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I. Introduction 

Tin oxide (SnO2) is a well-known material for its applications in transparent conducting layers and gas sensors 
[1,2]. It has been extensively investigated for practical applications, such as gas leak detection, environmental 
monitoring, dye sensitized solar cells [3], gas sensors [4–6] and photo catalysts [7]. These oxide sensors have 
good reliability and long-term stability and at the same time have low cost. There are several methods of 
preparing tin oxide thin films such as: RF magnetron sputtering [8], electron beam evaporation [9], sol–gel 
method [10], chemical vapor deposition [11], pulsed laser deposition [12], vacuum evaporation [13], electron 
cyclotron resonance sputtering [14], molecular beam epitaxy (MBE) [15] spin-coating method [16] and spray 
pyrolysis [17] etc. Among all the above methods, spray pyrolysis is one of the simpler and economical methods. 
Accurate doping of the films can be achieved with ease, using the spray technique.  

However, gas sensing properties of SnO2 suffer from several problems such as high operating temperature and 
poor sensitivity, which limits its applicability in real-time gas sensing. Recent research has focused on 
improving the responsivity, selectivity and time response of these gas sensors. It is well known [18 -24] that 
sensitivity and selectivity of the SnO2, gas sensors can be significantly improved by doping the films with 
various metals and oxides like antimony and fluorine. In this work, we have synthesized Sb-doped 
nanocrystalline SnO2 films by the spray pyrolysis method and investigated their sensing properties to carbon 
monoxide gas. It was found that the gas response of the nanocrystals was greatly increased by the Sb doping. 

II. Experimental Details 

Undoped and antimony doped thin films of (0%, 5% and 15%) doping were deposited by the spray pyrolysis 
method. The starting solutions were solutions of stannous chloride (SnCl2.2H2O) dissolved in propanol in which 
appropriate quantities of antimony tri chloride (SbCl3) were added for Sb doping. The SnO2 films were prepared 
on glass substrates heated to 400 

o
C. The structural  properties of the films were studied by X-Ray Diffraction 

(XRD) patterns obtained on a Philips ‘X-part’ model glancing angle X-ray diffractometer (GAXRD). The 
average crystallite size (D) of the Sb-doped SnO2 films was estimated using the Scherrer equation as follows 
[25]: 

D =0.9λ / B cos θ                         (1) 

Where λ, B, and θ are the X-ray wavelength, the full width at half maximum (FWHM) of the diffraction peak, 
and the diffraction angle, respectively. Surface and internal morphology was studied using SEM, AFM, and 
TEM. The surface topography of the films was investigated by atomic force microscopy (AFM) using a Digital 
Instruments’ Nanoscope III. Microstructural characterization of films was carried out by transmission electron 
microscopy (TEM) using a Philips CM12 TEM operating at 100 kV. 
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Figure 1: Sensing Chamber 

The CO sensing properties of SnO2 films were studied in a gas sensor assembly set up at IIT, Delhi, and the set-
up is shown in Figure 1.  The gas sensitivity was measured at temperatures between room temperature and 500 
o
C. Air with a controlled rate was used as a carrier gas; a known amount of target gas was introduced to get the 

required level of target gas concentration. The resistance of the film was measured as a function of time. The 
percentage response (% S) to a reducing test gas is defined as: 

                                                        S = {(Ra − Rg) / Ra} ×100%          (2)  
Where Ra is the resistance of sensor in air and Rg is the resistance in the presence of a test gas[26]. 
 

III. Results and Discussions 

The structural and morphological properties of SnO2 have a significant role on the electrical and gas sensing 

properties. Hence, structural and grain size measurements were performed. The XRD patterns of 0%, 

5%,15%Sb doped SnO2 films are shown in Fig. 2. 

 

  

 

 
Figure  2: XRD patterns of Sb:SnO2 thin films with  different Sb contents: (a)0%, (b)5% and (c)15 %. 

All the diffraction patterns show characteristic tin oxide peaks with the rutile structure without any impurity 
phase indicating formation of single phase tin oxide films. The incorporation of Sb causes a broadening of the 
peaks and a reduction in the peak intensity, thus indicating a reduction in the crystallite size with doping. 
Doping levels of 15% Sb seem to be the limit, as higher doping levels have been found to severely degrade the 
crystallinity of the films. The lattice parameters calculated from the diffraction patterns of SnO2 are in good 
agreement with the JCPDS data, where a = b = 4.738 Å and c = 3.188 Å . Figures 3(a) (b) and (c) show the SEM 
images of undoped SnO2, 5% antimony doped SnO2 and 15% antimony doped SnO2 films, respectively. The 
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SEM micrographs show that the surface of the undoped and 5% doped films is uniformly covered with particles. 
However the shape of the particles changes from sharp polygonal for undoped SnO2 films to near spherical for 
5% Sb doped films. Moreover, it can be seen that the particle size of the films decreases as the antimony doping 
increases from 0 % to 5 %. The morphology of the 15 % doped  SnO2 sample  seen in Fig. 3(c) resembles that of 
an amorphous sample in agreement with the poor crystallinity indicated by the XRD pattern. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 3: SEM images of Sb doped SnO2 thin films with (a) 0 %, (b) 5% and (c) 15%  Sb content. 
 

 
                   (a)                                                           (b) 

Figure 4: AFM images of SnO2 thin films with (a) 0 % and (b) 5%)  Sb content. 
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Surface morphology of the Sb; SnO2 films was also examined using AFM and the results are shown in Figures 
4(a) and 4 (b) for pure SnO2 and 5 % Sb doped SnO2 respectively. The AFM results confirm the SEM studies 
which show that the particle size is found to decrease with increasing Sb content in the films.  

 

   
 

(a)                                                           (b) 
Figure 5: TEM micrographs of SnO2 samples with (a) 0 % and (b) 5% Sb content. 

The crystallite shape and size distribution of the samples was determined by TEM. Figures 5 (a) and 5 (b) show 

typical TEM images of the undoped SnO2 film and 5% doped Sb:SnO2 film, respectively.  It can be seen that 

both undoped and doped samples contain nanocrystallites of around 10 nm size. However, it is hard to discern 

changes in the crystallite size with doping concentration from the TEM micrographs, and thus agreement with 

XRD cannot be claimed without further studies like HRTEM. 

The sensing response of undoped SnO2, 5% antimony doped SnO2 and 15% antimony doped SnO2 films, to 

carbon monoxide gas, is shown in Figures 6 (a), (b) and (c), respectively.   Under identical testing conditions, 

the Responsivity of the 5% doped sample is several times greater than that of both the undoped sample and the       

15% doped sample  It is well known that gas sensing is a surface phenomenon and, in oxides, is mainly 

controlled by the adsorbed oxygen species. Doping with Sb could give rise to various oxygen species and 

surface states causing enhancement in the gas sensing response. The reduction in both the particle size (as 

indicated by SEM and AFM) as well as the crystallite size (as indicated by XRD studies) could be the reason for 

the enhancement. The high surface to volume ratio in nanostructures causes an enhancement to chemical 

reactivity and is thus expected to exhibit enhanced sensing response to gases and chemicals. Interestingly, poor 

surface morphology and poor crystallinity seem to hamper the sensor response, as the Responsivity curve for 15 

% Sb doped SnO2 sample indicates.   

 
           Time (a)                                            Time (b) 

 

 
Time (C) 

Figure 6: Responsivity to CO gas of SnO2 thin films doped with (a) 0% (undoped), (b) 5% Sb and (c) 15% 

Sb.     
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IV. Conclusions  

Undoped and antimony-doped SnO2 thin films were deposited on glass microslides by the spray pyrolysis 
technique for CO gas sensing studies.  The structural, morphological and CO gas sensing properties of undoped, 
5% Sb doped and 15% Sb doped tin oxide thin films were compared. The gas sensing ability was correlated 
with the surface and internal morphology of the samples. The best gas sensing response was observed in a 5% 
Sb doped SnO2 sample.  One of the reasons for the increased responsively to CO gas with Sb doping could be 
the increase in surface area due to the smaller particle size. 
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