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Abstract: SnO2 thin films with different thikness have been deposited on glass substrate by chemical spray 

pyrolysis technique at RT . X-ray diffraction studies reveal that the films are polycrystalline in nature with 

tetragonal structure and preferential orientation along (110) . The grain size of the films is found to increase 

form (56. 1056 to 93.9) nm with increasing thikness while the strain and the dislocation density of the films are 

found to decrease from 

(61.78 to 36.9025) 10 -4 rad and from (3.1847 to 1.1312)  

lines.m-2 respectively . The transmittance spectrums of SnO2 thin films reveal very pronounced interference 

effects for photon energies below the fundamental absorption edge by exhibiting interference pattern . The 

optical energy gap for SnO2 thin films decreases as the thikness in the films increased . 
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I. Introduction 
Semiconductor oxide thin films are materials with nu- merous applications in electronic and 

optoelectronic de- vices as well as some other applications such as protec- tive coatings, heat mirrors, and 

catalysis [1,2] . SnO2 is widely used as transparent electrodes in solar cells, flat panel displays, and chemical 

sensors. Recently, SnO2 has been integrated into micromachined silicon devices as a sensing element of 

microsensorsthese. [3] As is known, tin dioxide (SnO2) is a crystal of white color, the density is 7.0096 g/cm3, 

melting point is about 2000°C Knuniants, 1964). The SnO2 films have 

(predominantly amorphous or polycrystalline structure with a tetragonal lattice of rutile with 

parameters a = b = 0.4737 nm, c = 0.3185 nm, with two tin atoms and four oxygen atoms in the unit cell 

Depending on the method offilm synthesis, the band gap varies in the range (3.35-4.3) eV and the refractive 

index in the range (1.8–2) [1] Since the last decade there has been a great deal of interest in the preparation of 

inexpensive thin films of SnO2. This is because tin dioxide based thin films with SnO2 large band gap (Eg > 3 

eV) n-type semiconductors are attractive from the scientific and technological point of view [4]. A variety of 
technique has been used to deposit tin oxide (SnO2) thin films. These include spray pyrolysis [5], chemical 

vapor deposition [6], ion-beam assisted deposition, sputtering [7], and sol-gel methods [8, 9]. Among these 

techniques, spray Pyrolysis has proved to be simple, reproducible and inexpensive, As well as suitable for large 

area applications. Besides the simple experimental arrangement, high growth rate and mass production 

capability for large area coatings make them useful for industrial as well as solar cell application. In addition, 

spray pyrolysis opens up the possibility to control the film morphology and 

particle size in the nm range [10]. Tin dioxide (SnO2) with the rutile structure is an n-type semiconductor with a 

wide band gap ~3.6 eV. Due to its electrical, optical, and electrochemical properties, SnO2 is widely used as 

transparent electrodes in solar cells, flat panel displays, and chemical sensors. Recently, SnO2 has been 

integrated into micromachined silicon devices as a sensing element of microsensors SnO2 thin films have been 

fabricated using different techniques including electron beam evaporation, rf sputtering, and chemical vapor 

deposition. One of the major challenges in synthesizing SnO2 thin films is the control over stoichiometry. Since 
most depositions are carried out in high vacuum condition at high temperatures, the SnO2 films obtained are 

nonstoichiometric and frequently consist of metastable phases such as SnO and Sn3O4.3, The existence of these 

metastable phases and crystal defects will strongly affect the properties of the films. Therefore, a postdeposition 

annealing in air is necessary to obtain the stoichiometric SnO2 phase with the rutile structure.[11] 

 

II. Experimental 
Tin dioxide (SnO2) were prepared by spray pyrolysis glass substrates at temperatures (Ts) of 400C

⁰
. 

The effective area of the substrates was approximately 2.5 cm2. The deposition parameters such as solution flow 
rate; carrier gas flow rate and nozzle to substrate distance were kept constant at 5 ml/min, 8 l/min and 30_+1 

cm, respectively The starting solution was prepared using SnCl2.5H2O. Firstly Tin Chloride (SnCl2.5H2O) was 

dissolved in a Water. Secondly, solutions were mixed and diluted with deionized water, so that the final 

concentration was 0.1 M. 

Which were then sprayed onto the heated substrates. . The substrates were ultrasonically cleaned, first 
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with trichloroethylene and then with acetone and methyl alcohol followed by rinsing in distilled water. The 

solution was stored in a volumetric reservoir at room temperature and connected to one side of the spray nozzle. 

The carrier gas, air was allowed to flow (8 l/min.) through the pressure-monitoring gauge, connected to the other 
side of the spray nozzle. The spray nozzle was moved in the (x–y) plane using the microprocessor controlled 

stepper motor system in order to a achieve uniform film coating. Moving the spray nozzle is just an option so, it 

is possible to work in a stationary position too with the same setup. The structural characterization of tin oxide 

(SnO2) thin films were investigated using X- ray. 

 

III. Result and discussion 
The X-ray diffraction patterns of SnO2 thin film deposited by chemical spray pyrolysis methode on 

glass substrate at R.T with thickness (500 , 700 & 900) nm are shown in  Fig. (1 a , b & c) respectively . All 

XRD patterns reveal polycrystalline nature of prepared materials . Our results are agree with[12],[4 ], [13]. 
Table (1) illustrates bragg's angles , inter planers spacing , relative intensity and miller indices of SnO2 thin film 

From Fig. (1 a) where (x=500) corresponding to SnO2 thin film , it can be observed that the dominant phase was 

tetrangonal with preferential orientation along (110) at 26.346 º, from Fig.(1b) where (x=700) . All these crystals 

exhibit tetrangonal structure with preferential orientation along (110) at 26.6007 º for SnO2 and the dominant 

orientation for SnO2 crystals was along (101) at 33.807 
º. From Fig. (1c) where (x=900) , it can be also observed a crystals with tetrangonal structure and the dominant 

orientation for SnO2 crystals was along (110) , (101) at 26.683 º and 33.657 º respectively. it is clear that the 

SnO2 tetrangonal structure was dominated for all peaks as matched with the ASTM card of SnO2 with 

preferential orientation along (110) at 26 º. From Fig. (1a-b-c) it can be observed a crystals with tetrangonal 

structure and the dominant orientation for SnO2 crystals was along (110) , (101) at 26 º and 33 º respectively. it is 

clear that the SnO2 tetrangonal structure was dominated for all peaks as matched with the ASTM card of SnO2 
,but the Intensity incresing with increse the thikness. 

 

Table( 1) 

The Strucural Parameters Of Sno2 Thin Film 

X 2θ Exp 2θ Stan d d I/Iо I/Iо (hkl) 

 .(deg) .(deg) Exp.(A
ο
) Stan.(A

ο
) Exp. Stan.  

 26.346 26.578 3.380 3.5808 100 100 110 

500 33.0844 33.772 2.7054 3.1609 88 50 101 

        

 26.6006 26.611 3.347 3.6200 100 100 110 

700 33.807 33.893 2.648 3.5100 32 75 101 

        

 26.683 26.611 3.3381 3.6200 100 100 110 

900 33.657 33.893 2.6606 3.2000 51 75 101 

        

 

The lattice constants calculated from the following equation [14] : 

 

(1)  

 

Where ,  miller indices ,  lattice constants . 

 

The calculated values of lattice constants for SnO2 thin films are in good agreement with ASTM data . Similar 

results have been reported by [1],[15]. 

http://www.sciencedirect.com.boss.lub.lu.se/science?_ob=ArticleURL&_udi=B6THY-4SD6SF2-1&_user=4338261&_coverDate=08%2F30%2F2008&_alid=1452596674&_rdoc=1&_fmt=full&_orig=search&_origin=search&_cdi=5295&_st=13&_docanchor=&view=c&_ct=20&_acct=C000062884&_version=1&_urlVersion=0&_userid=4338261&md5=8d708d546c8a08893ea312a0756aa37a&searchtype=a&artImgPref=F#fig2#fig2
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It is clear from XRD patterns of SnO2 thin films , that the full width at half maximum (FWHM) 

decreases with the increasing of thikness in these films. This decreasing in (FWHM) indicates an increasing in 

the grain size of SnO2 thin films as given in table (2) according to Scherrer’s formula where the relation between 
the grain size (D) and (FWHM) is reversal as follows [16]: 

 

D (2) 
 

Where ,  is the full width at half maximum (FWHM) in radian and λ  is the X-ray wavelength (1.5406 Aº). 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig.(1) The XRD patterns of SnO2 thin films 
 

(a) t=500 , (b) t=700 , (c) t=900 
 

The dislocation density  of SnO2 thin films which defined as the length of dislocation lines per unit 

volume of the crystal was calculated from this equation [17]: 

 

(3) 

 

The values of the dislocation density of SnO2 thin films are given in table (2) . It is evident from this 

table that the dislocation density of SnO2 thin films decreases with increasing in thikness which can be also 

deduced from the increasing in the grain size where the dislocation density is proportion reversely with the 

square of the grain size according to eq.(3).This decreasing in the dislocation density indicates an improvement 

in the crystallinity of SnO2 thin films and their homogeneity as increasing in thikness.The strain ( ) developed 
in SnO2 thin films can calculated from the relation [18] : 

 

 ........................... (4) 
 

The origin of strain is related to lattice misfit which in turn depends upon the growing condition of the 

films. The values of the strain of SnO2thin films are given in table 

 

(2). It is clear from this table that the strain in SnO2thin films decreases with increasing in thikness which can be 

also deduced from the increasing in the grain size , where the decreasing in the strain and the dislocation density 

with the increasing in the grain size is a well-known phenomenon. In addition the films with lower strain and 
dislocation density improves the stoichiometry of the films which inturn causes the volumetric expansion of the 

films. In polycrystalline films , the dislocated atoms occupy the regions near the grain boundary . Due to large 

number of grain boundaries and short distance between them , the intrinsic strains are always associated with 

such interface .The increasing in the grain size causing reduction in the number of grain boundaries and that 

leads a reduction in the intrinsic strains associated with the grain boundaries interface. 
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Table (2) 

Variation Of The Full Width At Half Maximum , Grain Size , Lattice Constants, Dislocation Density And Strain 

Of Sno2thin Films With Tikness 
          

Lattice Constants 

  

Dislocation density 

    

                

                

 

thikness 

  

(FWHM) rad 

  

Grain size (n 

          

Strain (rad) x 10 

 

       

a(Å)   c(Å)  

 

(lines.m
-2

) x 10
16

 

  

              

                     

               

 500  0.025382  56. 1056  

4.781 3.141 

 3.1847  61.78  

                

               

               

 700  0.020951  58.04  

4.733 3.093 

 2.9726  50.9726  

                

               

               

 900  0.015176  93.9  

4.720 3.080 

 1.1312  36.9025  

                

                     

 

Optical properties 
The transmittance spectrum of SnO2 thin films where thikness equal (500 , 700 & 900)nm are shown in 

Fig.(2). All spectrums reveal very pronounced interference effects for photon energies below the fundamental 

absorption edge by exhibiting interference pattern . Such behavior of the spectrum is evidence of the thickness 

uniformity of the films.It is clear from the same figure that the transmittance decreases with increasing in 
thikness. In addition the variation of the transmittance of SnO2 thin films with the wavelength is very important 

because this variation will limit the transmitted wavelengths which play an important role in determination the 

category/type of the optical filters . The absorbance spectrums of SnO2thin films where x equal (500 , 700 & 

900)nm are shown in Fig. (3). It is clear that as the thikness increases the absorbance of SnO2thin films is 

increased . which results in an increase of the depth of donor levels associated with these vacancies and these 

levels will be available for the photons to be absorbed therefore the absorbance of SnO2thin films will increase 

with increasing in thikness . As well as from the same figure , it can be seen that the absorption edge shifts to the 

higher wavelengths corresponding to the red region as the Se concentration increased . 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.(2)Transmittance spectrums of SnO2thin films 
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Fig.(3) Absorbance spectrums of SnO2 thin films 

 

The optical energy gap values (Eg) for SnO2 thin films prepared by chemical spray pyrolysis method 

have been determined from the region of the high absorption at the fundamental absorption edge of these films 

by using Tauc equation [19]: 

 

........................ (5)  

 

Where ,  is the absorption coefficient , is the incident photon energy in eV ,  is a constant 

depends on the nature of the material ( properties of its valence and conduction band ) [19] and  is a constant 

depends on the nature of the transition between the top of the valence band and bottom of the conduction band. 

This equation is used to find the type of the optical transition by plotting the relations (αhυ)2, (αhυ)2/3, 

(αhυ)1/2 and (αhυ)1/3 versus photon energy (hυ) and select the optimum linear part. It is found that the first 
relation yields linear dependence, which describes the allowed direct transition , then Eg was determined by the 

extrapolation of the portion at ( α=0 ) as shown in Fig.(7). It is clear that the optical energy gap for SnO2 thin 

films decreases as the thikness of the films increased. This decreasing in the optical energy gap have been also 

reported for brush plated [3] , pulse plated films [20] and chemical bathed films .The optical energy gap values 

 

for SnO2 thin films were 2.5 eV , 2.45 eV , 2.35 eV respectively. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Fig.(4) (hυ)

2
 as a function of hυ for SnO2 thin films 

 

(a) t=500 , (b) t=700 , (c) t=900 
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Fig.(5) Variation of the optical energy gap for SnO2 thin films 
 

with thikness 
 

The refractive index of SnO2 thin films have been determined by using the following equation 
[19]: 

 

...................... (6) 

 

 

Where , R : is the reflectance of the films and kο : is the extinction coefficient. 

 

The variation of the refractive index as a function of the photon energy for SnO2 thin films is illustrated 

in Fig. (6). It is clear from this figure that the refractive index increasing with the decreases in the photon 

energy. Also it can be observed , that the refractive index of SnO2 thin films decreases with the increasing in the 
thikness . This increasing is attributed to the increasing in the grain size of the films with the increasing in the 

thikness which interns causing an increment in the compactness of the films which in turns reduces the speed of 

light in the material of the thin film and then leads to an increasing in the refractive index. Where ( ) varies 

according to the grain size even if the crystalline structure is itself of the material . 

 

 

 

 

 

 

 

  

Fig.(6) The variation of the refractive index as a function of the photon energy for SnO2 thin films 
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The extinction coefficient ( ) have been determined by using the following equation [19]:  
 

......................  (7)  

 

Where  : is the absorption coefficient and is the wavelength of the incident photon . 
 

It is clear from this equation that  depends on α and has a similar behavior to α . 

Fig. (7) illustrates the variation of the extinction coefficient of SnO2 thin films with photon energy for thikness 

(500 , 700 & 900) nm . From this figure , it can be noted that  varies slightly with the increasing in the photon 

energy corresponding to the decreasing in the absorption coefficient. Then  increases highly at the absorption 
edge region and this increasing is attributed to the increasing of the absorption coefficient due to the direct 

electronic transitions thereafter  reaches to its maximum value at the high absorption region corresponding to 

the increment in the photons' energy and the increasing in the absorption coefficient with the decreasing in the 

wavelength . In addition , it is clear from this figure that with the increasing in the thikness the extinction 

coefficient  increases . This is attributed to the increasing in the absorption coefficient due to the increasing of 

the depth of donor 

 

levels associated with tin vacancies and these levels will be available for the photons to be absorbed causing an 

increment in the absorbance and leads to increase in the absorption coefficient. Therefore  will increase with 

the increasing in the 

 

thikness since it has a similar behavior to α and depends on it . 

 
 

 

 

 

 

 

 

Fig.(7) Extinction coefficient as a function of photon energy 
 

for SnO2 thin films 
 
figure(7)It is clear that the real part of the dielectric constant of SnO2 

 

thin films decrease with the thikness increases due to the dependence of the real part of the dielectric constant on 

the refractive index values , where the refractive index decrease with the thikness increases. 

 

figure (8) . It is clear that the increase in the thikness leads to an increase in the imaginary part of the dielectric 

constant of SnO2 thin films . This is attributed to the dependence of the imaginary part of the dielectric constant 

on the extinction coefficient values , where the extinction coefficient increases with the increase in the thikness. 
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Fig.(8):The real part of the dielectric constant of SnO2 thin films 

 

 
Fig.(9) Fig.(8):The imaginary part of the dielectric constant of SnO2 thin fil m 

 

IV. Conclusion 
chemical spray method technique can be successfully employed for the deposition of uniform 

polycrystalline SnO2 thin films with tetragonal phase at R.T . The increasing of thikness in these films has 

improved the crystallinity of the films and their homogeneity because the decreasing in the strain and the 

dislocation density with the increasing in the grain size according to the increasing of thikness . Optical studied 

indicates that SnO2thin films exhibit direct band gap which is strongly depends on the thikness almost cover the 
entire visible spectral that makes these films are suitable for optoelectronic devices especially for solar cell and 

optical filters . 
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