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Abstract—Tin oxide thin films were successfully fabricated 

by the sol-gel spin coating technique for varying number of 

cycles. The samples were characterized by X-ray diffraction 

(XRD) and scanning electron microscope (SEM). The effect of a 

number of cycles on the structural and optical properties of 

SnO2 films was studied.  The crystallite size is changed from  7.7 

to 31.1 nm by increasing the number of cycles from 12  to 24 

cycle. Also, the values of the energy gap are significantly 

decreased from 3.7eV to 3.5 eV. 

 

Index Terms—SnO2, Thin films, XRD, Optical Properties.  

 

I. INTRODUCTION 

  SnO2 is a wide band gap, 3.6 eV, an n-type semiconductor 

with a very high resistant to moisture and acids [1].  It is 

widely used in different devices such as gas sensors [2] and 

aerospace vehicles[3]. Also, different applications are 

developed based on the SnO2 films such as solar cells [4,5], 

transparent electrodes [6], and catalysis [7]. Various methods 

have been employed to prepare SnO2 thin films including 

photochemical deposition [8], RF sputtering [9],  dip coating 

and spin-coating sol–gel process [10-12], chemical vapor 

deposition [13, 14], physical vapor deposition [15], and spray 

pyrolysis [16]. Sol-gel technology has emerged as an ideal 

fabrication method due to its low processing cost and its 

ability to control the morphology of the film.  It has been 

reported that SnO2 films prepared by the spin-coating method 

can be used as spectroscopic gas sensors and solar cell 

electrode materials [17–19].  However, to the best of our 

knowledge, the effect of the number of spin coated layers on 

the optical constants of the fabricated nano crystallite films 

has not been addressed.  Herein, we studied the fabrication 

and characterization of nano crystallite spin coated films of 

different thicknesses. The effect of the number of layers on 

the structural and optical properties was discussed. 
 

II. MATERIALS AND METHODS 

       SnCl2.2H2O was used as a precursor material. 8.4 g of 

SnCl2.2H2O was dissolved in 100 ml of absolute ethanol. The  
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mixture was refluxed and stirred at 80
o
 C for 3 h.  Then, the 

mixture was left to cool to the room temperature using 

continuous stirring for 1h. The solution was spin coated on 

glass substrates using a commercial spin-coater.  Before the 

film deposition, the glass substrates were cleaned for 30 

minutes in H2SO4 : H2O2 (3 : 1), for 10 minutes in acetone at 

the boiling temperature,  10 minutes in methanol with boiling 

temperature, and then rinsed with de-ionized water and dried 

at 150
o
 C. The spin coating was carried out 30 s for each run at 

a constant speed of 2100 rpm.  The film thickness was 

controlled by changing the number of runs up to 24 runs. All 

the samples were annealed at air environment and 400
o
 C  for 

10 minutes. Then the samples were allowed to cool to the 

room temperature. 

        For studying the structural properties of the as-prepared 

tin oxide films, X-ray diffraction (XRD, Philips X’PertPro 

MRD)  was measured using Cu Ka radiation (λ = 1.5418 Å) 

with a step 0.021. Morphological studies of the fabricated 

films were carried out using scanning electron microscope 

(SEM).  Transmission and reflection spectra in the spectral 

range from 300 to 1100 nm were measured using UV/VIS/ 

NIR 3700 double beam Shimadzu spectrophotometer at RT.  

III. RESULTS AND DISCUSSION 

A. Structural Properties of SnO2 thin films 

Figure 1 shows the XRD for 12 and 24 multilayer thin films at 

2100 rpm and an annealing temperature of 400
o
C.  It is 

evident that the deposited films are polycrystalline in nature. 

The films show only SnO2 peaks with preferred orientations at 

(110), (101), and (211) planes at 2 θ = 26.4, 33.8, and 51.9 

degrees (JCPDS-01-077-0452).  By increasing the number of 

cycles (thickness) of the deposited films, the crystallization of 

the film decreased.  

Using Sherrer`s equation, Eq.(1), the grain size can be 

calculated as: 

            D = 0.94 λ / (β cosθ)                                                               (1) 

 

Where D is the size of crystallite, λ = 1.5406 Å is X-ray 

wavelength,   is the full width at half maximum intensity 

(FWHM) of the peaks in radian,  and θ is the diffraction peak 

position.  The values of FWHM, relative intensity, crystallite 

size are shown in Table 1. The FWHM  and the intensity of 

the Bragg peaks decrease with increasing the number of 

cycles. The average values of crystallite size are 7.7 and 31.1 

nm for the films that deposited for 12 and 24 cycles, 

respectively. This shows that the crystallite size increased by 

increasing the number of cycles.  

 

    The dislocations density, δ, is inversely proportional to the 

square of the crystallite size according to Williamson and 

Smallman`s relation.  For the minimum dislocation density, 

the proportionality constant is equal to the unit.  The values of 
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δ are significantly decreased from 19.71 x10
-3

 to 0.917 x10
-3

 

(dislocation/ nm
2
 ) with the increase of the number of cycles 

from 12 to 24 cycles. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. XRD patterns of SnO2 films deposited by spin 

coating technique for 12 and 24  cycles and annealed at 400
o
 

C  for 10 minutes.  

  

Table 1. The values of  , FWHM, D (nm), TC, and   that 

obtained from XRD analysis for the different SnO2 planes. 
 

Number of 

cycles 

 

12 Cycles 

 

24 Cycles 

   Planes (110) (101) (211) (110) (101) (211) 

o 
26.42 33.83 51.95 26.52 33.45 51.54 

FWHM 

(rad) *10-3 

24.53 22.65 15.68 5.21 4.81 3.33 

I/Io % 100 75.57 36.23 100 72.89 44.16 

D (nm) 6.06 6.68 10.27 28.56 31.44 48.29 

 DAverage = 7.67 nm DAverage = 36.1 nm 

TC 1.416 1.070 0.513 1.382 1.007 0.610 

 (1/nm)2 

*10-3 

27.23 22.41 9.48 1.23 1.01 0.51 

 
 Average = 19.71  Average = 0.917 

 

The random orientation of the atomic planes occurs in the 

growth of SnO2 thin films. However, Fig. 1 clearly shows that 

the intensity of (110) peak is stronger than the intensity of 

(101) peak and much stronger than that of the (211) peak. 

This may indicate some preferential orientations of the 

formed nanocrystals along these directions. The quantitative 

information concerning the preferential crystallite orientation 

is expressed by the texture coefficient, TC, and given by 

Eq.(2) [20, 21]: 

                                        

                             (2) 

Where TC is, I(hkl) is the measured intensity of a plane (hkl), 

Io(hkl) is the standard intensity of the plane (hkl) taken from the 

JCPDS data, and n is the number of diffraction peaks. A 

sample with randomly oriented crystallites presents TC(hkl)=1, 

the larger this value, the larger abundance of crystallites 

oriented in the (hkl) direction. The TCs values are calculated 

considering the first three peaks; (110), (101) and (211) and 

presented in Table. 1. As seen, TC(110) is greater than unity and 

decreases with the increase of the number of cycles 

(thickness).  

B. Morphological Properties of SnO2 thin film 

 

Figure 2 shows SEM images of two different 

magnifications for the SnO2 thin film deposited for 12 cycles 

and annealed at 400
o
 C  for 10 minutes.  As shown in this 

figure there are many cracks that result from the evolution of 

oxygen bubbles during annealing that escape through the 

grain bounders.  This may also be a result of the thermal 

expansion that produce sufficient tensile stress to induce 

stress corrosion cracking.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. SEM Images of different magnifications for SnO2 

film deposited by spin coating technique for 12 cycles and 

annealed at 400
o
 C  for 10 min.  

C. Optical Properties 

Figure 3 shows UV-Vis spectra (a) transmittance and (b) 

reflectance of SnO2 thin films deposited on glass substrates 

for 12 and 24 cycles and annealed at 400
o
 C  for 10 min. The 

absolute transmittances of these films are increased up to 65% 

for 24 cycle sample and up to 75% for 12 cycle sample in the 

region 400–1100 nm. There are very small optical 

interference fringes in the transmittance curve of the 12 cycle 

sample.  These interference fringes can be only observed in 

homogeneous films. This film is comparable to the films 

obtained by sophisticated techniques like chemical vapor 

(b) 

(a) 
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deposition (CVD), RF magnetron sputtering, etc. From the 

reflectance spectra in Fig. 3(b), the reflectance of these films 

are very close to zero in the region 400–1100 nm. Then, these 

films can be used as a simple anti-reflection (AR) coating to 

reduce surface reflections. Consequently, the transmittance of 

the films can be more improved by decreasing the number of 

spin-coated cycles with a tiny increase in the reflectance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Optical (a) transmittance and (b) reflectance spectra 

of spin-coated SnO2 films for a different number of cycles. 

 

The film thickness was calculated using the envelop method.  

Refractive index (n) of the thin film can be calculated using 

Swanepoel’s model as [ 22]: 

n= {N+ (N
2
-μ
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        (3)         

Where μ is the refractive index of the glass substrate (1.53),  

Tu and Tl are the transmission maximum at upper envelops 

and transmission minimum at lower envelop for a particular 

wavelength λ. Using Bragg`s law, the film thickness, d, is 

given by 

      
1 2

1 2 2 14( )
d

n n

 

 



                                                   (4) 

where n1 and n2 are the refractive indices at λ1 and λ2, 

respectively. After the magnifaction of the interfernce fringes 

in Fig.3 (a),  the thicknesses of the films were found to be ~ 

868.3 and 1300 nm for the 12  and 24 cycle –films, 

respectively .  
      The theory of optical absorption gives the relationship 

between absorption coefficient (α) and the photon energy hν 

[20,21]: 

                                                                     (5) 

where B is a constant, Eg is the optical band gap, h is the 

Planck’s constant, x =0.5 for the directly allowed transitions, 

and α can be calculated from the transmission spectrum using  

 Then the incident photon energy is related to 

the direct band gap Eg by equation: 

                      (αhν)
2
 α (hν - Eg)                                                       (6) 

The Eg values were obtained by extrapolating the linear 

part of the plot of (αhν)
2
 vs. hν to α=0, as shown in Fig. 4. The 

values of the energy gap are significantly decreased from 

3.7eV to 3.5 eV with the increase of the number of cycles 

from 12 to 24 cycles. This may be ascribed to a combined 

effect of dislocations density change, quantum size effect, and 

change in the grain size of polycrystalline films. From Table 

1, the dislocation density decreased from 19.71 x 10
-3

 to 0.917 

x 10
-3 

(dislocation/ nm
2
) which is a reasonable cause of the 

red-shift of energy gap as the number of cycles increased.  

Because the thicknesses of the films are quite large, the 

quantum size effect can be ruled out completely. A similar 

shift was observed for SnO2  grown on a glass substrate by 

chemical spray pyrolysis [23]. 

Figure 4. The variation of (αhν )
2
 vs. hν for determining the 

direct band gap Eg of the spin coated SnO2 films for a different 

number of cycles. 

IV. CONCLUSION 

In this work, a facile and simple spin coating technique was 

successfully used to deposit SnO2 thin films of different 

thicknesses or a different number of cycles on the glass 

substrates. We studied the effect of the number of cycles on 

the structural and optical properties of the deposited samples. 

The crystallite size is increased from 7.7 to 31.1 nm as the 

number of deposition cycles increased from 12 to 24 cycle.   

The transmittance and the optical band gap of the films are 

decreased by increasing the film thickness. This mainly 

(a) 

(b) 
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attributed to the significant decrease in the dislocation density 

from 19.71 x10
-3

 to 0.917 x10
-3

 (dislocation/ nm
2
 ) by 

increasing the number of cycles. 
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