step of experimental realization. The aim is 

also to contribute to the advancement of high-

efficiency, lead-free perovskite solar cells. 
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