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CIGS has shown significant potential for cost-effective and efficient photovoltaic 
applications, with efficiency often exceeding 20%. However, further improvements in cell 
performance are needed to reduce production costs. Thus, this study proposes an ultra-thin 
structure for CIGS solar cells by modifying the absorber layer thickness and composition. 
SCAPS software was used to evaluate the performance of the proposed design, such as 
open-circuit voltage (Voc), short-circuit current (Jsc), fill factor (FF%), and conversion 
efficiency (ŋ%). Results showed that ultra-thin solar cells with the proposed GnP and CGS 
absorber layers are ideal due to their greater ŋ%, 25.33%.  
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1. Introduction 
  
Solar cells are essential for the transition to cleaner, more sustainable energy sources. As 

the globe struggles with issues of climate change and environmental degradation, solar cells 
provide a way to generate electricity without spewing greenhouse gases or depleting precious 
resources [1]. Renewable energy is a potential solution that might be the future of the global 
supply of electricity in order to meet the necessary demand, which has been gradually increasing 
every year. Solar power is converted to electrical energy using photovoltaic technology. Common 
semiconductors used in solar systems include cadmium telluride, copper indium diselenide, 
microcrystalline silicon, monocrystalline silicon, and polycrystalline silicon [2].  For instance, 
Copper Indium Gallium Selenide (CIGS) is a semiconductor material that holds significant 
importance in the field of solar cell technology. CIGS demonstrated high conversion efficiencies, 
allowing a significant conversion of sunlight into electricity. Ongoing research and development 
efforts focus on enhancing the efficiency of CIGS solar cells by improving material properties, 
device architectures, and manufacturing processes. These advancements have the potential to make 
CIGS technology even more attractive for large-scale adoption.  

The absorber layer is a crucial component of a CIGS solar cell. It's the layer that directly 
absorbs sunlight and generates the electrical charges (electrons and holes) that contribute to the 
generation of electricity. The properties and characteristics of the absorber layer play a significant 
role in determining the overall performance and efficiency of the CIGS solar cell. 

The buffer and front contact in CIGS solar cells are frequently made of cadmium sulfide 
and zinc oxide, respectively [4]. The band gap, which determines whether an oxide is transparent 
to light, is more important than the photon energy of light since it contains energies required to 
generate electricity. The oxide shouldn't be able to absorb that light, according to this implication. 
The following layer, known as the absorber layer, consists of a semiconductor material often 
likened to the 'control center' of solar cells. This layer's capability to capture photons and stimulate 
electrons causes an overcurrent in the conduction band, confirming this effect [4]. 

Therefore, the choice of semiconductor material for the absorber layer aligns with the 
photon range present in the solar cell's section of the sunlight spectrum. At the same time, back-
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contact solar cells work efficiently to eliminate losses due to shading. In thin solar cells, high-
quality material is employed, allowing the rear of the cell to capture the electron-hole pairs 
generated by light absorption at the front layer. This necessitates the use of a transparent substrate 
to enable both reflection and absorption within and on the substrate. Thus, thin solar cells can 
effectively capture electron-hole pairs through a well-performing back contact. 

According to the research, performance that consists of open-circuit voltage (Voc), Short 
Circuit Current Density (Jsc), Fill Factor (FF%) and Efficiency (η%) were altered by the absorber 
layer's thickness as more photons were absorbed with an efficiency of 21.3% as opposed to 
16.39% for the older structure [4]. The absorber layer band gap thickness is important since it has 
a bearing on the cell's operation.  The thickness of the band gap in the absorber layer is significant 
because it affects how the cell functions. As a result, it is necessary to reduce the thickness of the 
absorber layer while maintaining conventional solar cell performance. In addition, temperatures 
between 288 K and 323 K have an adverse effect on solar cell performance and reduce cell 
efficiencies[5]. This is brought on by a decrease in bandgap energy. As the temperature rises, the 
Voc decreases. The cell of the solar itself also needs to be at the right temperature for CIGS solar 
cells. Conforming to the research, solar cells with a series resistance of 0 to 5 Ω had efficiency 
levels of 16.39% and 11.88%, respectively [6]. The impact is caused by the connectors' series 
resistance as well as the metallic contacts' front and back surfaces. Therefore, for optimal 
performance, series resistance must be in the low range. 

Graphene (GnP) a two-dimensional substance that is just one atom thick, is versatile in 
optoelectronics and photonics, common fields that use ultra-wideband technology. The unique 
properties of graphene, such as its excellent flexibility, remarkable conductivity, optical 
transparency, and high stability, are primarily responsible for its widespread utilisation [7]. Every 
approach has a varied bandgap composition for graphene; for example, compound semiconductors 
have a direct bandgap of 1.42 eV and good electron mobility at 300 K [8].  

In addition, GnP has a broad absorption spectrum in the UV and IR areas, which is useful 
for photovoltaic systems. Due to its poor visible spectrum absorption coefficient, graphene cannot 
be used directly as a light absorber in solar cells [7]. However, numerous strategies to increase its 
ability to absorb light have been investigated by researchers. To change graphene's absorbency 
properties, one tactic is to manipulate or functionalize it. Another is to combine graphene with 
other materials to produce hybrid structures [9]. 

Due to the delocalized electrons' ability to flow freely inside the carbon lattice, graphene 
has a high electrical conductivity in its purest form. In fact, pure graphene has a conductivity that 
is higher than that of the majority of metals [8], making it is a good choice to be used as a 
conductive electrode material in solar cells. Lowering series resistance in earlier GnP sheets with a 
thickness of 4 nm contributed to improvements in electrical conductivity and carrier movement 
efficiency in the GnP sheet [9]. 

Due to their stoichiometry-dependent characteristics, copper gallium selenide (CGS) 
semiconductor thin films are useful for a variety of optoelectronic devices. According to a number 
of studies, CGS shows p-type region regardless of fluctuations in its stoichiometry that are 
explained by the doping-pinning rule [10]. CGS generally has a bandgap that ranges from around 
1.0 eV to 1.7 eV. The bandgap value is influenced by the material's composition, stoichiometry, 
and any intentional doping or alloying. It is possible to adjust the bandgap to maximise sunlight 
absorption by adjusting the copper, gallium, and selenium ratio [11]. Copper gallium selenide 
(CuGaSe2, CGS), one of these compounds, has an energy gap of 1.68 eV at ambient temperature 
and is anticipated to be a potential component for red-light emitting devices [10]. 

The high absorption coefficient of CGS is advantageous for solar cell applications because 
it enables efficient light absorption even in relatively thin layers of the material. This feature 
makes CGS an excellent fit for thin-film solar cell topologies, where a thin layer of absorber 
material is sufficient to capture a significant amount of sunlight [12][13]. Additionally, CGS's 
composition and stoichiometry may be changed to enhance its absorption qualities. The bandgap 
may be adjusted to increase light absorption efficiency by varying the proportions of copper, 
gallium, indium, and selenium [12][13]. 
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The anion/cation ratio (Se/(Cu Ga)), which is maintained between 0.7 and 1.44, was used 
to categorise the CGS samples and determine their electrical conductivity at room temperature 
(300 K). In its pure form, CGS is a p-type semiconductor, meaning that positive charge carriers 
(holes) dominate and permit electrical conduction [12]. The electrical conductivity of CGS is 
greatly influenced by the concentration of these holes and their mobility inside the material [11]. 
Copper vacancies and selenide anti-site defects can both affect the carrier concentration and 
electrical conductivity. 

Both of the solar cell's materials need to be stabilised, particularly in terms of their 
bandgaps and absorption coefficients. The two-dimensional carbon substance graphene may be 
included in a number of solar cell parts, such as an electrode or an interface layer. Improved 
electrical conductivity, improved charge transfer, lower resistance, and higher light absorption are 
just a few advantages that can come from combining graphene with CGS in solar cells. To ensure 
compatibility and achieve the necessary performance improvements, it is crucial to keep in mind 
that the integration of graphene with CGS may require optimisation of manufacturing methods, 
interface engineering, and device topologies. In order to improve the performance and efficiency 
of solar cells, ongoing research and development activities are examining several strategies for 
efficiently combining graphene with CGS. 

Thus, this paper proposes a new Ultra-thin CIGS solar cell by improving the absorber 
layer using the SCAPs simulation and evaluate the proposed solar cell with existing CIGS solar 
cell structure. More specifically, the proposed CIGS involves two major steps. First, the proposed 
solar cell's performance is evaluated with respect to its electrical properties based on a few 
parameters, including operating temperature, absorber thickness, and series resistance, using the 
SCAPS simulation. Next, data analysis for CIGS solar cell performance is done to investigate 
efficiency (η%), Fill Factor (FF), Open Circuit Voltage (Voc), Short Circuit Current Density (Jsc), 
and solar cell structure performance.The SCAPs simulation programme is then verified using the 
study paper's Quantum Efficiency finding. Note that this project's scope includes researching 
various solar cell structures that are currently in use and comprehending the factors that can affect 
solar cell performance. The behaviour of charge carriers within the absorber layer is better 
understood by researchers using computational models and simulations, which can assist them 
forecast how performance will vary as material properties or device architecture change. 

    
 
2. Numerical simulation  
 
There are various numerical methods such as PC1D, ANSYS Semiconductor, Silvaco 

TCAD, and Matlab/Simulink, which can be utilized to observe the behavior of photovoltaic 
systems in order to find a suitable parameter and test a new parameter in a solar cell. One of the 
specialized forms of simulation used in the field of photovoltaics (solar cells) is known as solar 
cell capacitance simulation (sometimes referred to as SCAPs simulation). SCAPS is a 1-D 
simulation tool for solar cell architectures developed by researchers at the University of Gent, 
Belgium's Department of Electronics and Information Systems (ELIS). 

The SCAP simulation was designed to assess and anticipate the electrical performance and 
behavior of solar cells based on their capacitance characteristics. The SCAP simulation assists 
scientists and engineers in grasping and optimizing a variety of solar cell capacitance-related 
elements, such as efficiency analysis and design enhancement. The SCAP simulation permitted a 
complete analysis of the efficiency of the solar cell by taking into account its capacitance features. 
As a result, this analysis assists in identifying potential improvement areas and improving the 
design for improved conversion efficiency. Thus, this analysis assists in identifying potential 
improvement areas and improving the design for improved conversion efficiency. Meanwhile, 
scientists and engineers may examine how different material selections, device designs, and 
manufacturing techniques impact overall performance by modeling solar cell capacitance. With 
this understanding, solar cell designs may be altered to obtain higher stability and efficiency. 
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2.1. Application SCAPs for CIGS solar cell 
In this study, the Spectral-Correlation-Analysis Procedure (SCAP) was employed to assess 

the effectiveness of modifying layer parameters and other variables for both Ultra-thin CIGS solar 
cells with a GNP+CGS absorber layer and conventional CIGS solar cells. The process of creating 
the Ultra-thin CIGS solar cells with the GNP+CGS absorber layer, progressing from the front to 
the rear surface of the solar cell, is illustrated in Figure 1, while Figure 2 exhibit the structure of 
CIGS. Table 1 tabulates the parameter values for each layer that is being used in SCAP's 
simulation software. 

 

 
(a)                                                                               (b) 

 
Fig. 1. Flowchart for CIGS solar cell (a) Proposed CIGS solar cell (b) Referenced CIGS solar cell.
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(a)                 (b) 

 
(c)         (d)   (e) 

 
Fig. 2. (a) Solar cell structure for ultra-thin CIGS solar cell with proposed GnP absorber layer, (b) 

solar cell structure for ultra-thin CIGS solar cell with proposed GnP +CGS absorber layer, (c) solar 
cell structure for ultra-thin CIGS solar cell with CGS absorber layer, (d) solar cell structure for 

ultra-thin CIGS solar cell with Si absorber layer, (e) solar cell structure for conventional CIGS solar 
cell. 
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Table 1. Parameter value for each layer in SCAPs simulation software. 
 

Parameter n-ZnO n-CdS p-CIGS p-Si p-GnP p-CGS 
Thickness (μm) 0.02 0.05 conventional (1.1- 2) 

Ultra-thin (0.1 -1) 
1.00 0.10 1.00 

Bandgap, Eg (eV) 3.30 2.45 1.10 1.12 1.80 1.66 
Electron affinity, Xe (eV) 4.60 4.40 4.50 4.05 3.92 3.67 
Dielectric constant, er 9.00 10.00 13.60 11.90 10.00 8.15 
Density of states at conduction 
band, Nc (cm-3 ) 

2.20 x 
1018 

2.20 x 
1018 

2.20 x 1018 2.80 x 
1019 

2.80 x 1019 2.20 x 
1017 

Density of states at valence 
band, Nv (cm-3 ) 

1.80 x 
1019 

1.80 x 
1019 

1.80 x 1019 2.65 x 
1019 

2.65 x 1019 1.80 x 
1018 

Electron mobility, μn (cm2 /Vs) 100.00 100.00 100.00 1450.00 1.00 x 109 100.00 
Hole mobility, μp (cm2 /Vs) 25 25 25 500 10 25 
Electron and hole concentration, 
n, p (cm-3 ) 

1.00 x 
1020 

1.00 x 
1020 

2.00 x 106 1.00 x 
1020 

1.00 x 1020 1.00 x 
1020 

Defect density (cm-3 ) 1.00 x 
1014 

1.00 x 
1014 

1.00 x 1014 1.00 x 
1014 

1.00 x 1014 1.00 x 
1014 

 
 
3. Result and discussion 
Efficiency is one of the four primary characteristics that will be evaluated since it has 

demonstrated better performance in the conversion of solar energy to electrical energy than the 
other parameters. The efficiency of a solar cell determines how it converts sunlight into electricity. 
A higher efficiency, usually expressed as a percentage, indicates that the cell can convert sunlight 
more successfully into electricity [14]. The efficiency can be calculated:  

 

                                                                       (1) 
 
where   is open circuit voltage (V),   is short circuit current density (A),   is fill factor 
(%), and   is intensity of radiation incident (W). Fill Factor for Solar Cell defined as a 
relationship between a cell's maximal power output and the sum of  and  values[15]. The 
fill factor can be written mathematically as: 
 

                                                                      (2) 
 
Additionally, it is employed to determine the efficiency, which is a measurement of how 

successfully the cell converts sunlight into energy [16] and stated as: 
 

                                                             (3) 
 
where  is identity factor,  is temperature (K), q is electronic charge (C),   is light generated 
current (A), and   is dark generated current (A). The   of a CIGS solar cell is typically from 
15-20 A/cm2, but this can vary depending on the specific design and manufacturing method 
used[17], which can be evaluated as:  
 

                                                  (4) 
 
where ph is photogenerated current density (A), q is elementary charge (C), and  is hole 
generated current density (A). 
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Due to their distinct qualities and advantages, the heterojunction CIGS solar cell is 
selected as the model to verify the SCAPs simulation program. One of these is a complex 
heterojunction structure, which refers to the heterojunctions between several semiconductor 
materials that make up CIGS solar cells' many layers and interfaces [18]. The behaviour of these 
intricate heterojunction contacts must be taken into account while simulating the capacitance 
properties of CIGS solar cells. SCAPs simulation may be made to more properly represent the 
capacitance effects at these interfaces by validating it using CIGS solar cells[19]. Because of this 
validation procedure, the simulation model may be utilized confidently for future analysis, 
optimization, and design of solar cell devices. Figure 3 depicts data from the referenced and 
simulated. 

 
 

 
(a)                                                                                     (b) 

 
Fig. 3. Quantum efficiency (a) referenced (b) simulation. 

 
 
Quantum efficiency (QE), which offers a quantitative assessment of the solar cell's 

capacity to convert incident photons into electrical current over a variety of wavelengths, is a 
valuable parameter for evaluating SCAPs simulation. The correctness and dependability of the 
simulation model may be evaluated by researchers by comparing the simulated quantum efficiency 
data with experimental observations. 

This demonstrated that the SCAPs simulation had a graph pattern that matched the results 
reported in the paper. The efficiency at the simulated graph and the referenced graph is the same, 
where it started at 80%, according to the QE result. However, a little distortion occurred at a 
wavelength of 400 nm when quantum efficiency was approximated. 

 
3.1. Proposed ultra-thin CIGS solar cell with GNP as absorber layer 
Using SCAPs simulation, Figure 4 depicts the schematic view of the proposed Ultra-thin 

CIGS solar cell. GnP is suggested as their absorber layer to be doped with CIGS absorber layer, 
which had been displayed in red colour layer. 

 

 
 

Fig. 4. Schematic view for ultra-thin CIGS solar cell with proposed GNP as absorber layer. 
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Figure 5(a) demonstrates that Jsc grew continuously as thickness increased, although Voc 
declined gradually. This is due to a lack of voltage sufficient to boost the Voc, which would 
otherwise drive the terminal's short circuit current. Meanwhile, Figure 5(b) shows the same graph 
pattern as the Voc and Jsc graphs, with efficiency increasing and fill factor decreasing as the CIGS 
absorber layer thickness increased. This depicts how recombination losses impact the material's 
absorption coefficient. However, the proposed CIGS absorber layer thickness of 1 m was chosen 
since it had the maximum efficiency. Furthermore, the GnP absorber layer is chosen with a 
thickness of 0.1 m because it has the best ŋ% in the CZTS solar cell, with a value of 17.14% [20]. 

 
 

 
(a)                                                                                        (b) 

 
Fig. 5. (a) Relation of Jsc and Voc, (b) Relation of efficiency and FF to Ultra-thin CIGS thickness with 

proposed absorber layer. 
 

 
Figure 6 illustrate the electrical characteristics Voc, Jsc, FF, and ŋ% decrease as 

temperature rises. This demonstrated that the Ultra-thin CIGS solar cell had surpassed its 
saturation threshold and had begun to degrade. The trend indicates that it starts to break down near 
300K.  

 
 

 
(a)                                                                               (b) 

 
Fig. 6. (a) Relation of Jsc and Voc, (b) Relation of efficiency and FF to Ultra-thin CIGS with proposed 

absorber layer operating temperature. 
 
 
The link between the series resistance, FF, and ŋ% was examined in Figure 7. Voc and Jsc 

were not involved because CIGS materials have excellent carrier mobility, which allows charge 
carriers (such as electrons and holes) to travel across the material rather readily [21]. Due to their 
high mobility, Voc and Jsc are less negatively impacted by series resistance. The graph's analysis 
of series resistance also revealed that ŋ% and FF% values drop as series resistance rises. This is 
brought on by voltage within the solar cell caused by series resistance. A part of the voltage 
formed across the absorber layer is lost as the current produced by the cell passes through the 
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series resistance. This lowers the fill factor and decreases the effective voltage available for power 
production. In addition, the existence of series resistance may be able to restrict the flow of current 
inside the solar cell. It limits the motion of charge carriers (holes and electrons) and raises the 
effective resistance such carriers must overcome. This limitation causes the Jsc generated by the 
cell to diminish, which lowers the FF% and lowers overall ŋ% [22]. From the analysis shown the 
series resistance were optimum to set to 0 Ω/cm2. 

 
 

 
 

Fig. 7. Relation of efficiency and FF to Ultra-thin CIGS with proposed absorber layer series resistance. 
 
 
3.2 Comparison between conventional CIGS solar cell with ultra-thin CIGS solar cell  
      with proposed GnP absorber layer 
Table 2 presents a comparison of the abilities of conventional and ultra-thin CIGS solar 

cells with proposed GnP absorber layer. Decreased CIGS absorber layer thickness may therefore 
lead to greater efficiency than traditional CIGS with the p-GnP absorber layer. This is shown by 
the fact that typical CIGS solar cells' efficiency has grown by 30.02%. Voc also demonstrates that 
the greatest voltage may be generated with an increase of 33.33%. According to a study, both 
configurations of ultra-thin CIGS solar cells with GnP absorber layer outperform normal CIGS 
solar cells [23]. However, because GnP is not a stand-alone material, it cannot replace the 
electrical features of Ultra-thin CIGS solar cells. 

Since GnP is only one atom thick, it absorbs very little incident light. A solar cell's 
material should ideally absorb a considerable percentage of the solar spectrum to efficiently 
convert sunlight into power. Although GnP absorbs light over a wide spectrum, its absorption 
efficiency is somewhat poor, which restricts its capacity to produce significant electrical power. In 
order to boost the capabilities of GnP materials, different materials must be combined. 

 
Table 2. Comparison between performances of conventional and ultra-thin CIGS solar cell with proposed 

GnP absorber layer. 
 

PV performance 
parameter 

Conventional CIGS 
solar cell 

Ultra-thin CIGS solar cell 
with Proposed GnP 

Absorber Layer 

Percentage of 
increasing/decreasing for both 

solar cell (%) 
Efficiency (%) 15.39 20.01 + 30.02 

FF (%) 79.53 80.35 + 1.03 
Jsc (mA/cm2) 37.96 36.41 - 4.08 

Voc (V) 0.51 0.68 +33.33 
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3.3. Material finding to increase the GnP absorber layer’s capabilities 
Since the GnP material is a 2D material and cannot operate at its peak level without 

doping, additional materials were added to the research to enhance its capabilities. Silicon (Si) and 
copper gallium selenite (CGS) were chosen as the two materials because they both provided 
increased efficiency when combined to create a CIGS solar cell. 

Tandem cell design takes into account the Si absorber layer. The tandem cell may provide 
a larger absorption spectrum and improved efficiency by fusing CIGS top and Si bottom cells. 
Shorter-wavelength light that travels through the CIGS layer may be effectively absorbed by the Si 
layer, maximising light utilisation and total power conversion. The Si layer can then aid in 
enhancing light absorption inside the solar cell's framework. It is possible to texture or pattern the 
Si layer to build a powerful light-trapping mechanism that will increase solar absorption and 
minimise optical losses. This results in increased device effectiveness and higher overall light 
absorption. 

However, because of its compositional tunability, the CGS absorber layer is thought to 
mix with the GnP absorber layer. By changing the ratios of copper (Cu), gallium (Ga), and 
selenium (Se), CGS enables fine-tuning of the material composition. With this tunability, the 
absorber layer's bandgap may be optimised, which is important for matching the solar spectrum 
and obtaining high efficiency. Other than that, compared to certain other thin-film solar cell 
technologies, CGS has demonstrated high stability and endurance with enhanced resistance to 
deterioration and ageing [24]. This stability may lead to CIGS solar cells that are more dependable 
and long-lasting. The performance ratings for both absorber layers that can work well with GnP 
absorber layers are shown in the Table 3. It was shown that the CGS absorber layer performed 
more efficiently than the Si absorber layer. Both absorber layers have the same thickness of 1 μm. 
In order to achieve high performance, the CGS absorber layer is picked from the comparison and 
paired with the GnP absorber layer. 
 
 
Table 3. Comparison between performances of ultra-thin CIGS solar cell with referenced Si absorber layer 

and ultra-thin CIGS solar cell with referenced CGS absorber layer. 
 

PV performance 
parameter 

Ultra-thin CIGS solar cell 
with referenced Si absorber 

Layer 

Ultra-thin CIGS solar cell with 
referenced CGS absorber layer 

Efficiency (%) 19.78 19.95 
FF (%) 79.94 79.35 

Jsc (mA/cm2) 36.40 36.42 
Voc (V) 0.68 0.69 

 
 
3.4. Proposed ultra-thin CIGS solar cell with GNP+CGS as absorber layer 
The suggested ultra-thin CIGS solar cells with a GnP+CGS absorber layer are shown 

schematically in Figure 8. The p-type absorber layer is visible in red and ranges in thickness from 
0.1 to 1 μm for CIGS, 0.1 μm for GnP, and 1 μm for CGS. This 2-D carbon and semiconductor 
material combination of GnP and CGS has the ability to extract and lower interfacial resistance in 
solar cells. 
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Fig. 8. Schematic view for ultra-thin CIGS solar cell with proposed GNP+CGS as absorber layer. 
The suggested solar cell's band diagram with the GNP+CGS absorber layer is shown in 

Figure 9. The projected CIGS solar cell's thickness, the 1 μm CGS, 0.1 μm GnP, and 1 μm CIGS 
from 0 to 2 μm thickness are displayed starting from the left. Due to the absorber layer's 
anticipated thickness of 2 μm, the distance was more than 2.0 μm. Compared to the suggested 
GnP, which has a band gap of 1.91 eV, this proposed solar cell has a greater band gap. The 
introduction of extra materials and interfaces can affect the band diagram of such a solar cell. One 
unusual two-dimensional substance with unique electrical characteristics is GnP [25]. While CGS 
has a different composition that results in a bigger bandgap, when GnP is included in the structure, 
it can contribute additional energy levels or change the electrical structure of the device. 

 
 

 
 

Fig. 9. Band diagram for ultra-thin CIGS solar cell with proposed GNP+CGS as absorber layer. 
 

 
Variations in the absorber layer's thickness have a detailed impact on the SCAPs 

simulation's parameters Voc, Jsc, ŋ%, and FF%, as shown in Figure 10, respectively. When the 
thickness increases, both an increase in JSC and ŋ% as well as a drop in Voc and FF % are readily 
visible. The electrical properties ŋ%, Voc, Jsc, FF of this suggested CIGS solar cell with GnP and 
CGS absorber layer, however, are all greater. This is because the absorber layer's carrier collection 
was improved and the recombination losses were decreased. 
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(a)                                                                               (b) 

 
Fig. 10. (a) Relation of Jsc and Voc, (b) relation of efficiency and FF to ultra-thin CIGS thickness with 

proposed absorber layer. 
 

 
The suggested solar cell's quantum efficiency was similar to that of the ultra-thin CIGS 

solar cell with a GnP absorber layer, which started at 80% and grew to 90% until 850 nm before 
breaking down as illustrated in Figure 11. The use of various materials will prevent the graph from 
being steady. 

 

 
 

Fig. 11.  Quantum Efficiency for Ultra-thin CIGS solar cell with GNP +CGS Absorber layer. 
 
 
Figure 12 show the detailed effect of varying the operating temperature on the parameters 

Voc, Jsc, ŋ and FF %, respectively, from the SCAPs simulation. From Figure 12 it can be observed 
that all electrical qualities deteriorate as temperatures rise. As a result of the bandgap narrowing, 
the value of the electrical characteristics is higher than the suggested GnP absorber layer. Due to 
the effects of thermal expansion, the bandgap of CIGS and other semiconductors tends to 
gradually decrease as the temperature rises. Because of this, the absorption edge may move 
towards longer wavelengths, decreasing the efficiency of light absorption and, by extension, the 
efficiency of the solar cell. 
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(a)                                                                           (b) 

 
Fig. 12. (a) Relation of Jsc and Voc, (b) relation of efficiency and FF to ultra-thin CIGS with proposed 

absorber layer operating temperature. 
 

 
For the suggested GnP and CGS absorber layer, Figure 13 examined the relationship 

between the series resistance, ŋ% and FF%. The mismatch of the voltage and current as the series 
resistance rises is seen in the figure. The solar cell cannot provide the load with its full power 
because of this imbalance. The efficacy of the cell's ability to deliver electricity was also reflected 
in its efficiency. However, this suggested solar cell has a 26.59% improvement over the proposed 
GnP solar cell in terms of ŋ% and FF%. 

 
 

 
 

Fig. 13. Relation of efficiency and FF to ultra-thin  CIGS with proposed absorber layer series resistance. 
 

 
Table 4 compares the proposed ultra-thin CIGS solar cell with the proposed GnP+CGS 

absorber layer to the conventional CIGS solar cell. It shows that the proposed absorber layer 
increases its performance in terms of ŋ% and Voc. However, the FF and Jsc are declining. This is 
the material coefficient that affected the p-n region for FF, while JSC will decrease when Voc is 
increased. However, same as expectations, the performance of ultra-thin CIGS solar cells was 
improved by the addition of GnP+CGS material. Then, it continued to perform the competition. 
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Table 4. Comparison between performances of ultra-thin CIGS solar cell and ultra-thin CIGS solar cell  
with proposed GnP+CGS buffer layer. 

 

PV performance 
parameter 

 

Ultra-Thin 
CIGS solar cell 

Proposed ultra-thin 
CIGS solar cell with 
Gnp + CGS absorber 

layer 

Percentage of 
increasing/decreasi

ng for both solar 
cell (%) 

Efficiency (%) 19.780 25.330 + 28.059 
FF (%) 79.940 79.260 -0.850 

Jsc (mA/cm2) 36.402 36.337 -0.179 
Voc (V) 0.680 0.879 + 29.265 

 
 
4. Conclusion  
 
In conclusion, the numerical simulation utilizing SCAPs software may be altered to study 

the performance of CIGS solar cells in every layer for Voc, Jsc, FF, and efficiency. This is done by 
selecting the thickness of the absorber layer, the operating temperature that has to be researched, 
and the effect of series resistance in the solar cell. Additionally, it was discovered that the ultra-
thin CIGS solar cell with the proposed GnP+CGS absorber layer was capable of producing higher 
efficiency than a conventional CIGS solar cell through the absorber layer thickness analysis made 
in this research, with a value of efficiency of 25.33%, while the optimum value of series resistance 
is 0 Ω/cm2. While the operating temperature in this study is shown to be typical, a 300K 
temperature set in SCAPs simulation can still produce power with greater efficiency than a 
conventional CIGS solar cell. Ultra-thin CIGS solar cells with Si have a lower efficiency than 
ultra-thin CIGS solar cells with GnP+CGS because of the instability of their band gap when paired 
with CIGS solar cells. 

 
Acknowledgements 
 
The authors gratefully acknowledge Universiti Teknikal Malaysia Melaka (UTeM) in 

providing the data and supporting this research work. This work was also supported by Universiti 
Malaysia Pahang Sultan Pahang Al-Sultan Abdullah (UMPSA) Fundamental Research Grant RDU 
220328.  

  
 
References  
 

[1] Kannan, N., Vakeesan, D. (2016), Solar ERenewable and Sustainable Energy Reviews, 62, 
1092-1105; https://doi.org/10.1016/j.rser.2016.05.022 
[2] Violas, A. F., Oliveira, A. J. N., Teixeira, J. P., Lopes, T. S., Barbosa, J. R. S., Fernandes, P. 
A., Salomé, P. M. P. (2022), Solar Energy Materials and Solar Cells, 243, 111792; 
https://doi.org/10.1016/j.solmat.2022.111792 
[3] Goetzberger, A., Luther, J., Willeke, G. (2002), Solar Energy Materials and Solar Cells, 74(1-
4), 1-11; https://doi.org/10.1016/S0927-0248(02)00042-9 
[4] Khoshsirat, N., Md Yunus, N. A., Hamidon, M. N., Shafie, S., Amin, N. (2015), Optik, 126(7-
8), 681-686; https://doi.org/10.1016/j.ijleo.2015.02.037 
[5] Garain, R., Basak, A., Singh, U. P. (2021), Materials Today: Proceedings, 39, 1833-1837; 
https://doi.org/10.1016/j.matpr.2020.06.185 
[6] Goetzberger, A., Luther, J., Willeke, G. (2002), Solar Energy Materials and Solar Cells, 74(1-
4), 1-11; https://doi.org/10.1016/S0927-0248(02)00042-9 
[7] Miao, X., Tongay, S., Petterson, M. K., Berke, K., Rinzler, A. G., Appleton, B. R., Hebard, A. 
F. (2012), Nano Letters, 12(6), 2745-2750; https://doi.org/10.1021/nl204414u 

https://doi.org/10.1016/j.rser.2016.05.022
https://doi.org/10.1016/j.solmat.2022.111792
https://doi.org/10.1016/S0927-0248(02)00042-9
https://doi.org/10.1016/j.ijleo.2015.02.037
https://doi.org/10.1016/j.matpr.2020.06.185
https://doi.org/10.1016/S0927-0248(02)00042-9
https://doi.org/10.1021/nl204414u


323 
 

 

[8] Rehman, M. A., Roy, S. B., Akhtar, I., Bhopal, M. F., Choi, W., Nazir, G., Seo, Y. (2019), 
Carbon, 148, 187-195; https://doi.org/10.1016/j.carbon.2019.03.079 
[9] Shin, D. H., Choi, S.-H. (2018), Journal of the Korean Physical Society, 72(12), 1442-1453; 
https://doi.org/10.3938/jkps.72.1442 
[10] Awaah, M. A., Obahiagbon, U., Mohammed, H., Akpa, O., Awaah, I., Isaac-Smith, T., Das, 
K. (2018), Cogent Engineering, 5(1), 1514941; https://doi.org/10.1080/23311916.2018.1514941 
[11] Abraham, A., Keerthi, K., Shaji, S., Deshpande, U., Philip, R. R. (2017), Journal of Alloys 
and Compounds, 729, 249-256; https://doi.org/10.1016/j.jallcom.2017.09.176 
[12] You, S. H., Hong, K. J., Jeong, T. S., Youn, C. J. (2008), Journal of Crystal Growth, 310(11), 
2717-2723; https://doi.org/10.1016/j.jcrysgro.2008.02.011 
[13] Liu, F., Yang, J., Zhou, J., Lai, Y., Jia, M., Li, J., Liu, Y. (2012), Thin Solid Films, 520(7), 
2781-2784; https://doi.org/10.1016/j.tsf.2011.12.023 
[14] Samiul Islam, M., Sobayel, K., Al-Kahtani, A., Islam, M. A., Muhammad, G., Amin, N., 
Akhtaruzzaman, M. (2021), Nanomaterials, 11(5), 1218; https://doi.org/10.3390/nano11051218 
[15] Zyoud, S. H., Zyoud, A. H., Ahmed, N. M., Prasad, A. R., Khan, S. N., Abdelkader, A. F., 
Shahwan, M. (2021), Crystals, 11(12), 1468; https://doi.org/10.3390/cryst11121468 
[16] Mozafari, B., Shahhoseini, A. (2020), Signal Processing and Renewable Energy, 4(3), 57-65. 
[17] Yadav, R. K., Pawar, P. S., Nandi, R., Neerugatti, K. E., Kim, Y. T., Cho, J. Y., Heo, J. 
(2022). Solar Energy Materials and Solar Cells, 244, 111835; 
https://doi.org/10.1016/j.solmat.2022.111835 
[18] Abdelaziz, W., Zekry, A., Shaker, A., Abouelatta, M. (2020), Solar Energy, 211, 375-382; 
https://doi.org/10.1016/j.solmat.2022.111835 
[19] Al-Hattab, M., Khenfouch, M., Bajjou, O., Chrafih, Y., Rahmani, K. (2021). Solar Energy, 
227, 13-22; https://doi.org/10.1016/j.solener.2021.08.084 
[20] Yasmin, S., Ferdous, J., Saha, B. B., Ghosh, S. (2021), https://doi.org/10.5109/4738572 
[21] Nishihara, T., Kanai, H., Ohshita, Y., Nakamura, K., Kamioka, T., Hara, T., Ogura, A. 
(2021), Materials Science in Semiconductor Processing, 132, 105887; 
https://doi.org/10.1016/j.mssp.2021.105887 
[22] Long, W., Yin, S., Peng, F., Yang, M., Fang, L., Ru, X., Xu, X. (2021), Solar Energy 
Materials and Solar Cells, 231, 111291; https://doi.org/10.1016/j.solmat.2021.111291 
[23] Heriche, H., Rouabah, Z.,Bouarissa, N. (2017), International Journal of Hydrogen Energy, 
42(15), 9524-9532; https://doi.org/10.1016/j.ijhydene.2017.02.099 
[24] Ghurah, M. A., Kamarudin, M. K. A., Wahab, N. A., Umar, R., Wan, N. N., Juahir, H., 
Hidayat, Y. (2018), Journal of Fundamental and Applied Sciences, 10(1S), 95-111. 
[25] Fallahazad, P., Naderi, N., Eshraghi, M. J. (2020), Journal of Alloys and Compounds, 834, 
155123; https://doi.org/10.1016/j.jallcom.2020.155123 
 

https://doi.org/10.1016/j.carbon.2019.03.079
https://doi.org/10.3938/jkps.72.1442
https://doi.org/10.1080/23311916.2018.1514941
https://doi.org/10.1016/j.jallcom.2017.09.176
https://doi.org/10.1016/j.jcrysgro.2008.02.011
https://doi.org/10.1016/j.tsf.2011.12.023
https://doi.org/10.3390/nano11051218
https://doi.org/10.3390/cryst11121468
https://doi.org/10.1016/j.solmat.2022.111835
https://doi.org/10.1016/j.solmat.2022.111835
https://doi.org/10.1016/j.solener.2021.08.084
https://doi.org/10.5109/4738572
https://doi.org/10.1016/j.mssp.2021.105887
https://doi.org/10.1016/j.solmat.2021.111291
https://doi.org/10.1016/j.ijhydene.2017.02.099
https://doi.org/10.1016/j.jallcom.2020.155123

