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Abstract 
Optical band gap of ZnO thin films deposited by electron beam 
evaporation at evaporation rates ranging 5 Ås-1 -1 to 15 Ås  and thickness 
ranging 1000Å to 3000Å is presented. Deposited films were annealed at 
573K for one and half hour. The variations in the optical band gap were 
observed and showed decreasing behavior from 3.15eV to 3.05 eV, 
from 3.18 eV to 3.10 eV and from 3.19 eV to 3.18 eV for films with 
respective thickness 1000Å, 2000 Å, 3000 Å on increasing the 
evaporation rate from 5 Ås-1 to 15 Ås-1 by keeping thickness constant.  
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Transparent conducting oxides (TCOs) are utilized for a wide range of 
applications, such as optoelectronics, photocatalysts, photoelectrocatalysts, the 
flat panel display, gas sensors, the common and pixel electrode in thin film 
transistor liquid crystal display [Chae 2001] or the window layers for thin film 
solar cells based on Si [Sang et al. 1999] or Cu(InGa)Se2 [Chaisitsal et al. 1999]. 
Although indium tin oxide (ITO) is very commonly used as TCO, research for an 
immediate alternative to ITO is desired because of the high cost and scarcity of 
the indium element. In recent years zinc oxide (ZnO) has attracted the attention 
of researchers because the Zn element is abundant. The lower production costs 
and easier processing for etching of ZnO than ITO are being expected.  
Being semicoducting, photoconducting, piezoelectric and optical waveguide 
material [Ohgaki et al. 2003, Yukio et al. 2003, Wang 2004, Chuan-Lei 2005] 
ZnO has also found a wide range of scientific and technological applications. It 
exhibits a large band gap, fairly high refractive index [France 2004], a maximum 
solar transmittance of about 85% to 95% with a minimum resistivity as low as 
~7x10-5 ohm-cm [Minami et al. 1985]. Pure ZnO is highly transparent in visible 
spectral region and highly reflective in IR region. ZnO thin films are also being 
used as a detector for oxidizing and reducing gases in chemical sensors, 
transparent electrodes in light emitting diodes [Chen et al.], T.V., Camera 
displays and heat mirrors. 
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ZnO thin films are being grown by various deposition methods such as sputtering 
[Agashe et al. 2003], molecular beam epitaxy (MBE) [Nakahara et al. 2001, Kato 
et al. 2002], metal organic chemical vapor deposition (MOCVD) [Gorla et al. 
1999], pulsed laser deposition (PLD) [Myoung et al. 2002] and reactive plasma 
deposition (RPD) [Sakai et al. 2006].  
In the present investigations, ZnO thin films were deposited by electron beam 
evaporation on glass substrates and characterized optically. Effects of the 
evaporation rate and thickness on the variation of band gap of these films have 
been discussed. 
ZnO thin films were deposited by electron beam evaporation under a residual air 
pressure of 5 x 10-5 torr, with evaporation rates in the range 5 – 15 Ǻs-1 and 
thickness varying as 1000 – 3000 Å using a Leybold–Heraeus A550V vacuum 
coating unit at Pakistan Council of Renewable Energy Technologies, Islamabad. 
Aluminum crucible was used for the evaporation of highly pure ZnO, while “Sail 
Brand No. 23, China” glass acted as substrate. Deposited films were annealed at 
573 K for one and half hour and then characterized optically using Hitachi U-
2001 UV/VIS/NIR double beam spectrophotometer at the Department of Physics, 
Bahauddin Zakariya University, Multan, Pakistan. Optical absorbance and 
transmittance of each of these thin film samples were recorded in the wavelength 
range 190–1100 nm at room temperature ~300K.  
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thin film (Thickness 1000Ǻ, Evaporation Rate 5 Ǻs-1). 
 
Deposited films were highly transparent and free from pinholes. These thin films 
showed very good cohesion with the substrates. Optical absorbance spectra 
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were analyzed to evaluate the optical band gap energy using a well-known 
relation [Berger and Pamplin 1993, Fallah et al. 2006]  
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Where α is the absorption coefficient, A the constant, ω h  the photon energy and 
E the band gap energy. Eq. 1 was used to determine the band gap Eopt opt of the 
prepared samples. For this purpose, (α )1/2ω h  was plotted against the photon 
energy .  These plots are shown in Figs. 1-8 as a function of the evaporation 
rate as well as thickness. Values of E

ω h
opt for all samples are presented in Table 1 

and lie in the range 3.05-3.19eV. It is obvious from Table 1 that band gap 
decreases on increasing the evaporation rate keeping thickness constant. A 
similar result was found by Fallah et al. [2006] for ITO films. A characteristic of 
the film that is influenced by its crystallinity is the optical energy gap. The more 
crystalline film, the higher the electron concentration, the higher the energy gap 
[Fallah et al. 2006]. Thus the above result can be explained by considering the 
fact that an increase in the evaporation rate results in an increase in the degree 
of disorder (showing less crystallinity) in the structure of deposited material. This 
introduces more localized states within the band gap and number of band tails 
also increase thus lowering the band gap.  
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1/2ω h ω hFig. 2: Plot of (α )  versus photon energy to determine optical band gap of ZnO 

thin film (Thickness 1000Ǻ, Evaporation Rate 10 Ǻs-1). 
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The increasing band gap with an increase in thickness may be due to a rise in 
the grain size of ZnO thin films caused by annealing in air [Kashani 1998]. Table 
1 also shows that the band gap increases with increasing thickness of these films 
by keeping evaporation rate constant [Srikant and Clarke 1997].  
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1/2ω h ω hFig. 3: Plot of (α )  versus photon energy to determine optical band gap of ZnO 
thin film (Thickness 1000Ǻ, Evaporation Rate 15 Ǻs-1). 
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Fig. 4: Plot of (α ω h )1/2 ω h

ћω  (eV) 
 versus photon energy to determine optical band gap of ZnO 

thin film (Thickness 2000Ǻ, Evaporation Rate 5 Ǻs-1). 
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Table 1: Optical band gap of ZnO thin films as a function of evaporation rate.  
Optical Band gap (eV) Thickness 

 Evaporation Rate  Evaporation Rate  Evaporation Rate 
-1 -1 -1(Ǻ) ) (10 Ǻs ) (15 Ǻs ) (5 Ǻs

1000 3.15 3.10 3.05 
2000 3.18 3.14 3.10 
3000 3.19 3.18 -- 
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Fig. 5: Plot of (α ω h )1/2 versus photon energy ω h to determine optical band gap of ZnO 
thin film (Thickness 2000Ǻ, Evaporation Rate 10 Ǻs-1). 

 
Fig. 6: Plot of (α ω h )1/2 versus photon energy ω h to determine optical band gap of ZnO 

thin film (Thickness 2000Ǻ, Evaporation Rate 15 Ǻs-1). 
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1/2ω h ω hFig. 7: Plot of (α )  versus photon energy to determine optical band gap of ZnO 
thin film (Thickness 3000Ǻ, Evaporation Rate 5 Ǻs-1). 
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Fig. 8: Plot of (α ω h )1/2 ω h versus photon energy to determine optical band gap of ZnO 

thin film (Thickness 3000Ǻ, Evaporation Rate 10 Ǻs
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-1). 
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