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Abstract 
 

Recently, a significant number of researches have been carried out regarding the synthesis of Cu4SnS4 thin films. This review will 

try to cover preparation of Cu4SnS4 films by using various deposition methods. The obtained films were investigated using various 

tools such as scanning electron microscopy, energy dispersive X-ray analysis, X-ray diffraction and UV-visible spectrophotometer. 
                       ©2017 ijrei.com. All rights reserved 
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1. Introduction 

Binary [1-14] and quaternary [15-19] thin films have attracted 

much attention in recent years. These films have been 

developed and characterized by many researchers. Ternary 

Cu4SnS4 thin films are well known for applications in a wide 

range of thermoelectric and solar cell devices. Some unique 

properties such as high thermoelectric, low thermal 

conductivity and tunable electronic properties make them 

applicable for the mentioned uses. Cu4SnS4 films have a direct 

band gap of 1.2 eV, resulting in a high absorption coefficient. 

Appropriate band gap, high natural abundance [20], non-toxic 

and low cost [21] of starting materials are the objectives in 

photovoltaic research and applications. The need for 

economical energy source has increased interest in the 

development of solar applications.         

This paper reports the preparation of Cu4SnS4 thin films by 

using various deposition techniques. The experimental 

conditions limiting the behavior of the obtained films were 

discussed. Studies are focused on structure, surface 

morphology, optical absorption and composition of these Nano 

crystalline films.   

 

2. Literature survey 

 

Many deposition techniques have been developed for 

depositing Cu4SnS4 nano crystalline thin films. Generally, 

these techniques could be divided into two major groups, 

namely physical or chemical deposition method based on the 

nature of deposition process. Among them, deposition from 

aqueous solutions using chemical deposition technique is the 

most important method due to simple, cheap and easy to scale 

up.    

Thermal co-evaporation was used to prepare Cu4SnS4 thin 

films on glass substrate at a constant substrate temperature of 

400°C as reported by Vani and co-workers [22]. The main 

objective of their works was to investigate the effects of 

source-substrate distance (10-25 cm) on the chemical and 

physical properties of films. The energy dispersive X-ray 

analysis (EDAX) analysis of the deposited films showed that 

the films are stoichiometric at a source-substrate distance of 20 

cm. The strong peaks related to the presence of copper, Sulphur 

and tin and no other impurity peaks were found in the spectrum 

within the EDAX detection limit. The scanning electron 

microscopy (SEM) studies showed needle like grains were 

distributed on the substrate surface. Further, they observed that 

as source-substrate distance increases, the grain size decreases. 

X-ray diffraction (XRD) investigations revealed that the 

deposited films were Nano crystalline in nature and displayed 

(311) peak as preferred orientation, indicating orthorhombic 

structure. Energy band gap of the Cu4SnS4 films was calculated 

from the observed transmittance data, indicating that varied in 

the range, 1.25-1.34 eV with the change of source-substrate 

distance. 

Simple mechanochemical ball milling process will be 

employed in order to synthesis Cu4SnS4 (CTS) as described by 
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Chen and co-workers [23]. They fabricate solar cell structure 

of Mo/CTS/In2S3/TiO2/fluorine-doped tin oxide glass for the 

first time in order to study the photovoltaic properties of films. 

J-V photoelectric characteristics analysis was carried out for 

the thin films annealed at different temperatures. Conversion 

efficiency of CTS absorber layer increases as the annealing 

temperature increase from 350 to 375 °C under the standard 

AM 1.5 condition. However, it significantly reduces as the 

temperature is further increased to 500 °C.    

Cu4SnS4 thin films were deposited on substrates using 

electrodeposition method under various deposition parameters 

such as deposition potential, deposition time, bath temperature, 

pH and concentrations. Based on the overall results, the 

optimum deposition conditions for the preparation of Cu4SnS4 

thin films were using lower concentration of 0.01 M of 

electrolytes [24] at 25 C [25] for 45 minutes [26] in acidic 

medium at pH 1.5 [27] and at deposition potentials of -600 mV 

versus Ag/AgCl [28]. The XRD patterns showed that the films 

obtained were polycrystalline in nature. Based on the XRD 

data, the highest number of Cu4SnS4 peaks could be observed 

and the sample obtained was pure without existence of any 

impurity. Orientation along (221) plane was found to be most 

prominent. The films exhibited highest absorption 

characteristics and better photo activity. The atomic force 

microscopy images indicated that the grain size, film thickness, 

surface roughness and grain shape were dependent on the 

deposition parameters. The band gap energy was found to be 

1.55 eV with direct transition according to optical absorption 

technique for the films prepared at the best experimental 

conditions. 

Solvo thermal synthesis of Cu4SnS4 thin films in the presence 

of SnCl2, thio urea and CuCl2 was described by Mahesh kumar 

et al [29]. The structure (orthorhombic) of these materials were 

confirmed by XRD. There are some diffraction peaks such as 

(102), (620) and (040) could be seen in XRD pattern. The 

scanning electron microscopy images show irregular pattern 

with wide range of particle size. The atomic ratio of Cu:Sn:S 

about 46:9:45 for the composition of the prepared sample as 

shown in EDAX analysis. The band gap value is 1.2 eV as 

calculated from the plot of (hv)2 versus Eg.  

The Cu4SnS4 thin films were prepared using cheaper and 

simple chemical bath deposition technique. Disodium salt of 

ethylenediamine tetra acetic acid was used as a complexing 

agent during deposition process. The presence of complexing 

agent was found to improve the lifetime of the deposition bath 

and improved the quality of thin films. The best deposition 

parameters such as bath temperature of 50 C [30], deposition 

time at 120 minutes [31], electrolyte concentration of 0.05 M 

[32], pH=1.5 [33] in the presence of complexing agent [34] 

were described by researcher in order to obtain good quality of 

films. According to XRD patterns, the films obtained were 

polycrystalline in nature. The X-ray data exhibited the most 

intense peak occurred at 2 = 30.2° which belonged to (221) 

plane of Cu4SnS4. No obvious peaks resulting from any other 

secondary phases were detected, indicating good purity of the 

product. Atomic force microscopy image revealed that grains 

were uniformly distributed over the surface of substrate.  The 

films prepared under optimized conditions showed the highest 

photo response activity and better absorption values. The 

optical absorption in the visible region indicated that these 

materials could be used in photo-electrochemical cells. The 

band gap was found to be 1.6 eV with direct transition under 

these conditions. On the other hand, Cu4SnS4 films formed by 

heating SnS-CuS layers (300-340 °C in nitrogen atmosphere) 

deposited from chemical bath as reported by Nair et al [35]. 

The obtained films are photosensitive and the electrical 

conductivity in the dark is about 1 -1cm-1.  

Physical properties of Cu4SnS4 films were investigated by 

depositing a CuS films of 200 nm thickness on tin sulfide films 

(180 nm thick) by sequential chemical deposition as reported 

by David and co-workers [36]. The layers were heated at 

different temperatures (350 and 400 °C) under nitrogen 

atmosphere. The obtained films are p-type semiconductor, 

having a band gap of 1.2 eV with electrical conductivities of 

0.5-10 -1cm-1. 

Thermoelectric properties of the Cu4SnS4 thin films produced 

were studied by Suzumura et al [37]. They explain that these 

properties change around 230 K along with a phase transition 

between a high temperature phase and a low temperature 

phase. In their works, the crystal structures of obtained films 

were analyzed using synchrotron radiation. They highlighted 

some points such as high temperature phase was determined to 

be orthorhombic structure with the space group Pnma, lower 

thermal conductivity in high temperature phase results from an 

additional phonon scattering resonated with an anharmonic Cu 

vibration in the double well potential. First principles 

calculations of electronic structure of Cu4SnS4 (orthorhombic 

and monoclinic) were carried out by Goto and co-workers [38]. 

They point out that first order phase transition at 232 K 

according to the generalized gradient approximation of the 

density functional theory. They also conclude that 

orthorhombic phase has larger activation energy than 

monoclinic phase. Temperature distribution of thermoelectric 

device consisted of Cu4SnS4 films was reported by Kondo and 

co-workers [39]. They observed that the temperature 

distribution is strongly dependent on the length of 

thermoelectric device (especially when the length is very thin).   

 

3. Conclusion  

 

In this work, chemical bath deposition, electro deposition and 

thermal evaporation have been used to prepare Cu4SnS4 thin 

films. Researchers find that these films with direct band gap in 

a range of 1.2-1.6 eV are very suitable for applications in thin-

film based photovoltaic cells. The formation of the 

orthorhombic and monoclinic structure was revealed by XRD 

pattern.  

 

Acknowledgement 

 

This work was supported by INTI International University.  

 



 

Ho Soonmin / International journal of research in engineering and innovation (IJREI), vol 1, issue 6 (2017), 143-146 

 

  

 
 

145 
 

References 

 
[1] T. Dedova, M. Krunks, O. Volobujeva and I. Oja, “ZnS thin 

films deposited by spray pyrolysis technique”, Physica Status 
Solidi (C), vol. 5, 2005,1161-1166.  

[2] K. Anuar, S.M. Ho and W.T. Tan, “Influence of pH on the 
morphology properties of ZnSe thin films studies by atomic 
force microscopy”, European Journal of Scientific Research, vol. 
66, 2011, 592-599. 

[3] G.R. Gopinath, R.W. Miles and K.T.R. Reddy, “Influence of 
bath temperature on the properties of In2S3 films grown by 
chemical bath deposition”, Energy Procedia, vol. 34, 2013, 399-
406.  

[4] S.M. Ho, K. Anuar, N. Saravanan and A.H. Abdullah, “Influence 
of deposition time on the proeprties of chemical bath deposited 
manganese sulfide thin films”, Avances En Quimica, vol. 5, 
2010, 141-145. 

[5] B. Guzeldir, M. Saglam and A. Ates, “Deposition and 
characterization of CdS, CuS and ZnS thin films deposited by 
SILAR method”, Acta Physica Polonica A, vol. 121, 2012, 33-
35.  

[6] S.M. Mohd, S.M. Ho, K. Anuar and S Nagalingam, “Preparation 
of thin films of copper sulfide by chemical bath deposition”, 
International Journal of Pharmacy & Life Sciences, vol. 2, 2011, 
1190-1194.   

[7] W. He, H. Zhang, Y. Zhang, M. Liu, X. Zhang and F. Yang, 
“Electrodeposition and characterization of CuTe and Cu2Te thin 
films”, Journal of Nanomaterials, 2015, 
http://dx.doi.org/10.1155/2015/240525.  

[8] W.T. Tan, K. Anuar, S.M. Ho, A.H. Abdullah and H.M. Jelas, 
“Chemical bath deposition of NiSe thin films from alkaline 
solutions using triethanolamine as complexing agent”, Oriental 
Journal of Chemistry, vol. 25, 2009, 813-816. 

[9] L.A. Isac, A. Duta, A. Kriza, I.A. Enesca and M. Nanu, “The 
growth of CuS thin films by spray pyrolysis,” Journal of Physics: 
Conference Series, vol. 61, 2007, 477-481.  

[10] W.T. Tan, S.M. Ho and K. Anuar, “Composition, morphology, 
and optical characterization of chemical bath deposited ZnSe 
thin films”, European Journal of Applied Sciences, vol. 3, 2011, 
75-80. 

[11] K.R. Murali, C. Kannan and P.K. Subramanian, 
“Photoelectrochemical properties of flash evaporated cadmium 
sulphide films”, Chalcogenide Letters, vol. 5, 2008, 195-199.  

[12] N. Saravanan, S.M. Ho, K. Anuar and W.T. Tan, “Influence of 
pH on the properties of chemical bath deposited Ni4S3 thin 
films”, Bangladesh Journal of Scientific and Industrial Research, 
vol. 46, 2011, 243-246.  

[13] C. Yang, H. Hsiang and J Tu, “Copper selenide crystallites 
synthesized using the hot injection process”, Advanced Powder 
Technology, vol. 27, 2016, 959-963. 

[14] H.J. Ahmad, S.M. Ho, K Anuar, W.T. Tan and N. Saravanan, 
“Effect of solution concentration on MnS2 thin films deposited 
in a chemical bath”, Kasetsart Journal: Natural Science, vol. 44, 
2010, 446-453. 

[15] A.V. Kumar, N.K. Park and E.T. Kim, “A simple chemical 
approach for the deposition of Cu2ZnSnS4 thin films”, Physica 
Status Solidi, vol. 211, 2014, 1857-1859.  

[16] N.M. Shinde, C.D. Lokhande, J.H. Kim and J.H. Moon, “Low 
cost and large area novel chemical synthesis of Cu2ZnSnS4 

(CZTS) thin films”, Journal of Photochemistry and photobiology 
A: Chemistry, vol. 235, 2012, 14- 20.  

[17] E.P. Subramaniam, G. Rajesh, N. Muthukumarasamy, M. 
Thambidurai, V. Asokan and D. Velauthapillai, “Solar cells of 
Cu2ZnSnS4 thin films prepared by chemical bath deposition 
method”, Indian Journal of Pure & Applied Physics, vol. 52, 
2014, 620-624.  

[18] Q. Tian, G. Wang, W. Zhao, Y. Chen, Y. Yang, L. Huang and D. 
Pan, “Versatile and low toxic solution approach to binary, 
ternary and quaternary metal sulfide thin films and its application 
in Cu2ZnSn(S,Se)4 solar cells”, Chemistry of Materials, vol. 26, 
2014, 3098-3103.  

[19] L.Y. Yeh and K.W. Cheng, “Preparation of the Ag-Zn-Sn-S 
quaternary photo electrodes using chemical bath deposition for 
photoelectrochemical applications”, Thin Solid Films, vol. 558, 
2014, 289-293. 

[20] Y. Chen, L. Ma, Y. Yin, X. Qian, G. Zhou, X. Gu, W. Liu, X. 
Wu and F. Zhang, “Strong quantum confinement effect in 
Cu4SnS4 quantum dots synthesized via an improved 
hydrothermal approach”, Journal of Alloys and Compounds, vol. 
672, 2016, 204-211.  

[21] C. Amitava, M. Sudip, Y.A. Hooman, H.L. Seng, S.H. Yew, 
E.M. Julia, L.M. Devon, E.H. Gregory, A.M. Michael and F.M. 
Andrew, “New insights into the structure, chemistry and 
properties of Cu4SnS4”, Journal of Solid State Chemistry, vol. 
253, 2017, 192-201.       

[22] V.P.G. Vani, M.R.V. Reddy and K.T.R. Reddy, “Influence of 
source - Substrate distance of Cu4SnS4 thin films grown by co-
evaporation”, Advanced Materials Research, vol. 768, 2013, 
103-108.  

[23] Q. Chen, X. Dou, Z. Li, Y. Ni, J. Chen, F. Zhou, Y. Yoshinori 
and S. Zhuang, “Study on the photovoltaic property of Cu4SnS4 
synthesized by mechanochemical process”, Optik, vol. 125, 
2014, 3217-3220.    

[24] K. Anuar, S.M. Ho, W.T. Tan, M.S. Atan and D Kuang, “Effects 
of solution concentration on the properties of Cu4SnS4 thin 
films”, Materials Science (Medziagotyra), vol. 14, 2008, 101-
105. 

[25] N. Saravanan, K. Anuar, S.M. Ho, W.T. Tan, S. Atan and Z. 
Kuang, “Effect of bath temperature on the electro deposition of 
Cu4SnS4 thin films”, Journal of Applied Sciences Research, vol. 
4, 2008, 1701-1707.   

[26] K. Anuar, S.M. Ho, W.T. Tan, S. Atan, Z. Kuang, M.J. Haron 
and N. Saravanan, “Effect of deposition period and bath 
temperature on the properties of electrodeposited Cu4SnS4 
films”, Solid State Science and Technology, vol. 17, 2009, 226-
237. 

[27] W.T. Tan, S.M. Ho, K. Anuar, S. Nagalingam and A.M. Shariff, 
“Effects of pH value on the electrodeposition of Cu4SnS4 thin 
films”, Analele Universitatii din Bucuresti, vol. 18, 2009, 59-64.  

[28] K. Anuar, S.M. Ho, W.T. Tan, S. Atan, K. Zulkefly, H. Jelas and 
N. Saravanan, “Cathodic electrodeposition of chalcogenide thin 
films Cu4SnS4 for solar cells”, Chiang Mai University Journal of 
Natural Sciences, vol. 7, 2008, 317-326.  

[29] V. Maheskumar, P. Gnanaprakasam, T. Selvaraju and B Vidhya, 
“Comparative studies on the electrocatalytic hydrogen evolution 
property of Cu2SnS3 and Cu4SnS4 ternary alloys prepared by 
Solvothermal method”, International Journal of Hydrogen 
Energy, https://doi.org/10.1016/j.ijhydene.2017.07.194.  

[30] M.J. Haron, S.M. Ho, K. Anuar, N. Saravanan, W.T. Tan and S. 
Atan, “Influence of bath temperature and pH value on properties 

https://www-scopus-com.scopeesprx.elsevier.com/sourceid/4700151906?origin=recordpage
https://doi.org/10.1016/j.ijhydene.2017.07.194


 

Ho Soonmin / International journal of research in engineering and innovation (IJREI), vol 1, issue 6 (2017), 143-146 

 

  

 
 

146 
 

of chemically deposited Cu4SnS4 thin films”, Journal of the 
Chilean Chemical Society, vol. 54, 2009, 256-259. 

[31] S.M. Ho, K. Anuar, N. Saravanan, W.T. Tan and S. Atan, 
“Effects of deposition period and pH on chemical bath deposited 
Cu4SnS4 thin films”, Philippine Journal of Science, vol. 138, 
2009, 161-168.  

[32] S.M. Ho, K. Anuar, N. Saravanan, W.T. Tan, S. Atan, Z. Kuang 
and M.J. Haron, “Effects of electrolytes concentration on the 
chemically deposited Cu4SnS4 thin films”, Asian Journal of 
Chemistry, vol. 22, 2010, 222-232. 

[33] M.H. Jelas, N. Saravanan, S.M. Ho, K. Anuar, M.S. Atan and 
K.A. Dzulkefly, “Preparation and characterization of chemically 
deposited Cu4SnS4 thin films”, Journal of Ultra Chemistry, vol. 
5, 2009, 21-26.  

[34] S. Atan, W.T. Tan, S.M. Ho, K. Anuar, N. Saravanan and K. 
Zulkefly, “Influence of complexing agent (Na2EDTA) on 
chemical bath deposited Cu4SnS4 thin films”, Bulletin of the 
Chemical Society of Ethiopia, vol. 24, 2010, 259-266. 

[35] M.T.S. Nair, C. Lopez, O. Daza and P.K. Nair, “Copper tin 
sulfide semiconductor thin films produced by heating SnS-CuS 
layers deposited from chemical bath”, Semiconductor Science 
and Technology, 2003, https://doi.org/10.1088/0268-
1242/18/8/306. 

[36] A. David, M.T.S. Nair and P.K. Nair, “Cu2SnS3 and Cu4SnS4 
thin films via chemical deposition for photovoltaic application”, 
Journal of the Elecrochemical Society, vol. 157, 2010, D346-
D352.  

[37] A. Suzumura, N. Nagasako, Y. Kinoshita and M. Watanabe, 
“Presence of a doubly splitting site and its effect on 
thermoelectric properties of Cu4SnS4”, Materials Transactions, 
vol. 56, 2015, 858-863.   

[38] Y. Goto, Y. Kamihara and M. Matoba, “First principles 
calculations of electronic structures for orthorhombic and 
monoclinic Cu4SnS4”, Physica Status Solidi C: Current Topics 
in Solid State Physics, vol. 10, 2013, 1127-1129.  

[39] S. Kondo, M. Hasaka and T. Morimura, “Temperature analysis 
of thermoelectric device of Cu4SnS4 with two dimension by 
boundary element method”, International Conference on 
Thermoelectric, ICT, Proceedings. 1996, 238-242. 

 

https://doi.org/10.1088/0268-1242/18/8/306
https://doi.org/10.1088/0268-1242/18/8/306

