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ABSTRACT 

                    Zn doped tin oxide thin films were prepared by a homemade spray pyrolysis technique at 400⁰C, and 

annealed at 500⁰C and 600⁰C. Using a solution consisting of SnCl4.5H2O starting material and doping source was 

ZnCl2 with various Zn doping ratio. Sn1-xZnxO2 (x₌0.08 to 0.10) were dissolved in ethanol and stirred four hours at 

50⁰C. The effect of changes in doping content and annealing effect of Zn:SnO2 nanostructured thin films was 

investigated. The result of X-ray diffraction have shown that the doped films are polycrystalline without any second 

phase with preferential orientations along the  planes and the grain size varied within range(6nm-28nm). The UV-

Visible transmittance exceeds 85%, the optical band gap was estimated. The scanning electron microscopic (SEM) 

analysis showed the nanostructures consisting of small grains. EDAX to confirm the presence of dopant elements 

in the nanostructured thin films. 

 

KEY WORDS: Spraypyrolysis, XRD, Opticalproperties, SEM and EDAX 

 

1. INTRODUCTION 

                            Nano materials are currently under intense study as next generation materials because they offer 

potential to realize novel properties. The main advantages of nanomaterials are (i) smaller particle size (1-100nm) 

(ii) high surface to volume ratio. Certain oxide materials have been attracting increasingly because of their unique 

properties. Tin oxide (SnO2), Aluminioumoxde (AlO2), Titanium oxide (TiO2), Nickel oxide (NiO2), Tungsten 

oxide (WO3), Zinc oxide (ZnO2), Indium oxide (In2O3) have been gaining a keen attention among research people 

due to its chemical stability stoichimetric and photo electrochemical agent etc.,  Tin oxide (SnO2) is a cheap, non-

toxic and one of the most efficient semiconductor photocatalysts for extensive environmental applications because 

of its strong oxidizing power, high photochemical corrosive resistance and cost effectiveness. Tin Oxide (SnO2) is 

one of the transparent conducting Oxide (TCO) material having wider band gap of 3.6 ev and ionic radius is Sn4+ r 

= 0.71Å. Due to these inherent properties, Tin oxide (SnO2) is the most suitable candidate for degradation and 

complete mineralization of toxic organic pollutants in water.   It is well known that (SnO2) exists in three crystalline 

structures: rutile, anatase and brookite. The anatase phase is especially adequate for those applications due to its 

crystal structure and a wide band gap of 3.2 eV to 3.7 eV compared to the 3 eV in rutile. Anatase and rutile have 

properties of interest for sensing applications. SnO2 films with specific crystal structure, orientation or morphology 

exhibit specific characteristics, which makes it important to control the phase structure of SnO2 films during the 

growth. The preparation of thin films can be carried out by different technique such as Spray pyrolysis, sol–gel 

spin-coating, anodization, oxygen plasma assisted molecular beam epitaxy and pulsed laser deposition (PLD).SnO2 

Spray pyrolysis is suitable for substrates with complex geometry and can be used for a variety of oxide materials. 

The advantages of Spray pyrolysis include it can be easy and cheap since it is a non-vacuum process, substrates 

with complex geometries can be coated, leads to uniform and high quality coatings, low crystallization temperatures 

and porosity can be easily tailored. The pyrolytic spray technique is the most suitable when high visible 

transmission and high infrared reflectances are desired. In this paper, we report the effect of Zn doping percentage 

and annealing effect of films, variation on structural, electrical and optical properties of SnO2:Zn thin films prepared 

by homemade Spray pyrolysis technique.  

 

2. MATERIALS AND METHODS 

 Aluminium doped SnO2 films were deposited onto the glass by Spray pyrolysis technique. The starting 

material for Sn was (SnCl4.5H2O) and doping source was aluminium chloride (ZnCl2).  Both precursor and doping 

compound were dissolved in ethanol. The starting doping ratio (Zn/Sn) was 4% in the solution. The resulting 

solution were stirred four hour at temperature 50⁰C, spray rate and substrate to nozzle distance were maintained 

respectively at 10ml/min and 30cm. The glass substrate was mounted on hot plate then heated to 400⁰C which was 

controlled by dimmastrate and digital thermometer connected to the hot plate. Then prepared samples were 

annealed at 500⁰C and 600⁰C by muffle furnace. After synthesizing the films, their structural, optical and electrical 

characterizations were performed. The structural properties of our samples were carried out by a Rigaku X–ray 
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Diffractometer model DMAX 2200 with a copper anticathode (CUKα, λ = 1.5Å) with an angle range (2θ) of 20-

70⁰. The optical parameters of the as – synthesized and annealed Zn - SnO2 films were measured using a shima 

DZU UV – 3101PC double beam spectrometer. The samples surface morphology was analyzed by the scanning 

electron microscopic Instrument JSM – 6360 and conformation of doping material by EDAX.  

 

 
 

3. RESULTS AND DISCUSSION 

3.1. X – Ray studies: Fig (1a), (1b), (1c) showed X – ray pattern of sprayed undoped (SnO2) and doped (Zn - SnO2) 

at 400⁰C as prepared temperature, 500⁰C and 600⁰C annealed temperature as a function of Zn content. This spectra 

confirm the presence of tetragonal crystal structure in most sample and preferred direction along planes. It is shown 

that the Zn: SnO2 films analyzed by X – ray in the 2θ – range   of 20-70⁰ are polycrystalline. The grain size was 

determined using the well-known scherrer formula. D=0.94λ/βcosθ It was observed that the peaks base was 

broadened. It should confirm the nanostructures occurrence of the Zn - SnO2 sample. 

               
                                                                         
Fig. 1. XRD pattern of undoped and Zn doped SnO2 films deposited on glass substrates at a)400⁰C, b)5000c, c) 6000c 
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3.2. UV-Vis- IR: Al doped SnO2 thin film optical constants of the different atomic percentage and different 

annealing temperature are measured using UV transmission spectrum Fig (2a), (2b),(2c). Shows transmission of 

Zn doped SnO2 thin films with Zn concentration (4% to 10%) and temperature 400⁰C (prepared), 500⁰C (annealing) 

and 600⁰C (annealing). From the fig it is observed that the transmission of the film decreases with increase in Zn 

concentration and annealing effect. The average percentage of transmission of all the thin film samples is lies 

between (25% - 85%) in visible region. 

 

 
Fig.2. Transmission spectrums of undoped and Zn doped SnO2 films deposited on glass substrates at a)400⁰C, b)5000c, c)6000c 
 

The optical band gap of the deposited Zn - SnO2 thin films are calculated by using the following formula 

 (αhѵ) = (hѵ –Eg)1/2 

Where α (m-1) is the absorpation coefficient h (J.S) is planck”s constant ѵ (HZ) is the photon frequency Eg 

(ev) is the band gap energy. The optical band gap is determined by extrapolating of the linear part of the curve 

(αhѵ)2 Vs hѵ which intercepts the energy axis hѵ. The calculated band gap for 4% to 10% aluminium content at 

deposition temperature 400⁰C (prepared), annealing at 500⁰C and annealing at 600⁰C.  The calculated direct band 

gap values of Zn - SnO2 films lay in the range 3.62 ev to 2.63ev for Zn doped and un doped SnO2 respectively. The 

band gap narrows down due to the decrease in the number of charge carriers with increasing in Zn doping and 

annealing temperature.  

3.3. Scanning Electron Microscopic: The microstructures of samples are analyzed by Scanning electron 

microscopy Instrument JSM – 6360 in Fig (3a), (3b),(3c). All the samples consist of many kinds of Zn - SnO2 

microstructures with shapes as an especially large number of small grains. However there are more Zn - SnO2 

nanoparticles are small grains in higher concentration and higher annealing temperature is shown in fig (3c). There 

might be an obvious advantage in using this material for gas sensors. 

    
Fig. 3. SEM of Zn doped SnO2 films deposited on glass substrates at a)400⁰C, b)5000c, c) 6000c

    
Fig. 4. EDAX of Zn doped SnO2 films deposited on glass substrates at a)400⁰C, b)5000c, c) 6000c 
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The elemental composition obtained from the EDAX spectrum Fig(4a),(4b),(4c). The peaks show the 

element that has been detected from the sample confirming the presence of Zn, Sn and Oxygen in  Zn - SnO2 thin 

films 

4. CONCLUSION  

Nanostructures of aluminium doped tin oxide thin films were deposited onto glass substrate using 

simplified low coast Homemade Spray pyrolysis technique with several of Zn concentration (8%, 9%, and 10%) 

and annealing at 500⁰C and 600⁰C. The effect of Zn concentration and Annealing to influence the changes of 

physical properties in  Zn: SnO2 thin films, The X-ray diffraction patterns  confirmed the proper phase formation 

of material and EDAX studies of the films showed that the exact amount of Zn in the films are less that taken in 

the solution. SEM studies showed that the particle structure and size. Optical transmittance spectra of the films 

showed considerable high transparency 85%. In the visible region and the transparency decreases with the increase 

of Zn doping and annealing effect in the films. More interesting the particle size, band gap decreasing with 

increasing Zn concentration and annealing temperature.  High electrical conductivity and high carrier concentration 

that we obtained are quite promising for gas sensing devices. 
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