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Abstract: During the last decades, thin films of ZnO have given rise to a great interest, as transparent conducting oxides. 
This is due the optical and electrical properties of zinc oxide; it’s very high thermal and chemical stability, its non-toxicity as 
well as his abandonment in nature. The transparent conducting ZnO thin films were deposited on glass substrate by pyrolysis 
spray technique. Zinc acetate was used as starting solution with a molarity of 0.1 M. The structural and optical properties of the 
ZnO thin films were studied as a function of the substrate temperatures in the range of 100 to 400°C. Structural properties have 
been studied by X-ray diffraction (XRD) technique. The preferred orientation for ZnO thin films lies along (002) direction. 
From XRD data, the average crystallite size is determined from scherrer formula. The grain size is in the range of 10~27. The 
transmittance of the films is enhanced from 60 to 85% in the visible region in the range from 400 to 1100 nm by increasing the 
substrate temperature. The optical band gap energy attenuates from 3.67 to 3.25eV and whereas the Urbach energies of the 
films increase from 226 to 91.2 meV with increasing the substrate temperature from 100°C to 400°C. 
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1. Introduction 

ZnO is one of the most important semiconductor materials 
due to its wide band gap (3.37 eV) at room temperature and 
large exciton binding energy (60 meV) at room temperature 
[1]. Transparent conducting oxides (TCO) are widely used in 
microelectronic devices, light emitting diodes, thin film, 
antireflection coatings for transparent electrodes in solar 
cells, gas sensors in surface acoustic [2–5]. ZnO was found 
various technological applications such as solar cells [1, 2], 
active material for highly sensitive humidity and oxygen gas 
sensors [3], transparent electrodes for flat –panel displays [4], 
p-n junction diodes, UV photo detectors [5] and ultraviolet 
light emitting diodes [6]. To improve ZnO properties, various 
growth techniques, including chemical vapor deposition [8], 
sol–gel method [9], electrochemical deposition [7], sputter 

deposition [8], hydrothermal technique [9] and spray 
pyrolysis technique (SPT) [10] have been employed to obtain 
pure ZnO thin films on various substrates. Spray pyrolysis is 
a versatile technique for deposition of metal oxides because 
of its cheapness and easy process control which gives the 
possibility of obtaining films with the required properties for 
different applications 

In this paper, the undoped ZnO thin films were deposited 
on glass substrate using pyrolysis spray technique. We have 
studied the effect of substrate temperature on structural and 
optical properties of ZnO films. General study on the effect 
of substrate temperature from 100 to 400°C were studied as 
in others paper [20], around 350°C. The main goal for this 
research is to find optimum information on temperature 
which gives highly semiconducting properties of undoped 
ZnO thin films [11]. 
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2. Experimental Details 

The number of thin films of pure ZnO was synthesized by 
spray pyrolysis method. Zinc acetate dihydrate 
Zn(CH3COO)2. 2H2O with methanolwas used as precursor 
solution. 

In order to get the 0.1M homogenous transparent solution 
of Zn(CH3COO)2. 2H2O, the 2.195 g of Zinc acetate 
dihydrate was dissolved in 20 ml methanol and stirred at 
room temperature. The thin films were deposited on well 
cleaned microscopic glass (1.25x 1.5 cm2) substrates using a 
commercial nebulizer by spraying the above transparent 

precursor solution on preheated glass substrate at different 
substrate temperature (100, 200, 300, 400 ) using a resistive 
heating set-up (The samples used in this study were 
deposited using a device made in the laboratory). These 
precursors were sprayed onto glass substrates placed below a 
substrate holder heated to a fixed temperature 350°C. 

Our interest is to study the effect of substrate temperature 
on the optical and structural properties of these films. For this 
we used X-ray diffraction for structural characterizations and 
UV-Visible optical transmission spectroscopy for the optical 
characterization of our films. 

Table 1. The experimental conditions for the deposited ZnO thin films. 

 Deposition time(min) Distance nozzle-substrate(cm) Solution concentration (M) Substrate temperature(°C) 

Zinc acetate C4H6O4Zn.2H2O 5 25 0.1 100, 200, 300 and 400 

 

3. Results and Discussion 

Figure 1 shows XRD patterns of ZnO thin films as a 
function of substrate temperature. The samples are 
polycrystalline in nature which shows hexagonal crystal 
structure (JCPDS card no. - 01-075-1526) and it prefers the 
orientation along (002) plane [12]. The observed minor 
planes include (100) and (101). The optimum substrate 
temperature for the deposition of crystallized ZnO thin films 
is 400°C. At this temperature, atoms have optimum energy 
for chemical reaction and arrange along the preferred 
orientation of (002) [12]. The highest intensity of lattice 
plane (002) is assigned to the crystal growth with preferential 

orientation along c-axis. Except in the case of substrate 
temperature 100°C note the amorphous spectrum because of 
insufficient temperature to manufacture a thin film of ZnO. 

The increasing substrate temperature generally improves 
the crystalline structure of thin films. Film characterization 
using Fourier Transform Infrared Spectroscopy (FTIR), 
photoluminescence spectroscopy (PL), and ultraviolet–
visible (UV–Vis) optical transmission spectroscopy suggests 
the onset of ZnO growth at temperatures as low as 100°C as 
well as the transformation to a polycrystalline phase at 
deposition temperatures > 200°C reported by Adamopoulos 
et al [13]. 

 
Figure 1. XRD patterns of ZnO thin films deposited at different substrate temperature. 

The grain size is simply determined using the Scherrer 
formula [14-15]: 

D= 0.9λ/βcosӨ 

Where D is the grain size of crystallite, λ (=1.54059A˚) the 
wavelength of X-rays used, β the broadening of diffraction 
line measured at half of its maximum intensity and θ is the 
angle of diffraction. 
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Figure 2 shows the variation of the size of the grains as a 
function of substrate temperature, according to the X-ray 
spectrum observation. Note that the case of ZnO deposited at 
(100°C) is an amorphous spectrum therefore it is not grain 
size it is by a crystallographic structure, the grain size varies 

between 200°C and 400°C, note an increase between 200°C 
and300°C this increase due to the improvements of the 
crystallinity, then a decrease between 300°C and 400°C this 
decrease due to the emergence of the other peak (001) and 
(101) [17]. 

 
Figure 2. Variation of grain size with substrate temperature. 

In figure3, the transmission spectra in the range 300 to 
1100 nm are grouped together with ZnO films. Although the 
general look of the spectra is identical, these are composed of 
two regions: 

1. A region of high transparency located between 400 and 
1100 nm, the value of the transmission is of the order 
of 60 to 85%. This value, reported by several authors 
[16], confers on the thin films of ZnO, deposited with 
different substrate temperatures, the transparency 
character in the visible. This confirms that the optimal 

deposition temperatures for obtaining transparent, 
uniform and stoichiometric ZnO films are in the 
vicinity of 300°C. Note that the choice of this optimum 
substrate temperature is based on previous work done 
within our team 

2. A region of high absorption. This region corresponds to 
the fundamental absorption (λ<400nm) in ZnO films. 
This absorption is due to the inter-band electronic 
transition. The variation of the transmission in this 
region is exploited for the determination of the gap. 

 
Figure 3. Optical transmittance of ZnO films at different substrate temperature. 
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It can be seen that from a spectrum of transmission in the 

visible, we can quickly determine the thickness of the 
material and the optical gap. 

For a direct gap such as that of the ZnO, α is expressed as 
a function of gap (Eg) according to the equation next [14]: 

(αhυ) = A(hυ – Eg)1/2 

Where 

A: Constant 
Eg (eV): 
hυ: photon energy 
Figure 4 shows the width of the band gap (optical gap) can 

be determined from the extrapolation of the linear part of the 
curve representing the function (αhυ)2=f(hυ) ( direct gap) and 
of its intersection with abscissa axis ( photon energy axis) 

 
Figure 4. Typical variation of (αhυ)2 as a function of photon energy (hυ). 

The transmission drop for wavelengths below 400 nm 
corresponds to the absorption in ZnO due to the transition 
between the valence band and the conduction band, this 
region is used to determine the energy of the optical gap. We 
reported the variation of the optical gap of ZnO films in 
figure 5. As can be seen, in this figure note a total decrease in 
optical gap between (100°C and 400°C) this decrease 

interpreted by: 
- In the case where ZnO deposited at (100°C) the X-ray 

spectrum confirms that the amorphous layer does not have a 
good crystallite ZnO (3.67eV). 

-From a substrate temperature of 200°C, slight decreases is 
observed in optical gap values and are very logical with the 
literature [18]. 

 
Figure 5. Variation of optical band gap with substrate temperature. 
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Another important parameter that characterizes the 

disorder of the material is the tail energy Urbach. According 
to Urbach's law the expression of the coefficient absorption is 
of the form: 

α= α0 exp(hυ/E00) 

Where 
E00: Urbach energy 
Figure 6 shows the variation of urbach energy (disorder) of 

the ZnO films as a function of substrate temperature. From 
this figure, we see that the temperature affects the 

organization of the deposited thin films. Indeed, the substrate 
temperature influences the mobility of the atoms arriving at 
the surface during film growth. At high substrate 
temperature, the atoms arriving at the surface have enough 
energy to move and find a favorable site. A decrease in 
urbach energy between (100°C and 400°C) was observed 
with the substrate temperature. This decrease is interpreted 
by the increase of the temperature of the substrate because 
the increase of the substrate temperature due to the network 
relaxation [16-17]. 

 
Figure 6. Variation of Urbach energy with substrate temperature. 

4. Conclusion 

In the present investigation, chemical spray deposition 
technique (SPT) was used to grow undoped ZnO thin films 
on glass substrates by varying the substrate temperature. The 
influence substrate temperature on the structural and optical 
properties investigated here was found to be significant. The 
XRD results show the presence of the ZnO wurtzite phase 
with preferential orientation (002) of the film growth along 
the c-axis, concerning the deposited layer at 100°C, which 
presents a phase totally amorphous. The average crystalline 
size increases with increase in substrate temperature 
indicating better crystallinity of films deposited at higher 
substrate temperature (300°C) as the films become more 
uniform and dense, grain size is varied with substrate 
temperature from 10 to 28 nm. The optical transmittance of 
polycrystalline films was varied from 60% to 85% in the 
visible region. The obtained optical gap values for the 
different substrate temperature are in good agreement with 
the data of literature (3.67-3.25eV). 
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