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ABSTRACT 
 
CuInS2 Semiconductor Films have been produced by the Spray Pyrolysis method on to the glass substrate by using 
different molarity solutions. Optical Characteristics of the CuInS2 Films have been analysed using 
Spectrophotometer in the wavelength range 380-1000 nm. The optical band gap energy has been obtained from the 
plot of (αhυ)2 Vs hυ. The absorption spectra of the Films Showed that this Compound is a direct band gap material 
and gap values varied between 1.51-1.80 ev, depending on the molarity solutions. The X-rays diffraction (XRD) 
spectra of the films have shown that the films produced are polycrystalline and chalcopyrite in structure. 
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INTRODUCTION 
 

The development of contemporary, sophisticated technologies which increase the quality of human life is closely 
related to the Semiconducting materials. The science and technology of Semiconducting thin films have a Crucial 
role in high tech industry. Thin Film of Semiconducting materials are applicable in the field of microelectronic, 
Optical electronic, in Communication technologies, as well as in energy generation and Conservation Strategies, etc. 
.[1] CuInS2 is one of the I-III-VI2 type semiconductor which crystallizes in the chalcopyrite or sphalerite 
structure.[2] It has direct band gap of 1.3-1.5 ev, high absorption coefficient (105 cm-1).[3] An environment 
viewpoint, CuInS2 does not contain any toxic Constitutents that makes it suitable for terrestrial photovoltaic 
applications.[4] 
 
A variety of techniques have been applied to deposit CuInS2 thin films, such as single source evaporation, 
coevaporation from elemental sources, sulfurisation of metallic precursors. [5] diffusion of Cu and S into InxS 
Precursor, electrode deposition and spray pyrolysis [2, 6-8] Spray Pyrolysis is an attractive method for large area 
thin films production because  it is a low-cost and easy to make process [8-10] 
 
Several methods are reported for the preparation of CuInS2 thin film such as electrodeposition,[11], Pulse lasor 
deposition[12], Physical vapor deposition[13], vaccum evaporation[14], close space sublimation[15], But all these 
methods have sophisticated requirement in other to precise temperature control, high pressure etc. Besides all above 
methods Spray pyrolysis techniques simple, convenient and cheaper. 
 
In this study, preparation techniques as well as the optical properties of CuInS2 Films have been investigated by 
using different molarity solutions  

MATERIALS AND METHODS 
 

All reagents used are of analytical purity, CuCl2. 2H2O, InCl3 and CS(NH2) which are purchased from LOBA 
chemical, Nagpur. Chemical Spray Pyrolysis method was used for the preparation of CuInS2 thin Films. 
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Experimental Procedure : 
CuInS2 Films have been produced by spraying the aqueous solution of 0.01 M, 0.025 M and 0.05 M of CuCl2 . 
2H2O, InCl3 and CS (NH2) 2 in a 1:1:2 (by volume) on the glass substrate at substrate temperature 3000C The 
substrate temperature was maintained to within ± 50c. Deionised water was used for preparing the solutions. 
 
Spray pyrolysis is basically a chemical process, that is the spraying of the solution onto a substrate held at high  
temperature, where the solution reacts forming the desired film [16-25] The Spray rate was measured by a 
flowmeter. The flow rate of the solution during spraying was adjusted to be about 2.5 mlmin-1 and Kept constant 
through the experiment. The normalized distance between the spray nozzle and substrate is 29 Cm. The temperature 
of the substrate was controlled by an iron-Constantan thermocouple. 
 
The thickness of the films was determined using the weighing method.  Crystal structure was investigated by means 
of a X-ray diffraction (XRD) and scanning electron microscopy (SEM). 
 

RESULTS AND DISCUSSION 
 

3.1 Optical Properties  
3.1.1 Transmittance Measurements : 
The optical band gap of the has been determined from the transmittance (T) Vs. wavelength (λ) plot shown in fig. 
2a,2b & 2c. The fundamental absorption which corresponds to electron excitation from the valence band to the 
conduction band, can be used to determine the nature and value of the optical band gap. 
 
3.1.2 Absorption Coefficient : 
The absorption coefficients α of the films have been calculated from the experimentally measured values of A and T 
according to the following relation. 
 
T=(1-R)2 exp(-A) = (1-R)2 exp (-αt) --------- (1) 
 
Where R is the reflectance, T the transmittance, A the absorbance 
 
And t the film thickness [26-29] 
 
The optical absorption coefficient α is determined using the relation 
 
Α = (2.303/t) [log (1/T)] ------------ (2) 
 
Where t is the thickness of the films and T is the transmittance [30-32]  We have calculated the absorption 
coefficient for CuInS2 Films having thickness values that varied between 0.4057 µm, 0.4968µm and 0.5032 µm. 
Absortption coefficient spectra verses the wavelength are presented in figure 4a, 4b & 4c. 
 
3.1.3 Determination of the gap energy : 
The optical band gap Eg, for the as deposited were calculated on the basis of the fundamental absorption using the 
well-known relation 
 
(αhυ)1/n = constant (hυ-Eg)----------(3) 
 
Where hυ is the incident photon energy, α is absorption coefficient, and the exponent n depends on the type of 
transition. n=1/2, 2, 3/2, and 3 corresponding to allowed direct, allowed indirect, forbidden direct and forbidden 
indirect transitions respectively [33-34]. 
 
Optical absorption studies of the CuInS2 films have been carried out in the wavelength range between 380-1000 nm 
and are shown in figures1a, 1b and 1c. The values of the energy band gap can be eastimated from the extrapolation 
to zero absorption in the (αhυ)2 versus hυ plots which are shown. This compound is a direct band gap material with 
values of 1.65ev, 1.57 ev and 1.50 ev with thickness t = 0.4057µm, t=0.4968 µm and t=0.5032 µm.  In the present 
study, the decrease of optical band gap could be attributed to the presence of unsaturated defects, which increase the 
density of localized states in the band gap and consequently decrease the optical energy gap. [31] 
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. 
 

Fig. 1 (a) Absorption Spectra (A) of CuInS2 Thin Film , t = 0.4057µµµµm 
 

. 
 

Fig. 1 (b) Absorption Spectra (A) of CuInS2 Thin Film , t = 0.4968 µµµµm 
 

. 
 

Fig. 1 (c) Absorption Spectra (A) of CuInS2 Thin Film , t = 0.5032 µµµµm 
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Fig. 2 (a) Optical transmission (%T) of CuInS2 Thin Film, t = 0.4057 µµµµm 
 

. 
 

Fig. 2 (b) Optical transmission (%T) of CuInS2 Thin Film, t = 0.4968 µµµµm 
 

. 
 

Fig. 2 (c) Optical transmission (%T) of CuInS2 Thin Film, t = 0.5032 µµµµm 
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Fig 3 (a) Plot of ( ααααhυυυυ) 2 Vs Photon Energy (hυυυυ), t = 0.4057 µµµµm 
 

 
 

Fig 3 (b) Plot of (ααααhυυυυ) 2 Vs Photon Energy (hυυυυ), t = 0.4968 µµµµm 
 

. 
 

Fig 3 (c) Plot of (ααααhυυυυ) 2 Vs Photon Energy (hυυυυ), t = 0.5032 µµµµm 
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. 
 

Fig 4 (a) Plot of Absorption (α)  Vs Wavelength  (λλλλ), t = 0.4057 µµµµm 
 

 
 

Fig 4 (b) Plot of Absorption (α)  Vs Wavelength  (λλλλ), t = 0.4968 µµµµm 
 

. 
 

Fig 4 (c) Plot of Absorption (α)  Vs Wavelength  (λλλλ), t = 0.5032 µµµµm 
 

Structural Properties 
The XRD pattern of CuInS2 thin film was recorded with Philips X-ray Diffractometer. 
 
X-ray diffraction of CuInS2 by spray pyrolysis method reveals that the film was polycrystalline in nature. X-rays 
reveals that the structure closely related to chalcopyrite structure [35] 
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Fig 5 : The X-ray diffraction pattern of as-deposited CuInS2 on glass substrate at 3000C temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 : Scanning Electron Microscopy of as-deposited CuInS2 on glass substrate at 3000C temperature. 
 

CONCLUSION 
 

Films of CuInS2 onto glass substrate with different molarity solutions, have been prepared using a spray pyrolysis 
method. The optical studies reveal that these films has a direct band gap and the band gap energy varies from 1.50 
ev- 1.65 ev with different molarity solutions. It is observed that the band gap decreases with the increase of the 
molarity solutions. The determined optical parameters are in good agreement with previously reported results on 
similar films. In conclusion, spray Pyrolysis method for the production of thin solid films is a good method for the 
preparation of thin films suitable for scientific studies and for many applications in technology and industry. 
 

REFERENCES 
 

[1] PejovaBiljana,   AtanasTanusevski,   and   Ivan   Grozdanov,   Journal of Solid State Chemistry, 172 (2003), 
pp.381-388. 
[2] Ortega-Lopez Mauricio, Arturo Morales-Acevedo, Thin Solid Films, 330 (1998), pp.96- 101. 
[3] Pathan, H.M. and Lokhande, C.D., Applied Surface Science, 239 (2004), pp.11-18. 
[4] KrunksMalle, Olga Bijakina, TiitVarema, Valdekmikli, EnnMellikov, Thin Solid Films, 338 (1999), pp.l25-130. 
[5] Antony Aldrin, Asha A.S., RahanaYoosuf, Manoj R., Jayaraj M.K., Solar Energy Materials & Solar Cells, 81 
(2004), pp.407-4 17. 
[6] Krunks M., Mikli V., Bijakina O., Rebane H., Mere A., Varema T., Mellikov E., Thin Solid Films, 361-362 
(2000), pp.61 -64. 
[7] Kijatkina, O., Krunks, M., Mere, A., Mahrov, B., Dloczik,L., Thin Solid Films, 431-432 (2003), pp. 105- 109. 
[8] Oja I., Nanu M., Katerski A., Krunks M., Mere A., Randoja J., Goossens A., Thin Solid Films, ( 2004), in press. 
[9] Ambia, M.G., Islam M. N., Obaidul Hakim M., Journal of Materials Science, 29 (1994), pp.6575-6580.  09 



R S Meshram et al                                                Adv. Appl. Sci. Res., 2012, 3(3):1271-1278     
 _____________________________________________________________________________ 

1278 
Pelagia Research Library 

[10] Zouaghi, M.C., Ben Nasrallah T., Marsillac S., Bernede J.C., Belgacem S., Thin solid Films, 382 (2001), pp.39-
46.  10 
[11] Gopal V. , .April GC and Schrodt VN, Sep Purif. Technol., 1998, 14,85.  
[12] Pouzet JC, Bernede, Kelil A., Essaidis H., Benhida, Thin Solid Films, 1994,15, 252.  
[13] Birkmire RW, MccandlessBE. Hegedes SS, Solar Energy, 1992, 13, 303.  
[14] Ugwn EI, Ugwn and Onan DU, Pacific Journal Sci. Tech., 2007,8,160   
[15] Chu TL, Chu SS, Int. J. Sol Energy, 1992,12,121.    
[16] Br. Patent 632256 to H.A.Mc Masters LebleyOwers Ford Glass  Co., (1942). 
[17] Chamberlin, R.R., Skarman, J.S., J. Electrochem. Soc., 113 (1966). Pp. 86-89. 
[18] Lampkin, Curt M., Prog. Crystal Growth Charact., 1 (1979), pp. 406-416. 
[19] Afify, H.H. Nasse, S.A. and Demian, S.E. J. of Mater. Sci., 2 (1991), pp. 152-156. 
[20] Falcony, C., Garcia, M., Ortiz, A. and Alonso, J.C. J. Appl. Phys. 72 (1992) pp.4)  
[21] Zor, M., Aksay, S., Kul, M. and Aybek, A.S., Balkan Phys. Lett., 5 (1997) pp. 1132-1135. 
[22] Aksay, S., Anadolu University Journal of Faculty of Science, 5 (2001), pp. 147-156. 
[23] Nunes, P., Fortunate, E., Tonello, P., BrazFernandes, F., Vilarinho, P. and Martins, R., Vacuum 64 (2002). pp. 
281-285. 
[24] Aksay, S., and Zor, M., AC Anad, Uni. J.Sci. and Tech., 4, 1 (2003), pp. 35-38. 
[25] Altrokka, B. and Aksay, S., Journal of Arts and Science, 3 (2005), pp.27-34. 
[26] El-Zahed H., Journal of Physics and Chemistry of Solids, 62 (2001), pp.641 -646. 
[27] El-Zahed H., Physica B, 307 (2001), pp.95- 104. 
[28] Kannan, C.V., Ganesamoorthy, Bocelli, G., Righi, L., Ramasamy, P., Journal of Crystal Growth, 252 (2003), 
pp.328-332. 
[29] Bouzidi, A.,Benramdane, N., Nakrela, A., Mathieu, C.,Khelifa, B.,Desfeux, R.,Da Costa, A., Materials Science 
and Engineering, B95 (2002), pp. 14 1-147. 
[30] Benramdane, N., Murad, W.A., Misho, R.H., Ziane, M., Kebbab, Z., Materials Chemistry and Physics, 48 
(1997), pp. 11 9- 123. 
[31] El-Zahed H., A.El-Korashy, M. Abdel Rahem, Vacuum,68 (2003), pp. 19-27. 
[32] Padiyan D. Pathinettam, A. Marikani, K.R.Murali, Journal of Alloys and Compounds, 365 (2004), pp.8-14. 
[33] Pankove, J.I., Optical Processes Semiconductors, Solid State Physical Electronics Series, (Princeton Press, N.J., 
1971) pp.35-40. 
[34] Mott N.F. and Davis, E.A., Electronic Processes in Non-Crystalline Materials, (Clarendon Press, London, 1971) 
pp. 238-239. 
[35] Hahn H., Frank G., Meyer A. and Storger G., J. of Allg. Chem. 271, (1953), 153. 
 

 


