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Thin films can be defined as a very thin layer of a substance (

micrometers) on a supporting material. 
indium tin oxide (ITO) coated glass, microscope glass s
lime glass and tin oxide (SnO2) coated glass substrate. 
to meet the special requirements of a particular application by choosing the deposition technique, substrate 
materials and deposition materials. 
developed due to the main reason such as 
Nowadays, a variety of binary films, ternary films and quaternary films have been developed by using 
deposition techniques as reported by many researchers (Table 1). 

In this work, preparation of penternary thin films was
composed of five elements. The properties of these films will be 
obtained data will be analyzed and reported.     
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A B S T R A C T  
Background: Thin films such as binary, ternary, quaternary and penternary compound 
have got an enormous interest among the researchers. This is due to they have a great 
potential for reaching high efficiency at low production cost in solar cell industry. Solar 
cell can convert the sun energy into electricity. Silicon is a semiconductor material and 
is a key ingredient in solar cell. However, there are some disadvantages of silicon based 
solar cells including good silicon feedstock is very expensive and the cost of mak
single pure crystal is time consuming. Objective: In this work, the main objective is to 
investigate the preparation and characterization of penternary compound thin films by 
using different deposition techniques. Currently, researchers are looking f
absorbing materials to replace silicon based solar cells. Results: 
thin films such as binary, ternary and quaternary thin films have been successfully 
produced by many researchers using various deposition techniques. Her
preparation of penternary thin film such as Cu(In,Ga)(S,Se)
was described and reported. Researchers claim that the best solar cell can be fabricated 
and successfully reach up to 10 % and 12.4 % of power conversion efficiency for 
Cu(In,Ga)(S,Se)2 and Cu2ZnSn(SSe)4 thin films, respectively. 
work, solution deposition method, electrodeposition method and evaporation technique 
have been used to prepare penternary thin films such as Cu(In,Ga)(S,Se)
Cu2ZnSn(SSe)4 thin films. The obtained films were characterized by using different 
tools. The obtained experimental findings show that these thin films could be employed 
as absorbing materials in photovoltaic application.  

INTRODUCTION 

Thin films can be defined as a very thin layer of a substance (between a few nanometers to about 100 
) on a supporting material. Thin films technology can be applied to various substrates such as 

glass, microscope glass slide, fluorine doped tin oxide (FTO) coated 
coated glass substrate. Researchers found that the obtained films can be tailored 

to meet the special requirements of a particular application by choosing the deposition technique, substrate 
materials and deposition materials. In a few decades ago, the concept of thin film based photovoltaic cell 

main reason such as cost reduction has always been an objective of the solar cell idea. 
Nowadays, a variety of binary films, ternary films and quaternary films have been developed by using 
deposition techniques as reported by many researchers (Table 1).  

preparation of penternary thin films wasdescribed. These films are semiconductor compounds 
The properties of these films will be studied by using various tools. Finally, the 

reported.      
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Thin films such as binary, ternary, quaternary and penternary compound 
have got an enormous interest among the researchers. This is due to they have a great 
potential for reaching high efficiency at low production cost in solar cell industry. Solar 

an convert the sun energy into electricity. Silicon is a semiconductor material and 
is a key ingredient in solar cell. However, there are some disadvantages of silicon based 
solar cells including good silicon feedstock is very expensive and the cost of making a 

In this work, the main objective is to 
investigate the preparation and characterization of penternary compound thin films by 
using different deposition techniques. Currently, researchers are looking for cheaper 

Results: In the past,a variety of 
thin films such as binary, ternary and quaternary thin films have been successfully 
produced by many researchers using various deposition techniques. Here, the 

Cu(In,Ga)(S,Se)2 and Cu2ZnSn(SSe)4 films 
was described and reported. Researchers claim that the best solar cell can be fabricated 
and successfully reach up to 10 % and 12.4 % of power conversion efficiency for 

thin films, respectively. Conclusion: In this 
work, solution deposition method, electrodeposition method and evaporation technique 
have been used to prepare penternary thin films such as Cu(In,Ga)(S,Se)2 and 

thin films. The obtained films were characterized by using different 
obtained experimental findings show that these thin films could be employed 

between a few nanometers to about 100 
technology can be applied to various substrates such as 

(FTO) coated glass, soda 
Researchers found that the obtained films can be tailored 

to meet the special requirements of a particular application by choosing the deposition technique, substrate 
cept of thin film based photovoltaic cell was 

cost reduction has always been an objective of the solar cell idea. 
Nowadays, a variety of binary films, ternary films and quaternary films have been developed by using different 

These films are semiconductor compounds 
using various tools. Finally, the 
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Table 1: Chalcogenide metal thin films 
Thin films  Deposition technique Researcher(s) 
SnSe Chemical bath deposition Anuar et al (2012) 
SnS Chemical bath deposition Anuar et al (2011) 

Chemical bath deposition Anuar et al (2011)  
PbS Chemical bath deposition Ho et al (2013)  
ZnS Spray pyrolysis Dedova et al (2005) 

Spray pyrolysis. Zeng et al (2013)  
Cu2S Chemical bath deposition Anuar et al (2011)  
ZnSe Chemical bath deposition Anuar et al (2011)   
PbSe Chemical bath deposition  Anuar et al (2010a) 
Ni4S3 Chemical bath deposition Anuar et al (2010b)  
CdSe Successive ionic layer adsorption and reaction method Panthan et al (2002)  
In2S3 Chemical bath deposition Gopinath et al (2013) 
FeS2 Chemical bath deposition Anuar et al (2010c) 
Cu2Te Electro deposition He et al (2015) 
CuS Chemical bath deposition Anuar et al (2010d)  

Spray pyrolysis Isac et al (2007)  
CdS Flash evaporation method Murali et al (2008)   
CdS  Successive ionic layer adsorption and reaction method Guzeldir et al (2012)  
CdS0.5Se0.5 Chemical bath deposition Khomane (2013) 
Ni3Pb2S2 Chemical bath deposition Ho (2014) 
Ag-In-S Chemical bath deposition Lin et al (2008)  
Cu4SnS4 Chemical bath deposition Anuar et al (2010e)  
CdS:Fe Flash evaporation method Dizaji et al (2012) 
CdZnSe Chemical bath deposition Deo et al (2014) 
Pb1-xMnxS Chemical bath deposition Joshi et al (2006)  
CdSe0.6Te0.4 Electro deposition  Shinde et al (2013) 

Chemical bath deposition Shinde et al (2014) 
Cu3SnS4 Chemical bath deposition  Alias et al (2014)  
CdMnS Chemical bath deposition Oriaku et al (2008)  
CuInSe2 Chemical bath deposition Bari et al (2006) 
Cu2ZnSnS4 Chemical bath deposition Kumar et al (2014) 

Chemical bath deposition Shinde et al (2012)  
Chemical bath deposition Subramaniam et al (2014)  

Ag-Zn-Sn-S Chemical bath deposition Yeh and Cheng (2014) 

 
Literature Survey: 

Cu(In,Ga)(S,Se)2 or CIGSS thin films could be applied in solar cells. These absorber materials have a great 
potential for reaching high efficiency at low production cost. The investigation of internal wave propagation and 
photon absorption rate was carried out by Richter et al. (2013) by using technology computer aided design 
simulator. Molybdenum films are employed as metallic back electrode during experiment. They conclude that 
the reflectance of the MoSe2/air interface with mean square error equals to 2.42 in order to get the excellent 
results for the solar cell application.  

Physical vapor deposition (PVD) method was used to produce Cu(In,Ga)(S,Se)2thin films. This method 
shows more environmentally friendly if compared to other deposition techniques, but it operates at very high 
temperatures and vacuum conditions. Mario and William (2005) reported that the band gap of 1.5 eV for various 
sulphur and gallium contents. Also, they claim that the best solar cell can display near 10 % of power 
conversion efficiency.   

Atom probe tomography (APT) has contributed to major advances in materials science such as determine 
chemical composition and capable for three dimensional imaging.This technique has been used by Keller et al. 
(2013) to investigate the properties of co-evaporated Cu(In,Ga)(S,Se)2films. The APT results show that the 
selenium concentration was underestimated if compared to energy dispersive analysis X-ray (EDX) results. 
They further claim that the atomic percentage of selenium was about 45-47 %. Lastly, they figure out that APT 
results reveal very complex chemical properties of grain boundaries and interiors.   

The solar cell consisting of glass/Mo/CIGSSe/CdS/i-ZnO/ZnO:Al was fabricated by Ingo et al. (2014). 
They also suggest that the smallest band gap of the films is significantly increased upon thinning the absorber. 
They further explain that an increase of the band gap lead to reduction of the saturation current density.  

Electrodeposition method was used to prepare Cu(In,Ga)(S,Se)2thin films as reported by Taunier et al. 
(2005). This technique is attracted in terms of cost and able to grow films over large areas of substrates. The 
experiment findings show that the obtained films are single phase over the whole composition range. They 
further point out that this method able to prepare large range of sulfur containing films. The results reflect that 
S/(S+Se) atomic ratio from 0 % to greater than 90 %. Lastly, they found that grain size reducing with increasing 
sulfur content.   

On the other hand, lower toxicity solution based process for the preparation of the Cu2ZnSn(SSe)4thin films 
has been presented by Guo et al. (2015).The scanning electron micrograph (SEM) indicates that the average 
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grain size is 0.5 to 2 µm for the selenized films. They explain further that these films display a typical bilayer 
structure with a thickness of 1640 nm. Lastly, the solar cell was fabricated by them. The results show power 
conversion efficiency (PCE) of 6.4 % with fill factor of 0.554. Other researchers such as Wang et al., 2013 (6.03 
%), Jiang et al., 2013 (6.2 %), Schnabel et al., 2013 (7.5 %), Kim et al., 2014 (12.4%), Tian et al., 2014 (6.83 
%)and Zhang et al., 2015 (7.86%) also report PCE value according to their experimental results.  

Chen et al. (2014) described the preparation of Cu2ZnSnSxSe4-x films by using solution technique and 
heating process. They claim that well crystalline thin films lead to highest cell efficiency in dye sensitized solar 
cell. Lastly, they explain that the charge transport is improved when the porosity and grain boundaries are 
reduced with the enhanced crystallization.  

In this work, the obtained experimental results show that penternary thin films could be used in solar cell 
application. In other words, metal chalcogenide thin films such as binary, ternary and quaternary thin films 
could be the best candidate as absorbing material in order to looking for cheaper semiconductor materials.  
 
Conclusion: 

In this work, preparation of Cu(In,Ga)(S,Se)2and Cu2ZnSn(SSe)4thin films have been described by using 
various deposition methods. The experiment findings show that these films could be used in solar cell 
application.  
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