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ABSTRACT 

This review paper summarized the preparation of ternary chalcogenide thin films using electrodeposition method. Electro deposition 

method is emerged as one of the most preferred deposition technique to produce large area thin films by many researchers. Many efforts 

are currently directly to generation of binary, ternary and quaternary thin films based on metal sulfide, selenide and telluride using this 

method. 
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1. INTRODUCTION 

Thin films are considered as the best candidate for applications in optical and photosensitive devices, solar cells and solar selective 

decorative coatings. Recently, many research groups from all corners of the world have an increasing interest in the investigation and 

development of ternary chalcogenide thin films. These thin films have been grown by many deposition techniques as listed in Table 11-16. 

Currently, electro deposition method is considered as one of the most preferred and cheaper deposition method to produce large area thin 

films17. Furthermore, other advantages include simple18, low cost instrumentation19, high grow rate, high efficiency of material 

utilization20, uniform deposition over substrates, easy control of growth parameters21, it does not require vacuum chamber22 and good 

control over film composition23. 

In this review paper, preparation of ternary thin films include metal sulfide, selenide and telluride by using electrodeposition method will 

be discussed. The obtained experimental findings will be reported also.  

 

2. LITERATURE SURVEY   

Mercury cadmium telluride thin films have been deposited on nickel substrate by Kumaresanet al24 using CdCl2, HgCl2 and TeO2. They 

observe that the cadmium rich content was produced at higher potential. These films display a cauliflower morphology and larger grain 

size if compared to mercury rich thin films which deposited at lower potential.  

The CdSO4, InCl3 and TeO2 were used to prepare ternary Cd-In-Te films onto SnO2: F coated glass substrate by Kiran et al25. In X-ray 

diffraction (XRD) analysis, these films display cubic structure with predominant (111) orientation. In optical properties investigations, 

band gap value was reduced from 1.2 to 1.1 eV as the deposition potential was increased from -0.5 to -0.54 V (SCE), indicating that the 

band gap changes with the deposition potential.  
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Copper indium diselenide thin films have direct band gap characteristic, high optical absorption coefficient26 and high long term stability. 

In the literature, there are many reports related to the CuInSe2 films growth by electrodeposition technique onto various substrates such as 

Mo/soda lime glass27, SnO2-coated glass28 and indium tin oxide coated glass29,30. On the other hand, some researchers prepare CuInSe2 

thin films using various complexing agents such as citric acid31 and triethanolamine32 in their research. 

CuInTe2 thin films were prepared by Dixit et al33 using CuCl2, InCl3 and pre-reacted tellurium with nitric acid. In their experiment, 

acetronitrile was added into electrolytic bath and growth was done at the potentials of -0.35 V and -0.45 V with and without stirring. The 

films grown under stirring conditions are more oriented in the (112) direction as indicated in XRD patterns. Meanwhile, formation of 

uniformly covered nano flakes of 40-50 nm could be observed in the films as shown in SEM analysis.  

Studies on zinc mercury telluride thin films were carried out by Mahalingamet al34. Deposition of films was done using an electrolyte 

bath contained ZnSO4, HgCl2, and TeO2 with the pH value varying between 2 and 4. They found that excessive amount of pure tellurium 

was deposited for the pH below 2.5. However, insufficient tellurium could be detected dissolved in the electrolytic bath when the pH 

greater than 4. On the other hand, the influence of bath composition also was studied by them. They claim that increased HgCl2 

concentration has resulted in high mercury content in the films. However, there was no change of mercury content in the films as the 

HgCl2 concentration beyond 1mM. The electrical resistivity and the band gap were observed to reduce with increase in the mercury 

content in the films. 

The electrodeposition of molybdenum sulphoselenide thin films on indium tin oxide (ITO) coated glass and stainless steel substrates have 

been reported by Anandet al35. The colour of all the samples were dark grey to black in colour and were adherent to the substrates. These 

films were characterized by XRD for structural studies and the rhombohedral structure was confirmed.   

Electrodeposited cadmium zinc telluride thin films which prepared on SnO2 substrate have been investigated by Rekha36. The films 

prepared at potential of -0.87V (saturated calomel electrode, SCE)  have the cubic structure and uniformly covered with grains of one 

micron in size as shown in XRD and SEM results. Optical transmission spectra were recorded and the band gap was found about 1.6 eV.  

Copper indium disulfide thin films show high absorption coefficient and direct band gap, so that, make them an excellent absorber for 

solar cells. CuInS2 films were deposited on SnO2/glass substrate from InCl3, CuSO4 and Na2S2O3 as reported by Manfredyet al37. A 

stoichiometric composition and good crystallinity were found for films prepared at potential of -1145 mV (SCE) according to Energy 

dispersive X-ray (EDX) and XRD results. Zhou et al38 have reported that the preparation of CuInS2 films on indium tin oxide glass 

substrate. The XRD analysis indicated that as-deposited CuInS2 films are the major phase at deposition potential of -1000 mV SCE.  

However, the sample was found to be copper rich in annealed films. In the optical investigations, the band gap and carrier concentration 

were observed to be 1.43 eV and 4.2 X 1017 cm-3, respectively. Martinez et al39 have been reported that CuInS2 films were growth on a 

stainless steel substrate. They conclude that the samples were annealed in a nitrogen atmosphere in order to improve the polycrystallinity 

of films. Based on their results, the films show n-type characteristic as the electrolytic bath has the same concentration [Cu2+]=[In3+]. 

Meanwhile, for different concentrations of copper and indium ions, the films were of the p-type.   

Cu4SnS4 thin films have been prepared under various deposition conditions by Anuar and co-workers. The influence of different bath 

temperatures (25, 35, 45C) and deposition periods (15, 30, 45 minutes) on the growth of these films was reported. The atomic force 

microscopy (AFM) measurement results indicated an increase in the film thickness as the deposition time was increased from 15 min 

(1269 nm) to 30 min (2016 nm). Furthermore, the AFM images indicated that higher bath temperature leads to larger crystal size40. On 

the other hand, the films were deposited at various deposition potentials, ranging from –400 mV to –1000 mV versus Ag/AgCl in order to 

determine the optimum conditions. The films were observed to display direct transition in the visible spectrum with a band gap value of 

about 1.58 eV at –600 mV. Decreasing in deposition potential resulted in an increase in the size of the grains and caused in growth of 

spherical particles41. The influence of pH was studied in their experiments. The films showed good uniformity and exhibited higher 

absorbance value at pH 1.542. 
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Nowadays, researchers have successfully produced not only ternary thin films, but also quaternary films (Table 2) and binary (Table 3) 

films using various deposition methods for the applications in optoelectronic and solar cells. The physical and optical properties of thin 

films were discussed and analyzed in their reports.   

 

Table 1: Ternary thin films prepared by various deposition 

methods. 

Thin films Deposition method 
Cd0.6Hg0.4Se1

 Chemical bath deposition 
Ag-In-S2 Chemical bath deposition 
CuInS2

3 Chemical bath deposition 
Cu2ZnS2

4 Chemical bath deposition 
Ni3Pb2S2

5 Chemical bath deposition 
Cd-S-Se6 Thermal evaporation 

Hg-Cd-Te7 Thermal evaporation 
ZnxCd(1-x)Te8 Thermal evaporation 
Pb-Te-Ag9 Thermal evaporation 
Se-Ag-Te10 Thermal evaporation 

Ge19Se81-xSbx
11 Thermal evaporation 

CuInS2
12 Solvothermal reaction 

Cd0.9Zn0.1Te13 Vacuum evaporation 
CuInSe2

14 Hydrothermal method 
CuInS2

15 Spray pyrolysis 
Cd-S-In16 Spray pyrolysis 

 

Table 2: Quaternary thin films prepared by various 

deposition methods. 

Thin films 
Cu2ZnSnS4

43 
MoBiGaSe5

44 
Ag1-xCuxInS2

45 
CuInSTe46 

Ag-Zn-Sn-S47 
 

Table 3: Quaternary thin films prepared by various 

deposition methods. 

Thin films 
MnS2

48 
CdSe49 
CuS50 

Sb2S3
51 

ZnS52 
In2S3

53 
ZnSe54 
PbS55 
PbSe56 
SnS2

57 
NiS58 
CdS59 
FeS60 

Bi2S3
61 

SnS62 
NiSe63 
MnS64 
Ni4S3

65 
Cu2S

66 
 

 

 

 

 

3. CONCLUSION 

Several reports on the electrodeposition of thin films from aqueous solutions have been published and discussed here. Experiment results 

show that the ternary thin films could be deposited onto various types of substrates and under different growth conditions. Lastly, 

electrodeposition technique has been selected in this work due to it is a simple process and without vacuum conditions compared with 

other deposition techniques.   
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