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ABSTRACT

Copper tin sulphide thin films have been prepared using chemical bath deposition technique on soda glass substrate. In this work, the
chemical bath contains different solutions such as copper sulfate, tin chloride, triethanolamine and sodium thiosulphate which could
serve as a Cu’*, Sn’*, complexing agent and % ion, respectively for the deposition of thin films. The scanning electron microscopy
and energy dispersive analysis X-ray technique have been used to study morphology and composition of films. The results indicate
that smaller grains could be obtained using lower concentration of sodium thiosulphate solution as shown in scanning electron
microscopy analysis. In conclusion, the morphologies of films indicate a clear dependence on the solution concentration.
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INTRODUCTION

Nowadays, there are many different types of binary, ternary and quaternary thin films have been deposited onto substrate. The
applications of thin films include in optics field, mechanics and magnetics field. Extensive research has been carried out on the
properties of thin films as pointed out by many researchers. For example, X-ray diffraction [1-5], atomic force microscope [6-10],
transmission electron microscopy [11-15], X-ray photoelectron spectroscopy [16-20] and UV-Visible spectrophotometer [21-26]
have been employed to investigate the structure, topography, morphology, surface chemistry and optical behavior of thin films,
respectively as reported by many researchers.

Here, the influence of sodium thiosulfate solution on the ternary thin films in the presence of complexing agent was investigated.
Then, the compositional of samples and the morphology of films were studied by using EDX and SEM technique.

MATERIALS AND METHODS

In this experiment, all the solutions were prepared in deionized water (Alpha-Q Millipore) and all the chemicals used (copper
sulfate, tin chloride and sodium thiosulfate) for the depositions were analytical grade. Here, the influence of various concentrations
(0.07 M and 0.03 M) of sodium thiosulphate solution was studied.

First of all, 15 mL of 0.1 M of triethanolamine was added into the beaker that contained 15 mL (0.06 M) of SnCl, and 15 mL of
(0.06 M) CuSO,, respectively. Then, 15 mL of sodium thiosulphate was placed into the 2 separate beakers. Lastly, these solutions
were mixed together for few minutes. Hydrochloric acid was used to adjust the pH of solution to pH 1.1. The soda lime glass was
used as the substrate during deposition process. The ultrasonically clean glass substrate was then placed vertically inside the beaker
without disturbing it. The deposition process was carried out for 110 min at 60°C. After completion of film deposition, the glass
substrate was removed from the beaker and cleaned with distilled water. Then the deposited films were dried in the desiccator and
subjected to further analyses.

The morphological and compositional of obtained films were investigated by using scanning electron microscopy (JEOL JSM-
6400) and energy dispersive analysis X-ray technique, respectively.
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RESULTS AND DISCUSSION

Scanning Electron Microscopy (SEM) is a very powerful magnification instrument that produces detailed micrograph of surfaces of
samples. Advantages of SEM include it can form much higher magnification images and can produce high resolution micrograph
of a sample surface. Nowadays, there are many studies have been made by using this technique on the chalcogenide thin films. For
instance, the influence of bath temperature on the obtained films has been studied using SEM by Kumarage et al. (40-80°C) [27] and
Gopinath et al. (50-90°C) [28], respectively. Meanwhile, the effect of the deposition time on the Cu,ZnSnS, films (10-40 mins) and
SnS films (24-72 hrs) has been reported by Taoufik et al. [29] and Patel [30], respectively.

The morphology of thin films prepared by using 0.03 M and 0.07 M of sodium thiosulphate solution was studied as indicated in
Figures 1 and 2, respectively. Obviously, we have seen that larger grains (50-200 pm) for the films prepared in the presence of
higher concentration. This is due to these films form after the aggregation of the smaller particle. On the other hand, smaller grain
sizes of about 30-150 um could be detected for the films prepared using lower concentration. Also, these films show inhomogeneous
distribution of particle over the surface and highly irregular shapes as indicated in SEM analysis.

In this work, the SEM is equipped with the Energy dispersive analysis X-ray (EDX) to investigate the chemical composition of
films. Here, a few of the sample spots for the films prepared using various concentrations were focused and analyzed by using EDX
technique as shown in Figure 3 (0.03 M sodium thiosulphate) and Figure 4 (0.07 M), respectively. The EDX analysis displays that
average maximum and minimum ratio of atomic percentage of sulphur, copper and tin was 38.45%, 61.58%, 21.26% and 23.02%,
48.44%, 8.32%, respectively for the films prepared using 0.03 M of sodium thiosulphate (Table 1).

A
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Figure 2: SEM micrograph of copper tin sulphide thin films prepared by using 0.07 M sodium thiosulphate solution
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Figure 3: EDX spectra of copper tin sulphide thin films prepared using 0.03 M sodium thiosulphate solution

Table 1: Atomic composition obtained by EDX of copper tin sulphide thin films prepared by using 0.03 M sodium thiosulphate solution

Spectrum S (%) Cu (%) Sn (%)
Spectrum 1 30.10 61.58 8.32
Spectrum 2 32.23 53.81 13.96
Spectrum 3 23.02 55.72 21.26
Spectrum 4 38.45 48.44 13.11
Spectrum 5 26.77 60.74 12.49
Maximum 38.45 61.58 21.26
Minimum 23.02 48.44 8.32
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Figure 4: EDX spectra of copper tin sulphide thin films prepared using 0.07 M sodium thiosulphate solution

Table 2: Atomic composition obtained by EDX of copper tin sulphide thin films prepared by using 0.07 M sodium thiosulphate solution

Spectrum S (%) Cu (%) Sn (%)
Spectrum 1 41.53 3.02 55.45
Spectrum 2 44.17 4.63 51.20
Spectrum 3 38.12 2.82 59.06
Spectrum 4 41.24 3.98 54.78
Spectrum 5 35.79 2.74 61.46
Maximum 44.17 4.63 61.46
Minimum 35.79 2.74 51.20
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Meanwhile, the obtained EDX results show that raising the concentration of sodium thiosulfate solution to 0.07 M resulted in
increasing of atomic percentage of sulphur (Table 2). The EDX data reflect that average maximum and minimum of atomic
percentage of sulphur, copper, tin was 44.17, 4.63, 61.46 and 35.79, 2.74, 51.2, respectively for the films prepared using 0.07 M
sodium thiosulphate.

CONCLUSION

Here, copper tin sulphide thin films have been successfully deposited onto soda lime glass substrate by using chemical bath
deposition method in the presence of triethanolamine. The influence of different concentrations of sodium thiosulphate solution
was investigated by using scanning electron microscopy and energy dispersive analysis x-ray technique. The obtained experiment
results show that smaller grain size could be seen for the films prepared by using lower concentration of sodium thiosulphate. In
other words, the compositional of films show significant dependence on the concentration of solution.

ACKNOWLEDGEMENT
INTI International University is gratefully acknowledged for the financial support of this work.
REFERENCES

[1] C. Mahendran, N. Suriyanarayanan, Optik, 2015, 126, 4237-4242.
[2] K. Anuar, W.T. Tan, K.A. Dzulkefly, M.J. Haron, S.M. Ho, M. Shanthi, N. Saravanan, Jurnal. Kimia., 2010, 4, 1-6.
[3] X. Meng, H. Deng, L. Sun, P. Yang, J. Chu, Mater. Lett., 2015, 161, 427-430.
[4] M. Fathy, S. Elyamny, S. Mahmoud, A.E.B. Kashyout, /nt. J. Electrochem. Sci., 2015, 10, 6030-6043.
[5] K. Anuar, W.T. Tan, M. Jelas, S.M. Ho, S.Y. Gwee, N. Saravanan, Thammasat. Int. J. Sci. Technol., 2010, 15, 62-69.
[6] S.M. Ho, K. Anuar, R. Nani, /nt. J. Adv. Eng. Sci. Technol., 2011, 7, 169-172.
[7] S. Smita, N. Himanshu, I. Sulania, M. Thakurdesai, Nucl. Instrum. Methods. Phys. Res., Sect. B, 2016, 387, 1-6.
[8] N.B. Mehrez, N. Khemiri, M. Kanzari, Mater. Chem. Phys., 2016, 182, 133-138.
[9]1 S.M. Ho, K. Anuar, N. Saravanan, W.T. Tee, K.S. Lim, Res. J. Appl. Sci. Eng. Technol., 2011, 3, 513-518.
10] N. Saravanan, K. Anuar, S.M. Ho, S. Atan, Stud. Universitatis Babes-Bolyai Chem., 2010, 55, 5-11.
1

11] S.A. Muhammad, A.M. Mohammad, G.A. Yousef, S.A. Khuram, R. Saira, N. Shahzad, Mater. Sci. Semicond. Process., 2015,
9,283-291.

[12] J. Akhtar, M. Sher, M Dilshad, W. Khalid, N. Revaprasadu, M.A. Malik, Mater. Sci. Semicond. Process., 2015, 36, 20-26.
[13] X. Peng, H. Gu, T. Zhang, F. Qu, F. Ding, H. Wang, Rare. Metals., 2013, 32, 380-389.

[14] P. Jain, P. Arun, J. Semicond., 2013, 34, 093004/1-093004/6.

[15] S.K. Panda, A. Antonakos, E. Liarokapis, S. Bhattacharya, S. Chaudhuri, Mater. Res. Bull., 2007, 42, 576-583.

[16] C.H. Groot, C. Gurnani, A.L. Hector, R. Huang, M. Jura, W. Levason, G. Reid G, Chem. Lett., 2012, 24, 4442-4449.

[

[

[

[

[
[
3

]
]
]
]
17] M. Ristova, M. Ristov, Appl. Surf. Sci., 2001, 181, 68-77.
18] I.S. Zinaida, N.M. Larisa, F.M. Vyacheslav, I.V. Vladimir, V.K. Mikhail, J. Mater. Sci. Technol., 2015, 31, 790-797.
19]Y. Li, Q. Han, T.W. Kim, W. Shi, J. Sol. Gel. Sci. Technol., 2014, 69, 260-265.
20] K.R. Murali, S. Balasubramanian, Mater. Sci. Eng. 4, 2006, 431, 118-122.
[21]Y. Zhao, Z. Yan, J. Liu, A. Wei, Mater. Sci. Semicond. Process, 2013, 16, 1592-1598.
[22] S.M. Ho, Orient. J. Chem., 2014, 30, 1009-1012.
[23] L.L. Ikhioya, Int. J. Innovat. Appl. Stud., 2015, 12, 369-373.
[24] K. Anuar, W.T. Tan, S.M. Ho, S. Nagalingam, Eur. J. App!. Sci., 2011, 3, 75-80.
[25] 1. Taisuke, A. Shizutoshi, Thin Solid Films, 520, 7076-7082.

[26] F. Lisco, P.M. Kaminski, A. Abbas, K. Bass, J.W. Bowers, G. Claudio, M. Losurdo, J.M. Walls, Thin Solid Films, 2015, 582,
323-327.

271 W.G.C. Kumarage, L. Wijesundara, V.A. Seneviratne, C.P. Jayalath, B.S. Dassanayake, Proc. Eng., 2016, 139, 64-68.
[28] G.R. Gopinath, R.W. Miles, K.T.R. Reddy, Energy Proc., 2013, 34, 399-406.

[29] S.T. Taoufik, B.B. El, C.E.M. Fouzia, H. Faiza, E. Zineb, T. Mhamed, L. Hicham, B. Bouchra, A. Safae, S. Guy, B. Karima,
S. Zouheir, D. Aziz, Energ. Proc., 2015, 84, 127-133.

[30] T.H. Patel, Open. Surf. Sci. J., 2012, 4, 6-13.

81



