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1.  Introduction

Zinc oxide is considered as an auspicious versatile material 
with good electrical conductivity and high transmittance 
for its semiconducting properties with band gap of 3.4eV, 
excitation binding energy with 60meV at room temperature 
with excellent thermal stability, low cost and non toxic1. 
Thus, ZnO is a promising material in many different 
applications such as gas sensors2, thin film transistors3, 
and solar cells4. ZnO thin films can be used by various 
preparation techniques like pulsed laser deposition5 

,Chemical vapour deposition6, Radio frequency 
magnetron sputtering7, Chemical spray pyrolysis8 and 
sol-gel spin-coating Technique9. For these techniques, 
sophisticated instruments (SI) and high temperature 
were involved. In the proposed work, the synthesis of 

Zinc oxide nano particle thin film was prepared through 
dipping method in low temperature with low cost.

2.  Materials and Methods

ZnO films have been inclined by solution gel dipping 
process. All chemicals were involved in this research 
from Merck Company. The process to prepare Zinc Oxide 
film on ITO zinc acetate dehydrate, was deliquesced in 
a Monoethanolamine acted as stabilizer, ethanol and the 
prepared solution was continuously mixed at an hour to 
get consistent precursor solution Figure 1. The resulting 
ZnO thin film was achieved by well cleaned ITO substrate 
into prepared solution by dip coating method. Film 
deposition was important to optimize at room temperature 
by this dipping method with a controlled departure 
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speed of 2cm/min. At last, prepared ZnO nanoparticle 
thin films were formed after annealing at 300 °C for an 
hour. A structural study on the thin film specimen has 
been studied using PANalytical X-ray diffractometer. FEI 
QUANTA-200 was influenced to study the Morphology 
of the thin film. Chemical composition of the film sample 
has been analyzed using EDAX-JEOL Model JED-2300. 
Spectrophotometer - JASCO V-570 is involved to explore 
the UV optical absorbance spectra. FTIR spectrometer 
study is involved for the presence of chemical bonding in 
ZnO nanoparticles.

Figure 1.   Experimental procedure for ZnO thin film 
deposition by sol-gel method.

3.  Results and Discussion

Crystalline structure of deposited thin film samples 
was investigated using XRD and the results are shown 
in the Figure 2. X-ray diffractrograms pattern were 
recorded for 20-800 (2θ) at scanning rate of 0.020/s with 
the presence of the peaks estimated with the standard 
ZnO structure - JCPDS No.36 - 1451. The corresponding 
spectrum of diffraction peaks observed to (110), (002), 

(101),(102),(110) with different intensities8,10. The 
obtained result of XRD peaks corresponding to zinc oxide 
is present and the relevant phases are formed.

SEM is the promising techniques to study the growth 
of the thin film.  The SEM images of ZnO films are 
shown in the Figure 3. Morphology of the film shows the 
presence of vertically aligned and a change in the shape 
of the grain to heat the ITO substrate at 300 °C. EDX 
analysis indicates that the presences of Zinc and Oxide 
in the prepared thin film samples are shows in Figure 4. 
Compositional analysis of the elements in the thin film 
reported as Zn= 41.24% and O=58.76%.

UV visible spectra of absorbance for pure ZnO thin 
film are depicted in Figure 5. Optical transition prevails 
the absorption spectra of the optical absorption edge of a 
film11

. Optical energy gap is governed by

	 (αhυ)2 = A( hυ - Eg  )
n

Here A is a constant, Eg is the energy gap, υ is the 
frequency, h is the Planck’s constant, and n (n=2) for 
direct allowed transitions. The obtained energy gap from 
the plot of (αhυ)2 vs hυ ZnO films see Figure 6 depicts that 
the films exhibit direct band  gap12 with 3.70eV.

Figure 7 shows the FTIR spectra of a ZnO thin film 
with well defined peaks at 807,877, 1028,1259,1595,2323 
and 2959 was observed in the spectrum to conform the 
surfactant molecules from the sample10, 13 see Table 1.The 
broad band at 3447cm-1 is the stretching vibration of the 
OH group and 1669 cm-1 which is due to bending mode 
of water molecules present in the sample. The sharp 
vibrational peak at 1408 cm-1 is attributed to the scissoring 
mode of CH2 chain. Stretching mode was observed in the 
spectral region of approximately 450cm-1 is the typical 
bond between metal oxides (Zn-O).

Figure 2.   X-ray diffraction spectra of the ZnO thin film.
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Figure 3.   Scanning Electron Microscope (SEM) images of 
ZnO nanoparticle thin film.

Figure 4.   EDAX spectra of a ZnO Nanoparticle thin film.

Figure 5.   The absorption spectra of ZnO Nanoparticle 
thin film.

Figure 6.   Plot of (αhυ)2 vs Photon energy of ZnO thin film.

Figure 7.   FTIR spectra of ZnO thin film.

Table 1.    Fourier Transform Infrared Spectroscopy 
(FTIR) absorption bands

3447  cm-1 O-H stretching vibration
3145  cm-1 O-H stretching vibration
1559  cm-1 O-H bending vibration
1408  cm-1 C=O stretching vibration
400 cm-1 Metal oxide bond

4.  Conclusion

Amalgamation of pure ZnO thin films using ITO substrate 
by simple dip coating technique at 300 °C. The structural 
analysis of XRD revealed that ZnO thin film has hexagonal 
wurtzite structure. SEM image of the thin film showed 
smooth with relatively small grain size distribution. 
The UV optical absorbance properties revealed that the 
direct band gap of 3.70eV after annealing at 300 °C. FTIR 
analysis is confirmed the presence of chemical bonding 
with various functional groups. This paper highlights on 
understanding structural and optical properties which 
leads to special applications on solar cell.



Vol 9 (22) | June 2016 | www.indjst.org Indian Journal of Science and Technology4

Low Temperature Synthesis and Annealing effect of Transparent ZnO Thin Films on ITO Substrate by Sol-Gel Method

5.  Acknowledgements

The authors acquiesce to thank University Grants 
Commission (UGC),New Delhi for the financial support 
through Minor Research Project to carryout part of the 
research work (MRP -5432/14(SERO/UGC).

6.  References
1.	 Ganesh T, Rajesh S, Xavier FP. Photo conducting and photo 

response studies on multilayered thin films of aluminium 
doped zinc oxide.Indian Journal of Science and Technolo-
gy.  2012; 3:0974– 6846.

2.	 Ozturk S, Kilinc N, Tasaltin N, Ozturk ZZ. A comparative 
study on the NO2 gas sensing properties of ZnO thin films, 
nanowires and nanorods. Thin Solid Films. 2011; 520:932–
8.

3.	 Deuk-Hee Lee E, Park K-H, Kim S, Lee SY. Effect of Ag 
doping on the performance of ZnO thin film transistor. 
Thin Solid Films. 2011; 520:1160–4.

4.	 Rath JK, Liu Y, de Jong MM, de Wild J, Schuttauf JA, 
Brinza M, Schropp REI. Transparent conducting oxide lay-
ers for thin film silicon solar cells. Thin Solid Films. 2010; 
518:e129–35.

5.	 Deshmukh AV, Date SK, Sathe VG, Adhi KP. Effect of Ga 
doping on micro/structural, electrical and optical proper-
ties of pulsed laser deposited ZnO thin films. Thin Solid 
Films. 2011; 520:1212–7.

6.	 Salaun A, Hamilton JA, Iacopino D, Newcomb SB, Nolan 
MG, Padmanabha SC, Salaun M,

7.	 Pemble ME. The incorporation of preformed metal 
nanoparticles in zinc oxide thin film aerosol assisted chem-
ical vapour deposition. Thin Solid Films. 2010; 518:6921–6.

8.	 Pau JL, Scheffler L, Hernandez MJ, Cervera M, Piqueras 
J. Preparation of zinc tin oxide films by reactive magne-
tron sputtering of Zn on liquid Sn. Thin Solid Films. 2010; 
518:6752–5.

9.	 Muhammed GS.  Efficiency  enhancement of crystalline sil-
icon solar cell by the deposition of undoped ZnO thin film. 
Indian Journal of Science and Technology. 2011; 6:0974–
6846.

10.	 Mohammadi M, Rezaee Rokn-Abadi M, Arabshahi H. In-
vestigations on impact of post-heat temperature on struc-
tural, optical and electrical properties of Al-doped ZnO 
thin films prepared by sol-gel method. Indian Journal of 
Science and Technology. 2010 Feb; 2:0974–6846.

11.	 Krishna Shyla K, Natarajan N. Customizing Zinc Oxide, 
Silver and Titanium Dioxide Nanoparticles for enhancing 
Groundnut Seed Quality. Indian Journal of Science and 
Technology. 2014; 7(9):1376–81.

12.	 O’Brien S, Copuroglu M, Tassie P, Nolan MG, Hamilton JA. 
The effect of dopants on the morphology, microstructure 
and electrical properties of transparent zinc oxide films 
prepared by the sol-gel method. Thin Solid Films. 2011; 
520:1174–7.

13.	 Wang T, Liu Y, Fang Q, Wu M, Sun X, Lu F. Low temperature 
Synthesis wide optical band gap Al and (Al, Na) co-doped 
ZnO thin films. Applied Surface Science. 2011; 257:2341–5.

14.	 Sharma SK, Inamdar AI, Hyunsik IM, Kim BG, Patil PS. 
Morphology dependent dye-sensitized solar cell properties 
of nanocrystalline zinc oxide thin films. Journal of Alloys 
and Compounds. 2011; 509:2127–31.


