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ABSTRACT 
 
Tin oxide (SnO2) thin films are widely used as a gas sensor that can change their 
resistance during interaction with molecular gases. One of the most important factors 
that influence the sensitivities of sensing material is its structural properties especially 
surface morphology. In this work, we present preparation and characterization of 
undoped and antimony-doped tin oxide (Sb:SnO2) thin film nanostructures for gas 
sensing applications. The SnO2 thin films were deposited by sol-gel dip coating method 
onto glass substrates and sintered at 500 oC in air.  Sb dopant concentration was varied 
from 1 to 4 mol% to investigate the effect of doping on the electrical and sensing 
properties. The films were characterized by XRD, SEM and AFM. The SEM and AFM 
images of films showed a very smooth surface morphology with nanostructure grain 
size in the range of 37.6 to 56.3 nm. Sensing sensitivity of Sb:SnO2 films are much 
higher than undoped films.  

 
INTRODUCTION 

 
Transparent conducting oxide, such as tin oxide (SnO2) thin films have been widely 
investigated due to their large range of applications in photovoltaic cells, liquid crystal 
display, photodetectors, gas sensors, etc. [1–9]. SnO2 also has been proposed as a 
promising alternative anode material for microbatteries. It has been reported that its 
theoretical volumetric capacity is four times larger than that of carbon-based material, 
while its gravimetric capacity is twice as large [10]. Undoped or doped SnO2 thin films 
have been prepared by using several methods such as sol-gel [2,9,11], 
mechanomechanical [5,12], liquid flow deposition [6], and spray pyrolysis [13]. Sol-gel 
coatings generally consist of thin films deposited on solid substrates from a liquid 
solution. The films are generally deposited by dip coating, but may also be deposited 
using spin coating or other thin film deposition techniques [11]. Dip coating techniques 
can be described as a process where the substrate to be coated is immersed in a liquid 
and then withdrawn with a well-defined withdrawal speed under controlled temperature 
and atmospheric conditions. The coating thickness is mainly defined by the withdrawal 
speed, solid content and viscosity of the liquid. To achieve uniform defect-free 
deposition, the substrate must be free of dust and other particles and it must be 
uniformly wetting to the sol-gel solution used to deposit the film.  

The interesting part of dip coating processes is that by choosing an appropriate 
viscosity the coating thickness can be varied with high precision and quality. The 
atmosphere controls the evaporation of the solvent and the subsequent destabilization of 
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the sols by solvent evaporation, leads to a gelatine process and the formation of a 
transparent film due to the small particle size in the sols (nm range) [14]. One of the 
main problems using tin and antimony alkoxides in sol-gel process is their high 
sensitivity to moisture and difficult to control the thickness of the films versus viscosity 
[15]. In this work, undoped and Sb-doped SnO2 thin film nanostructures were prepared 
by sol-gel dip coating technique using the colloidal precursors of SnCl4 and SbCl3 
aqueous solution. 
 

EXPERIMENTAL DETAILS 
 
Tin(IV) chloride pentahydrate (SnCl4.5H2O), antimony chloride (SbCl3), urea 
(NH2CONH2), and hydrochloric acid (HCl) were used to prepare the precursor solution. 
Aqueous precursors of SnCl4 (0.2 M), HCl (1 M), urea (4 M) and various amount of 
SbCl3 (0 – 4 mol%) were prepared in a three-neck flash. The initial pH of the precursor 
solution is 1 and the final pH value was controlled to be 8. Suspended white sol 
(undoped) or brown sol (Sb-doped) was obtained by refluxing the precursor at 100 oC 
for 2 hours. SnO2 thin films were deposited on pre-cleaned glass substrates by dip 
coating technique at room temperature. The substrates were dipped vertically, left for 20 
sec, and withdrawn from the sol at a constant rate of 5 mm/min. After dipping, the films 
were dried at 100 oC for 30 min in air and followed by heating at 300 oC for 1 hour. To 
further increase the thickness, the sequence of dipping, drying, heating and then dipping 
again was performed a number of times. The sintering at 500 oC for 1 hour was 
however done only after the final dipping process.  
 Film thickness was measured by Filmetrics F20. The surface morphology and 
microstructure were investigated by scanning electron microscopy (SEM) and atomic 
force microscope (AFM), which is also used to determine the surface roughness. The 
crystallinity of the films was examined by X-ray diffraction (XRD) with CuKα 
radiation. Interdigitated Au/Pd electrodes were deposited onto the surface of films for 
sensing application. The gas-sensing activity was tested at room temperature where 
sensor element was put in the glass tube and CO2 gas injected into the tube with 
constant flow rate. The resistance was continuously monitored during gas running out. 
 

RESULTS AND DISCUSSION 
 
The thickness of the undoped and Sb-doped SnO2 thin films were found to increase 
almost linearly with respect to the number of dipping (in the range of 148.0 to 155.5 nm 
for 1 to 5 dipping number).  

XRD pattern taken from the sample of 4 mol% Sb:SnO2 thin films (Figure 1) 
confirmed the crystallographic phases present in the film with five-strongest diffraction 
peaks belonging to SnO2 and Sb2O4. The rest of the samples with antimony doping 
concentration of 3 mol% or less (XRD results not shown) were found that there were no 
additional peaks to SnO2. Meanwhile, the rest of the films were pure SnO2 phase and Sb 
dopant did not form a second phase either in or with the tin oxide. As the amount of Sb 
dopant increases to 4 mol%, the XRD result shows the existence of Sb2O4 in SnO2 
matrix (Figure 1). It could be due to oxidation of orthorhombic valentinite (Sb2O3) 
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transforming to orthorhombic cervantite (Sb2O4) phase by diffusion of oxygen atom 
process [16]. 
 

 
Figure 1: XRD result of 4 mol% Sb:SnO2 thin films. 

  
SEM micrograph shows that surface of undoped SnO2 thin films are smoother 

than Sb-doped films (Figure 2). The films consist of small particles distributed on the 
surface that shows nanostructure properties. The more amounts of Sb was deteriorates 
the smoothness of the films surface, and at the surface of films doped with 4 mol% Sb 
was observed existence of some big particles. This phenomenon may be due to grow up 
of grains of dopant material and form antimony oxide phase in solid solution with tin 
oxide. 

The surface morphology of the undoped SnO2 thin films as revealed by the AFM 
image is shown in Figure 3 on a scanning area of 500 nm x 500 nm. The average 
roughness, Ra of sample is in the order of 0.78 nm, whereas the peak-to-valley 
roughness,  RPV takes value of up to 5.19 nm (Figure 3c). This result indicates that the 
coating surface morphology of SnO2 thin films is almost perfectly smooth with nanosize 
grains. The estimated grain size of undoped films is in the range of 37.6 – 56.3 nm. 
Figure 4 shows the AFM images on a scanning area of 2 µm x 2 µm of Sb-doped SnO2 
thin films with dopant concentration in the range of 1 to 4 mol%. It was observed that 
the undoped SnO2 thin films surface was smooth (Figure 3a), whereas the Sb-doped 
SnO2 thin films showed a relatively rough and porous surface (Figure 4). The average 
roughness and peak-to-valley roughness of Sb:SnO2 thin films are in the range of 4.26 
to 23.37 nm and 32.13 to 91.36 nm, respectively. 
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Figure 2: SEM micrographs of undoped and Sb-doped SnO2 thin films. 

 

 
 
Figure 3: AFM images of undoped SnO2 thin films: (a) 3D image, (b) 2D image, (c) 
height profile along the line indicated in (b). 

 
 Figure 5 shows the effect of Sb-dopant concentration on the sheet resistance and 
sensitivity of SnO2 thin films. The sheet resistance of pure and Sb-doped films was 
found to decrease with increasing dopant concentrations. Gas response of undoped and 
Sb-doped SnO2 thin films were measured in the flowing of CO2 gas with constant flow 

0 mol% Sb 2 mol% Sb 

4 mol% Sb 
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rate of 200 ml/min and measured at room temperature. The sensitivity, S of films was 
defined by: 

 
o

go

R
RR

S
)( −

=          (1) 

where Ro is the resistance of films in air, and Rg the resistance in gas [6]. The response 
curve shows that the sensitivity of undoped SnO2 thin films is much lower than Sb-
doped films, which is less than 10% for undoped films, whereas sensitivity of Sb-doped 
films more than 30%. However, the doping concentration did not affect very much the 
sensitivities of Sb:SnO2 thin films.  

 

 
Figure 4: The 3D AFM images of Sb-doped SnO2 thin films. 
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Figure 5: Effect of doping concentration on the sheet resistance in air and sensitivity of 

SnO2 thin films in CO2 gas. 
 

Sheet resistance of thin films when exposed to CO2 gas was found lower than in 
air. This result can be explained as CO2 surface chemisorptions and gain electron 
depletion. In fact CO2 molecules can be directly adsorbed and interact with the oxygen 
adsorbed onto the sensor surface. The involved reactions are: 

−− →+ )(2)(2 adsg COeCO         
 (2) 

−−−− +→++ )()(2)(2)(2 22 adsadsadsg OCOeOCO       (3) 
 
The adsorbed ions CO-

2 are desorbed, with a rate dependent on the temperature, as CO2 
gas, recovering the initial conditions. The obtained resistivities were in a good 
agreement with those reported by Terry et al. [11] and Hu and Hou [15], whereas the 
sensitivity was lower than report by Chatterjee et al. [17]. 
 

CONCLUSION 
 
Undoped and Sb-doped SnO2 thin films have been obtained by sol-gel multidipped 
coating method using the colloidal precursors from Sn and Sb chloride aqueous 
solutions. The prepared SnO2 films were shown a nanosize structure with a relatively 
smooth surface morphology. Sensing properties toward CO2 gas was found that 
sensitivity of Sb:SnO2 films are higher than undoped SnO2 films. 
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