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Abstract 
 

In this article, based on numerical simulation, SCAPS-1D software was used to investigate the influence of the𝑀𝑜𝑆𝑒ଶ layer at the CIGS/Mo 
interface on the performance of the CIGS solar cell. Analysis of the effect of the thickness and bandgap width of the 𝑀𝑜𝑆𝑒ଶ layer revealed that 
optimum performance is obtained with a 𝑀𝑜𝑆𝑒ଶ  layer of 0.030 μm thickness and a bandgap of 1.3 eV. Subsequently, the J-V characteristic and 
quantum efficiency of the CIGS solar cell with optimal layer parameters 𝑀𝑜𝑆𝑒ଶ were compared with the cell without 𝑀𝑜𝑆𝑒ଶ. This analysis 
demonstrated that the presence of this optimized 𝑀𝑜𝑆𝑒ଶ layer at the CIGS/Mo interface improves the electrical performance of the solar cell. 
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INTRODUCTION 

 
In the field of photovoltaic solar cells, CIGS-based thin-film 
solar cells occupy a prominent position due to their low 
production cost and excellent conversion efficiency reaching 
23.35% published in 2019 by [15]. This record efficiency can 
be linked to the quality of the interface between the CIGS 
absorber and the molybdenum back contact. The CIGS/Mo 
interface is a high recombination zone, particularly for 
ultrathin absorbers [1]. In CIGS-based thin-film solar cells, the 
main role of the CIGS absorber is to form the P-N hetero 
junction with the CdS buffer layer and more efficiently convert 
incident photons into electron-hole pairs [3]. The role of the 
back contact is to provide a positive electrical contact to collect 
photo generated holes resulting from the absorption of incident 
light photons [8]. The permeability of the back contact allows 
selenium (Se) atoms to react with molybdenum (Mo) during 
the CIGS deposition process to form a thin layer of 𝑀𝑜𝑆𝑒ଶ. 
The formation of the 𝑀𝑜𝑆𝑒ଶ layer can be attributed to several 
factors, such as the pressure during molybdenum sputtering 
[12][13], the concentration of sodium present in the soda-lime 
glass that diffuses into the CIGS absorber[11][25][26], as well 
as the selenization temperature[1]. Numerous studies concur 
that the 𝑀𝑜𝑆𝑒ଶ layer contributes to improved adhesion 
between molybdenum (Mo) and the glass substrate [10][25]. 
Furthermore, the 𝑀𝑜𝑆𝑒ଶ layer at the CIGS/Mo interface has a 
beneficial effect by transforming the CIGS/Mo hetero-contact 
from a Schottky-type into an ohmic-type contact [10][21][24]. 
Can the presence of the 𝑀𝑜𝑆𝑒ଶ layer at the back interface 
significantly impact the performance of the solar cell CIGS? In 
this article, we will determine the optimal parameters for the 
𝑀𝑜𝑆𝑒ଶ layer to achieve high-efficiency CIGS solar cells. 
Initially, we will investigate the influence of the thickness and 
bandgap of the 𝑀𝑜𝑆𝑒ଶ layer on the CIGS solar cell's 
performance to determine the optimal values.  
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Subsequently, a comparative study of the J-V characteristic 
and quantum efficiency of the CIGS solar cell with and 
without the 𝑀𝑜𝑆𝑒ଶ layer will be conducted. 
 
MATERIALS AND METHODS 
 
Numerical simulation is a technique that involves using a 
computer to model and replicate the behavior of a solar cell 
without conducting the actual experiment. It allows for the 
characterization of photovoltaic solar devices. In this study, we 
intend to utilize the SCAPS-1D software [16] to perform our 
numerical simulations. The SCAPS-1D software employs the 
finite difference method with well-defined boundary 
conditions to solve the fundamental equations, which include 
the Poisson equation and the continuity equations for electrons 
and holes [17].Thin-film solar cells based on CIGS are hetero 
junction solar cells in which the p-type CIGS serves as the 
absorber of the cell. The CIGS absorber is the most crucial 
layer of the device and occupies the majority of the solar cell's 
surface [7] [22].On this absorber, an n-type CdS buffer layer is 
used to create the P-N junction. A high-resistivity transparent 
conductive oxide (TCO) layer is deposited onto the buffer 
layer. The entire assembly is placed on a substrate, which 
serves as the mechanical support. Typically, soda-lime glass is 
the most commonly used substrate in high-efficiency CIGS 
solar cells due to its compatibility with the CIGS 
absorber[2][23].The front contacts (Ni/Al) and back contact 
(Mo) are added to collect the photo-generated electrons and 
holes. The structure of such a solar cell is shown in Figure 1a. 
 
In the CIGS solar cell, the permeability of molybdenum allows 
selenium atoms from the absorber to diffuse. This diffusion of 
selenium from the absorber will give rise to a thin layer of 
molybdenum diselenuire𝑀𝑜𝑆𝑒ଶ in very small amounts after 
annealing at 600 ℃ [2][19]. The structure of the solar cell with 
the 𝑀𝑜𝑆𝑒ଶ layer is shown in figure 1.b. The presence of the 
𝑀𝑜𝑆𝑒ଶ layer at the CIGS/Mo interface is also highlighted by 
transmission electron microscope (TEM) and scanning electron 
microscope (SEM) images[13] as shown in Figure 2. 



 
 

Figure 1. Solar cell structure without the 𝑴𝒐𝑺𝒆𝟐 layer (a) and 
with the 𝑴𝒐𝑺𝒆𝟐 layer (b) used for numerical simulation. 

 

 
 

Figure 2. CIGS/Mo interface observed by TEM and SEM [13] 
 

Table 1:Properties of the𝑴𝒐𝑺𝒆𝟐 layerused for simulation 
 

Layersproperties MoSe2 layer 

Thickness (nm) variable 
Band gap (eV) variable 
Electron Affinity (eV) 4.372 
Diélectric relative Permittivity 13.6 
Effective densité of state in BC (𝒄𝒎ି𝟑) 2.2 ∗ 10ଵ଼ 
Effective densité of state in BV (𝒄𝒎ି𝟑) 1.8 ∗ 10ଵଽ 
Electrons thermal velocity (cm/s) 10଻ 
Holes thermal velocity (cm/s) 10଻ 
Electrons Mobility (𝒄𝒎𝟐 𝑽𝒔⁄ ) 100 
HolesMobility (𝒄𝒎𝟐 𝑽𝒔⁄ ) 25 
Doping concentration (𝒄𝒎ି𝟑) 10ଵ଺ 

 
The equivalent band diagram of the CIGS solar cell with the 
𝑀𝑜𝑆𝑒ଶ layer is shown in figure 3. 
 

 
 

Figure 3. Energy band diagram with 𝑴𝒐𝑺𝒆𝟐 layer 
 
The properties of the 𝑀𝑜𝑆𝑒ଶ  layer are summarized in Table 1 
and the properties of the various layers used for the numerical 
simulation are summarized in Table 2. These properties were 
obtained from theoretical and experimental results [6][18][20]. 
The solar cell temperature is maintained at 300K. It is 
illuminated under standard conditions by an AM 1.5G 

spectrum that takes direct and diffuse radiation into account 
[5]. 
 
Table 2. The solar cell simulation parameters used in SCAPS-1D 

 
Layers properties i-Zno CdS CIGS 

Thickness (nm) 300 50 2500 
Band gap (eV) 3,3 2,4 1,25 
Electron Affinity (eV) 4,55 4,45 4.5 
Diélectric relative Permittivity 9,00 10 13,6 
Effective density of state in BC (cm-3) 3,1.1018 3,1.1018 2,1018 
Effective density of state in BV (cm-3) 1,8.1019 3,1.1018 1,5.1019 
Electrons thermal velocity (cm/s) 2,4.107 2,4.107 3,9.107 
Holes thermal velocity (cm/s) 1,3.107 1,6.107 1,4.107 
Electrons Mobility (cm2/Vs) 100 72 100 
Holes Mobility (cm2/Vs) 31 20 12.5 
Doping concentration 
(cm-3) 

1017 (D) 1017 (D) 1016 (A) 

 
To validate our results, we compared the J-V characteristic 
curves of our numerical simulation with those obtained 
experimentally by Pettersson. We can see that there is good 
agreement between these two results, as shown in Fig. 4, 
which leads us on to the results and discussion chapter. 
 

 
 

Figure 4. Curves J-V characteristics compared with experimental 
of d Pettersson et al. [20] 

 
 
Materials and methodology 
 
Effect of the thickness of 𝑴𝒐𝑺𝒆𝟐 layer 
 
The CIGS/Mo interface is a high recombination zone, 
especially for ultrathin absorbers. The 𝑀𝑜𝑆𝑒ଶ layer with its 1.4 
eV bandgap could serve as an effective electron reflector, 
crucial for reducing recombination at the CIGS/Mo interface 
[1][3]. However, an optimal thickness of the 𝑀𝑜𝑆𝑒ଶ layer is 
necessary, because a very thick 𝑀𝑜𝑆𝑒ଶ layer limits current 
collection capacity at the back electrode due to the high 
resistivity of 𝑀𝑜𝑆𝑒ଶ (10ଵ- 10ସΩ.cm) et thus deteriorating 
electrical parameters [4] [14]. Therefore, optimizing the 
thickness of the 𝑀𝑜𝑆𝑒ଶ layer is essential to fulfill its role as an 
electron reflector at the back interface. To elucidate the 
benefits of the 𝑀𝑜𝑆𝑒ଶ layer, we conducted numerical 
simulations, focusing solely on its thickness, which appears to 
be the critical parameter at the CIGS/Mo interface. The 
thickness of the 𝑀𝑜𝑆𝑒ଶ layer is limited to a few tens of 
nanometers below 500 ℃ and increases beyond 550 ℃ [1]. To 
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perform this numerical simulation, we varied the thickness of 
the 𝑀𝑜𝑆𝑒ଶ layer from 0.005 µm to 0.05 µm. Figure 5 
illustrates the influence of the 𝑀𝑜𝑆𝑒ଶ layer thickness on the J-
V characteristic and quantum efficiency. From these results, 
we observe that increasing the thickness of the 𝑀𝑜𝑆𝑒ଶ layer 
has a slight impact on the J-V characteristic, as shown in 
Figure 5.a. The same trend is observed for the quantum 
efficiency in figure5.b, resulting in almost complete absorption 
of incident photons when the 𝑀𝑜𝑆𝑒ଶ layer thickness ranges 
from 0.005 µm to 0.05 µm. 
 

 
 

Figure 5. J-V characteristics (a) and quantum efficiency Q-E (b) 
for different thicknesses of 𝑴𝒐𝑺𝒆𝟐 layer 

 
For further explanation, we will extract the electrical 
parameters from the J-V characteristic. These electrical 
parameters are summarized in Table 2. 
 

Table 2. Electrical parameters for different thickness of 𝑴𝒐𝑺𝒆𝟐 
layer 

 

Thickness of 
𝑴𝒐𝑺𝒆𝟐ሺ𝝁𝒎ሻ 

𝜼 ሺ%ሻ 𝑭𝑭 ሺ%ሻ 𝑱𝑺𝑪 ሺ𝒎𝑨
/𝒄𝒎𝟐ሻ 

𝑽𝑶𝑪 ሺ𝑽ሻ 

0.005 21,8189 78,0428 32,6239 0,857 
0.01 21,8214 78,0358 32,625 0,8571 
0.02 21,824 78,0292 32,6265 0.8572 
0.03 21,8248 78,0276 32,6272 0,8573 
0.04 21,8249 78,028 32,6274 0,8573 
0.05 21,8250 78,0292 32,6275 0,8573 

 
In this table, we see a very slight increase in theconversion 
efficiency η, open-circuit voltage 𝑉ை஼ and short-circuit current 
density 𝐽ௌ஼ as the thickness of the 𝑀𝑜𝑆𝑒ଶ increases. This slight 
increase in these various electrical parameters may be due to a 
slight absorption of incident photons as the thickness of the 
𝑀𝑜𝑆𝑒ଶ increases. It should be remembered that increasing the 
thickness of the 𝑀𝑜𝑆𝑒ଶ layer affects solar cell performance. 
 
Effect of the band gap of 𝑴𝒐𝑺𝒆𝟐layer 
 
To carry out the numerical simulation in this section, we vary 
the thickness of the 𝑀𝑜𝑆𝑒ଶ layer from 1.0 eV to 1.4 eV by 
setting the thickness of the 𝑀𝑜𝑆𝑒ଶlayer at 50 nm. Figure 
6shows the influence of the bandgap of the 𝑀𝑜𝑆𝑒ଶlayer on the 
J-V characteristc and quantum efficiency. We find that 
increasing the bandgap of the 𝑀𝑜𝑆𝑒ଶlayer slightly influences 
the J-V characteristic (figure 7.a) and the quantum efficiency 
(Figure 6.a). 
 

 
Figure 6, J-V characteristics (a) and quantum efficiency Q-E (b) 

for different bandgap of 𝑴𝒐𝑺𝒆𝟐 layer 

To understand the J-V characteristic curves, we'll extract the 
electrical parameters, which are summarized in table3. 
 

Table 3. Electrical parameters for different bandgap of 𝑴𝒐𝑺𝒆𝟐 
layer 

 

Bandgap of 
𝑴𝒐𝑺𝒆𝟐ሺ𝝁𝒎ሻ 

𝜼 ሺ%ሻ 𝑭𝑭 ሺ%ሻ 𝑱𝑺𝑪 ሺ𝒎𝑨
/𝒄𝒎𝟐ሻ 

𝑽𝑶𝑪 ሺ𝑽ሻ 

1 21,5091 78,4168 32,5975 0,84145 
1,1 21,8034 78,0268 32,6195 0,85665 
1,2 21,8214 78,0358 32,6251 0,8571 
1,3 21,8146 78,0612 32,625 0,8565 
1,4 21,5187 78,415 32,6139 0,8414 

 
When the bandgap is less than 1.30 eV (Eg<1.30 eV), there is 
a slight increase in efficiency η, open-circuit voltage 𝑉ை஼ and 
short-circuit current density 𝑉ை஼, as shown in Table 3. Above 
this value, a slight decrease in all electrics is observed. It 
should be noted that the increase in the bandgap of the 𝑀𝑜𝑆𝑒ଶ 
layer influences the performance of the solar cell slightly. 
 
Simultaneous influence of thickness and bandgap of the 
𝑴𝒐𝑺𝒆𝟐 layer 
 
In this part of the work, we will simultaneously study the 
influence of 𝑀𝑜𝑆𝑒ଶ thickness and bandgap on cell 
performance in order to determine the optimal electrical 
parameters as shown in Figure 7. 
 

 
 

Figure 7. Influence of bandgap on electrical parameters for 
different thicknesses of 𝑴𝒐𝑺𝒆𝟐 

 
The studies carried out in the previous sections have shown 
that the thickness and bandgap of the 𝑀𝑜𝑆𝑒ଶ layer are 
parameters that slightly influence the performance of the CIGS 
solar cell. When the thickness of the 𝑀𝑜𝑆𝑒ଶ layer is very 
small, i.e. less than 0.005 μm, very good performance is 
achieved with whatever the bandgap of the 𝑀𝑜𝑆𝑒ଶ layer. 
Beyond 0.005 μm, all the electrical parameters of the solar cell 
decrease when the bandgap of the 𝑀𝑜𝑆𝑒ଶ layer is below 1.1 eV 
and above 1, 35 eV. Au-Above 0.005 μm, very good 
performances are obtained when the band gap of the 𝑀𝑜𝑆𝑒ଶ 
layer is between 1.1 eV and 1.35 eV. Optimum short-circuit 
current density values are obtained for a bandgap between 1.25 
eV and 1.35 eV and a layer thickness 𝑀𝑜𝑆𝑒ଶ greater than 
0.020 μm. It can be concluded that very good performance is 
achieved with a 𝑀𝑜𝑆𝑒ଶ layer thickness of 0.030 μm and a 
bandgap between 1.25 eV and 1.35 eV. 
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Comparative study of cell performance with and without 
the 𝑴𝒐𝑺𝒆𝟐 layer 
 
In this work, we will make a comparative study of the J-V 
characteristic and quantum efficiency of solar cell performance 
with and without the 𝑀𝑜𝑆𝑒ଶ layer. For this study, the thickness 
of the 𝑀𝑜𝑆𝑒ଶ layer is fixed at 0.030 μm and its band gap is set 
at 1.3 eV. The J-V characteristic and Q-E quantum efficiency 
curves are shown in Figure 8. 
 

 
 

Figure 8. J-V characteristics of cell performance without 𝑴𝒐𝑺𝒆𝟐 
and with 𝑴𝒐𝑺𝒆𝟐 

 
From the J-V characteristic curve, we extracted the electrical 
parameters of the solar cell. These parameters are summarized 
in table 4. 
 

Table 4. Electrical parameters of the solar cell without 𝑴𝒐𝑺𝒆𝟐 
and with 𝑴𝒐𝑺𝒆𝟐 

 

 𝑽𝑶𝑪 ሺ𝑽ሻ 𝑱𝑺𝑪 ሺ𝒎𝑨/𝒄𝒎𝟐ሻ 𝑭𝑭 ሺ%ሻ 𝜼 ሺ%ሻ 

Without 𝑴𝒐𝑺𝒆𝟐 0.854410 32.39950738 78.1941 21.64 
With 𝑴𝒐𝑺𝒆𝟐 0.856938 32.63002626 78.0145 21.82 

 
In the presence of the 𝑀𝑜𝑆𝑒ଶ layer, we see that the conversion 
efficiency of the solar cell increases from 21.6460% to 
21.8143%, ie. a gain in conversion efficiency ∆η = 0.18%. The 
same applies to open-circuit voltage 𝑉ை஼ and short-circuit 
current density 𝐽ௌ஼ with gains ∆𝑉ை஼=0.00253V 
and  ∆𝐽ௌ஼=0.2305 𝑚𝐴/𝑐𝑚ଶrespectively.  
 

 
 

Figure 9. Q-E quantum efficiency of cell performance without 
𝑴𝒐𝑺𝒆𝟐 and with 𝑴𝒐𝑺𝒆𝟐 

The open-circuit voltage 𝑉ை஼ increases due to the passivation 
of defects of the CIGS/Mo interface as in the case of the 
𝐴𝑙ଶ𝑂ଷlayer [9]. This increase in electrical parameters can be 
explained by the presence of the 𝑀𝑜𝑆𝑒ଶ layer at the CIGS/Mo 
back interface. It can also be explained by the increased 
absorption of incident photons into electron-hole pairs when 
the wavelength exceeds 800 nm as shown in Figure 9. For 
shorter wavelengths of light photons, there is no absorption, as 
shown in Figure 9.This performance can be explained by the 
reduced interactions between the holes collected at the back 
contact and the electrons photogenerated in the absorber CIGS. 
Indeed, the 𝑀𝑜𝑆𝑒ଶ layer can be seen as an electron reflector at 
the back interface, thus helping to reduce back interface charge 
carrier recombination hence improving CIGS solar cell 
performance. 
 
Conclusion 
 
At the end of this study on the CIGS/Mo interface, it emerges 
that the variation in the thickness of the 𝑀𝑜𝑆𝑒ଶ layer as well as 
its band gap have an influence on the performance of CIGS 
solar cells. Simulation results show that very good 
performance is achieved with a 𝑀𝑜𝑆𝑒ଶ layer of 0.030 μm 
thickness and a bandgap of 1.3 eV. A comparison of the 
electrical performance of the solar cell with its optimal 𝑀𝑜𝑆𝑒ଶ 
layer parameters with that of a CIGS cell without 𝑀𝑜𝑆𝑒ଶ  
shows that the performance of the solar cell with a 𝑀𝑜𝑆𝑒ଶ 
layer is better. This study constitutes a serious avenue for 
developing high-efficiency CIGS solar cells by optimizing the 
deposition process so as to obtain a thin 𝑀𝑜𝑆𝑒ଶ  layer at the 
CIGS/Mo interface. 
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