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Abstract: In the present work, nanostructured tin doped tungsten oxide (Sn-WO3) thin films were prepared on glass 
substrate by electron beam evaporation at different wt% of tin(Sn).Structural, microstructural, chemical and optical 
properties of the films were systematically studied. The WO3 films exhibited an amorphous nature, and the 
amorphous nature of the WO3 films did not change even after doped with different Sn concentration to WO3. The 
microstructure of the WO3 films changed from nanoflakes to rose flakes structure at 5wt% of Sn doping to WO3. On 
further increasing the dopant concentration to 10wt%, the rose flakes turned into nano nails. The bandgap of the 
films reduced gradually from undoped to Sn doped WO3films. 
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I. INTRODUCTION 

Nanostructures consist of particles, ribbon, mesh, rods, sheets, springs, wires, belts,rings, and many more, and 
these nanostructureshave shown great potential in various applications due to the quantum confinement effect, 
electrical, optical and mechanical properties, changed density of states, high surface-to-volume ratio, and 
lowdimensionality. Nanostructured metal oxide thin-films such as ZnO, TiO2, SnO2, Fe2O3, MoO, NiO, and 
WO3 are generally applied as gas sensitive materials and suitable for gas detection due to their unique 
properties, such as typical surface properties and reproducibility [1-8]. Among these materials, tungsten oxide 
(WO3) is one of the best material due its physical,chemical and electrical properties, variety in structural 
orientations, and it possess variety of applications like sensors, antibacterial coatings, batteries, 
photoluminescence, photochromic, photocatalysis, electrochromic and smart windows[9-13].  WO3 based thin 
films are prepared using several methods, such as electron beam evaporation [14], sputtering [15], resistivity 
heating [16], spray [17], sol-gel [18], and electrodeposition [19]. In this study, electron beam evaporation was 
used to prepare a novel type of WO3 and Sn doped WO3 nanostructured films and study the physical properties 
of the films.  
 

II. EXPERIMENTAL 

Tungsten oxide (WO3) and tin-doped tungsten oxide (Sn-WO3) pellets were used to prepare nanostructured 
thin films by electron beam evaporation technique onto the glass substrates. WO3 and Sn-WO3 pellets were 
prepared using high purity (99.99%) of WO3 and Sn powders. The thicknesses of the films were approximately 
260 nm. The parameters maintained during the deposition of the films are listed in Table 1. 

 
Table-1 The parameters maintained during the deposition of the films are listed in. 

 
S.  

No. Parameters WO3 Films Sn-WO3 Films 
5 wt%  10 wt%  15 wt%  

1 Accelerating Voltage (kV) 48  48 48 48 
2 Accelerating Current (mA) 1.3  1.3  1.3  1.3  
3 Base Pressure(mbar) 3.8 x 10-6 3.8 x 10-6 3.8 x 10-6 3.8 x 10-6 

4 Deposition Pressure (mbar) 1 x 10-3 1 x 10-3 1 x 10-3 1 x 10-3 
5 Deposition Time (min) 10 12 12  12  
6 Deposition Temperature Room 

Temperature 
Room 

Temperature 
Room 

Temperature 
Room 

Temperature 

 
2.1 Characterization of WO3 and Sn-WO3 nanostructured films 
The structural properties of the films were recorded using an X-ray diffractometer (XRD) and the 
microstructure was analyzed by scanning electron microscopy (SEM). The chemical composition was studied 
using energy dispersive spectroscopy (EDS). The optical properties of the films were recorded by UV-Vis-NIR 
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double beam spectrometry.  

3.1. Microstructure and compositional analysis 

Figure 1 (a-d). shows the SEM images of 
WO3 films exhibited a smooth, crack free surface

the substrate surface. The microstructure of the f
Sn (Fig. 2(b)). The nanoflakes agglomerated together and 

the dopant concentration to 10wt%, the 
dopant concentration, nano nails are disappear and 
structure) is formedin 15wt% Sn doped WO

defects in the films. From the SEM results, the Sn 
films. At initially,Sn supports the growth

concentration reached.Shankara et al. [
concentration. After Sn doping to the WO

substitution of Sn in the crystal lattice

 

 

 

 

 

 

(c)

Figure 1.SEM images: (a) WO

The elemental compositions of the films are determined using EDS. Fig. 2. shows the elemental 
compositions of the nanostructured WO
and Sn, and no other impurities were observed. 

III. RESULTS AND DISCUSSION 

and compositional analysis  

). shows the SEM images of nanostructured WO3 and Sn doped WO3 films. Fig. 2(a) show
smooth, crack free surface, and homogenous nanoflakes were uniformly distributed on 

the substrate surface. The microstructure of the films changed when the WO3 films were 
. The nanoflakes agglomerated together and a formed rose flakes structure.

the dopant concentration to 10wt%, the rose flakes structure turned into nano nails (
nano nails are disappear and completely differentnanostructure

15wt% Sn doped WO3 films (Fig. 2(d)), and this may be due to 

. From the SEM results, the Sn doping is significantly changed the microstructure of WO
growth of the nanostructure of WO3, and it continues to 

Shankara et al. [20], observed similar microstructural changes in Sn
concentration. After Sn doping to the WO3, a noticeable change in morphology was observed, due to the 

crystal lattice, which affects the structure of WO3. 

(a) (b)  

 (d) 

.SEM images: (a) WO3, (b) 5wt% Sn doped (c) 10wt% Sn doped (d) 15wt% Sn doped WO

The elemental compositions of the films are determined using EDS. Fig. 2. shows the elemental 
compositions of the nanostructured WO3 and Sn-WO3 films. The nanostructures films 
and Sn, and no other impurities were observed.  

(a)

Fig. 2(a) shows that the 
and homogenous nanoflakes were uniformly distributed on 

were doped with 5 wt% of 
rose flakes structure. On further increasing 

(Fig. 2(c)).Beyond this 
nanostructure (water fungi type 

this may be due to arising of structural 

significantly changed the microstructure of WO3 
to until a certain dopant 

similar microstructural changes in Sn-WO3 with Sn 
, a noticeable change in morphology was observed, due to the 

5wt% Sn doped (c) 10wt% Sn doped (d) 15wt% Sn doped WO3 films. 

The elemental compositions of the films are determined using EDS. Fig. 2. shows the elemental 
 contained only W, O 

(b) 
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Figure 2. EDS spectra of pure and 

3.2 Structural analysis 

Figure3 shows the XRD patterns of the WO
amorphous nature, and the amorphous nature of the WO
Sn concentrations to WO3, and there were 
temperatures, due to the low energy of tungsten oxide ions reaching the surface of 
energy ions will prevent the crystallization of the 
[21]. The addition of different Sn concentration
be due to Sn induced stress in the lattice

Figure 3.XRD patterns of WO

3.3 Optical properties 

The optical properties of the films were investigated in the wavelength range of 300 
shows the measured transmittance spectra of 
The average transmittance of the films in the visible region is around 83% for the 
79% after adding the Sn to theWO
increase in scattering light caused by 
to grain boundaries may cause the decreasing the transmittance. 
thatthe absorption edge of the films is shifted towards the longer wavele
films increases. 
 

Figure 4.Optical transmittance spectrum of WO

The optical band gap (Eg) of the films was evaluated from the extrapolation of the linear portion of the plots of 
(h)1/2 versus (h) ( is the absorption coefficient
nanostructured WO3 and Sn-WO3 films. 

Figure 2. EDS spectra of pure and Sn-WO3 nanostructure films: (a) WO3 (b) 10wt% Sn doped WO

shows the XRD patterns of the WO3 and Sn-WO3 films. The WO
amorphous nature, and the amorphous nature of the WO3 films did not change even after dop

there were no peaks related to Sn, WO3, or tin oxide phases
, due to the low energy of tungsten oxide ions reaching the surface of the substrate, and 

energy ions will prevent the crystallization of the WO3films, consequently, the amorphous phase was obtained 
different Sn concentrationsto WO3 did not improve the structure of WO

be due to Sn induced stress in the lattice which may continue the amorphous structure of Sn

 
XRD patterns of WO3 and 10wt% Sn doped WO3 nanostructure films. 

The optical properties of the films were investigated in the wavelength range of 300 
measured transmittance spectra of nanostructured WO3 and Sn-WO3 films at different wt

The average transmittance of the films in the visible region is around 83% for the WO3films
WO3. The decrease in transmittance of Sn doped WO3

increase in scattering light caused by the increased of surface roughness of the films and/or 
to grain boundaries may cause the decreasing the transmittance. From the transmittance spectra

he absorption edge of the films is shifted towards the longer wavelength region as the 

 

Optical transmittance spectrum of WO3 and Sn-WO3 nanostructure films. 

 
of the films was evaluated from the extrapolation of the linear portion of the plots of 

absorption coefficient, h is the photon energy). Fig.5. shows the Tauc plot for 
films. The obtained band gap values are 3.29 eV, 3.25 eV, 3.19 eV and 3.16 

(b) 10wt% Sn doped WO3. 

films. The WO3 films exhibited an 
films did not change even after dopingwith different 

or tin oxide phases.  At low 
substrate, and these low 

films, consequently, the amorphous phase was obtained 
the structure of WO3 films, this may 

may continue the amorphous structure of Sn-WO3 films. 

The optical properties of the films were investigated in the wavelength range of 300 -1200 nm. Fig.4. 
films at different wt.% of Sn. 

films, and it decreased to 

3 films was due to the 
and/or tin metal segregate 

transmittance spectra, we observed 
ngth region as the wt% of Sn in Sn-WO3 

 

of the films was evaluated from the extrapolation of the linear portion of the plots of 
shows the Tauc plot for 

The obtained band gap values are 3.29 eV, 3.25 eV, 3.19 eV and 3.16 
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eV for WO3,5wt%Sn-WO3,10wt%Sn
the deposited thin films can be attributed to their amorphous nature [2
gradually from undoped to Sn doped 
to 2.46 eV for undoped WO3 and Sn

Figure 5.Plot of (αhν)

Nanostructured WO3and Sn
method and studied microstructural, 
WO3 films changed from nanoflakes 
concentration to 10wt%, the rose flakes
visible region is around 83% for the WO
bandgap of the films decreased gradually from undoped to Sn doped WO
observed that the nanostructure of the WO
such type of nanostructuredfilms are more suitable for 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

,10wt%Sn-WO3,15wt%Sn-WO3 films, respectively. The larger band gap observed for 
the deposited thin films can be attributed to their amorphous nature [22].The bandgap of the films 
gradually from undoped to Sn doped WO3films. Shankara et al. [20] observed areduction in band gap from 2.62 

and Sn-doped WO3 thin films, respectively, due to increase in oxygen vacancies. 

 
Plot of (αhν)1/2 vs (hν) of WO3 and Sn-WO3 nanostructure films. 

IV. CONCLUSIONS 

and Sn-WO3 thin films were prepared using the electron beam evaporation 
microstructural, structural, chemical, and optical properties. The microstructure of the 

films changed from nanoflakes to rose flakes structure at 5wt% of Sn. On further increasing the dopant 
rose flakes turned into nano nails. The average transmittance of the films in the 

visible region is around 83% for the WO3 films, and it decreased to 79% after adding the Sn to
ed gradually from undoped to Sn doped WO3 films.From the present results, we 

ostructure of the WO3 films is highly influenced by the Sn dopant concentration, and 
films are more suitable for gas sensors applications. 

The larger band gap observed for 
The bandgap of the films decreased 

tion in band gap from 2.62 
thin films, respectively, due to increase in oxygen vacancies.  

films were prepared using the electron beam evaporation 
optical properties. The microstructure of the 

ncreasing the dopant 
The average transmittance of the films in the 

and it decreased to 79% after adding the Sn to the WO3. The 
From the present results, we 

films is highly influenced by the Sn dopant concentration, and 
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