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Abstract
Background/objectives: The usage of Cadmium makes the solar cell very harmful to nature. In order to reduce the usage 
of Cadmium content in the dual buffer layered Copper-Indium-Gallium-Selenide (CIGS) solar cell, the buffer layer material 
properties could be tuned. Methods: The current-voltage behaviour of the CIGS solar cell is investigated on the effect of 
the buffer layer thickness combination by a numerical simulation using SCAPS 1D. Findings: The results indicate that the 
simulated model with a dual buffer layer shows higher efficiency compared to the individual CdS and ZnS single buffer 
layered solar cells. Applications: It is also found that 10 nm CdS in combination with 50 nm ZnS provides a maximum 
conversion efficiency of 25.149%.

1.  Introduction
The Copper-Indium-Gallium-Selenide (CIGS) solar cell 
has received much attention in the photovoltaic (PV) 
industry when compared to the other conventional solar 
cell due to its desirable properties such as low production 
cost and flexibility.1 The photon conversion efficiency 
(PCE) of CIGS solar cell has exceeded 22 % in laboratory 
scale and 15 % in commercial scale.2–4 The incorporation 
of Sodium (Na) content into the CIGS cell5 boosted 
its efficiency up to 22.6 %. The research regarding the 
highly efficient solar cell is digging every possibility to 
get better efficiency. The buffer layer, positioned beneath 
the window layer thus forming a P-N junction associated 
with the absorber layer used to reduce the recombination 
process6 thus providing the band bending across the 
junction as large as possible. The energy gap should be 
wider for the buffer layer materials to allow more light to 
the CIGS absorber layer. For this purpose, a combination 

of different materials having a wider bandgap could be 
stacked to form a dual buffer layer. 

Since the Cadmium (Cd) material used in the buffer 
layer of CIGS solar cell is noxious in nature, preferably 
it should be avoided or it should be abridged. Hence 
finding material on these aspects, for the buffer layer is 
in demand.

Therefore, the usage of CdS should be avoided or it 
should be reduced to develop an environmentally friendly 
solar cell. Though some of the materials such as Zn(O,S), 
ZnS, ZnMgO were employed as buffer layer materials 
instead of CdS, their performance was not comparable with 
CdS since these alternative buffers are more susceptible 
to the metastable effects such as light soaking and also 
the stability in damp heat testing is considerably low.7–8 
With this concern, the researchers put more interest in 
developing new technologies to achieve a good thin-film 
photovoltaic cell, especially on CIGS. Among the several 
buffer layer materials, ZnS shows a dynamic role since it 
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has a higher refractive index. This high refractive index 
of ZnS increases the photon absorption in the CIGS 
absorber layer and assists the solar cell to provide higher 
efficiency.9–10 So as to produce a photovoltaic cell that is 
highly efficient and eco-friendly, two aspects come at this 
point; one is, using a buffer layer material with a wider 
bandgap in order to increase absorption of more light 
and the other is to reduce or avoid the cadmium content 
completely. For this purpose, the dual buffer layer can be 
adopted which promises a higher conversion efficiency. 

Typically, in a dual buffer layer solar cell, another 
layer of material having a wider bandgap than the CdS, 
especially ZnS could be stacked in between the CdS and 
ZnO layers to overcome the low light absorption. This 
CdS:ZnS setup is simulated by Oyedele et al and showed 
that the CIGS solar cell with CdS/ZnS buffer layer 
significantly produces high efficiency compared to the 
single buffer layer CIGS solar cells.11 A theoretical view 
of buffer layer thickness emphasis that the higher the CdS 
thickness, the lower the power output. The thicker CdS 
layer leads to a decrease in efficiency.12

 Since there is no specific standard equation to 
calculate the buffer layer thickness composition of dual 
buffer layers, the simulation tools become very expedient 
to determine the desired thickness. Supporting this, many 
of the simulation software is available to investigate the 
performances of photovoltaic devices.13–17 In this present 
work, a numerical simulation tool, a Solar Cell Capacitance 
Simulator (SCAPS 1D) is used to study the influence of 
the thickness composition of the CdS:ZnS dual buffer 
layers. The electrical behaviour of the CIGS solar cell has 
investigated and also the effective thickness composition 
ratio of the CdS:ZnS buffer layer is determined in this 
simulation study.

2.  Numerical Simulation
The simulation software SCAPS 1D developed at the 
University of Ghent, Belgium, is used to simulate the CIGS 
solar cell.18 The CIGS solar cell has the basic structure 
of CIGS/CdS/i-ZnO/ZnO:Al which is represented in 
Figure 1. The parameter values of all the layers used in 
this simulation study are given in Table 1. The desirable 
thickness of buffer layer19 endorsed by various studies is 
50 nm. 

In this work, the thickness for both the single and dual 
buffer layer thickness was set to 60 nm.

The simulation is carried out for single and dual buffer 
layered CIGS solar cells. The thickness combination of the 
buffer layers CdS:ZnS is regulated while maintaining the 
total buffer layer thickness at 60 nm. The parameter values 
of CIGS, CdS and ZnO:Al layers used in this simulation 
study were taken from20 and the parameter values of ZnS 
were adopted from.19

Figure 1.  The schematic representation of CIGS solar cell 
with a dual buffer layer.

Table 1.  The parameter values used for CIGS, CdS, ZnS 
and ZnO:Al layers

Parameter CIGS CdS ZnS ZnO:Al

Thickness (nm) 1900 Variable Variable 200

Dielectric constant 13.6 10 10 10
Band gap (eV) 1.2 2.4 3.5 3.3
Electron affinity 
(eV) 4.5 4.2 4.5 4.4

CB density of states 
(cm-3)

2.2 × 
1018

2.2 × 
1018

1.5 × 
1018

2.2 × 
1018

VB density of states 
(cm-3)

1.8 × 
1019

1.8 × 
1019

1.8 × 
1018

1.8 × 
1019

Electron mobility 
(cm2/V s) 25 5 50 100

Hole mobility 
(cm2/V s) 10 5 20 25

Electron thermal 
velocity (cm/s)

1 × 
107 1 × 107 1 × 107 1 × 107

Hole thermal 
velocity (cm/s)

1 × 
107 1 × 107 1 × 107 1 × 107
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3.  Result and Discussion
There are many aspects that would possibly contribute to 
downgrading the overall performance of the photovoltaic 
cell. In this present work, the simulation is focused on 
the prime thickness combination of CdS:ZnS buffer layer. 
The solar spectrum file AM1.5G is simulated to initiate 
the solar spectrum in SCAPS 1D to study the optical and 
electrical behaviour of the CIGS solar cell.

3.1.  Influences of Single Buffer Layer
Aiming to the electrical study, the current-voltage (I-V) 
behaviour respecting various thickness combinations of 
CdS:ZnS was analyzed. The tabulated values in Table 2 
represent the results of the simulated study regarding the 
efficiency of the solar cell with respect to the other factors 
such as Voc, Jsc and fill factor.

From the tabulated results it is noted that the photon 
conversion efficiency of ZnS buffer layered CIGS solar 
cell is superior to that of the CdS buffer layered CIGS cell. 
This indicates that the ZnS has the prominent properties 
to hold as a worthy alternative of CdS.21 

3.2.  Influences of Dual Buffer Layer
To create a dual buffer layered CIGS solar cell an additional 
buffer layer is added to the existing buffer layer. In this 
work CdS and ZnS materials are combined to construct a 
dual buffer layer. The CdS:ZnS buffer layer CIGS solar cell 
exhibits improved performance for all the characteristic 
values depending on the thickness combination involved. 
Figure 2 interprets the relation between Voc and CdS:ZnS 
thickness combination. It is observed that the Voc values 
slightly drops when the CdS thickness dominates. It 
doesn’t show any notable variation for single and dual-
layered buffer layers. Since the variation is feeble it can be 
considered that the Voc remains constant. This is in good 
agreement with the previous studies reported.22

The variation in the Jsc with respect to CdS:ZnS 
thickness combination is represented in Figure 3. The Jsc 
value decreases considerably for the CdS:ZnS thickness 

combination 50:10 (nm). Besides, the 10:50 (nm) of 
CdS:ZnS combination exhibits higher Jsc value due to 
the photogenerated electron-hole pair with minimal 
absorption losses. This in response, absorbs more photons 
in the CIGS absorber layer. The recombination of charge 
carriers is also decreased since the minority carrier 
lifetime has improved due to the highly concentrated CdS 
layer.23 

Also, the thin layer of CdS buffer layer reduces the 
optical absorption losses which are the key factor for 
lower current at the junction.

Figure 4 represents how the CdS:ZnS thickness 
combination influence the fill factor of the PV cell. Figure 4  

Table 2.  The values of Voc, Jsc, FF and efficiency for 
CdS and ZnS buffer layers with thickness of 60 nm

Layer Voc (V) Jsc (mA/cm2) FF (%) Eff (%)
ZnS 0.87 35.28 74.84 23.05
CdS 0.86 30.93 84.94 22.74

Figure 2.  Graphical representation of Voc versus CdS:ZnS 
thickness combination

Figure 3.  Graphical representation of Jsc for various thick-
ness combinations of CdS:ZnS
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shows that the fill factor value is lower for the ZnS buffer 
layer (0:60). The simultaneous variation in the thickness 
combination of CdS:ZnS influences the fill factor. 
Essentially the fill factor behaves directly proportional 
to the thickness of CdS layer and inversely proportional 
to that of ZnS layer. Simultaneous adjustment on the 
thickness of both buffer layers, confirms the maximum 
fill factor at 20:40 nm of CdS:ZnS thickness combination. 
In order to reduce the usage of Cadmium content the 
thickness combination of 10:50 nm for CdS:ZnS can 
be chosen as a desirable thickness combination of dual 
buffer layer.

Figure 5 shows how the efficiency varies with respect 
to the CdS:ZnS thickness combination. When the buffer 
layer is of either ZnS or CdS as a single buffer layer with 
60 nm of thickness, the photon conversion efficiency is 
relatively low compared to the dual buffer layered CIGS 
solar cell. By reducing the CdS layer thickness to 10 
nm and maintaining the ZnS buffer layer as 50 nm, the 
efficiency reaches the maximum level. 

Even though the Voc and Jsc of the ZnS single buffer 
layered CIGS PV cell is relatively higher than the other 
buffer layer combinations, the fill factor is relatively low 
for the ZnS buffer layer. Due to this reason the higher Voc 
and Jsc values have no benefits in increasing the efficiency 
of the ZnS single buffered CIGS solar cells. Also, since 
the carrier density in the CdS buffer layer is greater 
than the ZnS buffer layer, the potential barrier of the 
heterojunctions increases which in response increases the 
space charge zone. It is evident that for the thinner layer 
of CdS, the carrier collection is high.19 Due to this fact, 
there is a drop in conversion efficiency with increasing 
CdS thickness. Therefore, the thickness combination of 
10:50 nm exhibits the enhanced PCE for CIGS PV cells.

The current-voltage behaviour of the simulated CIGS 
solar cell model is represented in Figure 6. The double 
buffer layered CIGS solar cell shows improved conversion 
efficiency than the single buffer layer solar cells due to 
the wider bandgap of ZnS and higher carrier collection 
of CdS. It can be seen that the knee region of the J-V 
characteristic of ZnS buffer layer shows a higher current 
decreasing ratio than the others. It implies that though 

Figure 4.  The plot of fill factor for various thickness com-
binations of CdS:ZnS.

Figure 5.  The plot representing the variation of efficiency 
versus CdS:ZnS thickness combination

Figure 6.  The J-V characteristics of single and double buf-
fer layered CIGS solar cell.
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the wider bandgap of ZnS makes way for higher light 
absorption, the fill factor is relatively low which in turn 
decreases the efficiency.

From Figure 6 it can be seen that the addition of 
CdS with ZnS improves the squareness of the JV curves 
which means that the fill factor is also improved, hence 
the efficiency. It should be noted that the efficiency 
increases in spite of the small decrease in the fill factor 
after a 40:20 nm thickness combination. For the thickness 
combination, 10:50 nm of CdS:ZnS the Voc and Jsc values 
are high, essential for the highly efficient solar cells.

4.  Conclusion
The simulation is carried out to study the double buffer 
layered CIGS solar cell. At first CIGS cell is simulated 
with single buffer layers of CdS and ZnS materials. After 
that, a dual buffer layer with a combination of CdS/ZnS 
materials was used in this simulation study. It is found 
that the thickness combination of 40:20 nm of CdS/ZnS 
shows a higher fill factor of about 84.9567%. Regardless 
of its slightly lower fill factor, the CdS/ZnS thickness 
combination of 10:50 nm produces a higher conversion 
efficiency of 25.149%.
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