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ABSTRACT                                  
Rb2CuAsZ6 (Z = Br, Cl) double perovskites were 

studied for their optoelectronic and photovoltaic 
properties using a comprehensive density functional 
theory (DFT) analysis. Using the HSE06 functional 
for electronic band structure calculations, Rb2CuAsBr6 

and Rb2CuAsCl6 exhibit indirect band gaps (Eg) 
of 0.64 eV and 1.09 eV, respectively. Moreover, the 
analysis of the optical properties revealed substantial 
absorption (α) around 105 in both the visible and near-
infrared regions, highlighting their suitability for solar 
cell and optoelectronic applications. Moreover, we 
utilised the absorber layer Rb2CuAsCl6 to construct an 
n-i-p structure perovskite and modelled it Using the 
SCAPS-1d program, this calculation was performed 
with a thickness of 400 nm of Rb2CuAsCl6, yielding 
remarkable performance: an open-circuit voltage Voc 
of 0.81 V, a short-circuit current density (Jsc) of 38.33 
mA/cm², a fill factor (FF) of 68.65%, and a power 
conversion efficiency (PCE) of 20.63%.
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تحليل شامل للخصائص البصرية الإلكترونية والأداء الكهروضوئي للبيروفسكايت المزدوج                           
SCAPS-1D و DFT باستخدام نمذجة (Z = Br, Cl) Rb2CuAsZ6 

كمال أسوان ،حنان الزياني ،  جمال الخمخامي، عبد الفتاح اشهبار.

 Rb2CuAsZ6 (Z = Br, Cl) ملخ��ص: تم��ت دراس��ة الخصائ��ص البصري��ة الإلكتروني��ة والكهروضوئي��ة للبيروفس��كايت الم��زدوج
باستخدام نظرية الكثافة الوظيفية )DFT(. كشفت حسابات تركيب النطاق الإلكتروني باستخدام الوظيفة HSE06 عن فجوات 
نط��اق غ�ري مباش��رة تبل��غ 0.64 إلك�رتون فول��ت ل��ـ  Rb2CuAsBr6 و 1.09 إلك�رتون فول��ت ل��ـ  Rb2CuAsCl6. أظه��رت التحلي�لات 
البصرية امتصاصًا قويًا حوالي 105 في كل من مناطق الضوء المرئي والأشعة تحت الحمراء القريبة، مما يبرز ملاءمتها للتطبيقات 
  Rb2CuAsCl6 تتضم��ن n-i-p البصري��ة الإلكتروني��ة والخلاي��ا الشمس��ية. تم تصمي��م ومح��اكاة هيكل خلية شمس��ية بيروفس��كايت
كطبق��ة ماص��ة باس��تخدام برنام��ج SCAPS-1D، وق��د تم إج��راء ه��ذه الحس��ابات بس��ماكة 400 نانوم�رت م��ن Rb2CuAsCl6، مم��ا 
أس��فر ع��ن أداء جي��د: جه��د دائ��رة مفتوح��ة )Voc( يبل��غ 0.81 فول��ت، وكثاف��ة تي��ار دائ��رة قص�رية )Jsc( تبل��غ 38.33 ملل��ي أمبير/س��م²، 

وعام��ل تعبئ��ة )FF( يبل��غ 68.65 %، وكف��اءة تحوي��ل الطاق��ة )PCE( تبل��غ 20.63 %.

الكلمات المفتاحية - كنظرية الكثافة الوظيفية )DFT(؛ البيروفسكايت المزدوج؛ Rb2CuAsZ6 (Z = Br, Cl)؛  
الخصائص البصرية الإلكترونية؛ الخلايا الشمسية.

1.	 INTRODUCTION

The growing global energy demand, driven by technological and industrial advancements, has 
heightened the need for clean energy sources to mitigate environmental concerns associated 
with fossil fuels. Solar and thermoelectric energy have emerged as sustainable and cost-effective 
solutions[1,2]. As silicon solar cells near their theoretical efficiency limits, researchers are 
increasingly exploring alternative materials that exhibit superior photovoltaic properties[3].
Organic perovskites, introduced in 2009[4], have emerged as promising alternatives, 
demonstrating significant advancements in photovoltaic efficiency reaching 25.5% within a 
decade driven by their exceptional electronic and optical properties[5,6]. However, issues like 
environmental toxicity (Pb²⁺) and stability challenges under moisture and heat prompted the 
development of lead-free double perovskites (LFDPs)[7].
First-principles calculations have enabled researchers to identify eleven materials with suitable 
bandgaps for photovoltaic absorption, including Cs2CuSbCl6 and Rb2CuSbCl6[8,9]. However, 
only a limited number of these materials, such as Cs2AgBiBr6[10], Cs2AgBiCl6[11], and 
(CH3NH3)2AgBiBr6 [12], have been successfully synthesized. Furthermore, simulations play 
a crucial role in understanding the properties and performance metrics of various materials, 
complementing experimental research [13–15]. Recent studies have investigated the Power 
Conversion Efficiency (PCE) of lead-free double perovskite (LFDP) solar cells using numerical 
simulations, such as SCAPS-1D[16]. Utsho et al. investigated the use of Cs2CuBiBr6 as the 
absorber layer and Cu-based thiogallate (CBTS) as the hole transport layer (HTL), examining 
the impact of varying electron transport layers (ETLs) including WS2, C60, PCBM, and TiO2 on 
solar cell performance. The corresponding Power Conversion Efficiencies (PCEs) achieved were 
19.70%, 18.69%, 19.52%, and 19.65%, respectively[17]. Additionally, a Cs2TiBr6 based double 
perovskite solar cell (PSC) was simulated using SCAPS-1D and Density Functional Theory (DFT) 
calculations, confirming a bandgap of 1.6 eV. The cell employed La-doped BaSnO3 (LBSO) as the 
ETL and CuSbS2 as the HTL. Optimization of the absorber thickness, defect density, and bandgap 
resulted in an impressive PCE of 29.13%[18]. Moreover, an analysis of the ITO/ETL/Cs2AgBiBr6/
Cu2O/Au structure, with Cs2AgBiBr6 as the absorber layer, Cu2O as the HTL, and TiO2 as the 
ETL, achieved a PCE of 18.83%, highlighting the potential of lead-free double perovskite solar 
cells[19].
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This study aims to explore the potential of the double perovskites Rb2CuAsZ6 (Z = Br, Cl) for 
applications in optoelectronic and photovoltaic devices. The investigation will begin with a 
structural analysis, followed by an in-depth examination of the electronic properties crucial for 
optoelectronic functionality. Subsequently, the optical characteristics will be calculated up to 10 
eV. Finally, the efficiency of Rb2CuAsCl6 as the absorber layer in a solar cell will be evaluated 
using SCAPS-1D software.

2.	 COMPUTATIONAL FRAMEWORKS

2.1.	Computation of Rb2CuAsZ6 properties using DFT

The optical, electronic, and structural characteristics of the double perovskites Rb2CuAsZ6 (Z = 
Br, Cl) were investigated using density functional theory (DFT) calculations with the Quantum 
ESPRESSO package[20].  Broyden–Fletcher–Goldfarb–Shanno (BFGS) method was used to 
optimise the crystal formations[21,22]. The Perdew-Burke-Ernzerhof (PBE) functional was 
employed to describe the exchange-correlation interaction within the Generalized Gradient 
Approximation (GGA) framework[23,24]. The convergence criteria for structural optimization 
were set to 10-6 eV/atom for total energy and 10-4 eV/Å for the maximum force. An 8 × 8 × 8 
Monkhorst-Pack k-point grid was employed for Brillouin zone sampling during the optimization 
process, ensuring accurate structural relaxation. The kinetic energy cutoff (Ecut) was set at 70 Ry.
The calculations of electronic properties, the GGA-PBE was employed with a denser 12 × 12 × 
12 k-point grid. To overcome the band gap underestimation inherent to this approximation, the 
HSE06 hybrid functional with norm-conserving pseudopotentials (NCPP) was used to estimate 
the band gap.Additionally, the dielectric function was obtained using PBE with norm-conserving 
pseudopotentials Within the Random-Phase Approximation (RPA) framework, calculations 
were performed using the Yambo code [25].

2.2.	Simulation methodology

 The one-dimensional Solar Cell Capacitance Simulator (SCAPS-1D) is a widely used open-
source numerical simulation program for analysing solar cell performance. This study aimed to 
design a double perovskite solar cell and comprehensively evaluate its performance under the 
Air Mass 1.5 Global (AM1.5G) spectrum by numerically solving Poisson’s equation alongside the 
electron and hole continuity equations[26], using SCAPS-1D version 3.3.11.
Poisson’s equation:  

( ) ( ) ( ) ( ) ( ) ( ) ( )D A t t
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Continuity equation for electrons: 
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Continuity equation for holes:
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The following symbols represent the respective physical quantities: q denotes the electronic 
charge, ε the dielectric permittivity, V the electric potential, p(x) the free hole concentration, 
n(x) the free electron concentration, NA

-(x) the concentration of ionized acceptors, ND
+(x) the 
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concentration of ionized donors, nt(x) the electron trap density, and pt(x) the hole trap density. 
Furthermore, the current densities, generation rates, and recombination rates for electrons and 
holes are represented by Jn, Jp, Gn, Gp, Rn, and Rp, respectively.

3.	 RESULTS AND DISCUSSION

3.1.	Structural Properties
The lead-free double perovskite Rb2CuAsZ6 (Z = Br, Cl) crystallizes in a cubic unit cell within the 

space group (no. 225), as illustrated in Figure 1. 
The Wyckoff positions occupied by Rb, Cu, As, and Br/Cl atoms in the structure are 8c, 4b, 4a, 
and 24e, respectively. The structural optimisation determines the equilibrium volume at which 
the material attains its minimum total energy, corresponding to its most stable configuration, 
known as the ground state energy. 
The calculated equilibrium volumes, total energies, and unit cell parameters for the double 
perovskite structures Rb2CuAsBr6 and Rb2CuAsCl6 are summarized in Table 1. 
The increase in the ionic radii of the halogens from Cl to Br accounts for the decrease in the 
lattice constant as we move from Rb2CuAsBr6 to Rb2CuAsCl6. Furthermore, the stability of 
both compounds was evaluated by calculating the Goldschmidt tolerance factor (tG) using the 
following formula[27]:

Rb Z
G

Cu As
Z

r rt                                                        ( )
r r r

+
=

+ + 
 

4
2

2

along with the formation energy (𝐸𝑓), which was calculated using the following expression[28]: 

( )Rb CuAsZ Rb Cu As Z
f Rb CuAsZE E E E E E /        ( ) = − + + + 

2 6
2 6

2 6 10 5

In this context, ERb2CuAsZ6 represents the total energy of Rb2CuAsZ6 (Z=Br, Cl). The terms ERb, 
ECu, EAs, EZ correspond to the energies of isolated Rb, Cu, As and Z (Br, Cl) atoms, respectively, 
while rRb, rCu, rAs, and rZ represents the atomic radii of the Br and Cl atoms. 
The negative formation energies calculated for both perovskites, as presented in Table 1, 
demonstrate their thermodynamic stability. Additionally, the tolerance factor values, which fall 
within the required range for a cubic structure (0.8 < tG < 1.0), further substantiate the stability of 
Rb2CuAsBr6 and Rb2CuAsCl6, as detailed in Table 1.

Figure1. FCC (Face-Centered Cubic) crystal structure of Rb2CuAsZ6 (Z = Br, Cl).



Comprehensive Analysis of Optoelectronic Properties and Photovoltaic Performance of Rb2CuAsZ6 (Z = Br and Cl) Double Perovskites.

95
Solar Energy and Sustainable Development, Special Issue (STR2E) , May  2025.

Table 1 Optimised Cell parameters and phase stability of Rb2CuAsZ6 (Z=Br, Cl).
Parameters  Rb2CuAsBr6 Rb2CuAsCl6

Lattice Constant (Å)       10.69  10.13
Volume at ground state-V0 (a.u3)       2072.97  1757.2
Ground State Energy-E0 (Ry)      -3574.92 -1345.76
Tolerance Factor-tG        0.98  1
Formation Energy-Ef (eV/atom)       -0.81 -1.17

3.2.	Electronic properties 

Understanding the electronic properties of a material, such as its energy band gap and density of 
states, is essential for predicting its performance in photovoltaic and optoelectronic applications.
Based on the band structure calculated using the PBE-GGA method, as shown in Figure 2a and 
Figure 2b, the band gaps are determined to be 0.18 eV (L–X) for Rb2CuAsBr6 and 0.49 eV (L–
X) for Rb2CuAsCl6, highlighting their semiconducting nature with a small indirect band gap. 
However, it is well known that the GGA-PBE approximation often underestimates the band gap 
of double perovskites[29]. Conversely, the use of the HSE06 functional enables the calculation of 
band gap values that more accurately align with experimental measurements. For Rb2CuAsBr6 
and Rb2CuAsCl6, the band gaps are determined to be 0.64 eV and 1.09 eV, respectively, as shown 
in Figure 2c and Figure 2d. the smaller atomic radius of Cl is responsible for the increase in the 
band gap that results from replacing Br. The bandgap values of these lead-free double perovskites, 
which Rb2CuAsCl6 satisfies by falling within the ideal range from 0.9 to 1.6 eV for solar cell 
efficiency, are a key factor determining their suitability for photovoltaic applications[30].

Figure 2. band structures calculated for (a, b) Rb2CuAsBr6 and (c, d) Rb2CuAsCl6 using PBE-GGA and HSE06.
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A key factor in evaluating the performance of optoelectronic and photovoltaic materials is the            
effective mass of charge carriers. To assess the performance of these materials in such applications, 
it is crucial to determine the effective masses of both electrons and holes. Accordingly, using 
the method described in Equation (6)[31], we fitted a parabolic function near the valence band 
maximum (VBM) and conduction band minimum (CBM) at high symmetry points (L-X) to 
calculate the effective masses of electrons and holes.

( )* E k
m                                                              ( ) 

k

−
 ∂

=  ∂ 

12
2

2 6ħ

Where E(k) represents the energy of the charge carrier as a function of its wave vector, and   ħ is 
the reduced Planck’s constant.
The effective masses calculated and presented in Table 2 demonstrate small values for both carrier 
species, thereby directly enhancing the material’s ability to absorb phonons and generate electron 
pairs. These attributes are critical for the functionality of a variety of applications, including solar 
cells and optoelectronic devices like LEDs[32].

Table 2. Calculated Effective Mass (m*) and Band Gap (Eg) of Rb2CuAsZ6 (X = Br, Cl) Using PBE-GGA and HSE06 
Approximations. 
Perovskites PBE (eV) HSE06 (eV) (me*) ⁄ me (mh*) ⁄ me ε(0)
Rb2CuAsBr6 0.18 0.64 0.26 0.25 9.27
Rb2CuAsCl6 0.49 1.09 0.36 0.30 6.75

3.3.	Optical properties
Calculating optical properties is crucial for advancements in optoelectronic and photovoltaic 
technology. This analysis is essential for understanding how materials interact with light, 
particularly their ability to absorb and emit it, which is governed by inter-band and intra-band 
transitions. In this context, only inter-band transitions are considered due to their significant 
impact, while intra-band transitions are disregarded due to their lower probabilities and minimal 
contribution to overall optical properties. This section presents a comprehensive examination of 
the optical characteristics across the photon energy spectrum from 0 to 10 eV, aiming to evaluate 
the potential of perovskite materials Rb2CuAsZ6 (Z = Br, Cl) for optoelectronic and photovoltaic 
applications.

Figure 3.  The absorption coefficients as function of wavelength of Rb2CuAsZ6 (X=Br, Cl) LFDPs.
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Figure 3 displays the absorption coefficient of Rb2CuAsZ6 perovskites across a wavelength range 
from 250 nm to 1200 nm. The absorption edges, occurring around 380 nm for Rb2CuAsBr6 and 
600 nm for Rb2CuAsCl6, align with their respective band gaps. Notably, Rb2CuAsBr6 exhibits 
higher absorption, peaking at 5.31×105 cm-1 around 525 nm, surpassing Rb2CuAsCl6, which peaks 
at 5.02×105 cm-1 around 490 nm within the visible energy range. Additionally, both perovskite 
materials also showed significant absorption in the NIR (near-infrared) spectrum. Additionally, 
the varying band gaps of these materials contribute to their versatility in practical applications. 
Specifically, Rb2CuAsCl6 is more suitable for solar cells due to its stability and absorption in the 
visible spectrum, whereas Rb2CuAsBr6 is better suited for infrared sensors.
The reflectivity analysis of Rb2CuAsZ6 (X=Br, Cl) perovskite, as depicted in Figure 4, reveals 
static reflection coefficients, with R (0) values of 12% and 17% respectively. Across a wavelength 
range of 250 nm to 1200 nm, the peak reflectivity remains approximately 40% within the visible 
spectrum. However, it starts at under 20% in the ultraviolet range, suggesting  
that most photons either penetrate the material are absorbed by it.

Figure 4.  The calculated reflectivity as function of wavelength of Rb2CuAsZ6 (X=Br, Cl) LFDPs.

3.4.	Efficiency of Perovskite Solar Cells Based on Rb2CuAsCl6 Absorber Layer

The simulation of photovoltaic (PV) systems, particularly through tools like SCAPS, is an 
excellent method for assessing the materials’ effectiveness in solar cell applications. SCAPS is 
commonly used in research on thin-film solar cells. It allows researchers to model the thickness 
of multilayer systems and analyse how various design elements and material parameters influence 
the photovoltaic efficiency of these devices.
Figure 5 illustrates the perovskite solar cell (PSC) utilises an n-i-p architecture in the device 
modelling. 

Figure 5. Schematic of the solar cell structure FTO/TiO2/Rb2CuAsCl6/Spiro-OMeTAD/Cu.
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A Spiro-OMeTAD (hole transport layer-HTL) combined with a titanium dioxide (TiO2) electron 
transport layer-(ETL) is separated by the Rb2CuAsCl6 p-type absorber layer. Fluorine-doped tin 
oxide (FTO) serves as the front contact anode, while the cathode is composed of copper, which 
has a work function of 4.65 eV.
Table 3 presents the input parameters used in SCAPS-1D for each layer of the structure, including 
FTO, TiO2, Rb₂CuAsCl6, and Spiro-OMeTAD. The listed parameters include the effective density 
of states in the conduction and valence bands (N𝚌 and N𝚟), defect density (Nₜ), band gap energy 
(Eᵍ), electron affinity (χ), relative permittivity (εᵣ), donor and shallow acceptor concentrations 
(Nᵈ and Nₐ), electron and hole mobilities (µₙ and µₚ), and layer thicknesses. Furthermore, a 
uniform thermal velocity of 10⁷ cm/s is assumed for both electrons and holes across all layers.

Table 3 The input parameters for SCAPS-1D using the Rb2CuAsCl6-based solar cell at 300 K.
Parameters FTO [33] TiO2 [34] Rb2CuAsCl6 Spiro-OMeTAD [35]
Thickness (μm) 0.5 0.1 0.4 0.02
 Eg (eV) 3.5 3.2 1.09 2.8

  (eV) 4.4 4 4.34 2.05

 r
9 9 6.75 3

 NC (1/cm3) 21018 21018 5.431018 2.21018

 NV (1/cm3) 1.81019 1.81019 4.131018 1.81019

n (cm2 V/s) 20 100 317 110-4

 p (cm2 V/s) 10 25 390 210-4

 ND (1/cm3) 1015 1016 1015 0
 NA (1/cm3) 0 0 1015 1019

 Nt (1/cm3) 1015 1015 1014 1015

In all our simulations, the temperature was controlled at 300 K, whereas the series (Rs) and shunt 
resistances (Rsh) were fixed at 1  and 103 , respectively, with an illumination intensity of 1000 
W/m² under AM1.5G conditions.
Figure 6a displays the energy levels of the layers, whereas Figure 6b illustrates the band diagram 
of the FTO/TiO2/Rb2CuAsCl6/Spiro-OMeTAD/Cu cell. 

Figure 6. (a) band alignment (b) Diagram of the band energy determined by SCAPS simulation.

At the TiO2/Rb2CuAsCl6 interface, the presence of a TiO2 layer is associated with the formation of 
a built-in field and a notable VBO (Valence-Band Offset) of 2.9 eV. This configuration effectively 
impedes the movement of holes towards the TiO2 layer. Conversely, the CBO (Conduction Band 
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Offset) of 0.52 eV at the TiO2/Rb2CuAsCl6 interface is relatively low, facilitating efficient electron 
movement from Rb2CuAsCl6 to TiO2 and subsequent collection by the FTO (fluorine doped 
tin oxide) electrode. Moreover, the substantial barrier at the Rb2CuAsCl6/HTL interface (Spiro-
OMeTAD = 0.9 eV) and the intrinsic field at the Rb2CuAsCl6/hole transport layer interface, this 
can be ascribed to the organic HTL’s higher least-occupied molecular orbital (LUMO) level, 
which facilitates efficient electron blocking. Holes can easily migrate to the electrode due to the 
small energy offset at the Rb2CuAsCl6/Spiro-OMeTAD interface, measured at 0.59 eV.
Figure 7a illustrates the variation in ETL (TiO2) thickness within the range of 20 to 100 nm and 
examines its impact on PCE and FF. The results show that at thinner layers, particularly below 30 
nm, both PCE and FF are reduced due to the increased prominence of defects. These defects create 
direct contact points between the perovskite and the cathode, leading to charge recombination. 
Furthermore, increasing the TiO2 thickness mitigates recombination by providing more efficient 
charge transport pathways, thereby improving both PCE and FF. The performance stabilises at a 
thickness of approximately 100 nm.
Furthermore, the variation of PCE and FF as a function of HTL (Spiro-OMeTAD) thickness, as 
shown in Figure 7b, demonstrates that both parameters decrease linearly with increasing HTL 
thickness. This decline can be attributed to the introduction of bulk defects in thicker HTLs, 
which facilitate non-radiative recombination. Such recombination reduces the number of 
collected charge carriers, thereby adversely affecting both PCE and FF.

Figure 7. PCE and Fill Factor (FF) versus Thickness for (a) ETL Layer and (b) HTL Layer.

The PCE and FF of the absorber layer are optimized by varying its thickness from 300 nm to 1000 
nm, as illustrated in Figure 8. 

Figure 8. The effect of the absorber layer thickness on PCE and FF.

The PCE increased with thickness, reaching a maximum at 400 nm, with the highest efficiency 
recorded at 20.63%. However, beyond this optimal thickness, the PCE declined. Nevertheless, the 
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PCE decreased beyond this optimal thickness, as the perovskite thickness exceeded the carrier 
diffusion lengths for both electrons and holes, despite the enhanced generation of charge carriers, 
resulting in higher rates of recombination and, consequently, a decrease in efficiency. Moreover, 
the FF values fall dramatically with increasing Rb2CuAsCl6 layer thickness.
Numerous defect types, including vacancies, interstitials, Schottky, and Frenkel defects, can be 
observed in the perovskite layer. At high defect concentrations (Nt), the stability of perovskite 
solar cells (PSCs) is significantly reduced. In addition, high defect concentrations also affect 
carrier mobility by impeding the collection process, further reducing the fill factor and overall 
efficiency.
The effect of the absorber layer defect density on device performance was examined by modelling 
the system’s efficiency across a range of absorber defect densities, from 10¹³ cm⁻³ to 10¹⁸ cm⁻³. 
The power conversion efficiency () for each absorber defect density is shown in Figure 9, along 
with the J-V characteristics for each defect density. The results indicate a decrease in efficiency 
from 25.21% to 5.62% over this range.
The open-circuit voltage (Voc) shows a clear decline, attributed to enhanced non-radiative 
recombination, which raises the saturation current (J0) according to the formula[36]:

scB
oc

JnK TV ln                                  ( )
q J

 
= + 

 0

1 7

where KB is the Boltzmann constant, q is the elementary charge, Jsc is the short-circuit current 
density, J0 is the saturation current density and n stands for the ideality factor.

Figure 9. J-V characteristics for varying concentrations of absorber defects.

According to Table 4, Rb2CuAsCl6 exhibits a notable improvement in efficiency, characterized 
by higher Voc, Jsc, and fill factor (FF), compared to other lead-free double perovskites, such as 
Cs2CuBiBr6, Rb2SnI6, Cs2BiAgI6, and Cs2AgBiCl6-based solar cells. These further underscores 
its potential for future solar cell applications. Under an AM 1.5 solar spectrum, the maximum 
Shockley-Queisser efficiency limit for a single-junction solar cell is approximately 33% for a band 
gap of 1.4 eV. With a band gap of 1.09 eV, the efficiency of Rb2CuAsCl6-based solar cells in our 
study was 20.63%, corresponding to 62% of the theoretical limit.
Despite advancements, several challenges persist, including the occurrence of defects and 
contaminants during experimental fabrication. These defects serve as recombination centers 
in solar materials, thereby diminishing the efficiency of solar cells composed of this material. 
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Consequently, addressing these issues remains a key area of investigation within the scientific 
community.

Table 4. A comparative analysis of the single-junction solar cell results obtained in this work in relation to 
experimental and theoretical findings reported in previous research.    

Device structure            Photovoltaic parameters Type of research 
-Year

References

 Voc (V)   Jsc

(mA/cm2)
FF (%) (%)

ITO/Cu-NiO/Cs2AgBiBr6/C60/
BCP/Ag

1.01 3.19 69.2 2.23 Experimental-2018 [37]

ITO/SnO2/Cs2AgBiBr6/spiro-
OMeTAD/Au

0.92 11.40 60.93 6.37 Experimental- 2022 [38]

ITO/ZnO/Cs2BiAgI6/CBTS/
Au

1.08 23.76 83.78 21.59 Simulation-2022 [39]

ITO/WS2/Rb2SnI6/CdTe/Ni 1.08 44.67 82.71 24.95 Simulation-2024 [40]
ITO/TiO2/Cs2CuBiBr6/CBTS/

Ni
0.71 35.62 77.52 19.65 Simulation- 2025 [41]

FTO/TiO2/Rb2CuAsCl6/spiro-
OMeTAD/Au

0.81 38.33 68.65 20.63 Simulation-2025 This work

4.	 CONCLUSION

The structural and optoelectronic characteristics of the lead-free double perovskites Rb2CuAsZ6 

(Z = Br, Cl) were thoroughly analysed in this work. Formation energy calculations and the 
tolerance factor were used to assess structural stability. Using the HSE06 approach, indirect band 
gaps (Eg) of 0.64 eV and 1.09 eV were found for Rb2CuAsBr6 and Rb2CuAsCl6, respectively. Due 
to their high optical absorption coefficients (approximately 10⁵ cm⁻¹), predominantly in the 
infrared-visible wavelength region, these materials exhibit significant potential as optoelectronic 
and photovoltaic materials.
Additionally, the use of a planar n-i-p PSC with an absorber layer composed of Rb2CuAsCl6 was 
proposed. By adjusting the absorber’s defect density and the thicknesses of the hole transport layer 
(HTL), electron transport layer (ETL), and perovskite absorber layer, SCAPS-1D simulations 
were used to thoroughly analyse the performance of the PSC. The optimised device demonstrated 
a fill factor-(FF) of 68.65% and a power conversion efficiency-(PCE) of 20.63%.
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