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Abstract---Nanocrystalline transparent conductive tin dioxide (SnO2) 

and Fe doped SnO2 films were prepared by the chemical spray 
pyrolysis technique (CSPT). X-ray diffraction (XRD) pattern shows that 

the SnO2 films are polycrystalline of tetragonal structure with the 

preferential orientation of (110) direction and intensity decreases with 
increasing Fe doping. The results of the film morphology study by 

SEM show that the films contain nanoparticles with different size 

distributed on the film. The study of the optical properties reveals that 
SnO2 films have high transmittance in the visible region and decrease 

with Fe doping. The optical energy gaps of the SnO2 thin films 

decrease slightly from 3.87 eV to 3.63 eV due to the increase in Fe 
doping. 
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1. Introduction 
 

Nanocrystalline semiconductors have become the focus of intense research due to 

their unique physical and chemical properties associated with reduced size and 
dimensions [1]. Tin dioxide (SnO2) has high transmittance in the visible region, 

high conductivity, and wide bandgap (Eg= 3.7 eV) which is employed in various 

applications such that [2]; solar cells [3,4], gas sensors [5,6], UV photodetectors 
[7], lithium-ion batteries (LIB) [8], and other optoelectronics devices. Numerous 

applications need new properties of SnO2, Which can be achieved through doping 

with extrinsic different elements such as Li, Cd, Cu, Al, F, Ta, and Sb, which 

leads to the modification in the electrical and optical properties of the material [9-
13]. A wide variety of physical and chemical methods used for the deposition of 
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pure and doped SnO2 thin films, including; sol- gel[14], solid-state reaction [15], 

Chemical Bath Deposition [16], pulsed-laser deposition [17], RF Magnetron 

sputtering [18], chemical vapor deposition [19] and chemical spray pyrolysis 

[20,21]. The chemical spray pyrolysis method has the advantages of being 
efficient, low cost, and used to deposition large surfaces. In the present paper, the 

influence of Fe doping on some physical properties of tin oxide was investigated. 

 
2. Experimental Part  

        

Nanocrystalline thin films of pure SnO2 and Fe doped tin oxide (SnO2) were 
prepared by the chemical spray pyrolysis technique (CSPT) using stannous 

chloride (SnCl2.2HO2) and iron chloride (FeCl3). The tin precursor with 0.02 M 

dissolved in diluted water (100 ml) using a magnetic stirrer for half an hour, and 
then, a few drops of hydrochloric acid (HCl) was added to the mixture solution to 

get high solubility. Microscopic glass slides as substrates (with dimensions 2.5 

cm× 2.5 cm) were cleaned with ethanol and distilled water using an ultrasonic 

bath. The substrate temperature (350 ºC), the nozzle height (30cm) were kept 
constant for each deposition. Finally, the substrates are left for two hours to cool 

and then kept in special containers. 

 
3. Results and Discussion 

  

3.1 Structural properties (XRD) 
 

Figure (1) shows that the X-ray diffraction (XRD) patterns of nanocrystalline SnO2 

and Fe doped SnO2 thin films prepared using CSPT. From diffraction patterns, we 
observe that the prepared films are polycrystalline in nature with broad peaks. A 

number of Bragg reflections with 2θ values of 26.42º, 33.89º, 38.06º and 54.01º 

sets of lattice planes are observed which  belong to (110), (101), (200) and (211) of 

tetragonal SnO2 phase, respectively, (JCPDS card SnO2, NO. 41-1445). Fe doping 
tin oxide did not change the tetragonal SnO2 lattice structure. An increase Fe 

doping from (1 % to 5 %), the intensity decreases, and no substantial change in 

the peak position was observed because dopant atoms incorporate 
homogeneously into the tin oxide matrix. The crystallite size (D) of the pure SnO2 

and SnO2: Fe particles calculated using the Scherrer formula (D= kλ/βcosθ)[22]. 

The crystallite size is calculated for the prominent peak. The results summarized 
in Table (1). 
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Figure (1): XRD pattern of SnO2: Fe thin films with different volume percentage 

of Fe; (a)- pure SnO2, (b)- 1% Fe, (c)- 3 % Fe and (d)- 5 % Fe 

 
Table 1. XRD results of nanocrystalline SnO2 and SnO2:Fe thin films. 

 

d(hkl) 

(Å) 

hkl 

(Tetragonal) 

2θ 

(Degree) 

Crystalline 

size(D)nm 

 

Samples 

3.36 110 26.42 44.6 SnO2 Pure 

3.36 110 26.47 17.3 SnO2: Fe 1% 

3.36 110 26.47 14.5 SnO2: Fe 3% 

3.34 110 26.63 6 SnO2: Fe 5% 

 

3.2 Atomic Force Microscopy (AFM) Results 

 
Surface topography of SnO2 and SnO2:Fe thin films examined by AFM. Figure (2) 

shows three dimensions (3D) atomic force microscopy images of a SnO2 film 

doped with Fe (1%, 3%, 5%) prepared at a constant temperature (350 ºC) and 

molar concentration (0.02 M). AFM analysis reveals that the roughness of the 
prepared film is dependent on the concentration of dopant. The results showed 

that the morphology of the surfaces of the films is of good uniformity, high surface 

homogeneity and free of cracks. The doping caused a reduction in the surface 
roughness (RS), root mean square (RMS) and average grain size (Daverage ) values 

for all Fe doped tin oxide thin films. The features of these films are useful in 

optoelectronic applications. The AFM results of the prepared samples are being 
tabulated in Table (1). 
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Table 1. AFM results of nanocrystalline SnO2 and SnO2: Fe thin films 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

 
Sample 

RMS 
(nm) 

RS 
(nm) 

Daverage  
(nm) 

pure SnO2 6.56 4.3 38.25 

SnO2: 1%  Fe 4.55 3.24 24.41 

SnO2: 3%   Fe 3.31 2.46 17.9 

SnO2: 5%   Fe 1.49 1.16 8 
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Figure (2): AFM images of; (a)- pure SnO2, (b)- SnO2: 1% Fe, (c)- SnO2: 3 % Fe and 

(d)- SnO2: 5 % Fe. 
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Figure (3) shows scanning electron microscopy (SEM) images of nanocrystalline 

SnO2 and SnO2:Fe films. It is clear that, the morphological properties of the 

prepared films are affected by doping with different percentages of Fe. The SEM 

image shows the presence of nanograins and clusters. As the Fe doping increase, 
the particle size decreased and their shape becomes semi-spherical. The 

agglomeration of finer grains leads to the formation of flower clusters that have 

randomly distributed over the surface of the films. 
 

    
(a) (b) 

 

    
(c)                                           (d) 

Figure (3): SEM images of (a)- pure SnO2, (b)- SnO2: 1% Fe, (c)- SnO2: 3 % Fe and 
                           (d)- SnO2: 5 % Fe. 

 

3.3 Optical Properties Results 
 

Figure (4) shows the optical transmittance spectra of nanocrystalline SnO2 and Fe 

doped SnO2 thin films synthesis using CSPT at temperature 350 oC. The undoped 
SnO2 film has high transmittance (greater than 70 %) in the visible region of the 

electromagnetic spectrum. The high transmittance indicates that the SnO2 film is 
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free of impurities and has a few lattice defects. The decrease in transmittance 

with increasing Fe doping possibly attributable to the increase in the thickness of 
the film with the increase of Fe doping or due to the free carrier absorption of 

photons. The high transmittance of the transparent conductive oxides (SnO2), as 

well as the low resistance, it is of great importance in many electro-optical 
applications. 

 

 
 

Figure 4: Transmittance versus wavelength of (a) pure SnO2, (b) SnO2:1% Fe, (c) 

SnO2:3 % Fe and (d) SnO2:5 % Fe 
 

Figure (5) depicts the optical absorbance (A) spectra of SnO2 and SnO2:Fe films 

grown at 350 ºC at different doping percentages (Fe = 1%, 3% and 5%). The 
absorption coefficient is found to increase with increasing Fe doping. The increase 

of (α) can be explained by the fact that the doping which causes creation of donor 

levels near the conduction band within the energy gap (Eg), which led to the 

absorption of low-energy photons and thus increased the values of the absorption 
coefficient. 
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Figure 5: Absorption coefficient versus wavelength of (a) pure SnO2, (b) SnO2:1% 

Fe, (c) SnO2:3 % Fe and (d) SnO2:5 % Fe 
 

The absorption coefficient of the allowed transition is related to the energy of the 

incident photon (hv) by the following equation [23]: 
 

(αhν) = k (hν – Eg)1/2     ………… (4) 

 

Where (Eg) is the optical bandgap. Figure (6) shows the variation of (αhν)1/2 as a 
function of (hv). The optical bandgap of SnO2 decreases with increasing Fe doping 

due to the merging of the conduction band and donors’ levels. The bandgap (Eg) of 

SnO2 is found to be (3.87 eV). This value is greater than of bulk SnO2 (Eg= 3.6 eV) 
as a result of the quantum confinement effect (QCE). The value of the bandgap of 

SnO2 decreases with an increase in Fe doping. The calculated band gap values for 

doped SnO2 with three different Fe doping percentage (Fe = 1%, 3%, 5%)  are 
(3.85, 3.77, and 3.63 eV), respectively. Such a high value of bandgap of films is 

suitable in optoelectronic applications. 
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Figure (6): Energy gap of of (a) SnO2, (b) SnO2:1% Fe,  (c) SnO2:3 % Fe and (d) 

SnO2:5 % Fe 

 
 

4. Conclusions  

 
Nanocrystalline SnO2 and Fe doping SnO2 thin films were successfully 

synthesized by simple and inexpensive CSPT at a deposition temperature of 350 

ºC. XRD results confirmed that the prepared films were polycrystalline and 
tetragonal phases with preferred orientation in the (110) plane. The crystallite size 

confirms from XRD is 44.6 nm and decreases with Fe doping. AFM analysis 

reveals that the films are homogeneous, crack-free, and have small roughness. 
SEM results showed that the SnO2 films have a nano-particals and the particle 

size decreases with increasing Fe doping. The SnO2 films showed high 

transmittance in the visible region and decreasing by Fe doping. The optical band 

gap decreases with Fe doping and their values 3.87, 3.85, 3.77, and 3.63 eV 
corresponding to SnO2, SnO2:1% Fe, SnO2:3 % Fe, and SnO2:5 % Fe respectively. 

The Fe doped SnO2 suitable in the gas sensors device and also for other 

optoelectronic devices. 
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