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The economic spray pyrolysis process were used to prepare Zinc oxide thin films. Ahigh -
quality thin film is obtained by optimizing factors that include concentration, flow rate, 
nozzle to substrate distance. The temperature is differed between 350˚C to 450˚C. The 
structural and optical qualities were studied through physical investigation. According to 
XRD, the films have a hexagonal crystal structure. A scanning electron microscope reveals 
the material’s uniform deposition &adhesion across a glass substrate. A direct band gap of 
about 2.4 to 2.6 eV was obtained for different temperatures.  
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1.Introduction 
 
Zinc Oxide is a II-VI semiconducting substance used in many fields of semiconductor 

industry with energy gap of 3.37 eV [1]. The optical, electrical and structural characteristics Zinc 
oxide are distinct. ZnO is considered to be an alternate to GaN for device applications with large 
excitation energy at room temperature [2].These thin films have many applications that includes 
gas sensing [3], LED [4], solar cells [5], field emitters [6], Piezo electric generators [7], etc. Like 
other oxide thin films such as MnO [8,9,10], ZdO can be prepared by spray pyrolysis technique 
[11], magnetron sputtering [12], RF sputtering [13], Sol gel [14], pulsed laser deposition [15], 
SILAR [16] and electrodeposition [17]. 

 
 
2.Experimental 
 
By applying the spray pyrolysis approach and changing the temperature from 350˚C to 

450˚C.On the glass substrate thin layer of Zinc oxide were created. Zinc chloride, along with 
water, is used as a starting solution. The molar concentration of 0.2 M of Zinc Chloride mixed 
with 50 ml of water is taken as a precursor solution. To get a homogeneous mixture, the solution 
was agitated for one hour and the finished product was kept in a burette. Compressed air, the 
carrier gas, was permitted to pass through the spray head’s. The films were evenly coated on the 
substrate by allowing the spray head to move manually. A chrome-alumel thermocouple was used 
to monitor and regulate the substrate temperature with an accuracy of ± 5˚C. The substrate 
underwent three rounds of ultrasonic cleaning: trichloroethylene, acetone, and methyl alcohol, 
followed by a rinse in distilled water. Other deposition parameters were held constant including 
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solution flow rate, carrier gas (air) 0.2 kg/ cm2, nozzle to substrate distance and volume of the 
solution. UV, XRD and SEM were used to characterize the produced films. 

 
3. Result and discussion 
 
Zinc oxide thin films with a white surface produced at temperature ranging from 350˚ to 

450˚C were examined using UV-VIS –NIR spectrophotometer. Fig.1 shows the optical 
transmittance curve of sprayed ZnO films that were obtained in the spectral range 400-1000 nm. 

 
 

 
 

Fig.1. Optical transmittance spectra at different temperature for ZnO thin fims, 
 
 
The film prepared at lower temperature has less transmittance (350˚C with 53%) than the 

films prepared at higher temperature (450˚C with 75%). These films have maximum transparency 
and less absorption in the near IR region (Fig.2). The film obtained at 350˚C and 400˚C had 
interfered in the 600nm range, which shows the homogeneity of the films with uniform thickness. 

 
 

 
 

Fig.2.ZnO thin fims, absorption spectra at different temperature. 
 
 

Reflection (R) of the film is computed using the formula R= [1-(A+T)] based on the 
optical transmittance and absorption 

The reflection values of the film vary in the range of 0.15 to 0.23 for the temperature 
350˚C and 400˚C. The film obtained at 450˚C shows gradual increase of reflection. As the 
reflection of these films is very less, it is used for antireflection coating. The absorption co 
efficient of the film is calculated using the relation α= (2.303 log (1/T))/t, this expression shows 
that the absorption coefficient depends on thickness of the film here, film thickness reduces as the 
temperature rises   and hence absorption co efficient increases (Fig.3). 
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Fig.3.Variation of extension co-efficient with wave length. 
 
 
From optical reflectance data of the film, refractive index (n) is calculated using the 

expression  
 

n = (1+R)1/2/(1-R)1/2 
 
Fig.4. depicts the refractive index’s changes with wave length. Maximum refractive index 

of about 3.05 is obtained at a temperature of 450˚C refractive index decreases gradually and then 
increases. Fig.5.  shows (αhν)2 versus hν for ZnO thin film. Band gap energy for different 
temperature is 450˚C – 2.62 eV, 400˚C – 2.51 eV and at 350˚C – 2.45 eV. 

 
 

 
 

Fig.4.Variation of refractive index with wave length. 
 
The optical band gap shrinks as the film’s thickness and temperature rises. Structural study 

clearly shows that this drop in energy band gap with thickness is caused by particle size, decrease 
in strain and a dislocation density 
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Fig.5. Band gap of  ZnO  films prepared  at different temperature. 
 
 
3.1. Structural analysis 
The films prepared at 450˚C shows intense peak at 36.18˚ corresponding to (101) plane, 

microstrain and dislocation density of the film is calculated as 0.183210 and 0.0578. This film 
shows that films have hexagonal crystal structure. Fig.7. shows SEM analysis of film at 450˚C, it 
is seen that the films have nano rod structure with maximum size of 278.57nm. 

 
 

 
 

Fig.6. X –Ray diffraction of ZnO thin films at 450°C. 
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Fig.7.SEM analysis of ZnO films prepared at 450°C. 
 
 
5. Conclusion 
 
Spray pyrolysis process were used to created Zinc Oxide thin films at various temperature 

on a glass substrate. Analysis was conducted on the optical characteristics of ZnO materials 
including transmittance, absorption, refractive index and the band gap energy of the film. Thin 
films thickness is a key factor in transmittance. These findings indicates that ZnO is suitable for 
solar cell applications, like batteries that can be recharged 

 
 
Acknowledgements 
 
The authors express their heartfelt thanks to Bharathiar University, Coimbatore for 

providing UV, SEM and XRD studies. 
 
 
References 

 
[1] B.Zhou, A.V.Rogachev, Z. Liu, D. G. Piliptsou, H. Ji, X.Jiang, Applied surface 256(15), 5764 
(2012). 
[2] V.Shelke, B.K.Sonawane, M.P.Bhole, D.S.Patil, Journal of material Science in Electronics, 
23(2), 451 (2012); https://doi.org/10.1007/s10854-011-0462-2 
[3] Hey-Jin Lim, DeukYong Lee, Young-Jei Oh, Sensor and Actuators 125, 405 (2006); 
https://doi.org/10.1016/j.sna.2005.08.031 
[4] Dae- Kue Hwang, Min-Suk Oh, Jae-Hong Lim, Seong-JuPark, Journal of physics D: Applied 
Physics, 40, 387 (2007) 
[5]S.Hamrouni, M.S.Alkhalifah, M.S.El-Bana, S. K. Zobaidi, S.Belgacem, Applied Physics a 
Material Science and Processing 124, 555 (2018); https://doi.org/10.1007/s00339-018-1980-z 
[6]Yuanming Liu, Long Zhao, Zhipeng Zhang, Daokun Chen, Guofu Zhang, Juncongshe, Shaozhi 
Deng, Ningshengxu and Jun Chen, IEEE Transactions on electron device, 65(5), 1982 (2018). 
[7] Wang Z.L, Song J, Science, 312(5771), 242 (2008); https://doi.org/10.1126/science.1124005 
[8] M.Sudha, P. Duraisamy, International Journal of Scientific research 1(2), 159 (2012) 
[9] S.Thirumalairajan, K.Girija, M.Sudha, P.Mateshwaran, J.Chandrasekaean, Optoelectronics and 
Advanced Materials - Rapid Communication2(2), 779 (2008). 
[10]M.Sudha, P.Duraisamya, Optoelectronics and Advanced Materials - Rapid 
Communications6(11-12), 999 (2012) 
[11]AbdelkaderHafdallah, FahimaDjefaflia, NarimaneSaidane, Optics 7(2), 68 (2018) 

https://doi.org/10.1007/s10854-011-0462-2
https://doi.org/10.1016/j.sna.2005.08.031
https://doi.org/10.1007/s00339-018-1980-z
https://doi.org/10.1126/science.1124005


272 
 
[12] S.Agrwal, R.Rane, S. Mukherjee, Hindawi publishing corporation conference paper in energy 
2013 Article Id 718692, 1 
[13] A.Ismail, M.J.Abdullah, Journal of King Saud University - Science, 25(3), 209 (2013); 
https://doi.org/10.1016/j.jksus.2012.12.004 
[14] LamiaZnaidi, Materials Science and Engineering B, 174, 18 (2010); 
https://doi.org/10.1016/j.mseb.2010.07.001 
[15] Cyril Robinson, Azariah John Chelliah, Rajesh Swaminathan, Journal of nanoelectronics and 
optoelectronics, 12, 1 (2017) 
[16] P.Mitra, S.Mondal, Progress in Theoretical and Applied Physics, 1, 17 (2013); 
https://doi.org/10.1093/ptpsupp.17.1 
[17] A. Poongodia, N. Thangarajb, M. Sudhac, Journal of Ovonic Research, 19(1), 73 (2023) 

 

https://doi.org/10.1016/j.jksus.2012.12.004
https://doi.org/10.1016/j.mseb.2010.07.001
https://doi.org/10.1093/ptpsupp.17.1

