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Abstract:
Cadmium Sulfide buffer layer is required in Copper Indium Diselenide solar cell to be an
interface between the window layer for example: Tin oxide or zinc oxide and the (CIS) (n/p)
junction. It reduces the lattice mismatch between ZnO and (CIS). But due to the cadmium
toxicity, many investigations hav been done in order to replace CdS by Cd-free buffer layer.
The main obligation is to keep the same properties of cdS but without Cd toxicity.
This work performs a comparative study between CIS solar cells with CdS layer and without
it by introducing cd-free buffer layer like ZnS or ZnO
1. INTRODUCTION:
Buffer layers in copper indium diselenide (CIS) are really important in order to create an
optimal transparent front junction to the absorber [1].
For this purpose, a large energy band gap for high optimal transmission in the visible
region is required. Cadmium sulphide CdS thin films are most suitable with their gap
energy Eg=2.4 eV [1].
Because of our perpetual research to optimize solar cells manufacturing, an effort is made
to use non-toxic materials [2] and consequently a real thinking to replace CdS layer by
another Cd-free layer is conducted [3-6].
This task is not too easy, according to some researches, many problems have been
encountered especially stability and meta-stable effects [7,8].
2. COMPARATIVE STUDY:
A comparative study is performed between properties of CdS buffer layers and Cd-free buffer
layers in order to understand how we can get the performance of CdS without the cadmium
toxicity. The table below summarizes the required CdS properties and the alternative
characteristics of Cd-free buffer layer.
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Figure 1: ZnO window layer/Buffer layer (CdS or ZnS or i-ZnO)

The table below gathers all the important data for buffer layers: CdS, ZnS, ZnO.
Buffer layers
Thickness (µm)
Band gap (eV)
Electron affinity (eV)
Dielectric
permittivity (relative)
Conduction band
effective density of
states (cm-3)
Valence band
effective density of
states (cm-3)
Electron thermal
velocity (cm/s)
Electron mobility
(cm2/Vs)
Hole mobility
(cm2/Vs)
Shallow level density
(cm-3)

CdS [9]
0.050
2.40
4.200
10.000

ZnS [10]
0.100
3.7
4.500
10.000

ZnO[11]
0.050
3.3
4.550
10.000

2.200×1018

4.000×1018

4.000×1018

1.800×1019

5.000×1018

9.000×1018

1.000×107

1.000×107

1.000×107

1.000×102

1.000×102

5.000×101

2.500×101

2.000×101

2.000×101

1.000×1017

5.000×1017

5.000×1017

3. RESULTS & DISCUSSION
Modelling and simulation has been carried out by using SCAPS dedicated thin films solar
cells. The IV characteristics are represented in the figure below for CdS buffer layer and Cdfree (ZnS, intrinsic ZnO) layers.

Figure 1: I(V) curve for ZnO window/ CdS buffer/ CIS solar cell

Figure 2: I(V) curve for ZnO window/ ZnO intrinsic buffer/ CIS solar cell

Figure 3: I(V) curve for ZnO window/ ZnS buffer/ CIS solar cell
One can remarks from figures above that conversion efficiency of CIS buffer layer is the
highest value with 16.27%, followed by intrinsic zinc oxide buffer with 15.46% and finally
zinc sulphide buffer with 15.33%.
A physical meaning of these results can be given according to Malm et al. [11]by the fact that
the band offset of CdS is small but positive compared to Zinc sulphide and intrinsic zinc
oxide buffer layers.
4. CONCLUSION
Intrinsic zinc oxide and zinc sulphide buffer layers are not so performant than cadmium
sulphide buffer layer. But, because health is much more important than efficiency, deep
investigations should be done to find a buffer material closer than CdS properties.
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