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ABSTRACT 

The zinc oxide (ZnOJ thin films have been obtained by sol gel spin coating technique on to the glass substrates kept at 

400°C. The conditions have been optimized to obtain quaflty fl/ms. Optical absorption studies to find optical band gap of 

the films have been made through UV-Visible spectroscopy in the spectral range of 200 -1100 nm, Effect of spin speed on 

the optical band gap of these fl/ms has been studied. Results show that optical band gap of the films get modified on 

increasing the spin speed of films. 
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INTRODUCTION 

ZnO is a wide band gap semiconductor, with interesting 

electro optical properties because of its large exciton 

binding energy and high thermal as well as chemical 

stability at room temperature. ZnO thin film has been 

extensively used as transparent conductive film and the 

solar cell window material because of its high optical 

transmittance in the visible region. With such technological 

important properties, ZnO has wide range of applications 

as sensors [l, 2], heat mirrors [3], transparent electrodes [4], 

solar cells [5-7] and piezoelectric devices [BJ.These films 

can be deposited by several techniques including, 

sputtering [9], metal organic chemical vapour deposition 

[l OJ, sol gel [11] and spray pyrolysis [12]. A sol-gel method 

has advantages over other techniques due to its low cost 

instrumentation involved for obtaining films, its easy control 

over chemical components and thickness of the film along 

with the simple route for film deposition. Optical absorption 

coefficient, optical band gap and refractive Index of 

semiconductors are important parameters for the design, 

fabrication and analysis of various optical and 

optoelectronic devices. The optical transmittance through 

the samples can be used to obtain direct and indirect 

optical band gap along with other optical constants. In the 

present work, low cost sol-gel spin coating technique has 

been exploited to obtain ZnO thin films onto the glass 

substrate. The effect of spin speed on optical band gap of 

the films so obtained has been discussed. 

1 , Experimental Details 

Chemically and thermally stable films of zinc oxide were 

prepared using the spin coating method. Microscope 

glass slides were used as the substrates for thin films. Prior to 

deposition, the glass slides were sequentially cleaned in an 

ultrasonic bath with acetone and ethanol. Finally. they were 

rinsed with distilled water and dried. 0.1 M solution of zinc 

acetate dehydrate (Zn(CH3COO)2.2HP) in ethanol was 

taken as precursor solution for all the films. The solution was 

continuously stirred for an hour with the help of magnetic 

stirrer in an air tight container. The resulting solution was 

allowed to get settled for 24 hours. 40µ1 of this spreading 

solution was dispensed on to the substrate from a distance 

of 5mm above the substrate and spinner (Apex system 

model NXG Ml ) was employed to spin the substrate at 

different speeds ranging from 2000 to 4000 rpm with spin 

time of 15 sec. for each film. The amorphous gel films were 

left to dry in air at l 00°C for ten minutes, The films were then 

cooled down to room temperature in open air. This process 

was repeated four times/cycle for each film. The films were 

further kept at 400°C for half an hour in open air. The UV

visible-lR optical transmission spectra of ZnO thin films were 

recorded by using Shimadzu UV-VIS-2450 scanning 

spectrophotometer in the range of 300-1100 nm. The 
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measurements were taken at a normal incidence using a 

reference blank glass substrate. The transmittance and 

absorbance spectra were used to calculate the 

absorption coefficient and optical band gap of the films. 

The thickness of the thin films were estimated using max

min method, using the formula: t = Al A2/4n (A2 - Al) , 

where 't' is the thickness of the film, Al and A2 are the 

wavelengths which correspond to the maxima and 

minima of the transmittance spectra and 'n' is the refractive 

index of ZnO. Thickness of the films was also confirmed 

using microbalance method and has been shown in Table 

l. 

2. Results and Discussion 

The most direct and perhaps the simplest method for 

probing the band structure of semiconductors is to 

measure the absorption spectrum. The absorption and 

percentage transmission spectra of ZnO thin films 

deposited at different spin speeds is shown in Figures l and 

2 respectively. 

In order to determine the optical band gap of the films, the 

absorbance spectra of the films were recorded at room 

temperature. The absorption coefficient (a) was calculated 

from the absorbance spectrums using the formula: a = 
2.3026 (Nd), where dis the film thickness and A is the 

optical absorbance. The absorption edge of ZnO has been 

examined In terms of a direct transition using the equation 

of Bardeen et al [l 3], stating that: o::hv = B[hv- Eg)", where a 
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Figure l . Optical absorbance spectra of ZnO films 
deposited at spin speed (a) 2000 rpm (bl 3000 rpm (c) 4000 rpm 
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Figure 2. Optical transmittance spectra of ZnO films 
deposited at spin speed (a) 2000 rpm (b)3000 rpm (c) 4000 rpm. 
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Figure 3. Variation of (ahv)2 as a function of photon energy hv of 
ZnO films deposited at spin speed (a) 2000 rpm 

(bl 3000 rpm (c) 4000 rpm. 
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Figure 4. Variation of (ahv)l /2 as a function of photon energy 
hv of ZnO films deposited at spin speed (a) 2000 rpm 

(b)3000 rpm (c) 4000 rpm. 
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Spin Speed Thickness Direct Band Indirect Band 
(rpm) (nm) Gap (eV) Gap (eV) 

2000 60 3.22 2.98 

3000 57 3.26 3.05 

4000 43 3.27 3.08 
Table l . Band gap energy of spray deposited zinc oxide 

films on glass substrate kepi al different spin speeds. 

is the absorption coefficient, hv is the photon energy, Eg is 

the optical band gap, B is a constant which does not 

depend on photon energy and n is respectively l /2 and 2 

for direct and Indirect transitions. The direct and indirect 

band gap was determined by plotting [ahv)2 vs. hv and 

[ahv)"2vs. hv curves and have been shown in Figures. 3 and 

4 respectively. 

The intercepts (extrapolations) of these plots (straight lines) 

on the energy axis give the optical energy band gaps. It 

has been observed that both direct and indirect optical 

band gap increases from 3.22 eVto 3.27 eVand from 2.98 

eV to 3.08 eV respectively with the increase in spin speed. 

This increase in band gap energy may be attributed to the 

improvement of crystallinity of the films with the increase in 

spin speed and due to the fact that homogeneity of the 

films increases with inc rease in the spin speed of films. 

Hence, more ordered films causing comparatively less 

contribution to the absorption is obtained at higher spin 

speeds. Results are In good agreement with the findings of 

Hal in et al [ l 4] and Capan et al [ 15]. The direct and indirect 

band gap energy of zinc oxide films obtained on glass 

substrate at different spinning rates have been listed in 

Table l . 

Conclusion 

The spin coated zinc oxide films at different spin rates have 

been obtained on glass substrates. The optical 

absorbance and transmittance spectra of the films so 

obtained has been recorded in the wavelength range of 

200- l l 00 nm. It has been observed that both the allowed 

direct and indirect optical band gap of the films increases 

with the increase in spinning rate. 
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