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Fe doped tin oxide was prepared by hydrothermal method and the same has been used to fabricate a 
thin film for sensing. Fe doped tin oxide was prepared by sol–gel dip-coating technique on the glass 
substrates for hydrogen sensing. The microstructure and morphology of the prepared materials were 
analysed by XRD and SEM analysis. The SEM images clearly show that doping can clamp down the 
growth of the large crystallites and can lead to large agglomeration spheres. Thin film gas sensors were 
formed from undoped pure SnO2 and Fe doped SnO2. The sensors were exposed to ammonia and ethanol 
gases. The responses of the sensors to 1000 ppm of hydrogen gas at different operating temperatures 
(25 °C – 100 °C) were studied. Results show that a good sensitivity towards hydrogen gas was obtained 
with Fe doped SnO2 thin film sensor at an optimal operating temperature of 75 °C. Response time of the 
sensor and its stability were also studied. 
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1. Introduction 

Tin oxide (SnO2)  is a wide band-gap (~3.5 eV) compounds with metal-
like conductivity and widely studied due to its potential applications as: 
conventional gas sensor due to its high reactivity with environmental 
gases [1]; catalyst for hydrocarbons oxidation [2], and an excellent optical 
transparency and high chemical stability have been recognized as very 
promising materials with widespread technological applications [3,4].  

SnO2 has been established as the predominant sensing material for the 
gases like CO, C2H5OH, NO etc. The basic sensing principle behind metal 
oxide based thin or thick film is that there will be a change in the electrical 
resistance due to gas reacting with negatively charged oxygen that is 
adsorbed on the surface of the metal oxide nanoparticles [5–10]. It is 
generally accepted that increasing the surface/bulk ratio by decreasing 
the grain size of rutile SnO2 nanoparticles is crucial for achieving high-
sensitivity in gas sensors. One of the other most common ways to modify 
the characteristics of the material is introducing dopants into the 
structure. Many results have shown that several additives (cations: Fe, Cu, 
Co, Cr, Al, Mn, Mg; anions: P, S) can lead to an increase of the surface area 
of SnO2 sensors.  

Doped SnO2 thin films are extensively studied in the recent times due to 
its crystallinity, tetragonal rutile structure and gas sensing application. 
SnO2 thin films are prepared by the various techniques such as reactive 
sputtering, spray pyrolysis, chemical vapour deposition, laser ablation and 
sol-gel having its own importance [11-14]. Sol gels have been used 
extensively as. Among these techniques, as it is economical, simple and 
energy saving method to deposit high quality films, simple experimental 
arrangement, easy control on film thickness with a high porosity area 
which can improve the efficiency of the sensors, greater homogeneity and 
more purity.  

In this study, Fe-doped SnO2 thin films with varying concentrations of 
iron were grown by sol–gel dip-coating technique on the glass substrates. 
H2 gas-sensing properties of the as-grown Fe-doped SnO2 thin films with 
varying concentrations of Fe were investigated. 
 

 

2. Experimental Methods 

2.1 Sol-Gel Synthesis of SnO2 Nanocrystalline Thin Films 

SnO2 semiconductor thin film coating on the Pyrex glass (silica) slides 
(substrate) was conducted via sol–gel dip-coating technique. Tin-
isopropoxide (10% w/v) in iso-propanol and toluene was purchased from 
Aldrich chemicals and used as-received. Pyrex glass slides, with roughness 
of ±10 nm, were received from Fisher Scientific. Small glass substrates (1 
cm×1 cm), were cut from the glass slides for the dip-coating experiments. 
The glass substrates were ultrasonically cleaned, first in acetone and then 
in iso-propanol. The pre-cleaned substrates were dipped in the solution of 
tin-isopropoxide in iso-propanol and toluene, corresponding to the 
concentration 0.25 M of tin-isopropoxide, using a dip-coater with a 
withdrawal speed of 150 cm/min. The gel films were dried at 200 °C for 1 
h in air. The substrates were dip-coated again using the same solution 
under similar conditions and then dried again at 200 °C for 1 h in air. The 
dried gel films were fired at 450 °C in air. The samples were heated at a 
rate of 30 °C/min upto 450 °C, held at that temperature for 2 h, and then 
cooled to room temperature inside the furnace. Finally, a thin layer of Pt 
was sputtered for 10 s on some of the semiconductor thin films using a 
sputter coater. 
 
Table 1 Details of the deposition parameters of Fe-doped SnO2 thin films 

Parameters Particulars 

Concentration of tin-isopropoxide solution 0.25 M 

Temperature at which films dried 200 °C 

Time for films drying 1 h 

Annealing temperature 450 °C 

Film thickness 500 mm 

 
2.2 Characterization 

All the characterization techniques described below were employed 
after firing the sol–gel dip-coated Fe-doped SnO2 thin films at 450 °C for 2 
h. X-Ray power diffraction (XRD) analysis conducted on a Rigaku MiniFlex 
600 X-Ray diffractometer with Cu-Kα radiation (λ = 1.5418 Å) as X-Ray 
source (at 20kV and 20 mA) in the scanning angle (2θ) range from 20° to 
80°. The mean crystallite size calculated using Debye-Scherer formula, 

 

D =  
0.95𝜆

𝛽𝐶𝑜𝑠𝜃
      (1) 
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where, λ is the X-ray wavelength, θ is the Bragg diffraction angle and (in 
radians) is the full width at half maximum. The morphological analysis is 
done by field emission scanning electron microscopy (FESEM). The high-
resolution transmission electron microscopy measurements are obtained 
on JEOL JEM-2100 microscope operated at 200 kV. 
 
2.3 Gas Sensitivity Measurement 

Gas response measurements of the samples are carried out as follows: 
The films are loaded in the sensing chamber with four probe leads 
attached. The film is heated in the chamber with atmospheric air as 
ambient and then in the ambience of H2 gas. Resistance measurement and 
gas sensing response of the samples are carried out at different 
temperatures using Keithley 2400 source meter. The sensor response to a 
particular gas concentration is defined as, 

 

S% = 
𝑅𝑎− 𝑅𝑔

𝑅𝑎
 x 100     (2) 

 
where, Ra and Rg are the resistances of the sample in the absence and 
presence of the test gas respectively. 
 

3. Results and Discussion 

Typical XRD patterns of the as-prepared SnO2 samples are shown in Fig. 
1 where one can see that they are identically similar except in peak 
intensities. The cassiterite phase of SnO2 is identified, having no evidence 
of impurity regardless of dopant concentration. The diffraction peaks 
corresponding to Fe2O3 cannot be seen in XRD patterns, in the studied Fe 
concentration range less than 4 wt.%. It can be seen that the diffraction 
peaks become weaker and broader with the increasing amount of dopant, 
which indicate that Fe3+ doping suppress the growth of large SnO2 
crystallites. 
 
Table 2 Crystallite size, lattice parameters of undoped and Fe doped SnO2 Thin Films 

Sample Crystallite size (nm) Cell volume (Å3) a/c (Å) 

SF 24.3 71.7522 1.4891 

SF-1 23.7 71.7687 1.4878 

SF-2 16.4 71.7734 1.4876 

SF-3 12.6 71.4211 1.4870 

 
Table 1 gives the information about lattice related parameters of pure 

and Fe-doped SnO2 obtained from XRD data, where the crystallite size 
calculated from using the Scherrer formula. It is observed that the 
crystallite size decreases with increasing Fe-doping concentrations. This 
may be because of the fact that the dopant atoms exert a drag force on 
boundary motion and grain growth [15]. Hence addition of Fe element 
decreases the particle mobility on formation and thereby inhibits the 
growing-up of SnO2 crystallites. When on the addition of dopant, crystallite 
size becomes less in the range of nano-scale, it is likely that the defects get 
introduced is found to be more in undoped films. Crystallite size is 
calculated from Scherrer formula, for undoped and doped SnO2 films 
(Table 2) agree nearly with the values calculated from Williamson-Hall 
method.  

To understand how the doping affects the morphology of the SnO2 
active layers, a morphological characterization based on scanning electron 
microscopy analysis was performed. Fig. 2 depicts the morphology of Fe-
doped SnO2 films at different concentrations, deposited at a substrate 
temperature 450 °C. 
 

 
Fig. 2 SEM images of Fe doped SnO2 thin films 

 
The SEM images for lower Fe concentration (sample SF-3 at different 

magnifications) show that the distribution of smaller grains is not uniform 
but at higher levels (3 wt.% Fe), the smaller grains are more uniform and 
regular in size as shown in Fig. 2. It was observed that micrograph of 
sample SF-2 consist of mixed sized, less densely packed and polygon 
shaped grains. The films deposited at higher deposition temperatures 

have more uniform grains of larger size. The micrographs recorded for the 
different samples show that the films are essentially homogeneous, and 
made up of grains and voids. The voids within the film structure provide 
conduction paths for gas molecules to flow in from the environment. 
Conductivity of the films is due to the flow of current along the conducting 
paths of the constituents of the film that are formed randomly by 
connecting the grains together. As the concentration of Fe is increased to 
3 wt.% (sample SF-3), the films become denser and closely packed (Fig. 2). 
In addition, the SEM picture indicates that the surface of the sample is 
porous. This clearly indicates that the metal dopant together with 
deposition temperature modifies the morphology and the sensing action. 

The structural properties of doped and undoped SnO2 films have a 
significant effect on the electrical and gas sensing property and for this 
reason structure and grain size measurements on the films were carried 
out. The relation between dopant weight percentage and crystallite size is 
plotted in Fig. 3. From the Fig. 3, it can be seen that as the crystallite size 
decreases with increase in the dopant weight percentage. 
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Fig. 3 Effect of dopant wt.% on crystallite size doped and undoped SnO2 sensors 

 

To investigate the gas sensing properties of Fe doped SnO2 samples the 
fabricated films are loaded into the conductivity chamber. For 
measurements, the sample is kept inside the sensing chamber to attain the 
desired operating temperature under a pressure of 10-1 Torr. The surface 
resistance is allowed to equilibrate at the operating temperature for a 
reasonably long time prior to gas exposure. This value of resistance is 
defined as the initial equilibrium resistance in the absence of the test gas 
(Ra). Hydrogen gas was injected into the chamber roughly for 60 seconds 
to create a concentration of 1000 ppm and the resistance of the gas sensor 
(Rg) was continuously recorded for 10 minutes starting from the gas 
injection moment and is compared with the initial resistance. The 
exposure time to target gas was 10 minutes. 

While gas sensitivity measurement, initially, the electrical resistances 
of the Fe doped SnO2 films were high and on exposure to H2 gas, an abrupt 
fall of the film resistance was observed. It is also observed that the 
electrical resistance gets saturated in less than 2 minutes. Fe-doped SnO2 
samples were found to be more sensitive to H2 gas than undoped SnO2 
sample. Sensitivity heavily depends on the operating temperature of the 
sensors. The measurements are repeated at different operating 
temperatures as 25, 50, 75 and 100 °C to study the variation. The sensors 
reach the maximum sensitivity to H2 gas at the operating temperature of 
75 °C which is much lesser than our previous results [16]. 
 

 
Fig. 4 Effect of operating temperature on sensitivity (%) of undoped and Fe-doped 
SnO2 samples 

20 40 60 80 100 120 140 160

15

30

45

60

75

90

S
e
n

s
it

iv
it

y
 (

%
)

Operating Temperature (
o
C)

 SF

 SF-1

 SF-2

 SF-3



868 
 

https://doi.org/10.30799/jnst.280.20060102  

S.V. Jagtap, et al. / Journal of Nanoscience and Technology 6(1) (2020) 866–868  

Cite this Article as: S.V. Jagtap, A.S. Tale, S.D. Thakre, M.J. Pawar, Low Temperature hydrogen gas sensing performance of Fe-doped SnO2 nanostructured thin films, J. Nanosci. Tech. 6(1) (2020) 866–868. 

Fig. 4 shows the variation of sensitivity to 1000 ppm of H2 gas with the 
operating temperature for undoped and Fe-doped SnO2 samples. The 
sensitivity is found to increase with increase in operating temperature, 
attains a maximum at 75 °C followed by the decrease with further increase 
in the operating temperature. Also, with an increase in deposition 
temperature, the grain size increases causing a decrease in grain boundary 
potential and hence an increase in mobility. The decrease in grain 
boundary potential is also responsible for an increase in carrier 
concentration with deposition temperature, which results a decrease in 
resistance. 
 

 
Fig. 5 Effect of dopant wt.% on sensitivity of SnO2 samples at 75 °C 

 

 
Fig. 6 The response and recovery times of the 3 wt.% Fe doped SnO2 towards 1000 
ppm hydrogen as a function of operating temperature 

 
Fig. 5 shows the dependence of the sensitivity to the amount of Fe in 

SnO2 for 1000 ppm of H2 gas at 75 °C. The sensitivity of the Fe-doped SnO2 
increases when the amount of Fe is 3 wt.%. The enhanced sensitivity is due 
to the amount and distribution of the dopant. These results proved that a 
homogeneous distribution of the higher concentration of Fe in SnO2 is 
advantageous to enhance sensitivity to H2 gas. 

Response and recovery times of the 3 wt.% Fe doped SnO2 for 1000 ppm 
hydrogen are presented in Fig. 6. It presents a decaying behavior with 
considerable fast response and recovery times at high temperatures (200 
°C). At low working temperature the response time is higher due to slow 
desorption of the formed water molecules on the surface especially at 
temperatures below 75 °C. Our results demonstrated faster response and 

recovery times in the order of 150–170 s for low temperature sensing 
which so considerable compare to 40 min recovery time is. It can be 
attributed to the facilitate occupancy and desorption of H2 molecules at 
grain boundaries on the large surface area of prepared samples. However, 
the obtained results of the response magnitudes and the working 
temperature are not as good as our previous work on thin film sensors. 
 

4. Conclusion 

In this study, Fe-doped SnO2 nanostructured thin films with different 
dopant amounts were synthesized by sol–gel dip-coating technique. By 
using X-ray diffraction and electron microscopy studies, it is found that 
Fe3+ doping can suppress the growth of large SnO2 crystallites and assist in 
a uniform growth of agglomerated grains. The gas sensing properties to H2 
is tested and found that 3 wt. % Fe-doped SnO2 exhibit the best gas sensing 
properties which can be attributable to enhanced capability of adsorbing 
oxygen by Fe on the surface. This implies a good potential of the Fe-dopant 
in SnO2 films, for practical H2 gas sensing applications at 75 °C. 
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