
 Communication in Physical Sciences 2025, 12(4): 1352-1369 

Enhancing AgBiS2 Solar Cell Efficiency: Buffer Layer Comparison 

and Parameter Optimization 
 

 

Muteeu A. Olopade* and  Soko Swaray 

Received: 12 February 2025/Accepted: 01 March 2025/Published: 08 March 2025 

https://dx.doi.org/10.4314/cps.v12i4.16 

Abstract: This study endeavours to address the 

enhancement of the performance 

characteristics of AgBiS2 solar cells through 

the introduction of CdS, CdZnS, and ZnS buffer 

layers, with and without an Sb2S3 back surface 

field (BSF), using SCAPS-1D simulation 

software. The findings indicate that CdZnS 

surpasses other buffer materials, achieving a 

maximum efficiency of 14.81% when integrated 

with the Back Surface Field (BSF). An optimal 

absorber thickness of 250 nm is identified, 

yielding an efficiency of 14.17%. The study 

further reveals that an increase in defect 

density adversely affects cell performance, with 

efficiency decreasing from 11.2% to 8.5% as 

defect density rises from 1.0 × 105 cm-3 to 1.0 

× 1017 cm-3. Temperature effects are evaluated, 

with CdZnS exhibiting exceptional thermal 

stability, maintaining high performance across 

a broad temperature range (280K to 400K). 

The influence of parasitic resistances is also 

examined, with efficiency values of 0.31%, 

15.35%, and 10.05% recorded for CdS, CdZnS, 

and ZnS buffer layers, respectively, under 

varying shunt resistance conditions. The study 

emphasizes the advantageous properties of 

AgBiS2, particularly its high absorption 

coefficient of approximately 105 cm-1 and 

suitable band gap of about 1.3 eV, 

underscoring its potential for photovoltaic 

applications. These findings offer valuable 

insights for optimizing AgBiS2-based solar 

cells and suggest areas for future experimental 

validation. 
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1.0 Introduction 
 

The utilization of solar energy for power 

generation is a viable strategy to ameliorate the 

global energy crisis. However, for power from 

the sun to be a feasible replacement to 

conventional energy sources, solar cell 

technology that converts energy from the sun 

into electricity must balance affordability and 

reliability (Sayeem et al., 2024). The 

technology of Crystalline silicon has 

significantly advanced, moving from 

laboratory research to commercial deployment. 

Crystalline silicon solar cells constitutes up to 

90% of the global solar market (Baek et al., 

2024). Cost efficiency is observed when 

material utilization is reduced and the energy 

conversion efficiency is increased. Thin-film 

solar cells (TFSCs) present a compelling option 

for electricity generation due to their high 

efficiency, low production costs, and 

substantial stability. These attributes render 

them a promising candidate for widespread 

adoption in the solar power market. These 

attributes establish them as viable alternatives 

to silicon-based photovoltaic (PV) systems 

(Guo et al., 2008). The conversion efficiency of 

amorphous silicon (a-Si) solar cells, a prevalent 

type of thin-film solar cell, is 14.0% (Kang, 

2021). Silver bismuth sulfide (AgBiS2) is a 
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promising photoconductive material with 

intrinsically balanced durability among the 

non-toxic ternary chalcogenides that can be 

used in photovoltaics (Viñes et al., 2017). With 

a remarkable absorption coefficient of 

approximately 105 cm−1 and an appropriate 

band gap of about 1.3 eV (Wang et al., 2023). 

The AgBiS2 absorber is a semiconductor 

material with distinct optoelectronic 

characteristics suitable for PV applications 

(Bernechea et al., 2016) . They were the first to 

report the utilization of AgBiS2 Nanocrystal 

(NCs) as a solar cell material; however, reports 

of AgBiS2 bulk and nanocrystal production 

date this considerably  (Liang et al., 2015). 

AgBiS2 NC-based solar cells fabricated at 

room pressure and below 100 °C demonstrated 

a certified PCE of 6.3%. Previous research has 

indicated that AgBiS2 has the potential to 

enhance solar cell efficiency through various 

experimental methodologies. A solution-

processed mixed ABS recently exhibited an 

efficiency of 7.3% (Burgués-Ceballos et al., 

2022). For PV cells based on ABS, a theoretical 

investigation has reported a PCE of 26% (Akhil 

& Balakrishna, 2022). With a small active 

surface (0.06 cm2), this device employed a 

vapor-assisted solution technique to achieve a 

power conversion efficiency (PCE) of 10.20% 

(X. Li et al., 2024). Moreover, the efficiency 

was 9.53% with a larger active surface of 1.00 

cm² under standard global illumination 

conditions of 100 mW/cm² AM 1.5 (Kim et al., 

2022). Despite the promising characteristics of 

AgBiS2 perovskite solar cells, including their 

low manufacturing costs (Green, 2016), their 

application has been hindered by their low 

power conversion efficiency (PCE), poor 

stability, and low charge carrier mobility. 

Although SCAPS-1D has been extensively 

used to study the effects of interface defects 

and absorber thickness in various solar cell 

technologies, research specifically targeting 

these parameters in AgBiS₂-based solar cells is 

limited. This study seeks to address this gap by 

investigating how variations in the buffer layer 

affect the performance of AgBiS₂ solar cells 

using SCAPS-1D. This is accomplished by 

numerically simulating and analyzing AgBiS2 

solar cell device models using SCAPS-1D for 

three distinct buffer layers, CdS, CdsZns, ZnS, 

and with Sb2S3 as the Back Surface Field (BSF) 

for the three stated buffer materials, varying 

MoO3 hole transport layer, absorber layer, 

absorber defect density, buffer layer 

thicknesses, operating temperatures, and 

parasitic resistance (Rs and Rsh). Voc, Jsc, FF 

(%), and eta (%) are the four essential solar cell 

performance parameters that were recorded 

and optimized. 
 

2.0 Materials and Methods 
 

Fig 1. Diagrammatic illustration of the solar 

cell structure utilized in this research: ITO, 

ZnO, CdS, CdZnS, ZnS, AgBiS2, Sb2S3, Spiro-

OMeTAD and MoO3. The solar cell was 

subjected to testing at a temperature of 300 K, 

under a global air mass of AM1.5 G, with light 

exposure at an intensity of 100 mW/cm². In the 

device architecture, Spiro-OMeTAD serves as 

the hole transport layer (HTL), strategically 

positioned between the absorber layer and the 

metal electrode. This organic small molecule 

enhances efficient hole extraction and transport 

while inhibiting electron recombination at the 

interface. The incorporation of Spiro-

OMeTAD is essential for achieving high power 

conversion efficiency and device stability. 

SCAPS-1D, a one-dimensional solar cell 

simulator developed by Burgelman et al., 

(Verschraegen & Burgelman, 2007), was used. 

This software was utilized to model the 

proposed solar cell structure and to evaluate its 

performance metrics. SCAPS-1D (Hima & 

Lakhdar, 2020; Pindolia et al., 2022) is 

instrumental for researchers in the field of solar 

cells, facilitating the analysis of device 

structures, particularly in terms of electrical 

properties and spectral responses. The 

parameters employed for thin-film solar cells in 

our numerical simulations are comprehensively 

detailed in Table 1, and the buffer layers' 

parameters are summarized in Table 2. 
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Poisson's equation, according to equation 1, 

elucidates the relationship between potential 

and space charges. The concentrations of free 

carriers, specifically electrons and holes, are 

represented by equations 2 and 3, respectively. 

The diffusion length, indicative of the carriers' 

transport capability within a solar cell, is 

contingent upon the diffusion coefficient and 

carrier lifetime, as illustrated in equation 4. The 

absorption coefficient, which quantifies the 

extent of energy absorption by a material, 

according to equation 5. 

φ(𝑥) = [n(𝑥) – p(𝑥) – 𝑁𝐷 +(𝑥) + 𝑁𝐴- (𝑥) 

– pt(𝑥) + nt (𝑥)]       (1) 

where φ is the electrostatic potential, n is the 

density of free electron, p is the density of free 

hole, ND
+ is the ionized donor-like doping 

density, NA
- is the ionized acceptor-like doping 

density, pt is the trapped hole density, nt is the 

trapped electron density. 

n = 𝑁𝑐𝑒𝑥𝑝(𝐸𝑓 – 
𝐸𝑐

𝐾𝐵𝑇
)       (2) 

p = 𝑁𝑣𝑒𝑥𝑝(𝐸𝑣 – 
𝐸𝑓

𝐾𝐵𝑇
)       (3) 

Where, Ef is Fermi level, kB is Boltzmann 

constant, T is temperature, Ec and Ev are energy 

levels under a steady state.                                                             

L = √𝐷𝜏  (4) 

Where, L is diffusion length, 𝛕 is carrier 

lifetime. 

α(λ) = (A + 
𝐵

ℎ𝑣
) √ℎ𝑣 − 𝐸𝑔𝑎𝑝    (5) 

where A and B are the absorption constants, h 

is Planck’s constant, v is light speed. 

 

Sunlight 

                                                               ↓↓↓↓↓↓↓↓↓↓↓↓↓↓↓↓ 

 

Fig. 1: A diagrammatic configuration of the AgBiS2 thin-film solar cells 

(ITO/ZnO/CdS/CdsZns/ZnS/AgBiS2/Sb2S3/Spiro-OMeTAD/MoO3) 



Communication in Physical Sciences 2025, 12(4): 1352-1369 1355 
 

 
 

Table 1: Initial input numerical simulation parameters for the thin film solar cell (Ahamed 

et al.,)  

 

Parameters MoO$_3$ Spiro-

OMeTAD 

Sb$_2$S$_3$ AgBiS$_2$ ZnO ITO 

Thickness 

(nm) 

100 180 50 100-300 80 60 

Bandgap (Ev) 1.7 1.5 1.62 1.3 3.3 4.2 

Electron 

affinity (Ev) 

4.2 4.5 4.5 4.5 4.6 4.1 

Dielectric 

permittivity 

13.6 10 9 10 9 10 

CB effective 

density of 

states (cm-3) 

2.2×1018 2.2×1018 2.2×1018 2.2×1018 2.2×1018 2.2×1018 

VB effective 

density of 

states (cm-3) 

1.8×1019 1.8×1019 1.8×1019 1.8×1019 1.8×1019 1.8×1019 

Electron 

thermal 

velocity (cms-1) 

1×107 1×107 1×107 1×107 1×107 1×107 

Hole thermal 

velocity (cms-1) 

1×107 1×107 1×107 1×107 1×107 1×107 

Electron 

mobility 

(cm2/Vs) 

100 100 98 100 100 50 

Hole mobility 

(cm2/Vs) 

25 25 10 25 25 75 

Shallow 

uniform donor 

density, ND 

(cm-3) 

0 1×101 0 5×1015 1×1018 1×1019 

Shallow 

uniform 

acceptor 

density, Nu 

(cm-3) 

1×1016 2×1014 1×1016 1×101 0 0 

Defect type - Donor - Acceptor - - 

Defect density 

(cm-3) 

- 1×1013 - 1×1016 - - 
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Table 2: Present input parameters for the different buffer materials (Jhuma et al., 2019) 

Parameter CdS CdSZnS ZnS 

Thickness (nm) 50–150 50–150 50–150 

Bandgap (eV) 2.4 2.98 3.5 

Electron affinity (eV) 4.5 4.2 4.5 

Dielectric permittivity 10 9.4 1.8×10¹⁸ 

CB effective density of states (cm⁻³) 2.2×10¹⁸ 2.2×10¹⁸ 1.8×10¹⁹ 

VB effective density of states (cm⁻³) 1.8×10¹⁹ 1.8×10¹⁹ 1×10⁷ 

Electron thermal velocity (cm/s) 1×10⁷ 1×10⁷ 1×10⁷ 

Hole thermal velocity (cm/s) 1×10⁷ 1×10⁷ 1×10⁷ 

Electron mobility (cm²/Vs) 100 270 100 

Hole mobility (cm²/Vs) 25 27 25 

Shallow uniform donor density, ND (cm⁻³) 1.8×10¹⁸ 5×10¹⁷ 5×10¹⁵ 

Shallow uniform acceptor density, NA (cm⁻³) 0 0 1×10¹ 

Defect type – – – 

Defect density (cm⁻³) – – – 
 

 

  

3.0   Results and Discussion 

AgBiS2, known for its high absorption 

coefficient and band gap, shows great promise 

for photovoltaic applications. The proposed 

solar cell design, ITO/AgBiS2/Spiro-

OMeTAD/MoO3, exhibits excellent 

performance across various parameters. 

CdZnS, when paired with an Sb2S3 back 

surface field, surpasses other buffer materials, 

achieving an impressive efficiency of 14.81%. 

The optimal absorber thickness is set at 250 

nm, and CdZnS consistently maintains high 

performance across different temperatures. 
 

3.1 Impact of MoO3 Hole Transport 

Layer Thickness  
 

The study explores the optimization of the 

MoO₃ hole transport layer (HTL) thickness to 

improve the photovoltaic (PV) performance of 

solar cells. By adjusting the thickness from 100 

nm to 150 nm, the research evaluates how key 

photovoltaic parameters affect short-circuit 

current density (Jsc), open-circuit voltage 

(Voc), fill factor (FF), and efficiency (η), as 

shown in Fig. 2. Initially, the open-circuit 

voltage (Voc) rises with increasing thickness, 

reaching a maximum at about 120 nm, before 

decreasing with further thickness increases. 

Voc is influenced by the energy alignment at 

the interface between the active layer and the 

HTL. A well-designed HTL optimizes energy 

band alignment, promoting efficient hole 

extraction. For MoO₃ layers thinner than 120 

nm, incomplete film formation may occur, 

leading to higher leakage current and 

inefficient hole extraction (Horejs et al., 2017). 

The ideal thickness for a solar cell's thin film 

(HTL) is around 120 nm, which reduces 

recombination and enhances the built-in 

electric field. If HTLs are too thin, they can 

cause increased series resistance, lowering Voc 

and short-circuit current density (Jsc). Thin 

HTLs have lower series resistance, allowing 

efficient charge extraction and maintaining a 

high fill factor (FF). As the MoO₃ layer 

becomes thicker, series resistance increases, 

reducing FF and Voc. Thin HTLs optimize 

Voc, while thicker layers may impede light 

absorption, decreasing efficiency. Achieving 

the right HTL thickness is essential for 

balancing charge extraction, minimizing 

resistive losses, and reducing recombination. 

The interaction of these factors results in an 

optimal thickness of approximately 120 nm, 

where Voc and η are maximized, achieving an 

efficiency of 11.68%. 
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Fig 2. Effect of MoO₃ hole transport layer (HTL) thickness on the photovoltaic (PV) 

performance 
 

3.2  Impact of AgBiS2 Absorber Layer 

Thickness on Device Performance 
 

The thickness of the absorber layer 

significantly impacts device characteristics 

(Chang et al., 2019), making it a crucial 

parameter in solar cell engineering. As the 

primary site for electron-hole pair formation, 

the absorber layer shows improved incident 

light absorption and pair generation with 

increased thickness (Schwartz et al., 2020). 

When designing the device architecture, 

special focus was placed on the absorber layer's 

thickness, a crucial factor affecting both optical 

and electronic performance. A thickness of 250 

nm was chosen for the absorber, informed by 

prior research suggesting that ultra-thin AgBiS₂ 

layers within the 250–300 nm range achieve an 

ideal balance between light absorption and 

charge carrier extraction. This thickness is 

adequate to capture a substantial portion of the 

incident light spectrum while remaining thin 

enough to enable efficient carrier transport and 

collection. By avoiding excessive thickness, 

recombination losses are reduced, thereby 

enhancing the device's overall efficiency. A 

slight increase in the open-circuit voltage (Voc) 

was observed as the absorber thickness grew, 

indicating enhanced charge carrier generation 

(Abdelaziz et al., 2020). Voc progresses almost 

linearly from about 0.69 V at 300 nm. The 

short-circuit current density (Jsc) generally 

increased with thickness, though with some 

fluctuations, reaching around 35.81 mA/cm² at 

a thickness of 250 nm before slightly 

decreasing at 260 nm. This pattern suggests 

improved light absorption and carrier 

collection up to a certain thickness (Tan et al., 

2016). The fill factor (FF) was approximately 

57.46% at 60 and gradually declined as the 

thickness increased to 300 nm, possibly due to 

higher series resistance or recombination losses 

in thicker layers. The efficiency (η) showed 

stability with minor fluctuations, peaking at 

14.17% at 250 nm thickness as shown in Fig. 

3. This represents the optimal balance between 

absorption and recombination effects, as η 

depends on Voc, Jsc, and FF. Below 250 nm, 

Jsc decreases due to reduced absorption; 

beyond this, Jsc stabilizes while FF declines 

sharply. Although Voc increased slightly 

beyond 250 nm, FF decreased significantly 

(57.2%). Beyond 250 nm, efficiency decreases 

due to resistive and recombination losses. 

Thus, 250 nm emerges as the optimal thickness 

for effective absorption and maximum 

efficiency. 
 

3.3  Impact of AgBiS2 Absorber Defect 

Density on Photovoltaic Metrics 
 

To evaluate the influence of intrinsic material 

quality on device performance, we conducted 

simulations on AgBiS₂-based solar cells, 

investigating a broad range of defect densities 

from (1×10⁵ – 1×10¹⁷ cm³). This 

comprehensive range allows us to include both 
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high-quality films with minimal trap states and 

lower-quality materials where defect-mediated 

recombination is pronounced. By 

systematically varying the defect density, we 

can assess the impact of non-radiative 

recombination on key photovoltaic parameters, 

including open-circuit voltage (Voc), fill factor 

(FF), and the overall efficiency of the device. 

 

 
      Fig. 3 presents plots of the absorber thickness vs. the key photovoltaic parameters. 

 

These defects facilitate nonradiative 

recombination of photogenerated electron-hole 

pairs, thereby impeding electricity generation 

(Ju et al., 2020). Defects act as traps for 

carriers, reducing their lifetime and diffusion 

length, which limits charge transport to 

electrodes and increases recombination losses. 

The defect density ranged from Nt=1.0×105 

cm−3 to Nt=1.0×1017 cm−3. This ultimately 

results in decreased photovoltage and power 

conversion efficiency. To achieve high 

efficiency in AgBiS2-based solar cells, 

advanced processing techniques and defect-

passivation strategies are employed (Zou et al., 

2024). The simulation outcomes further reveal 

a marked reduction in performance with the 

escalation of defect density. Notably, the short-

circuit current density (Jsc) diminishes from 

29.1 mA/cm² at Nt = 0 cm⁻³ to 28.1 mA/cm² at 

Nt = 1.0×10¹⁷ cm⁻³, as a result of charge 

carriers recombining before contributing to the 

photocurrent. In parallel, the open-circuit 

voltage (Voc) declines from 0.676 V to 0.650 

V, attributed to the proliferation of non-

radiative recombination pathways. The fill 

factor (FF) also experiences a decrease from 

61.0% to 56.5%, which is linked to the 

increased series resistance due to defect-

induced carrier trapping. Consequently, the 

overall power conversion efficiency (η) falls 

from 11.2% to 8.5%. These observations align 

with the findings emphasizing the imperative to 

minimize defect density (Nt) through 

meticulous material engineering and optimized 

fabrication processes, as illustrated in Fig. 4. 

3.4 Effect of CdS, CdZnS, and ZnS buffer 

layer thicknesses without (BSF) 
 

The simulation utilized a constant absorber 

layer thickness of 300 nm, while the buffer 

layer thicknesses varied from 50 to 150 nm. 

Optimizing the CdS layer thickness is essential 

for balancing light transmission, surface 

coverage, and electrical characteristics 

(Chouhan et al., 2018). The wide bandgap of 

CdS permits the transmission of most of the 

visible spectrum of sunlight, thereby 

minimizing parasitic absorption and ensuring 

optimal light penetration to the solar cell's 

active layer (Chen et al., 2024).  
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Fig 4. Illustrate a plot of AgBiS2 Absorber Defect Density vs Perovskite metrics:  eta (%), FF 

(%), Jsc and Voc 
 

The CdS bandgap aligns with the absorber 

(Krishnakumar et al., 2009) and TCO layers, 

facilitating efficient separation of 

photogenerated charge carriers, allowing 

electrons to migrate into CdS while holes 

remain in the absorber (Keshav & Mahesha, 

2021). The CdS configuration enhances device 

performance by minimizing conduction band 

offset, reducing electron transport barriers 

(Çetinkaya et al., 2022), carrier recombination, 

and improving transparency, while also 

influencing light scattering and absorption 

(Tashkandi & Sampath, 2011). Thinner layers 

enhance light penetration but may compromise 

surface coverage (Shockley & Queisser, 1961), 

whereas thicker CdS layers reduce light 

transmission and resistance, impacting 

efficiency and achieving a minimum efficiency 

of 1.08% as shown in Fig. 5a. The buffer layer 

plays a crucial role in forming p-n junctions 

and improving charge carrier transport in solar 

cells (Po et al., 2011). Fig. 5b demonstrates the 

influence of CdZnS buffer layer thickness on 

four key parameters, highlighting its 

advantageous properties in enhancing the 

buffer layer (Xu et al., 2017), compatibility 

with the absorber layer   (Elumalai & Uddin, 

2016). The buffer layer in CdZnS 

semiconductors optimizes band alignment, 

minimizes recombination, and maximizes fill 

factor, achieving the highest efficiency of 

11.88%  at 70 nm (Madelung, 2004). The open-

circuit voltage (Voc) increased gradually with 

ZnS thickness, reaching a significant peak 

beyond 140 nm, as shown in Fig. 5c. ZnS 

improves outdoor solar durability by reducing 

surface recombination velocities, improving 

charge carrier lifetime and efficiency, and 

facilitating charge screening due to its higher 

dielectric constant (Huang et al., 2016). 

Thicker ZnS buffers reduce defect density and 

improve electric field uniformity (Bhattarai et 

al., 2022). An efficiency (eta) of approximately 

10.37% was achieved by optimizing ZnS 

thickness to 50 nm.  
 

3.5  Effect of (CdS, CdZnS, and ZnS) buffer 

layer thicknesses with Sb2S3 as (BSF) 
 

Antimony sulfide (Sb₂S₃) shows potential for 

thin-film solar cells as a back-surface field 

(BSF). Sb₂S₃ consists of the abundant elements 

antimony and sulfur (Eensalu et al., 2023). The 

BSF layer improves solar cell performance by 

collecting photogenerated carriers and 

reducing recombination at the back contact. 

Sb₂S₃ prevents minority carriers from reaching 

the back contact, reducing surface 

recombination and increasing open-circuit 

voltage (Voc) (Liu et al., 2024)  It creates an 

electric field directing minority carriers toward 

the junction, enhancing charge collection 

efficiency (Younsi et al., 2024; Zhao et al., 

2021). It also reflects unabsorbed photons to 

the absorber layer, increasing efficiency  (Guo 

et al., 2008). 
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           Fig. 5a                                                                        Fig. 5b 

 

 
                     Fig. 5c 

 

Figs. 5a-c shows the effect of different buffer thickness layers (CdS, CdZnS, and ZnS) on key 

photovoltaic performance parameters without BSF 
 

The simulation used a constant absorber layer 

thickness of 300 nm, while buffer layer 

thicknesses varied between 50 and 150 nm with 

Sb2S3 as the BSF for each buffer layer, as 

depicted in Figs. 6a, 6b, and 6c. The study 

investigates the role of the CdS buffer layer in 

improving solar cell efficiency, highlighting its 

role in light transmission, charge carrier 

collection, carrier lifetime, current generation, 

and photon absorption (Amin et al., 2010). 

Thicker CdS layers increase optical absorption, 

but their bandgap (~2.4 eV) (Granata et al., 

1996) reduces photocurrent generation. CdS 

thickness affects fill factor (FF) and efficiency, 

with thicker layers increasing series resistance 

(Groehn et al., 2016). CdZnS minimizes optical 

absorption and promotes electron transfer, 

while Sb₂S₃ improves charge collection. 

CdZnS optimizes band alignment (Wu et al., 

2013) With efficiency peaking at 50 nm 

(Elborg et al., 2015). ZnS and Sb₂S₃ improve 

efficiency by reducing interface recombination 

and enhancing junction quality  (Hernández-

Calderón et al., 2020). Thicker ZnS layers 

cause higher losses, while thinner layers 

improve photon penetration. The efficiencies 

for CdS, CdZnS, and ZnS buffer layers were 

0.24%, 14.81%, and 10.37%, respectively. 
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                     Fig. 6a Fig. 6b 

 
 

Fig. 6c 

Figs. 6a-c show the effects of varying the thickness of different buffer layers (CdS, CdZnS, 

and ZnS) on key photovoltaic performance parameters with BSF. 
 

3.6  Impact of variation of working 

temperature for the different Buffer materials 

(CdS, CdZnS, and ZnS). 

Temperature is a critical factor influencing the 

performance of photovoltaic (PV) systems 

(Maiello et al., 2013). This study examines the 

impact of temperature on these systems by 

simulating conditions ranging from 280 K to 

400 K under 1 Sun illumination (100 mW cm-

2, AM1.5G spectrum). Absolutely, and 

exploring that 280–400 K range is particularly 

insightful because it captures both the lower 

operational limit—say, during early morning 

hours or overcast days—and the upper bounds 

experienced under full sun and limited airflow. 

You might also consider coupling this thermal 

range with humidity variation or light intensity 

fluctuations to mimic more complex real-world 

stressors. Fig. 7a depicts the efficiency (η) as a 

function of temperature for CdS, CdZnS, and 

ZnS. The efficiency of CdS remains 

consistently low at approximately 0.31% 

across the temperature spectrum. In contrast, 

CdZnS begins with a high efficiency of 17.25% 

and exhibits an increase from 300 K to 

approximately 380 K, indicating robust thermal 

stability. ZnS experiences an efficiency 

increase to 10.48% at 310 K before declining, 

suggesting thermal instability. Efficiency is 

influenced by open-circuit voltage (Voc), 

short-circuit current (Jsc), and fill factor (FF). 

Elevated temperatures result in a decrease in 
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Voc due to recombination losses, while Jsc 

may increase owing to enhanced carrier 

mobility (Löper et al., 2012). Initially, ZnS 

demonstrates an increase in FF, followed by a 

sharp decline, whereas CdZnS maintains a 

stable FF. Regarding Jsc, ZnS achieves the 

highest values, and CdZnS exhibits thermal 

stability in both Jsc and Voc. The Voc of ZnS 

decreases at elevated temperatures. Fig. 7b 

illustrates that the FF of CdS and ZnS increases 

with temperature, but ZnS declines due to 

thermal degradation. Fig.7c indicates that CdS 

and CdZnS maintain steady Jsc, while ZnS 

achieves higher values but with reduced 

efficiency. Fig. 7d shows CdS with low Voc, 

CdZnS with stability, and ZnS with a decline, 

indicating thermal instability (H. X. Li, 2012). 

CdZnS is more suitable for high-temperature 

applications, while ZnS performs optimally 

only at lower temperatures. 

 

 
Fig. (7a)-(d) depict how Temperature impacts photovoltaic performance parameters 

 

3.7 Effect of Shunt Resistance (Rsh) on Device 

Operation 
 

To clarify how parasitic resistances affect 

device performance, we examine the impact of 

altering Rsh from 10000 cm² to 100000 cm². 

Shunt resistance is indicative of the degree of 

leakage current pathways across the device, 

typically resulting from defects, pinholes, or 

edge shunting. A high Rsh value, ranging from 

10000 Ω.cm² to 100000 Ω.cm², is preferred and 

was selected for ideal and near-ideal scenarios 

to represent minimal leakage and high device 

integrity. Lower Rsh values were incorporated 

to simulate scenarios prone to defects or 

degradation effects over time. The selected 

range encompasses the anticipated 

performance window of fabricated devices and 

facilitates reliability and tolerance analysis. 

Figs. 8a-d illustrate how shunt resistance (Rsh) 

influences key photovoltaic (PV) parameters: 

short-circuit current density (Jsc), open-circuit 

voltage (Voc), fill factor (FF), and conversion 

  
(a) (b) 

  
(c) (d) 
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efficiency (η) in solar cells with various buffer 

layers (CdS, CdZnS, and ZnS). Rsh represents 

unintended current paths within the solar cell, 

allowing current to bypass the load and flow 

directly between terminals. In an ideal cell, Rsh 

approaches infinity, indicating minimal 

leakage current (Dhass et al., 2012). Parasitic 

currents from finite Rsh values can reduce cell 

performance. While Jsc remains constant, Voc 

increases with higher Rsh, which decreases 

leakage currents. A greater Rsh improves the fill 

factor (FF) by reducing resistive losses, thereby 

enhancing the maximum power point and 

overall cell efficiency (Upadhyay & Singh, 

2023). Efficiency, calculated as the product of 

Voc, Jsc, and FF normalized by input power, 

primarily improves due to increases in Voc and 

FF as Rsh rises, given the relative stability of 

Jsc.  

 
Figs. 8a-d show the influence of Shunt Resistance on key photovoltaic performance metrics- 

eta (%), FF (%), (Jsc) and (Voc) 
 

The buffer layers exhibit unique 

characteristics: CdS shows oscillatory Jsc 

behavior, possibly due to interference effects or 

recombination phenomena at the 

buffer/absorber interface. CdZnS demonstrates 

improved Voc and FF compared to CdS, 

suggesting reduced recombination and better 

carrier transport. ZnS shows the most 

significant Rsh-dependent efficiency, indicating 

its ability to minimize leakage paths and 

enhance carrier selectivity, resulting in superior 

performance at high Rsh values. In summary, 

increasing Rsh reduces leakage current losses, 

leading to improved FF and efficiency while 

  
(a) (b) 

  

(c) (d) 
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maintaining relatively constant Jsc. The choice 

of buffer layer significantly influences these 

trends due to variations in material properties, 

with CdZnS showing the greatest potential for 

high-efficiency solar cells. The efficiencies 

obtained for the different buffer materials 

(CdS, CdZnS, and ZnS) are 0.31%, 15.35%, 

and 10.05%, respectively. 

3.8  Effect of Series Resistance (Rs) on Device 

Operation 
 

 The series resistance is composed of 

contributions from the bulk material, the 

contact resistance at the electrodes, and the 

sheet resistance of transparent conductive 

layers. In this simulation, ideal values of 10000 

Ω.cm² to 100000 Ω.cm² were chosen to signify 

efficient charge extraction with minimal 

resistive losses. Figs 9a-d demonstrate the 

impact of series resistance (Rs) on the 

performance of solar cells. Series resistance 

(Rs) is a pivotal factor in determining the 

efficiency of solar cells, as it restricts the flow 

of current and leads to resistive losses. An 

increase in Rs can result in slight variations in 

the open-circuit voltage (Voc) for materials 

such as CdS and CdZnS, whereas its effect on 

ZnS is minimal.  

 
Figs. 9a-d depict the effect of series resistance (Rs) on device performance parameters, 

including eta (%), FF (%), (Jsc), and (Voc). 
 

The short-circuit current density (Jsc) remains 

constant for CdS and CdZnS but decreases 

significantly for ZnS as Rs increases, due to 

ZnS's lower conductivity and mobility 

compared to the other materials. As Rs rises, the 

fill factor (FF) also diminishes because of 

voltage drops at the maximum power point 

(Prakash et al., 2018), ultimately reducing 

overall efficiency. CdS and CdZnS exhibit a 

slight increase in Voc, while ZnS experiences a 

notable reduction in both Jsc and efficiency. To 

enhance solar cell performance, it is essential 
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to reduce Rs by improving layer conductivity 

and optimizing material quality. The influence 

of Rs is more pronounced in materials with 

higher intrinsic resistance, such as ZnS, 

compared to those with superior conductive 

properties, like CdS and CdZnS. Minimizing 

Rs is crucial for optimizing solar cell 

performance, particularly for materials like 

ZnS that are more susceptible to resistive 

losses. Strategies to mitigate Rs include 

enhancing layer conductivity, optimizing 

contact interfaces, and utilizing higher-quality 

materials with lower intrinsic resistance. The 

efficiencies recorded for CdS, CdZnS, and ZnS 

are 0.31%, 10.05%, and 15.35%, respectively. 
 

4.0  Conclusion 
 

The study investigates AgBiS2 thin-film solar 

cells using numerical simulations. It finds 

promising characteristics like a high absorption 

coefficient and band gap, making it viable for 

photovoltaic applications. CdZnS outperforms 

other buffer materials, achieving 14.81% 

efficiency with a back surface field. The 

optimal absorber thickness is 250 nm, and 

CdZnS exhibits the best thermal stability. 

However, further research is needed, including 

experimental validation and comparison with 

other solar cell technologies. 
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