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Abstract 

ZnO thin films have been prepared on glass substrates at various temperatures 150, 250, 350 and 450°C, using 

pneumatic spray pyrolysis technique in order to investigate the structural and optical properties of the films. The 

analysis of DRX diagrams shows that the deposits have a polycrystalline structure with (100), (101) and (002) 

textured orientation. Electro-optical properties depend on process parameters such as solution concentration and 

substrate temperature. The UV-Visible spectrophotometer of films confirmed that it is possible to obtain transparent 

ZnO thin films in the visible region with optical gap energy of approximately 3.2 eV.  
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1. Introduction 

Zinc oxide (ZnO), a II-VI compound semiconductor with a direct gap (Eg = 3.37 eV at room 

temperature), has received great interest as a promising candidate for the fabrication of ultraviolet (UV) 

light-emitting devices [1,2], electro and photoluminescent devices [3-5], also it can be used as transparent 

electrode in solar cells [6]. 

ZnO thin films have been deposited by a variety of methods such as r.f. sputtering [6-8], reactive 

thermal evaporation [9], chemical vapor deposition [10,11], pulsed laser deposition (PLD) [12-14], 

plasma enhanced CVD [15] and spray pyrolysis [16-18]. 

The spray pyrolysis technique (SPT) has some advantages compared to other methods. It is quite 

simple and the required setup is less expensive and more flexible for process modification. Due to the use 
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of less expensive chemicals at air pressure conditions it is attractive from an economical point of view as 

well [4,17]. Additionally, by using this technique one can produce large area films without the need of 

vacuum and the produced films can be controlled step by step [19]. 

In this paper, we describe the effect of deposition parameters on the structural and optical properties 

of undoped ZnO thin films prepared by spray pyrolysis technique. 

2. Experimental details  

Spray pyrolysis is basically a chemical process which consists in spraying a solution onto a heated 

substrate. The controlled temperature of the substrate allows the activation of the chemical reaction 

between the compounds leading to the formation of the desired thin films. The performances of the 

deposited material depend on certain number of physical and chemical properties resulting from the 

conditions of preparation. 

 

Our ZnO films have been deposited onto glass substrates kept at a distance of 25 cm from the spray 

gun nozzle. These films have been prepared by spraying a 0.025, 0.05 and 0.1 mol.l-1 solution of zinc 

acetate dihydrate mixed with bistilled water. Films with various substrate temperatures situated between 

150 and 450°C were obtained; the substrate temperature was cotrolled using a chrome-allumel 

thermocpouple placed above the substrate. 

The optical spectra were recorded by a Shimadzu 3101 PC spectrophotometer. The optical 

transmittance of the films was measured for wave lengths spanning from 300 to 900 nm. The optical gap 

was calculated using Tauc's relation. X-ray diffractometer was used to determine the crystallographic 

structure using the 1.5406 Å wavelength CuKα ray. The grain size was estimated using Sherrer's formula. 

 

3. Results and discussion  

3.1. Structural properties 

3.1.a/   Refractive index and porosity  

For our ZnO thin films deposited on silicium (111) substrate, we determined refractive index ‘n’ 

values through the ellipsometry measurements, the porosity ‘P’ of this films is obtained by using Lorentz 

Lorentz formula [19] 

 

P=1-[(nfilm
2-1)(nbulk

2+2)/(nfilm
2+2)(nbulk

2-1)]                                                                                            (1) 

 

nbulk: refractive index of ZnO skeleton accepted as 2.008 [20] 

nfilm: refractive index of ZnO films 

 

Figures 1 and 2 represents ‘n’ and ‘P’ values for templates deposited at various temperature substrate 

with different molarities. It can be seen that the value of the refractive index of our ZnO films deposited 

using the SPT are in the reasonable range of 1,75 – 2 , which corresponds to that of ZnO bulk. In figure 2, 

the results can be related to the quality of films, it can be shown that the films deposited at low substrate 

temperature (below 205 °C) are less dense and have a more porous structure than the films prepared at 

higher temperature. 
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Figure 1: refractive index values of ZnO thin films deposited at various substrate temperature and molarities 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Porosity of ZnO thin films deposited at various substrate temperature and molarities 

 

3.2.b/    X-ray diffraction (XRD) 

X-ray diagrams obtained for 2θ scans between 20˚ and 70˚ indicated that all deposited films on the 

glass substrates were polycrystalline and retained a hexagonal würtzite structure with (100), (101) and 

(002) textured orientation. As shown in figure 3, when the growth temperature increases, the peaks 

become more intense indicating an increase in the crystallite size. 
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Figure 3: X-ray 2θ scans of ZnO grown on glass substrate at various temperatures with 0.1mol.l-1. 

Figure 4 shows that at 350°C, ZnO peaks appear for all solution concentrations from 0.1 to 0.025 

mol.l-1. 
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Figure 4: X-ray 2θ scans of ZnO grown on glass substrate at at 350°C with various molarities. 

Through these results we can say that, we obtained an amorphous ZnO films at low temperature    

(150 °C) have a less pure ZnO, more defects and impurities, with the increase of the substrate temperature 

the quality of our deposits be better when we obtained more pure ZnO thin films due to the high level of 

thermal decomposition of the compounds spraying. 

For each deposits, the mean crystallite size ‘D’ has been calculated from the (002) diffraction peak 

width using Sherrer’s formula [16,20,21]:  

D = 0.94λ⁄(βhkl cosθhkl  )                                                                                                                       (2)                                                                                                                                               
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λ: X- ray wavelength (λCuKα =1.5406 Å); 

θhkl: Bragg diffraction angle; 

βhkl: line width at half-maximum. 

From figure 5, we can see the dependence of deposition parameters on the crystallite size. These 

values presented by previous figure are comparable to literature [22]. 
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Figure 5: Grain size values of ZnO thin films deposited at various substrate temperatures with deferent molarities. 

 

4. Optical properties 

 

The optical transmission spectra of ZnO thin films are obtained by using a UV-Vis-NIR 

spectrophotometer. Figure 6 shows that the transmittance of deposits depends on growth conditions. We 

can see that the transmittance of films increases with the deposition temperature, and at high temperature, 

it decreases with the molarity. 
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Figure 6. Transmission spectra of ZnO thin films deposited at various substrate temperatures ((a) 350°C,(b) 450°C) 
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As seen, transmission up to 70% confirms that our films deposited at high temperature have a good 

quality. The most important feature in the transmission spectra is also the absence of interference fringes 

in the spectrum of all our films deposited by spray pyrolysis. The sharp fall observed in transmission 

below 400 nm due to band gap absorption. The band gap ‘Eg’ for each film is determined by means of 

graphical method and the absorption coefficient is derived from the transmittance data. We can determine 

the absorption coefficient as follows [16,17,21]:  

 

α(λ)=(1⁄d)ln(1⁄T)                                                                                                                                        (3) 

 

α: absorption coefficient; 

λ: wavelength; 

d: film thickness; 

T: transmittance of thin film.  

 

For a direct gap such as for ZnO, Tauc’s formula can be given by the following expression [16,17,22]: 

 

Αhν = A(hν-Eg )
1/2                                                                                                                                       (4) 

 

A: constant of proportionality; 

hν: energy of the incident photon. 

Eg: gap energy of ZnO thin films. 

 

Figure 7 presents the variation of (αhυ)2 according to the incident energy of a ZnO thin film deposited 

on glass substrate at 450°C with different molarities, measurements give a value of approximately 3.2 eV. 
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Figure 7. Variation of (αhυ)2 with (hυ) for ZnO thin film deposited at 450°C . 

 

In addition, figure 8 represents the different Eg values of all our ZnO thin films; they found mean 

value of 3.2 eV is in agreement with results reported by others [17,19]. 

 



 ALLOUANE Dalila/ 7 

 

200 300 400

3,10

3,15

3,20

3,25

Ba
nd

 g
ap

 e
ne

rg
y 

(e
V

)

substrate tempéraure  (°C)

 0.1 mol.l-1

 0.05 mol.l-1

 0.025 mol.l-1

 
 

Figure 8. Band gap energy values for ZnO thin films deposited at different substrate temperature. 

 

4. Conclusion: 

The results reported in the present paper show that ZnO thin films obtained by spraying an aqueous 

solution of zinc acetate dehydrate onto glass substrate at different substrate temperatures are 

polycrystalline with (100), (101) and (002) textured orientations, the (002) peak intensity increases with 

the temperature of deposition. The transmission spectra confirmed that high transparency, good and dense 

structure can be obtained using high substrate temperature and lower molarities. The ZnO thin films 

obtained have band gap energy of 3.2 eV. 
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