Abstract Template

Title: Effects of ZnO ratios on Structural and Optical Properties of SnO2 Thin Films
BENSAIDI M*1,2, BENALI MA2, TABET-DERRAZ H2, KEBBAB Z2
1 Laboratory of Inorganic Chemistry; Analytics and Organic, Department of Chemistry, Faculty of Exact Sciences, Djillali Liabes University, 22000, Sidi Bel Abbes, Algeria
2 Laboratory of Materials Development and characterization, Department of Electronic, Faculty of Technology , Djillali Liabes University, 22000, Sidi Bel Abbes, Algeria
Keywords: Composite thin films, Optical characterization

I. Abstract
The (SnO2)x(ZnO)1−x composite coated films were deposited on glass substrate by spray pyrolysis method at the temperature of 350 °C. The structural details of composite films were characterized by X-Ray Diffraction (XRD). Optical properties of the deposited films were obtained using transmittance measurements in the wavelength range [200–2500 nm] ,the direct optical band gap value of these films varies from 3.1 to 3.7 eV. 
II. Introduction
The use of transparent oxides has been of technological interest in optoelectronic  applications , solar cells (1,2) and gas sensors (3). A significant investigation in to SnO2 and ZnO materiels due to their low toxicity and high optical transparency in the visible range. They also presente a high chemical stability and the reported band gap values (≥3.1 eV) (4), are very much suitable for semiconductors materials .They are low cost and abundant materials. Typically , the fabrication of  SnO2 and ZnO composite involves techniques  such as : thermal evaporation (5,6), deposition chemical vapor deposition (7,8) screen printing technique (9), hydrothermal synthesis (10,11), ultrasonic spray pyrolysis  (12).  Among all these techniques, the last one is particularly attractive because of its simplicity. It is widely used in large scale production of films owing to low production cost. It is also fast, cheap, vacuum-less and suitable for mass production.  All these factors make so that one chose this technique for the preparation of our films of SnO2 and ZnO. The main purpose of the present work was a comprehensive study of the structural, and optical properties of (SnO2)x(ZnO)1−x  thins films prepared by spray pyrolysis method deposed on glass substrate at 350 °C. Significant changes were observed by simply varying the (SnO2)x(ZnO)1−x process .
Structural properties:
Table 1: Shows the results and determinations using XRD data of (SnO2) x (ZnO) 1−x mixed thin films.

	
	D
(A°)
	Grain size (D) (nm)
	Dislocation Density   
(10-4line/nm2)
( δ)
	Strain (ε)

(10-4)

	ZnO
	2.39
	38.51
	6.74
	9.14

	(ZnO)0.75(SnO2)0.25
	1.47
	43.32
	8.18
	9.67

	(ZnO)0.25(SnO2)0.75
	2.81
	42.01
	8.39
	9.31

	SnO2
	3.33
	31.51
	11
	11
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Fig 1: XRD patterns of composite thin films (SnO2)x(ZnO)1−x  for different x values 0 ≤ x ≤ 1 prepared by the spray pyrolysismethodat 350 °C
III. Interpretation (DRX)
Fig. 1 represents the experimental spectrum diffraction obtained by analyzing the x-ray diffraction patterns obtained via diffractometer of target Cu Kα, with wavelength of 1.5406 Å and angle (2θ) in the range of 20 to 80 degrees.
The XRD patterns of mixed thin films (SnO2)x(ZnO)1−x deposited by spray pyrolysis technique at 350 °C on glass substrates for different concentrations (x = 1, 0.75,0.5,0.25 and 0) are shown in figure. The crystalline nature of both oxide is confirmed through the observation of sharp defined peaks of them. These films are not treated after deposition. The XRD pattern of the SnO2 sample confirmed that the oxide crystallized in a tetragonal rutile structure with orientation at (110) and (111) plane. The XRD pattern of ZnO shows that the oxide adopted in wurtzite hexagonal crystal structure with standards peaks with orientation at (101), (100). The patterns show the variation in the concentration of the SnO2 and ZnO components through the gradual change in intensity   and the orientation of the associated peaks in the expected order. The observation of the peaks of the individual oxide crystal phases indicates that all materials exist in composite form. No reflections from ternary phases are observed.

The average crystallite size is calculated from XRD data based on Debye Scherer's formula equation: 
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where k=0.9 (assuming the crystallites are spherical), λ is the wavelength of the X-rays, β is the full-width at half-maximum of the reflection and θ is the Bragg diffraction angle of the reflection. The average grain size is calculated from prominent (101) reflection for ZnO, (110) reflection for SnO2. The mean grain size of ZnO is always found larger than that of SnO2. 

The grain size of films have been determined to be 31.51 nm, 42.01 nm, 33.81 nm, 43.32 nm and 38.51 nm for x = 1, 0.75, 0.5, 0.25 and 0, respectively. It is shown that the grain size of mixed films is increased with increasing amounts of ZnO in the films. Increasing ZnO concentration could expand the crystallinity of the mixed films. The increase of grains size in the 0.5 composition is less than others.  It is about 33.81 nm. The dislocation density (δ) and the strain (ε) are calculated using the relations: 
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The calculate values of the dislocation density, grain size and the strain of the films are listed in Table 1.
Optical properties:
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 Fig 2: The transmittance  and the  reflectance curves of the (SnO2)x(ZnO)1−xmixed thin films.
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 Fig 3: Variation of ( αhv)2vs hvof the (SnO2)x(ZnO)1−xmixed thin films.
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Fig 5: Variation of the refractive index of (SnO2)x(ZnO)1−xthin films.
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Fig. 6. Variation of the extinction coefficient of (SnO2)x(ZnO)1−xthin films.
IV. Optical
The optical properties of (SnO2)x(ZnO)1−x were determined from the optical transmittance T and reflectance R measured at room temperature with unpolarized light at normal incidence. The measurements were recorded in the range of 200_2500 nm using a JASCO V-570 spectrophotometer. Fig2 shows the transmittance and the reflectance of the (SnO2)x(ZnO)1−x films. It shows an average transmittance greater than 70 % for all these thin films, indicating (SnO2)x(ZnO)1−x thin films are of good transparency. 
The average transmittance of the films decreases from 85 %  to 70 % as the ZnO concentration increases from x=0.25 to x= 0.75  So, the lower transmittance of the composites films might owing to the increase of the ZnO concentration and the concomitant enhancement of structural disorder. In addition, the absorption edge shifts to longer wavelengths with increasing ZnO concentration. As a result,  the films pure can absorb more visible light than the composites ones. 
The interference phenomenon is quite visible, mainly in the reflectivity spectrum. The absorption coefficient α is obtained using the well known relation: 
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Where d is the film thickness it is obtained with the spPS (seed preprocessing Pattern search) technique . T the transmittance  and  R the reflectance. The fundamental absorption, which corresponds to electron excitation from the valance band to conduction band, can be used to determine the nature and value of the optical band gap. This can be calculated by the following relationship:
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Where An is an energy-independent constant, the exponent m depends on the nature of the transition: m = 2 is for a direct allowed transition and m = 1/2 is for an indirect allowed transition. The direct band gap of the thin films (SnO2)x(ZnO)1−x was estimated by extrapolating the linear part of the (αhν)2 against hν plot the horizontal axis, as shown in Fig.3. 
The linearity of the curve confirmed that all the films have direct band gap. The linear nature of the plot at the absorption edge confirms that the investigated  SnO2 and ZnO films have direct band gap Eg respectively 3,77 eV and 3.1 eV. It increases abruptly in the interval of the energy rang (3- 3.5 eV), i.e. in the vicinity of a zone noted A. 
The study of the curve in this zone enables us to highlight the fundamental transition Eg (direct gap). The fig.3 shows it clearly. The optical band gap energy (Eg) obtained of the mixed films x = 0.25, x = 0.5 and 0.75 were found to be 3.45, 3.61 and 3.69 eV respectively. It is observed that the introduction of ZnO does not much affect the band gap of the SnO2 films. 
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The curves obtained are shown in Fig 5. The refractive index of the film varies between 1.07 and 1.77. The interference phenomenon is quite visible with a change of energy in the range 1 to 4 eV. However, extinction coefficient k (Fig 6) is clearly decreases with the decreasing of photon energy from 4.5 to 1 eV.

V. Conclusion 
The (SnO2)x(ZnO)1−x thin films is fabricated by spray pyrolysis method at 350 °C. The structural and optical properties were investigated. The XRD patterns indicate that the films are polycrystalline and show the presence of mixed phases. The films indicate a good structural property with various concentrations of ZnO (0.25, 0.50, 0.75). Structure properties reveal crystallinity increases with ZnO additions. The optical transmission results showed that transparency of the (SnO2)x(ZnO)1−x films is greater than 75% in the visible region with optical  band gap increased from (3.1 to 3.7eV) with the augmentation of ZnO concentration.
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