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Abstract 
 Indium-doped tin oxide In2Sn2O7 thin films were deposited on Superior w. Germany glass substrate by RF magnetron 

sputtering technique using a popular ceramic target with a combination of In 8 wt. % and SnO2 at a working pressure of 

4.2×10-3 Torr and radio frequency power of 100 W. These films were post-annealed at temperatures from 200 ᵒC to 400 ᵒC 

for one  hour by both oxygen atmosphere and vacuum furnace. The resulting films were studied by X-ray diffraction reveals 

a polycrystalline structure of In2Sn2O7 phase formation, with diffraction peaks related to the cubic phase structure of In2Sn2O7 

according to  JCPDS card 391058. The post-annealing atmospheric effects on microstructural, electrical and optical properties 

of In2Sn2O7 films were determined. The results assure  that at a higher annealing temperature, the crystallinity of In2Sn2O7 

films was enhanced, the optical transmittance of In2Sn2O7 thin films was increased over 90% at 650 nm in the oxygen 

atmosphere, compared to 85% at 680 nm, for the same annealing temperature in the vacuum atmosphere. The resistivity of 

In2Sn2O7 thin films was increased with advanced annealing temperatures in the both vacuum and oxygen atmosphere furnace.  

 

Keywords:  Indium-doped tin oxide ; transitional conductive oxide; radio frequency magnetron sputtering; annealing 
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Introduction  
Transparent conducting oxide TCO has been generally used as a transparent conducting thin film material that entered in 

numerous fields such as solar cells, optoelectronic devices, heat mirrors and gas sensors [1]. The high significance of many 

transparent conductors has accelerated the expansion of cheap TCO materials. Indium-doped tin oxide ITO films were fine 

recognized for TCO resources because of its tremendous electrical and optical properties [2]. However, its high treating cost 

is a weakness. ZnO film is less expensive than Indium tin oxide ITO, but it shows low thermal strength. In comparing ITO 

films with the SnO2 film, ITO shows the best thermal and chemical stability. SnO2 is the  n-type semiconductor with a variable 

value of the band gap of nearly 3.7 eV. Pure SnO2 films are low electrical conductors that are greatly transparent in the visible 

range. Conversely, their low electrical conductivity can be enhanced by governing stoichiometry or doping with impurities. 

The electrical conductivity of  indium doped tin oxide films is set by various systems such as chemical vapor deposition CVD 

[3] spray pyrolysis [4] sputtering and evaporation [5] Construction on the potential of RF technique [6]. It has been established 

that doping SnO2 with Sb improves both electrical conductivity and transitions, which can be attributed to the increase in the 

density of free charge carriers. Also, ITO, zinc oxide and tin oxide SnO2 are the three greatest main TCOs and are previously 

broadly used as thin film solar cells [7]. In addition, aluminum-doped zinc oxide and fluorine-doped tin oxide FTO is among 

the other most dominant TCOs in numerous technological fields, mainly the optoelectronic device industry where TCOs have 

proved essential for applications such as photoelectrochemical devices, light emitting diodes, liquid crystal displays and gas 

sensors [8]. ITO’s can be set by direct current DC and radio frequency (RF) magnetron sputtering, electron beam evaporation, 

thermal vapor evaporation, spray pyrolysis, chemical solution deposition, and sol-gel methods [9]. Radio frequency 

magnetron sputtering can be used by governed the electrical and optical properties  of ITO thin films and are greatly used in 

the manufacture [10]. Gheidari et al. were focused on the effect of the sputtering pressure and annealing temperature on the 

properties of ITO films. They found that the deposition rate decreases above 30 mTorr and the best conductivity and 

transmittance and larger grain size were achieved with an annealing temperature of 400°C [11]. Li et al. Declared that the 

annealing process may effectively improve the film performance [12]. Chang J. et al.  studied the effect of post annealing for 

doped ZnO[13]. This study is seeking to further understand the effect of oxygen concentration on the properties of ITO thin 

films and the influence on its quality. 

 
Experimental work  
The sputtered target was a mixture of high purity 99.99% indium metal of 8 wt. % and SnO2 92 W% high purity 99.998% 

Merck Germany and the films were deposited on a glass substrate Superior w. Germany, by RF- magnetron sputter system 

TORR INTERNATIONAL, INC.CRC600. The films were separately annealed in the  vacuum furnace  at a pressure of 1 

mTorr and oxygen atmosphere furnace  with extending temperatures from 200ᵒC to 400 ᵒC for1 hour. The effect of after 

deposition annealing atmosphere on microstructural, electrical and optical properties of the ITO films was studied. The 

sputtering space was emptied to a pressure of 7.4× 10-6 Torr by the combination of  oil pump, rotary and  turbo molecular 

pump before plasma producing, The deposition power was fixed at 150 W  at a frequency of 13.56 MHz. The angle between 

the electrodes and the substrate point was 45ᵒ  and the distance between the target and the glass substrate was 10 cm. The 

drift rate of Argon gas was immobile to 30 sccm by the Ailcat mass flow controller. ITO film was deposited at an employed 

pressure of 1× 10-3 Torr and radio frequency power of 100W. The surface microstructure was examined by S-4160- Hitachi 

(college of engineering and communications, Iran-Tehran) scanning electron microscopy SEM. The microstructure of the 
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film was characterized by a Shimadzu 6-2006, with Cukα radiation having wavelength λ=0.15406 nm. The Hall mobility and 

the carrier concentration of these films were examined by Hall measurement system model ECOPIA, HMS-3000. The optical 

transmittance of thin films was observed using a Cary 100 conc UV-Visible spectroscopy Spectrophotometer in the visible 

range of wavelengths (400–800 nm). 

Results and Discussion  
   The XRD spectra of In2Sn2O7 films prepared by radio frequency magnetron sputtering and post-annealing temperatures 

(200,300 and 400 ºC) onto glass substrates depicts by the figure (1),which shows the samples that annealed in vacuum 

furnace.The In2Sn2O7 deposited films were  the polycrystalline cubic structure with diffraction peaks related to the JCPDS 

card no. 391058 [14]. From this figure, it can be seen that the major peak was (511) plane and corresponds to 2θ=46.45o, and 

minor small peaks (320), (400), (622) and (441) planes were observed. From these patterns, it is perceptible that as the 

annealing temperature increased, the intensities of the peaks were improved which is due to the sufficient increase in the 

supply of thermal energy for crystallization [15]. The average crystallite size (D) of all prepared samples with different 

annealing temperatures have been calculated using the Debye-Scherer's formula [16]. 

       D = 0.9 λ
βCosƟ       

      (1) 

Where 𝛽𝛽  denoted  the full width at half maximum, Ɵ  is the Bragg’s  angle. It can be noticed that the  crystallite size increased 

with increasing the annealing temperature, up to 400ᵒ C, due to the chemical adsorption of oxygen on the surface of  the film 

[17]. In the oxygen atmosphere furnace, as shown in figure (2) in spite of varying the oxygen concentrations, there is no 

change in the preferred orientation (551) plane of the films. The annealing temperature increased, the crystallite size gets 

smaller, because of a decrease in the order of crystallinity of the film, which also caused the increase in  the FWHM of the 

(511) plane [18]. As the annealing temperature increasing from (300 to 400 oC) the intensity increases, which are strongly 

dependent on the critical level of In+3 and O−2 pairs and the pairs’ density were different for different annealing time [19]. 

While a further increase in the annealing temperature to 400 o C led to an enhanced order of crystallinity due to the film growth 

from the initial nuclei, the crystal plane of the nuclei with minimum surface free energy may remain parallel to the film 

surface, because the growth rate of the crystal plane with minimum surface free energy is lower than the other crystal plane. 

[20]. Figure (3) shows the crystallite size and the FWHM as function of  annealing temperature in both vacuum and oxygen 

furnace. 
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Fig. (1): (XRD) patterns of the ITO films as-deposited and annealed at Vacuum Atmospheres 

 

 
Fig. (2): (XRD) patterns of the ITO films as-deposited and annealed at Oxygen Atmospheres. 
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Fig. (3): crystallite size and FWHM of the ITO films annealed in (a) in a vacuum atmosphere and (b) in oxygen 

atmosphere. 

 

Morphological analysis  
The In2Sn2O7 nano films prepared by RF magnetron sputtering process were characterized by SEM images. It has been 

observed that the change in annealing temperature contributes to a large variation in the morphology of nanostructures. In 

this work, the annealing temperatures were  (200, 300 and 400 oC )in both oxygen and vacuum atmosphere. Figure (4 b, c, 

and d) shows typical SEM images of the preparation In2Sn2O7 nanostructures at different annealing temperature (200,300 

and 400 oC) in the vacuum atmosphere. The dominant structures obtained from the figure 4b where nanoparticles with a 

diameter of 40 nm, the inset figure (4-b) represent a closer look of the film surface. When the temperature increased to 300 
oC, nanorods with a diameter of 50 nm can be observed as in the inset figure 4c. When the reaction temperature is further 

increased to 400ºC, a large scale nanoparticles were observed as in figure 4d.  The inset in figure 4d represents the cross 

section view of the nanorod structure of In2Sn2O7.These results could be ascribed to the increased in the annealing 

temperature, which led to improved crystalline growth to be  faster upward in the direction of the film growth and faster 

radially outward relative to the surrounding amorphous material. The upward growth rate is approximately 20% faster than 

the growth rate of the amorphous material. At higher deposition temperatures, nucleation events become more probable and 

thus the film becomes more crystalline. As the film grows thicker, the total number of nuclei increase and the films become 

more crystalline due to the growth of the nuclei crystallanity. At some point during the deposition process the surface becomes 

saturated with crystallites and further nucleation events and radial crystal growth will cease. However, vertical growth in the 

direction of the growing film will continue and crystallites will begin to assume a columnar structure [21]. The upper the 

annealing temperature, the improved in order of crystallinity and the crystallinity of the deposited In2Sn2O7 films enhanced 

and causes less shallow scattering of charge carriers [22]. Figure (4e, f, g, and h), which shows the SEM image of the vacuum 

samples during the annealing process with the exposure of O2, Indium as a reactant captured O2 to form In2O3 nuclei to assure 

the annealing of the nanoparticle. Nanoparticle would grow along three directions one of these directions would be tenthly 

especially but shorter along the other two directions. The dominant structures obtained from the figure 4e where nanoparticles 

with diameters of 30 nm. When the temperature increased to 300o C, nanoparticles with a diameter of 15 nm can be observed 
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as in figure 4g. When the reaction temperature is further increased to 400ºC  a larger scale nanoparticles were observed as in 

figure 4h, the inset figure in the figure 4h shows the 100 nm scale image.  

 
Fig.(4): Scanning electron micrographs of the In2Sn2O7 films, (a) As-deposited, (b, c and d) annealed  

In a vacuum atmosphere at (200, 300 and 400) ◦C and (e, f, g  and h ) annealed in oxygen atmosphere at (200, 300 and 
400)◦C. 

 

Transmission 
The optical transmittance of In2Sn2O7 films deposited on glass prepared by RF sputtering technique was measured by   UV-

Vis spectrophotometer. Figure 5a  Show  the transmittance via wavelengths  of the films deposited at numerous temperatures 

from (200-400 ºC) in a vacuum, which reveal that the transmittance was  governed by the temperature. It was established that 

the average transmittance of the In2Sn2O7 film outdid 85% in the visible region. For all the studied films, it was seen that the 
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optical transmittance decreases marginally with increasing the substrate temperature. This  can attribute to the increase of 

surface roughness promoting the increase of the surface scattering of the light. Figure 5b shows the optical transmittance of 

the In2Sn2O7 films, annealed in the oxygen atmosphere and  deposited on a glass substrate. It was found that the optical 

transmission of the In2Sn2O7 films at oxide atmosphere is 90% and it was higher than that of vacuum atmosphere. The 

transmittance value decreases with annealing temperature increasing up to the highest annealing temperature, this indicates 

that the decreases in optical transmission with increasing annealing temperature  might be due to an increase of surface 

roughness. 

  
Fig. (5): Optical transmittance of the ITO films annealed at different annealing temperature and atmospheres: (a) in 

vacuum atmosphere and (b) in oxygen atmosphere 
 
Resistivity      
 Figure 6 shows the resistivity, Hall coefficient and charge carrier concentration of the In2Sn2O7 films annealed at a different 

annealing temperatures in different annealing atmospheres. It can be seen that the electrical resistivity of  In2Sn2O7 films was 

obviously influenced by the annealing temperature and at various atmospheres, As the annealing temperature rises from (200 

to 300ᵒ C), the resistivity of the ITO films obviously increases from (7.32 to 8.91 kΩ. cm) when annealed in a vacuum 

atmosphere, farther the temperature increasing to 400 ᵒ C, the resistivity drops to 4.66 kΩ.cm. Many earlier studies illustrated 

that the higher annealing temperature in vacuity caused subordinate resistivity [23, 24]. The decrease in electrical resistivity 

with rising annealing temperature led to improved the crystallinity of films. Also, the Hall mobility and carrier concentration 

were evaluated, and show generally increases with the temperature increasing as shown in Figure 6a, While the investigating 

of the resistivity, Hall mobility and  charge carrier concentration in oxidizing atmosphere shows continuously increasing in 

the resistivity from (6 to 9.62 kΩ.cm) as the annealing temperature rise from (200 to 400 ᵒ C), This consequence improved 

resistivity, due to the oxygen positions and interstitial Sn atoms that acted as donors, giving growth to advanced carrier 

concentration and Hall mobility [25]. Furthermore, the surface mobility was better with rising annealing temperature and 

thus the crystalline size became larger. 
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\ Fig. (6): 

Resistivity of the ITO films annealed at different temperature and atmospheres: (a) in a vacuum atmosphere and (b) in 

oxygen atmosphere. 

Conclusions  
 
The structural characteristics change, as can be seen that the crystallite size in the vacuum atmosphere is constantly increasing 

when the annealing temperature increases while it is decreases and then increases in the oxygen atmosphere. The vertical 

growth of the nanorods, which increases the roughness of the surface while increasing the temperature in the vacuum or 

oxygen medium and the transmission of the oxygen atmosphere is higher than the vacuum atmosphere by 10% and that the 

transmission decreased with the increase in annealing temperature. It is noted that the electrical resistance of the oxygen 

atmosphere is increasing from (6 to 6.92 kΩ. cm) As the annealing temperature increasing and it is  higher than of the vacuum 

atmosphere which decreases from (7.32 to 4.66 kΩ. cm) as the annealing temperature increased. 
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