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ABSTRACT: Indium tin oxide (ITO) thin films were deposited on glass substrates by RF sputtering 
using an ITO ceramic target (In2O3-SnO2, 90-10 wt. %). After deposition, samples were annealed at 
different temperatures in vacuum furnace. The post vacuum annealing effects on the structural, 
optical and electrical properties of ITO films were investigated. Polycrystalline ITO films have been 
analyzed in wide optical spectrum, X-ray diffraction and four point probe methods. The results 
show that increasing the annealing temperature improves the crystallinity of the films. The 
resistivity of the deposited films is about 19×10-4 Ωcm and falls down to 7.3×10-5 Ωcm as the 
annealing temperature is increased to 500 °C in vacuum. 
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INTRODUCTION 
In2O3 crystallizes to form the bixbyite structure (also 

called the C-type rare-earth oxide structure) [1]. The 
lattice constant is reported to be 1.0118 nm [2]. One unit 
cell consists of 16 units of In2O3. Therefore, for defect 
free In2O3, there are 80 atoms in one unit cell. Indium 
cations are located in two non-equivalent site which are 
shown in Fig. 1 [3], where 8 In3+ ions are located in the 
center of trigonally distorted oxygen octhahedrons (b site) 
and the remaining 24 In3+ ions are located in the center of 
the more distorted octahedrons (d site). Indium tin oxide 
is essentially formed by doping substitution of In2O3 with 
Sn which replaced the In3+ atoms from the cubic bixbyite 
structure of indium oxide. It was found that tin atoms 
preferentially occupy the less distorted b lattice sites in 
the expanded In2O3 lattice [4,5]. 
 
 
 

ITO films have high transmittance, high infrared 
reflectance, good electrical conductivity, excellent 
substrate adherence and hardness [6]. These layers are 
commonly used in various applications such as displays 
[7], sensors [8], solar cells [9], electro chromic devices 
[10], heatable [11], and so on. The most commonly used 
methods for ITO deposition are sputtering, thermal 
evaporation, spray pyrolysis, pulsed laser deposition 
(PLD) and screen printing technique and sol-gel [12-19]. 
To obtain high quality ITO films, usually these films are 
annealed after deposition.  

Post-deposition annealing at temperatures above  
200 °C is effective on grain growth or crystallinity of ITO 
thin films [20,21], resulting in reducing structural defects. 
Changes in the optical and electrical  characteristics  with  
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the annealing temperature have been associated with 
changes in the local ordering of the material during 
crystallization and also to oxygen-vacancy creation and/or 
annihilation that depends on the annealing atmosphere. 

Annealing in an oxygen-deficient atmosphere not 
only promotes crystalline growth but also increases the 
carrier concentration by oxygen-vacancy creation [22]. 
The ITO samples obtained in Ar atmosphere or at oxygen 
deficiency are characterized by a sharp decrease in the 
resistivity. Another method of producing oxygen-vacancy 
is annealing in vacuum ambient [23].  

To obtain high quality of ITO films, sol-gel is not a 
good technique due to perform in atmosphere ambient. 
As mentioned above, in this situation ITO layers have a 
few vacancies, so their resistivity will increase [24].  
Comparing to thermal evaporation method [25], 
resistivities which are presented here, are lower.    

We reported here a study of the structural, electrical 
and optical properties of ITO films deposited by RF 
sputtering using oxide target on glass substrates and 
annealed at different temperatures.  

 
EXPERIMENTAL 

ITO films were deposited utilizing RF sputtering in a 
load lock fitted vessel. The composition of 3 inch 
diameter oxide ceramic target (99.99 % purity) is 90 wt. % 
In2O3 and 10 wt. % SnO2. Micro slide glass substrates 
(150 µm thickness) were cleaned by RCA method (DI 
water, ammonia, hydrogen peroxide 5:1:1).  

The distance between the target and the substrates 
was 60 mm. The vacuum chamber was evacuated down to 
a base pressure of about 6×10-6 Torr prior to deposition. 
The reactive sputtering gas was high purity argon  
(99.999 %). The deposition was done at constant power  
of 280 W and pressure of 20 mTorr. All samples were 
deposited with same thickness of 400 nm. 

During deposition, substrates are not externally heated 
but the temperature of the substrates due to ambient in 
plasma and relatively high power of deposition i.e. 280W, 
raises to about 120 °C. After the deposition, all the 
prepared samples in the same sputtering conditions were 
separately annealed in the vacuum furnace in pressure 
lower than 5×10-5 Torr for about 2h at temperatures 200, 
300, 400 and 500 °C.   

Film structure has been analyzed by X-ray diffraction 
(XRD Phillips) to investigate  the  present  phases  and  to  

 
 
 
 
 
 
 
 
Fig. 1: Two non-equivalent sites of In atoms in In2O3 crystal 
[3]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: XRD spectra of the ITO layers deposited at 280 W:  
as deposited and after annealing at 300 °C, 400 °C and 500 °C. 
 
evaluate their degree of crystallinity. The resistivity of 
the film was calculated based on the resistance measured 
by a standard four-point probe technique (Keittley 196 & 
224) at room temperature. The transmittances were 
measured in the spectral range from 200 to 2000 nm with 
UV/VIS/IR Spectrophotometer (Varian, Cary 500). The 
morphological property of the ITO layers was analyzed 
by scanning electron microscopy (SEM).   
 
RESULTS  AND  DISCUSSION 

After deposition at constant sputtering power of  
280 W, samples were annealed in vacuum furnace at 
different temperatures. XRD patterns corresponding to 
the ITO thin films as grown by sputtering on micro slide 
glass substrates, as-deposited and in various annealing 
temperatures are shown in Fig. 2. 

It is observed that all deposited ITO thin films are 
crystalline and have (222) and (400) preferred orientations 
even   in   case   of   asdeposited.  All   the   peaks  can  be  
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Table 1: Parameters of ITO deposited utilizing RF sputtering and annealed in vacuum. 
 Annealing temp. (°C)     

 As deposited 200 300 400 500 

Eg (eV) 3.95 3.89 3.81 3.77 3.65 

ρ×10-4 (Ωcm) 19.06 6.7 6.31 0.99≈1 0.73 

I(222)/I(400) 0.8 1.03 0.42 1.94 0.85 

Film texture <100> <111> <100> <111> <100> 

Lattice constant (Å) 10.154 10.013 10.102 10.101 10.063 

d(222) 2.933 2.945 2.905 2.916 2.905 

d(400) 2.538 2.526 2.523 2.514 2.530 

Tave (400-800nm) (%) 79.24 79.15 79.1 79 78.9 

 
assigned to the cubic bixbyite structure of In2O3. In this 
research, after deposition, the maximum peaks (400), 
(222) and (440) appear prominently, indicating the 
coexistence of <100>, <111> and <110> textures. 
At 200 °C, both (222) and (400) peaks decrease and at  
300 °C, the (222) peak increases slowly and the (400) 
peak becomes very strong, resulting in a preferred 
orientation in the <100> direction, which is  correlated 
with a decrease of the donor sites trapped at dislocations 
or point defects aggregates and the increase of the ITO 
films conductivity [26].  

The ratio between the intensity of (222) peak to (400) 
peak (I222/I400) for the films annealed at 300 °C is 0.42 
(see table 1) which is much less than the standard value 
for ITO powder [22].  

Therefore the most part of the layer parallel to surface 
has been textured in <100> direction, while   for  films  
annealed  at  400 °C  this  ratio  is   near standard value, 
resulting in the <111> textured films (table 1). In this 
case, annealing at 400 °C, ITO layers have more reduced 
oxygen vacancies and tend to grow in (222) direction so 
the resistivity of films increases. At 500 °C, (400) peak is 
a bit stronger than (222) peak, now that conductivity of 
the layer decreases. 

The lattice constant (calculated from XRD strongest 
peak) and interplaner distances (d) of the film are 
summarized in table 1. It can be realized that the as-
grown films are under tensile stress [27]. The larger value 
of lattice constant can fairly be attributed to the 
introduction of Sn atom into the crystal lattice.   

None of the spectra indicated any characteristic  peaks 
of Sn, SnO and/or SnO2, which means that the tin atoms 
were probably doped substitutionally into the In2O3 lattice. 
The lattice constant and plane distances decrease by 
increasing  annealing  temperature. This  can be related to 
higher oxygen vacancies at higher annealing temperature.  

The evolution of the optical and electrical charac-
teristics with increasing annealing temperature in vacuum 
is illustrated in Figs. 3 and 4 for ITO samples. 

The resistivity of ITO films drastically decreases with 
increase in the annealing temperature and reached to 
≈1×10-4 Ωcm and then to 7.3×10-5 Ωcm in 400 and  
500 °C, respectively.  

Fig. 4 shows that by increasing the annealing 
temperature average transmittance in visible region 
decreases. It can be related to increasing the carrier 
concentration in higher temperatures. The calculated 
average transmissions (Tavr) in the visible region of 
spectrum and resistivity given in table 1, shows that these 
two are opposite of each other.    

In the region of the longer wavelengths the optical 
transmittance decreases for higher annealing temperature, 
resulting from a higher concentration of free carriers that 
also gives lower resistivity values.  

It can be seen in Fig. 5 for typical as-deposited and 
annealed at 500 °C ITO layers. This can be related to 
improvements in the crystallinity, leading to a decrease of 
donor sites trapped at the dislocations and grain 
boundaries, and also to the out-diffusion of oxygen atoms 
from interstitial positions. 
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Fig. 3: Resistivity of the ITO films deposited and annealed at 
different annealing temperature in vacuum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Average Transmittance in visible region of the ITO 
layers as function of Annealing Temperature. 
 

The optical absorption coefficient (α) was calculated 
from  the  transmittance  spectra  and also energy gap (Eg) 
of films was determined using α2 versus hυ plot [27]. The 
decrease in energy gap for the films annealed in different 
temperatures can be attributed to increasing oxygen 
vacancy. This is well supported by film's resistivity 
variation (table 1). 

On annealing in vacuum, there is no reaction of the 
free oxygen in air with the ITO films; just the crystalline 
structure of the films tends to become perfect. Some 
oxygen atoms absorbed at surface escape and it causes 
the increase of the carrier concentration, consequently, 
the resistivity of the ITO films decreases. 

Fig. 6 shows the surface morphology of ITO films 
deposited on glass and annealed at 500 ºC in vacuum 
furnace. It can be seen from the image that the film is 
dense, rather uniform and most of grains have a same size. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Typically optical transmittance of ITO coatings on 
glass: as-deposited, annealed at 500 °C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: SEM surface topograph of ITO film annealed  
at 500 °C. 
 
CONCLUSIONS 

ITO films have been deposited on glass substrates 
using RF sputtering from ceramic target (In2O3-SnO2, 90-
10 wt. %) without extra heating. The post annealing was 
carried out from 200 °C to 500 °C in vacuum ambient.  

The films crystal orientation changed from (100) to 
(111) as the annealing temperature increased to 400˚C 
and came back to (100) at 500 °C. By increasing the 
annealing temperature, average transmittance in visible 
region decreases. It can be related to increasing the 
carrier concentration in higher temperatures. SEM image 
of 500 °C annealed ITO thin film shows that the layer is 
rather uniform and a granular crystalline structure was 
formed. Results showed that the increase of the annealing 
temperature in vacuum improves the crystallinity of the 
films and also improves the electrical properties as well 
as the optical properties.  
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The resistivity of the deposited film is 19×10-4 Ωcm 
and falls down to 7.3×10-5 Ωcm as the annealing 
temperature increased to 500 °C in vacuum. 
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